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Abstract

Invasive algal taxa represent an emerging but poorly quantified threat to Iraq’s freshwa-
ter ecosystems. Drawing on floristic surveys, recent molecular detections, and regional
literature, this review synthesizes the current evidence regarding the occurrence of Didy-
mosphenia geminata and Hydrodictyon reticulatum and identifies Leptolyngbya benthonica and
Nostoc paludosum as cryptogenic cyanobacterial taxa requiring further ecological assess-
ment. A preliminary qualitative risk evaluation identifies D. geminata and H. reticulatum as
high-priority taxa for monitoring based on their documented invasion history elsewhere,
potential ecological effects, and likelihood of introduction and spread. In contrast the cryp-
togenic cyanobacteria Leptolyngbya benthonica and Nostoc paludosum should be interpreted
cautiously because they are recently detected taxa whose origin and ecological behavior
remain uncertain. Potential ecological risks include competitive displacement of native
periphyton, disruption of benthic food webs, oxygen depletion during decomposition, and
habitat alteration through the formation of dense mats. Major knowledge gaps include
the absence of baseline distribution data, continued reliance on morphology-based iden-
tifications, limited application of molecular tools, and the lack of standardized national
risk-assessment frameworks. Addressing these gaps would improve Iraq’s ability to detect,
monitor, and manage algal invasions, thereby safeguarding vital water resources under
escalating climatic and anthropogenic pressures.

Keywords: biosecurity; Didymosphenia geminata; cryptogenic cyanobacteria; ecological risk
assessment; Hydrodictyon reticulatum; invasive algae; Iraq freshwater ecosystems; molecular
barcoding; surveillance and monitoring

1. Introduction

Invasive algal taxa can severely disrupt aquatic ecosystems by outcompeting native
flora, altering nutrient regimes, and triggering harmful blooms [1,2]. In Iraq, aquatic
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ecosystems are already facing pressures from hydrological changes, pollution, and climate
variation [3-7] and, as such, invasive microalgae species may represent a critical threat.
A number of research investigations have focused on invasive aquatic vascular plant
species [8,9] and macrofauna [10-12] in Iraq, though information regarding the ecology
of invasive microalgal species is very limited. Two potentially invasive or non-native
microalgal species, Didymosphenia geminata and Hydrodictyon reticulatum, have recently
been reported in the Al-Yusifiya River and other water bodies in and around Baghdad,
respectively. Molecular analyses utilizing 165 rRNA gene sequencing revealed the presence
of two cryptogenic cyanobacteria, Leptolyngbya benthonica and Nostoc paludosum, along the
Tigris River. These two cyanobacterial species were not recorded by any of the previous
flora checklists from Iraq [13]. Sequence comparison with GenBank reference strains
revealed close genetic similarity to isolates from India and Brazil, raising questions about
their origin and ecological role, but not providing sufficient evidence to classify them
as invasive.

Iraq’s aquatic ecosystems, which include the Tigris and Euphrates Rivers, the
Mesopotamian Marshes and saline habitats near Basrah, represent diverse and vulnerable
areas that could be exposed to new species of algae; therefore, there are significant risks
associated with algal biosecurity in Iraq aquatic ecosystems [14-18]. Given the current
situation of a lack of long-term monitoring of algal biodiversity and the increase in eu-
trophication, hydrological alterations and poor regulation, the potential for new species
introductions, as well as an increase in the frequency of harmful algal bloom:s, is greatly
increased. Iraq is currently lacking a comprehensive assessment of invasive algal taxa and
numerous reports are being made but not all are corroborated by clear data.

The terminology follows commonly accepted invasion biology concepts. Non-native
refers to taxa occurring outside their presumed historical native range due to human-
mediated transport beyond their natural biogeographic boundaries [19-21]. Invasive
refers to non-native taxa that have established self-sustaining populations and are capable
of spreading from introduction sites; many widely accepted frameworks additionally
restrict this term to taxa with documented or strongly suspected negative ecological or
socioeconomic impacts [19-22]. Cryptogenic refers to taxa whose native or introduced
status cannot be confidently determined because of insufficient historical, biogeographical,
or taxonomic evidence [23,24]. Given the limited long-term monitoring data available for
Iraq, as well as the recognized uncertainty associated with invasion status assessments in
poorly studied regions, the several taxa discussed here are more appropriately considered
potentially invasive or non-native taxa of concern rather than definitively potentially
invasive species [20,21,25,26]. Accordingly, molecular detection alone is not considered
sufficient evidence of invasiveness unless supported by evidence of establishment, spread,
nuisance growth, or ecological impact.

