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ABSTRACT

This study evaluated the impact of substrate composition on macrobenthos distribution
using a new Coverage Range Index (CRI), and diversity index variables and
macrobenthos data sets obtained over a period of 12 months, between June 2015 and June
2016, along 6 sampling transects at 2 sites. The selected transects were all situated in
littoral zone of Hormuz Island in the Persian Gulf and had hard bottom type with
different substrate compositions. Accordingly, macrobenthos samples at each site were
taken from 3 hard bottom types: boulder, cobble, and pebble. CRI and diversity indices
(Simpson, Shannon-Wiener, Pielou, Brillouin, Menhinick, Margalef and Berger-Parker)
were employed to evaluate the abundance of macrobenthos. CRI was also selected to
tentatively assign the investigated abundance range of macrobenthos into 3 coverage
range categories: wide, middle, narrow. CRI boundary of the categories was estimated.
The analyses of CRI and diversity indices revealed a similar clustering between the
sampling transects. These findings indicate that CRI is a simpler indicator in assessing
abundance of macrobenthos than diversity indices, because CRI is only based on species
abundance, but diversity indices are based on both species number and abundance.
Hence, CRI proved to be a universal ecological index due to its different ranges of small to
large samples, rare species to dominant ones, and individual specimens to polyps of
animal colonies. Future study should focus on extending the database to test CRI in other
bottom types. Finally, the results from this study may be useful not only for developing
countries but also for any organization struggling to use macrobenthos based indices with
restricted financial resources and knowledge.
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INTRODUCTION

A wide array of models are now often
used in species distribution modelling
(Guisan and Zimmerman, 2000; Elith et al.,
2006). Most of these models have been used
primarily for species in terrestrial habitats
(Segurado and Araujo, 2004; Elith et al.,
2006; Moisen et al., 2006; Aertsen et al.,
2010). Macrobenthos studies are also known
as the most applied models for identification
of aquatic habitats (Lindegarth and Hoskin,
2001) and have suggested an important part

of standards efforts for marine ecological
guality assessment (Borja et al., 2003; Borja,
2004; Borja et al., 2004; Rosenberg et al.,
2004; Mistri and Munari, 2008).
Macrobenthos, through the long history of
the Persian Gulf research, has been tested to
be a bio-indicator which can be reliably used
for the classification of coastal areas and the
state of ecosystems (Gerami et al., 2016).
This is due to the stability and consistency
of community structure and species
composition under given natural conditions
and the uniformity of the different types of
habitats encountered throughout the Persian
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Gulf  (Mirzabagheri
2007).

Assessment of diversity indices and
identification of bioindicator can be major
practical tools to assess different aspects of
the structure and the sensitivity of
communities (Washington, 1984). Diversity
indices, which have been used traditionally
in  biomonitoring studies in  marine
ecosystems, e.g. Simpson, Shannon-Wiener,
Pielou, Brillouin, Menhinick, Margalef and
Berger-Parker, were also used for
classifying coastal and transitional water
bodies (Dauvin et al., 2007; Albayrak et al.,
2010). Overall, diversity indices are
guantitative tools in expressing the general
status of ecosystems through the description
of abundance, diversity, evenness, and
richness (Desrochers and Anand, 2004).
However, these metrics that are based on
taxonomic identification of animals, from
family to species level, have become
somewhat of a problem. The main problem
in obtaining estimates of diversity indices is
the basic, but often painstaking, effort
necessary to collect the samples in the field
and to sort and determine the animals
present in the sample (Heip, et al., 1998).

Diversity indices are a dual concept that
includes the number and abundance of
species in the community and the evenness
with which the individuals are divided
among the species (Magurran, 2004).
Therefore, we have developed a new index
here, which has one metric involving the
absolute abundance of individuals and is
easy to calculate and easy to use at any time.
The novelty of this new index called CRI
(Coverage Range Index) lies in the idea of
treating macrobenthos species as thus
reducing the number of the statistical
parameters used in the formula compared to
diversity indices. This reduction aims to
simplify the interpretation of the results of
species abundance without needing species
number and identification. This index can be
also used without limits on the abundance of
all collected animals along transects and on
abundance of individual specimens to polyps
of animal colonies (Mirzabagheri et al.,

and Mirzabagheri,
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2017). However, the usage limits of the
diversity indices for validation of CRI are
that the conditions for application of CRI,
e.g. the differences in abundance of
particular taxa, are not considered.

According to this, the cost and the effort of
calculations based on CRI are now minor in
comparison with diversity indices. Also,
based on the resulting values of CRI at each
site, the species distribution in total area
covered can be estimated. Hence, in the case
of rapid and urgent need for estimation of
macrobenthos distribution in a particular
littoral zone, usage of CRI is beneficial for
providing an initial quick assessment of
distribution status.

Some studies have been conducted on the
macrobenthic structure in littoral zone of
Hormuz  Island  (Mirzabagheri  and
Mirzabagheri, 2007; Mirzabagheri et al.,
2008; 2009; 2013; 2015). However,
opportunities  for comparison  between
diversity indices are rare. Hence, this study
was conducted with the aim of developing
indices compliant with the Persian Gulf, and
proposing Coverage Range Index (CRI) for
hard bottom macrobenthos communities in
littoral zone of Hormuz Island. The scores of
CRI were compared with those of the
widely-used diversity indices such as
Simpson, Shannon-Wiener, Pielou,
Brillouin, Menhinick, Margalef and Berger-
Parker. Finally, this paper provides a
guidance of classification for macrobenthos
distribution using CRI which is an approach
which minimizes macrobenthos data volume
to a great extent and simplifies the
expression of distribution status.

