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Abstract. Use of sampling techniques is of paramount impaesasince the precision of estimates greatly
depend on it. Different methods of sampling haveb#oinvestigated to find out the best sampling
technique for a given situation. This study wasdimted to determine the best sampling technique to
estimate tree diversity and aboveground bioma&iriharaja forest. Three sampling techniques, ngmely
Quadrat method, Transect method, and Point centgrader method (PCQ) were evaluated in this study.
Sampling techniques were compared for tree denbégal area, aboveground biomass and diversity
indices estimated by each technique. Accordindpgorésults, PCQ method gave the highest precision f
most of the parameters estimated. The non-lingatifons fitted for the species — area (Quadrat owth
and species — point (PCQ method) relationshipsnastid that the minimum total sampling area required
to assess the number of tree species (in an arB@ b&) of Singharaja forest as 6000 for Quadrat
method and 160 sampling points for PCQ methodak difficult to estimate the minimum sampling area
required to estimate the above ground biomass nihadBaja since there was no clear cut relationship
between biomass and number of sampling units. Eselts of the study emphasized that the PCQ
method is a precise sampling technique that causkd to estimate the tree density, tree diversity a
above ground biomass in natural forests. The randistribution of individuals is not necessary foret
diversity and biomass estimation by PCQ methodtef stratification and random placement of sampling
points in the study area are performed. Considetieghigher precision of estimates and the saving o
time and cost, the PCQ method can be recommendaa effective sampling technique for tree diversity
and biomass studies.

Keywords. sampling techniques, point centered quarter methaid, forests, aboveground biomass, bio
diversity

Introduction

Aboveground biomass is one of the “master varidbfesletermining especially the
present status of, specially, the natural fore3teer the last few decades, estimation of
aboveground biomass in natural forests as welh gdantations is made in the context
of mitigating climate change. Carbon managemeribiasts will be the single most
important agenda of the first half of the*2dentury in most of the developed countries
and some developing countries (Ramachandra e2@07). Under the United Nations
Framework on Climate Change, countries have torteggularly the state of their
forest resources and emerging mechanisms such ascimg emission from
deforestation in developing countries (REDD) arelythre likely to require temporally
and specially fine-grained assessments of carbmkst(UNFCCC, 2008). Therefore,
estimation of aboveground biomass frequently inursdt forests is of paramount
importance. Studies have been carried out, follgmrany sampling techniques such as
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random plots of various dimensions and sizes,M®x100 m (Mani and Parthasarathy,
2007), 100 ha (Keller et.a001), 20x20 m (Ramachandra et al., 2007). Alghahese
studies contributed to the knowledge of abovegrduinchass in tropics, it is uncertain
whether the sampling technique adapted in thesdiestutruly represents the
aboveground biomass or not. Secondly, in the d&onspart of many of the above
studies, the results are compared with those olasirstudies conducted elsewhere, to
rank the aboveground biomass as equal, highervarloNe presume that these kinds
of comparisons may not be rational and may givealaef impression about the
aboveground biomass of a forest or a region. Estimaf aboveground measures will
depend on the sampling methods used. Permanentisgnpiots (Alder and Synot,
1992) have been used for biomass inventories kableshment and maintenance of
these plots is costly and time consuming. Due th matural variability in tropical
forests especially in terms of topography, spediegrsity etc. a few permanent or
temporary sampling plots do not give a clear pefrthe aboveground biomass. There
is no clear-cut method available to determine thgnmum plot size (which is a key
variable that affects the accuracy of the estimataguired for biomass studies. Many
scientists have been working on area independempls® techniques as a solution to
the disadvantages of area dependent methods iot. galsed methods, but no
information is found on the applicability of thosechniques in the area of biomass
studies. In this paper the applicability of an am@dependent sampling technique i.e.
point centered quarter (pcq) method (Krebs, 198%iomass studies will be evaluated
with comparison to the other conventional techngque

M aterials and methods
Research site

This study was carried out in the Singharaja folesated in the low country wet
zone of Sri Lanka. (6°280"N, 80°3000"E). The entire area receives more than 2500
mm of rainfall annually with no long dry spells. W 900 m from the mean sea level,
the vegetation is classified as tropical wet ewegrforest and above 900 m as sub
montane evergreen forest (Gunatilleke et al., 2004)

Site stratification

The Landsat ETM+ image of the Sinharaja forest medun year 2005 was used for
site stratification. The image was subjected toupmesvised classification using the
Erdas Imagine 8.6 software. After classificationgfdifferent classes were identified
based on the reflectance from different vegetatygpes. An area about 50ha that
represents all the five classes was selected asubg area. Latitude and longitude was
noted for each stratum for identification of theldiéerent vegetations inside the forest.