This structured narrative review (1) synthesizes the available evidence regarding algal
taxa reported from Iraq; (2) presents a preliminary qualitative risk evaluation; and (3) high-
lights areas for additional research and strategic actions to enhance national biosecurity.

2. Literature Review Approach

This study was designed as a structured narrative review rather than a formal system-
atic review. Literature sources were identified using Google Scholar, Scopus, and Web of
Science, together with national floristic checklists and relevant regional literature. Searches
were conducted using combinations of predefined keywords, and the retrieved literature
was screened for relevance based on the objectives of this review. Search terms included

combinations of “Iraq”, “algae”, “cyanobacteria”, “invasive algae”, “non-native algae”,
“cryptogenic species”, “Didymosphenia geminata”, “ Hydrodictyon reticulatum”, “Leptolyng-
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bya benthonica”, “Nostoc paludosum”, “freshwater ecosystems”, “Tigris River”, “Euphrates
River”, and “Shatt Al-Arab”.

Studies were included when they reported algal taxa from Iraq, discussed potential
invasive or non-native algal species, provided molecular or floristic evidence relevant to
Iraqi freshwater systems, or offered comparative information on invasion history, ecological
impacts, or introduction pathways in other regions. Studies were excluded when they
focused exclusively on unrelated marine macroalgae, lacked sufficient taxonomic resolution,
or did not provide information relevant to distribution, invasion status, ecological risk,
or monitoring.

Because long-term monitoring data and formal national invasion assessments remain
limited in Iraq, the review integrates both direct Iraqi records and comparative ecological
evidence from international studies while clearly distinguishing documented local evidence
from inferred or hypothesized ecological risks where appropriate.

3. Documented Occurrences of Potentially Invasive and Non-Native
Algal Taxa in Iraq

National checklists and floristic surveys have shown the presence of several algal taxa
found in Iraq that are considered invasive or capable of forming blooms elsewhere in the
world [27]. These records, as well as the environmental context and increasing human
impacts, show that invasions by these algae in Iraq’s aquatic ecosystems could also be on
the rise.

Hydrodictyon reticulatum (Linnaeus) Bory (“water net” green algae): This filamentous
green alga develops net-like structures of interconnected filaments that are dense and
persistent. It is native to Europe (Curonian Lagoon, others) [28,29] and considered an
invasive species in North America, New Zealand, and Brazil, where it often becomes
very abundant, forms enormous surface mats, and may negatively affect water quality by
blocking light in the water column and depleting oxygen, sometimes clogging irrigation
systems [30]. In Iraq, this species has been reported in urban waterbodies in Baghdad, such
as artificial brooks and nutrient-rich pools [31]. These records suggest that the species may
have the potential to become a nuisance or invasive taxon in aquatic systems given its ability
to cause blooms and displace other aquatic organisms. However, additional ecological
studies and long-term monitoring are required to determine whether it is established and
invasive under Iraqi environmental conditions.

Didymosphenia geminata (Lyngbye) M. Schmidt (didymo): A benthic diatom that forms
thick masses of mucilage in cool and oligotrophic rivers. It is native to many parts of the
Northern Hemisphere and is considered invasive in countries like Argentina, Australia,
Chile and specially in New Zealand where it led to launch of the Check-Clean-Dry cam-
paign to avoid further spread [32-35]. It has been reported to cause ecological impacts in
invaded systems, including alterations of benthic communities and reduced diversity [36].
In Iraq, D. geminata has been reported in the Al-Yusifiya River [37], indicating its occurrence
in a natural freshwater ecosystem. It is therefore hypothesized to represent a potentially
non-native taxon with invasive potential, although its native status requires further biogeo-
graphical and molecular verification. These taxa not only have records in Iraq’s national
algal floras [27], but they also possess ecological traits such as rapid biomass accumulation,
benthic mat formation, tolerance to eutrophic conditions, and proliferation in hydrolog-
ically modified systems, which are characteristics commonly associated with nuisance
growth and spread in freshwater ecosystems.

A molecular eDNA study of Tigris River sediments identified Leptolyngbya benthonica
and Nostoc paludosum, which are registered at NCBI (MIN714226.1, MN714225.1), as new
records for algal flora in Iraq [13]. Light microscopy alone failed to detect them, highlighting
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their cryptic presence and the need for molecular tools [13]. These are benthic/attached
cyanobacteria, consistent with the broad recognition that benthic forms are important but
often overlooked in Iraqi systems [38—40]. Because these cyanobacteria were only detected
through 16S rRNA-based molecular data, and because 16S rRNA alone has limited species-
level resolution in several cyanobacterial groups, their taxonomic identification should be
interpreted cautiously. Additional molecular markers (e.g., ITS) and polyphasic taxonomic
approaches are needed to confirm their species identity. No massive growth, nuisance
blooms, spread, or ecological impacts have yet to be documented in Iraq; therefore, they
are treated here as cryptogenic taxa requiring further ecological and phylogeographic
assessment rather than as invasive species.