MATERIALS AND METHODS
Study Area

The study area was located in littoral zone
of Hormuz Island (27° 03' 51" N and 56° 27
20" E) at north of the Strait of Hormuz of
the Persian Gulf (Figure 1). The sites were
selected on hard bottoms submitted to
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Figure 1. Map of Hormuz Island in the Persian Gulf, showing the sampling transects.

different substrate compositions based on
Wentworth scale (1922).

Sample Collection

Samples were collected in low tide time
monthly from June 2015 to June 2016 along
6 transects (Table 1). Continuously along
each transect, four 0.25 m® quadrats were
laid at about 5-10 m apart. On each quadrat,
we analyzed the abundance of macrobenthos
and the composition of predominant
substrate. According to this, samples were
poured into plastic jars and transferred to the
laboratory. In the laboratory, samples were
washed in fresh water through a 0.5 mm
mesh sieve; the species remaining on the
sieves were preserved in 4% formalin and
preserved in 70% ethanol. Then, the
macrobenthos  species were separated,
counted, and identified to genus level under
a loupe microscope, using validated articles
and  appropriate identification  guide
(Mirzabagheri and Mirzabagheri, 2007).

Diversity Indices

The diversity indices of this study were
calculated using the formula 1, 2, 3, 4, 5, 6
and 7 as follows:
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Table 1. Sampling transects, position, and predominant substrate composition of studied region.

Transect

Predominant

Site Latitude and longitude .
no. substrate composition
West T, 27°04'09.9" N 56° 25' 30.1" E Boulder
T, 27°04' 00.3" N 56° 25' 26.6" E Cobble
Ts 27°03'34.2" N 56° 25'15.3" E Pebble
East Ty 27°03'21.1" N 56° 30'07.5" E Boulder
Ts 27°03'01.4" N 56° 29'53.9" E Cobble
Ts 27°02'39.6"N 56°29'44.8"E Pebble
. .
— be estimated.
(d)= N

Where, N= Total Number of individuals;
S= Number of taxa, ni= Number of
individuals of taxon i.

Calculation of CRI

Coverage Range Index (CRI), which is a
new index of area coverage by all species
along each transect, was calculated using an
innovative formula by Mirzabagheri (2018)
as following:

(8)

h><100

CRI= ptotal

Where, P+; is the pooled living coverage of
all species in ith transects at a given site and
P.tar 1S the pooled total living coverage of all
species in all transects at a given site.

This measure of cover, expressed as
percentage, is considered to be an unbiased
estimate of the proportion of the total area
covered by species. Accordingly, the
resulting values were transformed into
coverage range categories (%) by
Mirzabagheri (2018) (Table 2).

Eventually, based on the coverage range
category of all transects at each site, the
species distribution in total area covered can

Table 2. Classification of boundaries among

species distribution status based on CRI.

Boundaries of Coverage range

CRI (%) categories
0< CRI< 20 Narrow
CRI=20-50 Middle

CRI>50 Wide
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Validation of CRI

In modern ecological comparison, diversity
indices are nearly always used in conjunction
with multivariate analysis (Heip, et al., 1998).
CRI was therefore evaluated and compared to
the diversity indices, using multivariate
analysis, based on macrobenthos abundance in
littoral zone of Hormuz Island. The usage
limits of the diversity indices for validation of
CRI are that the conditions for application of
CRI, e.g. the differences in abundance of
particular taxa, are not considered (but, note
that the actual number of species in the
community is usually immeasurable).

Statistical Analyses

Macrobenthos were analyzed based on the
diversity indices and CRI. Diversity indices
were calculated using Past 3.14 software.
Pearson’s correlation coefficient was used to
test between macrobenthos abundance with
diversity indices and CRI and it was
calculated using the IBM SPSS Statistics
ver. 24 software. The clustering analysis
based on macrobenthos abundance, diversity
indices, and CRI in each transect was also
done using Past 3.14 software.

RESULTS

A total of 45,495 individuals in 105 taxa
were counted in total of 6 transects (Table 3).
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Table 3. Genera list of macrobenthos in the present study and their abundances in sampling transects.

