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Abstract: A salt-marsh assemblage of agglutinated foraminifera was recovered from a salt marsh on the east side 
of Tubli Bay in eastern Bahrain. This locality is one of the last remaining patches of salt marsh on the east coast of 
Tubli Bay. The salt marsh is covered by a single marsh plant species, Arthrocnemum macrostachyum. Samples were 
collected from beneath the Arthrocnemum canopy in two transects beginning at the maximum landward extent of 
halophytic plants in the high marsh and extending to a tidal channel at the seaward side of the low marsh. A distinct 
elevation-related zonation in foraminifera is observed from the high marsh to the low marsh. The trochamminids 
Entzia macrescens and Trochammina inflata are characteristic of the high marsh, whereas Ammonia, Elphidium, 
Peneroplis and smaller miliolids become common in the middle part of the marsh transect. The tidal channel at 
the lower limit of the marsh contains an assemblage dominated by Ammonia, Elphidium, adult specimens of Pen-
eroplis, and smaller miliolids, with Clavulina and Agglutinella as the only agglutinated taxa. Living specimens of 
Entzia and Trochammina were observed during the winter 2019–2020 sampling season, whereas samples collect-
ed in Autumn 2019 contained only dead specimens. One new species, ?Sigmoilina canisdementis sp. nov., is de-
scribed herein. This is the first report of a live Entzia-dominated salt marsh assemblage in the Arabian Gulf region. 

Keywords: Arabian Gulf, Bahrain, Salt Marsh, agglutinated foraminifera 

INTRODUCTION

For more than half a  century, salt-marsh fo-
raminifera have been widely accepted as useful 

bioindicators for past sea level change and recon-
structing the Holocene. Beginning with the work 
of Bartenstein & Brand (1938), Cushman & Brön-
nimann (1948), Andersen (1951), Saunders (1957)  
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and Pfleger (1960, 1970), it became apparent that 
salt marshes contain unique assemblages of ag-
glutinated foraminifera consisting mainly of 
a  diverse range of trochamminids. Because salt-
marsh foraminifera (and their presumed carriers, 
the migratory shore birds) have wide geographi-
cal distribution and distinct vertical ranges, the 
use of agglutinated foraminifera as bioindicators 
has increasing importance in different parts of the 
world in understanding the rate of relative sea lev-
el change especially with the current scenario of 
global warming and predicted global sea level rise. 

The pioneering studies of Scott & Medioli (1978, 
1980) have shown that the spatial distribution of 
agglutinated foraminifera in temperate salt marsh-
es may be closely related to the tide level. For ex-
ample, a  salt-marsh foraminiferal species, Entzia 
macrescens (Brady), was recorded by Scott & Me-
dioli (1980) just below the level of higher high wa-
ter (HHW), above which the living foraminifera 
rapidly disappear. Other marsh foraminifera (i.e., 
Tiphotrocha, Trochammina, Miliammina, and cal-
careous benthic species) occur at lower elevations 
with respect to HHW, and consequently the oc-
currence of such foraminifera in sediment cores 
can be used as indicators of past sea-level chang-
es (see Horton & Edwards 2006). Later studies by 
Scott et al. (1990) have shown that E. macrescens 
are widely distributed along the Atlantic coast-
line of North and South America. Furthermore, E. 
macrescens has been found across the globe in the 
salt marshes of NW Europe (Bartenstein & Brand 
1938), North America (Scott & Medioli 1980), the 
Caspian Sea (Shmal'gauzen 1950) and the Bay of 
Bengal (Kumar et al. 2014). Two distinct phylo-
types of E. macrescens have already been reported 
in Europe (Holzmann & Pawlowski 2017), and con-
sidering the large distances between populations of 
Entzia from Europe, North and South America and 
the Indian coast one can expect to find additional 
cryptic species (M. Holzmann 2020, personal com-
munication). The species has even colonized saline 
springs found near the salt mines of central Tran-
sylvania (Daday 1884, Filipescu & Kaminski 2011). 
The E. macrescens population in Transylvania is 
genetically identical to the population from South 
Wales, and specimens have likely been transported 
by birds during seasonal migrations (Holzmann & 
Pawlowski 2017). 

Along the shores of the western Arabian Gulf, 
the last remaining salt marshes are currently un-
der threat from coastal development and land rec-
lamation. In this study, we are reporting a survey 
of foraminifera found in one of the extant salt 
marshes that has not been developed. Although 
studies of benthic foraminifera have been con-
ducted from the intertidal zone in Bahrain (Bas-
son & Murray 1995, Amao et al. 2016, Garrison 
2019), until now, there have been no reported sur-
veys of salt-marsh foraminifera found in vegetated 
marshes. 

