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Do Cement Boulders Mimic Natural Boulders for Macro-Invertebrates in 

the Southern Caspian Sea? 

Introduction 
 

Artificial reefs may mimic natural reefs by 

attracting benthic communities and fish leading to 

enhance the biodiversity in coastal waters (Carr and 

Hixon, 1997; Pickering and Whitmarsh, 1997; Rilov 

and Benayahu, 2000; Azim et al., 2002; Pondella et 

al., 2002; Perkol-Finkel and Benayahu, 2004; Burt et 

al., 2009). Earlier studies have revealed that artificial 

structures may enhance the regional biomass and local 

biodiversity by creating new suitable habitats and 

attracting non-indigenous species (Badalamenti, et al. 

2002; Bulleri and Airoldi, 2005; Tyrrell and Byers, 

2007; Marchini et al., 2007; Burt et al., 2009). Yet, 

some studies have shown that community 

composition might be different between natural and 

artificial reefs (Perkol-Finkel and Benayahu, 2004; 

Bulleri and Airoldi, 2005). A suit of physical 

characteristics of artificial boulders may affect the 

settlement process of benthic organisms. These 

factors include size (Butler, 1991; Rilov and 

Benayahu, 2000;  Field et al., 2007), surface 

orientation (Oren and Benayahu, 1997; Rilov and 

Benayahu, 2000; Glasby, 2000; Falace and Bressan, 

2002; Perkol-Finkel et al., 2006; Perkol-Finkel and 

Benayahu, 2007), surface complexity (Walters and 

Wethey, 1996; Choi et al., 2002), composition and 

facing (Spieler et al., 2001; Freitas et al., 2005; Burt 

et al., 2009) and the degree of exposure to wave 

action (Vaselli et al., 2008; Barber et al., 2009). 

Understanding the efficacy of artificial reefs in 

enhancing costal biodiversity is of crucial importance 

because they are ever-increasingly established 

constructions in coastal areas.  This is achievable by 

comparing benthic community structure on artificial 

reefs with natural reefs. This can lead to explore 

whether artificial reefs can act as suitable 

replacements for natural reefs. 

The Caspian Sea is the largest enclosed body of 

water on earth and its coastal area is dominated by 

mudflats and sandy shores. The sea level for Caspian 

Sea has permanently fluctuated within decades.  The 

most recent sea level rise occurred during a period of 

1977-1995 in which sea level increased about 4 m 

leading to inundation of inland areas (Jafari, 2010). 

This led to a tremendous erosion of the coastal areas 

and associated infrastructures. To halt this problem, 

walls of rocks with natural and artificial origins were 
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Abstract 

 

The macro-invertebrates on natural (rock) and artificial (cement) boulders were compared along the southern Caspian 

Sea and the effect of structural features of boulders (i.e. orientation, facing, surface complexity, the degree of exposure to the 

wave action) on macro-invertebrate communities were investigated. Ten locations with rock walls in the southern Caspian Sea 

were investigated in which the isolated boulders of natural and artificial types with similar dimensions were haphazardly 

selected for sampling from their macro-invertebrate communities. A total of 59120 individuals of macro-invertebrates were 

counted being represented by 5 species from 3 phyla (i.e., Arthropoda, Annelida, Mollusca). The average taxonomic richness 

on natural boulders was significantly higher than that of artificial ones, but no significant difference was found in average 

density of macro-invertebrates between two boulder types. A significant difference in density and taxonomic richness of 

macro-invertebrates was found among different spatial orientations (i.e. vertical, sloped, horizontal) within and between 

boulder types. Density and taxonomic richness of macro-invertebrates on natural and artificial boulders were not significantly 

affected by other structural features including facing, surface complexity and the degree of exposure to the wave action. The 

results indicate that artificial boulders may mimic natural boulders only for density of macro-invertebrates. 

 

Keywords: Artificial reefs, macro-invertebrates, macrobenthos, macrofauna, surrogacy. 
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built along the southern coastal areas to prevent 

inundation of inland areas. The species richness and 

abundance of sandy shores and mudflats in the 

southern Caspian Sea are impoverished due to some 

reasons such as unstable sediment and low nutrient 

(Nybakken and Bertness, 2005). Therefore, the 

boulders placed in coastal areas can potentially enrich 

the sessile species diversity leading to attract more 

fish to coastal waters that feed on sessile organisms.  