Evaluation of sampling techniques

In this study, the PCQ method was compared with déin@r conventional sampling
techniques namely; Quadrat method and Transectotheltere, the quadrat method is
considered as the standard sampling method and ethevere compared as substitute
techniques for the quadrat method. Initially, thetffied image of the study area was
divided in to 50 m grids and a random value oftlae and longitude was selected for
each grid. This random point was considered asstrapling points for the PCQ
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method. The pre determined sampling points weratéatin the field with the hand
held Global Positioning System (GPS) which has @uacy of less than 5 m. at each
sampling point. The area around was divided inotor fjluadrantsHig. 1). The nearest
tree to the sampling point which had more than Sdameter at 1.3 above the tree base
(DBH) in each quadrant was selected for samplind, dherefore, four trees were
included in the sample at each selected samplingf.pbhe distance from the point to
each selected tree was measured and in each seliessethe DBH and tree height were
measured using DBH tape and Clinometer. Specieg mditne trees was also recorded.
This method was continued for a total of 120 sangpfioints.

For the quadrat method, 25, 15x15 m temporary sagplots were used to sample
vegetation. The plots were demarcated using a amgea hand held compass. Plots
were distributed in each stratum in such a way ¢laah stratum contained at least five
plots. The slope of the plots was recorded for esloprrection. All trees having DBH
greater than 5 cm within each quadrat were sanfpletheir DBH, height and species
level. For the transect method, eleven, 5x100 &etisswere used for sampling. The
sampling procedure was the same as for the quaritod.
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Figure 1. The point centered quarter method. The + represgr@sandom point, around which
four quadrants are established, and the distandbémearest tree; is measured in each
guadrant. The symbol® v ® A represent four differes pecies.

Since three sampling techniques are different femanh other, it is impossible to
allocate equal conditions (i.e. size of a singlenging unit) for each method. To
overcome this, pre determined, total sampling area selected as 50 ha and the
interesting parameters of this area were evaluatEdg three different sampling
techniques. Therefore, for comparison, size ohglsisampling unit in each technique
might not necessarily be the same since all tecksigestimates the interesting
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parameters in a same area. But, the total samatea of quadrat and transect methods
were kept equal as much as possible.

Estimation of aboveground biomass

Here we used a general model to calculate the gipowed biomass. This model
assumes a universal form factor for all tree sgeaihich is considered as 0.7 (Browns,
1989). Biomass is calculated using the followingrfala.

2
Biomass= hX(dD;i)j xfxp

(Eq.1)

Where h = stem height (mf),= form factor an” = wood specific gravity (kg/f.
Since the general way of estimating the biomassitlefbiomass per ha) cannot be
applied to the PCQ method, a formula was deriveasidering the maximum area
belonging to a particular sampling point. The folanis

B, 4
Biomass densitgkg/ha)= x10 (Eq.2)

max

Where B= total aboveground biomass if sampling point "max= maximum length
measured i sampling point an.”? = 3.14159.

Apart from the aboveground biomass, the tree sampgichniques were compared
for other forest stand parameters such as abswkdelensity, basal area and diversity
indices. The widely used Shannon-Wiener diversigek was calculated according to
Magurran (1988).

H = _Z p; Inp, (Eq.3)
WhereH = species abundangg,= proportion of individuals

The nonlinear regression procedure in Statistigalsis System (SAS, 2000) was
used to model the aboveground biomass and otheresiing parameters with the size
of the sampling units (for both PCQ and quadrathmes). Several non-linear models
were fitted for the above relationships to find dbé best-fitted model. Parameter
estimation for each model was done using the PROGDEL and PROC NLIN
procedures in SAS.

Results and discussion

The total number of tree species recorded by tlagligt, Transect and PCQ methods
was 107, 103 and 87 respectively. The highest nurmbspecies per 100 individuals
(18.12%) was recorded by the PCQ method. The nreardensity estimated by quadrat
and Transect methods was not significantly differd@mable ). But the PCQ method
was the most precise technique to estimate thedeasity since the standard error of
estimate was very small compared to the other ndstho
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Table 1. Estimated forest parameters by three different segpechniques (values in
parentheses are standard errors of estimates)

Sampling Species Treedensity Basal area Diversity index
technique per centage (treesha™) (m?*ha?) (Shannon-
Wiener index)
Quadrat 10.84% 1712 (81.5) 425 (2.62) 3.86 (0.008)
Transect 18.12% 1710 (74.8) 39.5 (4.32) 3.91 (0.016)
PCQ 17.19% 1632 (3.40) 42.5 (4.72) 3.72 (0.0036)

Based on the standard error (SE) of estimate quawleshod is the most precise
technique to estimate basal area. But the SE of R@@od is not very different. So
both these estimates can be considered as pratisaes.