West site East site

Genera T, T, T; T, Ts Ts
Acar sp. 75 23 0 42 13 0
Actaea sp. 0 0 0 0 2 0
Alpheus sp. 226 350 47 203 241 70
Ammothella sp. 0 0 0 0 0 1
Amphibalanus sp. 2981 6249 0 2079 5157 0
Anachis sp. 20 6 0 12 22 0
Aplysia sp. 1 3 0 0 0 0
Aquilonastra sp. 24 10 0 12 3 0
Arabella sp. 3 3 3 1 2 3
Asaphis sp. 0 3 5 0 0 0
Aspidopholas sp. 0 4 0 0 0 0
Barbatia sp. 93 42 0 122 44 0
Baseodiscus sp. 3 3 1 1 2 1
Blennius sp. 10 25 0 5 13 0
Brachidontes sp. 82 14 0 33 13 0
Bullia sp. 11 0 0 2 5 0
Cafius sp. 0 0 1 0 0 0
Catostylus sp. 0 2 0 0 0 0
Cellana sp. 4 0 0 3 0 0
Ceritihium sp. 1 114 88 39 34 36 26
Ceritihium sp. 2 528 464 147 258 378 95
Charybdis sp. 22 40 9 17 25 14
Chiton sp. 16 0 0 8 0 0
Circenita sp. 0 10 47 0 6 6
Clausidium sp. 0 0 0 6 0 0
Clibanarius sp. 1197 929 267 908 811 260
Clypeomorus sp. 47 53 28 84 180 39
Cronia sp. 66 70 45 85 60 24
Cyathura sp. 0 2 0 2 1 0
Cyclaspis sp. 0 0 2 0 0 0
Cypraeasp. 1 4 0 0 4 0 0
Cypraea sp. 2 0 0 0 2 0 0
Cypraea sp. 3 0 0 0 3 0 0
Diodora sp. 1 2 0 0 3 0 0
Diodora sp. 2 3 0 0 0 0 0
Diplodonta sp. 0 1 1 0 0 0
Ebalia sp. 17 0 0 10 0 0
Echinometra sp. 14 0 0 0 0 0
Elamena sp. 41 0 0 21 0 0
Elasmopus sp. 234 1008 120 243 574 171
Epinephelus sp. 0 7 0 0 0 0
Epixanthus sp. 16 0 0 9 0 0
Eretmochelys sp. 0 0 0 2 0 0
Eriphia sp. 15 11 0 11 7 0
Euchelus sp. 511 437 189 331 401 125
Eurycarcinus sp. 8 0 0 0 0 0
Gastrochaena sp. 8 21 0 10 36 0
Gobius sp. 7 30 0 0 0 0
Gonodactylus sp. 0 2 0 0 2 0
Grapsus sp. 10 4 0 13 7 0

Continued...
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West site East site
Genera T, T, T T, Ts Te
Gyrineum sp. 0 4 0 0 0 0
Heliacus sp. 4 4 0 3 5 0
Heteropilumnus sp. 4 6 0 2 3 0
Hexaplex sp. 19 12 0 5 7 0
Holothuria sp. 25 19 0 20 15 0
Ibla sp. 18 0 0 6 0 0
Isognomon sp. 12 0 0 0 0 0
Leiosolenus sp. 4 6 0 0 0 0
Lepas sp. 0 0 33 0 0 87
Lepidonotus sp. 11 10 0 20 14 4
Leptodius sp. 112 78 10 78 91 7
Leptoplana sp. 10 8 0 7 12 0
Ligia sp. 26 0 0 18 0 0
Lunella sp. 155 226 52 414 257 66
Lysidice sp. 85 125 43 51 50 41
Metopograpsus sp. 78 125 28 143 56 20
Mitrella sp. 3 2 0 2 4 0
Morula sp. 106 67 25 229 135 34
Nassarius sp. 256 163 65 161 153 42
Natica sp. 0 1 1 0 0 0
Neotrapezium sp. 13 7 0 10 5 0
Nereis sp. 21 18 12 8 13 6
Nerita sp. 1 35 32 0 74 35 0
Nerita sp. 2 13 0 0 11 0 0
Niphates sp. 6 0 0 2 0 0
Notoplana sp. 19 6 0 13 9 0
Octopus sp. 0 0 0 1 1 0
Onchidium sp. 4 0 0 0 0 0
Ophiocoma sp. 7 4 0 0 0 0
Patella sp. 4 0 0 7 0 0
Petrolisthes sp. 270 231 129 320 269 126
Pilumnopeus sp. 1 13 8 0 6 6 0
Pilumnopeus sp. 2 27 20 0 8 8 0
Planaxis sp. 710 428 69 434 386 93
Rhinoclavis sp. 4 0 0 2 5 0
Rupellaria sp. 5 0 0 0 0 0
Saccostrea sp. 643 0 0 457 0 0
Sepia sp. 0 0 0 5 7 6
Sphaeroma sp. 1 0 0 0 0 2 0
Sphaeroma sp. 2 0 3 0 0 6 0
Spirobranchus sp. 93 167 0 170 292 0
Spondylus sp. 0 0 0 2 0 0
Stichodactyla sp. 0 13 0 0 3 0
Strombus sp. 1 0 0 0 2 0
Terebella sp. 0 0 0 2 4 0
Tetraclita sp. 6 5 0 4 4 0
Thais sp. 1 31 25 0 18 14 0
Thais sp. 2 265 182 66 171 164 58
Tornus sp. 0 0 0 0 0 3
Trachycardium sp. 0 3 5 0 0 0
Continued...
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Continued of Table 3.

West site East site
Genera T, T, Ts T, Ts Ts
Trochus sp. 404 390 202 383 286 207
Turbo sp. 1 449 401 175 290 271 82
Turbo sp. 2 3 0 0 1 0 0
Tytthosoceros sp. 0 0 0 0 2 0
Umbonium sp. 0 0 25 0 0 13

Macrobenthos abundance was higher at the
West site than the East site, probably due to
the weak water currents.

Results of diversity indices and CRI in each
transect are shown in Table 4. Based on the
Pearson’ correlation analysis in Table 5, the
diversity indices, e.g. Pielou, Margalef and
Berger-Parker, and macrobenthos abundance
was correlated with CRI.

Unlike  Cluster analysis based on
macrobenthos abundance (Figure 2), Cluster

analysis based on the diversity indices and CRI
in each transect, demonstrated three distinct
clusters (Figures 3 and 4).

DISCUSSION

The present study proposed a new index,
i.e. Coverage Range Index (CRI), to assess
the impact of substrate composition on
distribution of hard bottom macrobenthos.