STUDY AREA

The study site was a 100 m by 300 m patch of veg-
etated salt marsh and mangal located adjacent 
to an automotive dealership on the Shaikh Jaber 
Al-Subah Highway in Sitra, Bahrain. The site is 
located on the eastern side of Tubli Bay (Fig. 1). 
Tubli Bay is a shallow wedge-shaped inlet (average 
depth 5 m) with a surface area of 10 km2 located 
in northeastern Bahrain (Seedo et al. 2017). It is 
home to large numbers of pink flamingos, egrets, 
and other wading birds, but its intertidal zone has 
now been largely reclaimed, particularly on the 
eastern side in Sitra. The patch of salt marsh and 
mangroves next to the automotive dealership is 
the only remaining undisturbed marsh habitat on 
the eastern side of the bay. The intertidal zone at 
the studied site (from HHW to the bay) consists 
of six habitats: (1) a vegetated high marsh covered 
by a monospecific canopy of the perennial halo-
phyte Arthrocnemum macrostachyum (Mericand), 
(2)  a  tidal creek leading to a  tidal pool, (3)  the 
highest occurrence of sparse grey mangrove bush-
es (Avicenna marina), grading into (4) a thick can-
opy of mature mangrove trees, and on the seaward 
side, (5) an intertidal mud flat with patches of al-
gal mat cut by tidal channels extending to the low 
tide mark, and finally (6) the open waters of Tubli 
Bay (Fig. 1). 

This study focuses on the foraminiferal as-
semblages found within the A. macrostachyum 
salt marsh, along an elevational transect extend-
ing from the highest occurrence of the A. macro-
stachyum canopy on the landward side to the tidal 
channel separating the salt marsh from the man-
groves on the seaward side (Fig. 2). 
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Fig. 1. Location of sample area, all images from Google Maps (A); red dot indicates the sample site in Sitra, Bahrain (B); location 
of the sampled transects in the salt marsh (C) 

Fig. 2. View of the salt marsh looking northwest from the automobile dealership on the Shaikh Jaber Al-Subah Highway. 
The sampled transects are indicated with yellow lines (A); close-up view of transect 2, looking west from the landward edge of 
the salt marsh (B). Photo by Adam Fheed (AGH) 
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At the landward edge of the salt marsh, some 
additional halophytic plants were noted, includ-
ing Halocnemem strobilaceum (Pallas), Tetrae-
na qatarensis (Hadid), and Cistanche tubulosa 
(Schenk). Above HHW the upland is sparsely cov-
ered by tufts of grass until it meets the highway. 

MATERIAL AND METHODS

Samples were collected from beneath the Arthroc-
nemum canopy in two transects beginning at the 
tidal channel at the seaward side of the low marsh 
and extending to the maximum extent of halo-
phytic plants in the high marsh. The marsh was 
first sampled for taxonomic purposes on Decem-
ber 7, 2019 (samples VW0–VW5) along the line 
of transect 1. Transect 1 was sampled again at the 
end of January, 2020, and transect 2 was sampled 
two weeks later on February 13, 2020. On the day 
transect 2 was collected, air and sediment temper-
atures were 17°C. Samples were collected by insert-
ing the mouth of a 125 ml glass sample jar into the 
sediment underneath an Arthrocnemum plant to 
a depth of 1 cm, thereby collecting a plug of surficial 
sediment 4 cm in diameter and 1 cm thick. Samples 
were brought back to the lab within a few hours and 
soaked in a rose Bengal solution (80% ethanol with 
5 g rose Bengal powder per litre), for a minimum 

of two weeks. Samples were gently washed over 
a 63 mm sieve, dried in an oven at 60°C, and split 
into manageable fractions using a  brass micro-
splitter (Micropress Europe, Poland). Each split 
sample yielded approximately 300 specimens (typ-
ically 1/16 of the original sample), which were dry-
sieved over a 125 mm sieve, and the foraminifera 
(both stained and unstained) were picked from 
the ≥125 mm fraction into cardboard microscope 
slides. Selected specimens were photographed us-
ing a FEI QUANTA 200 FEG SEM at the Laboratory 
of Critical Elements, Faculty of Geology, Geophys-
ics and Environmental Protection, AGH Univer-
sity of Science & Technology, Kraków, Poland. 
The foraminiferal reference slides will be deposit-
ed in the collections of the European Micropale-
ontological Reference Centre in Kraków, Poland. 

RESULTS 

Benthic Foraminifera were recovered from all 
samples in both transects. The sampled transects 
begin beneath the highest Arthrocnemum plant at 
the landward edge of the marsh. The total assem-
blage is tabulated in Tables 1 and 2, with stained 
and unstained specimens counted separately. In 
all samples the proportion of stained specimens is 
small, less than 5% of the total assemblage. 

