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Abstract—One of the important factors in proper rangeland management is determination of grazing capacity
which is related to accurate and precise estimation of forage production. As the estimation of forage produc-
tion is only possible through sampling, so that determination of adequate sample size and suitable sampling
method are the main objective of our applied research. The sampling was conducted in five locations in
northern grasslands of Iran. In each location, two microplots of 64 m2 were established based on international
protocols. By combining the data of five locations, a layout of 640 m2 was simulated in R software. This layout
is considered as our statistical population. Primary sample sizes of 20, 25, 30, 35, and 40 were selected and by
using different allowable errors with the lowest coefficient of variation, adequate sample sizes of 60 and 120
were obtained. These plot sizes were used to compare the accuracy and precision of methods including ran-
dom, systematic, random–systematic, two-stage, and stratified sampling. The results showed as the allow-
able errors are decreasing, the sample sizes are increasing. In general, the mean of stratified sampling is
almost equal to the actual mean of the population, indicating its higher accuracy and precision in compar-
ison to other methods. Sample size of 60 and stratified sampling method with 3 to 5 strata were our ultimate
selections.
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INTRODUCTION
Rangelands are an important part of the natural

environment and the most extensive terrestrial ecosys-
tem. They are important in supplying goods (such as
forage, medical plants, and honey, etc.) and services
(such as soil conservation, recreation, air and water
purification, etc.) for human societies [1–3]. Based on
above advantages, it is important to determine the
grazing capacity correctly in order to prevent range-
land degradation. Consequently, a precise and accu-
rate way to estimate forage production is required.

In many cases, measuring the total production of
the study area is impossible, so sampling must be
employed. Sampling reduces the amount of field
operations and study budget. For range specialist, veg-
etation sampling is a tool to make an estimation of
population parameters from samples. Sampling
should be accurate and precise and give an unbiased
estimate of the actual parameters. One way to evaluate
precision is the replication of sampling and comparing
the values of obtained samples [4, 5].

Sample size is the number of sampling units for
estimating characteristics of a population [6–8]. The
proper sample size can be calculated by the following
equation [9–12, 5]. The formula of 

(derived from the t formula: ),
where t is table value in Student’s t-test, s is standard
deviation and can be obtained by a primary sampling.
E is the half-width of the desired confidence interval.
Another version of above equation has been pere-
sented as ; where CV is the coeffi-
cient of variation and  is allowable error
expressed as a percentage of the mean [9].

Furthermore, vegetation structure and its spatial
distribution have a significant impact on the size and
shape of plots [13]. For estimating vegetation parame-
ters (e.g. canopy coverage, production, and density),
selection of plot sizes is very important for increasing
the efficiency of sampling, reducing costs, and saving
time [14, 15].

Plot size of any shape can affect the precision and
accuracy of collected data. In general, a large number
of small or medium plot sizes reflects changes in veg-
etation properly, and are thus preferred to a small
number of large plot sizes [14, 16].

It has long been recognized that sampling proce-
dures play an important role in population and com-
munity studies in ecology [7, 17]. Selection of an
appropriate method of sampling in vegetation ecology= × 2 2( ) /En t s

= − μ( )/( / )t Y s n

= × 2 2( ) /An t CV
= /A E Y
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Table 1. Characteristics of study locations in northern regions of Iran

Study location
(Province)

Longitude,
m

Latitude,
m

Elevation,
m

Rainfall,
mm

Mean production,
kg/ha

Zarchak (Gilan) 50.071716 46.916799 2000 600 649
Spandol(Gilan) 82.019409 2.433286 1970 625 963
Torogh (Khorasan Razavi) 87.175007 5.693972 1240 262 1268
Dasht (Northern Khorasan) 56.055972 37.317803 1090 290 1954
Aselme (Khorasan Razavi) 88.403988 4.879084 1720 322 3331
is of great importance, since the selected samples
should be representative of the desired population [6,
7, 9, 17–19].

Sampling methods must be chosen in accordance
with the particular type of vegetation parameters being
studied, i.e. plant density, size, and height [20].

It is clear that a weak and inefficient design of the
sampling method can lead to loss of time, budget, and
incorrect management decisions. Selection of different
methods of sampling depends on several factors includ-
ing heterogeneity of the population, variation among
individuals, and inferences about the population. Avail-
able time and budget can also play an important role in
making the final choice [9, 14, 16, 21].