The reported occurrence of the above-mentioned species in Iraq highlights the im-
portance of their inclusion in national monitoring efforts and risk assessment frameworks.
Further ecological and management implications of these species are elaborated in Section 5.

4. Potential Introduction Pathways

Invasive algal species can be introduced to Iraqi waters through several vectors,
many of which are linked to increasing globalization, trade, and increased hydrological
connectivity. These pathways are often unmonitored and can allow for the silent spread
of harmful taxa into sensitive freshwater and estuarine systems. The main potential
introduction pathways of invasive algae into Iraqi freshwater systems are summarized in
Figure 1.

4.1. Discharge from Ballast Water in Inland Ports and Canals

Ships operating out of commercial ports and riverine terminals may unintentionally
introduce alien algal species via ballast water discharge and thus assist with establishing
harmful or otherwise unwanted phytoplankton species [41-44]. The release of these species
via ballast water is a well-established global pathway for the introduction of aquatic inva-
sive species. In Iraq, this pathway may represent a significant risk for Basrah Port and the
Shatt Al-Arab waterway, which together constitute Iraq’s primary connection to interna-
tional shipping routes. Although Iraq does not yet have a dedicated port phytoplankton
monitoring programme, the increasing number of recorded non-native aquatic species
in southern Iraq [3,6,10,11] suggests that shipping activities may represent an important
introduction pathway and therefore warrant closer ecological monitoring.

4.2. Aquaculture and Fish Stocking

Aquaculture can also unintentionally transport algae, which can be either attached
or free-living, through vectors such as stocked fish, aquatic vegetation, and equipment
that had been previously contaminated [45,46]. Aquaculture has expanded significantly
during recent decades in Iraq, particularly in the southern regions and the marshes, where
semi-intensive carp culture is practiced [47]. However, biosecurity measures remain largely
undocumented and unregulated, and no screening for associated algal introductions is
currently implemented. This combination of increasing aquaculture activity and limited
biosecurity represents a plausible but unquantified pathway for algal introductions.

4.3. Aquarium Trade and Accidental Release of Ornamental Algae

Non-native algae are unintentionally introduced to the wild through the dumping
of aquarium materials such as water, sand, and vegetation, and by being transported
on ornamental aquatic plants. Humans have also been known to deliberately release
unwanted species, which may facilitate the establishment of non-native species in natural
ecosystems. Some genera, such as Chaetomorpha and Hydrodictyon, which are used in
aquaria, have proven their ability to become established outside their native range [48-50].
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In studies conducted in Europe and North America, aquarium strains of Chaetomorpha
spp. were shown to be able to tolerate broad environmental conditions and to regrow
from microscopic fragments after disposal [48,51]. Similarly, molecular surveys of retail
outlets detected macroalgae associated with the aquarium trade, including representatives
of the genus Hydrodictyon, and demonstrated that viable material can escape via discarded
aquarium water and plant material [52].

P

Transboundary River Flow

Aquaculture & Fish Stocking

Ballast WaterTransport

Figure 1. Major potential pathways for the introduction and spread of non-native and potentially
invasive algal taxa in Iraq. Shown are the principal introduction pathways (transboundary river flow,
aquarium and ornamental trade, aquaculture and fish stocking, overland dispersal via boats, fishing
gear and migratory waterbirds, and ballast water transport), together with the major hydrological
features of Iraq, including the Tigris, Euphrates, Shatt Al-Arab River, and the Mesopotamian Marshes.
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Although formal market surveys are currently lacking for Iraq, documented releases
of ornamental fish into Iraqi freshwaters indicate that the aquarium trade represents a
plausible introduction pathway for aquatic non-native organisms. Examples include the in-
troduction of the neotropical piranha Serrasalmus maculatus into the Tigris River [53] and the
Amazon sailfin catfish Pterygoplichthys pardalis into the Shatt al-Arab River [54]. Considering
the ongoing degradation of Iraqi rivers and marshes through hydrological modification, pol-
lution, and aquatic plant invasion [4,7], even low-level aquarium-mediated introductions
may have the potential to become established under favorable environmental conditions.