Table 1
Counts of live/dead specimens in transect 1 

Transect 1

Genus s0 s1 s2 s3 s4

Entzia 0/0 3/11 0/7 0/29 3/38

Trochammina 0/0 7/57 1/10 5/29 5/89

Ammonia 0/41 0/49 0/22 2/40 0/30

Elphidium 0/12 0/19 0/10 0/17 0/6

Peneroplis 0/21 0/30 0/14 0/29 0/10

Coscinospira 0/0 0/6 0/0 0/2 0/2

S. canisdementis 0/0 11/13 10/10 9/8 2/3

Clavulina 0/0 0/0 0/0 0/0 0/0

Quinqueloculina 0/30 0/59 0/57 0/98 1/42

Trichohyalus 0/0 1/4 0/4 3/8 0/19

Haynesina/Porosononion 0/0 0/0 0/1 0/4 0/0

Spiroloculina 0/0 0/1 0/0 0/1 0/1

Agglutinella 0/0 0/0 0/0 0/0 0/0

Other 0/0 0/1 0/0 0/0 0/0
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A  distinct elevation-related zonation in both 
rose-Bengal stained and unstained benthic fo-
raminifera is observed from the high marsh to the 
low marsh. The results are discussed separately. 

Live assemblage
Samples collected on December 7, 2019 did not 
yield any living (rose Bengal stained) foraminif-
era Living specimens of benthic foraminifera were 
recovered during the winter 2019–2020 (January–
February, 2020) sampling season. The highest oc-
currence of living foraminifera is found at the 
landward edge of the Arthrocnemum canopy at 
HHW. The highest samples are dominated by En-
tzia macrescens, a slender fusiform smaller miliol-
id, here named Sigmoilina canisdementis sp. nov. 
and an occasional specimen of Reophax sp. At 
higher elevations on the landward side of the 
marsh Entzia macrescens is dominant, whereas 
in the middle part of the marsh Trochammina in-
flata becomes dominant, while Ammonia tepida, 
Trichohyalus, Elphidium, and miliolids increase in 
abundance in the seaward direction. The sample 
from edge of the tidal channel at the lower limit of 
the marsh (T2, sample 10) contains an assemblage 
of calcareous benthic foraminifera dominated by 
the rotaliids Ammonia, Elphidium, and the miliol-
id Peneroplis. 

Dead assemblage
The dead assemblage is more diverse compared 
with the live assemblage and is enriched in var-
ious miliolid species, including the larger mil-
iolid genera Peneroplis and Coscinospira. At the 
landward edge of the marsh the trochamminids 
dominate the dead assemblage (Figs. 3, 4). The 
trochamminds are generally well-preserved, and 
therefore the recovered specimens must have been 
alive recently. Their relative abundances mirror 
that of the live assemblage. At the landward end of 
the transects, Entzia is the dominant genus, then 
Trochammina becomes dominant in the mid- to 
lower marsh. The larger specimens of Trochammi-
na at the studied locality sometimes display de-
formities of the chambers (Plate 1). The propor-
tion of calcareous benthic foraminifera (rotaliids 
and miliolids) increases in the seaward direction 
(Figs. 3, 4). In the high marsh, only juvenile speci-
mens of Peneroplis are observed, while in the mid-
dle and low marsh adult specimens were found in 
association with juvenile specimens of Coscinos-
pira. In the mid- to low marsh calcareous forms 
dominate the dead assemblages, mostly Ammo-
nia, Elphidium, a  diverse assemblage of small-
er miliolids (mostly Quinqueloculina with rare 
specimens of Agglutinella, Articulina, Hauerina, 
Spiroloculina, Sigmoilina, and Triloculina), and 

