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This research was designed to carry out qualitative and quantitative analysis of benthic 

foraminifera assemblages from shallow intertidal to deep offshore environments of the 

Saudi Arabian parts of the Arabian Gulf. Benthic foraminifera are among the major 

carbonate producers in modern Arabian Gulf waters and are found living in all marine 

habitats. Their fossil remains comprise a major proportion of petroleum-bearing carbonate 

rock in Eastern Saudi Arabia. Their distribution in marine sediments reflects environmental 

gradients such as water depth, substrate parameters, the availability of food, and in many 

modern settings they are affected by anthropogenic pollution. The main objective of the 

study was to understand environmental parameters that affect the distribution of benthic 

foraminifera. The research was aimed at conducting a survey of benthic foraminifera in the 

Saudi Arabian sector of the Arabian Gulf, make an inventory of species and document the 

distribution of foraminiferal biofacies and dead assemblages with respect to water depth 

and substrate parameters. Subsequently, several relevant topics were investigated and are 

presented in the following subheadings.  

 

EPIBIONT (PARASITIC PAPER)  

This study focused on the possible óparasitism-likeô relationship between the epibiont 

Cymbaloporetta sp. and basibiont benthic foraminifera including Agglutinella soriformis, 

Adelosina carinatastriata, Pseudotriloculina sp. and Spiroloculina indica from a sample 

collected off the east coast of Bahrain in the Arabian Gulf. There are no indications of 

preferential host selection, the epibiont seems to attach onto any available basibiont. 

However, constriction of the test and subsequent growth of the basibiontôs chambers at the 

point of attachment of the epibiont might suggest an early link in their ontogeny. This biotic 

relationship has implications on the basibiontsô development and ontogeny that eventually 

results in the development of foraminiferal abnormalities. The finding of morphological 

test abnormalities caused by an epibiont in an unpolluted environment has important 

implications for the use of the abnormalities for pollution biomonitoring.  

PSEUDONUBECULINA 

This study describes an enigmatic new agglutinated benthic foraminiferal genus and 

species that shares some morphological features with the Reophax, Hormosina and 

Nubeculina groups. Pseudonubeculina arabica n. gen. n. sp. is characterized by its 
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uniserial chamber arrangement, coarsely agglutinated bilamellar test wall with white high 

-Mg calcite cement, and a terminal slit-like aperture formed by the flat sides of two or more 

large agglutinated grains. The new genus cannot be placed within any of the previously 

described families of the Miliolida. The current classification of the Miliolida does not 

accommodate a genus with a wholly uniserial chamber arrangement. This species can 

easily be distinguished by its prominent terminal slit-like aperture, formed using the flat 

sides of two or more large agglutinated grains, lined by an imperforate rim of secreted 

calcite. The species has a restricted area and depth distribution in the Arabian Gulf.  

PSEUDOTRILOCULINA 

This study describes a new species of benthic foraminifera belonging to the miliolid 

foraminiferal genus Pseudotriloculina. The species Pseudotriloculina hottingeri n. sp. is 

here described from several locations sampled in the Arabian Gulf. The species is 

distinguished by its U-shaped chambers, arranged initially in an indistinct triloculine and 

later in a pseudotriloculine manner, and its porcelaneous wall with longitudinal or 

bifurcating costae ornamentation running along the chambers from the posterior end to the 

apertural margin. It also has a short, broad, spoon-like bifid tooth within a terminal aperture 

and a broad collar draped on the last chamber. The species is named after Professor Lukas 

Hottinger who first described the species from the Gulf of Aqaba, Red Sea.  The species 

has a restricted bathymetric and ecological distribution in the Arabian Gulf. The species 

has a depth range 0.02ï17 m, tolerates salinity of 36ï52 ppt and a temperature of 27ï30°C. 

Specimens were found in 20 samples out of 78 sampling stations studied in the entire 

Arabian Gulf. The species appears to have ecological significance in understanding 

epibiont-basibiont interactions and can also be used to delineate restricted environments 

based on its ecological preferences.  

SALWA  

This study documents the foraminiferal diversity, abundance and deformity rates in the 

hypersaline Salwa Bay, near the Saudi ArabiaïQatar Border. The benthic foraminiferal 

species were dominated by porcelaneous taxa (85.1%), followed by hyaline (14.9%). The 

ten most abundant species are: Peneroplis pertusus (24.0%), P. planatus (15.4%), 

Coscinospira hemprichii (9.1%), Ammonia convexa (6.6%), Quinqueloculina sp. 1 (3.9%), 

Elphidium advenum (3.9%), E. craticulatum (3.5%), E. gerthi (3.0%), A. tepida (3.0%), 

Elphidium sp. 1 (3.0%). Peneroplis pertusus, P. planatus and C. hemprichii account for 

about 48% of the assemblage. A quarter of the processed samples consist of living (Rose 

Bengal stained) individuals, and approximately 43% of the most common taxa, i.e., 
Peneroplis, Coscinospira, Miliolinella , Ammonia, Elphidium, Triloculina, 

Quinqueloculina and Lachlanella, exhibit mild to severe deformities such as fusion of two 

adults or double tests, protuberances on the spiral side, abnormal chambers arrangement, 

abnormal shape of the proloculus, and modification of the coiling plane in several 

chambers. Peneroplis (58.4%) and Coscinospira (17.1%) account for 75.5% of all the 

observed test deformities. I speculate that the combination of high summer temperatures 

and salinities, and the ecology of the taxa encountered, are responsible for the high rates of 

deformities, high abundances, and comparatively low diversity in Salwa Bay.  
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BAHRAIN  

This study documents the foraminiferal diversity across a semi-enclosed pool in eastern 

Bahrain that we named ñMurrayôs Poolò because this is the same location as the one studied 

by Basson and Murray (1995), the only previous study of foraminifera in this sector of the 

Arabian Gulf. The area was subdivided into six subenvironments based on distinguishable 

physical environmental features, namely tidal channel, tidal flat, Salicornia marsh, algal 

mat, sheltered inner lagoon, and back marsh pool. Faunal analysis from these six shallow-

water subenvironments reveals two main assemblages of benthic foraminifera: an 

Ammonia convexa-Elphidium advenum-Peneroplis pertusus assemblage and an Ammonia 

convexa-Coscinospira hemprichii-Peneroplis pertusus assemblage. The most abundant 

species across all the subenvironments are P. pertusus, A. convexa, C. hemprichii, and E. 

advenum. Species assemblage composition and percentage abundances were determined 

for each subenvironment; the tidal flat subenvironment shows the highest total abundance, 

but has 24 fewer species compared to the sheltered inner lagoon. I also noted the 

proportions of living foraminifera and juveniles in all the subenvironments to understand 

the distribution of biofacies within the lagoon. The numbers of juvenile miliolid 

foraminifera are highest in the tidal channel and the two subenvironments adjacent to the 

tidal channel.  

IRANIAN COAST  

This study focuses on the distribution of benthic foraminifera along the Iranian coast of the 

Gulf from the northeast close to Shatt Al-Arab/Arvand Rud to the southeast near the Strait 

of Hormuz where it connects to the Indian Ocean. The Gulf is a naturally stressed 

environment due to extremes of salinity, temperatures and anthropogenic influences such 

as rapid urbanization projects, maritime transport, large numbers of desalination plants and 

oil platforms. These activities overtime continue to compound the already stressed 

environment. Historical records on foraminiferal diversity and distribution in the Gulf 

commonly underestimate its benthic foraminiferal composition and diversity. Thirty-two 

samples collected from depths ranging between 20 to 45 m were analyzed for total 

foraminiferal assemblages. A total of 224 benthic foraminiferal species and subspecies 

belonging to 63 genera, 34 families, 22 superfamilies and 6 orders were recognized. The 

assemblages are dominated by hyaline taxa (45.3%) and porcelaneous foraminiferal 

(35.3%), while agglutinated foraminiferal groups comprise a lower proportion (19.4%). 

The ten most abundant genera include Asterorotalia (13.3%), Quinqueloculina (12.4%), 

Bolivina (9.8%), Nonion (8.6%), Ammonia (5.5%), Textularia (5.4%), Elphidium (5.2%), 

Cibicides (3.9%), Challengerella (3.6%) and Hanzawaia (3.4%). The most common 

species are Nonion sp. 1 (5.5%), Asterorotalia dentata (5.0%), Quinqueloculina sp. 1 

(4.8%), Nonion sp. 2 (4.5%), Rotalinoides cf. R. gaimardii (3.3%), Asterorotalia sp. 3 

(3.2%), Quinqueloculina sp. 8 (3.1%), Bolivina cf. B. persiensis (3.0%), Bolivina cf. B. 

striatula (2.9%), and Ammonia sp. 1 (2.9%). I speculate that feeding strategy, e.g., 

herbivore (Nonion, Ammonia, Elphidium and Asterorotalia), increase of finer sediments 

(mud), availability of nutrients and presence of oxygen are factors controlling the diversity 

and distribution of benthic foraminifera in the Gulf. Due to the importance of this water 

body in a changing world climate, this study updates the knowledge on the type and 

distribution of benthic foraminiferal groups.  
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ЉЋϷϧЮϜ: ϝуϮнЮнуϯЮϜ 

ϵтϼϝϦ ϣϮϼϹЮϜ ϱзв ϣугЯЛЮϜ: ϽϡгЃтϸ-2016 

 

 ϣЯϳЏЮϜ ϣтϹгЮϜ ϤϝϛуϡЮϜ ев ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ ϤϝКнгϯгЮ сгЪм сКнж ЭуЯϳϦ ̭ϜϽϮϖ ЌϽПϠ ϩϳϡЮϜ Ϝϻк бугЋϦ бϦ ϹЧЮ

 еуϠ ев ϽϡϧЛϦ ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ .ϣтϸнЛЃЮϜ ϣуϠϽЛЮϜ ϣЫЯггЯЮ  сϠϽЛЮϜ ϭуЯϷЮϜ ев ̭ϿϮ сТ ϣЧугЛЮϜ ϣтϽϳϡЮϜ ϤϝϛуϡЮϜ пЮϖ

ϽЫЯЮ еуЃуϚϽЮϜ еуϯϧзгЮϜ .ϣтϽϳϡЮϜ АϝЂмцϜ мϜ ϤϝϛуϡЮϜ ЙугϮ сТ ЅуЛϦ ϤϹϮм ϹЦм ϩтϹϳЮϜ сϠϽЛЮϜ ϭуЯϷЮϜ иϝув сТ ϤϝжнϠ

 ϤϝϠϽϷзгЮϜ ЙтϾнϦ .ϣтϸнЛЃЮϜ ϣуϠϽЛЮϜ ϣЫЯггЮϜ ев сЦϽЇЮϜ ̭ϿϯЮϜ сТ БУзЯЮ ϣжϾϝϷЮϜ ϼнϷЋЮϜ ев ϢϽуϡЪ ϣϡЃж ϝкϝтϝЧϠ ЭЫЇϦм

