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Abstract 

Benthic foraminifera are important in sediment production of coral reef environments 

and are excellent indicators of water quality and reef health. There is a lack of precise 

information about the foraminifer’s fauna of the coral reefs in the Persian Gulf. In this 

study, sediment sampling was performed in June 2019 from two coral stations of Naz 

Island and Zeytoon Park. The surface sediment with three replicates for each location 

was collected using a mini corer and then were fixed in 70% ethanol. In this study, 

thirty species belong to 23 genera and 19 families of foraminifer's assemblages were 

identified based on morphological characters. Our results indicated that Foraminiferal 

assemblages were similar in both sampling localities. Quinqueloculina was the most 

abundant genera for both Naz Island and Zeytoon Park. Foraminifer's frequency of 

Zeytoon Park was higher than Naz Island. Symbiont-bearing foraminifera (e.g. 

Peneroplis) were observed just in Zeytoon Park. Higher frequency and the presence of 

symbiont-bearing foraminifera possibly indicate that Zeytoon Park has a more 

favorable condition for the coral reef growth in the future. Finally, we recommend that 

the structure of the foraminifer’s community could be used as an early warning system 

for water quality around coral reefs and in particular, would help resource managers 

make better decisions about protecting coral habitats. 
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Introduction 

Foraminifera are planktonic or benthic 

unicellular protists that have distributed 

in all aquatic ecosystems (Amao et al., 

2018). Benthic foraminifera constitute 

30-50% of the most beach and reef flat 

sands. They play an important role in 

sediment production and the skeletal 

composition of coral reef environments 

(Dawson et al., 2012). Identification of 

benthic foraminifera particularly in 

coral reefs habitats provide basic 

knowledge that can be used, as 

bioindicator, by resource managers in 

their coral reef assessment and 

monitoring program (Hallock et al., 

2003; Uthicke and Nobes, 2008; Arslan 

et al., 2016; Parsaian et al., 2018). 

     The coral reef habitats are 

distributed along 16 coastal and Inland 

waters of the Iranian parts of the 

Persian Gulf. Qeshm Island is 

considered a hotspot of biodiversity 

with a well-distribution of coral reef 

patch in the eastern side (Maghsoudlou 

et al., 2008). Environmental stress 

along with anthropic stressors (disease, 

destructive fishing practices) have 

adverse effect on coral reefs health in 

this area (Coles and Fadlallah, 1991; 

Sheppard et al., 2010).  

     The classification and identification 

of foraminifera are based on the 

composition and morphology of the 

wall composition, structure, chamber 

shape &arrangement, aperture and 

ornamentation (Pawlowski et al, 2013). 

Based on shell morphology, about 5 

000 modern and 40 000 fossil species 

are described (Binczewska and 

Asteman, 2014). 

Although a lot of studies (Murray, 

1965, 1970; Hartmann et al. 1971; 

Lutze et al., 1971; Lutze, 1974; Cherif 

et al., 1997; Sohrabi-Mollayousefy et 

al, 2006; Saidova, 2010; Mooraki et al, 

2013; Nabavi et al., 2014; Amao et al., 

2018; Parsaian et al., 2018) have been 

done on benthic foraminifera 

identification in the Persian Gulf, this is 

the first study focus on identification of 

foraminifera communities in coral reefs 

of Qeshm Island. Our result also 

updated the previous list of recognized 

foraminifera for the studied area. We 

determined the frequency and 

constitution of foraminifera in coral 

reefs. These data provide basic 

information for future conservation 

coral reef programs of the Persian Gulf. 

 

Materials and methods 

All sediments were sampled from two 

coral reef localities in Naz Island (NI) 

(26° 48′54″N, 56° 07′28″E) and 

Zeytoon Park (ZP) (26° 55′54″ N, 

56°16′22″ E) by scuba diving in June 

2019 with depth range from 5 to 7 

meter (Fig. 1). The sediment samples 

were collected with three replicates of 

each location using mini-corer (plastic 

syringes 3 cm in diameter). Only the 

top 2 cm of sediments were 

subsampled. So, the subsampled 

sediment volume for each station is 14 

cm
3
 calculated by following formula: 

(V=πr
2
.h=14cm

3
). Immediately, 

samples were fixed in 70% ethanol on 

the boat then for surveying foraminifera 

in the laboratory. All samples washed 

with water and sieved via a 63 μm 

mesh. Samples were dried in oven in 
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75ºC for 8 hours. Liquid of Thetra 

Chlorid Carbon (CCL4) was used for 

floating and collection of foraminifera. 