Table 2
Counts of live/dead specimens in transect 2

Transect 2

Genus s0 s1 s2 s3 s4 s5 s6 s7 s8 s9 s10

Entzia 1/0 0/150 1/0 1/37 1/104 2/84 1/8 5/65 7/80 0/1 0/0

Trochammina 0/0 0/82 2/5 2/48 4/64 1/47 4/12 1/90 1/52 2/7 0/2

Ammonia 0/30 0/21 0/49 2/43 0/70 2/34 3/86 1/49 2/127 2/80 2/102

Elphidium 0/7 0/8 0/15 0/11 0/44 0/9 0/30 0/6 0/30 2/28 1/46

Peneroplis 0/12 0/3 0/35 0/15 0/36 0/29 0/28 0/6 0/25 0/55 5/62

Coscinospira 0/1 0/2 0/7 0/2 0/12 0/9 0/4 0/2 0/3 0/9 0/10

S. canisdementis 1/0 5/16 0/1 3/4 1/11 0/4 0/0 0/2 0/0 0/1 0/0

Clavulina 0/1 0/0 0/4 0/0 0/0 0/0 0/2 0/0 0/0 0/3 0/4

Quinqueloculina 0/39 0/38 3/99 0/84 0/99 0/85 7/93 0/38 0/62 6/120 0/142

Trichohyalus 0/0 1/7 0/2 0/1 2/1 0/2 1/2 1/10 0/1 0/2 0/0

Haynesina/Porosononion 0/4 0/0 0/0 0/0 0/3 0/1 0/1 0/1 0/2 0/0 0/1

Spiroloculina 0/0 0/0 0/0 0/1 0/2 0/0 0/0 0/1 0/2 0/0 0/1

Agglutinella 0/0 0/0 0/0 0/0 0/0 0/0 0/1 0/0 0/1 0/0 0/1

Other 0/0 1/0 0/0 0/0 0/1 0/2 0/1 0/1 0/0 0/2 0/0
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rare specimens of Clavulina, Haynesina, Sorites, 
and Trichohyalus. Large specimens of Penerop-
lis are particularly common in sample T2-10 

(the edge of the tidal channel at the lower end of 
the marsh). The genus Sorites is found only in the 
proximity of the tidal channel in the low marsh. 

Fig. 3. Relative total abundance (Living+Dead) of the principle foraminiferal species in transect 1 

Fig. 4. Relative total abundance (Living+Dead) of the principle foraminiferal species in transect 2
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DISCUSSION

Temperate salt marshes in North America and 
northwest Europe are characterized by a benthic 
foraminiferal fauna dominated by agglutinat-
ed foraminifera, predominantly trochamminids 
(Scott & Medioli 1980, Scott et al. 1990, Horton & 
Edwards 2006). In the British marshes, the species 
Entzia macrescens occurs near HHW, whereas 
Trochammina inflata is dominant at in the middle 
marsh, and Miliammina fusca and various calcar-
eous species characterize the lower marsh eleva-
tions and the mud flats (Horton & Edwards 2006). 
Miliammina fusca is often also found in tidal 
channels. North American salt marshes contain 
more diverse trochamminids, including the gen-
era Arenoparella, Balticammina, Siphotrocham-
mina, and Tiphotrocha, as well as accompany-
ing non-trochammind agglutinated foraminifera 
such as Reophax, Haplophragmoides and Polysac-
cammina (Edwards et al. 2004). In Bahrain, the 
diversity of agglutinated foraminifera is lower that 
of the North American salt marshes, consisting of 
only five genera. The composition of the marsh 
assemblage in Bahrain is more similar to that of 
the British marshes, with Entzia (= Jadammina 
in older publications) dominating at the fringe 
of the high marsh, Trochammina and Reophax 
extending to the middle marsh, and the aggluti-
nated miliolid genus Agglutinella substituting for 
Miliammina in the low marsh and muddy tidal 
flat. Interestingly, the species Agglutinella kamin-
skii Garrison has the same fusiform shape and 
probably occupies a similar habitat as Miliammi-
na fusca, but differs in its wall composition (see 
Garrison 2019). Additionally, Clavulina is found 
in association with Agglutinella in the low marsh, 
although at the time of our sampling only dead 
specimens of these genera were found. The largest 
adult specimens of Clavulina were observed at the 
lower edge of the marsh. 

The species Entzia macrescens has a  world-
wide distribution and is likely dispersed by birds 
along their migration pathways (Holzmann 
& Pawlowski 2017). The island of Bahrain sits 
squarely within the East Africa  – West Asia fly-
way (Kube et al. 1998: fig. 24, Leblebicioglu et al. 
2014: fig. 2). Much of the ornithological research 

shows migratory flyways via the Gulf and Bah-
rain heading north and eastward to central Asia 
and China (Sun et al. 2008, Si et al. 2009, de Fouw 
et al. 2017). However, there is evidence of flyways 
heading north and westward from Bahrain (Kube 
et al. 1998, Leblebicioglu et al. 2014). This bird mi-
gration flyway is from East Africa, Yemen, north-
ward to Oman, Bahrain, Kuwait, Iraq, Turkey, 
Romania, and to other parts of Eastern Europe 
(Kube et al. 1998: fig. 24, Leblebicioglu et al. 2014: 
fig. 2). Entzia macrescens probably arrived with 
birds in Romanian salt ponds but to assume that 
it is the same cryptic species everywhere along 
migratory bird routes would necessitate a molec-
ular investigation. 