угЮϜ ХгК Эϫв ϣуϛуϡЮϜ ϤϝϮϼϹϧЮϜ ЁЫЛт ϣтϽϳϡЮϜ ϟЂϜмϽЮϜ сТ ϣуКϝЧЮϜ сТм ̪̭ϜϻПЮϜ ϽТϜнϦм ̪иϝугЮϜ ϤϝЧϡА ϤывϝЛв ,иϝ

 сϧЮϜ ϣуϛуϡЮϜ ЭвϜнЛЮϜ блТ нк ϣЂϜϼϹЮϜ иϻк ев сЃуϚϽЮϜ РϹлЮϜ дϖ .ϣтϽЇϡЮϜ ϤϝϪнЯгЮϝϠ ϽϪϓϧϦ ϣϫтϹϳЮϜ ϣгЗжъϜ ев ϹтϹЛЮϜ

ϝГЧЮϜ сТ ϣуКϝЧЮϜ ϤϝϠϽϷзгЯЮ ϣуϚϝЋЧϧЂϜ ϣЂϜϼϸ ̭ϜϽϮϖ пЮϖ ϩϳϡЮϜ РϹк ϹЦм .ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ ЙтϾнϦ пЯК ϽϪϕϦ И

 ХЯЛϧт ϝгуТ ϣϧугЮϜ ϤϝЛгϯϧЮϜм ϤϝϠϽϷзгЮϜ ϤϝзϳЂ ЙтϾнϦ ХуϪнϦм ИϜнжцϜ ев дмϿϷгЮϜ ϸϽϮм сϠϽЛЮϜ ϭуЯϷЮϜ ев рϸнЛЃЮϜ

 ϝлЎϽК бϧт сϧЮϜм ϣЯЋЮϜ ϤϜϺ ϤϝКнЎнгЮϜ ев ϹтϹЛЮϜ ев  ХуЧϳϧЮϜ бϦ ϹЦ ̪сЮϝϧЮϝϠм .иϝугЮϜ ϤϝЧϡА ϤывϝЛвм иϝугЮϜ ХгЛϠ

.ϣуЮϝϧЮϜ ϣуКϽУЮϜ етмϝзЛЮϜ сТ 

 

EPIBIONT (ϣуЯуУГЮϜ ϣЦϼм)  

 Инж еуϠ ϣуЯуУГЮϜ ϣЦыЛЮϜ сЯК ϣЂϜϼϹЮϜ иϻк ϤϿЪϼepibiont Cymbaloporetta   мbasibiont  ϤϝϠϽϷзгЮϜ ев

  ЭгЇϦ сϧЮϜм ϣуКϝЧЮϜAgglutinella soriformis ,Adelosina carinatastriata Инж ,Pseudotriloculina 

 мSpiroloculina indica К ев ϝлуЯК ЬнЋϳЮϜ бϦ сϧЮϜм .сϠϽЛЮϜ ϭуЯϷЮϜ сЯК етϽϳϡЯЮ сЦϽЇЮϜ ЭϲϝЇЮϜ ϥЛгϮ Ϥϝзу

 дϒ мϹϡт ϝгуТ , сϚϝЧϧжϜ ϼϝуϧ϶Ϝ сЯК ϤϜϽІϕв ϹϮнϦъepibiont  рϜ сЯК ХЯЛϧϦbasibiont  ϤϝЋЯЧϧЮϜ ЩЮϺ Йвм .ϣϲϝϧв

 ϤϜϽϯϲ сТ ХϲыЮϜ нгзЮϜ м ϣТϹЋЮϜ сЯКbasibiont  ЭЮ ФϝЋϧЮъϜ ϣГЧж сТepibiont  ϽЫϡв БϠϜϼ ϸнϮм ϰϽϧЧϦ ϝгϠϼ

 ϼнГϦ сЯК ϼϝϪϐ ϝлЮ ϣтнуϳЮϜ ϣЦыЛЮϜ иϻк .блзуϠ еузϯЮϜ ϼнГϦ сТbasibionts  ϣтϝлж сТ рϸϕт рϻЮϜм еузϯЮϜ ϼнГϦм

 ϝлуТ ϥϡϡЃϦ ϣтϸϝК ϽуПЮϜ ϤϝТыϧ϶ъϜ сТ РϝЇϧЪъϜ Ϝϻк ϿϦϝϠϽϷзгЮϜ сТ рϸϝК ϽуО нгж сЮϜ РϝГгЮϜepibiont  ϤϝϛуϡЮϜ сТ

сϧЮϜм ϣϪнЯв ϽуПЮϜ .ϨнЯϧЯЮ рнуϳЮϜ ϹЊϽЮϜ сТ ϺмϻЇЮϜ Ϝϻк аϜϹϷϧЂϜ сТ ϤънЮϹв ϝлЮ 
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PSEUDONUBECULINA 

 

 Йв ϽкϝЗгЮϜ ЍЛϠ ШϼϝЇϧϦ сϧЮϜ м ϣЧЋϧЯгЮϜ ϣуКϝЧЮϜ ϤϜϽϷзгЮϜ ев ϣЏвϝО ϢϹтϹϮ ИϜнжϜм ЁзϮ ϣЂϜϼϹЮϜ иϻк СЋϦ

 ϤϝКнгϯвReophax, Hormosina ,Hormosina  мReophax  ЬϜ Инжм ЁзϮ.Pseudonubeculina 

arabica   ϟуϦϽϦ ϤϜϺ ϤϜϽϯϳϠϿугϧтuniserial  Инж ев ϼϜϹϮ ϝлЮ сϧЮϜ ϣТϹЋЮϜ ϤϜϺ ϣзЇϷЮϜ ϤϝЧЋϧЯгЮϜ ,

bilamellar   ϽϫЪϜ мϜ еуϧϡϲ ев  ϥжнЫϦ сϧЮϜм ϣуϚϝлж ХІ ϤϜϺ ϣϳϧТм ,сЮϝК антϿзОϝв рнϧϳгϠ ЍуϠϜ ϥуЃЮϝЪ Йв

ЮϜ ев рϜ Йв йЛЎм еЫгтъ ϹтϹϯЮϜ ЁзϯЮϜ Ϝϻк .ϽуϡЪ бϯϲм ϱГЃв ϱГЂ ϤϜϺ СузЋϧЮϜ .ϹуЯтнЯугЯЮ ϝУЊм ХϡЂ сϧЮϜ ЭϚϜнЛ

 ϣТϽО ϟуϦϽϦ Йв ЁзϮ ϟКнϧЃтъ  ϹуЯтнЯугЯЮ сЮϝϳЮϜuniserial  ев йуЯК РϽЛϧЮϜ еЫгт ϣϠнлЃϠ ИнзЮϜ Ϝϻк .ЭвϝЫЮϝϠ

 ϣТϝϲ ϝлУϳϦ сϧЮϜм ,бϯϳЮϜ ϢϽуϡЪ ϣЧЋϧЯвϽϫЪϜ мϜ еуϧϡϯЮ ϱГЃв ϟжϝϮ ХтϽА еК ϥЯЫЇϦ сϧЮϜм ,ϢϾϼϝϠ ϣуТϽА ϣϳϧТ Ьы϶

Ϝ ев ϣϡЧϫв.сϠϽЛЮϜ ϭуЯϷЮϜ ϣЧГзв сТ  ϼнЋϳв мϜ ХуЎ ХгКм ФϝГж ϝлЮ ИϜнзЮϜ иϻк .ϥуЃЮϝЫЮ 

PSEUDOTRILOCULINA 

 ЁзϮ ев ϹуЯтнЯгЮϜ ϤϝϠϽϷзгЮ сгϧзϦ сϧЮϜм ϣуКϝЧЮϜ ϤϝϠϽϷзгЯЮ ϢϹтϹϮ ИϜнжϜ ϣЂϜϼϹЮϜ иϻк СЋϦPseudotriloculina 

  Инж .Pseudotriloculina hottingeri n. sp ев Ϥϻ϶Ϝ ϤϝзуЛЮ СЊм ϝзк  Ϝϻк .сϠϽЛЮϜ ϭуЯϷЮϜ ев ЙЦϜнв ϢϹК

 РϽϲ ЭЫІ сЯК РϽПϠ Ͽугϧт ИнзЮϜU ЭЫІ сТ ϣтϜϹϡЮϜ сТ ϣϡϦϽв ,triloculine  сТ рϽ϶Ϝ ϢϽв сТм ϣϳЎϜм ϽуО

 ϞнЯЂϜpseudotriloculine ϼϜϹϮ ϝлЮ м ,porcelaneous  мϜ ϣуЮнА ИыЎϜ Йвbifurcating  сЯК ЭПЇϦ сϧЮϜм

 ϣуϚϝлзЮϜ ϣϳϧУЮϜ сТ сЧЛЯв ЭЫІ ϤϜϺ ϣЛЂϜм дϝзЂϜ ϝлтϹЮ дϜ ϝгЪ .ϝлТϜϽАϒ сЮϜ ϣуУЯϷЮϜ ϝлϦϝтϝлж ев РϽПЮϜ ЬнА сЯК Ϥϝтϝлж

 ϽϳϡЮϜ, ϣϡЧЛЮϜ ϭуЯ϶ сТ  ϽПзуϦнк ЀϝЪнЮ ϽуЃуТмϽϡЮϜ ϹЛϠ ϢϽв Ьмъ ИнзЮϜ Ϝϻк СЊм .ϣуϚϝлзЮϜ ϣϳϧУЮϜ сТ РнУЯв ФнАм

Чв ИϜнжъϜ иϻк .ϽгϲъϜ ев ϰмϜϽϧт ХгК ϝлЮ ИϜнжъϜ иϻк .сϠϽЛЮϜ ϭуЯϷЮϜ сТ сϛуϡЮϜ ЙтϾнϧЮϜм ХгЛЮϜ ϢϹу0.02  сЮϜ17 

 ϣϲнЯв Йв бϚϜнϧϦ ,Ͻϧв36  сЮϜ52  ев ϰмϜϽϧϦ ϢϼϜϽϲ ϣϮϼϸм СЮъϜ сТ ̭ϿϮ30  сЮϜ27  сЯК ϼнϫЛЮϜ бϦ .ϣтнϛв ϣϮϼϸ

 сТ ИϜнжъϜ иϻк20  ЭЊϜ ев ϣзуК78 зуЛЮϜ ЙгϯЮ ϣЋЋϷгЮϜ ϤϝГϳгЮϜ ев ϤϝзуК дϜ мϹϡт .сϠϽЛЮϜ ϭуЯϷЮϜ ЭЪ ев Ϥϝ

 ЬϜ ϤыКϝУϦ блТ сТ ϣуϛуϠ ϣугкϜ ИϜнжъϜ иϻлЮepibiont-basibiont  ϢϹуЧгЮϜ ϤϝϛуϡЮϜ ϹтϹϳϧЮ аϹϷϧЃϦ дϜ еЫгт сϧЮϜм

.ϣуϛуϡЮϜ ϤыуЏУϧЮϜ сЯК ϜϸϝгϧКϖ 

онЯЂ 

 сТ ϣϲнЯгЮϜ ϢϹтϹІ ϣϛуϡЮϜ сТ инЇϧЮϜ ϤъϹЛвм ϝлϦϽТм ,ϤϝϠϽϷзгЮϜ ИнзϦ ϣЂϜϼϹЮϜ иϻк ХϪнϦ ев ϞϽЧЮϝϠ ,онЯЂ ϭуЯ϶

  ИнжϜ ϝкϸнЃϦ ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ ИϜнжϜ .ϽГЦм ϣтϸнЛЃЮϜ ϣуϠϽЛЮϜ ϣЫЯггЮϜ еуϠ ϸмϹϳЮϜporcelaneous taxa  (85.1%) ,

 ϝлуЯϦhyaline  (14.9%) ϽϫЪϜ .10  : ск ϢϹϚϝЂ ИϜнжϜPeneroplis pertusus )24.0% ,(P. planatus 

%)15.4 ,(Coscinospira hemprichii )9.1% ,(Ammonia convexa )6.6 ,(%Quinqueloculina sp. 