There are several methods to establish sample
plots; including random, systematic, random–sys-
tematic, stratified, and two-stage sampling. Defi-
nitely, the choice of sampling method will affect the
accuracy and precision of estimates. Accuracy is
related to the closeness of estimates to the population
parameters and precision describes the extent to which
measurements are scattered around their mean value
[22, 23]. In other words, the lesser, a smaller the stan-
dard deviation (or standard error) the higher, the pre-
cision.

To estimate desired parameters, some studies on
different sampling methods and plot sizes have been
conducted. The number of kangaroos were estimated
by using the simulation of different sampling methods
and plot sizes in a 12 × 12 km grid of 144 plots of 1 km2

[24]. To estimate the number of kangaroos, different
methods of sampling including random with and
without replacement, limited random and systematic
sampling with large and small plots, and transects per-
pendicular to the gradient of kangaroo abundances
were used [24].

In a study estimating herbaceous biomass [25], the
relationship between the precision of number of sam-
ples, sampling density, spatial sampling techniques
based on the spatial heterogeneity of biomass, and
sampling procedures were investigated. Virtual plant
communities were simulated based on the gamma dis-
tribution. The researchers concluded that the number
of samples are a more influential factor than sampling
density with respect to the precision of herbaceous
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biomass estimation. In addition, they confirmed that
biomass heterogeneity strongly affects precision.

The advantage of our research is that by having the
actual population parameters, we can control the esti-
mated statistics with actual ones. In addition, using
the powerful R software facilitates the simulation of
sampling from our population.

The objective of this study is to simulate a small sta-
tistical population with known parameters of mean
and standard deviation. By simulation based on the
normal distribution, our aim is to find the relation-
ships among precision and accuracy of sampling
methods with different sample sizes. Based on our
simulation for sampling production in different grass-
land communities, we can present an applicable meth-
odology.

MATERIALS AND METHODS
Study Area

To collect production data, five grasslands were
selected in northern regions of Iran (Table 1).

Sampling
Based on an international protocol [26] two mac-

roplots of 64 square meters (8 × 8 m) were established
in each location (Fig. 1). Then, in each location, for-
age production of 64 one square meter plots were
clipped, air dried, and weighed.

A macroplot of 640, one square meter was built
from two replications of 64 m2 (2 × 64 m2 = 128) plots
at 5 locations, and was considered as the statistical
population for this study. As the adjacent plots inside
of 8 × 8 m were autocorrelated, we employed random
sampling to reshuffle the values of each 64 plots.
These reshuffling were repeated for 5 locations.

To determine the required sample sizes, 5 random
plots were selected from original population of
640 plots and the mean and standard deviation were
calculated. Then, a second, a third, a fourth and so on
of 5 plots were added to the samples already drawn and
again the same statistics were calculated.

The relationship between sample sizes and calcu-
lated statistics would be sketched for one hundred rep-
lications. Then, the required sample sizes (n) for our
020
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Fig. 1. Grids of 8 × 8 m plots.
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Fig. 2. As the size of 128 sample means of cumulative
5 plots drawn from the original population grows, the
accuracy of sampling increases as the means moves closer
to the true population mean. The required sample sizes
were bonded between 20 and 40 scattered lines of mean.
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finite population (N) were calculated by using the fol-
lowing formula [10]):

Where:CV is the coefficient of variation,  is
allowable error expressed as a percentage of the mean,
and N was the number of actual finite population of
640 plots.

The assumptions of approximate normal distribu-
tion are required to calculate sample size at the level of
α = 0.05 [9, 27].

The accuracy and precision of different sampling
methods including random, systematic, random–
systematic, two-stage, and stratified sampling were
evaluated based on calculated sample sizes with
100 replications.

Furthermore, based on a new strategy of stratifica-
tion, the actual population is divided to one stratum =
STR1 (all locations, 640 plots), two strata = STR2
(Torogh–Dasht and Aselme–Zarchak–Spandol,
with 256 and 384 plots, respectively), three strata =
STR3 (Torogh–Dasht, Aselme, and Zarchak– Span-
dol, with 256, 128, and 256 plots, respectively), four
strata = STR4 (Torogh, Dasht, Aselme, and
Zarchak–Spandol, with 128, 128, 128, and 256 plots,
respectively), and five strata = STR5 (Torogh, Dasht,
Aselme, Zarchak, and Spandol, and each stratum with
original number of 128 plots).