Aboveground biomass

The average aboveground biomass density of the stieh in terms of the different
sampling techniques is given ihable 2 The results emphasizes that, the PCQ
technique is the most precise sampling techniquestimate aboveground biomass in
the study area. Considering the basic principlasypding units of the PCQ technique
can be distributed throughout the study area vath tost and time compared to the
quadrat method. One of the limitations of quadeamgling is that when the size of the
quadrat increases, the cost associated with inguoine additional plot is much higher.
So in most of the situations, the number of sangplinits that can be accommodated in
the study may not be enough to represent the spaiebility of the aboveground
biomass in the study area. The PCQ method caryeasstcome this, since there is no
limiting to increase the number of sampling unAsd this technique is an important
technique to determine the spatial variability bb@eground biomass since it allows
more sampling units that can cover a large aread@it method is not a good technique
in such a situation because it is impossible taeHaxge number of plots to represent the
spatial variability accurately. Other than that,emhtaking measurements from large
number of trees, the error associated with measemtsmncrease. In PCQ method, only
four trees are sampled per sampling point thusataé number of trees to be sampled is
lower than other conventional techniques.

Table 2. Estimated aboveground biomass and their standaats

Sampling technique Biomass (Mt ha-1) Standard error
Quadrat 358.9 46.9
Transect 394.5 56.1

PCQ 339.4 38.8

The PCQ method can be precisely used to modekthganship between number of
sampling units and number of tree species in thdysarea [fig. 29). The best-fitted
model was

Y = 106.06 — 96.638"°7 (R?= 0.98) where Y is the expected number of speciés a
P is no of points requited. According to this motled minimum number of sampling
points required to assess the number of tree specen area of 50 ha is 160. The same
procedure was followed to model the species-afatianship (for quadrat method) and
the best-fitted model was

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 9(4): 42431.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2011, ALOKI Kit., Budapest, Hungary



Kumarathunge et al.: Evaluation of the plotlessgarg method to estimate aboveground biomass amet gtand parameters
- 430 -

Y = 124.608 - 131.2678°%8%%A (R°=0.99) where Y is the expected number of
species and A is the area. According to the derorede, it is clear that the number of
species do not show a significant increment afte@06nf. After this point, the
increment of number of species is declining ani$ iaround 0.1 species per 106. m
Therefore 6000 fmwill be the minimum and economical sampling arequired to
assess the number of tree species in the study @seey the quadrat method. These
estimates can be recommended for biomass studiegladecause the inclusion of
practically all the tree species in 50 ha of thelgtarea is assured. When the total study
area is larger than 50 ha, the number of samplnitg s8hould increase proportionately.

It was difficult to estimate the minimum samplingea required to estimate
aboveground biomass in Sinharaja by all three nusthidowever with the PCQ method
there was an indication that around 70 samplingitgoivas adequate to estimate the
aboveground biomass.

120 -
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Figure 2. a Derived species - point curve for the study afdee fitted curve reaches a plateau
at about 160 sampling points which is the minimuminer of sampling points required for the
PCQ method to estimate the tree diversity of thdysarea
B = Expected no of species, Ml = Observed no etiss
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Figure 2. b Derived species - area curve for the study ardw flited curve reaches a plateau
at about 6000 Awhich is the minimum sampling area required fa tjuadrat method to
estimate the tree diversity of the study area.
B = Expected no of speciel = Observed no ofispec
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Sampling efficiency

In this study, the average number of sampling gofimt PCQ method) per man day
is inbetween 15-20, under clear weather. For qeadethod and transect method the
average number of plots per man-day is 3 and Zotisply. So it is clear that, PCQ
method is both a cost and time saving sampling aggthcompared to other
conventional sampling techniques. Spatial varigbiian be easily handled by this
method because the researcher can allocate mommamedsampling units if necessary
without much increase in cost and time.

Conclusion

Considering the higher precision of estimates dr@dsaving of time and cost, the
PCQ method can be recommended as an effective isgntpthnique for aboveground
biomass studies in tropical wet evergreen forégte present study stimulates certain
issues worth considering in future studies: (a)eexpental designs to estimate the
minimum sampling area required to estimate the epmund biomass and (b)
validation of these results for other forest typethe tropics.
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