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Abstract

The current study aimed to prove and determine the area of the mangrove swamp in the Iraqi
coast (southern Iraq), depending on the appearance of foraminifera, where these species are
typical in their representation of the mangrove swamp environment. By examining the nature
of the sediments in which the sandy silt sediments predominates over the presence of the silty
and mudy sediments, it is expected that the rise of the sea level to a level beyond the presence
of the mangrove swamp and the contribution of tectonic depression in the region may be the
cause of the disappearance of the swamp. Dry climate conditions after mid-Holocene and its
persistence to date may have a significant impact on the chances of a mangrove swamp
emerging again.
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Introduction

Mangroves form a linkage between terrestrial and marine environments (Behling et al., 2001),
found fundamentally in the intertidal zone (Naidoo, 2009) within tropical and subtropical zone
(Zhou et al., 2010). Typically, the mangroves grow as thin or, rarely, thick forests along the
shore-line, on near and off-shore islands and fringing tidal creeks and channels of various size
(locally known as khors). They are also found around coastal lagoons communicating with the
sea and where the effect of tides may be very weak and the salinity very low. Substrata are
mostly composed of fine recent clay or silt sediments, but also of sand and peat (Marius &
Lucas, 1991).

The influence of mangroves appears in reducing the currents velocities and increasing
sedimentation of suspended material on the basis of prop roots (Woodroffe,1992 in PERSGA,
thereby advances mangrove growth and expansion (Furukawa and Wolanski,1996) and this is
especially important for protecting coasts from erosion. In addition to the mangroves
represent one of the foremost ecosystems of the biosphere, wrapping about 161,000 km? and
60-75% of the shores in the tropics (Spalding et al., 1997).

The first appearance recording of mangroves in Arabian Gulf and Oman Sea was by
Eratosthenes (194 to 276 BC), a geographer from Alexandria (Safiari, 2002 in Ghasemi et al.,
2010). These mangroves are currently located along the coasts of Iran, Saudi Arabia, Bahrain,
Qatar, the United Arab Emirates and Oman (Saifullah, 1997; Zahed et al., 2010; Schneider,
2011; Al-Khayat & Balakrishna, 2014; Moore et al., 2015). In Iraqg, there was no trace of the
mangrove environment on its coast or in its surface deposits. The mangrove environment was
first discovered in the coast of Irag by Issa (2006) in the sediments of intertidal flats in Khor Al-
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Zubair where she was found that this environment existed through appearances of the
foraminifera species known for its presence in the mangrove environment. The tidal flats of
Khor Al-Zubair are considered important tidal flats in the northwestern Arabian Gulf (Yagoub,
2011). The study aims to reveal the presence of new sites proving the existence of mangrove
swamps in southern Irag.

Methods

Samples were collected during July 2017 from different locations and from depths ranging
from 0.75 h to 1.25 m with a shovel close to the dendritic tributaries of Khor Al-Zubair tidal
channel inland, southern Iraq (Fig. For particle size analysis, wet sieving on a 230 mesh sieve
was used to separate sand from silt and clay, which was later used in the classical pipette
method of Folk (1980). The proportion of sand, silt and clay was calculated to determine the
sediment type according to the textural classification of Folk (1980). For the study of
foraminifera, 100 grams of unit weight were taken from each sediment sample. All samples
were washed on an ASTM 230 mesh sieve to remove fine particles of silt and clay, and then
the residue remaining on the sieves was dried for examination under a binocular microscope
to pick up the foraminifera and identify their species according to the most common
classification Loeblich and Tappan, 1988.

Results and Discussion

The grain size distribution according to the texture classification of Folk (1980) shows three
types of texture; sandy silt, silt and mud, where sandy silt deposits were the dominant and
constituted about 50% of the total sediment samples, followed by silt which represents about
40% and the remaining clay 10% (Table 1).
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Figure 1. Map of the study area and sample sites
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The foraminiferal species identified in the samples from Khor Al-Zubair (Figure. 2) are;
Trochammina inflata (Montagu), 1808, Quinqueloculina laevigata (d'Orbigny), 1826,
Quinqueloculina seminulum (Linné), 1758, Rosalina globularis (d'Orbigny), 1826, Ammonia
beccarii (Linné), 1758, Discorinopsis aguayoi (Bermudez) 1935, Elphidium advenum (Cushman)
1922, Elphidium excavatum (Terquem), 1876, Elphidium gunteri (Cole), 1931.

