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Abstract — Careful, precise, and accurate estimation ¢
vegetation density has always been one of the conte of
researchers in quantitative analysis of vegetation, an
different experts have introducedvarious suitable methods
for this purpose. Plant density is estimated in different way:
with distance methods as somef the fastest and least costl
of them. Therefore, the present research studied an
compared efficiencies of thewo distance method of random
pairs and nearest neighbor with respct to their accuracy and
precision and the required time for density measurement in
the plant species Periploca aphylla othe Tang-e Sarheh
rangelands in Nikshahr employing the random distribution
pattern. Results indicated thatthe random-pairs method was
the more efficient onein the study area with respect to the
three criteria of accuracy, precision and required
measurement time, andthe nearest neighbor method lacket
suitable efficiency.

Keywords — Plant density, without plots, random pairs,
nearest neighbor, Nikshahr.

|. INTRODUCTION

Quantitative plant analysis methods are considéhne
basis for describing and analyzing plant commusiitac
density plays a significant role as one of the irtgoa
features in evaluating rangelands to describe
characteristics aéind changes in plant communities dur
various periods of change amdant reaction to variot
management measures, makeasuremen of vegetation,
determine species composition, ancgstimat: production
and biomass (Musaei Sanjaeeid Basiri, 2008 Density
is defined as the number of individualsthe plant species
per unit area irthe rangeland, usually expressed as
number of plants per hectare (Moghaddam, 2! At
present, measuring and estimating plant density
producton in rangelands are considered necessary
because plant density measurement is one wof
estimating and measuring production, especiof bush
plants and shrubs in rangelandsh¢idai Karkaj et al
2013). This is why researchers in range mament try to
find suitable ways for estimating density and piitn of
bush plants. One of the basic principles in samgpiito

select a method that yieldhe highest accuracy and
precision at the lowestost an in the shortest time, and
does not disturb vegetation of the study aree collects
information in the shortest possible time (Pearso
Sternitzke, 1974). The irct methods of measurir
density are timesonsuming and costly, therefore, varic
indirect methods (without framethave been developed
(Mesdaghi, 2003). Distance methods among those used
in measuring density (Laycock, 1961). y were
developed after 1950 aradle often known ¢ variable-plot
or plotdess techniques. Distance methcare without
borders and do not @asure density in a specific surfz
area.They are based on measuring the distance bet
two plants and/or between a point and a plant pérawea
(Arzani and Abedi, 2015)n plot-less distance sampling
methods, usually one plant species is studecause this
increases timegroductivity and also estimation accure
(Bonham, 1989). However, studies have demonsttat
various distance methods enjoy different precisaon
accuracy in estimating density in various ty of plant
growth (Sandgol, 1995).

Arefian et al. (2014) used seven distance metl
(random pairs, nearest neighbor, regular angle, t-
centered quartesvandering quarter, Echeler integrated,
and the quadrat methgd#én the Fudshure and Saveh
regions to determine densities Artemisia sieberi and
Stipa hohenackerianand concluded that the random p:
and nearest neighbor methods had the highestesftis
in estimating population densities of these twocss
Taheri et al. (2014) studied accuracy of the rar-pairs
method in therangelands of Manzel Ab in Zahedan
reached the conclusion tHatked acceptable accur..

[I. M ATERIALS AND METHODS

The Study Area

The Tange Sarheh (Hichan) Basin has an of
9092.9 hectares, latitude of from 26°31° 13" to 26°37
18"N and longitude of from 59°52 ~ 34" to 59°59" 58" E
(Figure 1)
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Fig. 1. Location of the study area

Characteristics of the Sudied Plant Species

Periploca aphylla Dence is a leafless shrub wittraye
height (three meters) and rope- whip-like shoots that
have some what #eshy appearance. The branches
often opposite and exactly like those of Leptad
pyrotechnica (thse two shrubs cannot be differentisby
their appearance). The green branches serve assléa
fixing CO, (Javanshir, 2000).

[1l. S AMPLING METHOD

The study area was first identified on the topobia
map (scale 1:50,000 or 1:25,000) and then detediiy
field visits, the area whetthe plant type under stu grew
was specified, and three areas (repéigabf 5000 square
meters (50 by 100 metensjere selectein the region in a
way that the key areas in tmeonitorec region included
the species of interedh each of these studied areas,
the plants of interest were counted using 50 by rhéfer
striptransects, and plant density was caled by
calculatingthe ratio of the number of plants to the are
square meters. This was considered the control ad
and the other two methods were compared with it
estimate density using these other two methodge
areas were selected as the three replica the study area
and five sampling lines 100 meteapar were created
(Imani, 2013). Paralletransects were established us
100-meter long ropes with the two ends of each roped
in the ground with two iron nails. The height oétlopes
was selectefbr them to be on plant crowrTen points 10
meters apart were selected along the length of
transect. The first point for each transwas randomly
selected and the samples wéaken at this point itboth
methods (Sandgol, 1995; Mirjalili, 20(. The random
pairs and nearest neighbaere the two methods used
this study. In the randompairs method, a linwas drawn
from the random point to the nearest plant , another
line was then drawn perpendicular tttar at the random
point, and the disince from this line to the nearest pl

base that lay in the haiffane outside the random po
was measured (Imani, 2013; Musaei, 2008; Mesde
2005; Sandgol, 1995)n the nearest neighbor meththe
individual closest toeach random (sampling) pt was
determinedand the distance from this plant to its nea
neighbor wasmeasured and considered the diste
between neighboring plants (Imani, 2013; Musaed&
Mesdaghi, 2005; Sandgol, 199