The upper layer of the liquid consists of 

floated forams, other tested specimens 

were filtered by paper and allowed to be 

dried (Mooraki et al., 2013). Samples 

were identified and enumerated with

stereomicroscope (Nikon SMZ1500) at 

Iranian National Institute for 

Oceanography and Atmospheric 

Science lab. Selected taxa were 

photographed using a scanning electron 

microscopy. (SEM Leo 440i) at Islamic 

Azad University Science and Research 

lab. 

 

 
Figure 1: Locations of the studied area around the Qeshm Island (St1: Zeytoon Park; St2: Naz 

Island). 

 

Foraminifera samples were identified at 

the species level as far as possible based 

on relevant literatures (Loeblich and 

Tappan, 1964; Hayward et al., 1999; 

Uthicke and Nobes, 2008; Debenay, 

2012; Horton et al., 2017). In addition, 

we use online open access databank for 

identification. 

(http://www.marinespecies.org/foramini

fera/).  

 

 

Statistical analysis 

Benthic foraminifera data at each 

station were used to calculate species 

richness (S: number of different species 

in each station), Shannon-Wiener 

diversity index (H’), Pielou’s Evenness 

index (J’) and Margalef’s Richness (d) 

and Average taxonomic distinctness 

(AvTD, denoted by ∆
+ 

or delta+). All 

samples data were tested for normality 

using a Shapiro-Wilk test. Due to the 

non-normal distribution we used a non-
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parametric Kruskal–Wallis analysis to 

test differences in the abundance. 

SIMPER test was used to determine 

discriminating species between two 

stations. All of the above statistical 

analysis and diversity and taxonomic 

indices were computed using PRIMER-

E v6.1.16 with PERMANOVA+ v1.0.6 

(Clarke and Gorley, 2006; Anderson et 

al., 2008). 

 

Results 

A total of 3497 foraminifer’s specimens 

were sorted. Thirty benthic species 

belong to 23 genera, 19 families and 

five orders were identified (Table .1). 

The Scanning electronic images of 

some species were illustrated in Figure 

2. For both NI and ZP, a total of 905 

and 2952 foraminifer’s specimens 

occurred in 14 cm³. 

 

Table 1: Classification of recognized benthic foraminifers in NI and ZP in Persian Gulf. 

Order Family Genus Recognized Species 

Lituolida Trochamminidae Trochammina T. Inflata 

Miliolida Peneroplidae Peneroplis P.planatus, P. pertusus 

Miliolida Hauerinidae Pyrgo Pyrgo sp 

Miliolida Hauerinidae Quinqueloculina Q. costata, Q. seminula, Q. 

agglutinans, Quinqueloculina.sp 

Miliolida Cribrolinoididae Adelosina Adelosina sp. 

Miliolida Hauerinidae Triloculina T. inflata 

Miliolida Spiroloculinidae Spiroloculina S. excavata 

Miliolida Soritidae Sorites S.orbiculus 

Miliolida Ophthalmidiidae Edentostomina E. rupertiana 

Nodosariida Lagenidae Lagena Lagena  sp. 

Rotaliida Ammoniidae Ammonia A. tepida, A. beccarii, 

Rotaliida Rosalinidae Rosalina Rosalina sp. 

Rotaliida Cibicididae Cibicides Cibicides sp. 

Rotaliida Elphidiidae Cibroelphidium C. excavatum  Cribroelphidium sp 

Rotaliida Bolivinitidae Bolivina Bolivina sp. 

Rotaliida Nonionidae Nonion N. fabum 

Rotaliida Murrayinellidae Murrayinella M.murrayi 

Rotaliida Bolivinitidae Pseudobrizalina P. lobata 

Rotaliida Cymbaloporidae Cymbaloporetta C. bradyi 

Rotaliida Discorbidae Discorbis Discorbis sp. 

Rotaliida Eponididae Eponides E. repandus 

Rotaliida Ammoniidae Asterorotalia A. dentata 

Textulariida Textulariidae Textularia T. agglutinans , Textularia sp. 

 

As shown in Table 2, the total 

frequency of foraminifera in ZP is 

about three times higher than NI. 

Quinqueloculina and Textularia are 

abundant genera for both stations and

Sorites and Lagena are the rare genera 

with just a few occurrences in both 

stations. Quinqueloculina have the 

highest frequency with 335 and 902 

occurrences in NI and ZP, respectively. 
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Figure 2: Scanning Electron Microscopy of some specimens in the present study (SEM Leo 440i)  

a.Textularia sp.,  b. Bolivinia sp.,  c. Pseudobrizalina lobata,  d. Cymbalopretta bradyi,  e. 

