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Introduction
Odonates, which include both dragonflies and damselflies, have been familiar to people in the marshlands of southern Mesopotamia since antiquity.  Dragonflies are mentioned in the ancient Sumerian Epic of Gilgamesh and Poem of Atrahasis several times, and one of these poems alludes to the dragonfly “leaving its skin” in the process of molting (Betoret 1993).  These references to dragonflies in ancient Mesopotamian literature show that people living then were interested enough in insects to mention them in the writings of their time (Betoret 1993).  

Dragonflies and damselflies, which have always abundantly inhabited the marshes, may soon have a new role to play in preserving them.  Over the past 30 years, the marshes have become increasingly imperiled, and are at high risk of disappearing altogether in the next few years if action is not taken to save them.  Due to the combination of upstream dam construction on the upper reaches of the Tigris and Euphrates, and marshland drainage downstream, what remains of the marshes today is but a vestige of their former extent (Partow 2001).  Over 90% of the original marshland, once larger than the Florida Everglades, is today a salt-encrusted wasteland that most experts have seen little hope of restoring to its former lushness and beauty.  The Eden Again Project is a hydrological and ecological plan to restore as great an extent of the marshlands as possible to their former condition.  As the salt deposits are gradually washed out of the marshlands through a carefully planned project, and the marshes return to their former splendor, the abundance of odonates and the species composition and diversity of the returning odonate communities will help indicate the progress of the restoration program.

Restoring the Mesopotamian marshlands at a point where they are on the verge of disappearing within such a short time requires rapid action.  Because the time left to conserve such a fast-disappearing ecosystem is so short, it is necessary to identify and observe priorities rigorously, focusing on biotopes and habitats rather than species (Samways 1994).    

Biogeographical Regions of the Middle East
The Mesopotamian marshlands lie near the convergence of three of the world’s major biogeographical regions, the Afrotropical, the Oriental, and the Palaearctic (including temperate parts of Europe, the Middle East, and Asia).  They also lie just inside the northern boundary of the Eremic Zone, the arid belt which has, in part, developed a distinctive fauna of its own (Larsen 1984).  As a result of this location, many of the odonate species of the marshlands are species characteristic of a particular biogeographical region.  For example, the libellulid dragonfly Brachythemis leucosticta also inhabits much of Africa, whereas the gomphid dragonfly Lindenia tetraphylla ranges westward into the Middle East from Asia (Askew 1988).    Some of the other species listed later in this report range into southern Iraq from various parts of Europe.  In addition, some species are endemic to the region (Dumont 1975).  This central location between three biogeographical regions likely results in there being an especial abundance and diversity of odonates available for study in the Mesopotamian marshes and surrounding areas.  Dumont (1975) considers the dragonfly fauna of this region “quite complex” for this very reason.  

Features of Odonates as Biological Indicators
There has recently been much interest in the extent to which insect species and communities can be used as bioindicators to assess the health or quality of the ecosystems of which they are a part.  Van Straalen (1997) distinguishes between specific bioindicator species that respond in a precise way to a specific factor, such as Collembola species with precise soil pH tolerances, and more general bioindicators that react to a broader range of factors, and therefore indicate ‘environmental quality’ in general.  Single indicator species are most useful as indicators when assessing the effects of a single environmental factor, but may not be as useful when one is trying to assess the effects of many different interacting factors in an ecosystem (van Straalen 1997).  More general indicators such as community structure or diversity may be more useful to assess the effects of ecological restoration projects, which may bring about sweeping changes in local ecosystems.  Likewise, when restoring native habitat, is it more effective to manage for particular stenotopic species whose presence or absence indicate specific habitat conditions one wishes to preserve, or is it better to seek to restore a vigorous insect fauna?  For example, because certain kinds of aquatic pollution reduce the numbers and species diversity of odonates (e.g., Gentry et al. 1975; Watson et al. 1982; Takamura et al. 1991), this has led some authors (Schmidt 1985; De Ricqles 1988; Thiele et al. 1994) to advocate using assemblages of chosen species to indicate habitat disturbance by physical modification or pollution (Corbet 1999).

Samways (1993) presents the reasons why odonates are important not only as subjects of conservation, but also as effective environmental monitors.  

Odonates are abundant world-wide, there being at least 5000-6000 described species as of 1993.  This probably represents about 80% of the actual world total (Samways 1993).  This world-wide diversity and the species variation from place to place make them good indicators of variability at various environmental scales, ranging from local to continental.  Both the moderate size of the taxon and the proportion of species known to science make the order Odonata useful in biodiversity assessment.  There are enough species to give variety, yet there is not an unwieldy number of unnamed species requiring one to resort to long series of difficult-to-recognize morphospecies (Samways 1993).

