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ABSTRACT

Information on the amount, distribution, and characteristics of woody
debrisin forest ecosystems is in high demand by wildlife biologists, fire
specidists, and ecologists. In recent years, anumber of new methods have
been proposed to samplewoody debrisin terrestrial ecosystems. In present
study, three approacheswithin lineintersect sampling including probability,
Huber and Smalian approaches were compared for accuracy and efficiency
in measuring of woody debris. The data were selected from recreational
forests of Fandoughlou including hazel stands located in northwestern
Iran. Theresultsindicated that line-intersect sampling based on probability
theory consistently provided estimates similar to the results of a 100%
survey (high accuracy). This method also took the least amount of time
and effort for map lay-out and field linelocation (high efficiency); therefore,
line intersect sampling as an easy and quick survey method is proposed to
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monitor woody debrisin the region.
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INTRODUCTION

The past decade has experienced substantia inter-
estinrole of woody debris (WD) in danger of every
ecosystem process*!. Woody debrisiswidely recog-
nized asan extremely important structural and func-
tional component of forest communities*8, Also,
woody debris playsakey rolein many aspectsof eco-
system functioning; including habitat for wildlifeand
fungi, nursery sitefor seedling establishment, nutrient
cycling, and soil stability. Woody debrisincludeswhole
falentrees, falen branches, and piecesof fragmented
wood, stumps, standing dead trees (snags), and log-

gingresidues. Thisstudy focuseson sampling strategies
for forest floor woody debris. The need to obtain effi-
cient and reliable estimates of woody debrisisobvious
for practitionerswho try to realize management goals.
Many sampling designsfor quantifying thewoody de-
brishavebeen used until now in other countrieg?129,
Themost widely used method for sampling woody de-
brisistheline-intersect method"*34, In addition, line
intersact samplingiscertainly themod flexibleinitsability
to assess many attributes associ ated with woody de-
brisamong the vari ous sampling techniquesfor woody
debris. Oneof its primary advantagesisthe many at-
tributesthat can be estimated without actud measuring
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of thespecificatribute (e.g., thevolumeof WD canbe
estimated with only ameasurement of cross-sectional
areaonindividua pieces). Inthismethod, diameter of
intersected woody debrisismeasured at different points
of apiece. Thedesign optionsassociated with theline
intersect method aretransect length, transect layout,
and number of replicates. Brown® adapted theline-
intersect method to estimate the volume and weight of
logsfor managing thefuelsand predicting thefire be-
havior. Brown’s sampling method was based on the
line-intersect technique developed by Warren &
Ol sen* who eva uated thetechni que using matchsticks
of equal length and diameter. Hazard and Pickford®
found that the sampling effort isrequired to achievethe
same precision asthat increased six-fold when logs of
variablelength and shape were used. However, Haz-
ard and Pickford® verified that thelineintersect method
produce unbiased estimates of woody debris when
sampled using random | ocation and orientation of line
transects. The ministry of Forests of British Columbia
usesatrianglewith 30 m sides for determining fuel load-
ing prior toaprescribed burn, whilean ‘L shape with
two 24 m lines is used in their Vegetation Resources
Inventory™®. Woldendorp*®. compared alternative
methodol ogiesfor measuring DCWD inanumber of
Augtrdianforest typesincludingwoodlands. They d so
investigated lineintersect sampling precision could be
improved by extending thetransect length used. Miehs
et a. 2010 compared the efficacy of thelineintersect
and strip plot methods to sample properties of down
coarsewoody debris (DCWD) at woodland siteswith
different firehitories. Resultsof thestudy indicated thet
thelineintersect method had 20% lessvariability inthe
dataand wasmorequick to perform and makesit essier
tolocateindividud piecesof DCWD thanthestrip plot
method. Woody debrisisnotorioudy difficult to study
because of its patchy distribution!™.

A guantitative assessment of coarsewoody debris
will bemoreinformativethan aquaditative assessment,
and adtatisticaly valid strategy isdesirableto estimate
woody debris. Thisstudy hasinvestigated dternative
approacheswithinlineintersect method for measuring
woody debrisinarecreetiond forest for first timeinthe
study region.

Fandoghlou forestswith an areaaround 1000ha
arelocated on the north-western of Iran. The knowl-
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edge of coarse woody debrisamount will help forest
managersundergandstheimpact of forest management
practi ce on the quantity of woody debris. The primary
objectiveof thisstudy wasto determination of themost
appropriate approachesfor measuring WD to estimate
thevolume, density, and projected areain arecregtiona
forest ecosystem by comparing the precision, bias, and
efficiency of estimates obtained from three gpproaches
withinthelineintersect method.

EXPERIMENTAL

Sudy site

Theresearch was conducted on ahazel dominated
forest in Fandoghlou in Ardabil, Iran (38°24'N,
48°35°E) with the area of 59ha. The stand was domi-
nated by hazel (Corylus sp.), hornbeam (Carpinus
betolus), and beech (Fagus orientalis) (TABLE 1).
Averageannud rainfall is430mm, andtheaverage an-
nual temperatureis 10°C. The study site is a recre-
ationd forest with an dtitudina rangefrom about 1320
to 1600m.