Table 4. Diversity indices and CRI for hard bottom macrobenthos of Hormuz Island at 2 study sites.

West site East site

Tl T2 T3 T4 T5 T6
Number of taxa (S) 75 65 32 73 62 30
Total number of individuals (n) 10387 12713 1891 8137 10637 1730
Simpson’s dominance index (L) 0.8834 0.7388 0.9269 0.9013 0.7472  0.9251
(SS?)””O“ wiener’s - diversity index 5 g5 5513 og7a 2931 2250  2.845
Pielou’s evenness index (J") 0.2305 0.1407 0.5532 0.2568 0.1544 0.5735
Brillouin’s diversity index (HB) 2.832 2.201 2.834 291 2.245 2.804
Menhinick’s richness index (d;) 0.7359 0.5765 0.7359 0.8093 0.6011 0.7213
Margalef’s richness index (d,) 8.001 6.772 4.109 7.996 6.579 3.89
Berger-Parker’s dominance index (dz)  0.287 0.4915 0.1412 0.2555 0.4848 0.1503
Coverage Range Index (CRI) 41.6 50.9 7.5 39.7 51.9 8.4

Table 5. Pearson’ correlation between CRI with macrobenthos abundance and diversity indices.

Total Simpson’s Swhgnnop- Pielou’s  Brillouin’s ~ Menhinick’s ~ Margalef’s Berge':_
g iener’s . . . . Parker’s
number of dominance diversi evenness diversity richness richness .
S - iversity . - . ) dominance
individuals index index index index index index index
() * H) @) (HB) () (d) @
C;fglr;ﬁgn 0.980**  -0.805  -0.659  -0.998**  -0.636 -0.494 0.839* 0.905*
(2-tSaIi§IJed) 0.001 0.053 0.154 0.000 0.174 0.319 0.037 0.013
N 6 6 6 6 6 6 6 6

** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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abundance with data from Table 4; Transect (T).
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indices with data from Table 4; Transect (T).
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Figure 4. Dendrogram based on CRI with data from Table 4; Transect (T).

The performance of this index has not been
tested in soft substrata yet. CRI has one
metric: abundance of macrobenthos. CRI is
categorized under three classes, namely,
narrow, middle and wide. However,
according to Table 2, the assessment of
values in formula varies among them.
Although CRI is similar to RA (Relative
Abundance), which is a component of
commonness or rarity of each species (Rilov
and Benayahu, 1998), but it is a new index
of area coverage by all species along each
transect. Also, the main difference between
the formula suggested in this study for
deriving CRI and the formula of the
diversity indices is that the diversity indices
are based on the species number and species
abundance, while CRI takes into account
only the species abundance.

The need of the interpretation of the
macrobenthic data and its use in detecting
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environmental stress, disturbance, and
change has led to the development of an
extensive number of concepts and numerical
techniques: diversity indices, multivariate
tools, indicator  species, graphical
representations (Elliott, 1994). Among them,
diversity indices are actually an approach to
ecological quality through the community
structure and have been applied mostly to
communities of species or other taxonomic
levels (Hill, 1973). In this case, two different
aspects are commonly accepted to contribute
to the intuitive concept of community
diversity: species evenness, which refers to
how evenly the individuals in an
environment are distributed over the
different species, and species richness,
which is a measure of the total number of
different species represented in an ecological
community (Peet, 1974).
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Heterogeneity measures confound species
richness and evenness in a single index of
diversity (Heip, 1974). The use and
interpretation of these indices has been
subjected to too much debate (Warwick and
Clarke, 1993). The values of all these
indices are influenced by sampling
methodology, sample size, and identification
procedures. Their validity with hard bottom
communities is further argued because
colonies of animals are not easily
enumerated. Consequently, species richness
and community diversity values can only be
compared if the same sampling methodology
has been followed, including same level of
taxonomic relationship  (Warwick and
Clarke, 1995). Also, these indices are habitat
type dependent, which means that different
ranges of values or classification schemes
should apply for different habitat types.

The variation in approach and suites of
measures contained in various benthic
indices leads to questions about whether the
usage of the various indices would yield
different results (Ranasinghe et al., 2002).
Hence, this paper presents an evaluation of
the use of diversity indices such as Simpson,
Shannon-Wiener, Pielou, Brillouin,
Menhinick, Margalef and Berger-Parker and
compares them with CRIL. In this
comparison, Pielou’s evenness, Margalef’s
richness and Berger-Parker’s dominance
indices showed distinct differences between
different habitat types. On the other hand,
Simpson’s dominance, Shannon-Wiener’s
diversity,  Brillouin’s  diversity = and
Menhinick’s richness indices did not show
great differences between transects (Table
4). This is attributed to the fact that the area
is generally moderately populated with
present high densities of toxic species of
zoanthids species (Mirzabagheri et al.,
2016).

In the present study, the correlation of CRI
with Margalef’s richness index (r= 0.839)
and Berger-Parker’s dominance index (r=
0.905) were found to be high. The scores of
CRI were strongly correlated with those of
Pielou’s evenness index (r= -0.998) in the
area (Table 5). Species richness can be good
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estimated only in easily censuses
communities with few species (Chiarucci,
2012), but, communities with large numbers
of species require the rarefaction technique
that allows one to adjust a series of samples
to a common sample size (Colwell et al.,
2012). So, based on the high correlation of
CRI with Margalef’s richness index, CRI is
an easier index due to its different ranges of
small samples to large ones. Species
evenness is easy to determine when it is
decided whether to emphasize or de-
emphasize the rare species in the community
samples (Gotelli and Chao, 2013). So, based
on the strong correlation of CRI with
Pielou’s evenness index and the high
correlation of CRI with Berger-Parker’s
dominance index, CRI is also an easier index
due to its different ranges of rare species to
dominant ones.

