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Abstract: Biological invasion is one of the biggest threats to global freshwater diversity, and large transboundary 

rivers are subject to human impacts. Environmental DNA (eDNA) is a powerful tool as it is both non-invasive and can 

detect the presence of species at very low population numbers. The current research focuses on the use of eDNA to identify 

invasive freshwater species in the Euphrates River system through eDNA-based surveillance. This includes a focus on the 

Shatt al-Hillah channel within the province of Babylon, Iraq. Samples were taken from several sites along the length of the 

river, and metabarcoding was performed to amplify the mitochondrial genes. Results indicate that the eDNA method 

produced reliable signals for detecting invasive species and could be used as an early warning tool for monitoring invasive 

species in Middle Eastern freshwater ecosystems. These results also indicate that molecular monitoring should be integrated 

into biodiversity conservation strategies in the region and into river basin management frameworks. 

Keywords: Environmental DNA, Invasive Species, Euphrates River, Freshwater Ecosystems, Metabarcoding, Iraq. 

 

1. INTRODUCTION 
Freshwater ecosystems have become one of the most threatened ecological systems on Earth due to the increasing 

pressure of humans and biological invasions. Biological invasions caused by invasive alien species have been identified as 

one of the primary drivers of loss of biodiversity, degrading ecosystems, and altering the process of ecological interaction 

in rivers. These species can affect the interaction of trophic levels, modify patterns of nutrient cycling, and disorganize the 

habitat structure so they can effectively influence the resistance and sustainability of ecosystems (Reid et al., 2019; Strayer, 

2010). Climate-induced hydrologic variability, changes in land use, and the exploitation of water resources, all together, 

contribute to increased vulnerability of freshwater habitats to biological invasions by creating conditions for the 

establishment and spread of invasive species. 

 

Large transboundary rivers like the Euphrates River have a higher risk of biological invasions than other types of 

riverine systems because of their hydrologic connection and the intensive use of their water. Regulation of river flow via 

construction of dams, irrigation channels, and water diversion schemes can significantly modify flow regimes and sediment 

transport dynamics so these modifications facilitate the entry and spreading of non-native aquatic organisms (Vörösmarty 

et al., 2010). In regions such as the Middle East, where the availability of fresh water is directly associated with agricultural 

productivity and economic and social well-being, the ecological effects of invasive species could be catastrophic for food 

security and ecosystem services. 

 

The early detection of invasive species is viewed as a key factor in developing effective ecological management 

and conservation plans. Traditional monitoring methods such as electrofishing, netting and visual surveys, however, have 
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several limitations in detecting species in the first stage of colonization when species populations are low or when their 

spatial distribution is fragmented (Lodge et al., 2012). Limitations in the methodology of traditional monitoring methods 

can result in delayed management responses and make it likely that irreparable ecological damage will occur. As a result, 

there is a need for new and innovative surveillance methods that can rapidly and accurately detect invasive taxa in complex 

and dynamic freshwater ecosystems. 

 

Analysis of Environmental DNA (eDNA), a novel molecular monitoring technique that allows for the detection 

of the presence of species based on genetic material that is deposited into the environment, has emerged as a powerful tool 

in ecological research. All aquatic organisms release DNA into the surrounding water through normal metabolism, 

reproduction and decomposition of tissues, thus allowing for the indirect identification of species without the need to 

physically capture them (Taberlet et al., 2012). Studies have shown that eDNA-based methods are highly sensitive in 

detecting rare, cryptic, and/or invasive species across a wide variety of freshwater ecosystems, and as a result, enhance the 

efficiency of biodiversity monitoring (Thomsen & Willerslev, 2015; Jerde et al., 2011). 

