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Abstract 
The invasive Asian date mussel Arcuatula senhousia has now been recorded from 
the Shatt Al-Basrah Canal in the south of Iraq. High densities of up to 102 ind.m-2 

were found on rocky substrates in the intertidal zone during March 2020. The species 
was confirmed based on morphological characters of the shell. We hypothesize that 
the initial introduction was associated with shipping, with secondary dispersion into 
the Shatt Al-Basrah canal. It is possible that the species could extend its distribution 
into the Shatt Al-Arab and northern Arabian Gulf naturally or by additional 
anthropogenic means. 

Key words: bivalve, mytilid, Middle East, Persian-Arabian Gulf, aquatic invasions, 
pathways 

   
Introduction 

The Asian date mussel Arcuatula senhousia (Benson, 1842) is a small 
mytilid bivalve with a maximum shell length of 34 mm and a fast growth 
rate, which allows it to reach 20–25 mm after the first year of life (Crooks 
1996; Bachelet et al. 2009). The native range of A. senhousia extends from 
southern Siberia (Kuril Islands) to Singapore (Chuang 1961). It has been 
introduced into numerous locations around the world over many decades, 
including New Zealand and Australia (Willan 1985, 1987), the United 
States (Crooks 1996; Wasson et al. 2001), India (Kutty et al. 2016), West 
Africa (Lourenço et al. 2018) and Europe including the Mediterranean Sea 
(Mistri et al. 2004; Bachelet et al. 2009; Barfield et al. 2018; Zhulidov et al. 
2021; Massé et al. 2022). Arcuatula senhousia is an opportunistic suspension 
feeder capable of establishing enormous population densities, which can 
alter sediment structures, habitat, communities, and transform other aspects 
of ecosystem functioning (Crooks 1996). In cases where the densities of 
A. senhousia are very large this bivalve creates dense mats or clusters over 
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Figure 1. Sites along the Shatt Al-Basrah Canal from which the Asian date mussel Arcuatula 
senhousia (Benson, 1842) was recorded: s1 – site 1 (30.440493°; 47.761301° and s2 – site 2 
(30.484962°; 47.740514°). 

the substrate effectively cutting off the food supply and oxygen to any 
infaunal bivalves (Crooks 1996; Mistri et al. 2004; Hayward et al. 2008). 

The present study records, for the first time, A. senhousia in the Shatt 
Al-Basrah Canal of Iraq, ~ 90 kilometres upstream from the coast of the 
Persian-Arabian Gulf. Dredging of the Shatt Al-Basrah Canal began in 
March 1970, and it was officially inaugurated in March 1983 (Naser et al. 
2010). The Shatt Al-Basrah Canal originates from the Euphrates River and 
flows into Khor Al-Zubair, an estuarine lagoon connected to the Persian-
Arabian Gulf (Figure 1). The canal itself measures 37 kilometers in length 
and 59 meters in width, with a depth range of 5 to 7 meters. The Shatt Al-
Basrah Canal’s salt water intrusion is mostly determined by the tidal range, 
the level of water in the Euphrates River, and the amount of water released 
by a water regulator located 22 kilometers from the canal’s entrance. Extended 
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Figure 2. External and internal views of Arcuatula senhousia (18 mm shell length) collected from the Shatt Al-Basrah Canal in 
March 2020. Photographs by Dr. Murtada D. Naser. 

floods in the Euphrates River frequently dilute the canal’s brackish water 
(Naser et al. 2010). The salinities in this canal ranged from 16 ppt to 25 ppt, 
while the temperature ranged from 14 °С to 26 °С over a year. 

Materials and methods 

Samples of Arcuatula senhousia were collected during March 2020 from 
the banks of Shatt Al-Basrah Canal at two sites (Site 1, 30.440493°; 
47.761301° and Site 2, 30.484962°; 47.740514°), both of which are included 
in long-term monitoring studies (Figure 1).  

The specimens, which were attached to hard substratum at a depth of 0 
to 2.5 meters, were scraped by a benthic frame sampler with a 25 × 25 cm 
area. Additionally, specimens inside the frame area were scraped off by 
hand. To determine population density, three replicate samples were 
collected at each site. The specimens were deposited in the Biological 
Invasion Lab, Marine Science Centre, University of Basrah, Basrah, Iraq. 

Specimens of A. senhousia (Figure 2) were identified from descriptions 
of the characteristic features of the shell, including the following: brown to 
greenish periostracum with radiating reddish lines on the posterior half, 
small internal teeth on the dorsal edge posterior to the ligament, and a frail 
shell with a series of short ribs anterior to the umbones (Slack-Smith and 
Brearley 1987; Hoenselaar and Hoenselaar 1989; Faasse 2018). 

Results 

A total of 860 specimens of A. senhousia were collected from the two sites 
in March 2020. The specimens were attached by byssal threads to both 
stones and the druses of the introduced barnacle Amphibalanus amphitrite 
(Darwin, 1854). Population densities across three replicate samples were 
higher at Site 1 (mean 102.0 ± 20.5 SD) than at Site 2 (78.6 ± 6.1). The 
composition of substrates differed slightly between the two sites. Site 1 was 
composed of stony and sandy sediment with reed beds of Phragmites 
australis (Cav.) Trin. ex Steud. Site 2 was characterized by a mix of stone 
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and mud sediment. Arcuatula senhousia were absent from nearby samples 
that contained either only soft substrates or reed beds. The salinities (24.8 ppt 
and 23.9 ppt, respectively) and water temperatures (17 °С and 17.4 °С, 
respectively) were similar at the two sites. 