1 )3.9 ,(%Elphidium advenum )3.9% ,(E. craticulatum )3.5 ,(%E. gerthi )3.0 ,(%A.tepida 

)3.0 ,(%Elphidium sp. 1)3.0 ,(%Peneroplis pertusus, P. planatus  мC. hemprichii  ϣϡЃзϠ ϥϡЃϲ

 сЮϜнϲ48 уЛЮϜ ЙϠϼ .ИϜнжъϜ ев % сЮϜнϲ скм ,(ЬϝПзϠ ϾмϽЮϝϠ ϥПϡЊ) ϣуϲ ϸϜϽТϒ ев СЮϓϧϦ ϣЯЯϳгЮϜ Ϥϝз43 ев %

 Эϫв "ϝКнуІ ϽϫЪъϜ ИϜнжъϜPeneroplis ,Coscinospira ,Miliolinella ,Ammonia ,Elphidium, 

Triloculina ,Quinqueloculina м Lachlanella еуϧПЮϝϠ еуϧТϹЊ аϝϳϧЮϜ Эϫв Ϣϸϝϲ сЮϜ ϣУуУ϶ ϤϝкнЇϦ ϽлЗϦ ,

 ЭЮ сЛуϡА ϽуО ЭЫІм ,ϣуЛуϡА ϽуО РϽО ϟуϦϽϦм ,СϧЯгЮϜ ϟжϝϯЮϜ сЯК ϤϜ̭нϧж  ,ϣϮмϸϿв ϣТϹЊ мϜproloculus м ,

 .РϽПЮϜ ев ϹтϹК сТ СЯЮϜ ϼнϳв сТ ϤϜϼнϳϦPeneroplis )58.4 м (%Coscinospira )17.1 ϥϡЃϲ сϧЮϜм (%

 ϣϡЃзϠ75ЫЮ % ϣϲнЯгЮϜ м СуЋЮϜ сТ ϢϼϜϽϳЮϜ ϤϝϮϼϸ еуϠ ЙгϯЮϜ дϒ ЌϽϧТϒ ϝжϒ .ϣЗϲыгЮϜ ϣкнЇгЮϜ РϜϹЊъϜ Э

 ЍУϷзв ИнзϦм ,ϣуЮϝЛЮϜ ϢϽТнЮϜ ,ϣуЮϝЛЮϜ инЇϧЮϜ ϤъϹЛв еК ϣЮмϕЃгЮϜ ск ,ϝлуЯК РϽЛϧгЮϜ РϝзЊцϜ ϣϛуϠм ,еуϧуЮϝЛЮϜ

 .онЯЂ ϭуЯ϶ сТ "ϝуϡЃж 

етϽϳϡЮϜ 
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 ϽϡК ϤϝϠϽϷзгЮϜ ИнзϦ ϣЂϜϼϹЮϜ иϻк ХϪнϦ нк йжц "сЮнв Ќнϲ " ϝкϝзугЂ рϻЮϜм етϽϳϡЮϜ ФϽІ сТ ХЯПв йϡІ ЙгϯϦ

 аϝЛЮϜ сТ рϜϼнвм днЂϝϠ ЭϡЦ ев йϧЂϜϼϸ ϥгϦ рϻЮϜ  ЙЦнгЮϜ ЁУж1995 ХϠϝЃЮϜ сТ ϥгϦ сϧЮϜ ϢϹуϲнЮϜ ϣЂϜϼϹЮϜ ϽϡϧЛϦм ,

УЮϜ ЉϚϝЋϷЮϜ ЀϝЂϒ пЯК ϣуКϽТ ϤϝϛуϠ ϣϧЂ сЮϜ ϣЧГзгЮϜ буЃЧϦ бϦ .сϠϽЛЮϜ ϭуЯϷЮϜ ев ̭ϿϯЮϜ Ϝϻк сТ ϣуϛуϡЮϜ ϣуϚϝтϿу

 ЬϜ ЙЧзϧЃв ,ϹгЮϜ ϱГЃв ,ϹгЮϜ ϢϝзЦ скм ,ϢϿуггЮϜSalicorni СЯ϶м ,ϢϽуϳϡЮϜ ев ϣугϳгЮϜ ХАϝзгЮϜ ,ϟЮϝϳГЮϜ АϝЃϠ ,

 :ϣуКϝЧЮϜ ϤϝϠϽϷзгЯЮ еууЃуϚϼ еуЛгϯϦ ϸнϮм еК СЇЪ ϣЯϳЏЮϜ ϤϝϛуϠ ϥЃЮϜ иϻк ев ϤϝжϜнуϳЮϜ ЭуЯϳϦ .ЙЧзϧЃгЮϜ Ќнϲ

 ЬϜ ЙгϯϦAmmonia convexa-Elphidium advenum-Peneroplis pertusus  ЬϜ ЙгϯϦ мAmmonia 

convexa-Coscinospira hemprichii-Peneroplis pertusus ск ϤϝϛуϠ ϥЃЮϜ егЎ ϢϽТм ϽϫЪцϜ ИϜнжъϜ  .

P. pertusus ,A. convexa ,C. hemprichii  мE. advenum бϦ ϝлϦϽТм ϣϡЃж м ИϜнжъϜ иϻк ЙгϯϦ етнЫϦ  .

ϣуКϽТ ϣϛуϠ ЭЫЮ ϝкϹтϹϳϦ; уϠ ϸϹК ϝлЮ еЫЮм м"ϜϹϮ сЮϝК ϢϽТм Ингϯв ϽлЗϦ сϧЮϜм ϹгЮϜ ϱГЃв ϣϛ24  ϣжϼϝЧв ЭЦϒ Инж

 ЭϮϒ ев ϣуКϽУЮϜ ϤϝϛуϡЮϜ ЭЪ сТ ϨϜϹϲцϜм ϣуϳЮϜ ϤϝϠϽϷзгЮϜ ϣϡЃж дϜ "ϝЏтϒ ϥЗϲъ ϹЧЮ .ϢϽуϳϡЮϜ ев ϣугϳгЮϜ ХАϝзгЮϝϠ

к ϹЯтнЯугЮϜ ϤϝϠϽϷзв ев ϨϜϹϲцϜ ϸϹК .ϢϽуϳϡЮϜ сТ ϣтнуϳЮϜ ϤϝзϳЃЮϜ ЙтϾнϦ блТ ϤϝϛуϡЮϜм ϼϿϯЮϜм ϹгЮϜ ϢϝзЦ сТ сЯКъϜ с

.ϼϿϯЮϜм ϹгЮϜ ϢϝзЧЮ ϢϼмϝϯгЮϜ ϣуКϽУЮϜ 

сжϜϽтшϜ ϙАϝЇЮϜ мϜ ЭϲϝЃЮϜ 

 ϞϽЧЮϝϠ сЦϽЇЮϜ ЬϝгЇЮϜ ев ϭуЯϷЮϜ сЯК сжϜϽтшϜ ϙАϝЇЮϜ ЬнА сЯК ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ ЙтϾнϦ пЯК ϣЂϜϼϹЮϜ иϻк ϿЪϽϦ

к ХуЏв ϞϽЦ сЦϽЇЮϜ ϞнзϯЮϜ сЮϜ ϸмϼ ϹжϝтϼϜ /ϞϽЛЮϜ БІ ев ϣуЂϝЦ ϣϛуϠ нк ϭуЯϷЮϜ .рϹзлЮϜ БуϳгЮϝϠ ЭЋϧт ϩуϲ ϿвϽ

 ϤϝГϳв ев бϷЏЮϜ ϸϹЛЮϜ ,рϽϳϡЮϜ ЭЧзЮϜ ,дϹгϧЮϜ ЙтϼϝЇв Эϫв ϣтϽЇϡЮϜ ϤϜϽуϪϓϧЮϜ м ϢϼϜϽϳЮϜ ,ϣϲнЯгЮϜ ϤϝϮϼϸ нЯК ϟϡЃϠ

ЮϜ .ϣуЂϝЧЮϜ ϣϛуϡЯЮ ЭЛУЮϝϠ сТϝЎϖ ̭ϟК СуϦм ϽгϧЃϦ ϥЦнЮϜ ϼмϽв Йв ϤϝАϝЇзЮϜ иϻк БУзЮϜ ϤϝЋзв м иϝугЮϜ ϣуЯϳϦ ϤыϯЃ

 ϸϹК .ϝлКнзϦ м ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ ев ϝлзтнЫϦ ев ЭЯЧϦ ϢϸϝЛЮϜ сТ ϭуЯϷЮϜ сТ ϝлЛтϾнϦм ϤϝϠϽϷзгЮϜ ИнзϦ еК ϣуϷтϼϝϧЮϜ

32  еуϠ ϰмϜϽϧϦ ФϝгКϒ ев ϝлЯуЯϳϦ бϦ ϣзуК20  м45  йКнгϯв ϝв сЯК РϽЛϧЮϜ бϦ .ϤϝϠϽϷзгЮϜ ϤϝЛгϯϦ ИнгϯгЮ Ͻϧв

224  сЮϜ сгϧзϦ сϧЮϜм сКϽТ Инж м Инж63 ,ЁзϮ 34  ,ϤъыЂ22  м ϤъыЂ ФнТ6  ϣуϮϝϮϿЮϜ ИϜнжъϜ скм .ϟϦϼ

%)45.3) ϣуТϿϷЮϜ ϤϝϠϽϷзгЮϜ м (%35.3) ЭЦϜ ϣϡЃзϠ ϣЧЋϧЯгЮϜ ϤϝϠϽϷзгЮϜ ϤϝКнгϯв еуϲ сТ ,(%19.4 ϽϫЪϒ дϖ .(

10  :ск ϢϽТм ЀϝзϮϜAsterorotalia )13.3 ,(%Quinqueloculina )12.4 ,(%Bolivina )9.8 ,(%

Nonion )8.6 ,(%Ammonia )5.5 ,(%Textularia )5.4 ,(%Elphidium )5.2 ,(%Cibicides )3.9 ,(%

Challengerella )3.6 м (%Hanzawaia )3.4 ск ϣЛϚϝЇЮϜ ИϜнжцϜ ϽϫЪϜ .(%Nonion sp. 1 )5.5 ,(%

Asterorotalia dentata )5.0 ,(%Quinqueloculina sp. 1 )4.8 ,(%Nonion sp. 2 )4.5 ,(%