 

Recent advances in high-throughput sequencing and metabarcoding technologies have made eDNA approaches 

even more practical for ecological research. Metabarcoding techniques allow for the simultaneous detection of multiple 

species from a single environmental sample, and thus provide a comprehensive view of community composition and 

ecosystem function (Deiner et al., 2017). Furthermore, the combination of molecular data with hydrologic models and 

spatial analysis can help understand how DNA is transported in river systems, and thus improve the accuracy of interpreting 

species distribution patterns and invasion routes. Although eDNA research has expanded globally, its application in arid 

and semi-arid river basins is still in its infancy. Freshwater ecosystems in the Middle East face unique environmental 

challenges, such as water scarcity, high evaporation rates, and increasingly, anthropogenic disturbances. These challenges 

may affect DNA degradation rates, detection probability, and methodological reliability in molecular monitoring studies. 

Therefore, it is essential to conduct studies that assess the effectiveness of eDNA-based methods in different environmental 

conditions and hydrologic regimes (Goldberg et al., 2016). 

 

The Euphrates River Basin is one of the largest and most ecologically and economically significant freshwater 

systems in Western Asia. It provides irrigation networks, fisheries, and urban centers, while at the same time, it experiences 

environmental stresses such as pollution, habitat fragmentation, and climate variability. This increases the likelihood of 

invasive species being introduced and established in the area, potentially affecting native biodiversity and ecosystem 

functions. Therefore, developing efficient monitoring frameworks is fundamental to ensuring sustainable river basin 

management and conservation planning. 

 

This study evaluates the possibility of using environmental DNA-based surveillance for the early detection of 

invasive freshwater species in the Shatt al-Hillah distributary, a significant branch of the Euphrates River in Iraq. The study 

aims to integrate molecular monitoring techniques with ecological assessments to support regional biodiversity 

conservation efforts and establish a scientific foundation for the implementation of early warning systems in freshwater 

ecosystems. Additionally, this study addresses existing knowledge gaps regarding the applicability of eDNA methods in 

large river systems in arid environments. 

 

2. LITERATURE REVIEW 
Environmental DNA (eDNA) monitoring has become a new and powerful tool in the assessment of contemporary 

biodiversity by allowing species to be detected through the use of their genetic material rather than through direct visual 

observations and/or physical capture of individuals. Through various biological processes (respiration, excretion, etc.) all 

living organisms release genetic material into aquatic ecosystems. The first studies to demonstrate the potential of using 

eDNA analysis to identify invasive aquatic species at very low population levels highlighted the use of this technology as 

a method to provide early warning systems in freshwater ecosystems (Jerde et al., 2011). Due to the ability of eDNA to 

provide rapid and non-destructive species detection it has now become widely adopted in both ecological monitoring and 

conservation biology. 

 

Molecular ecological advancements have extended the use of eDNA from individual species detection to 

community level detection. Metabarcoding provides a platform for combining universal genetic primer sequences with 

high throughput sequencing technologies to simultaneously detect multiple taxonomic groups from a single environmental 

sample. Using metabarcoding in combination with environmental sampling has allowed researchers to develop 

comprehensive ecological inventories and examine biodiversity trends in multiple aquatic ecosystems (Thomsen & 

Willerslev, 2015; Deiner et al., 2017). The advancement of molecular monitoring technologies and methodologies has 

increased the reliance of molecular monitoring as a fundamental part of ecosystem management frameworks. 

 

A significant amount of recent research has focused on enhancing the reliability and interpretative capability of 

eDNA signals within dynamic riverine systems. Hydrologically driven riverine systems present unique methodological 
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challenges to eDNA monitoring due to the effects of hydrology (such as flow, turbulence, and sediment load) on the 

transport, dilution, and degradation of DNA fragments over space and time (Deiner et al., 2016). Research examining DNA 

persistence and transport dynamics in flowing waters suggests that the detection accuracy of eDNA can be greatly affected 

by hydrologic parameters (such as discharge rate, turbulence, sediment load). Therefore, integrating hydrologic models 

with eDNA data to enhance the precision of species distribution estimates in large river systems has been suggested. 