4.4. Transboundary Water Flows

The Tigris-Euphrates basin is shared by Iraq and its upstream neighbors (Turkey, Iran,
and Syria), which are having an increasing impact on Iraqi freshwater resources due to dam
construction, hydrological modifications, and pollutant additions. Upstream alterations
within the basin may affect Iraqi freshwater ecosystems through changes in salinity levels,
nutrient availability, hydrological regimes, and habitat structure. These impacts may
create more favorable conditions for the establishment of alien species in Iraq [55]. Beyond
environmental suitability, this transboundary connectivity also represents a direct biological
pathway whereby organisms introduced upstream may disperse downstream into Iraqi
waters. Despite its obvious relevance, no coordinated transboundary monitoring exists for
aquatic invasive species, representing a major regional biosecurity gap.

4.5. Other Indirect Pathways

Additional vectors possibly impacting Iraq include migratory birds, movement of ves-
sels and agricultural machinery, and movement of scientific sampling instruments/devices
from site to site. Biosecurity plans at the national level largely neglect these vectors and
rarely address them explicitly.

Herbivorous fish as mobilising vectors can carry living and viable algae from one
habitat to another [56]. Studies from other regions have shown that discarded bait packets
(containing living algae) introduced into freshwater systems can contribute to the introduc-
tion of invasive species [57]. In a country characterized by high hydrological connectivity
and limited sanitation infrastructure, these indirect pathways may be particularly important
yet remain entirely unquantified.

5. Ecological Risks and Impacts

Iraq’s freshwater ecosystems are highly susceptible to invasive algae due to long-term
nutrient enrichment, modified hydrological conditions, and poor regulatory implemen-
tation. Many of the river networks, canals and urban waterbodies in Iraq are already
known to be affected by high-nutrient loading, low flow conditions and simplified habitats,
which provide ideal conditions for colonization of strategist opportunistic algal species.
In Iraq, non-native or potentially invasive algal species are primarily associated with
nutrient-enriched and hydrologically modified ecosystems. Although direct ecological
assessments remain limited, these environmental conditions may increase the likelihood of
establishment and associated ecosystem-level impacts. For example, substantial biomass
accumulations of the patterned alga Hydrodictyon reticulatum have been recorded in eu-
trophic urban waterbodies in Baghdad [31], and this species is well known for its ability
to rapidly assimilate nitrogen and phosphorus, potentially reinforcing eutrophication pro-
cesses. Limited reports of Didymosphenia geminata have also recently been documented
in the Al-Yusifiya River [37], where it forms benthic mats, a growth form that is globally
associated with habitat smothering and alteration of benthic community structure [58].
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While no direct assessment of the impact on Iragi systems has been made, these taxa
have primarily been reported in nutrient-enriched and hydrologically modified ecosystems
where ecological effects may already be occurring under highly degraded conditions. Thick
algal mats are also known to decrease habitat heterogeneity, reduce the abundance of
native macrophytes and periphyton, and alter benthic food-web structures [58,59]. As
a result of the widespread decline of macrophyte cover and regulation in Iraqi surface
waters, such habitat-level effects can be assumed to be possible and deserve focused study.
However, direct evidence of ecological impacts under Iraqi conditions remains limited,
and most current interpretations are inferred from invasion histories and ecological studies
conducted in other geographic regions.

Currently, no research has reported on the impacts of invasive algae on nutrient cy-
cling, oxygen dynamics, toxin production, or ecosystem services in Iraq. This represents
an important knowledge gap. Although toxic cyanobacteria such as Microcystis spp. have
not been studied in a systematic way in Iraq, their worldwide association with eutrophic
and warm waters points to an increasing risk as nutrient enrichment and climate warming
continue. Regular surveillance of algal biomass, cyanobacteria toxin and benthic habitat sta-
tuses in high-risk water bodies should therefore be a priority for research and management,
particularly for future ecological monitoring and biosecurity planning.

6. Notable Records from Iraq’s Algal Checklist

New floristic and taxonomic surveys continue to identify previously undocumented
algae in southern Iraq. Several recent field studies have documented the emergence of algal
taxa not previously recorded in Iraq’s aquatic ecosystems, particularly in systems affected
by anthropogenic disturbance and hydrological variability such as the Shatt Al-Arab River.