One of the most valued fish in the Caspian Sea is 

sturgeon fish that is famous for its roe (Barannik et 

al., 2004). Approximately 90% of the world’s Caviar 

comes from the Caspian Sea (UNESCO, 2003). The 

sturgeon stocks have been decreasing since 1970s 

(IUCN, 2001) and some main reasons for this decline 

include over and illegal fishing, habitat destruction, 

invasion of alien species and environmental pollution 

(IUCN, 2001). Yet one solution can be restoration of 

food resources for sturgeon fish (IUCN, 2001).  

Sturgeon fish feed on polychaete worms, 

mollusks, crustaceans and tiny fishes in particular 

Gobiid fish (e.g. Neogobius gorlap, N. bathybius) 

(Fishbase, 2011; Zander and Hagemann, 1989). 

Moghaddam (2005) found a high abundance of 

polychaetes in the stomach of sturgeons in different 

depths of the southern Caspian Sea. Thus, polychaetes 

are among the most important source of food for these 

fishes. Polychaeta (i.e. Nereis diversicular) as the 

dominant annelid worms in the Caspian Sea along 

with Gobiid fish are generally found on and around 

rocky substrates. The establishment of new hard 

substrates in coastal areas of the Caspian Sea may 

enhance the diversity and abundance of the organisms 

on which commercial fish feed. 

No studies have been so far undertaken to assess 

the value of artificial reefs in enrichment of coastal 

areas in the Caspian Sea. The purpose of this study is 

to assess whether artificial reefs in form of man-made 

boulders (cement) can mimic artificial reefs in form 

of natural boulders (rocks) for macro-invertebrates in 

the southern Caspian Sea. This was tested by 

comparing the abundance and taxonomic richness of 

macro-invertebrates on natural boulders (rocks) with 

that on man-made boulders (cement). Further, in case 

of differences in community structure between 

artificial and natural boulders, the species responsible 

for these differences were determined. The effect of 

different structural features of natural and artificial 

boulders including orientation, facing, surface 

complexity, and degree of exposure to the wave, was 

explored with respect to community structure of their 

benthic organisms. 

 

Materials and Methods  
 

Study Area and Sampling 

 

This study was carried out at an area covering 110 km 

of coastline in Mazandaran Province at southern shore 

of the Caspian Sea (Figure 1). Ten locations with rock 

walls being built up by compiling man-made (cement) 

and natural (rocks) boulders were haphazardly 

selected for sampling. These rock walls have been 

built up on southern coastline during a period of 

1977-1995 to prevent inundation of inland areas. 

Sampling was conducted during day time in 

November-December 2010. In each location nine 

isolated boulders of similar dimensions (≈ 0.5-1 m 

wide × 0.5-1 m length × 0.5 m height) surrounded on 

each side by sea water were selected for sampling. 

Boulders were partially submerged in sea water; 

however their top-sides were exposed to sea water by 

wave action. In order to compare the macro-

invertebrate assemblages on three different spatial 

orientations, macro-invertebrates on vertical, sloped 

and horizontal surfaces were separately sampled on 

each boulder. For each boulder, the level of surface 

complexity (i.e. smooth, rough), facing (i.e. east, 

north east, north, north west, west, south west, south, 

south east) and the degree of exposure to the wave 

(i.e. sheltered, exposed, partial exposure) were 

recorded. At each location three replicates of each 

 
Figure 1. Sampling locations in southern Caspian Sea, Iran. 
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spatial orientation (i.e. vertical, sloped, horizontal) on 

each boulder type were haphazardly selected for 

sampling from sessile macro-invertebrates. In doing 

so, a total of 9 man-made boulders (cement) and 9 

natural boulders (rocks) were sampled at each 

location.  A 225 cm2 (15 × 15 cm) quadrat (N = 3) 