 

Sampling frequency is another important aspect of methodology to consider when implementing eDNA 

monitoring studies. Temporal changes in environmental conditions, reproductive cycles of aquatic species, and hydrologic 

variability can affect the concentration and detectability of DNA in water samples. Strategies involving repeated sampling 

have been demonstrated to increase the probability of detecting species, decrease the number of false negative results, and 

ultimately support more effective early intervention strategies for managing invasive species (Darling & Mahon, 2011; 

Goldberg et al., 2016). The importance of developing sampling protocols that are suitable for the ecological context in 

which they will be used has been emphasized. 

 

In addition to the detection of invasive species, the application of eDNA monitoring for the purposes of 

biodiversity conservation is rapidly expanding. The use of molecular surveillance methods has been successful in assessing 

the distribution of endangered species, evaluating the success of ecosystem restoration efforts, and measuring the response 

of aquatic communities to environmental stressors (Lacoursière-Roussel et al., 2016). eDNA monitoring allows for the 

collection of high-resolution ecological data while reducing the amount of field work required, and as such, contributes to 

the efficient use of conservation funding and enhanced environmental decision making. 

 

Although the methodological advantages of eDNA monitoring exist, the application of eDNA in arid/semi-arid 

freshwater ecosystems has yet to be fully explored. Environmental conditions associated with high temperature, high UV 

radiation, and high levels of sedimentation can lead to accelerated DNA degradation and potentially alter detection 

sensitivities of DNA in water samples. Many river systems in the Middle East, including the Euphrates River Basin, exhibit 

characteristics of arid/semi-arid ecosystems, where hydrologic variability is significantly influenced by climate variability 

and water management practices (Reid et al., 2019). As such, regional validation studies are required to assess the 

performance of eDNA methodologies in arid/semi-arid ecosystems and develop appropriate monitoring strategies. 

 

The Euphrates River System serves as one of the most important ecological corridors that supports diverse 

freshwater communities and supports economic activities such as agriculture and fisheries. Increasing pressures from 

anthropogenic activities (pollution, habitat fragmentation, and water abstraction) have significantly increased the likelihood 

of invasive species becoming established in the Euphrates River System. Molecular monitoring approaches offer a 

promising means of addressing these threats by providing an opportunity for early detection and promoting pro-active 

management interventions. The integration of eDNA surveillance into river basin conservation plans may enhance the 

ecological resilience of the Euphrates River System and promote sustainable water resource management. 

 

Overall, the expanding literature base demonstrates the potential of eDNA technologies to transform the way we 

conduct biodiversity monitoring in freshwater ecosystems. Although global studies have demonstrated the potential of 

molecular surveillance for detecting invasive taxa and examining ecological dynamics, additional research is required to 

evaluate the utility of molecular monitoring in complex river systems exhibiting arid climatic conditions and hydrologic 

variability. This study aims to contribute to the emerging research area of eDNA-based monitoring for early detection of 

invasive freshwater species in the Euphrates River System in Iraq. 

 

3. STUDY AREA 
The Euphrates River is one of the most important freshwater ecosystems in Iraq, and is crucial to maintaining 

agricultural production, municipal drinking water supplies, fishery resources, and overall ecological production in the 

region. The Euphrates River originates in the Taurus Mountains in Turkey and flows through Syria before entering Iraq, 

where it has formed a large hydrologic system of distributary rivers and streams, irrigation ditches, and floodplain wetland 

habitats. In addition to being home to many of Iraq's largest population centers and providing much of the country's irrigated 

agricultural lands, the Euphrates River Basin provides a substantial portion of Iraq's food and economic stability 

(Vörösmarty et al., 2010; Reid et al., 2019). Long-term modifications to the natural flow regime of the Euphrates River 

due to hydrologic management practices, sedimentation processes, and climate changes have had major effects on the 

physical habitat characteristics and biodiversity of aquatic communities throughout the river system. 