As illustrated by the records of D. geminata and H. reticulatum discussed above, there
is a clear need for ongoing long-term monitoring of non-native algae across different fresh-
water ecosystems in Iraq. Long-term monitoring programs will allow researchers to track
new species if they enter an area as well as assess any changes in their current distribution
patterns. For example, both D. geminata and H. reticulatum have created problems for the
completeness of Iraq’s National Algal Records [27], but at the same time highlight that there
are other species of algal taxa occurring within the region that may form blooms or poten-
tially spread within Iraqi waters. Ref. [37] identified multiple occurrences of D. geminata
within their diatom analyses of samples taken from the Al-Yusifiya River. Dense benthic mats
produced by D. geminata may substantially alter benthic habitat structures by covering substrate
surfaces, reducing exposed hard substrates and bryophyte microhabitats, and modifying near-
bed hydrodynamics. Studies from Europe, North America, and New Zealand have shown that
these mats can influence periphyton composition, simplify benthic invertebrate assemblages,
favor tolerant opportunistic taxa, and alter nutrient exchange and trophic interactions within
freshwater ecosystems [58,60-62]. However, direct ecological evidence from Iraqi freshwater
systems remains currently unavailable. In addition to D. geminata, the authors identified
other diatom taxa, including Asterionella formosa, Cymbella prostrata and Diploneis puella.
These additional diatom species may reflect local environmental variation rather than direct
evidence of ecological impacts caused by Didymosphenia geminata. The occurrence of D.
geminata in the Al-Yusifiya River is nevertheless noteworthy. However, because this species
is typically associated with cool, oligotrophic rivers and low bioavailable phosphorus
concentrations, its reported occurrence in Iraq should be interpreted cautiously. The possi-
bility of morphological misidentification cannot be excluded, and molecular confirmation
together with detailed ecological investigations is needed to verify its occurrence and better
understand the environmental conditions supporting its persistence. Water taken from the
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Al-Yusifiya River for agricultural and aquaculture could facilitate downstream dispersal if
the occurrence is confirmed, raising ecological concerns [32,37,58,63].

Hydrodictyon reticulatum also displays a preference for nitrogen- and phosphorus-rich
habitats, particularly eutrophic freshwater systems, and dense growths of this alga may
substantially modify nutrient dynamics through high rates of nitrogen and phosphorus
uptake from the surrounding water [64—67]. The growth of this alga has shown invasive
behavior in Brazil and New Zealand, indicating its ability to quickly occupy available space
when the environment is favorable, such as those with warm temperatures and disturbed
habitats [30,67]. Although its invasion potential in Iraq has not yet been fully assessed,
its documented presence—and the increasing levels of nutrient loading, and chloride
and hydration defects that have occurred in the region—warrants specific environmental
monitoring and ecological assessments. Recent surveys of urban water bodies in Baghdad
have revealed the presence of H. reticulatum, particularly in human-made brooks and
stagnant water bodies. This indicates that the species flourishes in nutrient-rich stagnant
water bodies and other human-impacted aquatic habitats [31]. This also indicates the need
to recognize urban ecosystems as potential reservoirs for species introductions into Iraqi
aquatic ecosystems, as well as the need for species prioritization (Table 1).

Table 1. Summary of non-native, potentially invasive, and cryptogenic algal taxa reported in Iraq.

Species Status Habitat Detection Method Mo!e.cul-ar First Record
Verification Source
) . Potentially . . .
Didymosphenia . Rivers Morphological, Field
4 non-native; . . No [37]
geminata . (Al-Yusifiya) Observations
status uncertain
Hydrodictyon Potentla'lly. Urban . Morphological, Field
reticulatum non-native; waterbodies Observations No [31]
status uncertain ~ (Baghdad)
Leptolyngbya gcrgl{; toigzln ;f[:; tus Tigris River Molecular Partial (165 [13]
benthonica 8I¢ sediment (165 rRNA sequencing) rRNA only)
uncertain
Nostoc paludosium Scrglzt(;%:fl ;;; tus Tigris River Molecular Partial (16S [13]
P uncergtain sediment (165 rRNA sequencing) rRNA only)

Species identifications of Leptolyngbya benthonica and Nostoc paludosum are based on published 165 rRNA sequence
data and require confirmation using additional molecular markers and polyphasic taxonomic approaches.