Tubli Bay is a  well-known stopover point for 
migratory shore birds, and we have observed fla-
mingos, egrets, and smaller shore birds at our 
sample locality. Trochammina inflata also has 
a  worldwide distribution in salt marshes (Scott 
et al. 1990), although it has not been observed at 
the Entzia locality in landlocked Transylvania 
(Kaminski & Filipescu 2011, Telespan et al. 2017). 
The species has been found in a mangrove-dom-
inated environment in the U.A.E. (Fiorini et al. 
2019), but our finding in Tubli Bay in Bahrain is 
the first report of the species in a salt-marsh en-
vironment in the western Arabian Gulf region. 
Based on the known migration pathway of the 
oystercatchers, Haematopus ostralegus iongipe, 
reported by Kube et al. (1998) and the great reed 
warbler, Acrocephalus arunddinaceus, reported 
by Leblebicioglu et al. (2014), we might expect to 
find trochamminids at other salt marshes in the 
western Gulf region, but this remains to be ver-
ified by an expanded survey. At our sampled lo-
cality larger specimens often display curious 
morphological deformities, such as irregular coil-
ing or deformities of the chambers. A  few speci-
mens were found that display an abnormally lo-
bate periphery, with radially elongated chambers 
(Plate 1, Figs. D1, D2). Deformities in peneroplids 
commonly observed in the Gulf region have been 
ascribed to extremes in temperature and salinity 
(Amao et al. 2018, Fiorini & Lokier 2020), but it is 
not yet clear whether the occurrence of deformi-
ties in this population of T. inflata has an underly-
ing environmental cause. 
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SYSTEMATICS

In this section we use the classification of Kamin-
ski (2014) for the agglutinated foraminifera, and 
Loeblich & Tappan (1992) for the calcareous forms. 

Class FORAMINIFERA d’Orbigny, 1826
Order LITUOLIDA Lankester, 1885
Suborder HORMOSININA Mikhalevich, 1980
Superfamily HORMOSINOIDEA Haeckel, 1894
Family REOPHACIDAE Cushman, 1927
Genus Reophax De Montfort, 1808
Type species Reophax scorpiurus de Montfort, 1808

Reophax sp.
Plate 1, Fig. A 

Reophax sp. 1. Fiorini et al. 2019, pl. 1, fig. 3. 

Remarks: Only a  single specimen was recovered. 
Our specimen compares well with the species of 
Reophax illustrated by Fiorini et al. (2019) from 
the U.A.E. mangroves, but the final chamber in 
our specimen is somewhat more elongated. 

Suborder TROCHAMMININA Saidova, 1981
Superfamily TROCHAMMINACEA Schwager, 1877
Family TROCHAMMINIDAE Schwager, 1877
Subfamily TROCHAMMININAE Schwager, 1877
Genus Trochammina Parker & Jones, 1859
Type species Nautilus inflatus Montagu, 1808

Trochammina inflata (Montegu, 1808)
Plate 1, Figs. B–F

Nautilus inflatus Montegu, 1808, pl. 81, pl. 18, fig. 3.
Trochammina inflata (Montegu). Parker & Jones, 
1859, p. 347; Scott & Medioli, 1980, p. 44, pl. 3, 
figs. 12–14, pl. 4, figs. 1–3 (with synonyms); Brön-
nimann & Whittaker, 1988, pl. 1, fig. 1 (neotype); 
Javaux & Scott, 2003, p. 23, figs. 6.12–6.13; Fiorini 
et al., 2019, pl. 1, figs. 1–2; Semensatto, 2020, pl. 3, 
fig. 19. 

Remarks: A neotype for Trochammina inflata (Mon- 
tagu) was designated by Brönnimann & Whittaker 
(1984) from Devon in SW England, and reillustrat-
ed by Brönnimann & Whittaker (1988). It has been 
reported from mangals and salt marshes through-
out the world (Javaux & Scott 2003). 

Our specimens from Bahrain can grow quite 
large, up to 725 µm in diameter, and tend to acquire 
a  lobate outline in the final chambers. Morpho-
logical deformities are commonly observed in the 
larger specimens, including irregular chambers or 
tighter, high trochospiral coiling. In Bahrain, it is 
observed in the high to middle part of the marsh. 
The species has also been found in a  mangrove 
environment in the U.A.E. (Fiorini et al. 2019). 