Rotalinoides cf. R. gaimardii )3.3 ,(%Asterorotalia sp. 3 )3.2 ,(%Quinqueloculina sp. 8 

)3.1 ,(%Bolivina cf. B. persiensis )3.0 ,(%Bolivina cf. B. striatula )2.9 м (%Ammonia sp. 1 

)2.9) ШнЯЂ ЬϝϫгЮϜ ЭуϡЂ сЯК , ϣтϻПϧЮϜ ϣуϯуϦϜϽϧЂϖ дϒ ЌϽϧТϒ ϝжϒ .(%Nonion, Ammonia, Elphidium and 

Asterorotalia ЙтϾнϦм ИнзϦ сТ бЫϳϧϦ ЭвϜнК ϝлЯЪ ,еуϯЃЪцϜм ϤϝтϻПгЮϜ ϽТϜнϦ ,(еуГЮϜ) ϣгКϝзЮϜ ϟЂϜмϽЮϜ ев ϹтϿт (

 ϥвϝЦ ϣЂϜϼϹЮϜ иϻк ,сгЮϝЛЮϜ с϶ϝзгЮϜ ϽуПϧЮϜ сТ ϣуϚϝгЮϜ ϤϝϳГЃгЮϜ иϻк ϣугкϜ ϟϡЃϠ .ϭуЯϷЮϜ сТ ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ

ϣуКϝЧЮϜ ϤϝϠϽϷзгЮϜ ϤϝКнгϯв ЙтϾнϦм Инж ϩтϹϳϧϠ. 
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CHAPTER 1 

Introduction  

Foraminifera, to be comprehensible by a non micropaleontologist and possibly a layman, are simply 

described here as single-celled, microscopic organisms similar to amoeba but possessing shells of various 

compositions (Jones, 2013). They are testate, granulo-recticulate protists, which are predominant in 

marine environments. Owing to their presence in ancient rock records and modern marine environments, 

foraminifera are excellent tools in sediment-age determination, rock-type correlation (local, regional and 

global scales) and interpreting ancient environments (Edgar, 2015). They are also very useful for 

paleoclimate reconstruction, paleoecology, civil engineering, stratigraphy, oil and gas 

(biosteering/biostratigraphy), ecology, environmental impact assessment, pollution and environmental 

contamination studies. There is a growing interest in the application of foraminifera for environmental 

monitoring programs of the worldôs coastal environments (Frontalini et al., 2009; Frontalini and 

Coccioni, 2011; Frontalini et al., 2011; Cosentino et al., 2013). This can be attributed to several factors 

including their relatively short life spans, growth rates, relatively small sizes, diverse species and 

cosmopolitan nature, and the ease of collecting statistically meaningful numbers per gram of sediment, 

which can be sampled quickly and inexpensively at minimal impact on the immediate environments 

(Hallock et al., 2003). They are widely used as proxies and indicators of several environmental 

parameters such as primary productivity, water depth, organic matter flux, methane release, and 

distribution of water masses (Steele et al., 2009). Foraminifera also provide proxy information of the 

spatio-temporal nature when observed as fossils, a unique feature when studying an impacted site ñafter 

the factò especially in the absence of original baseline data (Scott et al., 2001). 
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1.1 Geography and Geological Setting 

The Gulf is a late Pliocene to Pleistocene shallow tectonic depression, a result of the Zagros Orogeny, 

created by collision and compression between the Arabian and Asian plates. It is a marginal sea extension 

of the Indian Ocean, and covers an area of approximately 22,600 km2 (Kassler, 1973; Seibold et al., 

1973). It is elongated along its axis trending NWïSE; measures 1000 km in length, 300 km at its widest 

point, and 60 km where it is constricted by the Strait of Hormuz where it opens into the Indian Ocean 

(Purser, 1973; Murray, 1991). Its morphology is influenced by the interaction of the Arabian platform 

and Zagros folds, i.e., a relatively stable Arabian foreland flanking the Precambrian Arabian shield and 

subsiding below the unstable Zagros fold belt area (Kassler, 1973; Purser and Seibold, 1973). Compared 

to the rocky, mountainous terrain of the Iranian coast, the Arabian marine shelf is gentler, wider, and 

largely produced by salt diapirism or erosional relicts of the Quaternary (Kassler, 1973). The presence 

of the Qatar Peninsula, however, modifies the rather uniform Arabian coastline by changing the pattern 

of sedimentation and current movement in the southeastern sectors of the Gulf (Riegl and Purkis, 2012). 

The aforementioned shoreline is also characterized by sabkhas (evaporitic flats), supratidal areas, and 

extensive storm beaches in a more exposed setting. (Kassler, 1973; Purser and Evans, 1973; Purser and 

Seibold, 1973). The Gulf can be divided into two sedimentary realms based on predominant sediment 

types; autochthonous pure carbonate with siliciclastic admixture dominating the southern Arabian realm 

and the northern fluvial Iranian realm (Riegl et al., 2010). The sea floor of the Gulf is gently inclined 

towards the shelf break with an average depth of 35 m and maximum depth of 100 m at the Strait of 

Hormuz. The Gulf is arguably a classical example of a mixed carbonateïsiliciclastic ramp system (Riegl 

et al., 2010). The submarine topography of the Gulf, which predominantly has very gentle sea-floor 

gradients and several bathymetric highs (especially in the south), also reflects the interaction of the 

Arabian Peninsula and Zagros mountains (Purser, 1973). Coupled with salt diapirism, the Gulf has >20 
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islands and several bathymetric highs (Kassler, 1973). The deeply submerged highs are important areas 

of foraminiferal sand accumulation particularly towards the basin axis (Riegl and Purkis, 2012). 

Depending on their origin, i.e., due to the Zagros orogeny or salt tectonics by the Hormuz salt, the 

bathymetric highs can be classified as coastal or basin central types (Purser, 1973; Riegl and Purkis, 

2012). Kassler (1973) noted that sediment type in an area is controlled by its biological communities. 

However, the submarine topography dictates the sediment thickness. Sparker records show that sediment 

thickness is least on topographic highs, and greatest in depressions (Purser, 1973). The Shatt Al-Arab 

river delta forming the northwest shoreline and many rivers along the Zagros mountain area in coastal 

Iran forming the eastern flank, deliver significant amounts of terrigenous sediment and greatly influence 

the sedimentology of the Gulf (Purser and Seibold, 1973a; Alsharhan and Kendall, 2003). Several rivers 

originating from the Zagros mountain area run into the Gulf and are characterized by frequent "flash-

floodsò. Notable among these rivers are Arvand Rud (Shatt Al-Arab), Gamasb, Karun, Jarahi, Zohreh, 

Dalaki, Mend, Shur, Minab, Mehran and Naband. Rivers discharge mud and fine sand, consequently the 

sediment off the Iranian coast is dominated by marl and the carbonate content increases away from this 

coast (Seibold et al., 1973). Many of the sedimentary parameters in the eastern sector of the Gulf can be 

directly linked to the Iranian river mouths (Kassler, 1973; Purser and Seibold, 1973). The Gulf is situated 

in an arid, subtropical climate region experiencing extremes of summer temperature and salinity due to 

its enclosed nature. The range for water temperatures in offshore areas of the Gulf are 20ï32°C (Clarke 

and Keij, 1973), western gulf; 16ï36°C (John et al., 1990), while in lagoonal areas the range is 15ï40°C 

(B. Purser and Seibold, 1973; Joydas et al., 2015). Figures 1ï12 present regional maps of the Arabian 

Gulf area with the sea surface temperature (SST) changes for JanuaryïDecember 2015 from data 

obtained from National Aeronautics and Space Administration (NASA)ôs Earth Science Data Systems 

(EOSDIS) WorldView Program.The tides are complex and range from diurnal, semi-diurnal to mixed 

(Riegl et al., 2010). Wind direction is mostly from the northwest, caused by the seasonal Shamal ñnorthò 
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wind (very strong in the winter) throughout the year. Wind is an important physical factor; it accounts 

for appreciable amount of siliciclastic sediment input into the Gulf (Riegl et al., 2010), i.e., aeolian 

sediments. Due to the shallow nature of the Gulf, almost all parts of the Gulf are within the photic zone 

with a few exceptions along the Iranian Coast (Murray, 2006). Rainfall is scare (3ï8 cm/y) while 

evaporation rates (140ï500 cm/y) are high and associated with the prevalent high temperatures, strong 

winds, and low precipitation (Reynolds, 1993). Salinity (Figure 13) is marked by a seasonal gradient 

both horizontally and vertically, largely due to minimal oceanic buffering (Reynolds, 1993). The Gulf 

can be split into two realms, based solely on surface-water salinity differences: a northern, less saline 

realm and a southern more saline realm owing to inflowing surface waters from the Arabian Sea through 

the strait of Hormuz that have a salinity of about 36.5ă. This value increases rapidly to about 40ă in 

mid Gulf and drops to about 36.5ă at the Shatt Al-Arab due to dilution from freshwater input (Riegl et 

al., 2010; Sheppard et al., 2010, 1992). There is also a marked west to east gradient along the Gulf axis, 

with the Arabian side becoming more saline. In some lagoons and embayments southeast of Qatar, 

salinity can exceed 50ă (Murray, 1970a), while in Half-Moon Bay on the Saudi coastline we have 

measured salinity in excess of 60ă.  

  



5 

 

 
Figure 1. SST for January 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service.  
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Figure 2. SST for February 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 3. SST for March 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 4. SST for April 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 5. SST for May 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 6. SST for June 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 7. SST for July 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 8. SST for August 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 9. SST for September 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 10. SST for October 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 11. SST for November 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 12. SST for December 2015 over the Arabian Gulf, data obtained from NASA's EOSDIS Worldview Service. 
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Figure 1. Major current flows in the Gulf [modified after Sheppard et al. (2010)], showing mechanisms causing the density 

gradient in the Gulf and the flow through the Straits of Hormuz. Grey arrows are incoming surface water from the Indian 

Ocean. Dark arrows are a denser, deeper water flow while the red indicate fresh water inputs. Light shading in Gulf shows 

óówedgeò of water of increasing density. 
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CHAPTER 2 

Literature Review 

 

Studies on benthic foraminifera in the Arabian Gulf dates back to the early 1960ôs, just before the oil 

boom. In a series of papers considering ecology, distribution and systematics of foraminifera from 

locations in southern Arabian Gulf (i.e., Abu Dhabi, Khor al Bazam, and Halat al Bahrani), Murray 

(1965a, 1965b, 1966a, 1966b, 1966c, 1970a) recognized 58 species of benthic foraminifera belonging to 

34 genera, 24 families, 18 superfamilies and six orders. Most of the taxa encountered, especially 

Quinqueloculina and Triloculina where left in open taxonomy probably due to the lack of known taxa 

with similar features for comparison. Murray (1970b), documented 23 living foraminifera from Abu 

Dhabi region using the Rose Bengal-Ethanol technique and attributed low diversity and high individual 

numbers to the extreme environmental conditions (salinity and temperature) in the sampled area. Lutze 

et al. (1971) studied the sediment fraction and population density of living larger foraminifera (i.e., 

