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SPREP WANDBOOX OF FIELD METHODS FOR STUDYING GOASTAL ECOSYSTEMS:

MANGROVES

Mangrove ecosystems

Mangrove ecosystems are defined by the presence of waody shrubs
and trees growing below the high tide level, and generally exctending
down to the mid-tide level. They may comprise a variety of plant specles
and supporz a diverse and varied fauna. Above tide level the fauna is
sssentially terresctrial, while below tide level it s coastal and marine.

Much of the flora and fauna is highly adapted to the mangrove environment

and does not occur elsewhere but some species migrate or wander into

adj cent ecosystems., A number of the coastal fish and ¢ruscaceans may
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migrace between the mangroves and offshore zone at some stage during

their lite cycle. A simplified mangrove food web is shown in figure 1.

The mangrove {lora and fauna varies regionally, and there is generally

4 decline in the variety and number cf species eastwards across the Pacific

ind way (ram the equator. Within a region, the mangrove ecosystem
varies with the substrate, wave action, freshwacer run-off, rainfall;
etc., and there is uvsually a pronounced zonation with different species
teceming abundant at differenc tidal levels. This zonation is caused

by both the physice-chemical characteriscics of the environment and biological

interactions wi{th other species: the zonation may therefore change depending

upon which cther species are present.
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Definition of the Mangrove Area

Mangrove trees are mostly distinct in appearance, both from the
pround and Erom the air, so the boundary of an area of mangroves is easily

defined. On aerial photographs mangroves can usually be idencified

h

tem the topography and their uniform tree canopy. If the mangrove
trees are distinctly zoned then this is usually apparent on aerial
photoceraphs. It {5 recommended that aerial photographs of che region
are obrained, at scales of 1:10,DOOI— 1:25,000, from which the mangroves
may be mapped, Colour photography is praferable but not sssentiel.

If possibla, an accurate large-scale baza map should be used.



SPREP HANDBOOK OF FIELD METHODS FOR STUDYING PACIFIC COASTAL ECOSYSTEMS

Mangrove Trees

Mangrove trees have evolved in several plant families but many come
from a single family; the Rhizopheraceae. -These trees are able to live
below high tide level, an environment in which their roocts are periédicnlly
inundated with saline or brackish water. At times the substrate may be
soaked with freshwater tun-off or rain, creating low salinities, but after
long dry spells the salt concentration at the inland edge of the mangroves
may rise well above the seawater concentrations because o cvapotranspiration
Relatively few plants can live in these conditions and the mangroves show
a variety of adaptations to coping with salt. The root sysrems are also
adapted to growing in soft and anaerobic sediments: wvarious species ponssess
hollow root systems to facilitate gas exchange to roots, surface feeding
roots, aertal roots, prep-roots, buttresses and spreading roots. The
fruicts and seeds of most species are well adapred to dispecrsal by the
sea, and some species germinate befoure the fruit falls (rom the trees,
thereby permitting very rapid escablishment when a suitable subatrate

)

is encountered.
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Several guides are available tor the identification o

in the pacific region.
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COMBRETACEAE
Lumnitzera

L. littorea:

Mangrove tree,

Landward zone

Flowers red

- 25 c¢m DBH, -20m high

Frult green
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EUPHORBIACEAE

Excoecaria

E. asallocha:

Mangrove tree, — 70 cm DBH, - 25 m high

Mid to Landward zone

Male & female plants

Flowers Oﬂ

Leaves turn yellow~red

Sticky white sap




MELIACEAE

leocareus

el
,||'~‘,
O

X. granatum: Mangrove tree, -75 cm DBH, -25 m High

Mid to Landward zone

!

(7

J

Flower cream




RH1ZOPHORACEAL

Bruguieii

B. gymnorhiza: Mangrove Lr
—_— B

Mid-landwar®

i
Fa
B £ 5 ~ )
i) seipules pale to red

e ~~
o ™
\ ™,
- | K
6
s Hypocotyl

10-25 em

green

angled

redd{ish

[

2-14 calyx lobes

]

F;
]

I pneumatophores
o II ‘Ijﬁﬁi%ix 445423\ ,15223?\
' B. sexangula: As above but leaf < 13 cm long, Flower not reddish
_ B. exaristata: As above but 8-10 calyx lobes, Fruit deeply ribbed .
I B. parviflora: As above but flower stalk branched 3 cimes, 7-8 calyx lobes,

fruit deeply ribbed and narrow, Cotyledons grow through calyx
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RHIZOPHORACEAE

Ceriops

C. cagal:

D3H
Mangrove tree, ~15 cm, -15 m high.
A

Middle zone and along muddy channels.

Fruit

Hypocotyl

- 15 - 35 e¢m

/7
‘-’ 4 " Flowers

i
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A \
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RHIZOPHORACEAE P

Rhizophora
4 8 R. stvlasa: Mangrove tree - 25 cm DBH, -15m High

Seaward zone on ¢oarse sediments

Leaf apex mucro

Hypocotyl
20-40 cm

green

;;::[::E) Flowers:

¢

{QQQ:::és style 3mm long
b Petals white

hairy margin

[XE5
o
3

|

Prop roocs

.« apiculata: As above buc Inflorescence of 1-2 flowers on short ( < 1 c¢m)

far stalk.

L 2

)

.om .
mucronaca: As above but style < 3 mm, Leaf margins curled.

I
As above bur leaf apex blunt and recurved, buds yellow, stvle

1o

samoensis:
—_——— .

< 3 mm., on silty sedimencs.
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SONNERATIACEAE

Sonneratia

S. alba: Mangrove tree, -100 cm DBH, 30 m high

Mid to Landward zone

Flower: Anthers whice

Sepals reddish inside

l
/"Ikl
_ j \\.\\\\‘

Conical pneumatophores

|

S. caseolaris;:

As above but stamens red,

fruit flattened



STERCULIACEAE

Heritiera

H. litroralis Mangrove tree, -50 cm DBH, -25 m high

Mid-landward zone

Leaves silvery.hairy beneath

1 JA.
NN =
NN
. “ N o \‘
/'
Fruits brown woody ,
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VERBENACEAE

D S

Avicennia
Avicennta

A. eucalypcifolia

A. marina:

Mangrove tree

Leaf grey beneath, yellow vein above

Flower orange

As above but ovate leaves.
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S.P.A.E.P. HANDBOOK OF FIELD METHODS FOA STUDYING COASTAL ECOSYSTEMS

Manﬁroue Trees

A. Wood:

Stapding Crop

The standing crop of trees, measured as the volume

~

or weight of wood otr useable timber, is useful for several purposes:

1)

ii)

1ii)

the

[t is a measurement of/quancicy of plant material and this is a

e
useful characceristic of the mangrove community.z_biumass or

standing crop of old stands of trees is a good indication of

site productivity.

Total wood weight (s a usefu)l measurement for charcoal

and firewood yield.

Stem or bole volume are useful measurements for timber

vield.

The standing crop of trees is generally estimated in two stages:

L

2)

The population of trees is determined in a study area, and for
each tree one or more® sjze indices are measured, e.g. D.B.H.
(Diameter of the trunk at Breast Height = 137 c:gﬁkfﬁasal Area
(cross-sectionsl area of trunks), and lleight (either of the

bole or the whole tree).

{n anu:'fn[)n Iz the size indices 5

the total or useable wood volume (or weight) is measured for
a number of trees of different sizes; sufficient ro establish
a2 repression relationship or graphical relationship. The wood
ot timber volume af the trees in the population may then be

estimated and a total volume or weight calculated.

Several alternative procedures are available for each of these two scages.

1) 2. Quadrat Sampling

A number of quadrats ( at least 30) are candomly or haphazardly
located in the study area. Random quadrats are best located, -
using grid coordinates, while haphazard quadrats are best located

at intervals along transect lines within each zone of

| 5¢
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the mangroves. The quadrat size should normally include about 5-1¢
of the larger trees. A circular quadrat of 20m radius is commonly

used by foresters and is relatively easy to define using an optical
range finder, or a single rope or chain of 20m length. Obviously
agpadrat large enough to contain 5-10 large trees may contain rmanay

small trees, and rather than recording all the smaller trees ir is

better to use smaller quadrats for smaller trees. An appropriace

scheme is to record:

e.p.  All trees D40 cm D.B.H. within a 20m radius.
Trees> 10 ¢m D.B.H. <40cm DBH within a 10mradius,
Trees > 1.37m tall « 10 cm D,B.H. within a 5m radius,

beedlings <1.37m rall within a 2.5m radius.

fach s1ze class is analysed separately.

L4

If eprical rangefinders and cprical trunk diameter gauges are available

\ [ R aes P [ o . , .
ttl measurements can be taken from a central point @isibilicy permicting

L} it = Fa . R 3 L : » e :
which pgreatly reduces the time required for each quadrat., Thevre is, therefor

more time available te record orther quadrats and to increase the precision
~Lothe aarwevs Dpeacal ranpefincers are relatively cheap tevg. 2-30m rangefin
Tost YH8E%) v o vatieal direter gauges are expensive (2., Icﬂchlelaskop v Ceat 1S35T0)
FCRMAT FOR RICORDING OBSERVATICNS:
. - Coyemr e ’
Quadrac Sampling:
Observer: Dace: day, Month, Y
Location:
Transect | Quadrat Quadrat Tree Tree Species | D.8.H. Height Notes
umber Number Size Number cm™ m




Point-quarter samples

(see also section on sampling corals)

It is possiole to use the discance (Di) from a randomly located ooinc

to the nearcst tree as an estimate of tree density. This estimate is
biased if trees occur in clusters, and an improvement is the point-quacter
method which involves measuring the distance from a point (randomly ;r
haphazardly located) to the nearest tree in each of four quadranls (e.g.

0
compass quadrﬂts;N.E. - S,E., S.E. - S.W., S.W, — N,W, N.W. - N.E.).

The average area per tree (&i) is estimated as

At = ((D1 + D2 -~ D3 « Dc.)/ls)z.

where D1 - 4 are the distances to the nearest tree in each gquadrankt

estimate is not seriously biased in most forests but it will be biascd

if trees are highly clustered. Isolared trees are over—represenrei

and clustered trees under-represented, so, if size is correlated with

isolation then the method will give biased size-frequency information.

Cenerally it is desirable to sample different sizes of tree sepa-
rately at each point, since tree-density alone (i.e. including seedlings
- large trees) is of little value. Suitable size classes are similar

to these for quadrac sampling;

e.q- < 1.37m tall

O - 10 ¢m D.B.H.

? 10 < 25¢m D.B.H.
>

25 cm D.B.H.

It is 1mpractical to ser a large D.B.H. for the lower limit of the
largesc D.B.H, class because large trees will be relatively sparcse
and Long distances will be involved. In practice, it is desirable
that individuals in every size class should be visible from the central

poinz: no time is then wasted in searching for the trees.

If optical rangefinders and optical trunk diameter gauges are available
then measurements may all be made from the ceantral point and the sampling
is very rapid, a large number of points may be visited (2> 30) and

results may be obtained with greac precision.

1 » 4



If optical equipment for remote measurement of distances and ctrunk

diameters are not available,

with a cape) and the method {s much slower.

then each tree must be visited (and measured

Since the method assumes that a tree can be found in each quadranl it

does not work near the edge of the mangroves where one or more quadrants

may contain no trees of suitable size. Strictly, it

is not valid simply

to caleculate a mean distance frem the other quadrants because this biases

the result.

[£ a rree occurs on the border between two quadranfs it should be allccacted

| = F ; : y
to one qguadranl, i.c., rocate the quacratl slightly; a sinple tree should

+

not YWe counted in two cuvadrenis.

R

Date: cay,

month, year.

P

| (2

ticn
?
| | g
T ect | Point |Tree ! Irzee Distance | Average |D.B.H, Species Notes
Number Nurber |Size !‘inx:r (m) ! distance | (om)
| ?
I | |
| |
-
IS
I i i3
[ 4
—
:' 1
1
l 2
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C.

Basal Area

If -the only parameter of (nterest is the total biomass or amount cf
timber, and not the number or size of trees or the relative abundance
of different species, then the Bitterlich method may be used to estimate

the total basal area of tree- trunks per unit of ground area.

The technique works on the principle that forest basal area may
be estimated from trunk diamerers and distance of the trees from a

point. for all cthe trees around a noinr. The frunk dlameter forms

an angle with tha point and knowlasdge aof this

Cl"j{e is sufficient to estimate the tree's contribucion to forest
basal area (either the cree is smgll and nearby or targe and distant).
Insctead of determining the angle for all the trees around a point,

it is possible to estimare forest basal area simply by counting the
number of trees around a point which exceed a particular angle, and
multiplyin),, this number by a conversion factor related to the angle.
The angle is usvally chosen to give a simple conversion factor to
basal area in either metric (sq. m/ha) or imperial {square feet/acre)
unics. Alchough a range of angles could be used, it {s usual toAseLect
an angle with a metric conversion factor of about 5, or an imperial
conversion factor of abour 20 or 40. Smaller conversion factors give
more precise results per point but they are unsuitable if visibilicy
is hindered by saplings, prop roots, etc. and for this reason they

are not recommended in mangroves.