The initial plots of sampling for STR1 to STR5
were 20, 25, 30, 35, and 40 which their distribution in
STR1 through STR4 were based on proportion to the
area of each stratum. In STR5, the distribution of ini-
tial plots to be allocated to each stratum is computed
by expressing each product of “area×standard devia-
tion” as a proportion of the product sum. The allo-
cated initial plots in each stratum were sampled with
100 replications.

Statistical Analysis

The production data of five sampling methods with
calculated sample sizes were to be compared by using
ANOVA. Significant methods were compared by
using Tukey’s Studentized range (HSD) which com-
pare sampling methods while controlling the simulta-
neous confidence level [28]. The same procedure of
analysis was applied to STR1 through STR5.

All data processing including simulation and data
analysis were performed in R software. The R pack-
ages of sp, splancs, plotrix , and plyr were used in lay-
ing out the sampling methods. The packages of gmod-
els, and car were used for descriptive statistics and in
ANOVA.

( )
=

+
×

2
1 .

1
n

A
t CV N

= /A E Y
RUSSI
RESULTS

Required Sample Size

The relationships among 128 sample means and
sample sizes of 5, 10, and so on with 100 replications
are shown in Figure 3. We have selected our initial
number of plots that bonded between 20 and 40 sam-
ple sizes. As illustrated in Fig. 2, regardless of the
skewed distribution of the original population, the
scattered lines of all possible sample means were nor-
mally distributed [27, 28].

The result of required sample sizes of different ini-
tial plot sizes and different allowable errors was shown
AN JOURNAL OF ECOLOGY  Vol. 51  No. 1  2020
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Table 2. The required sample sizes based on 20 to 40 initial plots and 5 to 40 percent of allowable errors

A, %

Required sample sizes based on standard deviation of primary sampling

20 initial plots

CV = 63.08

25 initial plots

CV = 62.85

30 initial plots

CV = 62.15

35 initial plots

CV = 59.16

40 initial plots

CV = 59.42

5 333 333 321 303 301

10 137 137 128 117 117

15 69 69 64 58 58

20 41 40 38 34 34

25 27 26 25 22 22

30 19 18 17 16 15

35 14 14 13 12 11

40 11 10 10 9 9
in Table 2. The CV ’s were stabilized by increasing the
initial plots numbers. By increasing A, the allowable
errors, the number of required sample sizes were
decreased.

Further analysis of comparing the precision and
accuracy of different sampling methods were based on
required samples size of 60 and 120 plots with 10 and
15 percent of allowable errors (the sample sizes of 117
and 58 were rounded to 60 and 120 to be divisible to
actual population size) while the CV ’s were stabilized
(Table 2).

The Accuracy and Precision of Sampling Methods

Figure 4 illustrates 100 confidence intervals of five
different sampling methods which were built on
required sample sizes of 60 and 120. Intervals not con-
taining the population mean are highlighted by + signs
at their ends. In our simulation of 100 samples, less
than 5 intervals out of 100 (5 percent) would be
expected not to contain the actual population mean.
The narrower the bond of confidence limits, the more
precise was sampling method (Fig. 3).

The number of miss confidence intervals of strati-
fied sampling is least and its bonds were narrowed to
compare to the other methods to the actual mean. So
it is more precise and accurate than the other methods
(Fig. 3). In this regard, the random– systematic sam-
pling method is the next choice. As shown in Fig. 3,
with increasing the sample size from 60 to 120, the
confidence intervals were narrowed.

By plotting different combination of five stratified
methods against standard errors, the trends were
sharply dropped in the first two strata and then were
almost stabilized (Fig. 4).

We have run the ANOVA with 100 replications to
compare different sampling methods and almost 80
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and 60 percent of p–values were not significant (p >

0.05) for 60 and 120 sample sizes, respectively.