Amphistegina sp., Heterostegina sp. and Operculina sp.) in the Arabian Gulf and concluded that large 

benthic foraminifera might be responsible for 150 g year-1 m-2 in carbonate production. Lutze (1974a) 

studied 134 samples collected from the Iranian parts of the Arabian Gulf and concentrated on 

agglutinated and hyaline groups (Lutze, 1974b, 1974c). The author recognized 52 species, 7 ñspecies 

groupsò and 2 new species. The ñspecies groupsò are composed of several species requiring additional 

taxonomic studies. Haake (1975) studied a subset of 129 samples collected from the same location as 

Lutze (1974a) and described the porcelaneous benthic foraminifera component and recognized 54 

miliolid species. Clarke and Keij (1973) documented the distribution of foraminifera in the southwestern 

parts of the Gulf and noted that the foraminiferal assemblages consist of almost entirely Peneroplis and 
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with a high proportion of aberrant tests in restricted environments. However, the authors also noted that 

their scope of work was not focused on the detailed taxonomy of foraminifera and that they selectively 

considered the large benthic foraminifera. Ahmed (1991) documented the distribution of benthic 

foraminifera from Tarut bay in the western part of the Gulf and reported 43 species dominated by miliolid  

assemblages. The author noted significant variations in assemblage composition within sub environments 

(i.e. intertidal, shallow subtidal, and deeper subtidal zones). El-Deeb (1992) noted the distribution of 

benthic foraminifera in a study conducted in coastal areas of the United Arab Emirates in southwestern 

Arabian Gulf and documented 16 species dominated by miliolid foraminifera. In a two-year monitoring 

study conducted in Bahrain, Basson and Murray (1995) reported the changes in the annual production of 

tests and species diversity for Ammonia beccarii, Elphidium advenum, Brizalina pacifica and Nonion sp. 

The study provided an insight into the seasonality and randomness associated with the reproductive 

cycles of benthic foraminifera in a hypersaline environment. In southern Kuwait, at the northern-most 

reach of the Gulf, Al -Zamel et al. (1996) reported 42 benthic foraminiferal species from intertidal and 

tidal channels of two interconnected tidal creeks. Cherif et al. (1997) reported 94 foraminiferal species 

(benthic and planktonic) for the entire Gulf, covering a wide range of environments mostly in offshore 

areas. Compared to the number of benthic foraminiferal species (350) in the Gulf of Aqaba (an extension 

of the Red Sea) identified by Hottinger et al. (1993) and 1000 species in the Mediterranean Sea (Frontalini 

et al., 2015), Cherifôs numbers are quite low. The benthic foraminiferal species identified by Cherif et al. 

(1997) are represented by 53 genera, 30 families, 18 superfamilies and five orders dominated by three 

rotaliid species Ammonia cf. aberdoveyensis (9.7%), Challengerella bradyi (9.3%) and Asterorotalia 

dentata (8.9%). In the most northern part of the Gulf along the western Mesopotamian shelf, an area 

largely influenced by the largest source of fresh water into the Gulf, Al -Zamel and Cherif (1998) reported 

46 species of benthic foraminifera, which were dominated by the rotallids. Hitmi and Hitmi (2000) 

conducted a survey of benthic foraminifera in the eastern and northern sides of Qatar Peninsula using 
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several linear transects and reported 50 species of benthic foraminifera. The assemblage was dominated 

by miliolids, constituting over 45% of the total of all groups. Sohrabi and Sahba (2010) studied the 

distribution of benthic foraminifera collected from the Qeshm Island (southeast Gulf) in an area with 

mangrove vegetation. A total of 54 species were reported belonging to 27 genera. In an environmental 

pollution monitoring study, Al -Zamel et al. (2009) studied the benthic foraminifera composition of 

Sulaibikhat Bay (Kuwait), an area greatly impacted by anthropogenic sources of pollution. They 

correlated marked differences in the community structure and composition of 45 benthic foraminifera to 

levels of pollution in the bay area and established a gradient between the shallow tidal mudflats and the 

deep tidal channel. Sohrabi and Sahba (2010) correlated the diversity and abundance of 19 taxa of benthic 

foraminifera to levels of contaminants in sediment collected from Asalooye coastline in a petrochemical 

plant outfall zone. Mooraki et al. (2013) reported the distribution of 7 taxa of benthic foraminifera from 

samples collected from Nayband Bay and Haleh Estuary along the Iranian coastline. Based on 26 samples 

collected in 2016 from the northwestern parts of the Gulf, Nabavi et al. (2014) documented the 

distribution of 93 benthic foraminifera collected from depths of 33ï77 m. Recent studies on a carbonate 

ramp off the coast of Kuwait by Parker and Gischler (2015), documented the presence of 141 species 

belonging to 51 genera, 27 families, 19 superfamilies and four orders. The authors reported five 

assemblages varying from shallowest to deepest areas; PeneroplisïElphidium crispum, Miliolid, 

Miliolid ïElphidium, ElphidiumïNonion, AsterorotaliaïElphidium (i.e., there is an onshoreïoffshore 

pattern). In an integrated study using trace elements, organic matter, sediment texture, etc., Al -Enezi and 

Frontalini (2015) documented the composition and community structure of 59 benthic foraminifera taxa 

in the in Sulaibikhat Bay (Kuwait). They reported a high level of trace metal pollution in the eastern part 

of the bay and western side is also characterized by relatively high concentrations of total organic carbon. 

The lowest benthic foraminiferal diversities were found near the Al-Shuwaikh port, which correlated 

with the highest pollution levels recorded in the area. Recently, Arslan et al. (2015) documented spatial 
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and temporal variation of four benthic foraminiferal taxa (Ammonia and Glabratellina, Peneroplidae and 

Elphidium) in a relatively unpolluted site in Bahrain. Arslan et al. (2016) reported the exclusive presences 

of Ammonia and Elphidium in a characteristic siliciclastic coastal environment along the eastern coast of 

Saudi Arabia. In a restricted lagoon in Bahrain, Amao et al. (2016) identified 136 species, 25 genera, 15 

families, 10 superfamilies and four orders. The lagoonal species were dominated by Peneroplis pertusus, 

Ammonia convexa, Coscinospira hemprichii, and Elphidium advenum.  

Based on the review of the papers discussed above, many species of benthic foraminifera have been 

reported in open nomenclature or are only tentatively identified. This situation is likely to change, as 

there is a concerted effort by the micropaleontology group at King Fahd University of Petroleum and 

Minerals to describe and document new and endemic species (Amao et al., 2016a, 2016b; Amao and 

Kaminski, 2016). Historical sampling sites and some locations sampled in this research are shown in 

Figure 14. 
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Figure 2. Previously studied locations in the Arabian Gulf Sampling area map with region overview map showing extent of the Gulf and bordering countries 



23 

 

CHAPTER 3 

Morphological Abnormalities in Benthic Foraminifera Caused by an 

Attached Epibiont  Foraminifer  

Abduljamiu O. Amao1 & 2, Michael A. Kaminski1 and Fabrizio Frontalini3 

 

Published in the Journal of Micropalaeontology 

  

 

 

SUMMARY -- This study focused on the possible óparasitism-likeô relationship between the epibiont 

Cymbaloporetta sp. and basibiont benthic foraminifera including Agglutinella soriformis, Adelosina 

carinatastriata, Pseudotriloculina sp. and Spiroloculina indica from a sample collected off the east coast 

of Bahrain in the Arabian Gulf. There are no indications of preferential host selection, the epibiont seems 

to attach onto any available basibiont. However, constriction of the test and subsequent growth of the 

basibiontôs chambers at the point of attachment of the epibiont might suggest an early link in their 

ontogeny. This biotic relationship has implications on the basibiontsô development and ontogeny that 

eventually results in the development of foraminiferal abnormalities. The finding of morphological test 

abnormalities caused by an epibiont in an unpolluted environment has important implications for the use 

of the abnormalities for pollution biomonitoring. Samples from other areas of the Arabian Gulf need to 

be studied to determine the background proportion of specimens with epiboints.  
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3.1 Introduction  

Benthic foraminiferal morphological variations and abnormalities are known to be induced by either 

fluctuations of environmental parameters including changes of carbonate saturation state, temperature, 

salinity, depth, dissolved oxygen, mechanical damage and pollution (i.e., Boltovskoy et al., 1991; Yanko 

et al., 1994, 1998; Geslin et al., 2002). Epibionts (epizoic and epiphytic) and bioeroding foraminifera 

appear to be well documented in the literature (Langer, 1993; Langer and Bagi, 1994; Vénec-Peyré, 

1996) but little is known about their role in formation of morphological abnormalities. This short 

communication documents a symbiotic relationship between an epibiont, Cymbaloporetta, and several 

basibiont benthic foraminiferal species and the possible induction of morphological abnormalities. 

Parasitic behaviours and epibiont-basibiont species relationships of foraminiferal taxa have been also 

documented in the geological record, for instance, during the Late Cretaceous by Talpinella cunicularia 

(Baumfalk et al., 1982). However, no study on recent foraminifera has quantitatively assessed this 

possible morphological abnormality-induction relationship. Cymbaloporella tabellaeformis has already 

been inferred to be a parasite (Matteucci, 1980). Other foraminiferal parasitic taxa might possibly include 

Floresina, Rosalina, Fissurina marginata (reported as Entosolenia marginata), Cibicides refulgens, and 

Planorbulinopsis parasitica (i.e., Le Calvez, 1947; Todd, 1965; Banner, 1971; Alexander and DeLaca, 

1987; Cedhagen, 1994; Hallock and Talge, 1994).  
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3.2 Methodology 

3.2.1 Sample Location 

The study area is on the eastern coast of Bahrain in the Arabian Gulf (Figure 15). The Arabian Gulf is 

notable for extremes in temperature and salinity, which provides an excellent natural laboratory to study 

the interplay between various ecological parameters, more importantly the deterioration of the benthic 

environment due to rapid urban development and pollution sources (Sheppard et al., 2010). I measured 

salinity and water temperature for the area between June 2014 and April 2015 and the range recorded 

was 43ï45 ppt and 26ï28°C, respectively. The study area has been described by Arslan et al. (2015), 

who analysed organic and inorganic pollutants, and determined it is a relatively unpolluted site. 

3.2.2 Sample Collection and Processing  

Surficial sediment (20 ml) was collected using a piston syringe that penetrated 2 cm deep into the 

sediment. The location is on the foreshore and å 100 m from the coastline, at a water depth of 65 cm 

(Fig. 1). The sediment sample was preserved using laboratory-grade ethanol (70%) with Rose Bengal 

stain. The sediment was left in the Ethanol-Rose Bengal mixture for two weeks before it was washed and 

wet-sieved through a 63 µm mesh sieve. It was dried and then used for benthic foraminiferal specimensô 

picking. The dried sample was sieved through a 125 µm mesh sieve, separated into two aliquots with 

approximately 300 specimens using a microsplitter to ensure statistically representative counts. The 

analysed sample is part of a larger collection of samples for a temporal and spatial study in the area. 