As a result, values of CRI depend on the
abundance of all collected animals along
transects, e.g. sessile to mobile animals, free
living animals to those living in
cases/tubes/exoskeletons, and on abundance
of individual specimens to polyps of animal
colonies (Mirzabagheri et al., 2017).
Mendes et al. (2008) suggested that a unified
index is invariant due to independence of the
number of species when looking at the entire
animal dataset. Accordingly, CRI, which is
independent of the species number and
applies to the different ranges of hard
bottom type and does not require exhaustive
taxonomic  effort, is invariant and
practicable. On the other hand, CRI reflects
and describes distribution range of species
which relate to the response of the benthic
communities to substrate composition.

Environmental factors such as substrate
type and sediment texture are known to
influence the structure of macrobenthos
assemblages in the Persian Gulf (Gray,
1974; Capaccioni-Azzati et al., 1991;
Mirzabagheri et al., 2007). Macrobenthos
difference between Iranian and Arabian
shorelines can be related to the type of
studied habitat and biological interaction
between various communities (Nourinezhad
et al., 2013). Although it is not yet well
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established, it seems that specific types of
habitats or ecosystems are common
throughout the Persian Gulf and that the
corresponding communities can be classified
into types which are similar in their basic
structure and composition throughout the
Persian Gulf. Therefore, a single system of
benthic habitat types may be adopted for the
Persian Gulf and used for typology testing,
so that a core set of species characterizing
each type of habitat may be derived
including species presenting wide or limited
distribution patterns.

Multivariate techniques such as clustering,
unlike diversity measures, take into account
changes in taxa and base their comparisons
on the extent to which different data sets
share particular species, at comparable
levels of abundance. Multivariate statistics
have also been used at higher taxonomic
levels (genus, family, and phylum)
(Warwick and Clarke, 1993). Dendrogram
based on CRI showed that the cluster in the
sampling transects was similar to diversity
indices (Figures 3 and 4), but differed with
the cluster based on macrobenthos
abundance (Figure 2). On the basis of the
cluster analysis, it can be concluded that
study regions had 3 major substrate types,
consisting of boulder, cobble, and pebble.
Transects with substrate composition of
boulder and cobble showed relatively higher
macrobenthos abundance than the others,
due to substrate heterogeneity with some
shelters from waves and currents in their
parts (Mirzabagheri et al., 2017). The
unexpected position of transects 3 and 6 in
the classification of the clustering could be
attributed to unstable structure of pebble
(Figure 2). Thus, having adequate
knowledge of the substrate composition is of
special importance in river and coastal
engineering (Javadi et al., 2015).

Water quality evaluation provides a
scientific basis for development and
management of water resources (Chu et al.,
2013). According to Wilhm and Dorris
index (1968), values between 1.0 and 3.0
based on Shannon-Wiener’s diversity index,
indicate moderate water pollution at the
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study sites. Shannon-Wiener’s diversity
values in this study ranged from 2.213 to
2.931, suggesting that sampling sites in
littoral zone of Hormuz Island were
moderately polluted and the macrobenthic
community was under stress due to the toxic
pollution of littoral zoanthids as a natural
factor. This was in agreement with
Mirzabagheri et al. (2016). The distribution
of zoanthids appears to be influenced by the
type of substrate, as suggested by Irei et al.
(2011). Hence, the study on the relationship
between zoanthids and distribution of
macrobenthos associated with them s
important.

CONCLUSIONS

The concept of a universal ecological
index based only on the species abundance
and using a formula which gives a series of
continuous values has not developed yet.
Hence, our study suggests that applying CRI
to cluster the sampling sites can provide
results similar to other diversity indices.
Although some of the mismatch between
indices was related to substrate composition,

more comparison studies should be
undertaken in order to improve the
assessment  of  ecological integrity.

According to this, CRI is principally
designed to: (1) Provide numbers so that
various littoral zones can be compared
directly with one another, (2) Provide data
which managers and other nontechnical
personnel can use more easily to categorize
macrobenthos distribution, (3) Render the
index convenient for initial quick assessment
of overall ecological classification due to its
independence of the species number, and (4)
Determine initial condition for future use
such as biomonitoring.

ACKNOWLEDGEMENTS

The authors would like to thank Dr. Majid
Askari Hesni, Shahid Bahonar University of
Kerman (SBUK) for his useful advice and


https://dorl.net/dor/20.1001.1.16807073.2018.20.3.17.3
https://jast.modares.ac.ir/article-23-20350-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-23 ]

[ DOR: 20.1001.1.16807073.2018.20.3.17.3 ]

JAST

Coverage Range Index of Macrobenthos

his answers to all questions during this
study. This research received no specific
grant from any funding agency, commercial
or non-profit sectors.

REFERENCES

1. Aertsen, W., Kint, V., Van Orshoven, J.,
Ozkan, K. and Muys, B. 2010. Comparison
and Ranking of Different Modelling
Techniques for Prediction of Site Index in
Mediterranean Mountain Forests. Ecol.
Modell., 221: 1119-1130.