A variety of instruments are available for determining whether
a tree exceeds the critical angle. The cheapest are 'angle gauges'
which define the angle by sighting through a window at a fixed discance
from the eye(;.g.'Cruz—allﬁ(Panama) gauges: Cost US§ 5-10). The
most convenient are wedge prisms (Cost US$16-30), which are small
hand-held clear or tinted glass prisms. The image of the tree is
dtsélaced to the side by the prism; (f the image overlaps with the
trunk the tree {s included in the count, if the image does not overlap

the tree is excluded?

lncfude
tree




This =pchrigue is very rapid and, therefore, many samples wav

he raken (2> 30) and great precision may be achieved. The

Vinmitacion ol the method 1s that it only provides the toral
volvme o—

3 basal area per unit of ground area. Toca%‘biomass must be obtained
.r‘ v,_,]uw‘lew-
by calibrating the basal area records with knownﬂbiama’ss records,
P Orce a calibration has been made, however, the technigue 1is a very
1

rapid means c£o estimate biomass, especially for firewcod or charcoal

- preduction in which bole size is not crirical. For timber production
L4 the individual tree size of particular species is wsually important.
Fa
i An indication of total atove ground wood volume may ba obtained
- by assuming that, on sveraega, tree shapae ia canstant and that

|

voluma may be pradictad from besal area mnd the haight of tre traai

ig canopy:
¥
V o= K.H.BA
[ 4
iﬂ Wheertt A Trae vclumso, in m~ pear ha.
o K = Shape con!ficlent, 0.3 - D.5,
re
'8
e H = Canopy height, af trees in m,
1 - . Zl
i A = Basal area, in m per ha,

i3 L FA SAMPLING:
E,g ser v Date: dav, Month 2ar
cat: "o
151l Area Conversion Factor = Sq. m/Ha or Sq. ft/Ac
Transect Point Count | Basal Arca Notes, e.g. Common species
Number Number

| (%
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Esrimation of biomass, weight, or volume of individual Crees.

To estimate forest biomass it is necessary Lo establish relationships

between D.B.H. or Basal Area and the biomass of individual ctrees.

& wide range of tree sizes should be studied, {ncluding equal numbers
-20

{about 10Aeach) of small, medium, and large trees Lo provide a clear

relacionship. The relationship 1s generally non-linear but linearicty

may be achelved by taking the logarichms of both D.3.H. and biomass.

Biomnass is the weight of organic materlal Ln the trees and may be

estimated by taking the oven-dry weight of the tissues (strictly

the norpanic concent should be removed from the oven-dry weight,

and this cemponent is usually determined by burning a sample and

detaymining the weipht of ash remaining: rhe ash content is usually
(=% et the oven-dry weight). Instead of oven-drying al! the
Ligsues ina tree, 1o is wsual to dry small samples of weod, ha;k,
leaves, ete. and to determine a wet weight, or volume, to oven-dry
weicht ratio.  The ratio of weipht @ volume (s the density of the

“1though bicmass is the most appropriate measure for biological
<vestes and tor fuel yields, ctimber is usually measured by volume.

v

here are two common approacheS to measuring Cree biomass:

1} Megsure tree volume and use density determinations to estimate
biomass,

ii) Measure tree weight directly and use wet weight: oven-dry

weight ratios to estimate biomass.

i) a) Tree volume. The simplest means to measure the volume,

of a large tree varweswith the tree's growcth form (shape)

and whether the tree is standing or felled. '

¥opd voluma is measured baneath the bark. Bark thickness may be found,

A By Wogens & - -__-f.é_é “— S S e T S S P S AR |



The tree is treated as though it were a series of simple geometric
shapes, e.g- sections of cones, and the length (or height) and width
éf each section is measured. This i{s relatively simple with a measuring
Lape/for fallen ot felled trees but for standing trees it may be
necessary to use optical instruments which measure trunk or branch-

diameter and height above ground e.g. Spiegel Relaskop (Cosc:

ussjso)_

The most accurate method is to measure the volume of all the
branches, roots (if necessary), naad trunk, but in practice it is
easier to count the number of small branches or roots (e.g. < 5cm
diameter) and to determine the volume or weight of a small sample
enly. [Lepending upan the shape of the tree it may be desirable tro
increase or decrease the size at which branches are counted and sub-
sampled rathetr than measured individually. Counting should replace

where
individual measurcmentﬂthere are more than about 10 branches of a
particular size. The sub-sample of branches should be taken from

different parts of the tree, and may also be used for estimating

the number or weight of leaves.

It the length of each trunk or branch section is relacivelyv short
(e.a. 2 metres) then the mid-point diameter of the section gives

a reasonable estimacte of volume, i.e.

vV = TTrzh,

Where V = Volume of section, cm>
T = J.142 -
r = Section mid-point diameter/2, in c¢m .
h = length or height of section, 19 ¢r -

Foer longer sections and ereater accuracy it {s necessary to consider
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1ature o- the section, - i

the taver: 't

caoved closer to the thicY snd of =% s

for a simple eniical faper.

Lr.'fﬂ;;f.
Tenmiityse  Thez- troowelyr wes - rheds [or determining the density
k 2 iy nd most “wy o 31N o r\j:: b }]_"h VO].\' n and uelght.
Tyl 113 be dezer ined ~n the esh s s ile, nt after it has
i vd rmoenk. Vooiovw proceodu: cre avallables
L ‘ i rhe di tar ) lenpgih of the section - as discussed
1o+ = and salolato volume.
i) iyt itce o A s ta:r 0 has regular vectanpgular stides
YWhich 11 be RS RE ] mn. . loulat voluma,
N v v o the o < 9oL v spescoceon. fill a container
o ter o= A UV O 1 3ily averflawing, gently submerge
cimea o~ oz XYoo th L2y voizh overflows, measure
. Ty - —n
i im il te=1 ¢y) t this water. This should
EREE LRS! peickly to mintmise the votake of water unto
her ey ale, or wst a soeked soecimen, Alternntively, remove the
container

the

ationg

'mid-point' should be

e.p. at 63% of sectlon

'n and moasure the voluma af wator reqguired to refill the

! . be weighed when fresh, air-dry or oven-dry (e.g. 80-10597
¢ ooy . - . \
for 3 'is . v ountil no further weight loss). FEach gives a different

estimefe of density, and it should be noted

-

at timber density is aften

given for air-dry (seasoned) samples which contain about 12% wacer.

3-?;)3L

For blolmgicalhstudies the oven-dry weight should be used.

Density varie

within the wood of a single tree, e.g., heartwood is densetr than sapwood,

and from tree to tree.

the volumes and weight of tree heartwood and sapwood separately.

Measurement of the tree weight.

A

S

For accurate studies {t may be necessary Lo estimate

t
1f trees may be felled and ‘curt into small

sections then it may be practical to weigh all the pieces of the tree. Sevemtl

D S ]



B. Wood: Production

Standard forestry pracedures are applicable to mangrove Ltrees,
but these are restricted by two factors; .
1 i) Absanca of wall definad growth rinpgs

4 ‘ The tropical climate may lack pmuch seasonal variation ,
and the roect environment is tidal , Variations in wood

anatomy (which do occur) are not readily identified as annual

rings. The use of increment borers to determlne annual wood

increment L5 unlikely to be useful except in very

seasonal climates.

& i{1) Irregular trunk shape

i

Many mangroves form buttresses or prop-roots which may excend

considerable distances up the trunk. A clear, straight,circular

bole may not be formed, or nmot until a hefght of several metres
above the ground. The standavrd D.B.H. (Diameter at Bre.ast
lleight (137 cm)), may not be useful: {t {5 recommended that

mcasurements are made above the buttresses and prop-roots.

Wood production is generally measured using the arnual increment

in bole diameter. Diameter may be related to wood volume (see

section 4n standing crop ) and annual diameter increments
volume or
may, therefore, be expressed in terms OfAStanding crop increment.

In the absence of clearly defined annual growth rings,-amd—a-

hapaplar — e mdwthedbfabdamis wood increment must be measured

directly by the increase in trunk diameter.

Annual trunk diameter increments vary wirh the species, tree
size, and competition (especially shading). Isolated trees, free
of competitors, may heave diameter increments of 5-20 mm per year
at diameters of 5-20 cm, declining ro abour 2-5 mm per year {n .
trees exceeding J0 c¢m diameter. Under shaded compecitive conditions,”®

diameter increments rise to a level of about l-4 mm per year when

the trees reach the upper canopy level (usually with .D.B.H.ofF20-35 cm).

[67



— ——

i

fccurate measurcment of growth requires techniques capable of measuring

a diameterincremenl le s than 0.5 :m per year or 0.5% per year. Either very

accurate measuring techmiques are yequired cr the measurements must be taken over a period of

several years, Since trunk greth varies from year to year, even the accurate technfiques

are of |..tle value for proriods cf less than 2-3 years, and perfods of

abour

In.Te

a)

3-' years are preferable.

Thers are several methods co wonly used for measuring trunk diameter

menk:

“opoared pirth observaticons

Select a portion of the trunk, 1-2 m above ground level, which is
approximately circular in section and free of proproots or buttresses.
A .

Serave of( any 1 ese auter hirk and ecpiphytes to form a clear band,

-1 ¢m wide, around the trunk. Using a steel or fibreglass tape
1 1 the tran'c cirzt fozeien accurately to the nearest Q.5 mm,
< car the v lu-. i-in.{7en. Tres Marking paint or Boundary Mearking

a t.od arcund the crank wher - the circumference was measured; and
number
»oiaToa fQEQ-cheACﬁ the trouk ; it is usually simplest to paint the

"or vertically drwa the trunk (n.b. In some countries Forestry
Dog. rements use different cotcured paints for different purposes,
2. Jrange tor research, Bive for legging, etc.). An aluminium

cr rlastic numbered tag may be nailed to the tree some discance
i-ovn or below the band but there i3 aften tha risk that these may b
removed or damaged by paopls and other animals,

rosrbsequent occasions the trunk is remeasured around the painted

tand, perhaps once each year.

Attached girth bands

A modification of the previous technique is to.fix ar aluminuf{um
strip (1l cm wide) around the trunk; the two ends overlapping and
held tightly in place by stainless steel spring jolning the end

of one band to the other band. The aluminium is scored with a

vertical line in the zone of overlap, such chat both ends of thg-

4

strip are scored and coincide. As the tree grows the spring stretches

Aetail:
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and the distance between the scored lines on the ends of the bands

increases and may be accurately measured with an optical or mechanical

micrometer., This technique is potentially more preclse and accurate
than 'i' but any interference with the bands, e.g. by people, c{imbing
animals, falling branches, &te, ia liabla to daatrny tha band

and the record. Bacausa of thisit is always desirable to

use method 'i' in addition to method '{l'. Method ii is more time -
consuming to set up and much more expensive than method 'L (A stainless
steel spring and aluminium band may cost US$1-2), so it is often
p;cferable to alleccate the cost and time' to sampling a larger popula-

ticn of trees with method i.

Anatomical markers

Thare are a varircty of methods for accurately measuring diameter
growth on one side of the truak, but this may not be typical cf

the whole trunk.

These methods generally involve some damage to the cambium (e.g.
removing cores, injecting dyes, fixing pegs into the wood, ectc.),
may introduce diseases to the trunk, and may cause callous tissue
formation: all of which are likely to produce atypical growth
rates. CDLespire their precision, these methods are liable to be
biased and to give vnreliable estcimates of diamecer increment.
Their primary value 1s for studying wood anatomy and xeasonality

of growth.

Selecti~n ol trees

To define the growth characteristics of a tree population (t {5

customary to define a study area and to montictor all, or most, of the

Lrees

in this area, except for the smallest sizes. This is not a good PraceJur

because the sample generally includes many small trees but few medium 4, .

and

large trees, so the growth rates are poorly known for mediug\large trees.

It is desirable that an equal number of trees in each size class are selected,

tandomly, or haphazardly, from within a large plot. A sample of at least

60 trees, representing the full range of sizes, is desivable for each species
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and for o-ch set of

avironrncntil condicions. It is {mportant to realise
that grow-h rates a hieved in . n aor logged area will be quite

£ oo
diffevent, growth rarns in an un'isturbed forest are. Seedlings planted

e

in an open area wiil beceme corctitors as they grow larger and,
Jhorefor., theilr couth rotoe w. il decline to the levels in competitive

hitats.

Morraliky astimation

not
In -teempti st rTate w ad prodvction accurately {t isAaufEicient
5 Lo Know b Taele’ rtees ropulation and growth rates: the yield
{5 Tedge Y by morloil,uy, 'nrrality may be measured as the propertion
of imdivi.:als in niae class which die during a relatively short
- DUARED SESIRNN e v trribute of every individeal tree, 2t
aly v - Q003 T r- ¢ and 1> - I00% of seedlings die each year.
- oo Ty et the sample size required to achieve
I Crgymate ~o.r8 Lo Dhiareases, and very large sample sizes
v - o odwh e arsyon. cocrpach O or 100%.  Depending upon the
< L T A S v lirw, m o les of several hundred trees in each
T s Sieomt 0 T o ohaorv el el waar far a 2 - 3 (=10) year pericd
. 1 noreasen v gscitag - 9L rortality. Mortaliey is caused by
1-sen ol falt rs, includor,  orpetition (natural thinnning), discase
: ‘ :wwhc cvoente su-h o oig 1F cheing, cvelones ete.  Scme causes of
et e affegr disclated individuals, some affect slow growing stunted
ini /v ots, and some affect fast growing tall individvals. Larger
"~ 15 oaad lorcer study periods are requived if catastrophic
avann e 5om ciuse of mortality,
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Recruitment
Recruitmen®

The standing crop of trees 18 perfodically increased by seedlings.
The biomass increment is minimal but these seedlings counteract the .
losses due to tree mortality. Seedling growth and survival are generally
greatest where there is a gap in the tree canopy, such as that caused- -
by tree death. Ecological studies may emphasfze the early stapges cf
seedling establishment, growth and survival but forestry studies generally
ignore the early stages becaused of the high and variable mortality.
Forestry studies ge{?ally measure the recruitment to the smallest tree
class, e.g. plants with a height of 137 - 200 cm. or a D.B.H. of 1-5 cm.
In either situvation, the methods are similar: Permanent plots, e.g.
im x 1m to 10m x 1Om (depending on the seedling or sapling size at which
recruitment is to be recorded), are set up and plants exceeding the
recruitment size are tagged. FPeriodically the plot is revisited, the
growth and survival of the tagged plants 1s recorded and the appearance
of new plants exceeding the recruitment size are also recorded. For
seedling studies the visits may be ac 1-3 monthly tatervals, for forestry
studies the interval is usually | year and coincides with measurements

of tree growth.

| 73
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C. Litrter fall

The quantity of leaves, stipules, flowers and fruics falling from the
mangrove trees and epiphytes are of {interest for two main reasons;

i) They indicate the primary productivity of the mangroves.