Another advantage of odonates as indicators is that they are conspicuous and generally can be recognized to species level on the wing using binoculars (McGeoch and Samways 1991).  Mature males are the easiest to monitor, because their coloration, patterning, and behavior often make them easily recognizable, whereas teneral males and females may be more cryptically colored and harder to see and follow (Corbet 1962).  Thus many studies (e.g. Samways and Steytler 1996) focus on observing perching or patrolling males.  These males are generally highly biotope-specific, which has great value for recognizing aspects of biotope quality such as river flow rate and percentage shade cover (Clark 1992).  In addition, the sites that males choose for perches or territories are usually those that contain the oviposition sites most favored by females or that are most suitable in other respects, such as offering a favorable microclimate for basking (Moore 1991). Therefore territorial males can serve as conspicuous indicators of good female oviposition and breeding sites, which might otherwise be more difficult to locate and monitor.  However, if one wishes to study the relationship between insect diversity and particular plant species, one should recognize that because odonates are carnivorous, the presence or abundance of males usually depends only on biotope physiognomy, rather than on particular plant species or soil types.  This means that they should be used, say, alongside herbivores such as butterflies, when fully assessing the biodiversity quality of an area (Samways 1993).

If one studies odonates in conjunction with other selected taxa such as butterflies, how should one select the taxa to be studied?  This choice often depends on the expertise or preference of the field workers involved in the project.  One should, however, also consider what each taxon has the potential to indicate about the environment one wishes to restore, and the inter-relationships between the indicator taxa one plans to use (Samways 1993).

As monitors of landscape change, odonates are important as both subjects and monitoring tools.  As the project begins, one can study the distribution of the odonates on the site with relation to its environmental features in order to gain additional information on the insects’ habitat requirements.  Then one can use this information to further assess the habitat quality as the project proceeds (Samways 1993).

Odonates have a broad range of preference for different biotopes, from permanent shaded sites to temporary pools, and a few species are truly terrestrial (Corbet 1962; Watson 1982; Samways 1993).  Such a biotope range is useful to determine the general character and level of disturbance of the landscape, especially over the immediate past few years (Samways 1993).

 Odonates are particularly well-suited to monitor landscape physiognomy and make quality assessments of fresh water bodies.  Not only the presence of any one species, but also the species composition of the odonate community, can be a useful indicator of the present state and recent history of a body of water (Samways 1993).  Thus one need not rely solely on using stenotopic species to monitor environmental quality; studies such as Samways and Steytler (1996) found that multispecies assemblages were also good environmental indicators, and that both stenotopic species such as Chlorolestes tessellatus and eurytopic species such as Crocothemis erythraea can be useful as individual indicator species.  Therefore, although Samways (1993) and Corbet (1999, p. 13) find that in general, highly residential species are of higher monitoring value than the migrants, which tend to be eurytopic, there is nevertheless potential for the latter to be useful in particular environmental situations.  In a situation such as that of the Mesopotamian marshes, where much of the landscape has been devastated on a large scale, it is likely that the first dragonflies to re-occupy the area when restoration begins will be eurytopic migrants such as Crocothemis erythraea and Hemianax ephippiger.
Further evidence from lentic species (i.e. those inhabiting standing water) suggests another reason that odonates may be good environmental indicators.  The chance that any one species will occur or be abundant to some extent in a particular area does not generally depend on the presence or abundance of other species (Osborn 1992), but rather on the characteristics of the physical environment or the vegetation in the area (Samways 1993).  These responses may be further divided into responses to proximate cues such as sunlight vs. shade, or still vs. running water, and responses to ultimate cues, such as the structure of particular stands of vegetation (Steytler 1991).

Salinity of the water in the Marshes is also likely to be an important factor.  As one might expect, many dragonflies occupying pools and coastal rivers and marshes in arid regions such as southern Iraq are tolerant of high salinity (e.g., Hemianax ephippiger, Ischnura evansi, Lindenia tetraphylla, and Macrodiplax cora) (Corbet 1999, p. 196).  One would also expect that the odonates of the region probably tolerate broad ranges of salinity.  They should do so because salinity varies seasonally, the salt content being diluted by fresh water from the spring flood pulse, and then increasing during the summer as evaporation from bodies of standing water concentrates solutes. 

Time Needed to Restore an Indicative Odonate Community
One factor that will delay the response of the odonate community to specific changes made while restoring the habitat of the Marshes is the time needed for odonates to discover and reinhabit the area.  This period depends on at least two factors: 1) The rate at which suitable habitat types are re-created, and 2) The rate of re-inhabitation by dragonflies and damselflies.  Factor 2) itself depends on several factors, including a) lag time for re-colonization, and b) the number of generations that are completed within a given time period.  The annual number of generations (voltinism) in tropical-centered odonates can range from three or more per year to one every two years (Corbet 1999, p. 218), and various species in an area can be variously voltine (Corbet 1999, p. 224).  This variation in both immigration and life cycle completion rates can introduce complications into interpreting species assemblages at a study site.    

Management Principles for Creating or Conserving Aquatic Biotopes for Odonata (Corbet 1999, p. 575)

General

If possible, avoid intervention, other than mitigating or negating former anthropogenic impacts.

Manage riparian hinterland so as to provide areas for adults to roost and forage and corridors to facilitate travel between habitats (Sternberg 1994; 1998). 

If necessary, erect barriers to prevent access to marginal vegetation by grazing farm animals.

Maintain a high diversity of macrophytes, preferably indigenous species, within and beside the water body (Samways and Steytler 1996).

Lotic biotopes

When clearing sediment and intrusive vegetation, stagger sectors over several years and remove extracted material from water margins.

Maintain integrity of biologically valuable and sensitive sections of stream and ditches by hand, leaving as refuges for recolonization structural elements likely to serve as essential components of habitats (e.g., stands of aquatic macrophytes, roots of bankside woody plants, boulders).