2. Albayrak, S., Balkis, N., Balkis, H., Zenetos,
A, Kurun, A., Karhan, S.U., Caglar, S. and
Balc, M. 2010. Golden Horn Estuary:
Description of the Ecosystem and an
Attempt to Assess its Ecological Quality
Status Using Various Classification Metrics.
Mediterr. Mar. Sci., 11: 295-313.

3. Berger, W. H. and Parker, F. L. 1970.
Diversity of Planktonic Foraminifera in
Deep Sea Sediments. Sci., 168(3937): 1345-
1347.

4. Borja, A. 2004. The Biotic Indices and the
Water Framework Directive: The Required
Consensus in the New Benthic Monitoring
Tools. Mar. Pollut. Bull., 48(3-4): 405-408.

5. Borja, A., Franco, J., Valencia, V., Bald, J.,
Muxika, 1., Jesus Belzunce, M. and Solaun,
0. 2004. Implementation of the European
Water Framework Directive from the
Basque Country (Northern Spain): A
Methodological Approach. Mar. Pollut.
Bull., 48(3-4): 209-218.

6. Borja, A., Muxika, I. and Franco, J. 2003.
The Application of a Marine Biotic Index to
Different Impact Sources Affecting Soft-
Bottom  Benthic ~Communities  along
European Coasts. Mar. Pollut. Bull., 46(7):
835-845.

7. Brillouin, L. 1960. Science and Information
Theory. 2™ Edition. Academic Press. New
York, USA.

8. Capaccioni-Azzati, R., Villora-Moreno, S.,
Garcia-Carrascosa, A. M. and Torres-
Gavila, E. J. 1991. Distributional Patterns of
Polychaeta in the Alfaques Inlet (Ebro River
Delta; Estern Mediterranean): Faunistic and
Coenotic Analysis of an Estuarine System.
Bull. Mar. Sci., 48: 369-375.

505

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chiarucci, A. 2012. Estimating Species
Richness: Still a Long Way Off! J. Veg. Sci.,
23(6): 1003-1005.

Chu, H. B., Lu, W. X. and Zhang, L. 2013.
Application of Artificial Neural Network in
Environmental Water Quality Assessment.
J. Agr. Sci. Tech., 15: 343-356.

Colwell, R. K., Chao, A., Gotelli, N. J., Lin,
S. Y., Mao, C. X., Chazdon, R. L. and
Longino, J. T. 2012. Models and Estimators
Linking Individual-Based and Sample-Based
Rarefaction, Extrapolation and Comparison
of Assemblages. J. Plant Ecol., 5: 3-21.
Dauvin, J. C., Ruellet, T., Desroy, N. and
Janson, A. L. 2007. The Ecological Quality
Status of the Bay of Seine and the Seine
Estuary: Use of Biotic Indices. Mar. Pollut.
Bull., 55: 241-257.

Desrochers, R. E. and Anand, M. 2004.
From Traditional Diversity Indices to
Taxonomic diversity Indices. Int. J. Ecol.
Environ. Sci., 30: 85-92.

Elith, J., Graham, C. H., Anderson, R. P,
Dudr’k, M., Ferrier, S., Guisan, A. and
Hijmans, R. J. 2006. Novel Methods
Improve Prediction of Species’ Distributions
from Occurrence Data. Ecography., 29: 129-
151.

Elliott, M. 1994. The Analysis of
Macrobenthic Community Data. Mar.
Pollut. Bull., 28: 62- 64.

Gerami, M. H., Patimar, R., Negarestan, H.,
Jafarian, H. and Mortazavi, M. S. 2016.
Temporal Variability in Macroinvertebrates
Diversity Patterns and Their Relation with
Environmental ~ Factors.  Biodiversitas.,
17(1): 36-43.

Gotelli, N. J. and Chao, A. 2013. Measuring
and Estimating Species Richness, Species
Diversity, and Biotic Similarity from
Sampling Data. In: “Encyclopedia of
Biodiversity”, (Ed.): Levin, S. A. Academic
Press, Waltham, MA, PP. 195-211.

Gray, J. S. 1974. Animal-Sediment
Relationships. Oceanogr. Mar. Biol. Annu.
Rev., 12: 223-261.

Guisan, A., and Zimmerman, N. E. 2000.
Predictive Habitat Distribution Models in
Ecology. Ecol. Modell., 135: 147-186.

Heip, C. 1974. A New Index Measuring
Evenness. J. Mar. Biol. Assoc. U.K., 54:
555-557.

Heip, C. H. R, Herman, P. M. J. and
Soetaert, K. 1998. Indices of Diversity and
Evenness. Oceanis., 24(4): 61-87.


https://dorl.net/dor/20.1001.1.16807073.2018.20.3.17.3
https://jast.modares.ac.ir/article-23-20350-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-23 ]

[ DOR: 20.1001.1.16807073.2018.20.3.17.3 ]

Mirzabagheri et al.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

Hill, M. 0. 1973. Diversity and Evenness: A
Unifying Notation and its Consequences.
Ecol., 54: 427-432.

Irei, Y., Nozawa, Y. and Reimer, J. D. 2011.
Distribution Patterns of Five Zoanthid
Species at Okinawa Island, Japan. Zool.
Stud., 50: 426-433.

Javadi, F., Ahmadi, M. M. and Qaderi, K.
2015. Estimation of River Bedform
Dimension Using Artificial Neural Network
(ANN) and Support Vector Machine (SVM).
J. Agr. Sci. Tech., 17: 859-868.