£i) They are a major source of food for intertidal animals, fungi
and bacteria and they may be carried seawards by the tide where
they act as a source of food or nutrients for sea-grass, mud-flat,
lagoon, coral reef and ocean ecosystems.

Hlangrove leaves are used as f[odder for domesticated grazing
animals in some places. The leaves appear to be nutritious and

digestable. lircter production figures indicate the potential yield

of leaves, though grazing on live plants may cause shcot damage

and decrease the yield.

Mangrove litter fall may represent as much as half the total plant

production, and ranges from about 2-4 gm dry weight m~2 day'1 in

1at

mangroves at about Mean Sea Level to 1-2 gm dry weight a2 day”~
the landward edge of the mangroves, 1.5-2.0 m above Mean Sea Level,

and cn sites lacking an input of silt and nutriencs.

(U~



The principle behind litter fall trapping is simply to place open bags,
of known area, beneath the trees and to record rLhe quantity of leaves
falling inta them over known periods. In common with other sampling
techniques, replication (s desirable to indicate the variability which
arises berween different rCrees, species, zones in the mangroves, etc.

A large number of small traps is preferable to a few large traps.

Traps may be constructed from a circle of sciff wire (e.g. fencing wire,
or plastic sheached copper cable), from which a fine mesh sheet or bag
(e.g. plastic mosquito mesh for windows) is suspended. The fine mesh

may be sown or stapled onto cthe wire frame and should form a bag at

leasc 20tadeep, A stone may be placed in the bag to prevent the wind

from lifting the mesh and sp(lling the contents. The wire Erame may

be either i) stood on three stiff wire or wooden legs which are firmly
buried in the substrare or, ii) suspended from three lines (e.g. fishing
line) tied from the trees to the net and then from rthe net Lo roots

on the ground. It is important that the net cannot be blown around
by the wind. 1In both cases the net must be above rthe level of the highest
tiges.




The optimum size of the trap will vary with the rvate of lirter fall
and periods of trapping; larger traps being required where the amount

of litter per trapping fnterval is low,.

Suggested dimensions for the frame and bag are: Wire frame; 220 em ¢
length of wire, forming a circle of 200 cm circumference and 0.32 sq. m.
area( Cost: USSO.SO).

(cost; us $1.50)
Fine mesh; 1 sq. m. of grey or green plastic mosquito window mesh )1

Llegs ; 3 x 1.5-2m poles or stiff wire ,or fishing line {8-15m;
Cost: US$0.10 -0.30). Scraples (preferably copper to resi{st rusting).

Traps may be labelled by writing on the mesh with a permanent ink felr rip
pen or by attaching a plastic or alumin{um label {(Garden or Horticulture

labels, US$0.03 - 0.15 each).

Since the trap 1s left in the mangroves it 15 advisable not only to seek

perm{ssion to use the area but also to explain to people who live

_Nearby or use the area (especially children) that the trap should not be

‘touched. 1t is advisable not to place traps where they can be seen by

casual passers.

Traps should be located as though they are quadrats (see section ).
the
Important considerations are whethery survey 1is intended to ﬁrovide values

for the toral area, or for comparison of selected zones or species.

When the trap is set up it {s suggested thac a couple of clearly marked
leaves (e.g. with an ink cross, or a staple punched through the blade) are
placed in rhe trap. if the trap is working efficiently these leaves will
remain in the crap until it is collected buc if wind, birds, people, =ec.
are removing leaves then this should be apparent and some modification to

the procedure may be required.

Traps should be collected every 7-30 days; the more f}equently the better -
if time and cost are not major considerations. Edible fruics and lesves

are likely to be consumed or removed from crabs by various herbivores and
decomposers so long trapping intervals are likely to underestimate litcer

fall. !
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Most tree species have seasonal patterns of growth and this is reflected
{n various litter components. Stipules indicate new leaves expanding;
flowering,and fruic fall are usually fairly synchronous and may be annual,

biennial or less [requent, Gt eortbeedec—are it toborwitinaessof .
LidgeteodPy. 1t is, therefore, desirable that sampling should extend over

at least one vear and preferably for several years.

N\

\

The information to be recorded from these traps may include:

£) The number of leaves, scipules, fruits, etc. from each species,

{i) The fresh and dry weights of each component. A seﬁsitLve spring
(e.g. 10 gm, 100 gm ran

cost USE

If numbers are recorded, then the average fresh and dry weights

Jalance may b& used for weighing fresh samples

e GEE 58

of each component should be determined so cthat cotal weights

may be calculaced.

The energy and chemical composition of the various litter components
may generally be determined using standard techniques but care should
be taken to ensure that the high salt content of scme tissues does nat

inter{ere with the methods.

Project:

Collecror:

Location:

Location No., (if any):

Date litter lastcollecred: day, Month, Year
Today's date : day, Month, Year
ltter Tree Number &/or weight of | Notes
ap Species Stipules | Flowers | Fruits | Leaves | Total weight

r | Overbead
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SPREP HANDBOOK OF FIELD METHODS FOR STUDYING PACIFIC COASTAL ECOSYSTEMS

Mangrove Molluscs

The mangroves, adjacent mud-flats, and sea-grass ecosystems have a
diverse and abundant mollusc fauna comprising mostly bivalves and !
gastropods. The bivalves are filter feeders, while the gastropods are
mostly carniveres, though some gastropods graze on algae and mfcro-
organisms growing on surfaces. Many of these species are used as food

items and they may supply more food than coastal Eish and crustacean

fisheries.

These molluscs are characrerised by the outer calcareous shell and

most field observations are made on the shell rather than the llving tissues.

The shells grow by addicion of macerial to the lip. Adult btvalves

are more or less sessile and live either parctly burfed {n mud and samad

or attached to the surface of mangrove roots, rocks or other shells.
sometimes forming dense clusters. The fercilised eggs glve rise to free-
swimming larvae which may be carried in tidal water before they setrctle
and develop a shell similar to the adults. Juveniles of some species

may be capable of limited migratfon but few species have mobile adults.

N ilt gastropods may be highly mobile. They lay jelly-tike
masses of eggs; the larvae which emerge are free swimming and may be trans-

ported considerable distances before settling and developlng a shell.
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A. Standing Crop of Mangrove Molluscs

Adult molluscs may be sessile or mobile but they do not move rapidly

relative to man and may’therefore,be sampled as though they are sessile.

The simplest sampling procedure is to use quadrats haphazardly located
within each tidal or mangrove zone. The quadrats may be located along
transect lines, either a series of transects running from the sea to land,
which may subsequently be divided into zones, or transects within each

'

zone. Random quadrat locations are required if great accuracy is needed.

The quadrats should be as small ag possible, but this will vary with
the species of interest. A gquadrat of 20 ¢m to 50 cm diamecer is usually
adequate, and the survey may include 50 -~ 150 quadrat sites. The quadrat

may be projected vertically to sample buried individuals or individuals

on trees.

Buried molluscs should be removed from the substrate,washing the
excavated material through a sieve (e.g. 2-3 mm mesh spacing), small

molluscs are easily overlooked in hand-scrced samples of sediment.

it is generally useful to record the size of the individuals in each
quadrat, measuring to the nearest 0.1 — lmm with a micrometer (see next

seccion).

>
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Table for recording observations of molluscs in quadracs

-

Observer: Dacte: Day, Month, Year,
I Locacion:
I Quadrat size = y depth of excavation = cm
Transect Quadrat Species Length of shells, mm
E Number - Number
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S, PREP  HANDBOOK OF FIELD METHODS FOR STUDYING COASTAL ECOSYSTEMS

MOLLUSC PRODUCTION

1. Size and biomass

There is generally a very close relationship between the size of
a mollusc shell (e.g. length, widcth) and the biomass (oven dry weight)
of the fleshy tissues. By seleccing‘about 60 individuals from a wide
range of sizes it is possible to draw a graph of biomass v.s. shell size.
This graph i{s unlikely to be linear and a straight line may be achieved

by plotting log,, Biomass v.s. logyy Shell size.

If possible a regression line should be calculated. Having established
the relationship, at a particular site, it is then possible to use shell

size as an indication of biomass.

It is necessary to measure lengths (using calipers or micrometers)

to the nearast 0.1 - 1,0 mm and biomass to the nearest 0,01 - 0.1 gm;

greater precision is required for tha smaller species.
TABLE FOR RECORDING DATA:

SEecies:

Location of samples:

Observer: Dace:
Shell No. Shell size (mm) Oven Dry Weight Log, ,Size LOglO Weight
Length/Wideh/Heighe | of Flesh (gm)
i
. 2 R
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2. Measuring Growth in Shell Size

Samples of about 200 molluscs (or more {f che 3pedies is mobile),
representing the whole size range, should be collected {n each subdivision
of the study‘'area. It {s advisable to dfvide the size range into abouc

6-10 size classes and to collect an equal number from each size class,

a. Increase in total shell size.

Shells are ind{vidually numbered wusing paint. or tags fixed to the
shell. The shell is then accurately measured, in a clearly defined directi

and remeasured periodically, e.g. every 1-2 months.

The irdividual marking of shells presents considerable practical
ditficulety and several methods may be tried. The technicues are best
sufted to large species, The mark should not be so obvious thact it

will affect predation.

i) Paint the number onto a portion of the shell, which has been scrubbed
with a tooth brush or wire brush to remove epiphytes, etc, and
allowed to dry before the patinc is applied. Various paints may
he applied, e.g. East drying outdoor* acrylic lacquers (e.g. for
cars), but care should be taken while the paint dries and wich

mariné paints because some are toxic to molluscs (never use anti-

fouling painc!). Depending vpon the species and {ts habttat the
paint may remain visible for periods of a few weeks or months:
the pafint gradually wears off so this technique {s not advisable

for scudies lasting for many months.

it) Aluminfum or plascic rags with the identity number scratched or,
1

cut {nto the surface may be glued onto the shell using quick-setting

| B
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resin glues. It is advisable to scrub the surface clean of epiphytes
and to roughen smooth surfaces with a file or emery paper. n.b. Some
resin glues soften if continually submerged. - Resin glues may be

toxlc before they set so care i3 needed to avoid poisoning the mollusc. ,

Small tags probably do not greatly {nconveniencea the mollusc and may

remain intact for several mopths.

{i11) Large gastropods, e.g. Yrochus, may be tagged by drilling a small hole
through the shell (near the lip) and -attaching a numbered aluminium washer
(7-12 om diam.) using a pop~rivet (2.4 mm dilameter). The gastropod secretes
a smooth layer o; shell over the innexr head of the rivet, and the rag
remains attached virtually indefinttely. (Ref: Heslinga, G.A. & Orak, O.

(1984). A permanenc tag for large marine gastropods. Aquaculture 36,

169-172).

A similar technique may be used on bivalvesg but great care must be

taken to drill near the outer margin where the animal will not be damaged.

IV) 541z Measuramants

S5ize measurements should ba taken along the axis which shgws the
greatest growth (= maximum lemgth) with a vernier calliper sccurats

to thae nearest 0,01 - 0,1 mm,

>
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b. Increment Iin shell size.

Iastead of measuring the overall chanrge in shell size it is possible

to record rhe amount of shell growth over a period of time, e.g. a few

weeks or months. There are several techniques avaflable, and these do

not require the identification of {individual marked shells, though this

may be des{rable for other reasons. These techniques are suitable for

small species, e.g. less than 2 cm long.

1)

notas an growth rings).

Staining of shells

A stain such as Alizarin Red is virtually non-toxic and Sta{ns
shells red. Unattached Molluscs may be placed in an aerated

I litre beaker or plastic bag of seawater to which about 0.5
gm (about half a level teaspoon) of the dye has been added.

Ic 1s advisable to scrub the shells clear of any epiphytes,
etc. with a wire brush on toothbrush. 1f the container is
aecrated {(Aquarium pump) the molluscs may be left for 6 - 18
hours in a shaded place but if the container {s not aerated

then the water should be changed after abouc 6 hours.

Note carefully whether the shells are stained up to the

edge, and also whether the operculum (in gastropods) has stained.

The molluscs are then returned to their natural habicac
and later recaptured. Growth since the initial marking is visible
as unstained shell and should be measured with a micrometer.
An optical micrometer, e.g. microscope 1is ideal,(SBe also tha

The stain may remain visible for =saveral

. months,

3

Molluscs which are attached to tha substrate, s.g. oysters and

mussels, ﬁay bae stmined by making up a paate or viscous solution, e.g.

\ 36
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baing painted on the shell at low tide, but it is difficult to obtain

cornflour, glycerin, to which the dye is added, tha solution

adaquate‘ataining.

{i) : Physical marks

Using a small triangular metal working file (e.g. Saw tooth

file) with a width of 2-3 mm, cuta nctch or series of notches

into the outer rim of the shell where the new shell is laid

down. 1t is preferable that the notch is of a known depth,

e.

g. 2 mm, and in this case it may help to paint a mark on

the file (if it tapers) where it is this widcth and to file che

shell until the notch is as deep as the file.

V-notch cut

New shell




are damaged. The shell continues to grow, infilling the notch

and laying down a new layer of sheil. The infilled notch should

Se visible and the amount of growth since the notch was cut

should be apparent and measurable.

{11) Growth ring Lnduction.

Certain chemicals, e.g. E.D.T.A. interfere with calcium metabolism

ard prevent the deposition of shell materifal. 1f a mollusc is
placed in an aerated
shell growth is virtually suspended ard this ls apparent as
a distinct ring on the shel!, The shell is then returned to
irs natural habitat for a period of weeks or months so that

the Srowth increment may be determined.

c. Growth rings

Most mollusc shells, especially bivalves, form falrly distint patterns

of growth rings 1n their shells. Gastropods rmay also form similar rings
on the cperculum. These vings, where the shell is thinner or thicker
are generatly caused by fluctuations in environmental conditjions such as
temperature, salinity, fond availability, etc. The tidal cycle is one

cause of such environmental fluccuations and there are usually cycles of

about 12% hours (ridal cycle), 24 hours (iumal ~nocturral), 14 days (spring-

neap tides), and annval climatlc cycles. Growth may [luctuate with one

% solution of E.D.T.A. for hr.,

or more of these cycles inducing regular patrerns of rings. Molluscs probably

live ftor 1-10 years, depending on the species, so the total number of rings

on large specimens will give an indication of the likely frequencies of

ring formation.

| 9%
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A low power microscope (e.g. binocular microscope with 10X eyepiece
and 4X objecrive) or 10X haud lens will assist in studying these rings.‘
If che rings'are not clear it may be helpful to cut a section through thé
shell; grind it smooth with fine emery paper (e.g. P-600) and examine the

cut surface. Stailning with Alizarin Red or other stains may help to show

the rings.