Make ditches, at least in some reaches, structurally heterogeneous, avoiding straight margins or evenly descending flow.

Keep streams and ditches free of trees and bushes in some places so that some reaches, especially where the water flow is clearly visible from above, receive direct sunlight.

If possible, reconnect old riverbeds with existing watercourse and include within managed biotope the alluvial area subject to flooding (Ott 1995).

Use small impoundments as habitats for stenotopic species (Samways and Steytler 1996).

Lentic biotopes

If possible, raise groundwater level to increase the number and size of water bodies (Bauer 1979).

When revitalizing ponds, leave selected parts unmodified, to provide refuges from which recolonization of modified parts can occur.

When removing unsuitable vegetation, make any needed structural changes to the pond or its immediate surroundings at the same time.

When an array of ponds is involved, manage them so that several stages of ecological succession always coexist (the rotational model). 

How Might We Monitor Odonates?

Dragonflies and damselflies can be used to verify various ecological hypotheses, because the various species have such a range of biologies and behaviors. (Samways 1993).  Monitoring odonates as part of these studies necessarily involves estimating the relative or absolute abundance of one or more species in some defined area or areas, which may include specific types of habitat.  One may then want to compare odonate abundance, community composition, or diversity between various habitat types, or between similar habitat types in varying degrees of restoration.  There are several methods for doing so.

Counting exuviae during the period of emergence (Corbet 1999, p. 13).  This method gives a good indication of the status and continuity of breeding populations (Corbet 1999, p. 13) by estimating the number of individuals emerging, and the rate and timing of emergence (van Noordwijk 1978).  Van Noordwijk (1978) uses counts of exuviae in conjunction with a mark-recapture study to gain better understanding of population estimates obtained by the latter method.

Linear transects of perched or patrolling species (e.g., Steytler and Samways 1995). This monitoring method is essentially the Pollard transect method.  Observers walk around a pond or along a stretch of streambank of a standard length, while recording the number of each odonate species present along the transect.  These counts are often done at daily intervals over a two-week period, or perhaps weekly over a season.  The number and frequency of transect walks one chooses to do depend upon how the study is designed and the questions one wants to address.  Transects are often divided into intervals of similar length that contain different types of habitat, and the odonates are counted separately within each interval.  The time of day when one collects data is important, because odonates are more active at some times than at others.  Schmidt (1985) advises that the best time to make representative counts is when the concentration of dragonflies is highest.   Steytler and Samways (1995) found that most territorial males at their site were active before and after midday, avoiding the hottest period of the day, so they gathered data during these two peaks.  It is also a good idea to record general weather conditions such as air temperature at a standard height above the ground, wind direction and velocity, and type and extent of cloudiness, as such microclimatic factors can greatly affect the number and activity of odonates observed.  One behavioral factor that can affect the accuracy of counts of territorial species is when the density of males of some species increases toward their highest steady density (HSD) (Moore 1962).  As the density of males at a site increases, they contract the size of their territories—but only to a certain point at which a minimum area is reached.  If density continues to increase further, the number of territories stays constant, but more intruders are driven off and for that reason may not be observed.  Steytler and Samways (1995) and Samways and Steytler (1996) analyzed their data by doing ordination analyses that analyzed associations of species with particular environmental variables.

Stationary monitoring of perching and territorial species.  This method might be especially suitable for monitoring in the marshes as normal water flow and physiognomy of the area are restored.  One could observe perching or territorial odonates from one of the marsh islands, or from a canoe anchored offshore from an island, noting how many individuals of both the same and other species fly in to interact with the male occupant during a set period of time.  Such counts could give relative estimates of population size and proportional species abundance in the area surrounding the territory.  The same precautions about noting weather conditions, selecting a consistent time of day, and noting possible effects of HSD also apply to these observations.  One should also be aware that the same intruders may make repeated efforts to capture a territory from its occupant, so that one may not always be sure that counts of male-male interactions precisely indicate the number of individuals that arrived.  Nevertheless, the interaction frequency should give some indication of relative abundance of the odonates in the area. 

Because territories are sites that males occupy to wait for females, the sites chosen are usually those that contain the oviposition sites most favored by females or that are most suitable in other respects, such as offering a favorable microclimate for basking (Moore 1991).  Such sites are often limited, so male-male competition for territories can become intense.  According to Corbet (1999, p. 431), both the presence and intensity of territorial behavior, at the level of the species or the individual, can depend on an array of spatial, temporal, and biological factors, and especially on the prevailing density of active mature males.  Specifically, as male density increases, males may switch behavioral strategies.  Crocothemis servilia is an example (Higashi 1969).  At relatively low densities, territorial males localized only at certain “higher order” groups of ponds, where each male defended a territory.  As male density and competition for mates increased, three changes occurred: 1) the number of territories at each pond increased up to an asymptote; 2) a second, nonterritorial category of males assembled to perch around the margin of a pond where they opportunistically sought matings; and 3) ponds in “lower order” groups were progressively occupied by territorial and nonterritorial males defeated in disputes at higher-order ponds (Higashi 1969).  Therefore, the prevailing behavioral strategies of male odonates at a site, as well as counts of arrivals during stationary monitoring, can help give a relative estimate of local population density.