Simulation of Sample Selection 
in Different Sampling Methods

For random sampling 60 and 120 plots were

selected from the actual population. For a systematic

sampling of 60 and 120, odd numbers of plots of the

actual population were chosen systematically. A typi-

cal plan of simulated random and systematic sampling

for size of 60 is shown in Fig. 5. The common formulas

of random and systematic sampling were employed for

calculating statistics [5, 10].

For random–systematic sampling, 10 strip–plots

from the 20 × 32 grid were systematically selected and

then in each strip 6 and 12 one–m2 plots were randomly

chosen. The formulas for calculating statistics in this

method are the same as two-stage sampling [10].

In two-stage sampling, first, 4 × 5 subplots were

constructed and then 20 subplots were selected ran-

domly. Then, 3 and 6 plots were selected randomly in

each subplot. The formulas for this method were based

on [22].

A typical plan of random–systematic and two-

stage sampling methods for sample size of 60 is shown

in Fig. 6.

For stratified sampling, first, the actual population

is divided into 5 strata (the original number of plots in

each location), and optimum allocation of number of

plots (60 and 120) were based on standard deviation of

each stratum. A typical simulation plan of stratified

layouts with five strata and with two strata sampling

methods for sample size of 60 plots is shown in Fig. 7.
020
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Fig. 3. One hundred 95 percent confidence intervals from random, systematic, random–systematic, two-stage, and stratified
sample sizes of 60 and 120. Highlighted intervals miss the population mean.
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DISCUSSION

Our strategy of simulated sampling in a population

with known mean and variance was to apply the simi-

lar sampling procedures in an actual situation with a

population of unknown parameters. In the real situa-
RUSSI
tion with high heterogeneity of vegetation, stratifying

the study area would insure the first step of sampling

[9, 17] As expected, the result of real stratified sam-

pling method of five locations was accurate with the

highest precision compared to other sampling meth-

ods (Fig. 4). So, selecting proper strata would be the
AN JOURNAL OF ECOLOGY  Vol. 51  No. 1  2020
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Fig. 4. One hundred replications for comparing standard errors of five stratified methods with different initial plots.
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Fig. 5. A typical plan of simulation layouts of (a) random and (b) systematic sampling methods for sample size of 60.
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Fig. 6. The typical plan of simulation layouts of (a) random–systematic and (b) two-stage sampling methods for sample size of 60.
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Fig. 7. The typical plan of simulation layouts of (a) stratified with five and (b) with two strata (STR2) sampling methods for sam-
ple size of 60.
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first step of sampling the real populations [5, 22].
Although high accuracy and precision still belongs to
the original five strata (Fig. 4), our result also indi-
cated that stratification with different artificial strata
did give high precision at three and four strata (Fig. 4).

In the next step, determination of sample and plot
sizes are to be the most critical decision in sampling,

but our plot size was already pre–selected of 1 m2.
Selection of proper sample size depends on the spatial
variations of vegetation, budget, time, and expected
precision; therefore, range specialists can sample ade-
quate plots with proper sample sizes and allowable
sampling error [14]. From standpoints of cost and time
consumptions, finding minimum sample sizes which
give us accurate and precise estimate of parameters is
important. Selection sample size of 60 or 120 depends on
allowable errors, sampling cost, and available budget [9,
10, 22] (For this reason, sampling costs were included in
calculation of sample size allocations [5, 22].

On the other hand, non–significance of 80 and
60 percent of ANOVA’s for our sample sizes of 60 and
120 respectively, reveals that even with lower sample
sizes of 60, selection of the proper sampling procedure
is only a matter of achieving precision. So, the sample
size of 60 and stratified sampling method with 3 to
5 strata would be our ultimate selections. Selection of
sample sizes less the 60 may be an alternative choice,
but the production data of those sizes should be
approximately normally distributed [28].

CONCLUSION

To determine adequate sample size and suitable
sampling method, sampling was conducted in five
locations in northern grasslands of Iran. By combining

the data of five locations, a layout of 640 m2 was sim-
ulated in R software. By using primary sample sizes
RUSSI
and different allowable errors, adequate sample sizes
were obtained. These plot sizes were used to compare
the accuracy and precision of different methods. In
general, the mean of stratified sampling is almost
equal to the actual mean of the population, indicating
its higher accuracy and precision in comparison to
other methods.
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