Subfamily JADAMMININAE Saidova, 1981
Genus Entzia Von Daday, 1883
Type species Trochammina inflata (Montagu) var. 
macrescens Brady, 1870

Entzia macrescens (Brady, 1870)
Plate 2, Figs. A–I 

Trochammina inflata (Montegu) var. macrescens 
Brady, 1870, p. 290, pl. 11, figs. 5a–c. 
Entzia tetrostomella von Daday, 1883, p. 209, pl. 1, 
figs. 1–8. 
Jadammina polystoma Bartenstein & Brand, 1938, 
p. 381, figs. 1a-c, 2a-l; Pfleger et al., 1953, p. 9, pl. 2, 
figs. 35–37. 
Trochammina macrescens Brady. Scott & Medioli, 
1980, p. 44, figs. 1–8 (with synonyms).
Trochammina macrescens Brady (forma polysto-
ma). Javaux & Scott, 2003, p. 23, figs. 6.16–6.19. 
Jadammina macrescens (Brady). Murray, 1979, 
p. 28, fig. 6k, l, m. 
Entzia macrescens (Brady). Filipescu & Kamin-
ski, 2011, p. 31, pl. 1, figs. 1–10, pl. 2, figs. 1–6 (with 
synonyms); Holzmann & Pawlowski, 2017, pl. 1, 
figs. 1–4; Semensatto, 2020, pl. 2, fig. 4. 

Description: Test-free, a flattened trochospire that 
tends to be nearly planispiral in the adult, cham-
bers increasing gradually in size as added, sutures 
radial to slightly curved, periphery rounded. Wall 
imperforate, finely and sparsely agglutinated on 
a  proteinaceous base. Aperture multiple; prima-
ry aperture a  low interiomarginal equatorial slit, 
with one or more supplementary areal openings 
in the lower portion of the apertural face, each 
bordered by projecting lip.
Remarks: This species was first described by Brady 
(1870) from the River Dee in Wales, and thirteen 
years later, von Daday (1883) described an iden-
tical species under the name Entzia tetrostomella 
from a salt marsh near Deva, in Transylvania. 
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Filipescu & Kaminski (2011) regarded the genus 
Entzia to be the senior synonym of Jadammina, 
while the species name macrescens (Trochammina 
macrescens Brady, 1870) has priority over the spe-
cies name tetrastomella (Entzia tetrastomella Da-
day, 1883). Therefore, the correct combination for 

the species name is Entzia macrescens (Brady, 1870). 
Molecular studies by Holzmann & Pawlowski 
(2017) have shown that specimens from Transyl-
vania are almost identical with those collected 
from the Dovey Estuary in Wales, which is near 
Brady’s type locality of Trochammina macrescens. 

Plate 1. A: Reophax sp. (T2, sample 1); B: Trochammina inflata (Montegu) (T2, sample 1); C–E: Trochammina inflata (Mon-
tegu) with abnormalities (T1, sample 4); F: Trochammina inflata with abnormalities (sample VW0)
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Plate 2. A–G: Entzia macrescens (Brady) (T2, sample 1); H, I: Entzia macrescens (Brady) (T1, sample 4)

The specimens from Bahrain display the typical 
features of the species, including the tendency for 
chambers to collapse upon drying. Smaller spec-
imens may only possess a  single supplementary 

aperture, and large specimens have as many as 
three supplementary apertures. Our specimens 
have a distinct tendency to acquire a  lobate out-
line in the larger specimens, which may have as 
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many as ten chambers in the final whorl. Some 
larger specimens exhibit morphological deformi-
ties (Plate 2, Figs. A, E, F). Previous authors have 
pointed out that E. macrescens may be very com-
mon, and this is certainly the case at our studied 
locality where it is the dominant species in the 
high marsh. Living specimens were observed in 
January and February, but not in samples collect-
ed during autumn. Telespan et al. (2017) observed 
that the Romanian population of the species re-
produces in winter. To our knowledge this is the 
first report of Entzia macrescens from the Arabian 
Gulf region. 

Order TEXTULARIIDA Delage & Hérouard, 1896, 
emended Kaminski, 2004
Suborder TEXTULARIINA Delage & Hérouard, 
1896
Superfamily EGGERELLOIDEA Cushman, 1937
Family VALVULINIDAE Berthelin, 1880
Subfamily VALVULININAE Berthelin, 1880
Genus Clavulina d’Orbigny, 1826
Type species Clavulina parisiensis d’Orbigny,  
1826

Clavulina angularis d’Orbigny, 1826 
Plate 3, Figs. A–B

Clavulina angularis d’Orbigny, 1826, p. 268, pl. 12, 
fig. 2; Le Calvez, 1977, p. 10, figs. 1–3 (fig. 3 is the lec-
totype); Hottinger et al., 1993, p. 41, pl. 21, figs. 1–13. 

Remarks: Only dead specimens were found. The 
largest specimens were found in the tidal channel 
at the low end of the marsh.

Order MILIOLIDA Lankester, 1885
Suborder MILIOLINA Lankester, 1885
Superfamily MILIOLACEA Ehrenberg, 1839
Family HAUERINIDAE Schwager, 1876
Subfamily SIGMOILINITINAE Luczkowska, 1974
Genus Sigmoilina Schlumberger, 1887
Type species Planispirina sigmoidea Brady, 1884

?Sigmiolina canisdementis Kaminski, Garrison 
and Waśkowska, sp. nov. 
Plate 3, Figs. C–I 

Derivation of name: from the fact that the type lo-
cality is frequented by a pack of feral dogs.