Spiroloculina excavata,  f.Quinqueloculina  agglutinans,  g.Quinqueloculina sp., h. 

Quinqueloculina seminula i.Adolesina sp  j.Triloculina sp., k-l. Triloculina inflata  m. 

Edentostomina repandus, n.pyrgo sp. o. Nonion fabum, p. Discorbis sp. q. Peneroplis 

planatus, r. Peneroplis pertusus s. Cibroelphidium sp.,  t. Eponides repandus, u. 

Murrayinella murrayi,  v. Sorites orbiculus,  w.Rosalina bradyi,  x.Trochammina inflata. 

All scale bars are 100µm. 
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Table 2: Abundance and percentage of foraminifera genera identified from Qeshm Island. 

Genera NI individuals in 14cm
3
 Percentage ZP individuals (in 14cm

3
) Percentage 

uinqueloculina 335 37.06 902 34.83 

Spiroloculina 45 4.98 35 1.35 

Triloculina 61 6.75 338 13.05 

Pyrgo 4 0.44 15 0.58 

Adelosina 20 2.21 40 1.54 

Rosalina 18 1.99 58 2.24 

Cibicides 11 1.22 7 0.27 

Eponides 8 0.88 13 0.50 

Textularia 139 15.38 471 18.19 

Murrayinella 17 1.88 180 6.95 

Cibroelphidium 24 2.65 49 1.89 

Ammonia 79 8.74 89 3.44 

Pseudobrizalina 69 7.63 41 1.58 

Trochammina 7 0.77 5 0.19 

Bolivina 49 5.42 23 0.89 

Peneroplis - 0.00 229 8.84 

Asterorotalia 5 0.55 59 2.28 

Discorbis 3 0.33 6 0.23 

Cymbaloporetta 2 0.22 10 0.39 

Sorites 1 0.11 2 0.08 

Nonion 4 0.44 14 0.54 

Edentostomina 3 0.33 4 0.15 

Lagena 1 0.11 2 0.08 

Total 905  2592  

 

At higher taxonomic level: Miliolida 

order shows the highest frequency in 

both stations, but Rotaliida is more 

diverse than others with 10 families and 

12 genera (Fig. 3). At family level 

Hauerinidae and Textulariidae were the 

most abundant families, while Soritidae 

and Lagenidae had the lowest 

abundance in both stations. 

Bolivinitidae has a significantly higher 

frequency (13.05%) in NI compare to 

ZP with just 2.47% percentage of 

distribution (Fig. 4).  

     Results of calculated Indices for 

species diversity (number of taxa, 

Shannon Index, Pielou’s evenness 

values: J’, Margalef’s Richness: d) and 

taxonomic distinctness (delta+) for each 

station are reported in Table 3.   

Result of the Kruskal–Wallis test also 

revealed no significant difference of 

foraminifera mean abundance between 

two stations (p>0.05).  In other words, 

both NI and ZP consist the same 

foraminifer’s fauna. SIMPER analysis 

showed that the relative abundance of 

five taxa that contributed most to 

dissimilarity (21%) between two 

samples sites were as follows: 

Peneroplis (18.57%), Quinqueloculina 

(14.4%) Triloculina (12.98%) 

Textularia (12.17%) Murrayinella 

(11.41%). it is striking that no 

Peneroplis have found in NI. 
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Figure 3: The percentage composition at Order level in Naz Island and Zeytoon Park. 

 

 
Figure 4: The percentage composition at Family level in Naz Island and Zeytoon Park. 

 

Table 3: Diversity and taxonomic distinctness indices calculated for NI and ZP 

Station S Margalef J' H'(log2) Delta+ 

NI 19 2.647426 0.720796 3.061888 80.35088 

ZP 20 2.41963 0.690342 2.983607 81.05263 

 

Discussion 

Benthic foraminifera are the major 

constituent of coral reef ecosystems that 

its community composition provides 

useful information as an early warning 

signs of stress for coral reef health and 

their resilience (Hallock et al. 2003). 

Although a lot of studies (Saidova, 
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2010; Nabavi et al., 2014; Amao et al., 

2018) have been done on the Persian 

Gulf foraminifera, a huge amount of 

foraminifera diversity, especially in 

coral reef habitat, is still unknown 

(Maghsoudlou et al, 2019). In this 

study, we focused on foraminifera in 

hard coral of East and South-East coasts 

of the Qeshm Island where coral 

patches exist. 

     Foraminifera’s assemblages of 

Qeshm Island, as the largest Persian 

Gulf Island, have been considered by 

Iran marine scientists. Sohrabi-

Mollayousefy et al. (2006) identified 54 

species belong to 27 genera in the 

northwestern part of Qeshm Island 

where mangrove forests are distributed. 