was used for sampling. This size of quadrat was 

chosen relative to the size of boulders and density of 

macro-invertebrates. Macro-invertebrates were gently 

scraped into the net (0.05 mm mesh) attached to the 

quadrat using a metal brush and scraper. Net attached 

to the quadrat minimized the loss of macro-

invertebrates due to the wave action. Macro-

invertebrates retained in the net were preserved in 4% 

formaldehyde, followed by 70% ethanol for further 

sorting. Organisms were counted and identified to 

species-level where possible using available reference 

texts (e.g., Birshten et al., 1968; Karaman and 

Pinkster, 1997; Stock et al., 1998; Nasrolahi et al., 

2006; Taheri et al., 2009) and all identifications were 

confirmed by specialist taxonomists at the Iranian 

National Center for Oceanography of Caspian Sea 

office and Tehran University. Voucher specimens of 

all species were deposited with Marine Biology Lab 

at Shahid Beheshti University, Tehran, Iran. The 

abundance of macroalgae in each quadrat was 

recorded in percentage cover of the area being 

sampled. Afterwards macroalgae inside each quadrate 

was scraped and transferred to the lab in paper bag. 

The biomass of macroalgae was estimated as dry 

weight after oven dried at 60°C for 50 hours.  

 

Data Analyses 

 

The species richness of each location was the 

sum of the number of species that were recorded on 

each boulder type (i.e. natural, artificial). The mean 

density of each species in each location was 

calculated from the estimates of total density on each 

boulder type in each location. Spatial variation in 

macro-invertebrate assemblages was depicted in non-

metric multidimensional scaling (nMDS) ordination 

plots, based on Bray–Curtis dissimilarity matrices of 

square-root average density of each species. One-way 

analysis of similarity (ANOSIM) was derived from 

Bray–Curtis dissimilarity matrix based on square-root 

transformation to test the significance of differences 

in macro-invertebrate assemblages between natural 

and artificial boulders. 

A manual forward selection process in 

CANOCO was used to select the subset of 

environmental variables (i.e. orientation, facing, 

sheltered/expose, surface complexity, algal biomass) 

that best explained the spatial patterns in macro-

invertebrate abundance between two boulder types.  

The abundance data were squared root transformed to 

reduce skewness and outliers and approximate 

normality. Environmental data were kept 

untransformed because they were categorical. CCA 

analyses were performed using CANOCO 4.5 (ter 

Braak and Smilauer, 2002). 

The differences in abundance and taxonomic 

richness of macro-invertebrates among locations and 

between natural and artificial boulders were tested 

using univariate two-way ANOVA with two factors 

(Table 1). To compare the differences in abundance 

and taxonomic richness of macro-invertebrates among 

different spatial orientations (i.e. vertical, sloped, 

horizontal) within and between boulder types, a 

univariate three-way ANOVA was used with three 

factors (Table 1). The differences in abundance and 

taxonomic richness of macro-invertebrates among 

different facings on boulder types were explored 

using univariate two-way ANOVA with two factors 

(Table 1). The effect of surface complexity of 

boulders on abundance and taxonomic richness of 

macro-invertebrates was assessed by univariate two-

way ANOVA with two factors (Table 1). Likewise, 

effect of wave action on abundance and taxonomic 

richness of macro-invertebrates was assessed by 

univariate two-way ANOVA with two factors (Table 

1).  

Table 1. The details of factors used in ANOVA analyses 

 

Comparisons Factor 
Fixed/ 

Random 

Orthogonal/ 

Nested 
No of levels 

Macro-invertebrates  among 

locations and between natural and 

artificial boulders 

Location Fixed Orthogonal 10 (10 locations) 

Type Fixed Orthogonal 2 (cement, rock) 

Macro-invertebrates  among 

different spatial orientations 

Type Fixed Orthogonal 2 (cement, rock) 

Orientation Fixed Orthogonal 3 (vertical, sloped, horizontal) 

Location Fixed Random 10 (10 locations) 

Macro-invertebrates  among 

different facings of each boulder 

types  

Type Fixed Orthogonal 2 (cement, rock) 

Facing: Fixed Nested 
8 (east, north east, north, north west, 

west, south west, south, south east). 