Type locality: Salt marsh next to the automotive 
dealership on the Shaikh Jaber Al-Subah Highway 
in Sitra, eastern side of Tubli Bay, Bahrain. 
Holotype: Plate 3, Fig. C. Length 0.5 mm, width 
0.22 mm; deposited in the EMRC, Kraków, cata-
log number: 7/27B.
Material: 111 specimens from 12 samples.
Type level: Recent.
Description: Text elongated elliptical in later-
al view with parallel sides in the central portion, 
slightly compressed laterally. Length–width ratio 
2.2–2.4. Four chambers are visible from the exte-
rior on one side, only two chambers are visible on 
the opposite side. The long axis defined by the fi-
nal two chambers is rotated about 30 degrees with 
respect to the axis defined by the chambers of the 
previous whorl. Wall thin and translucent, surface 
smooth. Aperture terminal, laterally compressed, 
provided with an elongated bar- or spoon-like 
tooth whose basal and distal ends are broadened. 
The tooth nearly fills the aperture. 
Remarks: In its apertural features, this species re-
sembles the Red Sea species “Quinqueloculina” 
eburnea (d’Orbigny, 1839) as depicted by Hotting-
er (1993, p. 59, pl. 53, figs. 9–11, pl. 54, figs. 1–5). 
However, our specimens differ in being slenderer 
and more elongated than either d’Orbigny’s spec-
imens figured by Le Calvez (1977) or Hottinger’s 
specimens. Hottinger (1993) described the cham-
ber arrangement as quadriloculine, and therefore 
only tentatively assigned the species to Quinqueloc-
ulina. In the current study S. canisdementis sp. nov. 
is the only miliolid consistently occurring as a live 
population in the higher reaches of the salt marsh. 
At the time of sampling it was the most abundant 
living foraminiferal species on the marsh. 

Family PENEROPLIDAE Schultze, 1854
Genus Peneroplis de Montfort, 1808
Type species Nautilus planatus Fichtel & Moll, 1798

Peneroplis planatus (Fichtel & Moll, 1798)
Plate 3, Figs. J–K

Nautilus planatus var. a, b, g Fichtel & Moll, 1798, 
p. 91, pl. 16, figs. a–i.
Peneroplis planatus (Fichtel & Moll); Cimerman 
& Langer, 1991, p. 50, pl. 50, figs. 1–6; Förderer & 
Langer, 2018, p. 66, pl. 30, figs 16–18; Amao et al., 
2018, fig. 5, 5–8; Fiorini & Loker, 2020, pl. 1, fig. 1.
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Plate 3. A: Clavulina angularis d’Orbigny (T1, sample 3); B: Clavulina angularis d’Orbigny (T2, sample 2); C: Sigmoilina 
canisdementis Kaminski, Garrison and Waśkowska, sp. nov., holotype; D–I: Sigmoilina canisdementis Kaminski, Garrison and 
Waśkowska, sp. nov., paratypes (samples VW0, VW1, VW2); J, K: Peneroplis planatus (Fichtel & Moll) (sample VW5)



201

Geology, Geophysics and Environment, 2020, 46 (3): 189–204

An Entzia-dominated marsh-type agglutinated foraminiferal assemblage from a salt marsh in Tubli Bay, Bahrain

Remarks: For the taxonomy of the peneroplids we 
follow Förderer & Langer (2018). Specimens from 
the landward side of the salt marsh are mostly ju-
veniles, whereas adult specimens are found at the 
seaward end of the transect. For the purpose of 
this study we did not differentiate Peneroplis pla-
natus from Peneroplis pertusus (Forskål), as ju-
venile specimens are difficult to separate. Some 
larger specimens display deformities, as noted by 
Amao et al. (2018) from the hypersaline Salwa Bay 
in Saudi Arabia and by Fiorini & Lokier (2020) in 
a population from a lagoon in the U.A.E. Whether 
or not deformities in Peneroplis are caused by var-
iations in temperature and/or salinity remains to 
be verified experimentally. 