By combining a study of growth rings with a study of growth rates
it may be possible to Interpret the ring pattern and thereby determine
the growth history of individuals. It is then possible to define growth

rates with greater accuracy.

A useful graphical method for analyzing growth, when distinct growth
rings are present, i{s to use a Ford-Walford plot. The Incremenc in
growth (distance) between each ring is measured and used to plot a éraph
of total length up to ring number 'Lt againscltofal Igﬁgthl;plto ring
number 'Lc+1l'. For most mollusc shells che points on the graph will fall
about a strajight line- The ine may be fitted with a regression procedure
or, léss satisfactorily, visually. The ratio of Lec+l : Lt will approach
1.00 as the shells reach their maximum size, and graphically thi{s is the

point at which a regression line through the data intercepts a tine with

a 45° slope.

Intercept

Data &
Le + 1 regression /7~
line ‘

| 45° slope (Lt+! = Lt)

Le
[ 22
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3, Study Area

To obtain realistic {nformation on growth rates i{c is necessary to
recurn marked individuals to their natural habictat. Sctudies in Laboraro—

ries may give growth rates much greater or less than the natural rates.

Generally 1t is simplest to place the marked individuals {n one or
more plots. The plots may be rectangular with posts or stones marking
their corners. If the area is frequented by people it is desirable
to avoid using obvious markers since ;hese may be removed and the plot
disturbed. On mud flacs the location of a plot may be defined by lining
up two different pairs of distant objects, e.g. channel markers, hills,

houses, trees etc.

Burrowing bivalves generally remain within che pleots but the more

“mobile gastropods may migracre considerable distances. To recapture the

marked gastropods Lt Ls necessary to search the surrounding areas; which
may also give a useful indfcation of migration. 1Tt may help to place
suitable bajts, e.g. dead fish, crabs, or bivalves as attractants 1-]

hours bLefore the capture is to be made.

To ensure sufficient recaptures of the smaller species of gastropod it
may be necessary to mark 500-1000 individuals. If the risk of human
intarference is low, fine wire mesh enclosure; or cages may be uvsed to
contain the marked individuals but, as in a laboratory experiment, these
may change the envitonment significantly such cthat the results are atypical.
The longer the cages are used the more atypical the results may become
since the populations of ocher species will also change, and detritus
may be excluded or may tend to accumulate. To minimise these problems.‘

the cages or cnclosures should measucre at least 5m x 5m. It 1s necessary

\q0
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to determine the climbing ability, and behaviour of the species before deciding

on the structure of the enclosure (i.e. mesh size, depth of burial of

mesh,.height of walls, need for a roof or floor etc.). .

4., . Results

Growth rates (of size or biomass) vary with the size of the individual
and generally increase from the larval stage until the shell is a few

mm long and then gradually decline as the shell becomes larger,

Growcth rate

shell size

It is, therefore, desirable to plot a graph of growth rate with shell

size and either,

1) fit a curve to the results; probably.of the shape shown above,
or, ii) divide che resulrs, according to the inicial size of the shells,
into size classes and calculate the average growth {n each size

class.

A size:age relationship may be calculated, starting with a small
size or size class and estimating monthly growth to yield the shell size
one month later; the process being repeated until the largest size is

reached. This will generally yield a graph of the form shown below

Size
Q!
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A curve of this type may be described by the logistic equation. 1In

areas which are heavily exploited the larger molluscs may be very rare

or absent and in chis case the larger sizes will be missing in the samples
and the growth rate will not slow down as noticeably as the graphs shown

above indicate.

The instantaneous rate of growech (q) may be estimated as follows:

q = Logewt2 - LogewtI

where Wt  and th are the weights at time t, and t,. It is usual to

1 1

use log, rather than 10310 for these calculations.

To estimate production by a pcpulacion it (s necessary to known Che

class. This information is not easy to obtain accurately, but {t may be

% rate at which new larvae colonise the area, and the mortality of each slze
% estimated using capture-mark-recapture methods (see separate discussion)

with very large samples.

An approximation to the production of useable biomass may be made

by assuming that the populat{on has constant rates of ratality (births)
and mortality and, therefore, that the frequency: Size class structure
is fixed. 1f the species reproduces continually and steadily throughout

the year then the frequency: Size class relationship should show a steady

‘

stepwise decline in numbers with increasing size. 1t is necessary to adjust

size class. Since very small {(ndividuals may be missed because of inadequate

sampling methods {t musc be assumed that these are present in numbers equal

«

to or greater than the next larger size class. The decline in number between

I the results to meec Chis conditiony this may be done by.increasing the range of eac

\9%
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each si{ze class {g then taken as an estimate of mortalitys and production

ts then estimated by the growth in the size of individuvals in each claag

[
-

that are either alive at the middle of the perfod (estimated as the average

of the number alive at the beginning and the end of the period) or have

been removed for human exploltation.

If the species reproduces seasonally, then the popula;ion may comprise
a2 series of year-classes: these should be apparent as a series of obvious
and fairly regular peaks in the frequency: Size class relatf{onship. It
is necessary to confirm that these peaks really represent distinct age
classes and that they are not the result of insufficient sampling (ewa
AxUnte ta_digsibgaist wdle aud fqpple diLiBdFs erb1, Repeated sampling
every 2-4 months should show that the peaks in the frequency: size class
graph advance until one year later they have reached the size occupled by
the previous peak. 1If the sampling technique is reliable, and gives absolut
abundance, Lt should be possible to measure the annual decline fn abundance

(= morcality + emigration). Alternatively, the decline in total numbers in

successive year classes may be used as estimates of mortality.

Even though a species may have a distinct seasonal pattern of breeding,
growth rates may be very variable Such that the pesks are obscured.
Seasonal breeding occurs in many species, especlially where the climate

is noticeably seasonal, with a cool/hot or high rainfall/low rainfall centra
Breeding is often synchronised with lunar/tidal cycles but these cycles -

may'be toa close co be readily decected.

Examination of growth rings may indicate age classes which are not

apparent from size-class data.
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SPREP HANDBOOK OF METHODS FOR STUDYING PACIFIC COASTAL ECOSYSTEMS

MANGROVE -CUSTACEANS

There are many diverse and abundant specfes of Crustaceans living in

the mangroves and adjacent ecosystems, of which three groups have considerable
economic signiﬁicance as food items: crabs, lobsters, and prawns. The
cruscaceans are a diverse group but they share cerrain charactertgtic features,
including a chicinous exoskeleton and a life cycle involving 20-30 moulls.

This repeated moulting creates a problem for field studies because it is
difficult to tag individuals for growth or population studies. Overall

growth {in size taﬁes place by rapid expansion of the new cxoskeleton after
moulting of the old shell; the exoskeleton retains this size uncil it {s

shed.

Mating occurs after the female has recently moulted, and the fertilized
eggs may be carried until chey hatch as free~swimming larvae. Crustacean
larvae form one of the main components of the zooplankton in the coastal

ecosystem.
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BURROWING MANGROVE CRABS (Brachyurans)

Many species of crabs live as scavengers Or predaFors wichin the
mangtobes. Many genera and specles are widespread on western Paci{fic -
islands. 1In a particular region, the abundance of different c;ab species
varies with the position in the tidal zone, salinity ard the substrate.

In produccive habitats, such as some estuaries, the populattions oflnul—s#th

scavenging crabs may reach 40 — 80 m~2 (10 - 20 gm biomass m~2).Larger spect
such as Scylla, may average 1-10 crabs ha=! and yteld 2-20 kg fresh weighe ha~

On firm silcty substrates the burrows are obvious but dn coral rubble
or rocky substrates the crabs use natural cavitles and these are not
so éasily locacted. Crabs may burrow into soft silcy sediments withcut
creating a visible burrow. On coral or rocky substrates lacking large
cavitles the larger crabs may take refuge amongst the roocts buttress;s.

and cavities in mangrove trees.

Most crabs will avoid people, taking refuge 1in burrows or other
cavities, but will resume thefr activity {f the person remains still
are achive
for some time. Most species are active by day and 2 few;«by nighe.
Most species feed ac low tide while others feed at high ti{de. Some
species use burrows constructed by other species. The behavioural and

burrow characteriscics of a species largely determine the most suitable

methods for studying ctheir populacions and production.

Al Standing crop of crab spacies

AJU“'Crab populations may be studied by observation of {ndf{viduals above

ground level, excavating {ndividuals from below ground, and by trapping.

Larvea may ba released within the mangrove zone at high tide or in’

spawning grounds some distance from the mengroves., Ths larvas are




planktonic for the first 2-3 weeks and move with tha tides and ocean

LR e

a)

h)

Observation of individuals above grecund

I currents tafore settling in the mangrovas as juvenile crabs.

Depending upon the abundance of the crabs, quadrats of Im x 1m to
be

10m x 10m mayhdefined and watched by a stationary observer for

10-20 min. Video cameras or binoculars may assist in making these

observations. The number, approximate size and sex of the crabs’

which emerge may be recorded. The number of burrows should also

be recorded to {ndicate rthe proportion of burrows containing active

crabs., TInmactive crabs, such as those which have recently moulted,

are likely to remain underground. Crab activity is generally greatesc

as the tide recedes, and sampling after spring cides has been recommended

Removal of crabs from burrows

Crab burrows vary in size and shape with the species and size of
crab. Usuvally burrows descend steeply for 15 - 4C c¢m and chen extend
horizontally for5-306300)cm. [t is useful to learn to recognize
signs that a burrow may be cccupled: fresh tracks, excavated piles
of silt, and the absence of obstruction such as leaves and other’

debris. Burrows are aften blocked as tha tide rises.

Crabs may be vremoved from burrows either by digglng up the whole

burrow, or by probing with a hooked, flexible stick-{e.g. mangrove

sapling) and pulling out the crab., G5Small crabs may be dug out rela-

~tively easily and caught by agile collectors. Large crab specles

may form long burrows and they are both more difff{cult to catch and

1 3
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- ‘ to handle. A single burrow may, at leasc. temporarily, contain more

r than one crab;sometimes copulating crabs. 1In some species male crabs

I are found in burrows much more frequently than females. Female crabs,
especially of the larger species and 1andwar§ §peciqs, may be abs;nt

I from che mangroves, travelling to and from . spawning grounds. )
Spawning migrations usually coincide with thas lunar cycle and sesm to

l bs most frequent about the time of tha new moon; there may also be
aeaéonal variation. As discussed aboue,‘ some crubs may burrow in soft
gilt and not form abvious burrows. Soma sapscies mey live abova grounc

l and use tree cavities aa rafuges but tree climbing species are absent

from the Pacific reglon.

A particular species may produce burrows scattered throughout
a zone of the mangroves, e.g. some fiddler crabs (Uca), or they may

make burrows {(n particular sites, e.g. the Mangrove Crab (Scylla) often
burrows from within a small pool. With experlence the tracks of a

crab species may be recognized and traced to the burrow.

Once the crab has been excavated a varlety of observacions may

be made, including size (carapace width), sex, presence of eggs, maturity,

moulcing comdition, etc.; the crab may then be tagged and released

for furcher study.-

Once the vratio of crabs: burrows has been established with reasonable

precision ic may be sufficient simply to count burrows.

c) Traps

The larger, rarer and more mobile species of crab, especially predators,
may be captured using baiced traps. Trapping does not yleld an escimate

of absolute abundance but it does give an i{ndication of abundance and

. 13
provides individuals which may be marked and released for mark-recapture

3
\ estimates of population sizeor removed from Ethe Popu!‘thén o delermine
L. v,

. e -1QQ



.ng'}mvattcty of crab ctraps have been devised, and chere are often

-~ local varifettes which may be well adapred to local species and con-

.

ditions. In general, a crab trap comprises a rigid cage of wood,
bamboo, wire, or plastic with one or more ' passages
leading to near the centre of the cage. A crab may enter through
the passage but since the internal opening is ralsed from the floor
of che cage it is unlikely to find its way out. There is usually

a door for removing the crabs, and there may be an escape hole large
enough for crabs below the legal mf{nimum sf{ze to escape. The Ctrap
{s baited with food remains, especilally flsh, placed intoc a small

cage secured inside the crap.

A trap measuring about 50 ¢m x 50 cm x 80 cm, with one entry

passage at each end, may be made from a roll of stiff galvanized wire

measuring 300 cm x 100 cm. (Cost US $3.00).

Ssveral (S—lD) traps should be placed i{n pools gr mangrova charnels,
whara they will bae continuously submergad, and should be visited avery

6=12 hours, The traps should ba secured with waights or ropes, and

hiddan to avoid thaft.

Observations on size, sex, eggs, maturity, moulting condition
ecc. may be made, and crabs may be marked or tagged for furcher studies.
Captured crabs rare{j repréesent a random sample from tﬁe population.
Popu;ation ;stimates based upon mark-recapture procedures on trapped
crabs may, therefore, be biased. Some crabs remain {n the vicinity
of a particular burrow while others move about in a moée or less hap~-
hazard manner and mix with other crabs in the vicinity. TIf mark-
recapture pro;hdures are used, {t is recommended that a simple Lincoln
index is used over a short study period (12 — 24 hours). 7O reduce the
M t
bias introduced by *trap-happy' crabs which revisit traps immediately

it is suggeated that either thmese recapturas are ignored, or that traps

-~ -
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Marking and tagging crabs

Since the exoskelecton (shell) of crabs i1s shed at each moult any marks
or tags attached to the shell are lost. The period between moults varies .
from a few days for small crabs to several months for large crabs. [t
i1s, therefore, possible to conduct short-term marking studies by simply
painting reference numbers onto the (dried) shell of the crab. Quick
or tays)

drying acrylic enamel paints, e.g. for automobllesAkmay be adequate for

this purpose.