Selected specimens were imaged by using scanning electron microscopy (SEM). A modified resin 

embedding technique (Golubic et al., 1970), which is based on two component epoxy resins allowing 

faster setting of the resin and limiting the penetration into the foraminiferal test, was used. The resin casts 

were further grinded on a smooth glass with abrasive powder (#1000). After achieving the appropriate 
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length, resin casts were placed in an ultrasonic water bath for 30 seconds to remove abrasive powder 

residue and then dried under an incandescent lamp. The resin cast provides support for handling the 

specimen and also enables desirable precise smoothness to be achieved. The faunal reference slides are 

currently housed in the authorôs collection at KFUPM. These will be permanently archived in the 

European Micropaleontological Reference Center at Micropress Europe in Kraków (Poland). 
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Figure 15. Location of the sampled station indicated by the inserted solid circle on the right image (26°02'40.1"N, 50°37'35.2"E) 
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Figure 3. Cymbaloporetta sp. embedded in the wall of Adelosina carinatastriata Wiesner, 1923. 
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 Figure 4. Agglutinella soriformis El-Nakhal, 1983 (a) apertural view (b) lateral view of more evolute side (c) 
lateral view of more involute side d-f Adelosina carinatastriata (Wiesner, 1923), (d) lateral view of more evolute 

side (e) apertural view (f) lateral view of more involute side g-i Pseudotriloculina sp. (g) lateral view of more 

evolute side (h) lateral view of more involute side (i) apertural view j-l Spiroloculina indica Cushman & Todd, 

1944. (j) apertural view (k) lateral view (l) lateral view opposite side of k with attached epibiont. All scale bars 

are 100 µm. 
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Figure 5. Adelosina carinatastriata with two lines depicting the cross sections in green (b) and red (d). b. Cross of (a) 

from the anterior part, as indicated by the green line. c. Cross section of (a) from the posterior parts as indicated by 

the red line. d. Agglutinella soriformis with tw o lines depicting the cross sections in green (e) and red (f). e. Cross of 

(d) from the anterior part, as indicated by the green line. f. Cross section of (d) from the posterior parts as indicated 

by the red line. Inserted solid white triangle tips in (c) and (e) point towards the epibiont attachment. All scale bars 

where provided are 100 µm. 
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3.3 Results 

Foraminiferal specimens (1.9% or 11 out of 567 specimens) exhibit varying degrees of morphological 

abnormalities as a possible result of a symbiotic association between an attached epibiont foraminifer 

and its basibiont foraminiferal host. SEM images revealed test morphological abnormalities found at 

spots characterized by the exclusive occurrence of the epibiont Cymbaloporetta sp. (Figure 16). The host 

species include Agglutinella soriformis El-Nakhal, 1983 (Figure 17aïc), Adelosina carinatastriata 

(Wiesner, 1923) (Figure 17dïf), Pseudotriloculina sp. (Figure 17gïi) and Spiroloculina indica Cushman 

and Todd, 1944 (Figure 17jïl) and most of them show various degrees of morphological abnormalities. 

The apertural view of Agglutinella soriformis (Figure 17a), on the more evolute side, shows the stunted 

growth of the middle chamber, i.e., Cymbaloporetta sp. is attached on the chamber as opposed to having 

been ñagglutinatedò by the basibiont. Adelosina carinatastriata (Fig. 3dïf) is severely malformed, with 

the epibiont deeply embedded within the test of the basibiont and likely promoting the modification of 

the shape and coiling directions of all the chambers. Pseudotriloculina sp. (Figure 17gïi) appears to have 

accommodated the epibiont with minor modification. In Spiroloculina indica (Figure 17l), on the more 

evolute side, there is an abrupt change in the direction of the final chamber, with the epibiont embedded 

towards the posterior end. Cross sections taken at two planes through Adelosina carinatastriata (Figure 

18aïc) show test abnormalities as a result of the host accommodation of the epibiont. Agglutinella 

soriformis (Figure 18dïf) also exhibits abnormal chambers at the point of epibiont attachment.  
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3.3.1 Systematic Descriptions 

Genus Cymbaloporetta Cushman, 1928 

Cymbaloporetta cf. C. bradyi Cushman, 1949 

Figure 16 

 

1949 Cymbalopora poeyi (d'Orbigny) var. bradyi Cushman: 25, pl. 10, fig. 2; pl. 14, fig.2.  

2012 Cymbaloporetta bradyi Cushman; Debenay, 2012, 236, 316 (with synonyms) 

 

Description. Test convex on spiral side, trochospiral, peripheral margin rounded, chambers become 

bigger as added, first trochospirally arranged later added in an annular arrangement, irregularly globular 

on the spiral side. Wall coarsely perforated on the spiral side except on earliest chamber. Sutures 

depressed on both sides; curved on spiral side.  

Genus Agglutinella El-Nakhal, 1983 

Agglutinella soriformis El-Nakhal, 1983 

Figure 17aïc 

 

1983 Agglutinella soriformis El-Nakhal: 130, pI. 1, figs. 7ï9, pl. 2, figs 16ï18.  

1993 Agglutinella soriformis El-Nakhal; Hottinger et al., pl. 30, figs 7ï10, pl. 31, figs. 1ï4.  

 

Description: Test broadly subelliptical in lateral view, polygonal in end view, laterally slightly 

compressed. Chambers U-shaped in section, initially arranged in distinct quadriloculine and later in a 

triloculine manner. Aboral end of chamber strongly overlaps preceding chamber. Aperture terminal, 

broadly drop-shaped, bordered by peristomal lip and provided with a spur-shaped bifid tooth with a long 

base. Wall porcelaneous with a coarsely agglutinated outer layer.  
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Genus Adelosina dôOrbigny 1826 

Adelosina carinatastriata Wiesner, 1923 

Figure 17dïf 

 

1923 Adelosina milletti Wiesner var. carinata-striata Wiesner: 76ï77, pl. 14, figs 190, 191.  

2005 Adelosina carinatastriata Wiesner Debenay et al., 2005, pl. 1, fig. 15.  

 

Description: Test quinqueloculine, oval in outline, numerous costae run obliquely along the chambers 

and unite peripherally. The aperture is terminal, at the end of a short neck, bordered by a small peristomal 

rim, with a small bifid tooth.  

 

Genus Pseudotriloculina Cherif, 1970 

Pseudotriloculina sp. 

Figure 17gïi 

 

1993 Pseudotriloculina sp. B. Hottinger et al., 1993, pl. 49, figs. 1ï7. 

 

Description: Test porcelaneous, elongate, narrow elliptical in lateral view. Chambers arranged in a 

quadriloculine manner, sutures rather indistinct. Aperture terminal, rounded, at the end of a distally 

narrowing extension of the chamber, producing a short, stout neck lacking a distinct lip and provided 

with a broadly bifid, spoon-like tooth with a very short base.  

Genus Spiroloculina d'Orbigny, 1826 

Spiroloculina indica Cushman & Todd, 1944 

Figure 17jïl 

 

1944 Spiroloculina indica Cushman & Todd: 71, pI. 9, fig. 32.  

1993 Spiroloculina indica Cushman & Todd; Hottinger et al., 1993, pl. 26, figs 10ï14.  
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Description: Test porcelaneous, biloculine, evolute, fusiform in lateral view, strongly biconcave. The 

aperture is circular, situated at the end of a stout neck, surrounded by a peristomal lip and provided with 

two teeth, an anvil-shaped bifid one at the inner margin and a primitive bifid tooth at the outer margin.  

 

3.4 Discussion 

The percentages of abnormalities (1.94%) recorded for all the picked specimens in this study is higher 

than the 1% value, suggested as the typical background value representing a natural undisturbed 

population in previous studies (Yanko et al., 1998; Stouff et al., 1999). During the sample preparation of 

the cross section of Agglutinella soriformis (Figure 18eïf), the internal content appeared pinkish, 

suggesting that the foraminifera was recently alive. There are no indications of preferential host selection, 

the epibiont seems to attach onto any available basibiont, including Agglutinella soriformis, 

Pseudotriloculina sp., Adelosina carinatastriata and Spiroloculina indica. Constriction of the test and 

subsequent growth of the basibiontôs chambers at the point of attachment of the epibiont may suggest an 

early attachment in their ontogeny. Studies have documented symbiotic feeding relationships (i.e., 

predation, symbiosis, and commensalism) between foraminifera and other organisms (Hallock and Talge, 

1994; Nielsen et al., 2002). However, little is known about intraspecific biotic factors such as parasitism 

affecting them. This study therefore underlines the importance of biotic factors (such as parasitism) in 

foraminiferal ecology, which has been previously largely underestimated (Murray, 2006). In the Arabian 

Gulf region, this study may have a direct implication on the determination of foraminiferal abnormality 

percentages, which have been previously correlated to levels of pollution in marine environments (Yanko 

et al., 1998; Frontalini et al., 2009).  
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3.5 Conclusions 

The finding of morphological test abnormalities most likely caused by an epibiont in an unpolluted 

environment has important implications for the use of the morphological abnormalities for pollution 

biomonitoring. A possible parasite-host (parasitism) relationship of the epibiont cannot be ruled out. 

Possible evidence of a parasitic mode of life is inferred from the modification of the host chambers. Cross 

sections of Adelosina carinatastriata and Agglutinella soriformis show some modifications of host 

chambers at the point of attachment to accommodate the epibiont. Future studies are needed to separate 

test abnormalities caused by epibionts from those attributable to different types of pollution and to better 

constrain the possible parasitic vs. epibiont- relationship of Cymbaloporetta sp. Due to the sample size 

considered in this study, there is a need to conducted a systemtic study of the area based on additional 

samples.  
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CHAPTER 4 

Pseudonubeculina arabica n. gen. n. sp. a new Holocene benthic 

foraminifera from the Arabian Gulf  

 

Abduljamiu O. Amao and Michael A. Kaminski 

Published in Micropaleontology 

 

 

SUMMARYïThis paper describes an enigmatic new agglutinated benthic foraminiferal genus and 

species that shares some morphological features with the Reophax, Hormosina and Nubeculina groups. 

Pseudonubeculina arabica n. gen. n. sp. is characterized by its uniserial chamber arrangement, coarsely 

agglutinated bilamellar test wall with white high-Mg calcite cement, and a terminal slit-like aperture 

formed by the flat sides of two or more large agglutinated grains. The new genus cannot be placed within 

any of the previously described families of the Miliolida. The current classification of the Miliolida does 

not accommodate a genus with a wholly uniserial chamber arrangement. This species can easily be 

distinguished by its prominent terminal slit-like aperture, formed using the flat sides of two or more large 

agglutinated grains, lined by an imperforate rim of secreted calcite. The species has a restricted area and 

depth distribution in the Arabian Gulf.  
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4.1 Introduction  

The Arabian Gulf contains a diverse fauna of benthic foraminifera, which is largely undocumented. In 

recent studies of modern Gulf foraminiferal faunas, many species are reported in open nomenclature or 

are only tentatively identified (Parker and Gischler, 2015; Amao et al., 2016b). Much more taxonomical 

effort needs to be invested in the Arabian Gulf faunas before we can estimate their true biodiversity. The 

taxonomy of the hormosinid group in particular is in need of revision; many dissimilar foraminifera have 

been erroneously placed in this group, including several genera that possess calcareous cement. This 

confusion stems from the morphological similarities based on chamber arrangement and overall test 

shape, irrespective of wall composition. In this study we describe a new genus and species of foraminifera 

from the Arabian Gulf that has morphological features in common with the Reophax, Hormosina and 

Nubeculina groups.   
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4.2 Methodology 

4.2.1 Sample Location 

Samples for this study were collected as part of an extended study of the distribution of benthic 

foraminifera along the Iranian coast (Figure 19) by a team from Ferdowsi University of Mashhad and 

Geological Survey of Iran. Samples were collected from each station using a van Veen grab (0.1 m2 area) 

onboard a research vessel. Sediment samples collected for the benthic study were sieved onboard using 

a 63 ɛm mesh and the residual sediments containing foraminifera were stored in 100 ml jars and 

transferred to the Environment and Water Laboratory at the Research Institute, King Fahd University of 

Petroleum & Minerals for drying and benthic foraminiferal picking. The dried sample was sieved through 

a 125 µm mesh sieve, separated into two aliquots with approximately 300 specimens using a microsplitter 

to ensure statistically representative counts. Selected specimens were imaged using scanning electron 

microscopy (JSM-5900LV SEM) and light microscopy (Nikon-1500 photomicroscope with a Sony 

digital camera) at the Earth Sciences Department, KFUPM.  