TABLE 1: Speciescomposition of thestudy area

_ per centage basal diameter at
Specie of stand area collar area
(m’/ha) (cm)
Hazel 91.5 8.1 7
Hornbeam 6.5 31 12
Beech 2 0.8 10
Methods

Atfirst, complete count of pieceswasappliedin
theregion. After that, atotal of 230 sampling points
werelocated inthe study area. For the purpose of this
study, WD was defined asdowned woody materia with
aminimum diameter of 5 cmand aminimum length of
50 cm. A 50 meter lineintersect transect and a50* 50
meter grid were settingin theregion. Transectswere
systematically located and oriented within forest and
wereestablished aminimum of 30 meter fromtheroads.
For thelinetransect method, all piecesof WD inter-
secting thetransect lineweremeasured. Threedifferent
measurement methods including probability theory
(measuring thediameter of piecesinintersected point),
Huber, (measuring the diameter of piecesat mid-point
of pieces) and Smalian (measuring the diameter of
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piecesat small-end and large-end of pieces) was ap-
plied. Also, thelength was recorded for each piece of
WD. Treesthat had fallen and broken weretallied as
two piecesif the pieceswere not touching; otherwise,
eachfdlentreewasconsidered onepiece. Only pieces
whose centra axislay abovetheground wereta lied.
Each piecewaspainted at bothitslargeand smal ends
wherethe diameter measurements were taken. Diam-
eterswere measured to the nearest millimeter. Lengths
of pieceswere measured to the nearest decimeter be-
tween the painted diameter marks. For largelogswith
their root systemstill atached, thelarge-end diameter
was measured just abovethe butt swell, whereasthe
length was measured d ong the entirebolefrom theroot
wad out to the 5cm small-end diameter.

Theorder of implementation wasrandomly deter-
mined a each sampling point. Thefirst employed mea:
surement method wastimed with astopwatch. Thesub-
Sequent methodswere performed a each sampling point
that were not timed to avoid apotential underestima-
tion of thetimerequirement for themethod because of
foreknowledge of thelocation and characteristics of
pieces of woody debrisaready tallied. Estimation of
pieces per hectare (No./ha), volume per hectare (m®¥/
ha), projected areaper hectare (m?/ha) and sample stan-
dard errorswere cal cul ated for each method. Volume
of individual pieces, projected area, and number of
pieces per hectarewere cal culated usng formulas (1),
(2),and (3).

v.(m3/hay =" x 3 d
Where: I1: consonant amount (3.14); L: length of line
transect (m); dij: diameter of CWD piecej crossed by

linetransect | (m); 4; : acuteanglefromthehorizontal

of CWD piecej crossed by linetransect | (degrees);
Y .- volume per hectare based on linetransect i (m*ha)

50x7|:xn£i: dj

Y, (mz/ha) = L jzlcOSlij ©

[1: consonant amount (3.14); L: length of linetransect
(m); dij: diameter of CWD piecej crossed by line

transect | (m); 4; : Acuteanglefrom thehorizontal of
CWD piecej crossed by linetransect | (degrees); Y :
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projected area per hectare by CWD based on line
transect | (m*/ha)

10000 i 1

Yi(piece/ha) = 2xL ><,-=1(I jj XCOSA;;) ©)

[1: consonant amount (3.14); L: length of linetransect

(m); 4; : Acuteanglefromthehorizonta of CWD piece

j crossed by line transect | (degrees); Y . number of
pieces per hectare based on linetransect | (no./ha)
Testingfor biasin estimateswasperformed reletive
to 100% census. Therefore, biasinfieldimplementa-
tion with 100% censuswas assumed to be zero. Al so,
standard error for volume per hectare, number of pieces
per hectare, and projected areaper hectare was calcu-
lated for each method. Standard error was cal cul ated
&s
s 2isthesampling variance of an estimate

s = (5 -X) /n-1 @
Andbias’is

Bias= Xigge - X (5)
Where X Xsarethe amounts of 100% censusand

100%’

sampling methods, respectively.
Relativeefficiency (E) for dl method wasca culated as

E=1; * 5331 ty * 53;32 (6)
Wheret indicatesthe mean timerequired per sample
point for one of two sampling methodsand s ?isthe
sampling variance of theestimates. Relative efficiency
isthetimerequired to achieve any specified confi-
dencelimit width using one method, expressed asa
fraction of thetimerequired to achievethe same con-
fidencelimit width using another method. Lineinter-
sect sampling were compared relative to 100% in-
ventory (E = 1). Thus, when E>1, 100% censusis
moreefficient thanthemethod towhichitisbeing com-
pared. When E <1, 100% censusislessefficient than
themethod towhichit isbeing compared. Timeswere
obtained for all methods at lineintersect sampling
point; the mean timerequirement for each method was
messured.
RESULTS