Long-term marking is more difficult, especially i{f individual indenci-
fication is required. Tags attached to the body of the crab such thac

they are visible but do not interfere with moulting have been used.

T-bar anchor tags may be actached to the crab at the polnt of juncture

.between the abdominal place and carapace. The small plastic tag is inserted

with a tagging gun (e.g. Dennison Mark Il gun with Floj 68-8 T-bar anchor
tags). The needle of the gun may efther be pushed through a hole in the
abdominal plate, or inserted along the underside of the carapace uncgl it
is free of the abdominal plate, before the trigger is squeezed. The tag
must be narrow and not widen appreciably because this may cause the old
shell to catch on the tag and, either keep the crab attached to fts old

shell, cr, this may rip out the tag and possibly damage the crab, 7agqs may
be colour coded or have a written meéssage .,

Since crabs are often used as food items the tagged crabs may be cap-
tured by fishermen and it is desirable that the tag should Include a message
stating that a reward is offered for the return of the crab and tag. It
is, obviousliy, advisable to discuss the trapping scheme with everyone
fishing in the area. This may substantlally improve the rate of recaptures

and account for the loss of tagged crabs from the population. !
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Crab growth and production

During their life cycle, of perhaps 2-4(-6) yéafs duration, a crab may
post—larval .

undergo 15—2§«moults, initially every 6-14 days, eventually every 60-90

(-180) days. After moulting the crab must take in water to swell out

the new exoskeleton (shell), and the growth (carapace) increment {s usuvally

5-20% in small species and 10-25% in larger species!:

Carapace Increment = 103.(%ostﬂnmult Carapace Width —Pre-moult Carapace Width
Pre-moult Carapace Width
tfoulting is most frequent at the time of spring-tides (full and
new moons ), perhaps because of the need for water of suitable (sea water)
salinity. The new shell is soft to the touch and takes 10 - 18 days

days to havden. During the post-moult period, while cthe shell is soft,

the crabs may initially remain buried or in burrows. Female crabs 39"“““7

male |'mmed|'at'e!y after thl'fnj .

The growth pattern for a crab species require information on two factors:
1

i) the variation in Carapace Increment with size
ii) the duration of the moult cycle as the crab grows
Several merhods may be used, and it i{s advisable to repeat the procedures

on several occasions, especially if the climate is seasonal.

a) Laboratory observat{on

Laboratory studies are liable to be biased but they provide a simple
means to determine moult cycle duration and growth for at least

the first moult cycle after removal from a natural habitat. Crabs
are placed into individual beakers of fresh mud with shallow seawater,
changed daily, and the crab is observed daily for signs of moulting

(and egg production). Measurements of the pre-moult and post-moult

carapace width are made. The period between moults may also be

$



.recorded. Crabs may survive under these conditlons for several
moult cycles buc the length of later cycles tends to be very

variable.

b) Tagged crabs

In natural situvations it may be possible to monitor the growth of

individual tagged crabs, recording Carapace Increment and estimating

the duration of the moult cycle. Foar accurate estimaces of moult

cycle duracion it 1s rnecessary to recapture the crabs frequently,

c) Estimation of moulc cycle duration

E e.g. every 1-2 uweeks.

The average duration of the moult cycle (Dm), for a particular size

_range of crabs, may be estimated from the ratio of the average

duration of the soft-shelled posc-moult period (e.g. 10-18 days)

{Dp): cthe proporcion of crabs in the post-moult period (Pp).

Dm = Dp/Pp, in days

This estimate may be used on field populations, provided that indivi-
fuals at all stages of the moult-cycle are caperured (including

buried individuals).

The duration aof tha post-moult period may be studied in the
laboratory, as dascribed abova, Each day the crabs which initially

had soft-shalls are re-examined, If moulting agcurs at all times, the

L
’

duration of the soft-ahell period {3 twice the averaga duration af the
apft-ahall parind {n tha lesboratory, If maulting occurz ﬁj cpring

: g hov e
tidas then this should ba agparent when comparing. Crnb{Apnllacgad

on differant days during the spring tide’' to neap tide cycla;

AOf
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d) Growth layars as an indiecation of moult cycla duration

(nb This technique is tantativa: more ressearch is required) .

The cuticle of arthropods is layerad and it haa baen suggested
that layars ara formed regularly. In craba these pariods mey ba t{dal -
or daily. Thase gruwth layers ara visible in aécff;ons of the cuticle

whan viewad with 8 microscops and may be visible in untreated spacimansg
Specimens of cuticle may be examined as follows:

Choose a relatively flat surface of the exoskeleton and remove
a piece, e.g. 1 cm?. Fix the specimen in 5% formaldehyde - in which
it may be stored - and then decalcify the specimen in 70% ethylalcohol
acidified with few drops of hydrochloric acid. Infiltrate the specimen
with paraffin wax and section vertically at about 10 pm Fhickness.
The growth layers may be more readily seen 1if they are stained with
aniline blue and viewed with phase contrast. The layers are generally

about 10-15 ‘Pm apart.

Before the growth layers may be used as an index of age since
the last moult, it is necessary to establish che actual frequency
of formation. This may be done by examining crabs of known age
since the last moult, or by inducing a distinct layer in the cuticle
and thcaexamining the crabs on subsequent occasicns. A distinct
layerm@h# be produced by placing the crab in an aquarium overnight,

with or without chemicals such as E.D.T.A., which disrupt calcium :

metabolism.

Section of cubicle : N T

_ cuticle la_yers formed
—— [ before old shell shed

cuticle Llayers Formed"
after old shell shed
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Cohort analysis for growth and mortality

Crabs may have a distinct spawning season, or at least a peak in the
proportion spawning, and this may produce a cohort of juveniles which

can be monitored by sampling at 1-3 month intervals. The shift in the
size;frequency peak will Iindicate the mean growth rate of the cohort.
Since growth rates vary amongst 1ndividualg the peak will become les?
obvious as the crabs grow and cohorts are unlikely to be detected amongst
large crabs. The decline Ln the number of individuals in the cohortc

will indicatelmortality.
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SPREP HANDBOOK OF FIELD METHODS FOR STUDYING PACIFIC COASTAL ECOSYSTEMS

THE MANCROVE LOBSTER

The mangrove lobster, Thalassina anomala, {s widespread in the Indo-

west Pacific reglon, and is considered a food delicacy In some areas but

as a pest in other regions because {t's burrows may damage dykes. The
lobster forms characteristic large conical mounds (20-60 cm high) at the
entrance to its burrows, which may be abundant near the (nland edge of
mangrove swamps. The adulc_lobster liQes and feeds within the burrows,

which extend over several metres and descend to depths of 30-60 em. The

long burrows make capture of the lobsters difficult. Lobsters may be flushed
out of the mound by removing the plug of mud at the entrance and, using

a fool, ‘pumping' water into a sectiocn of the burrow some distance from

the mound: rthe lobster is cavght as 1t flees. A var{ety of traps may

be ser at the entrance to the burrows.

It is thought that there is a single breeding season each year and
the population may form recognizablecohorts, Female lobsters may migrate
to the sea carrying their fertilized eggs, vhere the larvae hatch, but
the larvae may simply be released into the tidal water within the mangrove

zone.

Most of the techniques for studying mangrove crabs may be applied

to the mud-lobster.
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PENNREID PRAWNS

Penaghiprauns are a major and valuable food resource in many parts of the
western Pacific and south-east Asia. The prawns are either caught as
juveniles in mangrove creeks and inshore waters or as adules in offshore
waters at depths of 5-20 (~40) m. Many specles occur {n the west of the

Pacific region, e.g. 20 species {n Malaya, but the number of specles

declines eastwards. Local fishermen often lump several species under

a single name. On the basis of prawn fisheries, adjacent to areas

of mangroves, it is estimated that praﬁn yields (fresh weight) are 15-25

(-100)kg/Ha/yr.

The penaeid prawns are heterosexual and breed and spawn in curbid

offshore water, generally at depths of 10-30m. The numerous (20000 -

100000) eggs are released at night, soon after fert{lization, and pass
through about 12 planktonic larval stages within 12-18 days. The larvae

which are carried into near-shore waters may enter brackish estuaries,
sea-grass beds

lagoons,Aand channels amongst mangroves where their development proceeds
through about 18 post-larval moults until they become immature adults 6-/2

months later. The adults then migrate to deeper offshore waters and breed:they
may live a Fuvtheer £-18 months.

The migration and breeding may be triggered by reduced salinities associated
with high rainfall during the wet season. 1In scasonal climates there may

be a single breeding season but in some regions there may be two or more paak

breeding periods. Some penaeid prawns do not require brackish inshore water

for juvenile development, and it is not certain whether other specles require

. shallow,
mangroves or only LheAbrackish inshore water. The prawns are omnivorous,
feeding on live and detrital materials, much of which {s deri{ved from sea grass

or mangrove food webs

Prawns ara most active at night, and at high tida, burrowing ihto

tha soft sediments at pther times and to escape predators. Adult

I
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Capture of Prawns
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Prawns may be captured by a variety of procedures, including trawl nets,
hand nets, spears and by hand. Trawls atre most suitable for offshore
sampling at depths greater than 1-2 metcres. For research purposes. a

trawl of about 2m width, 50 cm height, and 3-5 Im length (with lcm mesh

net in the foreparc of the net and 0.5cm mesh net at the back), raised

about 10 cm from the substrarte by skids may be towed beh{nd a small

boat at about 3 knots (1.5 cm/sec). Larger nets are used by commercial

prawn fishing boats. Trawling, as with ocher trapplng procedures, 1is

liable to miss a proportion of the smaller, more active and buried pravos.

Ry

Trawling is most effective at night.

I'n shallow inshore waters, such as sea-grass beds and mangrove charnels,

priwns may be captured with hand nets used to scoop up prawns. 1In clear

water, prawns may be captured at night using lamps (the eyes of the prawns

acting as reflectors), the prawns being caught with scoop nets, spears
g or by hand. The efficlency of the technigue relies upon the skill of
the collector. Sampling may be conducted along known lengths of the

mangrove channel or as a transect across mere level areas.

Push-nats may be used in shallow water (20-60 cm deep) on clear
firm sandy substratas, These are aimilser in principle to a trawl naet
but the nat 18 pushed by a parsaon walking behind and fhe nat hag twa
tails with room ta walk batwaan them. This type of nat i8 described

by Rilay (pp 81-82, 286-290 in N,A, Holme and A.D, McIntyre, I.8.P.

I Handback 16},
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Tagging Prawns

Like other crustaceans, the frequent moults complicate the procedures for
marking or tagging prawns. For short-term capture-recapture studies it -
i3 possible to put paint (acrylic enamel) or waterproof ink numbers or

or to glua tags onto tha carapace (e.g. epoxy rasin g
marks on the (dnied)carapaceL. Prawns are generally rather small, which
makes many long-term taggging procedures Jiffieddt  pur the cuticle is generall\

transparent and this enables the use of internal tags which are not affected

by moulcing.
Several types of internal mark may be used, {ncluding: '

a) injected colour ink spots which form a coded sequence.

b) magnetic wire strips with a recorded number: but these may need

sophisticated equipment to use and may require excision of the wite.

") colour coded flexible rods placed beneath transparenc cucicle.

C;;:zzlechnique has been successfully used on cave dwelling crayfish measuring

. N ' o

as licctle as 7.5 mm Carapace length. A piece of monofilament nylon fishing
line 1.5-3.5 mm in length is painted with 3 colour bands (using acrylic
enamel, e.z2. for toys and model kits). The coded plece of Line is placed

into a hypodermic needle of slightly larger diameter. The needle is then

inserted through the exoskeleton, e.g. just posterior to the sclerotized

ridge of the fifth sternite in the crayfish, slightly to one side of
tha midline to avoid nervaes, and pushsd forward into the sprca betwean
the cuticle end tha abdeminal muscles, Thse tag is then sjectsd, using
a wira plunger, as the needle 1s slawly withdrawn. In prawns the tag
may be placed beneath a translucent section of cuticla on the dorsal
surface, avpoiding the heart, dorsal artary and gut.

The procedura takes about 5-10 minutea, The tags and tegging

oparation do not sppear to hava an‘ obvious effect on subsaequant
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growth, moulting, reproduction ar survival of crayfisk and the tegs

ragmain viaible for at least 1-2 years.

Colour codes may be read from head to tail and the number of individual

codea (N) may be calculated as,

N = n(n—l)K“I

where n = number of colours used

x
1t

number of colour bands used on rods.

Ref: Weingartner, D.L. (1982), A fteld-cested internal cag for crayfish

(Decapoda, Astacides)
Crustaceana, 43; 181-~188. (Includes references to other tagging

procedures>

In order to study moulting of tagged prawns it may be destrable to mark
the cuticle with a painted mark or byclipping a plece from one of the

uropods.

26



The standing crop may be estimated using a variety of procedures. Since
the prawns tend to flee or burrow into the sediment when disturbed by
people it is difficult to obtain absolute counts of prawn populatioas,

Instead, it {s necessary to use capture procedures.

a) The simplest method is to use an {ndex of abundance, such as cthe
number caught/area trawled or number caught/area searched. Ffrovided
that the technique 1is unchanged this may provide reliable indices. of

abundance on different occaslons.

b) In a small channel it may be possible to significanctly reduce the
prawn population with a hand or trawl net. 1If the netting pracedure
is repeated, in identical manner, several times then the total prawn
population will decline and the number of.prawns caught on each
occasion will decline. A graph of the number of prawns caught on
each occasion with the cumulative number that'have'been'caught up
to that time may show a linear decline, and a3 straight liae through
these points intercepts the axls of cumulative catch at the probable
populacion slze. A limitation of this method is that since rthe prawns
tend to hide when disturbed, the decliine in capture rate may refleckt
the decline in the active population rather chan the decline in the

actual population.

c) Capture-mark-recapture procedures may provide estimates of abundance
in enclosed channelyor pools. Since the sampling may be undertaken
at night, {t may be desirable to use a flourescent palnt for marking

the prawns, e.g. visible with an Ultra Violec light source. Praqu;

especially'adults, may migrate considevable distances and, s{nce this
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Productivity of prawns

Recruitment, growth and mortality informatiort is required £o estimate

prawn productivicy. If the prawns have distinct spawning seasocuas and
preduce an obvious cchort of juveniles chen this may be monitored at
1-2 ronthly intervals to indicate the growth {n size and decline in
number (morctalicy) of the c¢ohort. Several studies have indicated that
prawn populations do typically have one or more cohorts of juveniles

each vear, although some juveniles may be present at all times.