Effect of surface complexity on 

macro-invertebrates  

Type Fixed Orthogonal 2 (cement, rock) 

Level of surface 

complexity 
Fixed Nested 2 (smooth, rough) 

Effect of wave action on macro-

invertebrates   

Type Fixed Orthogonal 2 (cement, rock) 

Wave action Fixed Nested 
3 (sheltered, exposed, partial 

exposure). 
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The normality of abundance data were tested 

using Cochran’s test prior to ANOVA. When data 

were not normal, a square root transformation was 

applied to data to reduce the heterogeneity of 

variance. ANOVA analyses were performed using 

SPSS18 and GMAV5 (Underwood and Chapman, 

1984). Significant interactions and differences 

between factors were explored by Student–Newman–

Keuls (SNK) test (Sokal and Rohlf, 1995). 

To determine the species that were more 

responsible for differences between two boulder 

types, a SIMPER (similarity percentage) analysis in 

PRIMER5 (Clarke and Warwick, 2001) was used.  

 

Results 
 

A total of 59,120 individuals were counted in 

total of 10 locations. The material represented by 5 

species from 3 phyla of Arthropoda (i.e. 

Amphibalanus improvisus (Cirripedia), Chironomus 

albidus (Diptera), Pontogammarus maeoticus 

(Amphipoda)), Annelida (i.e. Nereis diversicular 

(Polychaeta)) and Mollusca (i.e. Mytilaster lineatus 

(Bivalvia)). The average density per location on both 

boulder types was 789.4±197.3 (mean±standard 

error), 96.6±26.8 and 5026±1934.5 for arthropods, 

annelids and molluscs, respectively. Assemblages 

were numerically dominated by molluscs (85.0% of 

total density), followed by arthropods (13.3%) and 

annelids (1.6%). 

The non-metric multidimensional scaling 

(nMDS) ordination plots formed no clear groups 

based on similarities in macro-invertebrate 

assemblages on each boulder types (Figure 2). The 

result of CCA analyses based on manual forward 

testing found that different variables were responsible 

for variation in spatial pattern of macro-invertebrates 

on natural and artificial boulders.  Three variables that 

best explained significant proportions of the total 

spatial variation on natural boulders were orientation 

(=0.33, P=0.01); facing (=-0.26, P=0.04); and 

levels of exposure to wave action (=0.25, P=0.04) 

(Table 2a).  Values for the inter-set correlations of 

natural boulders (Table 2a) show that axis 1 (the 

horizontal axis) of the ordination plot in Figure 3a 

depicts (from left to right) a trend of alteration in 

orientation of boulders. Axis 2 (the vertical axis) 

depicts (moving upwards) a trend of alteration in 

levels of exposure to wave action of boulders.  

Further inspection of the ordination plot infers that 

algae coverage followed by M. lineatus are largely 

altered with different orientations. 

Three variables that best explained significant 

proportions of the total spatial variation of artificial 

boulders were algal biomass (=0.39, P=0.002); 

surface complexity (=0.28, P=0.01); and orientation 

(=0.15, P=0.02) (Table 2b). Values for the inter-set 

correlations of artificial boulders (Table 2b) show that 

axis 1 (the horizontal axis) of the ordination plot in 

Figure 3b depicts (from left to right) an increasing 

trend in algal biomass on boulders. Axis 2 (the 

vertical axis) depicts (moving upwards) a trend of 

alteration in orientation of boulders. Further 

inspection of the ordination plot infers that C. albidus 

largely occurs at surfaces with highest algal biomass, 

and M. lineatus largely occurs at surfaces with lowest 

algal biomass. 

Overall, natural reefs contained a higher average 

number of species but there was no significant 

difference in mean density between boulder types 

(cement, rock) (Table 3). Natural reefs contained a 

higher average number of species with 3.4±0.2 

(mean±standard error) versus 3.0±0.1 for artificial 

reefs and a significant difference in mean species 

richness was found between habitat types (Table 3). 