 

This research study was conducted within the Shatt al-Hillah Channel in Babylon Province, which is one of the 

primary distributaries of the Euphrates River within Iraq. This section of the river exhibits extreme variations in streamflow 

during the different seasons of the year, high rates of sediment transport, and increasing levels of anthropogenic disturbance 

due to the release of municipal wastewater, agricultural runoff, and return flows from irrigation. These types of 

environmental disturbances can cause alteration of the habitat structure, increases in nutrient loading, and alterations to the 

http://www.sarpublication.com/sarjbab


 

Zaid A.A. Aljanabi et al, South Asian Res J Bio Appl Biosci; Vol-8, Iss-2 (Mar-Apr, 2026): 195-203 

© South Asian Research Publication, Bangladesh            Journal Homepage: www.sarpublication.com  198 

 

physico-chemical characteristics of the water body, all of which can facilitate the invasion and establishment of non-native 

species of freshwater organisms. Additionally, the hydrologic connectivity between the Shatt al-Hillah Channel and other 

irrigation networks in the area also creates opportunities for the dispersion of these species, making this area an ideal 

location to monitor molecular biodiversity and to conduct surveillance for invasive species. 

 

4. METHODOLOGY 
4.1 Sampling Strategy 

A systematic sampling plan was developed to provide both a good spatial distribution of sample locations and a 

reliable time frame for the detection of environmental DNA along the Shatt al-Hillah distributary of the Euphrates River. 

Based on three parameters — ecological diversity, hydrologic accessibility, and proximity to possible anthropogenic 

sources of disturbance such as irrigation inflow points, urban areas, and agricultural discharge points — five sampling 

locations were identified. Sampling took place at two different times of the year — pre-summer, when the river was 

experiencing low flow, and after the monsoon season, when the river had returned to moderate flow — to allow for 

differences in water volume, temperature, and suspended sediments due to seasonal variation to affect the ability of eDNA 

to be transported and persist in the environment. At each location, triplicate surface water samples of approximately 2 liters 

were collected in sterile polypropylene sampling bottles using a technique outlined in an internationally recognized 

protocol for minimizing contamination. In addition to the water samples, field blank and procedural control samples were 

also collected to help prevent cross-contamination and to ensure methodological consistency. The samples were then placed 

in insulated containers with ice packs and transported to the laboratory within six to eight hours of their collection to 

maintain DNA integrity (Deiner et al., 2017; Goldberg et al., 2016). 

 

4.2 eDNA Filtration and Extraction 

Water samples collected in the lab were immediately processed through laboratory vacuum filtration systems 

equipped with 0.45 µm pore-sized sterile membrane filters to trap the suspended biological components and the fragments 

of free DNA found within the water sample. The volume of filtered liquid used from each site location was maintained 

constant, so that the number of organisms and/or DNA molecules available for detection by the subsequent polymerase 

chain reaction (PCR) would be equal for all samples. Following filtration, the filter membranes were placed into 

microcentrifuge tubes containing lysis buffer, which had been sterilized by autoclaving or otherwise, and then frozen at -

20°C until DNA could be removed from them. Environmental DNA was isolated using a commercial silica-based DNA 

isolation system that has been validated to effectively isolate DNA from aquatic samples, providing a high quantity of 

DNA while minimizing interference due to humic acids and/or particulate matter present in sediments. Laboratory blank 

samples were also prepared during the process to detect any contamination introduced during processing. Finally, the 

amount of DNA extracted and its purity were determined using spectrophotometric and fluorometric assays to assess 

whether the DNA was suitable for further molecular analyses (Taberlet et al., 2012). 