1f cohorc analysis is not possible, then long-term moncthly monitoring

¢t tagg=d préwﬁs may be used but this i{s likely to require very large

i

numbers of tagped individuals because prawns are mobile and juveniles

may experience high morralities (e.g. 50-G0%).

whichever method is used, it is advisable to sample regularly at
the ¢ame phase of the lunar cycle and the same tide level, preferably

z tide and a new moon.

a risin

Aol t of growrh rate with size may be used to derive the terms of

the von Zertalanffy gquation.
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Pollution of Mangroves

Mangrove ecosystems are liable to pollution from both terrestrial and

marine sources. Terrestrial pollutants include*a great variety of materials
which are accidentally or deliberately washed or dumped into the mangroves,

e.g. sewage; storm-water; garbage; industrial wastes; organic fuels, solvents,

pesticides, herbicides, and detergents; inorganic fertilizers, and he

metal salts; and radiocactive materials. Marine pollutants enter the mangroves

with the tides,and the major types are organic fuels and detergents.

are too diverse for it to be possible té outline or even generalfse a
all their impacts on mangrove ecosystems. Some pollutants, especiall
fertilizers and sewage, increase tree growth but may adversely affect
animals. Pesticides and heavy metals may kill specific groups of ani
Organic fuels, solvents, and detergencts may kill much of the fauna an

in extreme cases, the trees as well.

The major concern about pollutants is their impact on human health, ¢

other species may deserve equal consideration, and two groups of pollutants

are considered:

i) disecase organisms, which are penerally assoclated with sewa
Jisposal into mangroves and nearby areas,
ii) toxic chemicals, which are genevrally associated with indust

effluent. and agricultural pesticides from adjacent areas.

The methods for analysing pollutants require well equiped laboratorie
and skilled technicians. Suitable methods are provided'in the most r

edition of “Standard Methods for the examination of water and waste -

avy
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American Public Nealch Association, Washington, U.S.A."
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and "UNEP (1982 - ) Regional Seas; Aefearence Mathods for Marine



It {s recommended chat standard methods are used so that results are

comparable with other studies and heaith standards established elsewhere,

1)

{0)

Disease

Pathogenic bacteria may be present 1n human faeces and these

may enter the mangroves either by direct defeacation or via
sewage outfalls., Faeces will decompose {n the mangrove environ-
ment and the products are both used by mangrove corganisms

and dispersed by the tides. Some mangrove animals, especially
filter feeding bivalves, may accumulate faecal bacreria to
levels much higher than that in t;e water and sedimenCs.

The risk to humans is, therefore, both from contact wit! poliuced

water, e.g. while bathing, and from eating contaminated anirmals.

Pathogenic bacteria are usually reltatively rvrare and difficult
to detect but human faeces contain numerous less dangerous
coliform bacteria which may be ecasily detected and used as
indicators of faecal pollurion. These analyses involve the
culture of potencially pathogenic organisms and should not

be undertaken unless the people involved have a proper under-
standing of the theory and practise of sterile techniques.

1t is suggested that the analyses are undertaken by trained

medical or university techniclans.

"Toxic chemicals

Poisonous chemicals generally enter the mangroves acctdentally,

either by dumping or spillage and overflow from industrial

LLe
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processes, or run-off from agriculrural land. The pollution
may result from a chronic low level discharge or occasional
more intense events; rain-storms may cause overflow
of industrial water purification plants and may also introduce
large quantities of agricultural chemicals. Depending upon
their solusility and density relative to the coastal waters,
the pollutants may dissolve and disperse or precipicate near
the point of discharge. 'Many soluble pollutants, both heavy
metals and organic compounds, will be absorbed onto fine
clay particles and thereby accumulate in certain sediments.
Some of thegfpollutantg will enter food chains and many

Erophic
accumulace at variousAleve15{ veaching concentrations of
10-300 ppm In 1living tissues; which are 103 - 10° times higher
than the concentration in the water. The use of shell fish
from polluted waters may be a serious health risk. Studies
;f these forms of pollution may be Initiated either because
diseases and ill-bealth are apparent or because potentially
dangerous chemicals are being used nearby or somewhere within

the water catchment.
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Materials for observing pollutamnts

Pollutant levels may be determined in four types of materials:

1) Wacter
11) Sediments

Lit) food animals, e.g. prawns, molluscs

iv) Man

Each of these materials offers different advantages and disadvantages.
Generally pollutant concentrations increase from water to sediments to

animals, and it is technically easier to measure the higher concentrations

in animals; especially if cencentrations are low.

Since most pollutants enter the mangroves In solution or suspension

in water, it is generally appropriate to messure the Introduction of
pollutants by the concentrat{on in the discharge water or coastal

water.

Animals may live and accumulate pollutants for several years, and

though it is unlikely thac there will be a simple age: pollutant-concentra-
tien relationship, they are p?rcicularly suitable for measuring Infrequent

polluting events or very low levels of pollution.

Food animals, such as the molluscs, may be readily sampled (see appropriate
section of handbook) at various locatlons so these are suitable forx

detecting spatial patterns of pollutants.

Although the af{m of many studies {3 to determine the levels of pollutants
injested by people, it is generally difficult to obtain suitable samples

(CKCEPC from hatr, nail clippings, or autopsies} and 1t is often difftculet

S Lg RV’
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to determine how much exposure the person has received.

Sediments may accumulate pollutants over many years, and in some situa-
ti;ns it may be possible to obtain a stratigraphic record of pollutants,
Surface sediments are, however, liable to erosfon and redeéosltion

and unless the bistory and rates of sedlment accumulation are known

{L may be difficult to relate pgllutant concentrations in the sediment

to the gquantity of pollutants entering the ecosystem.

Spatial and temporal sampling procedures

0) The extent and severity of pollution may be determined éy taking
samples of water, sediment, or animals, ac the source of pollution and at varicus
distances out ro sea and along the coast. The dispersal of pollucants will vary
with local condirions and though concentracion are likely to decline away from the
source, the dispersal may be directional and chere may be sites
of accumulation. 1If chey are available and widespread, selected

species of bivalves may be used as pollution indicators.

i) Monitoring of pollution is usually most efficient {f the
source of pollution, e.g. discharge pipe or creek, is sampled
regularly and also during events such as storm-water discharge
which may transpert unusually large amounts of pollutant.
Analysis of water (s more useful than analysis of sediment and

animals because the latter represent long-term accumulacion. .

LE there are several sources of pollution {n the vicinicy,

then monicoring may be carried out at sites where people are
1

likely to be at risk, e.g. bathing, or fishing sites, rather

cthan at the sources,

225
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ECONOMIC EVALUATION OF MANGROVE RESOURCES AND EXPLOITATION INTENSITY
Planners and developers frequently want to place ecénomic values on )
natural resources so that they can establish the probable costs and beneficgs
of different patterns of land-use. This might seem to be a simple procedure:
estimate the standing crop or annual production of the species and calculate
the market value of this quantity of resources. In reality the situation
s more complicated because both the quantity and yleld of resources will
vary with the level of exploitation. Natural biological resources are
not the same as either mineral resources, which are non-renewable, or
agricultura)l resources, which are carefully nurtured so as to sustain y{elds.
Natural populations, as in the mangrove ecosystem, may be explojited at
various levels of intensity,varying from time to time and place to place.
Generally, burt n;c always, the largest individuals of a specles are of
greatest value, and as exploitation increases these individuals are
harvested. This does not necessarily reduce the yleld from an area, there

may be more smaller indiv{iduals available when the larger individuals have

'gone. There may, howevér, come a stage at which so much of the population

s being harvested, including quite small individuals, that the total yield

from an area declines: this is the situation known as ovet-exploitation.
If a biological resource is being overexploited it would be better to reduce

the intensity of harvesting since this would cause an increase in the total

yleld.

The economic value of a particular resources may be represented by
the presenc yleld but this may not be a good indication of the optimum

:

inéld which could be sustained. There are many examples of commercial '

277



f{sheries which have been overexploited — not only has the toral cateh

declined bclow an optimum level, but the catch per unil of fishing effore

(e.g. trawling time) has fallen even more severely causing the collapse

of the economic fishery for several years.

To_determine the economic value of mangrove resources it {s necessary
to know che optimum suscainable yields. This is not easy to determine.
Since populations fluctuate from year to year as a result of a variecy
of natural processes, ft is diff{cult to establish the sustainable yield
empirically by Vvarying che level ofiexploitation. /Generally tt is
desirable to harvest a species at a stage near its maximum growth race,
but it {s also necessary to ensure adequarce reproduction, so it 13 wise
to only harvest individuals larger than the mi{n{mum sf{ze for reproductive

maturicy.

and fishing yield may approximate the optimum sustainable yield.

hl

Most coastal ammals  produce very large numbers of eggs and mobile
Larvae,land even though the population may be overexplolced locally, the
mo -.ile¢ larvae may recolonize these areas. If.ic is difficult to enfcrce
a minimum size for harvesting, then it may be possible to create a series

of reserves in which harvesting is rigorously controlled: these reserves

then serve as centres for re-colonization of adjacenot areas. I1f the level

of exploictation is low, then there is no need for any external control

of exploitation.

22%

3 I ’ If these rules are applied then the population {s likely to persist
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Deci{sions based upon survey results
Decisions Dd>E™ -

1f planning or economic decisions are to be made oa the basis of a
survey, then it is important that both the accuracy and preéision of the
survey are known. Accuracy can only be acheived and recognised by using
suitable procedures which do not give biased results: accuracy or inmaccuracy |,
cannot be recognized from the results unless they are obviously deviant,from

accepted values. The methods, calculations, etc. should then be checked.

The precision of a survey resulets a;e usually given by the standard
deviacion. (s), standard error (SE), cthe 95% contidence interval (C I ) or
95% confidence limics (x - CI zo X + CI). These stattstics indicate cthe
spread of the observations and the uncertainty of defining the true mean
value of the resource. Although the mean (%) or total (T) quantity of resources
may be the desired statistic for evaluacing resources may be phe desired
a#aa&eew% for combustidp recoorees, in reality this can only be estimared
and it 15 often desirable to base resource evaluation on confidence limits

rather than mean values. The confidence limit to be used for decision making

depends upon who is raking the risk and the costs involved.

For cxample, in a mangrove timber survey {t may be so desirable to base
the decision on whether to-log an area of forest upon the lower 95% Confidence
limit rather than the mean timber volume/ha. This means that chere Lls a very
low risk (about 1 {n 40) of deciding to log the area when in reality {t does

not have as much timber as expecred. If the mean were used, then {n 50%

of cases there could be less timber than expected. 1€ logging costs are more *

or less constant per untt area chen it may be essential thac there {s a minLlmum

amount of timber per ha.
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1f the decision involves compensation payments for damage or destructian
of resources then it seems reasonable that the risk of an incorrect decision
should be borne by those liable to pay the compensaticn rather than the
in
'victim'. 1In this case the compensation should be determined\accordance
/
with the upper 95% Confidence Interval of the resource abundance sjince

this will minimise the risk that the compensation i{s inadequate because

of a lack of precision In the survey.
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2. Rasource Surveys

2.A General objectives

" As discussed in section L.B, mangrove resources include not only the
aconomically important species but also the other components of the eco-
system which they depend upon. Since virctually all the living and non-
living components of the ecosystem interact, there are a great number
and diversity of 'rescurces'. It is, however, impractlical to attempt

to survey all these resources.

The first stage of a resource survey is, therefore, to decide what
are the precise objectives of the survey. Once the objecrives are clear
it is possible to deffne which resources need to be surveyed, what type

of information s required, and what methods are appropriate.

It 1s importanr to recognise that chere are many objectives when
conducting a survey; some are political or economic (at personal, corporace
ragional, national and international levels), while others are scientific
or technologicaLfﬁiﬂE}U@lpg’fﬁk/hﬁibestfhg-oﬂzﬁggghffﬁi). Generally,

a survev must satisfy several policical, economfc and sclentific objec~-
tives and 1is constra{ned by these diéferent objecttves.ﬂ Scientific objec-
tives tend to need a great deal of f{nformatfon and requlire a great deal

of expenditure whereas the agencles granting funds for surveys seek the
maximum of gengralisation for a minimum of Eundlng.. Tge compromise bet~ _
ween what 15 considered to be scientifically desirable and what {s
economically possible dictates much about the scope and methodology

- - 8
used in a resource survey. While {r may seem desfirable to know as much

e T ]

as possible about resources, the aim of an effic{ent survey ts to obtain

22
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2.8 Scientific objectives .

f9iological resource survays are generally caoncerned with:
aither i) Tha resourcas of a region,
or 1ii) Vvariation in tha natural distribution of resaources,
or ii1) The impact of external. factors on resources, a.g.
exploltation, pollution, isolation, etc,
Thaese resources are genarally measurad in terms of ane or more of

the followling:

i) Presence/absence of a species

-
[
~—

Standing Crop; the amount cf the resgurce presenc at a particular
time, usually measured as biomass or the number of individuals.
Indices oF stasdiaq crop ave Fha used | |

tui) Producrion; the amount of energy or biomass {ncorporated by

a species over a known time period, especially the amount of

Froductien is estimazod by varions techniques, generally involving combina-

tions of observarians on merabolic rate, enerpgy or focd intake, growth,
ard repraducrtive putcut.  Laboratory or field estimates on a few individuals
arce werocally combin'd with Standing Crop estimates tce provide Producticn

estimates fer the paopulation and ecrosyston.

iv Svstainable Yield, the amnount of the tesource, either nurberts

a

sr biomass, that can be repeatedly removed from the ecosystem

without causing a long-term decline in the abundance of the resouvrce
Maximum sustainable yield vsvally occurs at only low-moderate fevels of

exp[ai‘ta-f;ar,,

Sustainable vield is most satisfactorily estimated by repeatedly harvesting

the resource at vartous levels of tntensity and determining the effact
and yield
on the Standing Cropy, It is difficult to estimate sustainable yield

in small areas {[ there 1s much migration from other areas. There are

also a variety of mathematical models which may be used to predict sustain-
)

able yields on the basis of population and individual growth rates and standi

crop parameters but care must be taken to ensure that the assumpcions made in

SR : - 34
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3. Survey procedure: basic consideracions and decisions

When conducting 4 bfological resource survey it is necessary to
consider and make decisions about 8§ major aspects of the survey before-

the survey commences. The decisions made in the planning stage will
determine the outcome and value of the survey,and deserve a great deal
of careful thought. L

i) Is the objective descripfive a4 Tofal resources, or onalylical

e.q. natvral vaviation und variobism assecialed bl exlernal ﬁacfo

i) What is the boundary of the study area? Is the survey supposed

to relate only co the study area or is it supposed to be repres

tative of 2 larger area of mangroves? It usuvally canr L be

e
assumed that a single scudy area 1is repreaptative cf rthe mangro

of the region,and several sites may be required to ascertain

their variab[licy: how shauld H‘IFSL sites be L‘M.ﬂ"‘ ?