Order ROTALIIDA Lankester, 1885
Suborder ROTALIINA Lankester, 1885
Superfamily CHILOSTOMELLACEA Brady, 1881
Family TRICHOHYALIDAE Saidova, 1981
Genus Trichohyalus Loeblich & Tappan, 1953
Type species Discorbis bartletti Cushman, 1933

Trichohyalus aguayoi (Bermúdez, 1935)
Plate 4, Figs. A–C

Discorbis aguayoi Bermúdez, 1935, p. 204, pl. 15, 
figs. 10–14.
Discorinopsis vadescens Cushman & Brönnimann, 
1948, p. 20, pl. 4, figs. 9, 10. 
Discorinopsis aguayoi (Bermúdez). Pfleger et al., 
1953, p. 7, pl. 4, figs. 23–24; Arnold, 1954, p. 7, pl. 2, 
figs. 1–17; Javaux & Scott, 2003, p. 14, figs. 6.1–6.2; 
Semensatto, 2020, pl. 2, fig. 3.
Trichohyalus aguayoi (Bermúdez). Bermúdez & 
Seiglie, 1963, p. 176, pl. 26, fig. 4; Avnaim-Katav et 
al., 2017, pl. 2, fig. 4. 

Remarks: This species had often been reported as 
“Discorinopsis” aguayoi, even though it clearly has 
a  hyaline calcareous test, and Bermúdez (1935) 
had originally placed it in the calcareous (rotali-
id) genus Discorbis. The genus Discorinopsis is 
an agglutinated taxon from the Eocene of Flori-
da (Cole 1941). We have recovered several live 
specimens from our sampled locality. Bermúdez 
& Seiglie (1963) reported it as abundant in man-
grove lagoons in Trinidad and in the Gulf of Ca-
riaco, Venezuela. It is found in marine mangrove 
ponds in Bermuda (Javaux & Scott 2003) and Bra-
zil (Semensatto 2020). Avnaim-Katav et al. (2017) 

reported it from a salt marsh in the Tijuana River 
estuary in southern California. 

Family ROTALIIDAE Ehrenberg, 1839
Subfamily AMMONIINAE Saidova, 1981
Genus Ammonia Brünnich, 1772 
Type species Nautilus beccarii Linné, 1758

Ammonia tepida (Cushman, 1926) 
Plate 4, Figs. D–G

Rotalia beccarii (Linnaeus) var. tepida Cushman, 
1926, p. 79, pl. 1.
Ammonia cf. A. tepida (Cushman, 1926) Type 1. 
Förderer & Langer, 2018, p. 132, pl. 49, figs. 1–3. 

Remarks: Juvenile specimens were living on the 
salt marsh at the time the samples were collected. 
Our specimens are plano-convex and are more like 
the “type 1” variety of Förderer & Langer (2018). 
Holzmann (2000) and Hayward et al. (2004), have 
shown that the genus Ammonia contains differ-
ent phylotypes that may constitute distinct spe-
cies. Small morphotypes of Ammonia with no 
distinct ornamentation are called Ammonia tep-
ida by many authors, but according to molecular 
results they belong to different species (M. Holz-
mann 2020, personal communication).

Subfamily ELPHIDIINAE Galloway, 1933
Genus Elphidium de Montfort, 1808 
Type species Nautilus macellus var. b Fichtel & 
Moll, 1798

Elphidium spp. 
Plate 4, Figs. H–K

Remarks: We did not differentiate the species of 
Elphidium in this study. The specimens are mostly 
the keeled Elphidium advenum, and a second spe-
cies with a broadly rounded periphery. 

Genus Porosononion Putrya in Voloshinova, 1958
Type species Nonionina subgranosa Egger, 1857

Porosononion sp. 

Remarks: This taxon is rare in the studied mate-
rial. Our specimens resemble the Indian Ocean 
specimens of Porosononion simplex (Cushman) as 
illustrated by Parker (2009: figs. 499, 500). 
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Plate 4. A, B: Trichohyalus aguayoi (Bermúdez) (sample VW1); C: Trichohyalus aguayoi (Bermúdez) (T2, sample 4); D–G: Am-
monia tepida (Cushman) (sample VW4); H–K: Elphidium sp. (sample VW5) 
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CONCLUSIONS

We report the first discovery of a  trochammi-
nid-dominated foraminiferal assemblage from 
a  salt marsh in Bahrain, in the western Arabian 
Gulf. The assemblage is taxonomically less diverse 
than trochamminid-dominated assemblages 
known from temperate salt marshes or the Carib-
bean and is comprised exclusively of Entzia mac-
rescens and Trochammina inflata. Accessory spe-
cies include the agglutinated species Reophax sp., 
Clavulina angularis, and Agglutinella kaminskii, 
as well as the calcareous benthic genera Ammonia, 
Elphidium, Trichohyalus, and diverse larger and 
smaller miliolids. An elevation-related zonation 
is observed in the assemblage composition, with 
Entzia dominating at the higher landward limit of 
the marsh, and rotaliids and miliolids dominat-
ing at the lower limit of the marsh, near the tidal 
channel. Only dead foraminifera were found dur-
ing autumn 2019, while living specimens were re-
covered in January and February 2020. 
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