Mark-recapture studies

Dragonflies most amenable to study by mark-recapture methods occur in small populations (comprising a few hundred individuals) that allow high recapture rates; are easy to catch or to see (ideally being small perchers); occur in isolated populations little affected by emigration or immigration; and exhibit clear spatial separation of pre-reproductive and reproductive adults.  Mark-recapture studies can be labor-intensive; it is necessarily to mark many adults with date-specific and preferably individual marks, and to analyze the recapture (or resighting) data in an appropriate way (Corbet 1999, p. 299).  Thus mark-recapture would not generally be the first choice of a monitoring method for our study, because of the need to assess restoration of the Marshes as quickly as possible.  Nevertheless, mark-recapture studies of particular species might be done at a later time when desirable to examine a specific ecological problem, or as a second method to check the accuracy of one of the other monitoring methods described above.  Most researchers have favored the Jolly-Seber (Jolly 1965) and Manly-Parr (Manly and Parr 1968) methods of analysis (Corbet 1999, p. 299), but newer model-selection methods that allow one to hold parameters such as survival and recapture probabilities constant, and test a number of models against each other to determine which gives the best fit to the data are rapidly being adopted (e.g., Program MARK; Cooch and White 2001). 

Odonate Families Tend To Occupy Particular Classes of Habitat

Some odonate species are more ubiquitous and broadly ranging than others, and this distribution is related to the type of breeding habitats they utilize.  Such widely distributed and migratory species as Platycnemis pennipes, Coenagrion puella, Hemianax ephippiger, Crocothemis erythraea, Libellula depressa, and Pantala flavescens all breed in lowland pools and similarly temporary habitats, and consequently have a capacity for exploratory flight that allows them to colonize new areas (Askew 1988).  On the other hand, odonates of localized and more permanent habitats, such as upland lakes and the sources of rivers, gain little from distant dispersal, which is unlikely to result in their discovering new, unoccupied breeding habitats.  In such waters, where oxygen content and temperature remain fairly constant, more stenotopic species tend to be present, whereas farther down a river system, more of the species tolerate more variable conditions and have broader geographical ranges (Askew 1988).  Because the Mesopotamian marshes lie far down along the river system on a flat plain where the rivers branch out into a pattern of pools, wetland zones of varying degrees of permanence, and slowly-flowing distributaries, one would expect that most of the odonates inhabiting the area would be at least somewhat wide-ranging and eurytopic to several physical conditions.  This would be a good reason to use the species composition of odonate assemblages and communities as the main indicator of habitat state and change in the marshes, rather than relying solely on stenotopic species—there are likely to be too few of these downriver with which to work.  Some exceptions, such as the stenotopic species Brachythemis fuscopalliata, appear to be limited to specific habitat types within the marshes, and have potential to be very useful indicators that such areas are being recreated successfully.  Because this dragonfly is an endangered species, restoring it to what may have been widespread prevalence in the Mesopotamian marshes (Dumont 1972) would truly be a success story for our restoration project. 

Very generally, the families Corduliidae, Cordulegastridae and Gomphidae are more likely to occur near riverine sources, whereas Coenagrionidae and Libellulidae more frequently dominate waters on lowland plains (Askew 1988) such as the Mesopotamian marshes.

List of Potential Indicator Species and their Habitat Requirements

Listed here are 35 dragonflies and 18 damselflies of the Middle East.  Of these, 9 dragonflies and 4 damselflies are specifically mentioned as inhabiting Iraq or specific locations within the country.  The others range widely throughout the Middle East, and are likely to be found in Iraq as well.   

Dragonflies (Suborder Anisoptera) 

Family Libellulidae

Selysiothemis nigra (Vander Linden)

Breeding habitat: Standing water (Askew 1988), brackish lagoons, salt marshes, ponds (Silsby 2001).  Miller (1995) observed a pair ovipositing in tandem into a ‘temporary lake’ (Silsby 2001).  

Adult habitat: Areas above, and desert regions (Silsby 2001). 

Oviposition: In tandem flight.  Female releases eggs as she strikes the water surface with the tip of her abdomen.

Behavior: Adults hover frequently, a meter or so above the ground.  

Migratory flights:  Fraser (1936) and Schneider (1981) mention migratory flights in the Persian Gulf and Jordan respectively.

Presence in the Middle East: It is common throughout the Middle East (Askew 1988; Silsby 2001).

Presence in Iraq:  Askew (1988) shows a plate illustration of a specimen taken from the Tigris River at al-Qurnah, May 17, 1910.  This appears to be a dark form as Silsby (2001) describes.

Other information: Two distinct color forms: dark (nigra) in wet parts of its range, but creamy-yellow in dry desert areas, such as Arabia (Silsby 2001).  Possibly the relative abundance of each form could serve as an indicator of different types of habitat in southern Iraq.  The species could be primarily dark in the permanent marsh areas, vs. increasingly light-colored as one goes from the outlying temporary marshes and dry mudflats to the surrounding desert.  

Pantala flavescens (Fabricius): Globe Skimmer

Breeding habitat: Small pools, often of a temporary nature, in paddy fields, and in slowly-flowing water.

Oviposition: In flight.  Female touches the water surface with the tip of the abdomen.

Larval development: Very rapid, as it is in other odonates that use temporary pools (Askew 1988; Silsby 2001).

Behavior: Adults spend much time in flight and feed in large groups.