 

4.3 PCR Amplification and Sequencing 

Polymerase chain reaction (PCR) amplification of the target areas for freshwater vertebrates was based on general 

mitochondrial gene primer sequences used to identify species that enter rivers via invasion pathways. Universal primers 

targeted to two gene marker sites, i.e., COI and 12S rRNA, were selected because they have been well documented as 

effective genetic markers for metabarcoding applications by virtue of high taxonomic resolution and a large number of 

reference sequences available. In order to increase the reliability of the amplifications and reduce the impact of stochastic 

effects on the results of the detections, each PCR amplification reaction was repeated three times. To further increase 

confidence that contamination had not occurred during the amplification step, negative control reactions were also 

included. After the purification of the amplified DNA fragments and preparation of these for high throughput sequencing 

via next generation sequencing platforms, it was possible to generate a large dataset from metabarcoding experiments and 

detect multiple species at the same time. The optimal conditions of sequencing depth and coverage were established to 

ensure detection of invasive species of low abundance that may be present in a sample (Thomsen & Willerslev, 2015; 

Deiner et al., 2017). 

 

4.4 Data Analysis 

Raw sequence reads generated by high-throughput sequencing were processed by standard bioinformatics 

pipelines that included demultiplexing, quality filtering, removing chimeras, and grouping raw sequence data into 

operational taxonomic units (OTUs) or amplicon sequence variants (ASVs). The OTUs or ASVs were then compared to 

the world's largest curated genetic databases, GenBank and BOLD Barcode of Life Data System, which enabled 

identification of the detected freshwater species within the geographic region sampled. In addition to identifying species, 

we also investigated the presence of invasive species by analyzing the detection frequencies, patterns of abundance of 

reads, and spatial distribution patterns, in order to determine possible areas where invasive species may be present and 

assess their ecological risks along the Shatt al-Hillah River reach. Statistical interpretation included both detection 

probability estimates and comparative assessments of invasive species detection among all sampling periods to assess the 

effects of hydrologic variability on eDNA signal strength. Overall, this multi-faceted analytical strategy provided an 
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optimal method to evaluate the feasibility of eDNA-based monitoring as a tool for detecting invasive aquatic species in the 

Euphrates River basin (Darling & Mahon, 2011; Goldberg et al., 2016). 

 

5. RESULTS 
Metabarcoding analysis of the Environmental DNA (eDNA) produced a comprehensive data set illustrating the 

taxonomic diversity of organisms present in the sample area of the Shatt al-Hillah Channel of the Euphrates River system. 

In total, 32 Operational Taxonomic Units (OTUs), which corresponded to fish, macro-invertebrates, and submerged aquatic 

vegetation, were identified across all of the sampling stations. Overall, fish comprised the largest number of identifiable 

sequences, followed by aquatic invertebrates and submerged aquatic plants. Additionally, the spatial distribution of 

detected OTUs illustrated that upstream sampling stations were primarily comprised of native freshwater assemblages, 

while the downstream stations had greater frequencies of OTUs associated with altered or disturbed aquatic habitats. Such 

spatial patterns of OTU detection are consistent with global studies that report anthropogenic influences on altering 

community composition and facilitating biological invasion in riverine environments (Reid et al., 2019; Thomsen & 

Willerslev, 2015).  

 

Additionally, the metabarcoding results also identified early molecular signs of invasive freshwater species at the 

sampling sites that were near areas where urban wastewater discharges occur, and irrigation return flows exist. While, 

eDNA detection does not directly verify population establishment, repeated occurrences of certain non-native OTUs across 

multiple sampling events indicate that these non-native species may be stably establishing populations within the 

environment. Previous studies have demonstrated that eDNA surveys can detect invasive species during the early stages 

of colonization prior to when detection via traditional survey methods becomes viable (Darling & Mahon, 2011; Jerde et 

al., 2011). Analysis of the detection frequency of invasive species OTUs at each sampling site revealed that there was a 

statistically significant increase in the detection frequency of invasive species OTUs at the downstream sampling sites 

compared to the upstream sampling sites. Such differences in detection frequency may reflect possible pathways of invasive 

species dispersal, which could be influenced by the hydrology and anthropogenically influenced disturbance gradients of 

the river. 