The relative difference between the estimated ties
in each of the studied methods from the actualitewas
calculated. The standard deviations of the meti@sch
regionwere calculated to determine the precision, anc
method with the least standard deviation was censiitc
have the highegprecision among the employed meth
(Asadi, 2008, Eidy, 2012)The time required for usin
each method was considered a cost index, and thE
time needed to employ each method coed of the time
spent in field operations and cthird of the time required
for making the calculations (Mirjalili, 2005; Sadfda et
al., 2007). The Protected LSD method (HSD) and
Bonferroni test at the 5% lev were employed for data
analysis and congsison of the means. Moreover, t-test
was employed to compare the densities estimatethd
distance methods with the actual density, andrelative
density determineth each method was compared w
that of the control to obtain the estimatiarror in each
method. Statistical calculations were performedSIRSS
19 and diagrams werrawn by EXCEL.

IV. RESULTS

Results related to control a 1 indicate that the
mean estimated densities in the two methods
less than the actual one, the ran-pairs method
was more accurate and precise than the ne
neighbor method, but the nearest neighbor me
required less time (Table 1).
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Table 1: Mean density and accuracy anctime required to estimate density in the studiethods in control area
Method Control | Random pairs| Nearest neighbi
Mean density 0.081 0.020 0.04«
Mean accuracy of the dens 0.84 0.8¢
Mean precision of the dens 0.022 0.141
Mean time required for determining the der 0.60 0.41
In control area 2 alsdhe estimated densities were It precise. Furthermore, the nearest neighbor me

than the actual one, the rand@airs method was mol
accurate, butthe nearest neighbor method was n

required less time (Table 2).

Table 2: Mean density and accuraagd thi time required to estimate density in the studiethods in control area 2

Method Control | Random pairs| Nearest neighbi
Mean density 0.056 0.016 0.01:

Mean accuracy of the dens 0.77 0.8:

Mean precision of the dens 0.0105 0.010:

Mean time required for determining the der 0.24 0.44

In controlarea 3 also, the estimated densities were
than the actual one, the rand@airs method was mo
accurate and more precise than the nearest nei

method and required less time for determining #esdy

(Table 3).

Table 3: Mean density and accuraagd thi time required to estimate density in the studiethiogs in control area
Method Control | Random pairs| Nearesneighbor
Mean density 0.041 0.013 0.C07
Mean accuracy of the dens 0.76 090
Mean precision of the dens 0.006 0.011
Mean time required for determining the der 0.21 030

Considering the results obtained from measurements
and the statistical calculations and analyses, am
conclude that the randop®irs method was more efficie
than the nearest neighbor method with respectedttee
criteria ofaccuracy, precision, and timequired for using
the method.

V. CONCLUSION AND SUMMATION

The present research compared efficiencies of
randompairs and nearest neighbor methods with res
to accuracy, precision, and tlime required to determir
plant density. Results indicated that the ran-pairs
method was the more efficient of the two methodsesE
results agree with those found by Saadatfar ef2807)
who studied eight distance methods to determinsities
in Zygophyllum atriplicoides shrublan of Bardsir. Their
results showed that the regular angle methcs the most
precise among the eight methotkusaei Sanjar (2004)
conducted a study in lands with Artemisia covelYawd
Province, and found that theearest neighbor and t
nearest individual methods were the most acct
methods, respectively. Moreover, Eidy et al. (2C
compared eight distance methods and concludedthe
transect method and the nearest neighbor methods
more efficient than the other methods with respedhe
time required for determining the density and thecision
of density estimation, respectively. Imani et &013)
carried out research dive distance methods and reacl
the conclusion that the poioentered quarter and t

nearest neighbor methods were the most accurateri
(2014) also compared seven distance methods fagitgi
determination in rangelands of Manzel Ab in Zaheded

reported that the randopairs method was suitable w

respect to accuracy, whereas the nearest neighéthrod
was appropriate with respect to precision the time
requred for density determination, and the nea
neighbor method was the most eient one if all three
criteria were considered.

Various factors cause the differences in der
estimations. The first one is the time spent in sneag
plant density because less time is required withei@sing
density and wittshorter distance betwe the shrubs. Plant
distribution pattern is another important factorcreaset
uniformity reduces the size of the required sangobel
influences the time needed for sampling. The t
important factor is the method itself. Some methsgish
as the pointentered quarter method measure se\
distances instead of one. Another factorfinding and
identifying individuals located close to and faorfr the
random point. The person who makes the measureis
another factor because the mental images ofperson
concerning plant density can influence the resuitss
recommended that consequeromparative studies be
carried out for various types of vegetation in @it
parts of the country where they are found becahisenill
help researchers selette more suitable methods for 1
specific conditions related to their research. Meer,
application of various methods in different regiafsthe
country can help improve the available methods
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