Migratory flights: A renowned migrant often observed at sea hundreds of miles from land (Askew 1988).  Very widely distributed (Silsby 2001).

Presence in the Middle East: A global tropical migrant occurring in Egypt and Turkey (Askew 1988), and probably elsewhere in the region as well.

Presence in Iraq: None specifically mentioned by Askew (1988).

Trithemis annulata (Palisot de Beauvois): Plum-colored Dropwing

Habitat: Standing water, although it is also found near slowly-flowing stretches of rivers (Askew 1988).

Presence in the Middle East: Found in the Middle East, including Arabia (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Trithemis arteriosa (Burmeister, 1839): Red-veined Dropwing

Habitat: Pools.  

Breeding habitat: Temporary pools.  Larvae have been found buried in damp sand at depths of about 30 cm, in beds of temporary pools in the Sahara (Dumont 1991).

Presence in the Middle East:  Found in the Middle East to Iran and Arabia (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Trithemis festiva (Rambur, 1842): Indigo Dropwing

Habitat:

Presence in the Middle East: Iraq (Askew 1988).  May be the most abundant dragonfly from western Asia to the Philippines (Silsby 2001).

Presence in Iraq: Presence mentioned by Askew (1988).

Zygonyx torridus (Kirby)

Habitat: Fast-running brooks and small rivers.  Often flies in the vicinity of rapids and waterfalls (Askew 1988).

Oviposition: Both in tandem flight and with the female settled, which is unusual for an odonate which oviposits exophytically (Askew 1988).

Presence in the Middle East: Widespread (Egypt through Arabia) (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Sympetrum meridionale (Sélys)

Breeding habitat: Small, shallow ponds or sheltered backwaters of lakes with an ample growth of emergent vegetation.

Adult habitat: As above, but frequently flies far from water.

Presence in the Middle East: Turkey, eastwards from the Middle East.

Presence in Iraq: None specifically mentioned by Askew (1988).

Sympetrum decoloratum (Sélys)

Adult habitat: In Algeria, congregates on acacias and other bushes in dry, warm valleys (Dumont 1978).

Presence in the Middle East: Egypt, Iraq (Askew 1988).

Presence in Iraq: Presence mentioned by Askew (1988).

Sympetrum fonscolombei (Sélys)

Breeding habitat: Usually in quite large but shallow water bodies, including paddy fields (Askew 1988).

Adult habitat: As above, but frequently flies far from water (Askew 1988).

Migratory flights: It is a strongly migratory species, with two adult generations per year.  It and Crocothemis erythraea are probably the only European species of Anisoptera that sometimes have two adult generations in one year (Askew 1988).  The migrations appear to be seasonal and long-distance.

Presence in the Middle East: Throughout, including Turkey (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Crocothemis erythraea (Brullé)

Breeding habitat: Shallow, still, eutrophic waters such as small ponds, paddy fields, and stagnant drainage channels.  It is tolerant of some degree of salinity (Askew 1988).

Adult habitat: As above. It occurs abundantly in disturbed or eutrophic conditions (Samways 1993).

Oviposition:

Behavior: Adults spend much of their time perching on vegetation, and males are territorial.  Males have a fast, darting flight and hover frequently.  Male mate-locating strategy depends on the openness of the habitat (Rehfeldt 1991; 1996).  At ponds with large expanses of open water and lacking perch sites, where oviposition sites were spatially limited and females arrived at a high rate, male C. erythraea patrolled for females, showed weak site attachment, and seldom engaged in male-male disputes.  In contrast, at temporary marshes with dense emergent vegetation, where both perch and oviposition sites were widely distributed, and females arrived at lower rates, males perched and defended territories through frequent male-male interactions.  The type of mate-locating behavior that males adopt in particular locations may thus be a useful indicator of the habitat type.

Presence in the Middle East: Throughout, including Turkey, Saudi Arabia, Yemen, and Oman (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Other information: Samways and Steytler (1996) found that at their study location in South Africa, C. erythraea occurred exclusively in habitats characterized by high and regular levels of human disturbance.  These findings, along with those of Samways (1993), suggest that this species is a good indicator of human-degraded areas (Samways and Steytler 1996).

Brachythemis leucosticta (Burmeister)

Breeding habitat: Large bodies of water, lakes, or broad rivers, but occasionally frequents small, temporary pools (Adetunji and Parr 1974).

Adult habitat: As above; also, Pinhey (1961) describes B. leucosticta as being ‘gregariously abundant almost wherever there is standing water, whether lake or rain-puddle.’

Presence in the Middle East: Abundant throughout, including Saudi Arabia and extreme southern Turkey (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Brachythemis fuscopalliata (Sélys)      
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   B. fuscopalliata male perching

Breeding habitat: Swampy stretches of slow-running rivers, and swampy areas rich in drainage canals; areas with numerous marshy pools and humid depressions (Dumont 1972).  B. fuscopalliata seems to have specific preferences for these types of habitat, and is therefore stenotopic and limited in range.

Adult habitat: As above; Dumont (1972) also observed males perching on aquatic vegetation along the shores of a 20-m wide canal. 

Oviposition: Unknown.

Behavior: Dumont (1972) found males perching about 100m apart on aquatic vegetation along the shores of a canal near Adana, Turkey.  The flight of these males was said to be extremely rapid and fierce.  Occasionally, some females were seen, but no mating activity was recorded.  