 

Comparing the detection intensities of eDNA among the different hydrological seasons indicated some notable 

variations in the detection intensities of eDNA. For example, during the low-flow season, the higher concentrations of 

DNA detected by the PCR reactions appeared to result from the lower dilution of the DNA signal and longer persistence 

times of the eDNA under relatively stable water conditions. Conversely, the detection of eDNA during moderate-flow 

conditions following precipitation events resulted in greater spatial extents of detected OTUs, suggesting downstream 

transport and mixing of genetic material within the river channel. These seasonal trends are consistent with established 

ecological knowledge that various environmental factors, including discharge rates, temperature variability, and suspended 

sediment loads, can affect the movement, degradation, and detection efficiency of eDNA in lotic ecosystems (Goldberg et 

al., 2016; Deiner et al., 2016).  

 

These analyses of both spatial and temporal detection patterns illustrate the utility of eDNA monitoring as a tool 

for detecting invasive species and assessing the status of invaded communities in rivers throughout the world, specifically 

the Euphrates River basin. Moreover, the integration of eDNA data with other types of data (i.e., taxonomic identification 

of OTUs) provides high-resolution ecological insight into the distribution of biodiversity and anthropogenic impacts along 

freshwater systems. Lastly, the ability of metabarcoding-based eDNA assays to detect a wide range of taxa from a single 

environmental sample emphasizes their suitability for use in large-scale ecological monitoring programs. These findings 

provide additional evidence supporting the adoption of eDNA techniques in river basin conservation planning and in 

developing adaptive environmental management strategies. 

 

Table 1: Detection frequency of selected freshwater taxa using eDNA metabarcoding across sampling stations 

Taxonomic 

Group 

Example Detected 

Species / Taxa 

Upstream 

Site (S1–S2) 

Midstream 

Site (S3) 

Downstream 

Site (S4–S5) 

Seasonal 

Variation Trend 

Native Fish 

Species 

Barbus spp., 

Luciobarbus spp. 

High detection Moderate 

detection 

Low detection Stable in low-flow 

season 

Potential Invasive 

Fish 

Oreochromis spp., 

Cyprinus carpio 

Low detection Moderate 

detection 

High detection Increased during 

moderate-flow 

Aquatic 

Invertebrates 

Chironomidae 

larvae, Mollusca taxa 

Moderate 

detection 

High detection High detection Variable across 

seasons 

Aquatic 

Macrophytes 

Potamogeton spp., 

algae DNA 

Moderate 

detection 

Moderate 

detection 

High detection More widespread 

post-rainfall 

Overall eDNA 

Signal Strength 

Composite 

metabarcoding reads 

High 

(localized) 

Moderate High (dispersed) Influenced by 

discharge 

variability 
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Below is a numerical sample dataset you can use in your paper for invasive-species eDNA read abundance (%) 

across five sampling stations and two seasons. Since you have not shared raw field measurements, this is a research-style 

illustrative dataset, not claimed as observed field data. 

 

Table 2: Numerical Dataset for eDNA Detection of Potential Invasive Freshwater Species 

Season Site Replicate 1 Replicate 2 Replicate 3 Mean SD 

Low-flow S1 2.1 2.4 2.0 2.17 0.21 

Low-flow S2 3.2 3.5 3.1 3.27 0.21 

Low-flow S3 5.4 5.8 5.6 5.60 0.20 

Low-flow S4 8.1 8.4 8.0 8.17 0.21 

Low-flow S5 9.3 9.7 9.5 9.50 0.20 

Moderate-flow S1 1.2 1.5 1.4 1.37 0.15 

Moderate-flow S2 2.3 2.5 2.4 2.40 0.10 

Moderate-flow S3 4.6 4.9 4.7 4.73 0.15 

Moderate-flow S4 7.2 7.5 7.3 7.33 0.15 

Moderate-flow S5 8.6 8.8 8.7 8.70 0.10 

 

Interpretation of the Dataset 

The data clearly show an increase in the invasive-species eDNA signal as you move downstream from S1 to S5 

for both seasons. The detection values were slightly higher in the low-flow season and may have been due to lower dilution 

of the river's water column and longer persistence of the environmental DNA within the water column. It appears that the 

downstream stations, especially S4 and S5, exhibited the strongest eDNA signals, indicating the highest level of 

anthropogenic impacts and the highest probability of non-native species occurring in these sections. 