Yet the result of one-way ANOSIM yielded no 

significant differences in assemblages between 

artificial and natural boulders (R=0.002; P=0.29) 

(Figure 2). In natural boulders, no significant 

differences were found in number of species among 

 
Figure 2. nMDS plot of macro-invertebrate assemblage structure based on Bray-Curtis indices of dissimilarity derived from 

square-root transformed means of abundance data of two boulder types. 
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Table 2. Summary results of partial canonical correspondence analysis (CCA) for macro-invertebrate species abundance on 

(A) natural and (B) artificial boulders 

 

(A)       

Variables 

included 

Inter-set 

correlations 
Eigenvalues % variance explained Total 

inertia 

Canonical 

inertia 

R2 

Axis 1 Axis 2 Axis 1 Axis 2 Axis 1 Axis 2 

Orientation (3.98*) 0.33 -0.07 0.05 0.01 66.80 85.20 0.76 0.07 7% 

Facing  (2.59*) -0.26 -0.07        

Levels of exposure 

to wave action 

(2.50*) 

0.25 -0.14       

 

(B)       

Algal biomass 

(6.70**) 
0.39 -0.08 0.09 0.04 68.20 96.00 0.90 0.13 13% 

Surface complexity 

(3.46*) 
0.28 0.05        

Orientation (3.45*) 0.15 0.37        
Abundance data were square-root transformed prior to analysis. Variables included are those selected by manual forward selection to explain 

a significant amount (at P=0.05) of variation in the species data and only significant variables are shown. Conditional effect for each selected 

variable (in brackets) is the proportion of variation in the species data explained by each of the environmental variables selected in addition 
to the proportion explained by the first variable selected. The significance of conditional effects was determined by Monte Carlo test (999 

unrestricted permutations) (* P<0.05, ** P<0.01). 

 

 

 

 
 

 

 
 

 

Figure 3. Canonical correspondence analysis (CCA) ordination diagram showing associations between environmental 

variables and spatial patterns in assemblages. The environmental variables (showing by arrows) that explained a significant 

proportion of the spatial variation in assemblages were selected by manual forward selection (a) in natural boulders: 

orientation (=0.33, P=0.01); facing (=-0.26, P=0.04); and levels of exposure to wave action (=0.25, P=0.04), (b) in 

artificial boulders: : algal biomass (=0.39, P=0.002); surface complexity (=0.28, P=0.01); and orientation (=0.15, 

P=0.02). 
 

 

 

Table 3. Summary of two-way ANOVA testing the abundance and taxonomic richness of macro-invertebrates  between 

natural and artificial boulders.  

 

Comparisons Source of Variation df MS F 

Abundance 

Taxonomic richness 

Type 1 10.70 0.11 ns 

Type 1 0.42 4.48* 

ns= (non significant) P>0.05 

(a) (b) 



 160 F. Pourjomeh et al.  /  Turk. J. Fish. Aquat. Sci. 14: 155-164 (2014)  

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

three spatial orientations (i.e. vertical, sloped, 

horizontal) (P>0.05). Horizontal orientation contained 

a higher density versus sloped and vertical 

orientations (P≤0.05) (Figure 4). In artificial boulders, 

vertical orientations contained a higher number of 

species with 2.3±0.04 (mean±standard error) versus 

1.92±0.06 for sloped and 1.91±0.05 for horizontal 

orientations (P≤0.05) (Figure 5). Likewise, vertical 

orientations contained a higher density with 

16.4±1.77 (mean±standard error) versus 5.58±0.97 for 

sloped and 4.76±0.83 for horizontal orientations 

(P≤0.05) (Figure 6). 

When similar orientations were compared 

between natural and artificial boulders, vertical 

orientations for artificial boulders significantly 

contained a higher number of species than that of 

natural boulders (P<0.01) but no significant 

difference was found in density (P>0.05). No 

 
Figure 4. Density of macro-invertebrates on different orientations of natural boulders (Bars indicate standard error). 

 

 

 

 

Figure 5. Average number of macro-invertebrate species on different orientations of artificial boulders (Bars indicate 

standard error). 

 
 

 

 
Figure 6. Density of macro-invertebrates on different orientations of artificial boulders (Bars indicate standard error). 
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significant differences were found in number of 

species between sloped and horizontal orientations for 

natural and artificial boulders (P>0.05).  

Sloped and horizontal orientations for natural 

boulders significantly contained a higher density than 

that of artificial boulders (P≤0.05 for sloped 

orientation; P<0.01 for horizontal orientation).  