Presence in the Middle East: B. fuscopalliata has in recent times been limited to a few areas of preferred habitat, including southern Iraq, the delta of the rivers Ceyhan and Göksu near Adana, Turkey, the Hula Marshes of northern Israel (Dumont 1972), and locations in Syria and Iran (Askew 1988). 

Presence in Iraq:  Collected in the early 20th century both in and south of the Mesopotamian marshlands, at or near Basrah, Fao, Samava, Amarah, Qurbah, and in eastern Iraq, near the town of Khanaquin, along the banks of the Alwand River (Dumont 1972).

Other information: Dumont (1972; 1975) regards B. fuscopalliata as a remnant species that was probably once more widespread during the late Pleistocene era, when substantial parts of the Middle East had a more humid climate, and swampy river areas were more common along the now largely dry and semi-desertic coasts.  Dumont (1972) also says that human activity, such as habitat destruction and eutrophication of the remnant water bodies may have further reduced its prevalence during recent decades.  
Diplacodes lefebvrei (Rambur)

Breeding habitat: Stagnant, open waters with little emergent vegetation (Askew 1988).

Adult habitat: As above. 

Oviposition:

Behavior: D. lefebvrei is unusual among libellulids in that it flies at dusk or later.

Presence in the Middle East: Throughout, including southwestern Turkey and the oasis of Bahariya, Egypt (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Orthetrum trinacria (Sélys)

Habitat: Associated with large bodies of standing water, such as reservoirs (Askew 1988).

Oviposition: Ovipositing females are guarded by males.

Behavior: O. trinacria has the typical libellulid habit of perching on the ground, but will also rest on tree branches.  Males guard ovipositing females.

Presence in the Middle East: Egypt, Palestine, Iraq; possibly southwestern Turkey.

Presence in Iraq: Presence mentioned by Askew (1988).

Orthetrum sabina (Drury)

Presence in the Middle East: Has a very broad range from northwest Africa to China, including the Middle East (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Orthetrum chrysostigma (Burmeister)

Breeding habitat: Marshy places, pools, ditches, and small streams.

Adult habitat: Open country, often in semi-desert localities.

Oviposition: Females are guided and ‘nudged’ by males toward oviposition sites (Askew 1988).

Behavior: Males are territorial (Miller 1983).  Odonatologica 12: 227-238. Males guide females to oviposition sites (Askew 1988).  

Presence in the Middle East: Widespread throughout the region, including Egypt and the southern coastal region of Turkey.

Presence in Iraq: None specifically mentioned by Askew (1988).

Orthetrum cancellatum (Linnaeus)

Breeding habitat: Larvae develop in ponds and lakes, sometimes in somewhat brackish water (Askew 1988).

Adult habitat: As above, including banks and shorelines of these bodies of water.

Oviposition: Females oviposit within male territories and males guard them during oviposition (Askew 1988).

Behavior: Males fly swiftly and low over the surface of the water close to its margin.  Krüner (1977) found male territories to occupy 10-50 m lengths of bank.  Territory size varies inversely with male density, and territories are located near suitable oviposition sites.  Territories are held by a particular male for just one day.  Territorial males usually perch on stones, but in hot weather (>26°C) they use branches.  Odonatologica 6: 263-270.

Presence in the Middle East: Widespread throughout the region.

Presence in Iraq: None specifically mentioned by Askew (1988).

Orthetrum albistylum (Sélys)

Breeding habitat: Inhabits ponds and lakes, often with O. cancellatum; less commonly associated with streams and rivers (Askew 1988).

Adult habitat: As above.

Oviposition:  Females oviposit near the water margin, hovering a few centimeters above the water surface down to which they repeatedly dart with down-curved abdomen so that their eggs are washed into the water (Askew 1988).

Presence in the Middle East: In Turkey, but not in Egypt (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Orthetrum brunneum (Fonscolombe)

Habitat: Usually associated with streams, canals, and dikes with a slow rate of flow, but also occurs beside ponds and lakes.  It has also taken advantage of man-made excavations such as gravel pits.  It is typically a lowland species, not found above 800m altitude (Robert 1958).

Oviposition: Females are directed to oviposition sites by males, and are then guarded.

Behavior: Males are territorial.  After copulation, the male flies around the perched female and then directs her towards the oviposition site in his territory, guarding her against the approaches of other males (Heymer 1969).

Presence in the Middle East: Present in the region, including western Turkey; questionable records from the Nile Delta of Egypt.

Presence in Iraq: None specifically mentioned by Askew (1988).

Orthetrum ransonneti (Fabricius)

Presence in the Middle East: Present in the region (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Other information: Closely allied to O. brunneum, from which it differs in having a single row of cells between veins IR3 and Rspl (Askew 1988).

Orthetrum ramburi (Sélys)

Breeding habitat: Larvae in standing waters and small streams (Askew 1988).

Presence in the Middle East: Present in the region (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Libellula fulva pontica Sélys: Scarce Libellula

Breeding habitat: Usually breeds in slow-flowing streams, dikes, and small rivers, although it is also found in lakes (Askew 1988).  Requires for oviposition an open water surface without floating vegetation (Robert 1958).

Oviposition: Females oviposit in open water without floating vegetation.

Behavior: Often occurs in large colonies (Askew 1988).

