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ABSTRACT
One way to evaluate the status of ecosystems is the assessment of species richness. In this regard, the use of appropriate
methods to measure species richness is very important. The purpose of this study is to compare the two methods of
Whitaker and modified Whitaker for species richness measurements in Ariz, Sanandaj, Iran. This study was conducted
with three replications in grassland vegetation type. In the beginning, site was parceled for the methods under
comparison by means of woody nails and rope. This was then proceeded to count the species in the plots. Statistical
method used for analyzing data was factorial randomized complete block design applied via spss software version 17 the
results showed that Stolgern compared with Whitaker results in less variance. Regression model to determine the species
richness of Stolgern plan showed higher level of R2 compared with Whitaker’s. Data Analysis of this study showed that
sub-plots of the two experimental designs are significantly different when it comes to showing the number of plant
species based on biological spectrum.
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INTRODUCTION
Rangeland is a natural ecosystem that includes high sources of genetic reservoirs and diversity of plant
species and allocated large portion of biodiversity. On the other hand, biodiversity in rangeland
ecosystems are affected by vegetative properties and diversity of plant species directly that always
guarantee the sustainability of this ecosystem against environmental and biological variables (Harrison et
al, 2004). Sampling with quadrats (plots of a standard size) can be used for most plant communities (Cox,
1990). In vegetation cover studies, selecting the appropriate shape and level of plot is very effective in
performance of sampling and causes to minimize variance and time of sampling. Moreover,
understanding, knowledge and experience of the researcher from studied vegetation cover properties is
very important to achieve the appropriate shape and level of plot [1]. The selection of an appropriate
sampling technique depends upon the type of data needed, the size of the sampling site and the number of
available workers. [2] Were used from plot to measurement of vegetation cover properties in the
beginning. They used 5m2 plots for counting plant species in Nebraska region and their results showed
that plot dimension is important factor in estimating quantitative parameters of vegetation covers. [5]
Showed rectangular plot has a lower variance than square plot in measurement of vegetation cover. [7]
Reported plot should be two times larger than most common moderate canopy in a region. Circular and
square quadrates have a low accuracy in comparison to narrow and elongate quadrat because they show
lower heterogeneity along the environmental gradients [9]. Presented plan by Whittaker for estimating
plant species has problems. Major problems in main plot of Whittaker are including: shape and placement
of sub-plots that more located in center of plot 100m2, proximity to each other in square sub-plots 1m2
and the other hand, overlapping sub-plots 1, 10 and 100 m2 together causes high inter-correlations
between the measured data and then had in impact on the results and causes the deviation of the results.
Therefore [10] revised main plan of plot and solved existing problems by testing and revising the original
plan of Whittaker plot. They used modified Whittaker frame in two selected regions (Colorado and
Dakota) in order to determination of species richness and their results showed modified Whittaker frame
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has a best estimating of vegetation cover and analyzing diversity patterns. [10] Used four methods for
estimation of species diversity and richness in four states of America and in four plant types including:
Parker transect, Daubenmeyer transcect (revised by America forestry service), new transcect with high
quadrat (suggestion by America agricultural service) and revised plots of Whittaker. The results showed
that in Parker, Daubenmeyer transcect and transcect with high quadrat methods only achieved total
numbers of species and species richness. [11] studied the effect of plot shape on species diversity by
comparing three sampling plan: main frame of Whittaker, revised frame of Whittaker and Killy Whittaker
in three sites in forest ecoton, cattle grazing grassland and not grazed grasslands of savanna. Their results
showed that not existed any significant difference between square and rectangular plots and in total
cases, rectangular plots not showed species richness more than square plots. [4] Stated optimum sizes of
plot for measurement of the standing crops are 1m2 and 1.5m2 in steppe and highland steppe of Iran. Also
optimum sizes for semi-steppe of Iran achieved 0.5 m2 and 1 m2. [3] Reported revised Whittaker plot
showed species richness more accuracy than main plot of Whittaker significantly. [6] in studying the
compare of plot size in estimating the quantitative characteristics of species in enclosure and non
enclosure rangelands of Calpush plain stated vegetation type, plants distribution and measuring variable
type have high effect on plot size and shape, according as optimum plot size is different for estimating the
quantitative characteristics of species in two enclosure and non enclosure area and emphasized
Daubenmeyer plot and plot 1m2 are suitable for estimating canopy cover in enclosure and non enclosure
respectively. Studied region is one of the most important rangeland in Iran and this area should be
protected with special attention. The aim of this study is comparing two Whittaker and Stolgern plan in
determining species richness with emphasis on changing distribution and shape of the plots.
MATERIAL AND METHODS
Site description
Studied region is located in old road of Sanandaj to Marivan city. Studied area is about 1300 ha and
reaches to west of Sanandaj city (27 km from Sanandaj). Height from sea surface in this region is 1320m.
Average annual rainfall and temperature are 600mm and 10◦ c respectively. Region climate is ultracold
semi-humid by Ambrege method [8]