T1ii) Which organisms are of interest? As discussed above, most

mangrove ecosystems contain a great diversity of organisms
which behave in different ways such that a varlety of methods
are reqguired to study them. 1t may be tempting to attempt

to survey every species which turns up but the effort required
to make this worcthwhile is almost cercainly prohibicive. One
practical strategy is to seewx different ctypes of {nformation
about dgfferénc species,‘e.g. record presen&e/absence for all
species in the locality, and record standing crops, productivirty

or sustainable yields from only a few economically {mporcant

species or groups of species.

Species with similar habitats and behaviour may often

be sampled together so that each survey technique may yield

estimates of standing crop for a group of specles e.g. tetrestri

‘plants; burrowing filter feeders; burrowing mobile species;

fish: and plankton. - 25



1v ) What type of informatien is required? Is qualitative or quanti-

cative information required? 1Is it enough to know that a species

occucs in the mangroves, or feeds in the mangroves, or breeds

in the mangroves, or is it necessary to estimate how many indivi-
duals occur, at what density, at what time(s) and capable of

yielding what welght of resources or sustained yield?

Since the methods and resuts of the survey depend very
much upon the answers co these questions they should be given
very careful consideration. It is always tempting to seek
easily obtainable informacion about the species without fully
considering whether (¢ {s the required informatlon. Some informa-
tion may be obtained with unnecessary precision while other
useful information is not collected. There {s no guide with
which to answer these questions except a clear view of the

overall cbjectives of the survey.

v llow accurate does the survey need to be? In this context accuracy

means how close the survey results are to the real(or true)resulcs.
In biological surveys several types of accuracy may be involved:
3_} Taxpnomy
In boeth qualitative and gquanticvacive surveys the accurate idencifi-
caticn of species may be very important or it may be of | minor
! importance; e.g. while it may be important to identify the species
and, perhaps, the variety of an economi{cally important organism,
e.g. fish, crabs, sheitlfish, it may not macter which phytoplankton

£ species cccur provided they are present In sufficlent quantity.

Specimens should always be taken, preserved and tdentified
by a competent author{ty. These specimens should rhen be lodged
at a suitable museum or herbarium, preferably with duplicates

lodged st a local institution.

I )  Bissed racthods

In quantitative surveys the estimates of abundance may daviate
considerably from the real values {f the survey methods are biased.
Biased survey methods mean that certain {ndividuals are more,

or less,likely to be sampled than should occur by chance. 'A

blased survey method may either overestimate or underestimate

the resouvrces, and {t {s {mportant to realise that this bias
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cannot be detected from the survey results. Bias can only be
avoided, or minimised, by applying suitable methods. For. slow
moving or sessile organisms this generally involves random quadrat
sampling. For mobile species this required unbiased trapping

and perhaps mark-recapture methods. These procedures are des-

cribed in various cextbooks, e.g. Southwood, 1473 i

Chapman, ]947(

Ic is important to check that the mechods are not biased and, |

if necessary, correct the bias or determine correction factors

to eliminate bias. For example; if burrowing species are estimats

from the number of burrows then 1ic is essencial that the rvatio

of burrows to live individuals 1s also determined; Lf fi{sh are
estimated using nets or traps then it is essential that the effi-
ciency of the nets or traps for the different sizes and sexes

in the population is determined.

) Biased Cst'fma-fe_s_.

Bias may also occur during analysis of results. One type of
bias is 'bias of the esctimating procedures' in which certdin
calculations tend to give biased results e.g. the ratio of

two estimated and unbiased values is biased. These types of

[

bias are generally minimised by taking large numbers of samples.
1f a mathematical model of growth or distribution is assumed to
apply but does not, then, any calculations based on the model
will be biased. Bias of chis type may be corrected if it is

recognised.

4) Error o~ . :

Bias may also occur through incorrect application of the method
or incorrecct calculations: what is commonly thought of as

accldental error.

vi) How precisely should the surveys results be estimated? .

L. a
a) Precision., Precistion is, measurement of the cerrainty with which
a result is known, and (s generally measured by stacistical )
indices such as the Confidence Interval. It is important to

, ) distinguish between precision and accuracy: a biased survey
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method may produce very precise results but they will be
inaccurate, and,conversely, an unbiased survey method will produc
accurate results but these may not be very precisely known,

In general, preclsion ls achieved by making many independent

observarions (samples) and this may be expressed by the equation:
precision o— (Number of Samples)LS

e.g. To double the precision of the estimate, the number of
éamptes must be quadrupled. Very great precision requires a
very large number of samples while moderate precision may be

achieved wicth few samples.

Great precision is a costly aim in surveys and may be
unwarranted if there is much doubt about the accuracy of the
methods. 1If the methods are thought to be accurate, or at least
tepeatible, then a large number of samples is the only approach
te obtaining precise answers. Generally it is desirable to take
many small samples rather than a few larger saﬁples since this
contributes most to defining natural varfation and maximising

precision.

Minimising error by stratified sampling  [n the introduction

]

1.E) it was noted that mangroves are a transitional ecosystem
and may be treated as a gradient or series of zones with differen

envircnmental characteristics and different species composition.

I[f the mangroves are treated as a single zone then there is a
great deal of mnatural variability i{n the enviromnment and species
which may be sampled. 7This variasbility means that very large
numbers of samples are required to obtafn precise estimates and
that eonly major differences between two sites, or the same site
at different times, will be detected. A stratified sampling
scheme {s a useful technique for reduciné variabilicy: each

of tk: zones {s treated as a separate sampling area, and the
resulcs vy later be combined to obtain ctotal values. Stratiffed

;

sampling may reduce the number of ‘samples required, increase

the precision achlieved, and also improve understanding ‘of

Lhe mangrove ecosystem.

123
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There are several scrategies for allocating samples and sampling
effort 'to each zone, the simplest are to allocate samples in
proportion to the area of each zone, or in proportion to the

population in each =zone (if the toral population size is wancted),

If the survey is only concerned with one study area then
the definition of zones is not critical$ they could usefully
be defined by altitude, distance across the mangroveszene, by

dominant species, ecc. 1If the study involves more than one sice,

then the equivalent zones can only be usefully compared if there

are clear criteria for defining each zone In all aveas

A729
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1)
ii)

1i4)

iv)

o 1oL

Survay procedurae: practical considarations

At this stage thare should he:

A gensral objectiva {2.A)

A sclentific objective which satisfies *1° (2.8)

The scientific objecitve should ba clearly stated in terms of
the basic considsrations (3)

Tha survey procadure should now be implemanted.

20



J H
- h

e

-,

N

4.B Definltion of Sctudy Areas

i) If the objectives of the survey are to provide accurate estimates
of m;ngrove resources in the entire region then the entire area of -
mangroves is the study area. In general, survey results only apply
(with known accuracy and prectsion) to the reglon from which the
observacions represent a random sample. The survey resulcs may be
valid ouctside the study area but this assumption may be ipvalid and
extrapolation to other areas {s essentially a guesi;jrzz-the objectives
are to monitor changes in the resources, or to examine variation within
the region in relation to factors such as exploitation or pollution,
then other strategies may be adopted for defining more restricted

study areas.

A generél principle for defining study areas is thac for every
source of variation Lo be considered there should be at least two
study sites; one with the source of varf{ation expressed (e.g. exploitation,
pollution, or an environmnental zone), and another 'control' site.
Within each site it is necessary to take replicated samples so as
to determine the natural variation wichin each site which can be compared
with the variation between sites. This logical approach to the a;alysis
of sources of variation is apparent in the statistical technique of
Analysis of Variance (ANOVA), which is generally the most appropriate
method for analysis of the resulcs. For this approach to be efficient,
each site should be surveyed with an equai number . (perhaps 3-10) ok
observaticns. It is recommended that a statistician is consulted
about the design of the survey to ensure that it will yield the desired

'

information (see also Green,fq1Q) 1

24 |
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7
1€ some factor, such as levels of exploitation, is to be ;xamined
then the exploited and non-exploited sites sh0ul€/be”§1milar in all
other respects. It may be necessary to examiﬁé‘several pairs of '
matched sites to establish clearly ;hac.gxploitation {s associated
with particular differences in the,mangrove resources. If a process
{s to be monitored then both the sites must be monitored.
‘ AN

[f the study is concerned with estimacing resources in the whole
region then the samples must be randomly located wichin the region,
with or without stratification.

If the survey is intended to reveal differences between areas which

differ is factors such as exploitation, pollution, substrate, aspect ,

tc, than the study ateas may be relatively small and the main requirements

are:
1) The whole of each study area should be properly classifired
according to the external factor.
i) The study areas should be paired to control for other factors.

f/t’\kl‘ - CJ{\‘I /‘/

s

The simplest design for these sites is rectangular plots with one axis
along the gradient from land to sea; the width is not so easily defined
but should exceed any scales of pattern in the ecosystem, e.g. it should
exceed the diameter of the largest trees by a factor of at least 5x.

Plot widthpof 50 - 100 m are probably acceptable in most circumstances.

L4




4.C Stracified sampling within Study Areas

The use of strarified sampling to reduce variabflity in survey

results has been discussed above (3vi.b) and this procedure is evidently
and

applicable to the mangroves, which show distinct biological,environmencal
gradfents from sea to land. Each species tends to vary in abundance
along the gradient, and by dividing the gradient into zones the abundance
within each zone may be estimated more prec}sely, and the overall estimate
of abundance is also more precise. .The patterns of abundance vary fron
species to species and there is not a single pattern of zones that can

be applied to all species. Similarly, the number of distinct zenes

that could be defined varies from species to species.

Although the mangrove species are clear;y varying in a zonal fashion,

the optimal zonation is not readily defined by casual ocbservat{on and

is not fully apparent until the area has been surveyed. While zonation
cannct, therefore, be determined before the survey, it is possible to
record the position of the sample sive along the gradient and to define
zores subsequently. [t is generally desirable to divide the gradient

into a number of equal width zones 4e.g. suhsequentrly. li—{is-generslly
desirable.ra.divide. thae gradient-into..a-number oﬁwequaLAHidth*Jnaf?-

(eg 2-1C zones) and to sample equally and randomly within each zone,

such chat overal!l the samples are faicly uniformly apread along the

gradient and the position of each sample is known.

Fhg |




4.0 Sampling for Presence/Absence of Species

Presence/absence {nformarion may be collected in variocus ways;
by Systemmaciéally or randomly searching the area for species, or by
using more thoyough sampling techniques which give informacjion for defined
sample areas ot volumes., Casual surveys of the area are likely to miss
the rare, cryptic and more mobile species which avoid the observer,
so even 1f the objective is no more than a species list it is desirable

to use a sampling scheme such as that for standing crop-
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4E SamP/inj

Standing Crop

Appropriate sampling techniques vary with the mobilﬁty, bekaviour

and habitat of an organism. At one extreme are the rooted plants,

epiphytic plants, and epiphytic animals which are mobile as juveniles

put remain fixed rto the substrace during the rest of their life cycles.

Burrowing and crawlinglspecies ate mobile throughout thelr life cycles

but many species do not travel far once the adult stage i{s reached.

At the octher extreme are the fishes and plankton which are highly mabile

(actively or passively) and must be considered as migrants.

L)

P

a)

b)

c)

There are two major approaches to sampling;

immobile species are sampled by examining konown
areas (i.e. quadrars) or volumes of substrate {(or water) and
recording the presence and/or standing crop of species in

each sample.

Mobile species, which may be defined as those that move away
from an observerbefore they can be accurately recorded, are

sampled by trapping.
4 mobile species may be estimated by various procedures:

A total count within a reascnably large area; large enough

to avoid the preblem of animals moving away from the observer.
The whole poputation in an area may be trapped, using nets

6c¢ poisons.

The decline in captures over a series of repeacted trapping

attempts may be used to plot a graph of 'Captures in latest

trial' against ‘Total Captures to date': the intercept on
i )

the axis of che Total Captures to date should be close to

the toral population.

249 o
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d) Capture-mark-recapture techniques are potentially applicable
to all mobile species but they make several assumptions about
the behaviour of the species, mortality, natality, and

migration. These techniques may be lnappropriate for mammals

and some other vertebrates but they seem to be successful

»

y 1
for many/inve:tebrates.