Lindegarth, M. and Hoskin, M. 2001.
Patterns of Distribution of Macrofauna in
Different Types of Estuarine, Soft Sediment
Habitats Adjacent to Urban and Non-urban
Areas. Estuar. Coast. Shelf Sci., 52(2): 237-
247.

Magurran, A. E. 2004. Measuring Biological
Diversity. Blackwell Publishing. Oxford,
UK, 256 PP.

Margalef, R. 1958. Information Theory in
Ecology. Gen. Syst., 3: 36-71.

Mendes, R. S., Evangelista, L. R., Thomaz,
S. M., Agostinho, A. A. and Gomes, L. C.
2008. A Unified Index to Measure
Ecological Diversity and Species Rarity.
Ecography., 31: 450-456.

Menhinick, E. F. 1964. A Comparison of
Some Species-Individuals Diversity Indices
Applied to Samples of Field Insects. Ecol.,
45: 859-861.

Mirzabagheri, D. 2017. Community
Structure of Macrobenthos Associated with
the Order Zoantharia on Intertidal zone of
Hormuz Island. Unpublished PhD. Thesis,
University of Hormozgan, Iran.
Mirzabagheri, D. 2018. Community
Structure of Macrobenthos Associated with
the Order Zoantharia on Intertidal Zone of
Hormuz lIsland. PhD. Thesis, University of
Hormozgan, Iran.

Mirzabagheri, D., Amrollahi Biuki, N. and
Taheri Zadeh, M. R. 2016. A Novel Animal
Model for Accumulated Palytoxin Bioassay
in Associated Communities with Zoanthids
using Dara Index. 2™ International
Conference on Innovation in Science and
Technology, Singapore. p. 7.

Mirzabagheri, D., Amrollahi Biuki, N. and
Taheri Zadeh, M. R. 2017. A Novel
Evaluation Model for Distribution of Littoral
Zoanthids using Coverage Range Index. 1%
National Conference on Future of

506

34.

35.

36.

37.

38.

39.

40.

41,

42,

43.

Engineering and Technology, University of
Science and Culture, Iran. Tehran. 9 PP.
Mirzabagheri, D. and Mirzabagheri, D.
2007. The Rocky Shore Macrobenthose of
the Hormoz Island. Tandis Publication.
Tehran, Iran, 106 PP.

Mirzabagheri, D., Nabavi, S. M. B,
Mehvari, A. and Karami, K. 2007. Pollution
Effects of Red Clay Mining on
Macrobenthos Biodiversity in Southern
Rocky Shores of Hormuz Island. The First
Conference and Exhibition of Environmental
Engineering, Tehran, Iran, PP. 4043-4053.
Mirzabagheri, D., Nabavi, S. M. B,
Mehvari, A. and Karami, K. 2008. Rocky
Shore Macrobenthos of the Hormuz Island:
Analysis of Distribution Patterns (Zonation).
J. Environ. Sci. Technol., 10(1): 227-243. (in
Persian)

Mirzabagheri, D., Nabavi, S. M. B,
Mehvari, A. and Karami, K. 2009. A Study
on Distribution Pattern of Gastropoda in the
Rocky Shore of Hormuz Island. J.
Pajouhesh-va-Sazandegi Anim. Fish. Sci.,
21(3): 87-95. (in Persian)

Mirzabagheri, D., Nabavi, S. M. B,
Mehvari, A. and Karami, K. 2009. Survey of
Abundance and Distribution of Rocky Shore
Polychaeta from the Hormuz Island in
Persian Gulf. Sci. Fish. J., 18(3): 149-156.
(in Persian)

Mirzabagheri, D., Nabavi, S. M. B,
Mehvari, A. and Karami, K. 2013. A Study
of Distribution Patterns of Rocky Shore
Cructacea in the Hormuz Island. J. Mar. Sci.
Technol., 12(3): 86-74. (in Persian)
Mirzabagheri, D., Nabavi, S. M. B,
Mehvari, A. and Karami, K. 2015. A Study
on Distribution Patterns of Bivalves in
Rocky Shore of Hormuz Island. J. Mar. Sci.
Technol., 14(3): 86-100. (in Persian)

Mistri, M. and Munari, C. 2008. BITS: A
Smart Indicator for Soft Bottom, Nontidal
Lagoons. Mar. Pollut. Bull., 56: 587-590.
Moisen, G. G., Freeman, E. A., Blackard, J.
A., Frescino, T. S., Zimmermann, N. E. and
Edwards, T. C. 2006. Predicting Tree
Species Presence and Basal Area in Utah: A
Comparison  of  Stochastic  Gradient
Boosteding, Generalized Additive Models,
and Treebased Methods. Ecol. Modell., 199:
176-187.

Nourinezhad, M., Nabavi, S. M. B,
Vosughi, Gh., Fatemi, M. R. and Sohrabi,
M. 2013. Identification and Estimation of


https://dorl.net/dor/20.1001.1.16807073.2018.20.3.17.3
https://jast.modares.ac.ir/article-23-20350-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-23 ]

[ DOR: 20.1001.1.16807073.2018.20.3.17.3 ]

Coverage Range Index of Macrobenthos

44,

45,

46.

47.

48.

49.

JAST

Macrofauna in Low Tides of Bushehr
Province, Persian Gulf. Iran. J. Fish. Sci.,
12(2): 411-429.

Peet, R. K. 1974. The Measurements of
Species Diversity. Annu. Rev. Ecol. Syst., 5:
285-307.