Discussion 

The Shatt Al-Arab River sub-basin is an important component in the 
invasion network of the region because it connects the major waterways of 
the Euphrates, Tigris, and Karun Rivers to the marine ecosystem of the 
Persian-Arabian Gulf (Naser et al. 2011). The Shatt Al-Basrah Canal is an 
artificial corridor connecting the Euphrates River (and the adjacent Al-
Hammar marshes) to the estuarine lagoon Khor Al-Zubair, an arm of the 
Persian-Arabian Gulf. The region as a whole includes transitional waters of 
various types and conditions (tidal estuaries, lagoon complexes, marshes, 
etc). In addition to natural estuarine conditions, the salinity in the river 
channels can be increased through anthropogenic transformation, namely 
the “water wars” – large-scale hydraulic engineering to keep water resources 
within the boundaries of their states affecting the volume of freshwater 
runoff (Naser et al. 2010). Basra, the largest seaport in the Persian-Arabian 
Gulf, sits on the Shatt al-Arab and is an important vector for introduced 
brackish-water alien species in the Middle East (Panov et al. 2010; Naser et 
al. 2011). Previous assessments of the Shatt Al-Arab Canal have found high 
levels of biological pollution, biocontamination, and the presence of high-risk 
invasive species including Amphibalanus amphitirite and Eriocheir hepuensis 
(Dai, 1991) (Naser et al. 2011, 2012). 

This study is the first to report Arcuatula senhousia from the Shatt Al-
Arab sub-basin. While this species has been noted from the south-eastern 
Arabian/Persian Gulf (Dance et al. 1995) and from Kuwait (Behbehani and 
Gareeb 2002; Al-Yamani et al. 2012), it has never been reported in the 
densities found in this study or typically seen elsewhere. As A. senhousia is 
not used in aquaculture, live food or for bait these are unlikely sources of 
the introduction. It is far more likely that shipping is the vector for this 
species (Bailey et al. 2020). According to the Convention on Biological 
Diversity (CBD) classification, possible ways A. senhousia could have been 
introduced via shipping include “Hitchhikers on ship/boat (excluding ballast 
water and hull fouling)”, “Ship/boat hull fouling” and “Ship/boat ballast 
water” (Harrower et al. 2017). 

Theoretically, A. senhousia could use all three “shipping” pathways to 
arrive in a new destination, but in practice it is likely that the species has 
arrived via ballast water. Shipping is a dominant route for the Persian-Arabian 
Gulf and surrounding open seawaters, due, in particular, to intensive oil 
exports, requiring the intake of large volumes of ballast water by tankers 
returning to the exporting port (Clarke et al. 2020). The Gulf ports link 
with all major regions of the world where A. senhousia is ether native or 
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introduced, making this pathway most probable. However, the discharge of 
waters contaminated with petroleum products and machine oil directly 
into the sea in the Persian-Arabian Gulf is restricted under the MARPOL 
(International Convention for the Prevention of Pollution from Ships) 
protocol, strengthened by the Riyadh MoU of 2005. In addition, ships 
undergo special scrutiny in the Strait of Hormuz area (Mantoju 2021). 
Thus, ballast water is either discharged ashore or in the open parts of the 
Arabian Sea, outside the Persian-Arabian Gulf, which, given their small 
volumes, fundamentally reduces the risk of invasion. 

Arcuatula senhousia can attach to all manner of substrates via fine byssus 
threads, although it has most frequently been recorded from soft, mixed 
sediments (Crooks 1996; Mistri et al. 2004; Magni et al. 2006; Despalatović 
et al. 2013; Watson et al. 2021; Zhulidov et al. 2021). Because A. senhousia 
usually colonizes soft substrates, it is unlikely that ship or boat hull fouling 
would be the vector in this case (Crooks 1996; Hosozawa et al. 2020). 
However, in this study and elsewhere (Faasse 2018), individuals have been 
observed attached to hard substrates. Thus, the ability to attach to ships 
hulls cannot be excluded. Populations of A. senhousia have shown an 
unusually wide level of salinity tolerance from oligohaline (e.g. 5–10 ppt) 
to fully marine (Bachelet et al. 2009; Yamamuro et al. 2010; Kovalev et al. 
2017; Massé et al. 2022). This broad salinity tolerance range could indicate 
that the species would be able to cross all ranges of seawater salinity on 
possible shipping routes. Thus, the two pathways associated with shipping 
(ballast water and hull fouling) probably explain the primary invasion of 
Arcuatula senhousia into the region. Secondary dispersion in the region 
could use two pathways. Firstly, the artificial Shatt Al-Basrah Canal could 
function as a corridor between different natural habitats (pathway 
“Interconnected waterways/basins/seas” in the “Spread corridor” category). 
Secondly, there could be dispersal of the species by natural means (“Natural 
dispersal across borders of invasive alien species that have been introduced 
through pathways 1 to 5” in the CBD classification). Secondly, Arcuatula 
senhousia females can release more than 100,000 eggs, preceding an extended 
larval planktonic stage that lasts two to eight weeks (Watson et al. 2001). 
As a result, this could potentially lead to the expansion of this species both 
in the ecosystems of the river channel (which as a result of anthropogenic 
hydrological transformation has increased in salinity) and in the adjacent 
areas of the Persian-Arabian Gulf through larval dispersal. 
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