There are many other sampling techniques but few are so widely
applicable and most make more assumptions about the distribution or

sehaviour of the species.
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g vuadrat Samplin

locationg .
) Ga‘f;';in the sctudy area, or each zore of‘the study area, quadrars
1

hould be located randomly (using random numbers to choose co-ordinates
sNou

che serial number of a location) so that there {s an equal probability
or :

of each part of the area being sampled.

The location of gquadrats in randomly chosen places is difficult,
pspaecially so amangst tha tangle of mangrove trunkas and roots. In
practise it is much eesier to lacata quadrats in e haphazard fashion,
not truly randemly, but in a way thet is emsy tao locate quadrats and

| procedura is to locate quadrats along transect lines across tha study
areas, aeither within tidal zones, or across tha zones, The quadrats
may ba regularly or randomly spaced along the transects and shgould

not bg unnecessarily grouped in one part of the study araa,

S/ire g{;' @Mrat‘ .

il) A5 discussed in section Jwi,precision and also the robustness of
T A

many statistical methods depends on the number of s.-lmples) and generally
it is desirable to take many small quadrats rather than a few large
ones. The mimimum size for a quadrat should be a size at which only

I’ - S
a small proortion of individuals fall across rhe boundary of the quadrat:
generally che quadrat area (or volume) should be at least 20 x the are-

(or volume) of the organism.

I does naot introduce bias by favouring certain areaa. Tha simplest

/Another guideline is that the mean number of individuals per quadrat

l should be about 5-/0, ,The variance yielded by quadrat sampling varies
I “ith the pattern of distribution of the organism and it may be desirable

LO compare several quadrat sizes, during a pilot study, to determine

LT S P .
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Although minimieing var‘iénca may ba worthwhile 1f populatians of a
simgla species are to be estimatsd with great accuracy, quadrat

gampling is often used to sample several spacies, and in this case

F . Jeast variance and which size is the most economical to sample.

{% is unlikely that they will have similar patterns of variance, so -

no singla quadrat size is pptimal for all species.

For the mangrove trees, juadrats of about 10m x 10m to 20m x 20m
E are desirable, while the burrowing species of crabs, bivalves, ecc.

require quadrats of abour 15 cm x !5 cm 15 500cm x SO0&m,

Nymévr D-F' iuadrafi

l'f"‘) Generally, the number of samples required (N*) may be estimated as:

[ .
Nx - /52) where E is the acceptable error abeut the mean

expressed as the ratio of the acceptable standard error (SE*) to the

mean (X)
E = SE*/X

2.g. An acceptable error (E) of 0-10, ( = 10%) ylelds;
2
N¥ o= 1/(0-10) = 100

The confidence interval (CI) is readily derived from the acceptable

error, or Vvice versa;

where 'd is the unit standard

Cl' =*d.SE% = % d.E.X y
deviation of a normal distribution.
If E = 01, Clgge =+ 1:96.0°1x = + 0°2 X

A more accurate estimate of the required number of samples may be derived

. 2
NE = <d‘ S, )
E. x

X
1
where ;l is the mean and Sy the standard deviation based on a pilot

from

survey of the area. 'd' is usually set at 1.96 to give 95% Confidence .
. 1

in the estimate. '£ ~ /s usuaﬂj set beftueen 01 -0-2 o!ef’enﬂ“ﬂj
on the needs of the survey

e B
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fV) Stratification . .
The leuc)j area may be slalified 'ink abovt 2~10
z ones , both % ensvre piore or less wniform
cjens:fj of gamro[:'nj and 1s reduce var/aé»'/;‘[-'j 1"
the resulls . Zones may be de fined us{nj:
Ianvir'vnmenf'a-f crilerie, eq. he:\‘jkr ,
biological —criteria , e.q dominant species
aréf'(f‘ra.rj criferin e 4. Aistance from sea -
Zones a—'ﬁ czua.{ widtl\,recom/inj the disltavce |
01[: each Sam,p/e »/-,ron-_ the SEA/Fruvides Eli e
SIIMF/PS}" A/ofr‘oztcly,
Quadrals may Le allocaled 1o zone;_accom//'nj
1o several cdifferent Ffocwea(ures ,
a) /n Froporf/bn s Che wrea u{ each jone .

Y L«)lﬂff{

n>h - nX. Ah
A

18] '/'\’/-) = Reilu/reol number o# SamFJes
in zone h
Ah - PArea, of zone h ,
h
= Z IQ}') = 7;/-41[ Hr"fﬂ\,
y=

b> }n Proporhor’\ 75 the FDFU/A.ZL/L’)n 0F C&(CA Zont

Nn3><h = n3. Nj
N

) L\_)L)E‘ff

Nh = Number individvals in 20ne b,
. h ' .\
N = 3 Nh = Tolal NMumber }ndivio"!{f

1=
24 e
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Mark-Recapture methods:

a) The mark-recapture methods are based on the principle that individuals
may be captured, marked in some way, and released without causing them
any significant damage or affecting their behaviour. Afrer the lapse
of enough time for the marked individuals to mix in witch any other

individuals, the animals are trapped again, making sure that the

discovrage

technique Joes not favour or previously marked individuals. The
(M) { Cy 3
proportion of marked individuals amongst those capturedAshould have
A

)
the same proportion as the number of marked i{ndividuals released to

(N) *

the toral population at the time of release:

’~
™M lagl N _— meCe

= — so | —
Ca Ny ? g M

Variecus adaptations of this basic principle allow population changes

to be monitored over a series of Mark-tecapture periods.

Q\ The aSSmﬁktbnf vpon ohich these methods are based
/ vary ,s//jkf/j with different mo.rlcfnj schemes
7[16 ba_([c a;_sumlpf/'on; are [}]af

1) Harks are not lost
b) Murks do not cauvse acha.nja in Lhe survimmlu',o P
behaviour of individvals,
e, Marked indjyidoals wmay have higher mortality .
Marked jndividvals may avoid r’f‘c'a_’pfl/fe .
Marked 5 nd;viduals ray Seele rea_PZ‘urP.
IF these biases oceur ’Uve,.llf" may be fassr'é/f
" f5 esbimide Ha bias and a/’f/j corcection Lactirs:
c) Marked cnimals  mix randomly with the other
adicdiadle U0 tha aanidafivn hotiiosa ranturec



E -3/ - A - \l
|

I_'_ [t " LS /m/»ar[_a.nf' ﬂra.f' the assumFt/ons are checked

.. kare PU” This Ma.j be Po::zéle__fj‘lfb jl‘l__ca"e; S ‘
r Momfofmj D‘F H’M{nﬂdua—{S Per‘uz./y_s M enc./D(Uf'?S and

53 _Cp_’.‘:lf?a"_'_f__”j the _vesulti o‘ﬁ A(Fferenf sUrvej Mel‘lv ods

iy —y—

Mo_c,f i'ra-ﬂo;flj Z—edm:que: émur a_parf'}u/af size L a4ge

nr Sex OF /’74} Vldda—[ __Ao &'ﬂ resu”‘ e Y-Ca/g es f,'qu%;

_D_E_,__a— ,.SHJJ__?OFU a.f'o_x_ J- nol the_ ul«a POfu/a_("/on e

= Em sm am

'RQ,Pe,a_ﬁ’e SMFZ/nj nof o/z/j alloes s _*Q_éef’f‘@_/:_____*-

l eSt-lMd.jE , o,ﬁ /OOfu/a_l"/on L S/_{e A olso Z/ows esf’z}maf?_:

I o_ﬂ__[onjewfj e naZ'Zx/,l-J Mp(_,mmﬁra_hon y _moV'[—a/I/lj

ami em:ara—hoﬂ e jenErpL”q el oorthwhile  tm

I Uno{ertz.(ﬂ-é’ G f‘CPﬂ-wt(f Cﬁu/f'/.)e CA.P{EN.J sawp/:nj Prajram
me/eLq obtain__an_esbimate oL Si’iﬂﬂ(f.ﬂ{f crop . P

l 3:’&?‘ dcm oﬁ Aem ra.()l\u._ (‘q orma,hc}u L aj be egf",uaﬁ

I__d_JF umiue M«r/oa__t_tcg_-_-used a.no{_ﬁ:co"de‘i _‘L’,_,\,- Cdcl‘ .
Ma’_twddw , )-je_f,’her__w(d(__rccoralsﬁ_o__‘xc_lggi(_wdua,f__sI}<__J'Q_ZC____@_f

l /T/-‘Appinﬂ— . }4»44,’ /qarmle_c,: ~ [J:}aflpmj Z-EC- B Ma_j [)e

l vsed , /’7&13 Cé(_jPS Fur:wé’ ZL‘ &wrznj M_V"l/*té{ -
~ the pbrases 25‘ VVMLJ introduce miz_jﬁtu saw«/o//ﬂér _____ —
L The rere nbelliged  The species, The more ciffrevit -

%enem "j

s, P not saly fs frap  them  bul-alio Fie more
r ””#I-Lulﬁ W a B averd diased: estimales J)Q/Jc?u/af'azr .S/j’a
I Mamr»ufg Alr‘cfs a/w( Some oﬂrer Verf'eéraf?—( ﬁeﬂef‘avuj___

: fB cwo:ol r:

fearn er'.{"e




_32 - (1

T_he_re___[s _No __sfmp_/a__c_u/e____ﬁ 5.’2011'6.4_1'6_ Now riun.

R 2
'. 1|

traps _are_required _or how these should be located ;.
% ) spe cles ?
this_ witl _depead vpon  Tha species .~ __pbondance

X I dLS{'f_'ﬁ” _{-_io‘f\__/__ _ﬁ_,\_g_'raf_e_ g——{l __’[f‘g{)_j ada{ the Iﬁrca/s/od
) Lu'c,-{\____j g____ﬂﬁff,ﬁf;f‘veo(_.-

I Frecrs/on

e

l“ For o .S/'M/v/e ____CAF/_UCQ._T_'“:‘..“.L'_@_‘“ f'ec"‘f?i—_”—m SUrreY

the slandard errer riay be eilimated as

PR 4 ([ (= I

E e ..M t ___C 2: ,,_(}QL: - 1‘))

4
I_ _ A_pi /0}7; 8 ?;J;“ z;“ 7”’{’[ _estimates of tta sTodod

. MWJ - individoaly
I . N

1_. ___}Q S o 549-4-0/-4{ ZwM_,ﬂﬁrf‘_&_ﬁm_S/'ji(; C_Aff/")ff-’murjf.‘_

e ree Sorveq  the  pumber o recapdires  sbaodd
y _ thanns
B e lest T 7 JF F b suspected  that There

are N ivdividual  /a tta  stidy  area and  that an

_I__-h__-&‘@ua[- number of individvals may be f‘_"fﬂ:ﬁf&‘ _a"'.d__madl'_c.ﬂf-__
¥ paeach owasia__( M, = Ca.) '
My = C, -:/7./\/)”?;‘/

|



- 32— ‘ =

E

| |

L _ Sunce &j dediila, pebile species mave e B vaa_ .
¥

5

b

U

arte Ao M.u— Eo A #Lc_u”— 7_ ecpress vresulld  pa
an  area  basy  Thi p,u—-é—{;u.._ P ol S/G—w_ .
d"P—— 'tt_n. survc:] ;_ H:ﬂ- P/d.,art Jf_ 'f_af» au:(). m (A/M

o reslbi_ | e —
a) If individoal s coprh an arem. Lsug,u— ﬂ'«mm

w 4"5{'“"-1/‘ ¢ . ool

b)_._l)c __fna“w'd'ua.lr Mmove (Léou{— m. groUPS b"lan d/;[ere,q"
I,Lrﬁ.FF(;j PMC(L)I*E..\ Mj 6{ r‘E%U{r“CJ Cleﬁ-enpj.wf.j

ttu. _oqo—__ _ ed_ Size_ovr numb v—Q ar;
g TP G- 2l er pd,
: ) la jenmi_)_fmfrjna ot [ndividoals ﬁmm “grovp

f

i

|

I whael _rearhas  an orea L-«?,u- Aws, oo, 2t /yt;,lj_aiai
weill e MM_#___E&“?WP% and s

I Mﬂr{ﬁutmrwmwm_sfﬁm

I \ ]_,C mAM_dua.S Qare .Sdftf'af'-f and  atarch  ga arta LA/E_,U‘

b (e 4/453«;6 arta M raaf@ﬁmz‘a o

I . will e po  lows @A’WL = ) o

[

i

]

|

|

W’“‘D‘g‘ e e e e
e—)_ Iﬂdj V)éj""-[‘g O f_ VRN~ &f!‘;/_ﬂ/‘j or W—f—j__n__‘_.

01:‘_’,44’/%__ __"ﬁ me_&mj gttt , Paon DA ffhfd ey
shordol _Ae_Located  thowrihind _dhe orea  IC '
&M*~_M o pocane the Jocalere )Luét 4
_tndividvals are releared and reu-,aiuu( Z. Adelirmive
Mgéilif‘j _[@_,_ﬁl_ﬁgyu/ptm . Either a arvid s~ rndos




. I—_g;gir;JLJ__LL:L,_F recise  Chaa c}ua‘drd«f“ method s

r—*-—-r—i"+ﬁ_,-

'T'hef_C&F_tufﬁe:_”_ﬁﬁ_clg:_!‘efeg@fﬂ methods are

i e,_sf'l'ﬁ_u.hv"lj Pjﬁujd‘t_lo‘d S/:Jze A & parﬁ‘cu/u
area:. [ his /s Jc:?.iw{'fc-f o Con:egueéce aac The

ma‘:f_/li_j ,,,Q\,C -té;e organ Sme _f‘_{{[cu/fg U;-ﬁp/eﬁﬁhj

Hhe area _psed bj I‘:-*u ,Qefu/wf] on_, amrL]o_@_/'iL/.y___‘
L € ravse tgﬁ___m!:“:to ﬁ_LA_AA.LILL&Pﬂ:n___p;r‘ﬂ—m L
which  more thas one term s subjed To variation




Hcf(now/edzjemen&—
/ LA)DUA [Z(e 7_ thank Hr_& RahES[’l Gar:é A@ Z:‘jf_;'nj
this Manuscnpl' ; . ’ ( | [

el b S e,