Presence in the Middle East: Occurs as this subspecies; also questionable records of L. fulva sensu stricto in Turkey (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Libellula depressa Linnaeus:  Broad-Bodied Libellula

Breeding habitat: Shallow water at the edges of weedy ponds.  Large bodies of water are seldom used as breeding places (Askew 1988).

Adult habitat: As above; it is a migrant and can also be found at some distance from water (Askew 1988).

Oviposition: In shallow water at the edges of weedy ponds.  

Behavior: Is migratory.  Males are territorial, but show weak site fidelity from day to day (Corbet 1999, p. 434). 

Presence in the Middle East: Widespread (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Family Cordulegastridae
Cordulegaster insignis Schneider

Breeding habitat: Frequents small brooks (Askew 1988).

Adult habitat: As above.

Presence in the Middle East: Several subspecies found in Turkey, Lebanon, and Iran; range extends from Anatolia through Afghanistan (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Family Gomphidae
Lindenia tetraphylla (Vander Linden)

Breeding habitat: A lacustrine species with an apparent preference for large lakes.

Adult habitat: As above; maturation occurs far from water.

Behavior: Schneider (1981) reports a mass migration, unusual for Gomphidae.

Presence in the Middle East: Relatively common in parts of the region, including Egypt, Israel, Saudi Arabia, Kuwait, Iraq, and Iran (Askew 1988).

Presence in Iraq: Askew (1988) shows plate illustrations of two specimens captured in southern Iraq. One was taken from Hammar Lake on May 18, 1918.  The other was captured at Basrah on June 5, 1926.

Onychogomphus lefebvrei (Rambur)

Presence in the Middle East: Present in the region and in North Africa.

Presence in Iraq: None specifically mentioned by Askew (1988).

Paragomphus genei (Sélys)

Breeding habitat: Larvae live in slow-flowing streams and nearly stagnant pools with open, sandy bottoms.  P. genei is univoltine in Spain (Testard 1975).

Presence in the Middle East: Occurs throughout the region (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Gomphus flavipes (Charpentier)

Breeding habitat: Larvae occur in running water (Askew 1988).

Adult habitat: Adults frequent sandy banks along the lower courses of large rivers (Askew 1988).

Presence in the Middle East: Occurs in Turkey, Iran, Iraq, and Syria (Askew 1988).

Presence in Iraq: Presence mentioned by Askew (1988).

Family Aeshnidae
Caliaeschna microstigma (Schneider)

Habitat: Relatively fast-flowing and rocky streams and small rivers (Askew 1988).

Oviposition: Females oviposit in moss on boulders in streams (Askew 1998).

Behavior: Males fly in shaded situations, slowly and very low over the water surface, from about noon until late evening (Kemp and Kemp 1985).

Presence in the Middle East: Cyprus, Turkey (Dumont 1977), Lebanon, Iraq, Iran.

Presence in Iraq: Presence mentioned by Askew (1988).

Hemianax ephippiger (Burmeister)

Breeding habitat: Small, standing bodies of water, sometimes of a temporary nature and sometimes brackish (Askew 1988).

Adult habitat: A strongly migratory species that seems to turn up anywhere, although it seems to avoid woodland (Askew 1988).  In April 1982, individuals were seen flying over coastal dunes, arable land, and heavily-grazed inland valleys on the island of Kos (Askew 1988). 

Oviposition: In tandem flight.

Behavior: Flies at dusk.

Migratory flights: Strongly migratory.

Presence in the Middle East: Turkey, Iraq, and along the east coast of the Black Sea.

Presence in Iraq: Presence mentioned by Askew (1988).

Anax imperator Leach: Emperor Dragonfly

Habitat: Open water, or around reed beds in ponds and lakes, both natural and artificial.

Oviposition: Females oviposit unaccompanied in mats of aquatic vegetation such as Myriophyllum, Ceratophyllum, Elodea, and Potamogeton (Askew 1988).

Behavior: Males are often territorial, and will repeatedly harass A. parthenope, causing the latter to move continually from one area to another.  Males patrol over open water or around reed beds.  Individuals of A. imperator will fly until dusk on mild evenings (Askew 1988).

Presence in the Middle East: Widely distributed (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Anax parthenope (Sélys)

Habitat: Frequents ponds and small lakes.

Oviposition: In tandem flights.  This characteristic often distinguishes it from A. imperator, althought tandem oviposition is not invariable in A. parthenope.
Behavior: 

Presence in the Middle East: Widely distributed (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Anax immaculifrons Rambur

Breeding habitat: Small montane water courses (on the isle of Karpathos in the Aegean Sea) (Askew 1988).

Presence in the Middle East: Found in the region, including Turkey (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Aeshna mixta Latreille: Migrant Hawker

Breeding habitat: In lakes and ponds.  It is tolerant of brackish conditions.  Aguesse (1968) gives the limit as 5-6 g/l salt; Lieftinck (1926) quotes 2 g/l.

Adult habitat: As above; large congregations may be found far from water, hawking at forest edges or tree-lined lanes (Askew 1988).

Behavior: May occur in large congregations.

Migratory flights: Adults are migratory (Askew 1988).

Presence in the Middle East: Found in the region, including Turkey (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Aeshna isosceles antehumeralis Schmidt

Breeding habitat: Small lakes, fens, ditches, and dikes at low altitude.  The species is intolerant of pollution (Askew 1988).