In groundwater investigations carried out in the Greenbelt area of Najaf, it was found
that salinity and pollution levels were high, thus illustrating the role of poor water quality
in promoting algal blooms in both managed and unmanaged water systems [68]. These
species should be considered priorities for future national biosecurity monitoring efforts,
including early detection and ecological assessment programs for aquatic invasive species.
A case study from New Zealand illustrates the invasive potential of H. reticulatum. This alga
was probably introduced to New Zealand through the ornamental aquarium trade or via
aquatic plants used in ornamental ponds. Following its introduction, it rapidly colonized
hatcheries and nutrient-rich ponds, where it formed dense floating mats that interfered
with water use and proved difficult to control [69]. Since H. reticulatum has demonstrated
the ability to spread very quickly and tolerate some chemical control measures, increased
ecological monitoring of Iraqi water bodies, particularly stagnant and nutrient-rich areas
that can support algal proliferation, would improve the early detection and assessment of
potentially invasive taxa before widespread establishment occurs. Recent molecular-based
studies in the Tigris River have also revealed the presence of two previously unrecorded
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cyanobacterial species in Iraq: Leptolyngbya benthonica and Nostoc paludosum [13]. While not
currently listed as invasive globally, their detection and high genetic similarity to Indian
and Brazilian isolates, respectively, raises questions about their biogeographic origin and
ecological behavior in Mesopotamian freshwater systems. Given their filamentous structure
and potential for proliferation in nutrient-rich sediments, both species warrant monitoring
as potentially cryptogenic or non-native taxa requiring further ecological assessment in
the region. The currently available occurrence records of the reported non-native and
cryptogenic algal/cyanobacterial taxa in Iraq are summarized in Figure 2.

Reported Occurrences of Algal Taxa in Iraq

36°N

A-Sarafiya Bridge dALMuth Qna Bridge

Latitude

32°N+

I ] 200km

4OI:E 42':E 44‘:E 45':E 48.:E
Longitude
Figure 2. Geographic distribution of the reported occurrences of potentially non-native and crypto-
genic algal taxa in Iraq. Distribution points represent published records of Didymosphenia geminata,
Hydrodictyon reticulatum, Leptolyngbya benthonica, and Nostoc paludosum. The map includes the major
hydrological network (Tigris, Euphrates, and Shatt Al-Arab rivers).

Overall, the currently available records should be interpreted cautiously because
most taxa have not yet been evaluated through long-term ecological monitoring or formal
invasion assessments in Iragq. Consequently, several species discussed here are more
appropriately regarded as non-native or potentially invasive taxa of concern pending
further ecological validation.

7. Current Knowledge Gaps
7.1. Knowledge Gaps for Documented Potentially Invasive and Non-Native Algae in Iraq

The reported occurrence of D. geminata (a diatom) and H. reticulatum (a green alga)
highlights the need for continued monitoring, ecological assessment, and appropriate
management to limit potential spread and ecosystem degradation.

The preliminary qualitative risk evaluation presented in Table 2 was developed as an
expert-based prioritization tool rather than a formal quantitative risk assessment. Rankings
were assigned using currently available evidence from published occurrence records in
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Iraq, documented invasion histories in other regions, known ecological characteristics of
each taxon, and evidence from comparable freshwater systems. The rankings are primarily
intended to guide future monitoring and research priorities under conditions of limited
ecological data availability.

Table 2. Preliminary qualitative risk evaluation of reported non-native, potentially invasive, and
cryptogenic algal taxa in Iraq. Rankings are based on expert evaluation of current ecological evidence
and monitoring priority.

Species Introduction Likelihood Ecological Impact Monitoring Priority
Didymosphenia geminata Moderate Moderate High
Hydrodictyon reticulatum High Moderate High
Leptolyngbya benthonica Low Unknown Low
Nostoc paludosum Low Unknown Low

To prioritise monitoring and management activities for these two species, Table 2
summarises a preliminary qualitative risk evaluation developed based upon expert
opinion and previously published data on the environmental characteristics of each
species, including their likelihood of introduction, potential environmental impact, and
monitoring requirements.

Didymosphenia geminata was assigned a moderate introduction likelihood and moder-
ate ecological impact because its occurrence in Iraq currently requires molecular confirma-
tion, and the possibility of morphological misidentification cannot be excluded. Neverthe-
less, it remains a high monitoring priority because, if its occurrence is confirmed, interna-
tional studies have demonstrated its capacity for rapid dispersal, dense benthic mat forma-
tion, and significant ecological impacts in invaded freshwater ecosystems [32,36,58-63]. In
comparison, H. reticulatum has a high introduction potential and a moderate environmental
impact because it can produce large blooms in mesotrophic water bodjies, although its
potential effects on benthic fauna remain insufficiently understood [30,31]. Leptolyngbya
benthonica and Nostoc paludosum were detected only once through molecular analyses and
currently have no documented history of bloom formation, spread, or ecological impacts in
Iraq. Consequently, their ecological status remains uncertain and requires further ecological,
taxonomic, and distributional investigation. This initial prioritization supports the urgent
need for enhanced surveillance of high-risk taxa and highlights where further ecological
impact assessments are warranted.