Based on their results, Quinqueloculina 

and Ammonia were the most abundant 

and diverse genera. Doustshenas et al. 

(2016), recognized 44 species 

belonging to 31 genera and 25 families 

for the eastern part of Qeshm Island, 

where Quinqueloculina, Triloculina, 

Spiroloculina, and Ammonia were the 

most frequent genera. 

     The list of  Qeshm Island 

foraminifera will be updated to 89 

species belonging to 43 genera and 39 

families with the previous studies by 

reporting 15 records of nine genera 

(Textularia agglutinans, 

Quinqueloculina agglutinans, 

Trochammina inflata, Discorbis sp, 

Cymbaloporetta bradyi, Murrayinella 

murrayi, Pseudobrizalina lobata, 

Cribroelphidium excavatum, Rosalina 

bradyi, Eponides repandus, Nonion sp., 

Asterorotalia dentata, Sorites orbiculus, 

Pyrgo sp., Peneroplis pertusus) and 7 

families (Ophthalmidiidae, Nonionidae, 

Eponididae, Murrayinellidae, 

Cymbaloporidae, Discorbidae,  

Trochamminidae) of this study. 

     In agreement with previous studies 

(Sohrabi-Mollayousefy et al., 2006; 

Saidova, 2010; Mooraki et al, 2013; 

Nabavi et al, 2014; Doustshenas et al., 

2016; Amao et al., 2018; Parsaian et al, 

2018) Quinqueloculina was one of the 

most abundant genera in our study as 

well. Hypersaline waters of the Persian 

Gulf increases high calcite saturation, 

which is correlated, with the formation 

of a porcelanous shell and consequently 

Quinqueloculina proliferation (Abu-

zied et al, 2016). The genus is a 

heterotrophic miliolids dominant in 

nutrient-rich areas with low water 

transparency and likely to be resistant 

to stress-tolerant (Uthicke et al., 2010). 

It is suggested that the porcelanous 

shell of Quinqueloculina can play an 

important role in its proliferation, 

because this special wall is effective in 

its adaptation to environmental changes 

such as salinity and temperature 

(Cherif, 1973). 

     Results of Table 2 revealed that we 

did not find any Peneroplis, in NI while 

the genus was common in ZP. 

According to SIMPER analysis the 

genus was responsible for the highest 

dissimilarity between NI and ZP.  

Peneroplis is an algal symbiont-bearing 

large foraminiferal thriving in warm, 

clear, nutrient-poor, shallow 

environments and is sensitive to 

environmental changes (Hallock et al., 

2003). As stated by Carnahan et al. 

(2009) symbiont-bearing foraminifera 
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have host algal endosymbionts that 

prefer similar environmental conditions 

as corals, so they can be used as proxies 

of water quality in the coral reef 

ecosystem. Vice versa the frequency of 

Bolivina in NI was higher than ZP. The 

genus Bolivina is stress-tolerant taxa 

may be more tolerant of high pollution 

and associated with oxygen-deficient 

environments (Mojtahid et al., 2006; 

Coccioni et al., 2009; Dimiza et al., 

2016).  

     The environmental condition of ZP 

was already reported unfavorable due to 

its vicinity to urban pollutants 

(Shirneshan et al., 2013; Darvishnia et 

al., 2016). Based on the above findings 

we suggest that the water quality of ZP 

for coral growth is better than NI, as it 

seems coral reef in ZP are under self-

recovery, an issue which state by local 

diver's observations as well. In contrast 

water quality in coral reef habitats of 

Naz Island is not in a healthy condition 

for coral growth. Simultaneous parallel 

research by Maghsoudlou et al 

(unpublished data) as well as local diver 

observations on coral reefs in this area 

revealed high coral degradation of NI 

coral reefs.  

     In the present contribution, Shannon 

diversity index (H') of NI was higher 

than ZP, while average taxonomic 

distinctness (Delta+) of ZP was better 

than NI (Table 3). Some people 

believed that traditional diversity index 

(i.e. Shannon) may be greatly 

influenced by sample size or habitat 

type, and typically do not show 

monotonic responses to human impact 

(Leonard et al., 2006; Subida et al., 

2012). Therefore, further biodiversity 

indices based on taxonomic relatedness 

of species have been developed in 

recent years. Warwick and Clarke 

introduced the concept of taxonomic 

distinctness (TD or Δ) into marine 

ecology. They offered 'average 

taxonomic distinctness' (AvTD, Δ
+
) and 

they believed that these indices are 

useful in separating degraded and 

polluted sites from the control site 

(Warwick and Clarke, 1995; Clarke and 

Warwick, 2001). As a result, we 

suggest that AvTD index, instead of 

Shannon index, in foraminiferas' study 

of the Persian Gulf better reflect the 

environmental conditions of the region. 