Table 1. Percentage of sand, silt and clay in the study area sediment samples

Sample site | Sample depth (m) | Sand % | Silt % Clay % Sediment type
1 0.75-0.90 9 73 18 Silt
2 1.0-1.25 3 59 38 Mud
3 0.8-0.95 6 65 29 Silt
4 1.1-1.20 9 69 22 Silt
5 0.75-0.86 36 56 8 Sandy silt
6 0.95-1.15 38 53 9 Silt
7 0.75-95 40 57 3 Sandy silt
8 0.75-1.0 25 68 7 Sandy silt
9 0.80-96 25 70 5 Sandy silt
10 0.89-1.25 14 84 2 Sandy silt

Foraminifera as evidence of the existence of mangrove swamp in southern Iraq
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Figure 2. Foraminifera species. 1. Trochammina inflata (Montagu), 1808. 2. Quinqueloculina
laevigata (d'Orbigny), 1826. 3. Quinqueloculina seminulum (Linné), 1758. 4. Rosalina
globularis (d'Orbigny), 1826. 5. Ammonia beccarii (Linné), 1758. 6. Discorinopsis aguayoi
(Bermudez) 1935. 7. Elphidium advenum (Cushman) 1922. 8 Elphidium excavatum
(Terquem), 1876. 9. Elphidium gunteri (Cole), 1931. The scale baris 100 um.
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Environmental evidence for the presence of foraminifera species

The foraminifera species (Figure 2) Trochammina inflata, Quingueloculina laevigata,
Quinqueloculina seminulum, Rosalina globularis, Ammonia beccarii, Discorinopsis aguayoi,
Elphidium advenum, Elphidium excavatum, Elphidium gunteri showed a similar assemblage
despite the different locations and depths of the sediments, which in itself is an environmental
indicator. The assemblage of foraminifera species together was almost identical at all sites.
What is striking is the environment of these species, which mostly reflect the mangrove swamp
environment (Javaux & David, 2003).

However, the species Trochammina inflata and Discorinopsis aguayoi have a special ecological
uniqueness in their presence in most of the world's mangrove swamps (Phleger, 1960;
Goldtein, 1976; Steinker & Butcher, 1981). The genera Trechammina and Discorinopsis are
characteristic of marine marsh environments where the water is shallow, rarely more than a
few inches deep, or several feet deep due to the marsh's proximity to the tidal channel, as the
tidal range rises to several feet, causing it to be completely covered by water. The salinity of
the marsh depends greatly on its location in the freshwater stream, which means that a large
change in salinity is expected, as the salinity of the marsh varies according to its exposure to
any type of flooding, whether marine or freshwater, and even in the marsh itself, water
(hypersaline) can appear in at least part of it (Phleger, 1960). The uniqueness of the species
(Discorinopsis aguayoi) is determined by its belonging to the environment of the mangrove
swamp (Javaux & David, 2003), The species has also been recorded in the Arabian Gulf, where
it was found abundantly in Holocene lake sediments near Al-Mandafan in the Rub’ al-Khali
(Genari et al., 2011), and rarely in a saline lake in Tayma, northern Saudi Arabia, during the
early to mid-Holocene (Bent et al., 2017).

Issa (2006) recorded the appearance of all types of foraminifera in her study of the sediments
of the tidal flats of Khor Al-Zubair, and she proved the appearance of the facies of the mangrove
swamp environment within them. Issa's study (2018) also recorded the appearance of the
species Discorinopsis aguayoi for the first time in the Iraqgi coast.

The current study clearly indicates the presence of a mangrove swamp environment in
southern Irag overlooking the Arabian Gulf (Iragi coast), despite the absence of plants
associated with the mangrove swamp environment. However, it is evidence of the presence of
this environment or its effect on the Iraqgi coast.

Discussion

Mangrove grows optimal on protected shore such as inlets, creeks, lagoons and estuaries
where the environment with fine-grained mud and silty sediments containing high detritus
matter of marine and terrestrial origin deposited by tidal and river currents. Over and above,
mangrove requires best development a continuous freshwater influence from a permanent or
seasonal river (Martens, 1996). All these situations are available in the Iragi coast, but there is
no record of the mangrove environment, as in the case of the Arabian Gulf mangroves
recorded in the past and at present. This is probably due to the fact that the mangrove
ecosystem is very sensitive to any changes of the environment because of its location (Godoy
and De Lacerda, 2015). Mangroves respond to hazards that resulting from change in sea level
which it is the most threat to mangrove environment (Nicholls & Cazenave 2010).

The detection of the mangrove environment in the Iragi coast is determined in the silty
sediments of intertidal flats in Khor Al-Zubair within the depth (0.3-1.1) meter where
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Discorinopsis tropica (Issa, 2006), a species of foraminifera, was found to be particularly known
for the mangrove swamp environment (Collins, 1958). With a note that it did not appear on
the area surface any trace of the existence of a mangrove swamp environment (Issa, 2006).
This is also the case in the present study, where no evidence of mangrove has been seen on
the study area surface. But the presence of the species Discorinopsis aguayoi was the evidence
that proves the presence of mangrove swamp (Javaux & David, 2003; Gennari et al., 2011), in
addition to the foraminifera species assemblage that appeared in the study area, which has
already referred to the mangrove environment (Phleger, 1960; Goldtein, 1976; Steinker &
Butcher, 1981).

And through what has been mentioned it can be concluded that the sediments which contain
these species in the present study must be during the early to mid-Holocene, specifically within
6000-5000 yr BP through the age of shells in Khor Al-Zubair defined by Plaziat and Younis
(2005) at the age (5730+210) yr Hillier study (1995) further confirmed this by estimating the
age of surface sediments in the region are not modern deposits at present or near time, but
ancient sediments, the upper part of these sediments have been exposed to erosion.