The results of ANOVA analyses showed that 

abundance and taxonomic richness of macro-

invertebrates on both natural and artificial boulders 

were not significantly affected by different facings 

(Table 4), levels of surface complexity (Table 5), and 

wave action (Table 6). According to the SIMPER 

analysis, dissimilarity between artificial and natural 

boulders is due to M. lineatus the highest ranked 

species followed by A. improvisus (Table 7). These 

two species accounted for one-second of the 

dissimilarity in abundance between two boulder types.  

Table 4. Summary of two-way ANOVA testing the abundance and taxonomic richness of macro-invertebrates on both 

natural and artificial boulders between different facings  

 

Comparisons Source  of Variation df MS F 

Abundance Facing 7 1.020 0.28 ns 

Type 1 0.208 0.05 ns 

Facing * Type 7 3.541 0.90 ns 

Taxonomic richness Facing 7 3.22 3.04 ns 

Type 1 7.28 5.56 ns 

Facing * Type 7 1.06 0.51 ns 
ns= (non significant) P>0.05 
 
 

 

Table 5. Summary of two-way ANOVA testing the abundance and taxonomic richness of macro-invertebrates on both 

natural and artificial boulders between different levels of surface complexity 

 

Comparisons Source of Variation df MS F 

Abundance Surface complexity 1 3.77 3.96 ns 

Type 1 1.17 1.23 ns 

Complexity * Type 1 0.95 0.25 ns 

Taxonomic richness  Surface complexity 1 7.97 13.51 ns 

Type 1 12.06 20.46 ns 

Complexity * Type 1 0.59 0.28 ns 
ns= (non significant) P>0.05 
 

 

 

Table 6. Summary of two-way ANOVA testing the abundance and taxonomic richness of macro-invertebrates on both 

natural and artificial boulders between different levels of exposure to wave action 
 

Comparisons Source of Variation df MS F 

Abundance Wave exposure  2 5.41 3.3 ns 

Type 1 0.42 0.24 ns 

 Wave exposure * Type 2 1.63 0.43 ns 

Taxonomic richness Wave exposure 2 0.31 0.11 ns 

Type 1 7.82 2.78 ns 

Wave exposure * Type 2 2.85 1.36 ns 
ns= (non significant) P>0.05 

 
 

 

Table 7. Percentage of average dissimilarities (δ) (i.e. 45.8) between two boulder types as calculated by the SIMPER 

analyses. Species appear in their order of their contribution to the overall differences between boulder types by SIMPER 

breakdowns and their mean abundance is shown for the two types of the boulders 

 

Organism 

Average 

abundance on 

natural boulders 

Average 

abundance on 

artificial 

boulders 

Average 

dissimilarity 

Contribution 

percentage 

Cumulative 

percentage 

Mytilaster lineatus 276.08 288.78 15.43 33.67 33.67 

Amphibalanus improvisus 36.51 32.30 8.51 18.57 52.25 

Pantogammarous 

maeoticus 

6.23 4.44 5.75 12.55 64.76 

Chironomus albidus 4.71 4.43 5.70 12.44 77.23 

Nereis diversicular 4.07 6.82 5.42 11.83 89.06 

Algea coverage (%) 74.93 66.24 5.01 10.94 100 
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Discussion  
 

The purpose of this study was to assess whether 

artificial boulders (cement) can mimic natural 

boulders (rock) for macro-invertebrates in the 

southern Caspian Sea. In general, the present study 

found that establishment of novel hard substrates in 

coastal areas in the Caspian Sea could enhance the 

diversity and density of the organisms on which 

commercial fish like Sturgeon feed. However, the 

results of present study demonstrated that unlike 

identical species density on artificial and natural 

boulders, taxonomic richness was not identical on 

natural and artificial boulders. Natural boulders 

harbored more species than artificial ones. The 

difference in taxonomic richness was mostly due to 

the presence of M. lineatus and A. improvises that 

were generally attracted to natural boulders. This 

result mirrors the findings of other studies (Carr and 

Hixon, 1997; Badalamenti et al., 2002; Burt et al., 

2009) in which natural substrates accommodated 

more species than artificial substrates. However, in 

contrast with this study results from some studies 

were encouraging. For example, Pekrol-Finkel and 

Benayahu (2007) found more abundance and diversity 

of benthic organisms at the artificial reefs. 