    The results of this study can extend 

our information about foraminifer’s 

assemblage in coral reef habitats of the 

Persian Gulf and help us estimating the 

health of the coral reef habitat based on 

symbiont-bearing foraminifer’s richness 

in future studies. Finally, as stated by 

others, we recommend that the structure 

of the foraminifer’s community could 

be used as an early warning system for 

water quality around coral reefs. The 

results would help resource managers 

protect coral habitats. 

 

Acknowledgments 

The authors express their gratitude Iran 

National Science Foundation (INSF 

Grant number: 97004513); Islamic 

Azad University, Science and Research 

Branch; Iranian National Institute for 

Oceanography and Atmospheric 

Science (INIOAS to provide financial 

and logistic supports. We also 



567 Olad Azimi et al., Study of coral reef benthic foraminiferal assemblages in … 

appreciate Dr. Fatemeh Moein for 

editing the manuscript. 

 

References 

Abu-Zied, R.H., Al-Dubai, T.A.M. 

and Bantan, R.A., 2016. 

Environmental conditions of shallow 

waters alongside the southern 

Corniche of Jeddah based on benthic 

foraminifera, physico-chemical 

parameters and heavy metals. 

Journal of Foraminiferal Research, 

46, 70-149.  

DOI:10.2113/gsjfr.46.2.149 

Amao, A.O., Kaminski, M.A., 

Asgharian Rostami, M., Gharaie, 

M.H.M., Lak, R. and Frontalini, 

F., 2018. Distribution of benthic 

foraminifera along the Iranian coast. 

Marine Biodiversity, 49, 933-946.  

     DOI:10.1007/s12526-018-0879-4 

Anderson, M.J., Gorley, R.N. and 

Clarke, K.R., 2008. 

PERMANOVA+ for PRIMER 

Guide to software and Statistical 

Methods. Plymouth, PRIMER-E 

Ltd.; 2008. 

Arslan, M., Kaminski, M.A., 

Tawabini, B.S., Ilyas, M., 

Babalola, L.O. and Frontalini, F., 

2016. Seasonal variations, 

environmental parameters, and 

standing crop assessment of benthic 

foraminifera in eastern Bahrain, 

Persian Gulf. Geological Quarterly, 

60, 26-37.  

    DOI:10.7306/gq.1242 

Binczewska, A. and Asteman, I.P., 

2014. Encyclopedia of marine 

Geosciences, Chapter: 

Paleophysiography of Ocean Basins. 

Publisher: Springer, Editors: J. 

Harff, M. Meschede, S. Petersen, J. 

Thiede. pp.1-15.  

Carnahan, E.A., Hoare, A.M., 

Hallock, P., Lidz, B.H. and Reich, 

C.D., 2009. Foraminiferal 

assemblages in Biscayne Bay, 

Florida, USA: responses to urban 

and agricultural influence in a 

subtropical estuary. Marine 

Pollution Bulletin, 59(8-12), 221-

233. 

DOI:10.1016/j.marpolbul.2009.08.0

08 

Cherif, O.H., 1973. Zur Klassifizierung 

der Miliolinellinae (Foraminifera). 

On the classification of the 

Miliolinellinae (Foraminifern). 

Neues Jahrbuuch f \ u r Geologie 

und Pal \ an ontologie, Monatshefte, 

709-718.  

Cherif, O.H., Al-Ghadban, A.N. and 

Al-Rifaiy, I.A., 1997. Distribution 

of foraminifera in the Gulf. 

Micropaleontology, 43, 253-80.  

     DOI:10.2307/1485827 

Clarke, K.R. and Warwick, R.M., 

2001. A further biodiversity index 

applicable to species lists: variation 

in taxonomic distinctness. Marine 

ecology Progress Series, 216, 265-

278. DOI:10.3354/MEPS216265 

Clarke, K.R. and Gorley, R.N., 2006. 

PRIMER v6: User manual/tutorial: 

Plymouth. Plymouth, UK: Primer-E, 

Ltd. 