A modified resin embedding technique (Golubic et al., 1970), which is based on two component epoxy 

resins allowing faster setting of the resin and limiting the penetration into the foraminiferal test, was 

used. The resin casts were further ground on a smooth glass plate with abrasive powder (#1000). After 

achieving the appropriate depth, resin casts were placed in an ultrasonic water bath for 30 seconds to 

remove abrasive powder residue and then dried under an incandescent lamp. The resin cast provides 

support for handling the specimen, enables desirable precise smoothness to be achieved and allows the 

study of the internal components of the foraminifera. The faunal reference slides are currently housed in 

the authorôs collection at KFUPM. The type specimens of the new species are permanently archived in 

the European Micropaleontological Reference Center at Micropress Europe in Kraków (Poland). Energy 

Dispersive X-ray (EDX) analysis on points within the internal lining of the foraminifera was carried out 
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at Baker Hughes Dhahran Technology Research Facility (Dhahran, Saudi Arabia) using Quantitative 

Evaluation of Minerals by Scanning Electron Microscopy (QEMSCAN) and its inbuilt EDX probes. The 

purpose of the EDX analysis is to verify the minerology of the test wall.  
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4.3 Systematic Descriptions 

Family. Uncertain. 

Genus Pseudonubeculina n. gen. 

Type species. Pseudonubeculina arabica n. gen. n. sp. 

 

Description. Test wholly uniserial, with few, strongly overlapping chambers, externally resembling the 

genus Hormosina. Wall comprised of a thin imperforate calcareous inner layer and a coarsely 

agglutinated outer layer with abundant white calcareous cement composed of high magnesium calcite. 

Aperture terminal, a slit formed by the flat sides large agglutinated grains placed around the aperture.  

Remarks. Differs from Hormosina in possessing calcareous cement and a slit-like aperture, and from 

Nubeculina and Hormosina in possessing a completely uniserial chamber arrangement and strongly 

overlapping chambers. Hormosina also possesses a distinct apertural neck, while Acostata which is a 

recent uniserial taxon with a slit-like aperture, has walls with an organic cement. Cribratinoides, which 

is uniserial, possesses a slit-like aperture and calcareous cement, however, the chambers are many and 

closely appressed. Glaucoammina Seiglie & Bermúdez, possesses calcareous cement with canaliculae, 

and is regarded to be a clavulinid that has lost its triserial part (Loeblich and Tappan, 1987) 

Pseudonubeculina arabica n. gen. n. sp. 

Figure 20 aïc; Figure 21(1ï3), Figure 22 aïb 

 

 

Description. Test is uniserial elongate, composed of 2 to 4 regular, strongly overlapping chambers with 

distinct sutures. Chambers are rounded in cross-section and nearly uniform in size throughout the length 

of the test. Chamber interior simple, chamber lumen are separated by a foramen, which is a constriction 

of the ends of chambers created by the flat surfaces of agglutinated grains. Wall is comprised of two 

layers, a thin imperforate inner calcareous layer and a much thicker coarsely agglutinated outer layer, a 

single grain thick, consisting of rounded terrigenous sand grains and occasional tests of other 

foraminifera, held by a porcelaneous cement (high-Mg calcite). The dimensions of grains comprising the 
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chamber wall are rather uniform, but noticeably larger grains are used to construct the aperture. Aperture 

is a simple terminal slit, without a tooth, usually constructed with the flat ends of two or more broad 

agglutinated grains.  

Type Locality. Lat. 26.46667 N, Long. 54.98333 E, water depth 31 m. The type specimens (Table 1) 

were recovered from four samples collected from a narrow depth range (20ï31 m) in the Arabian Gulf.  

Type Level. Recent 

Type Specimens. Holotype and paratypes are deposited in the collections of the European 

Micropaleontological Reference Centre, Micropress Europe, in Kraków, Poland in Cabinet 6, drawer 6. 

(#6/6c-1ï5). 

Remarks. The species resembles those assigned to Nubeculina by Parker (2009, figs. 104 and 105) and 

Loeblich and Tappan (1994, plate 59, figs. 4ï10) with its distinct coarsely agglutinated wall, milky white 

cement color and the almost uniform uniserially arranged chambers. However, this species can easily be 

distinguished by its prominent terminal slit-like aperture, about 100 µm in length, formed using the flat 

sides of two or more large agglutinated grains, lined by an imperforate rim of secreted calcite (Figure 20-

2a). It is not clear from the axial section of Parker (2009, page 147, figs. 105 fïh) whether the displayed 

wall texture is original or acquired from the media used in impregnating the specimen before it was 

sectioned.  

Our new species shows some variation in size, depending on the type and grain size of the agglutinated 

material. Analyses of the agglutinated grains used to construct the test confirm that most are quartz, 

although occasionally small tests of calcareous benthic foraminifera are also incorporated into the wall. 

The agglutinated layer is a single grain thick (Figure 21). The cement between the grains is milky white 

high-Mg calcite (Table 2) and is imperforate. No pseudopores or canaliculi have been observed.  
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The chambers externally appear to be globular and of nearly uniform dimensions, circular in cross-

section, but sectioned specimens reveal that the chamber lumen has a pyriform shape, tapering toward 

the aperture. The chambers increase in size very slowly or not at all. The foramen between chambers is 

about 25 µm wide, and clearly lined with a calcite layer a few microns thick. The organism selects and 

positions the agglutinated grains in such a manner to create a foramen of remarkably constant diameter.  

The species externally resembles Reophax bradyi Bronnimann and Whittaker, 1980, but differs in 

possessing a bilamellar wall with white calcareous cement and a slit-like aperture. The species from 

Ningaloo Reef identified as Nubeculina advena Cushman by Parker (2009) also possesses globular, 

overlapping, uniform chambers but clearly differs in its apertural characteristics and in possessing a 

coiled early stage, which is reflected in the arcuate shape of the test. The species has restricted area and 

depth distribution in the Arabian Gulf. Out of a total of 33 sampling stations studied from the Iranian 

sector of the Arabian Gulf, only 4 with a depth range of 20ï31 m contained the new species (Figure 19). 
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Figure 6. Location map with red points indicating samples containing the new species 
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 Figure 7. Holotype (sample T5-1) specimen showing the coarsely agglutinated nature of the surface texture, light microscope 

image, red arrow indicating the aperture. Scale = 100 µm. (#6/6c.1) 
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Figure 8. All specimens are paratypes, 1a-c. Sample T6-2, 1a. Apertural view, 2b, c. Lateral view; 2. Sample T6-

2, 2a, b. apertural views, 2c, d. lateral views. 3a-d. sample T4-2. 3a. Apertural view, 3b. Lateral view 3c. 

longitudinal section, showing the inner walls of the chambers 3d. a view of the posterior end of the foraminifera 

with a prominent rounded grain. Scale bars = 100 µm. (#6/6c.1-4) 
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Figure 9. Longitudinal section of a paratype from sample T4-2, showing the uniserial nature of chamber arrangement and details 

of the aperture (b), the foramin between chambers(c) and the first chamber (d). Scale = 100 µm unless otherwise indicated. (#6/6c.6) 
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4.4 Discussion  

The systematic position of the new genus Pseudonubeculina remains uncertain. Based upon its wholly 

uniserial chamber arrangement and simple aperture, the genus would traditionally be placed in the 

Hormosinina, which possesses calcareous cement and a slit-like aperture. However, Hormosina 

possesses a distinct apertural neck and strongly overlapping chambers.  The Jurassic uniserial genus 

Posadia Guisberti & Coccioni is described as having calcareous cement while Acostata, which is a recent 

uniserial taxon with a slit-like aperture, has walls with an organic cement. Cribratinoides, which is 

uniserial, possesses a slit-like aperture and calcareous cement, however, the chambers are many and 

closely appressed. Another genus, Glaucoammina Seiglie & Bermúdez, possesses calcareous cement 

with canaliculae, and is regarded to be a clavulinid that has lost its triserial part (Loeblich and Tappan, 

1987). These genera have been placed within the Hormosinina in spite of their calcareous cement 

composion (Kaminski, 2014).  

Our new genus Pseudonubeculina undoubtedly has miliolid affinities owing to the structure and 

composition of the test wall, and may, in a manner similar to Glaucoammina, simply be a nubeculinid 

that has lost its initial planispiral coil and has become wholly uniserial. However, the current 

classification of the Miliolida does not accommodate a genus with a wholly uniserial chamber 

arrangement.  
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Table 1. Sample stations containing the new species 

Station Latitude Longitude Depth(m) Relative Abundance (%) 

T-3-3 26.46667 N 54.98333 E 31 0.8 

T-4-2 25.83333 N 54.96666 E 22 1.5 

T-5-1 26.13333 N 54.48333 E 24 2.0 

T-6-2 25.99755 N 54.00503 E 20 0.7 

 

Table 2. Summary of Energy dispersive X-ray (EDX) analysis on points within the internal linning of the paratype #6/6c.6 (The 

paratype was cut open (Figure 22)) 

Element Spectrum 2 (Wt %)  Spectrum 2 (Wt %)  

C 40.98 31.37 

O 34.99 39.21 

Mg 4.5 3.15 

Si 9.66 5.73 

Ca 9.87 20.54 
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CHAPTER 5 

The new foraminiferal species Pseudotriloculina hottingeri n. sp. from the 

Arabian Gulf  

 

Abduljamiu O. Amao and Michael A. Kaminski 

Submitted to Journal of Foraminifera Research 

 

 

SUMMARY -- This study describes a new species belonging to the miliolid foraminiferal genus 