Estimation of number of pieces per hectare, vol-
ume per hectare, and projected area per hectare are
given for each measurement methodin TABLES 2, 3
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and 4. Inaddition, summary statisticsaregivenfor es-
timates of each variable and for each method in
TABLES2, 3and 4. Somedifferencesamong the esti-
mates obta ned with sampling, werefoundto be stetis-
ticaly significant usngANOVA and Duncantest, indi-
catingapotentid differencein biasinfiddimplementa
tion of thethree measurement methodsin theregion.
Theresultsof ANOVA and Duncantestsindicated that
thereisno significant difference between the estima-
tionswhich resulted from probability theory approach
and 100% inventory (TABLES 2, 3 and 4). Where
biasinfiedimplementationrdativeto 100% survey was
found, it dwaysresulted in underestimatesfor eech vari-
able and measurement method. If estimates obtained
withlineintersect sampling are accepted as accurate
measure, thisresult suggeststhat biasinfieldimple-

TABLE 2 : Estimates of volume per hectare (m*ha) and
summary statisticsfor each sampling method

M easur ement Volume . Standard
method (mha) 2% Geviation PVAUe
100% 0.86°
LIS 0.94°  -0.08 0.18
0.000
LIS, 1.042 -0.18 0.20
LISs 1.43° -0.57 0.36

TABLE 4 : Estimates of piece per hectare (no./ha) and
summary statisticsfor each sampling method

Standard

Measurement Pieces

method  (no./ha) Bias  Jeviation PVAUe
100% 325.88°
LI 325.87* +0.01 62.80
S . 0.000
LISy 41858 -92.70 93.29
LISs 42314 -9226  68.32
DISCUSSION

This study isthefirst report of woody debrisin
Fandoghlou forest. Theresultsindicated that theline
intersect samplingisrelatively unbiased and precisees-
timatorsfor most of the piece characteristicsunder the
tested conditions. Besides, itsproved that lineintersect
method was more quick to perform and madeit easer
to locateindividual piecesof woody debrisin recre-
ationd forest. Theresultsof ANOVA and Duncantests
indicatethat lineintersect sampling based on probabil -
ity theory wasfound to be an efficient method for esti-
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mentation wasthelikely result of non-detection errors
on the part of the search-based methods.

Mean time, requirement per measurement method
withlineintersect samplingwaspartidly driven by time
spent to search for candidate pieces of woody debris,
which appears to increase as the theoretical area of
inclusion of piecesof woody debrisincreasesfor agiven
method. Re ativeefficency scores(E) aregivenfor each
of threevariables and three measurement methodsin
TABLE 5. Asexpected, E for each sampling method
varied based onthevariables of interest, sizeand dis-
tribution of pieces of woody debris, and stand condi-
tions. In general, amethod was most efficient for sam-
pling woody debriswherethe variableof interest and
the probability of selection of anindividual piece of
woody debrisinto the samplewere coincident™,

TABLE 3: Estimatesof projected areaper hectare (m?ha)
and summary statisticsfor each sampling method

Projected

M easur ement Area Bias Standard value
method 2 eviation P
(m“/ha)
100% 223.23
LI 233.95% -10.72 64.26
Sp b 0.000
LISy 311.51 -88.28 63.37
LISs 315.01° -91.78  70.44

TABLE 5: Relativeefficiency scores(E) for each sampling
method and compartment.

Variable LIS LISy LIS
Volume/ha 0.77 1.06 154
Pieces’ha 0.94 1.22 171
Projected area/ha 0.98 1.19 1.86

Note: E for 100% survey is 1.00.

mating thetotal volume, total number of pieces, and
also projected area per hectare of woody debris.
Miehs™ indicated that lineintersect methodismorepre-
cisethan gtrip plot method. Further analysisof thedata
should clarify appropriateness of each method under
different conditions. In stands judged to have light
amountsof woody debris, lineintersect sampling based
on probability theory can aways be the preferred
method. In contrast, Bate¥ suggested the strip plot
method wasmoreaccuratethan thelineintersect method.
Despite, BateY and Woldendorp®® recommended fixed
areaplotsinstead of lineintersectsfor increase of ac-
curacy. In this study, the bias estimates showed that
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estimateswhich obtained with lineintersect sampling
based on probability theory were cong stently lower than
from line intersect sampling based on Huber and
Smallian gpproachesinall cases. Thissuggeststhat line
intersect sampling based on probability theory is
matched for usein recreational forests. Thefocus of
thisstudy hasbeen on consideration of thelineintersect
method accuracy for quantification of woody debrisas
lineintersect sampling strategiesareasdiverseasthe
forestsinwhich the methodsareimplemented. Transect
length must besufficiently long to account for thesefac-
tors, and thislength should be 50 m or smaller in recre-
ational forestsstand conditions. Singlelinetransects
(with an appropriate number of replicatesacrossthe
forest) can give estimateswith an acceptablelevel of
accuracy provided thetransect length spansthe spatia
heterogeneity inwoody debris. The sampling technique
adopted in woody debris studieswill aso be depen-
dent on research objectives. For example, in Situations
whereinformation about theabundance of stagsor trees
isalso required, thestrip plot would be moresuitabl €.
Sampling approachesfor woody debris need to be ef-
fectively integrated with methodsfor assessing other
forest biomass poolssuch aslife over storey and un-
derstory biomass, leaf litter and soil or other struc-
turd values.
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