Figure1. Location of the studied region in Kurdistan Provinces of Iran
Research methodology
Field measurement was done within plots by field visits and surveys in studied region. Vegetation cover
sampling was done by systematic-random method. This research was performed in three replication for
plant type Bromus tomentellus - Prangus ferulacea.
Each of the designs was conducted in the study area by ropes and wooden sticks. For implementation of
these plans, initially based on Whittaker and Stolgern method, was established plot 20*50 and then
created sub-plots (Figure 2). It is remarkable that main plot (50*20) in each replication was shared for
two plan and sub-plots established within the main plot in both plans separately. The size and number of
sub-plots in each design are summarized in table 1.
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Table1. Number and area of plot in both Stolgern and Whittaker plans
Number of plots
Stolgern
Whittaker
10

____

0.2*0.5

10

0.5*2

1*1

2

2*5

2*5

2

5*20

10*10

1

20*50

20*50

Distribution patterns and placement of sub-plots in both Stolgern and Whittaker methods are specified in
figure 2.

Figure2. Distribution and dimension of plots in both Stolgern and Whittaker plans.
For collecting data in Whittaker plot, were counted number of species in sub-plot 0.1m2 and were
recorded in field forms and then surveyed the number of existing plant in plot 1m2 that not existed in plot
0.1 m2 and thereafter searched new plants in quadrat 10m2. In the next step, was evaluated plot 100m2
and recorded new existing plants and entered into field form. For sampling in Stolgern method, recorded
data similar to Whittaker method. After field sampling, data were extracted and analyzed. To determine
the interaction between two factors (distribution and shape) of sub-plots in both Whittaker and Stolgern
was used factorial test based on completely randomized designs and was used T-Test for comparing two
Stolgern and Whittaker plans.
RESULTS
Data analysis showed that the average number of species in the Whitaker and Solgern designs were
significantly different so that in the sub-plots of 1 and 10 square meters there was a significant difference
at the 0.01 level and in the plot of 100 square meters it was significantly different at the 0.05 level. The
mean comparison of the species richness in both designs of Whitaker and Astolgern at the levels of 1, 10
and 100 m2 is shown in Figure 3.
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Figure 3 mean compares of the cumulative average of species richness at different levels in Stolgern and
Whitaker designs (** Indicates significance at the 0.01 and * indicates significance at the 0.05 and ns
stands for non-significant differences)
As Figure 3 shows, in all of the sub-plots of Stolgern frame compared with that of the Whitaker’s, species
richness was better shown.
Table 2 ANOVA analysis of two factors of distribution (factor A) and plot area (factor B) on the species
richness value
Level of
significance