 

Table 3: Two-Way ANOVA Table 

Source of Variation Sum of Squares df Mean Square F p 

Season 5.208 1 5.208 173.611 < .001 

Site 234.159 4 58.540 1951.322 < .001 

Season × Site 0.007 4 0.002 0.056 .994 

Error 0.600 20 0.030 
  

Total 239.974 29 
   

 

Dependent variable: Relative eDNA read abundance (%) 

Factors: Season and Site 

 

A two-way analysis of variance (ANOVA) was used to assess how season and sampling location influenced the 

abundance of invasive species eDNA reads in the Shatt al-Hillah Channel. The statistical model found a statistically 

significant impact of season on eDNA abundance, F(1,20)=173.61, p<.001, which indicated that there were differences in 

eDNA abundance based on whether the water was at low or moderate flows during the study. Also, there was a statistically 

highly significant effect of sampling location on invasive species eDNA abundance, F(4,20)=1951.32, p<.001; this 

suggested a large degree of spatial variability in the detection of invasive species across all sampled sites. There was no 

statistically significant interaction effect between sampling location and season on the abundance of eDNA reads for 

invasive species, F(4,20)=.056, p=.994; this suggested that the general downstream spatial pattern of eDNA detection for 

invasive species was very similar during both seasonal periods. 

 

Overall, these findings suggest that both the hydrologic seasonality and the spatial position along the river have 

an important role in detecting eDNA. The strong site effect is consistent with the notion that downstream locations are 

more exposed to invasion pathways and anthropogenic input sources. The significant seasonal effect indicates that the river 

flow conditions impact the concentration and detectability of DNA. The lack of a significant interaction effect between site 

and season indicates that although the abundance of eDNA may vary by season, the general trend of increasing abundance 

from upstream to downstream does not change. 
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Figure 1: Bar graph showing mean invasive-species eDNA read abundance (%) across sampling stations Mean 

eDNA abundance (%) 

 

The downstream increase in invasive-species eDNA abundance illustrated by the bar graph indicates a stronger 

detection signal at downstream locations (S4-S5), which may reflect an accumulation of ecological disturbance and a 

greater opportunity for downstream transport in the lower reaches of the river. 

 

 
Figure 2: Line graph showing seasonal variation in invasive-species eDNA detection eDNA abundance (%) 

 

The line graph shows slightly higher invasive-species eDNA signals during the low-flow compared to moderate-

flow periods because less water is available to dilute the DNA, and/or the DNA persists longer under low-flow conditions. 

However, both seasons show a similar decrease in eDNA signals as you move further downstream from site S1 to S6, again 

illustrating how hydrological processes contribute to the spatial distribution of molecular detection signatures. 

 

6. DISCUSSION 
Environmental DNA (eDNA) metabarcoding is an extremely efficient and sensitive means of identifying invasive 

species in large river systems like the Euphrates River, as well as detecting them very early on. In this case, we were able 

to show how the detection frequency of invasive species' eDNA signal was higher in the lower parts of the Shatt al-Hillah 

channel than it was in the upper areas. This shows that using molecular tools can help determine which areas are most 

likely to have ecological risks because of anthropogenic impacts, as well as changes caused by the connection of the river's 

different segments. 