Differences in the result of present study and those of 

Pekrol-Finkel and Benayahu (2007) might be driven 

by differences in the types of substrates and the target 

organisms. Pekrol-Finkel and Benayahu (2007) used a 

PVC net and metal pyramid as artificial substrate 

which attracted more epibenthic species than that by 

natural substrates. In the present study, artificial 

substrates were made of cement boulders 

(construction debris). Concretes may have mixed 

materials with pozzolanic reaction that may inhibit 

organisms from settlement (Lukens and Selberg, 

2004) through changing ambient water acidity. In the 

present study, pozzolanic compounds in cement 

boulders might be the driven factor for reduced 

taxonomic richness on artificial boulders. To reduce 

such reactions, the boulders should not be treated with 

chemicals. Sanders and Ruiz (2007) found more fish 

species around artificial reefs than natural areas and 

further argued that this difference in fish density 

around artificial reefs might be due to the response of 

species investigated. Fishes are motile animals and 

may use artificial substrate as their nursery and shelter 

areas. In the present study, orientation of boulders 

was identified as controlling factor for differences in 

macro-invertebrate assemblages between natural and 

artificial boulders. Earlier studies have also shown 

that abiotic factors (e.g., current regime, shading, 

orientation of the surface, sedimentation, water 

quality) play an important role in settlement and 

recruitment of benthic organisms on artificial and 

natural substrates (Glasby, 2000; Pekrol-Finkel and 

Benayahu, 2007; Barber et al., 2009).  

Establishing a novel substrate creates an open 

space that usually results in colonization by a series of 

species (Nybakken and Bertness, 2005). Succession is 

a gradual process involving colonization and 

extinction of species. Through a three-year study, 

Carter and Prekel (2008) revealed that benthic 

communities change on an artificial reef system over 

time. The difference in taxonomic richness on 

artificial and natural boulders in the present study 

may also suggest that they differ in succession 

process, so that assemblages on artificial boulders 

may need more time to coincide with present status of 

assemblages on natural boulders. 

Artificial boulders in the present study were 

made of construction debris (mixture of cement and 

rubbles) with complex surfaces, cracks and crevices. 

The complex surfaces, cracks and crevices on 

artificial boulders may have altered succession rate of 

organisms in comparison to natural boulders with 

smooth and exposed surfaces. Studies by Pekrol-

Finkel et al. (2006) and Pacheco et al. (2010) found 

that hidden microhabitats, such as cracks and crevices 

(surface complexity), have a different succession rate 

from exposed substrates. This is because; they 

provide refuges for species that do not tolerate 

exposed surfaces in their primary life stages.  

The result of CCA analysis showed that 

environmental variables that control macro-

invertebrate assemblages, are totally different 

between natural and artificial boulders. The main 

controlling variable on natural boulders was 

orientation followed by levels of exposure to wave 

action and surface facing. Yet the main controlling 

variable on artificial boulders was algal biomass 

followed by orientation and surface complexity. The 

difference in environmental factors controlling macro-

invertebrate assemblages might be regarded as driven 

factor for the differences in species diversity between 

natural and artificial boulders that is explicitly 

depicted in lower taxonomic richness on cement 

boulders. 

 

Conclusion 
 

Artificial boulders have been widely used as 

barriers to prevent inundation of inland areas due to 

sea level rise in the southern Caspian Sea. This is the 

first study assessing the surrogacy value of these 

boulders for macro-invertebrates in Caspian Sea. Our 

findings suggest that while artificial boulders (i.e. 

construction debris) can mimic natural boulders for 

density of macro-invertebrates, they are not surrogates 

of rock boulders for taxonomic richness of macro-

invertebrates. Artificial boulders might be used 

instead of natural boulders when persistence of 

macro-invertebrate communities is a goal. To improve 

their role in attracting organisms, they should be built 

with a higher organized system. For example, there 

should be more concern about physical characteristics 

such as orientation, facing, levels of exposure to wave 

action and surface complexity of the boulders. We 

provided evidence that orientation plays a significant 
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role in shaping community structure of macro-

invertebrates on both natural and artificial boulders. 

However, further studies should consider other 

physical factors such as sedimentation, water quality, 

etc. 
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