Coccioni, R., Frontalini, F., Marsili, 

A. and Mana, D., 2009. Benthic 

foraminifera and trace element 

distribution: a case-study from the 

heavily polluted lagoon of Venice 

https://doi.org/10.2113/gsjfr.46.2.149
http://dx.doi.org/10.1007/s12526-018-0879-4
https://doi.org/10.7306/gq.1242
https://doi.org/10.1016/j.marpolbul.2009.08.008
https://doi.org/10.1016/j.marpolbul.2009.08.008
https://doi.org/10.2307/1485827
https://doi.org/10.3354/MEPS216265


Iranian Journal of Fisheries Sciences 20(2) 2021                             568 

(Italy). Marine Pollution 

Bulletin, 59(8-12). 257-267. 

DOI:10.1016/j.marpolbul.2009.08.0

09 

Coles, S.L. and Fadlallah, Y.H., 1991. 

Reef coral survival and mortality at 

low temperatures in the Gulf: new 

species-specific lower temperature 

limits. Coral Reefs, 9, 231-37.  

    DOI:10.1007/BF00290427 

Darvishnia, Z,Bakhtiari A., Kamrani 

E. and Sajjadi M., 2016. 

Bioaccumulation of Fe, Zn and Pb in 

Faviidae and Poritidae corals from 

Qeshm Island, Persian Gulf, Iran. 

Indian Journal of Geo-Marine 

Sciences, 45(12), 1727–1732.  

Dawson, J.L., Hua, Q. and Smithers, 

S.G., 2012. Benthic foraminifera: 

Their importance to future reef 

Island resilience Benthic 

foraminifera: Their importance to 

future reef Island resilience. Cairns, 

QLD, Australia, 12th International 

Coral Reef Symposium. pp. 1-7. 

Debenay, J.P., 2012. A guide to 1,000 

foraminifera from Southwestern 

Pacific: New Caledonia. Marseille: 

IRD éditions, Institut de recherche 

pourle déveloement. Paris: 

Marseille, Publications Scientifiques 

du Muséum, Muséum national 

d’Histoire naturelle. pp.1–378. 

Dimiza, M.D., Triantaphyllou, M.V., 

Koukousioura, O., Hallock, P., 

Simboura, N., Karageorgis, A.P. 

and Papathanasiou, E., 2016. The 

Foram Stress Index: A new tool for 

environmental assessment of soft-

bottom environments using benthic 

foraminifera. A case study from the 

Saronikos Gulf, Greece, Eastern 

Mediterranean. Ecological 

Indicators,  60, 611-621. 

DOI:10.1016/j.marpolbul.2009.08.0

09 

Doustshenas, B., Nabavi, S. and 

Sakhaei, N., 2016. Study of 

biodiversity and identification of 

foraminifera communities in the 

eastern Qeshm Island. Journal of 

Animal Research (Iranian Journal of 

Biology), 29, 1-17.  

Hallock, P., Lidz, B.H., Cockey-

Burkhard, E.M. and Donnelly, 

K.B., 2003. Foraminifera as 

bioindicators in coral reef 

assessment and monitoring: The 

foram index. Environmental 

Monitoring and Assessment, 81, 221-

38. DOI:10.1023/A:1021337310386 

Hartmann, M.H., Seibold, L.E. and 

Walger, E., 1971. Surface sediments 

in the Persian Gulf and Gulf of 

Oman. Geologic-hydrologic Setting 

and First Sedimentology Results, 

100, 1-76. 

DOI:10.1594/PANGAEA.548404 

Hayward, B.W., Grenfell, H.R., Reid, 

C.M. and Hayward, K.A., 1999. 

Recent New Zealand shallow-water 

benthic Foraminifera: Taxonomy, 

ecologic distribution, biogeography, 

and use in paleo environmental 

assessment. Institute of Geological 

and Nuclear Sciences Monograph, 

21 P. 

Horton, T., Gofas, S., Kroh, A., 

Poore, G.C.B., Read, G., 

Rosenberg, G., Sthr, S., Bailly, N., 

Boury-Esnault, N., Brando, S.N., 

Costello, M.J., Decock, W., 

https://doi:10.1016/j.marpolbul.2009.08.009
https://doi:10.1016/j.marpolbul.2009.08.009
https://ui.adsabs.harvard.edu/link_gateway/1991CorRe...9..231C/doi:10.1007/BF00290427
https://doi.org/10.1016/j.marpolbul.2009.08.009
https://doi.org/10.1016/j.marpolbul.2009.08.009
https://doi.org/10.1023/A:1021337310386
https://doi.org/10.1594/PANGAEA.548404


569 Olad Azimi et al., Study of coral reef benthic foraminiferal assemblages in … 

Dekeyzer, S., Hernandez, F., Mees, 

J., Paulay, G., Vandepitte, L., 

Vanhoorne, B. and Vranken, S., 

2017. Improving nomenclatural 

consistency: A decade of experience 

in the World Register of Marine 

Species. European Journal of 

Taxonomy, 130, 43-59.  