Pielou, E. C. 1966. The Measurement of
Diversity in Different Types of Biological
Collections. J. Theor. Ecol., 13: 131-144,
Ranasinghe, J. A., Frithsen, J. B., Kutz, F.
W., Paul, J. F., Russell, D. E., Batiuk, R. A.,
Hyland, J. L., Scott, J. and Dauer, D. M.
2002. Application of Two Indices of Benthic
Community Condition in Chesapeake Bay.
Environmetrics., 13: 499-511.

Rilov, G. and Benayahu, Y. 1998. Vertical
Artificial Structures as an Alternative
Habitat for Coral Reef Fishes in Disturbed
Environments. Mar. Environ. Res., 45: 431-
451,

Rosenberg, R., Blomgvist, M., Nilsson, H.
C., Cederwall, H. and Dimming, A. 2004.
Marine Quality Assessment by Use of
Benthic Species-Abundance Distributions: A
Proposed New Protocol within the European
Union Water Framework Directive. Mar.
Pollut. Bull., 49(9-10):728-739.

Segurado, P. and Araujo, M. B. 2004. An
Evaluation of Methods form Odelling

50.

51.

52.

53.

54,

55.

56.

Species Distributions. J. Biogeogr., 31:
1555-1568.

Shannon, C. E. and Wiener, W. 1949. The
Mathematical Theory of Communication.
University of Illinois Press. Urbana, USA.
p.177.

Simpson, E. H. 1949. Measurement of
Diversity. Natur., 163: 688-702.

Warwick, R. M. and Clarke, K. R. 1993.
Comparing the Severity of Disturbance: A
Meta-Analysis of Marine Macrobenthic
Community Data. Mar. Ecol. Prog. Ser., 92:
221-231.

Warwick, R. M. and Clarke, K. R. 1995.
New "Biodiversity” Measures Reveal a
Decrease in Taxonomic Distinctness with
Increasing Stress. Mar. Ecol. Prog. Ser.,
129: 301-305.

Washington, H. G. 1984. Diversity, Biotic
and Similarity Indices: A Review with
Special Relevance to Aquatic Ecosystems.
Water Res., 18(6): 653-694.

Wentworth, C. K. 1922. A Scale of Grade
and Class Terms for Clastic Sediments. J.
Geol., 30(5): 377-392.

Wilhm, J. L. and Dorris, T. C. 1968.
Biological Parameters for Water Criteria.
Biosci., 18(6): 477-481.

O 1y (89 ot oS § OIS b3l (Sl g Wi pligy 0390 Ll &
m,:quslaqug;ln

0813 S B .y .p 9« 5 g (0l .0 (S Bbl5 gm0 .0

i 03 g Ak ast L Sl eslinal b 1y LS STle w5 53 e oS5 ST aalllas oyl

d{ldb); ool Cwd 40 (G)5tus Sl gla esls 4 gore 9 § 55 s jexls sl e s (CRD
b oKl 2 51 s p w500 Sl 56 50 1395 5 51394 5 sls ole o asle 12 653

5Ll oks @Bly uylb pedst 3 e b o e Jo-l adlate 53 edld Sl gle CSl S den ST

3ol g (65525, e Sla g0 ¢ bl (gl gz ki3 gy Caliinn OS5 L S 55 51 S 5115
&‘j“)& weor J}Jﬁaﬁ@&wﬂ GJJ>'- u’.ii.w ajﬁ C&wﬂ‘ﬁ}ﬁu\;“ w;wwtf:;


https://dorl.net/dor/20.1001.1.16807073.2018.20.3.17.3
https://jast.modares.ac.ir/article-23-20350-en.html

[ Downloaded from jast.modares.ac.ir on 2024-11-23 ]

[ DOR: 20.1001.1.16807073.2018.20.3.17.3 ]

I Lo St cm sk 2 sk 23 —O S 0 guganm) 55 Sla el s CRI S s ST
350 Slslp esstome 4 olamtt b 2leST S5k & CRI omes i aslizal (S)L -5 5
@l CRI o s Sl (051 o gt camns) gy o3 sudoms i3 3 j sy ST (o)
4ﬁ6u°@;ﬂ\)>|)6ﬁu¢u};@sL;udbu,CRl o 5 4 o s 35T o bz
osle L la CRI sy s Sl Slslp Sbiol 5o a8 das e Olis b ail ol s Ol (65ls
6uubum¢#\uAs,fgtjslujt,t;wuﬁ\@CRls\ﬁ,‘@\@sduuﬁsuj\dj
wals 133 4 CRE o) cpl 51 aiil oo b 68 slans oo 5 b €58 5131 Slsl 3 il o g5
s U8 sl 48 5 LI b b sla 48 08,5 b 6o 587 (sla g0 1 0T Calises (sl
0303 o8l 28 (55 il oty TS el oaT 3 o goe (S5 48T astls oSS 4 S
5 & ol S aalllae ol gl oalgs 3 035 S 0me s gl S55 53 CRI G550 ol 1 s
2 S gl Lasle leslizel gl AW 5 Obsle a6l S carw s b s sla 528 6l

AL de O gdeee DS ‘_,’JLA CL-A " L“)'}:-:-!);L‘

508

Mirzabagheri et al.


https://dorl.net/dor/20.1001.1.16807073.2018.20.3.17.3
https://jast.modares.ac.ir/article-23-20350-en.html
http://www.tcpdf.org