Pseudotriloculina. The species Pseudotriloculina hottingeri n. sp. is here described from several 

locations sampled in the Arabian Gulf. The species is distinguished by its U-shaped chambers, arranged 

initially in an indistinct triloculine and later in a pseudotriloculine manner, porcelaneous wall with 

longitudinal or bifurcating costae ornamentation running along the chambers from the posterior end to 

the apertural margin. It also has a short, broad, spoon-like bifid tooth within a terminal aperture and a 

broad collar draped on the last chamber. The species is named for Professor Lukas Hottinger who first 

described the species from the Gulf of Aqaba, Red Sea. The species has a restricted bathymetric and 

ecological distribution in the Arabian Gulf. The species has a depth range 0.02ï17 m, tolerates salinity 

of 36ï52 ppt and a temperature of 27ï30°C. Specimens were found in 20 samples out of 78 sampling 

stations studied in the entire Arabian Gulf. The species appears to have ecological significance in 

understanding epibiont-basibiont interactions and can also be used to delineate restricted environments 

based on its ecological preferences.  
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5.1 Introduction  

Recent documentation of high diversity of foraminifera in the Arabian Gulf supports the notion that the 

area is largely understudied and the diversity of foraminifera seriously underestimated (Parker and 

Gischler, 2015; Amao et al., 2016b). Amao et al. (2016b) reported a high species diversity (120 species) 

from a small shallow lagoon in Bahrain, higher than any number earlier reported for the entire region 

[e.g., 72 species in the ñsouthern Arabian Gulf biofaciesò reported by Cherif et al. (1997)]. These 

estimates are still far lower compared with the number benthic foraminiferal species (350) identified in 

the Gulf of Aqaba (an extension of the Red Sea) by Hottinger et al. (1993) and 1000 species in the 

Mediterranean Sea reported by Frontalini et al. (2015). One of the greatest challenges is a lack of a 

taxonomic guide that documents the unique assemblage in the area. Therefore, as part of a larger research 

effort to document the distribution, taxonomy and ecology of foraminifera in the Arabian Gulf, this study 

describes a new species belonging to the miliolid foraminiferal genus Pseudotriloculina. We name the 

species after Lukas Hottinger, in recognition of his valuable research on modern Foraminifera of the Red 

Sea area.  

The Arabian Gulf provides an excellent environment for the study of biotic and abiotic factors due to 

notable extremes [e.g., temperature and salinity (Amao et al., 2016b)]. The area is currently undergoing 

changes and deterioration of benthic communities as a result of rapid urban development and pollution 

(Sheppard et al., 2010). Salinity and water temperature for the area for the study area has been well 

documented in previous studies (Clarke and Keij, 1973; John et al., 1990; Joydas et al., 2015; Amao et 

al., 2016a, 2016b).  
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5.2 Methodology 

Samples for this study were collected from 78 locations within the Arabian Gulf, covering a range of 

environments including shallow to deep marine areas, and restricted and open environments (Figure 23). 

The samples also mirror the bathymetry of the Arabian Gulf and the major sedimentary regimes; 

carbonate-dominated, rimmed platform to the west and a mixed siliciclastic regime to the east. The 

samples were collected in our previous study of taxonomy and spatial distribution of benthic foraminifera 

in the Arabian Gulf. Standard handling and processing techniques were applied to the samples. See Amao 

et al. (2016a, 2016b) for details on sample preparation, preservation, and processing. Selected specimens 

were imaged by using scanning electron microscopy (SEM-JEOL JSM-5900LV) at the Geosciences 

Department, King Fahd University of Petroleum & Minerals (KFUPM) in Dhahran, Saudi Arabia. To 

produce the cross sections, a modified resin embedding technique (Golubic et al., 1970), which is based 

on two-component epoxy resins allowing faster setting of the resin and limiting the penetration into the 

foraminiferal test, was used. To achieve the faster setting of the resin, the casts were cured in an oven for 

30 minutes at 100oC. The resin casts were ground on a smooth glass with silicon carbide loose grit 

abrasive powder (grit size #400). After achieving the appropriate depth, resin casts were placed in an 

ultrasonic water bath for 30 seconds to remove the abrasive powder residue and then dried under an 

incandescent lamp. The resin cast provides support for handling the specimen and also enables desirable 

precise smoothness to be achieved during grinding. The type specimens of the new species are 

permanently archived in the European Micropaleontological Reference Center at Micropress Europe in 

Kraków (Poland). 
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Figure 10. Location of samples used in the study, red right-angle triangles indicate sites where the species was found, 

while black indicate sites where the species was not found. In Salwa and Bahrain, the sampling sites with P. hottingeri 

represents 5 and 9 stations respectively, which are not visible due to the map scale 
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Figure 11. Holotype (#7/6d-1) showing longitudinal ornamentation, terminal aperture, and broad bifid tooth. 

a - apertural view, while b and c are lateral views of the specimen. Scale = 100 µm. 
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Table 3. Sampling station details and relative abundances of P. hottingeri recovered, expressed as percentage of the total assemblage 

at each station. 

Station Latitude Longitude Depth (m) Relative abundance (%) of P. hottingeri 

S05F_78 26.0435130 50.6253670 0.40 4.49 

S05F_11 27.6979524 49.1536030 9.20 4.20 

S05F_10 27.6965762 49.0531496 8.70 4.10 

S05F_74 26.0444720 50.6264440 1.00 3.64 

S05F_36 24.7632110 50.7533070 0.98 3.30 

S05F_33 24.7636080 50.7539650 0.60 2.90 

S05F_76 26.0433740 50.6255230 0.02 2.49 

S05F_24 27.2344377 49.7410607 17.10 2.40 

S05F_12 27.6067703 49.0547400 5.70 2.30 

S05F_72 26.0436170 50.6252210 0.02 2.17 

S05F_38 24.7630100 50.7529260 1.20 1.80 

S05F_34 24.7634670 50.7537410 0.76 1.50 

S05F_37 24.7631110 50.7531140 1.09 1.50 

S05F_35 24.7633440 50.7535210 0.87 1.30 

S05F_39 24.7629100 50.7527280 1.31 1.30 

S05F_31 24.7637910 50.7542240 0.40 1.20 

S05F_32 24.7636080 50.7539650 0.60 1.20 

S05F_41 24.7627080 50.7522750 1.64 0.80 

S05F_73 26.0436690 50.6251410 0.40 0.77 

S05F_77 26.0434030 50.6254990 0.04 0.60 
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5.3 Systematic Description 

 

Family HAUERINIDAE Schwager, 1876 

Subfamily MILIOLINELLINAE Vella, 1957 

Genus Pseudotriloculina Cherif, 1970 

Type species: Triloculina laevigata dôOrbigny, 1828 (O.D.) 

 

Pseudotriloculina hottingeri Amao and Kaminski, 2016 

Figure 24, Figure 25, Figure 26 

 

1993 Pseudotriloculina sp. B. Hottinger et al., 1993, p. 56, pl. 49, figs. 1ï7 

2016 Pseudotriloculina sp. Amao et al., 2016, p. 177, fig. 3 gïi 

Description. Test elongated, oval in lateral view and somewhat compressed. Periphery generally 

rounded except in deformed specimens. Wall porcelaneous with costate ornamentation running 

longitudinally or bifurcating along the chambers from the posterior end to the apertural margin. In 

transverse sections, chambers are oval-U-shaped, arranged initially in an indistinct quadriloculine 

manner and later in a pseudotriloculine manner. Sutures are indistinct; aperture is terminal, rounded with 

a short broad spoon like bifid tooth. The prominent aperture rim drapes on the last chamber forming a 

collar.  

Remarks. Paratypes show variation in the size and numbers of costae (9ï30). Differences in size among 

the paratypes may suggest the specimens imaged are at different growth stages. The species resembles 

those assigned to Pseudotriloculina sp. B by Hottinger et al. (1993, page 54, plate 49, figs. 1ï7) with its 

distinct short, broad, spoon-like bifid tooth and numerous, somewhat delicate costae. It also shares some 

similarities with Quinqueloculina limbata d'Orbigny, Triloculina cohabilis and Quinqueloculina tenagos 

Parker as discussed by Hottinger et al. (1993). Quinqueloculina limbata and Q. cohabilis have longer 

necks, while Q. tenagos appears more robust.  
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Derivation of Name. The new species is named in honor of Professor Lukas Hottinger who earlier 

described the species from Gulf of Aqaba of the Red Sea.  

Type Locality. Eastern Bahrain; Latitude 26.044472 N, Longitude 50.626444 E, foreshore off Askar 

fishing village (Figure 23), water depth approximately 0.4 m. The type locality and its environmental 

parameters have been described by Arslan et al. (2016).  

Type Level. Recent 

Type Specimens. Holotype and paratypes are deposited in the collections of the European 

Micropalaeontological Reference Centre, Micropress Europe, in Kraków, Poland in Cabinet 7, drawer 6. 

(#7/6d-1ï3). 

 

Ecological Preference. The species has a restricted bathymetric and ecological distribution in the 

Arabian Gulf. Specimens were only found in 20 samples out of 78 sampling stations studied for the entire 

Arabian Gulf (Figure 23). Also, living populations were only documented among the 20 samples (Table 

3). The species has a depth range of 0.02ï17 m, tolerates salinity in the range of 36ï52 ppt and 

temperatures of 27ï30°C based on a one sampling event. Details of all sampled locations in the Gulf are 

provided as supplementary material (Appendix-Table 1).  
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5.4 Summary and Conclusion 

Valid controversy continues concerning the genus Pseudotriloculina attributed to Cherif (1970), which 

was first published in a Ph.D. dissertation (Loeblich and Tappan, 1985). Cherif in his later papers (Cherif, 

1973; Cherif et al., 1997; Cherif and Flick, 1974), refers to his 1970 work as a dissertation, and at some 

point he even refers to it as a photocopy. This seems to suggest that Pseudotriloculina was not originally 

a valid name according to the rules of the International Commission on Zoological Nomenclature 

(ICZN). However, several notable taxonomic monographs have used and referred to this citation 

(Loeblich and Tappan, 1987, 1994; Hottinger et al., 1993; Debenay, 2012). For the purpose of 

convenience, this study considers Pseudotriloculina Cherif, 1970 to be a valid genus name.  

Pseudotriloculina hottingeri n. sp. appears to have ecological significance in understanding epibiont-

basibiont interactions. Amao et al., (2016a) documented test abnormalities as a result of Cymbaloporetta 

sp. (epibiont) attaching to the test of Agglutinella soriformis, Adelosina carinatastriata, Spiroloculina 

indica and Pseudotriloculina sp. (Pseudotriloculina hottingeri). The interaction may have implications 

for the ontogeny and development of abnormalities in the bassibiont foraminifera. Locally, this may also 

affect how abnormality indexes for pollution biomonitoring are interpreted due to the significant number 

of the biological interactions documented. We suggest that P. hottingeri can be used to delineate 

restricted environments based on its ecological preferences, i.e., shallow hypersaline environments in the 

Arabian Gulf, and not only in the Red Sea. It may also be useful in combination with other benthic 

foraminifera for depth proxies.  
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Figure 12. All specimens are paratypes, Paratype 1. (1a-c). 1a. Apertural view, 1b, c. Lateral views; Paratype 

2. (2a-c). 2a apertural views, 2b, c. lateral views. Paratype 3. (3a-d). 3a. Apertural view, 3b, c. Lateral view. 

In 2c, the knob is the attachment of Cymbaloporetta sp. (epibiont). Scale bars = 100 µm. (#7/6d-1-3) 