Leonard, D.R.P., Clarke, K.R., 

Somerfield, P.J. and Warwick, 

R.M., 2006. The application of an 

indicator based on taxonomic 

distinctness for UK marine 

biodiversity assessments. Journal of 

Environmental Management, 78(1), 

52-62. 

DOI:10.1016/j.jenvman.2005.04.008 

Loeblich, A.R. and Tappan, H., 1964. 

Treatise on Invertebrate 

Paleontology, Part C: Protista 2, 

Sarcodina, chiefly Thecamoebians 

and Foraminiferida. Geological 

Society of America and University of 

Kanzas Press, Lawrence. Scientific 

Quarterly Journal, 32, 57-61.  

     DOI:10.1086/404566 

Lutze, G.F., Grabert, B. and Seibold, 

E., 1971. Sediment fraction analysis 

and population density of living 

larger foraminifera in the Persian 

Gulf (Table 1A, 1B) supplement to: 

Lutze, GF et al. (1971): 

Lebendbeobachtungen an Gro\s s-

Foraminiferen aus dem Persischen 

Golf. Meteor Forschungsergebnisse, 

Deutsche Forschungsgemeinschaft, 

Reihe C Geologie und Geophysik, 

Gebrüder Bornträger, Berlin, 

Stuttgart C, 6, 21-40.  

     DOI:10.1007/BF00353643 

Lutze, G.F., 1974. Benthic 

foraminifera in surface sediments of 

the Persian Gulf. Teil 1 Arten 

(Meteor Forsch-Ergeb., Reiche, 17, 

1-66.  

      DOI:10.1594/PANGAEA.548420 

Maghsoudlou, A., Eghtesadi Araghi 

P., Wilson, S., Taylor, O. and 

Medio, D., 2008. Status of coral 

reefs in the ROPME sea area (The 

Persian Gulf, Gulf of Oman, and 

Arabian Sea). Status of coral reefs of 

the world. Publisher: 

AIMS:http://www.reefbase.org/resou

rce_center/publication/statusreport.as

px?refid=27173, Editors: Clive 

Wilkinson. pp. 79-90.  

Maghsoudlou, A., Momtazi, F., 

Nasiri, K., Pazooki, S., Molavi-

Arabshahi, M., Sepahvand, V., 

Hekmatara, M. and Khaledi, H., 

2019. A review on the state of the 

biodiversity knowledge on Iran’s 

southern seas: introducing a 

methodology to evaluate the validity 

of the reported cases. Marine 

Biodiversity, 49(2), 563-581.  

     DOI:10.1007/s12526-017-0835-8 

Mojtahid, M., Jorissen, F., Durrieu, 

J., Galgani, F., Howa, H., Redois, 

F. and Camps, R., 2006. Benthic 

foraminifera as bio-indicators of drill 

cutting disposal in tropical east 

Atlantic outer shelf 

environments. Marine 

Micropaleontology, 61(1-3), 58-75. 

DOI:10.1016/j.marmicro.2006.05.00

4 

Mooraki, N., Moghadasi, B., 

Manoochehri, H. and Changizy, 

R., 2013. Spatial distribution and 

https://doi.org/10.1016/j.jenvman.2005.04.008
https://doi.org/10.1086/404566
https://doi.org/10.1007/BF00353643
https://doi.org/10.1594/PANGAEA.548420
https://doi.org/10.1007/s12526-017-0835-8
https://doi.org/10.1016/j.marmicro.2006.05.004
https://doi.org/10.1016/j.marmicro.2006.05.004


Iranian Journal of Fisheries Sciences 20(2) 2021                             570 

assemblage structure of foraminifera 

in Nayband Bay and Haleh Estuary, 

North-West of the Persian Gulf. 

Iranian Journal of Fisheries 

Sciences, 12, 654-668.  

Murray, J.W., 1965. The Foraminifera 

of the Persian Gulf. The Abu Dhabi 

region, Palseogeography, 

Palaeoclimatolog, Palaeoecology, 

1(4), 307-332.  

     DOI:10.1016/0031-0182(65)90021-0 

Murray, J.W., 1970. The Foraminifera 

of the Hypersaline Abu Dhabi 

Lagoon, Persian Gulf. Lethaia, 3, 

51-68. 

      DOI:10.1111/j.1502-

3931.1970.tb01263.x 

Nabavi, S.M.B., Moosapanah, S.G.R., 

Rajab Zadeh Ghatrami, E., 

Ghayyem Ashrafi, M. and Nabavi, 

S.N., 2014. Distribution, Diversity 

and Abundance of Benthic 

Foraminifera of the Northwstern 

Persian Gulf. Journal of the Persian 

Gulf.Volume 5(16), 15-26. 