After all these evidence that indicate the existence of mangrove swamps in the Iragi coast, it
is necessary to raise the following question:

Why mangrove swamp disappeared after the period mentioned earlier, and why is there no
mangrove swamp environment currently on the Iraqgi coast?

To answer, it is essential to know the factors that would affect the presence of the mangrove
swamp , of which the most important is sea level rise, and mangrove swamp is extremely
sensitive indicator of sea level, and are important proxy for sea-level reconstruction(Jones,
2014). This means that appearance of the mangrove swamp environment in southern Irag was
associated with the rising sea level that occurred during the early to mid-Holocene period,
specifically during the middle of Holocene as is expected relative to the age of species. But this
environment has not continued after rise sea level in the mid-Holocene or until in the present.

From examination of the sediments of the study area, the peat did not appear in any sediment
sample, this indicates a high deposition in the intertidal zone at that time where mangrove
swamp (Hait & Behling, 2009). It is self-evident that the sedimentation rate in this area
increases with increasing concentration of suspended sediments (Chmura, 2009), therefore
mangrove swamp exhibits more muddy sediments (Alfaro, 2010), and as the sea level rises,
the thickness of these sediments will increase which leads to filling, draining and dredging of
mangrove (Chmura, 2009). The explanation for this is: with predicted rates of sea level rise this
rate of tidal flushing will necessarily increase and rates of organic accretion hence decrease,
thus increasing the inability of mangrove to maintain itself within tidal limits (Bruun, 1962,
Schwartz, 1967 in Ellison & Stoddart, 1991). In its sense the mangrove could not keep pace
with rise in sea level and it consequently disappeared. Agrawi (1995) have estimated
sedimentation rates for the lacustrine/deltaic deposits of Lower Mesopotamia throughout the
Holocene from 8400 yr BP until about 3000 yr BP between 1 and 1.8 mm/year, and this
suggests that another factor must be involved in the disappearance of the mangrove swamp.

The most likely factor helped with sea level rise is the subsidence, this expectation comes from
nature of Khor Al-Zubair which is likely to be a subsidence phenomenon (Lees & Falcon, 1952).
Seawater intrusion was not capable of significant erosion events and the formation of an
estuary or khor unless accompanied by tectonic depression of the area at the same time. In
addition to that the tide alone cannot result in extensive erosion of the Khor Al-Zubair / Khor
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Al-Sabbiyah Gulf region, confirming the belief that the tectonic subsidence has contributed
strongly to vertical sculpture. The tectonic depression is still ongoing and the evidence for this
is the extension of the active depression in the dendritic tidal channels system of Khor Al-Zubair
(Sissakian et al., 2014). The contribution of tectonic subsidence to the degradation of the
mangrove swamp environment comes from permitting marine waters to further penetrate the
area during marine transgression and thus high tide becomes higher than the substrate
elevation.

The previous interpretation is consistent with what is currently happening in the Arabian Gulf,
where relative sea level rise to be 2.2 mm/yr taking into account subsidence rates of 0.7 mm/yr
(Alothman et al.,, 2014 in Ward et al., 2016). It is therefore expected that up to 96% of coastal
wetlands including mangroves swamps are likely to be lost from the region as a result of sea
level rise (Blankespoor et al., 2014 in Ward et al., 2016).

In addition to the above, the climatic changes which started around 5000 years ago toward
greater aridity and still prevail in the present-day setting (Agrawi, 2001), it must have been an
effect on the absence of a mangrove swamp after that period. The impact of climate change is
clearly reflected in the exposure of the mangrove swamps of the Arabian Gulf to the threat of
environmental change which may lead to the shrinking of their regions and disappearance, as
a result of what the Gulf region is witnessing of increased temperatures and thus evaporation
rates and related salt-stress (Ward et al.,, 2016).

Conclusion

Discorinopsis aguayoi, is typical form of the mangrove swamp environment. Depending on this
presence in the study area, the mangrove environment was identified. Estimate the time
period of these two species within the middle of Holocene (6000-5000 yr BP) was based on the
appearance of a species similar to Discorinopsis aguayoi in Holocene lake sediments near Al-
Mundafan in the Rub’al Khali. In addition to the expected age of shells in the Khor Al Zubair
area

The disappearance of the mangrove swamp is believed to be the result of sea level rise to a
level beyond the level of the mangrove swamp in the tidal zone, which has not allowed the
mangrove to keep pace with the rise in sea level. The contribution of tectonic activity in the
study area, which is the subsidence along with the rise in sea level in the disappearance of the
mangrove swamp. The change in climate after the mid-Holocene to the drought and its
continuation to the present may have had the effect in the lack of mangrove swamp in the
Iraqgi coast, especially after the decline of freshwater levels of rivers and rising temperatures
and increasing salinity, which changes the nature of sediments and made it not prepared for
the emergence of mangrove swamp again.
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