Despite scattered records, there is no dedicated national monitoring program for
invasive microalgae in Iraq (Figure 3).

There is currently a lack of dependable baseline data distinguishing native from non-
native algal taxa. As a result, the ability to monitor environmental change and detect newly
introduced algal taxa remains limited. Most of the currently available studies are based on
outdated morphological classifications and do not distinguish between morphologically
similar species or genetically related (cryptic species). Additionally, due to the reliance on
traditional morphological classifications for species identification, many invasive species
remain unrecognized. For example, recent port surveys in the Adriatic Sea identified
numerous taxa that had previously been overlooked or misidentified using conventional
morphological approaches but were later recognized as non-native or potentially invasive
through the application of molecular identification techniques and integrative taxonomic
analyses [70]. Also, an earlier research study that performed molecular analyses of red
algal species in Australia revealed that several taxa had previously been misidentified
using morphological characteristics alone [43]. Alternative methodologies, such as DNA
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barcoding, represent valuable tools for species inventories, particularly for the detection
of non-dominant or early-stage invasive species [71]. When combined with traditional
ecological knowledge, these approaches can contribute to the development of more reliable
reference baselines and improve long-term species monitoring [72,73]. Recent advances
in environmental DNA (eDNA) and metabarcoding have further improved the early
detection and surveillance of non-native and potentially invasive algal taxa by increasing
detection sensitivity and taxonomic coverage beyond conventional floristic surveys [74-76].
These approaches are particularly valuable for detecting cryptic or low-abundance taxa
and are being increasingly incorporated into aquatic biosecurity monitoring programs
worldwide [77,78]. However, they are best regarded as complementary to traditional
morphological identification because their performance depends on marker selection,
reference database completeness, and methodological standardization [79]. Nevertheless,
the application of DNA sequencing technologies such as barcoding or metagenomics
is still rare in Iraq; therefore, the early detection of closely related or morphologically
similar invasive taxa remains limited under current monitoring approaches. There is also
a scarcity of ecological studies in Iraq that quantify the important functional impacts of
invasive algae on ecosystem processes and aquatic ecosystem functioning. Only a few
studies have researched the impacts of algae invading local freshwater and marine systems,
particularly the impacts of invasive algae on critical processes such as nutrient cycling,
oxygen dynamics, and habitat structure. International studies report that invasive algae
(e.g., Gracilaria salicornia) can fundamentally alter nitrogen uptake and change epifaunal
communities, thereby altering the trophic structure of invaded habitats [80].

{ CURRENT KNOWLEDGE GAPS }

I
| |

Lack of Outdated Limited Unclear
Baseline Data Identification Ecological Studies Introduction
No national Methods Poor understanding Pathways
monitoring Reliance on of ecosystem- Lack of data
of invasive morphology- level impacts on dispersal
microalgae based (e.g, nutrient cycling, mechanisms
classification oxygen dynamics,

habitat structure) L

|
|

No Risk Assessment Framework

No standardized protocols for invasive species

Figure 3. Schematic representation of current knowledge gaps in invasive algal species management
in Iraq. Major limitations include the lack of baseline data, reliance on outdated identification methods,
limited understanding of ecosystem-level impacts, and unclear introduction pathways. Collectively,
these gaps hinder the development of standardized risk assessment frameworks necessary for
effective biosecurity and monitoring.

Overall, we argue that local studies are critically needed in Iraq to measure the
functional effects of alien algae on oxygen demand, nutrient cycling, and habitat structure.
In Iraq, documentation of introduction pathways and dispersal mechanisms for inva-
sive algae remains extremely limited. While global studies have clearly identified major
pathways such as ballast water, aquaculture, and aquarium trade, e.g., [81-83], these
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pathways have not been systematically assessed in the Iraqi context. This lack of pathway-
specific data, combined with the absence of coordinated surveillance and biosecurity
frameworks, currently prevents effective tracing of introductions and targeted manage-
ment responses. Addressing this gap will require the development of structured monitoring
and risk assessment protocols tailored to Iraq’s aquatic systems.

Risk assessments of introduced algae species in Iraq are not backed by a national
framework or tools for the collection of risk data, which will greatly affect the management
of the species. It is widely accepted in the literature that risk assessments are an essential
component of the management of aquatic species, which include both indigenous and
non-indigenous species, at the international level. This is because such assessments use the
best available evidence to identify potential threats and support more efficient resource
management [84]. For example, multi-species risk assessment frameworks developed for
the Great Lakes have advanced methods for identifying high-risk species and pathways,
enabling agencies to implement targeted surveillance and early response measures [85].
Furthermore, comparative analyses of international risk assessments have shown that har-
monized frameworks such as those of the EU and the International Maritime Organization
promote consistent responses, facilitate policy integration, reduce ambiguity in surveillance
efforts, and allow for transparent risk scoring [86]. The absence of a national framework in
Iraq results in fragmented monitoring activities and responses, thus clearly illustrating the
need to develop national risk-based protocols tailored to Iraq’s aquatic ecosystems.