Parsaian, M., Shokri, M.R. and 

Pazooki, J., 2018. The response of 

benthic foraminifera to aquaculture 

and industrial pollution: A case 

study from the Northern Persian 

Gulf. Marine Pollution Bulletin, 135, 

682-93. 

DOI: 10.1016/j.marpolbul.2018.07.0

73  

Pawlowski, J., Holzmann, M. and 

Tyszka, J., 2013. New supraordinal 

classification of Foraminifera: 

Molecules meet morphology. Marine 

Micropaleontology, 100, 1-10. 

    DOI:10.1016/j.marmicro.2013.04.002 

Saidova, K.M., 2010. Benthic 

foraminifer communities of the 

Persian Gulf. Oceanology, 50, 61-66.  

     DOI:10.1134/S0001437010010078 

Sheppard, C., Al-Husiani, M., Al-

Jamali, F., Al-Yamani, F., 

Baldwin, R., Bishop, J., Benzoni, 

F., Dutrieux, E., Dulvy, N.K., 

Durvasula, S.R.V., Jones, D.A., 

Loughland, R., Medio, D., 

Nithyanandan, M., Pilling, G.M., 

Polikarpov, I. and Price, A.R.G.P., 

2010. The Gulf: A young sea in 

decline. Marine Pollution Bulletin, 

60, 13-38. 

DOI:10.1016/j.marpolbul.2009.10.0

17 

Shirneshan, G., Bakhtiari, A.R., 

Seyfabadi, S.J. and Mortazavi, S., 

2013. Environmental geochemistry 

of Cu, Zn and Pb in sediment from 

Qeshm Island-Persian Gulf, Iran: a 

comparison between the northern 

and southern coast and ecological 

risk. Geochemistry International, 

51(8), 670-676.  

     DOI:10.1134/S0016702913050078 

Sohrabi-Mollayousefy, M., Tehrani, 

K.K. and Momeni, I., 2006. Study 

of Benthic Foraminifera in 

Mangrove Ecosystem of Qeshm 

Island (Persian Gulf). 

IAU International Journal of Social 

Sciences, 16, 10-19. 

Subida, M.D., Drake, P., Jordana, E., 

Mavriˇc, B., Pinedo, S., Simboura, 

N., Torres, J. and Salas, F., 2012. 

Response of different biotic indices 

to gradients of organic enrichment in 

Mediterranean coastal waters: 

implications of non-monotonic 

https://doi.org/10.1016/0031-0182(65)90021-0
https://doi.org/10.1111/j.1502-3931.1970.tb01263.x
https://doi.org/10.1111/j.1502-3931.1970.tb01263.x
https://doi.org/10.1016/j.marpolbul.2018.07.073
https://doi.org/10.1016/j.marpolbul.2018.07.073
http://dx.doi.org/10.1016/j.marmicro.2013.04.002
https://doi.org/10.1134/S0001437010010078
https://doi.org/10.1016/j.marpolbul.2009.10.017
https://doi.org/10.1016/j.marpolbul.2009.10.017
https://doi.org/10.1134/S0016702913050078


571 Olad Azimi et al., Study of coral reef benthic foraminiferal assemblages in … 

responses of diversity measures. 

Ecological Indicators, 19, 106–117.  

     DOI:10.1016/j.ecolind.2011.07.021 

Uthicke, S. and Nobes, K., 2008. 

Benthic Foraminifera as ecological 

indicators for water quality on the 

Great Barrier Reef. Estuarine, 

Coastal and Shelf Science, 78(4), 

763-773.  

     DOI:10.1016/j.ecss.2008.02.014 

Uthicke, S., Thompson, A. and 

Schaffelke, B., 2010. Effectiveness 

of benthic foraminiferal and coral 

assemblages as water quality 

indicators on inshore reefs of the 

Great Barrier Reef, Australia. Coral 

Reefs, 29, 209-225.  

     DOI:10.1007/s00338-009-0574-9 

Warwick, R.M. and Clarke, K.R., 

1995. New biodiversity measures 

reveal a decrease in taxonomic 

distinctness with increasing 

stress. Marine Ecology Progress 

Series, 129, 301-305. 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.ecolind.2011.07.021
https://ui.adsabs.harvard.edu/link_gateway/2008ECSS...78..763U/doi:10.1016/j.ecss.2008.02.014
https://doi.org/10.1007/s00338-009-0574-9