F-test

Mean of squares

df

Sum of
squares

Source of variation

0.000

82.485**

450.000

1

450.000

Factor A

0.000
0.270

73.208**
1.497ns

399.389
8.167
5.456

2
2
10
18

798.778
16.333
54.556
12724.000

Factor B
A*B
Experimental error
total

Data analysis provided in Table 2 shows that two factors of shape and distribution only have direct effects
on the species richness but mutual interactions was not significant.
Table 3 regression model of species richness in the plots of 1, 10 and 100 square meters in the two
designs of Stolgern and Whitaker
Type of
Regression model
R2
Estimated
Observed species
Subtraction of
design
species
richness at 1000
estimated by observed
richness at m2 plot
species richness at
1000 m2
1000 m2 plot
plot
Wittaker
S=13.1 + 7 LogX
0.87
34.01
50.33
16.32
Stohlgern
S=20.44+9.33 LogX
0.98
48.43
50.33
1.9
From the results in Table 3 it can be noted that the regression model of Stolgern plan better estimate
species richness than that of Whitaker’s. As is clear from Table 3, in the Stolgern design determination
coefficient (R2) is greater. Results of analyzing biological spectrum of species in the plots of Whitaker and
Stolgern showed that the sub-plots in expressing biological spectrum are not alike. The results of this
study are shown in Figure 4 for all sub-plots.

A: mean comparison of number of species based on biological spectrum
at 1 m2 sub-plot
** Indicates significance at the 0.01 level and * denotes significance at
the 0.05 level while ns stands for non-significant difference
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B : mean comparison of number of species based on biological spectrum
at 10 m2 sub-plot
** Indicates significance at the 0.01 level and * denotes significance at
the 0.05 level while ns stands for non-significant difference

C : mean comparison of number of species based on biological spectrum
at 100 m2 sub-plot
** Indicates significance at the 0.01 level and * denotes significance at
the 0.05 level while ns stands for non-significant difference
Figure 4 mean comparison of number of species based on biological spectrum in both designs of
and Whitaker and Stolgern
As shown in Figure 4, all sub-plots are significantly different in showing some of the biological spectrums.
DISCUSSION AND CONCLUSIONS
In understanding and managing rangelands, getting to know species richness is of great importance.
Therefore, the accuracy of measurement and estimation methods of species richness of grassland
ecosystems is inevitable. The Whitaker’s main frame is one of the ways to measure species richness.
Studies carried out by some researchers are indicative of the drawbacks of Whitaker’s method such as
overlapping sub-plots. In this regard, Stolgern attempted to troubleshoot the Whitaker’s plot limitations
by proposing a modified version of the previous plot. [2] Shows the modified frame of Whitaker’s
compared with the main frame yields higher values for species richness which corresponds to the
findings of this study. The reason behind Stolgern’s project (modified Whitaker frame) can be expressed
as the shape of the plot. As indicated in Figure 2, Whitaker’s sub-plots are designed square-shaped while
those of Stolgern’s are rectangle in design. In fact, one of the major factors changed in modified Whittaker
design by Stolgern is the shape of the plot.
In this regard and according to the results of Table 2 it can be acknowledged that the rectangular
compared with the square plots express species richness more effectively which is affirmative of the
results of [4,7] Rectangular plot, having greater length than the square plots of the same area, can show
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greater environmental changes. It makes a rectangular plot measuring less variance in vegetation
measurement than the square and circular plots and showing greater species richness.
According to Figure 2, another factor altered from the Whitaker’s original design by Stolgern is
distribution of plots being less scrutinized in researches. In Whitaker’s main design, plot distribution is
centralized with overlapping sub-plots being the cause of their internal correlation. By eliminating
overlapping sub-plots and changing their distribution, Stolgern was able to promote Whitaker’s design to
show species richness more accurately.
Results provided in Table 2 show that distribution factor is an influential one in Stolgern’s design in
determining species richness; being sporadically referred to in the previous studies.
Thus, plot placement and distribution are the two factors influencing overall species richness, being also
reported by [8] as a proof for this claim. Results of table 2 are indicative of significance of the mutual
interactions between the shape and distribution of plots.
It comes from the results in Table 3, the regression model of Stolgern plan provide better results than
plan of Whitaker’s and shows less variance. Based on Figure 4 graphs, sub-plots in showing the number of
plant species based on biological spectrum act significantly different which with respect to the role of
plots distribution and shape in determining species richness, it seems quite reasonable.
Dwelling on the findings of this study and given the importance of determination of species richness,
Stolgern plan is suggested to carry out the same researches.
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