Given the limited options to date for addressing knowledge gaps, it is crucial that
science-based frameworks for algal biosecurity are developed, and the resilience of Iraq’s
freshwater ecosystems is enhanced.

7.2. Cryptogenic or Recently Detected Cyanobacteria

Molecular analyses based on 165 rRNA sequencing have reported the presence of
Leptolyngbya benthonica and Nostoc paludosum in the Tigris River, representing their first
record in Iraq [13]. However, because 16S rRNA alone provides limited species-level
resolution in several cyanobacterial groups, these identifications should be regarded as
provisional pending confirmation using additional molecular markers and polyphasic
taxonomic approaches.

For example, Leptolyngbya strains show substantial genetic divergence and possess
traits that may facilitate natural dispersal (e.g., buoyancy regulation via gas vesicles) as
well as high tolerance to environmental stressors such as salinity fluctuations, temperature
variation, and nutrient enrichment [87,88].

Furthermore, N. paludosum has been proposed for biotechnological applications, such
as lipid production, which should be of ecological concern when broadly introduced into
new environments for cultivation [89]. We encourage future studies on the ecology and
phylogeography of these taxa to clarify their origin, distribution, ecological role, and
potential for proliferation under Iraqi environmental conditions.

8. Recommendations and Future Research Directions

There is a need for improved ecological monitoring, taxonomic verification, and long-
term assessment of non-native and cryptogenic algal taxa in Iraqi freshwater ecosystems.
Although reports of H. reticulatum from urban and eutrophic freshwater habitats in Iraq
are increasing, the current monitoring capacity and coordinated biosecurity frameworks
for non-native aquatic organisms remain limited. Previous studies [90] have highlighted
weaknesses in legislation, border control, and inter-agency coordination related to aquatic
biosecurity and invasive species management in Iraq.
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Current knowledge remains limited by the scarcity of long-term monitoring programs,
restricted molecular data, and incomplete distributional information. Future studies should
prioritize repeated field surveys, ecological assessments, experimental algal studies, and
molecular verification of reported taxa in order to better understand their distribution,
environmental tolerances, nutrient dynamics, bloom formation potential, and ecological
significance under Iraqgi conditions. Additional priorities include the development of coor-
dinated freshwater biosecurity frameworks, improved taxonomic reference databases, and
integration of molecular and morphological monitoring approaches. Greater collaboration
among academic institutions and environmental agencies may improve early detection
capacity and support evidence-based management of emerging non-native taxa.

9. Conclusions

Although evidence for ecological invasiveness remains incomplete for several
taxa, the available records collectively suggest that algal introductions may represent
an emerging biosecurity concern for Iraqi freshwater ecosystems. The cryptogenic
cyanobacteria discussed here represent taxa requiring further taxonomic, ecological, and
distributional assessment.

Potential ecological consequences associated with non-native and cryptogenic algal
taxa may include alterations to benthic habitat structures, shifts in periphyton and diatom
community compositions, changes in nutrient dynamics, and modifications to trophic
interactions within freshwater ecosystems. Studies from Europe, North America, and
New Zealand have shown that dense blooms of taxa such as Didymosphenia geminata and
Hydrodictyon reticulatum can simplify benthic communities, favor tolerant opportunistic
taxa, and influence ecological functioning through extensive substrate coverage and nutri-
ent uptake. However, direct ecological evidence from Iraqi freshwater systems remains
limited, and these potential impacts require further experimental and long-term ecological
investigation under local environmental conditions. Proposed monitoring and biosecurity
frameworks for Iraq should be based upon successful international approaches while re-
maining adapted to local environmental and institutional conditions. Improved ecological
monitoring, prevention strategies, and institutional coordination may contribute to limiting
future spread of non-native taxa and improving freshwater ecosystem management in
Irag. As the environmental challenges continue to increase, proactive ecological assessment
and coordinated monitoring efforts may help support ecosystem resilience and sustain-
able freshwater resource management. Ultimately, advancing the national discourse on
coordinated responses to algal invasions among researchers, environmental managers,
and policymakers remains essential for improving freshwater biosecurity and ecosystem
management in Iraq.
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