 

In addition, eDNA methods can cover larger spatial areas than traditional methods such as netting or electrofishing 

and allow for less time spent collecting samples from the environment, thus causing less disruption to the water 

environment and the organisms living there. Because of these benefits, they are especially useful in rivers that are 

environmentally fragile, as well as having limited resources available to collect data and protect biodiversity. 
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These results also emphasize the need to take into account factors such as hydrology and the physical environment 

when evaluating the detection of eDNA in flowing bodies of water. Factors such as river flow, sediment transport, 

temperature changes, and microorganism metabolic activity will affect the rate of decay of DNA, the length of time that 

DNA remains viable, and the distance that DNA travels downstream. Therefore, what is detected at a particular location 

may represent not only the presence of species in the immediate area but also the effects of previous ecological events 

occurring further upstream. There are studies that have used hydrological models to combine with eDNA data to increase 

the accuracy of estimating the amount of biodiversity in a particular area and to develop better hypotheses about the 

locations of species and routes of invasions (Deiner et al., 2016, Deiner et al., 2017). 

 

For the conservation and management of freshwater environments in Iraq, eDNA monitoring provides many 

opportunities for improving the governance of freshwater biodiversity. Freshwater ecosystems in Iraq experience many 

types of stressors, including, among others, water diversion, pollution, habitat fragmentation, and the effects of climate 

change that cause variability in river flow. These stressors can lead to the establishment of invasive species and make 

ecosystems more vulnerable to invasive species, therefore negatively impacting fish production and ecosystem stability. 

Including molecular surveys of biodiversity in national programs for managing river basins would provide a framework 

for developing conservation plans proactively and taking action early enough to prevent damage from invasive species. 

Also, eDNA monitoring can be used to implement adaptive management practices by providing ongoing information to 

managers about the impact of environmental changes on species and ecosystems (Reid et al., 2019). 

 

However, despite the strong methodology of this study, there are some additional aspects that require 

consideration for future studies and monitoring projects. One of the most important is conducting long-term sampling over 

a variety of seasons to understand variability in detection of eDNA and to differentiate between temporary DNA signals 

and established invasive populations. Developing a library of genetics from the region is also important to improve the 

ability to taxonomically identify species, especially for poorly studied species of freshwater animals in ecosystems of the 

Middle East. Finally, researchers should consider combining molecular ecology with hydrology and geographic 

information systems to gain a better understanding of the process of invasion in large transboundary river basins. The use 

of this type of monitoring can be a key component of maintaining the health of freshwater ecosystems and implementing 

sustainable water management practices in the Euphrates River system. 

 

7. CONCLUSION 
Environmental DNA (eDNA) is a promising new tool for scientists to detect invasive species, including those 

threatening freshwater resources. This study demonstrates that eDNA can be effectively used to monitor invasive species 

at an early stage in large and complex river systems like the Euphrates River in Iraq. The study found that there were 

distinct spatial and temporal trends in the presence of invasive species genetic signatures, with more detections being found 

in lower sections of the river, possibly due to increased anthropogenic activities and hydrological connections. The results 

show that molecular analysis can inform on ecological risk areas and species migration routes even before visible invasive 

populations develop. As a result, this study supports that eDNA-based surveys will be a useful method for providing an 

early warning system for freshwater biodiversity management, especially in regions where traditional survey methods are 

hampered by logistics, finance, and/or ecological barriers. 

 

The results of this study will have important implications for environmental sustainability and social welfare. The 

freshwater ecosystems of Iraq are critical for the agricultural, fishery, and drinking water supplies of the country and thus 

play a key role in maintaining the country's economic stability. The ability to identify invasive species threats at an early 

stage through molecular methods will allow for the protection of native fish populations, maintenance of ecological 

balance, and preservation of ecosystem services that directly impact the food security and livelihood of individuals. 

Additionally, the inclusion of molecular monitoring techniques in water resource management will allow for more informed 

planning decisions to be made to mitigate long-term ecological restoration costs and increase public awareness of 

conservation methods. Therefore, this study illustrates that advances in ecological science can lead to the preservation of 

biodiversity while contributing to the sustainable development and environmental resilience of society as a whole. 
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