Adult habitat: As above.  Adults do not seem to fly far from their breeding sites (Askew 1988).

Oviposition: Females have been observed ovipositing in Stratiotes (Askew 1988).

Behavior: Settling is more frequent than in other Aeshna species (Askew 1988).

Presence in the Middle East: Northern Iran, the Caucasus, Armenia, and Turkey (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Damselflies (Suborder Zygoptera)

Family Coenagrionidae

Ceriagrion tenellum georgefreyi (Schmidt): Small Red Damselfly

Breeding habitat: Ponds, marshes, upland peat bogs, and sometimes slowly flowing ditches. It is tolerant of very shallow water (Askew 1988).

Adult habitat: Adults flutter weakly among grasses and rushes fringing the breeding sites (Askew 1988).

Oviposition: Females oviposit in tandem, usually in vertical, submerged stems in shallow water (Askew 1988).

Behavior: C. tenellum often forms very dense colonies (Askew 1988).

Presence in the Middle East: Turkey and Syria north of the Jordan Valley (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Ischnura pumilio (Charpentier): Scarce Blue-Tailed Damselfly

Breeding habitat: Shallow ditches, swampy meanders, boggy edges of pools and streams, and marshes, usually where the rate of flow is very slow.  The larvae can survive in slightly brackish water and are tolerant of a wide pH range (Askew 1988).

Presence in the Middle East: Recorded from the Middle East, including Turkey but not Egypt (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Other information: I. pumilio will rapidly colonize newly-formed biotopes, but colonies tend to die out after a few years (Askew 1988).  Aspects of the species ecology are described by Krieger and Krieger-Loibl (1958), Dapling and Rocker (1969), Jurzitza (1970), Zimmerman (1973), and Rudolph (1979). Odonatologica 8: 55-61. 
Ischnura elegans (Vander Linden): Blue-Tailed Damselfly

Breeding habitat: Ditches, canals, pools, ponds, lakes, and slow-flowing streams.  The species is tolerant of both brackish conditions and moderate pollution (Askew 1988).

Adult habitat: As above; no evidence that immature adults move away from water during the brief five-day maturation period.  Immature adults and females spend much time feeding near water.  It remains active in cloudy and relatively cool weather (Askew 1988).

Oviposition: Females oviposit unaccompanied late in the day (Askew 1988).

Presence in the Middle East: Widespread in the region (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Ischnura senegalensis (Rambur)

Presence in the Middle East: Ranges from Egypt, Yemen, Oman, and Iraq to the Caucasus, Pakistan, and thence east to Japan (Askew 1988).

Presence in Iraq: Presence mentioned by Askew (1988).

Ischnura fountainei Morton

Habitat: Oases in desert regions (Askew 1988).

Presence in the Middle East: Through Egypt and the Sinai to Iraq, Iran, Saudi Arabia and Azerbaijan (Askew 1988).

Presence in Iraq: Presence mentioned by Askew (1988).

Enallagma deserti (Sélys)

Presence in the Middle East: Reputed to extend east from the Algerian Sahara across the Middle East and southern [former] USSR to Japan (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Cercion lindeni (Sélys)

Breeding habitat: Slow-flowing rivers and the larger expanses of standing water.  It is often found in gravel pits and other artificial water bodies (Askew 1988).

Adult habitat: As above.

Oviposition: Females oviposit in tandem at the water surface, or alone while completely submerged.

Behavior: Males fly low over the water surface, or wait for females while perched on mats of vegetation.  When females submerge to oviposit, males will await re-emergence of their mates and reclasp them when they surface to assist them from the water (and to obstruct the attention of other males). (Heymer 1973).

Presence in the Middle East: Widespread across southern Europe to Turkey and Syria (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Coenagrion scitulum (Rambur): Dainty Damselfly

Breeding habitat:  Near ditches, dikes, weedy eutrophic ponds and small streams, often frequenting water with a slight flow (Askew 1988).

Adult habitat: As above.

Oviposition: Females oviposit in floating vegetation.  Tandem flights, with the male adopting an unusual forward-sloping, rather than vertical, attitude, while grasping the female’s prothorax and mesostigmatic plates (Boulard 1981).

Presence in the Middle East: Commonest in the Mediterranean region of Europe and North Africa, extending from northeast Spain and Morocco to the Middle East.  Present on Cyprus and the south coast of Turkey, but not in Egypt (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Coenagrion syriacum (Morton)

Presence in the Middle East: Southern Caucasus, Middle East, and Turkey (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Coenagrion puella (Linnaeus): Azure Damselfly

Breeding habitat: Small bodies of standing water ranging in character from oligotrophic to eutrophic.  It is often abundant among vegetation bordering lakes, ponds, and almost stagnant ditches and dikes.  Usually found only rarely at streams, except in Finland, where it inhabits streams exclusively (Askew 1988).

Presence in the Middle East: Turkey (ADD WEB REFERENCE).

Presence in Iraq: None specifically mentioned by Askew (1988).

Erythromma viridulum (Charpentier)

Breeding habitat: Larvae are tolerant of slightly brackish conditions (Askew 1988).

Adult habitat: Adults fly around dikes, broad ditches, still backwaters of rivers, and small lakes.

Behavior: Both sexes fly close to the surface of open water in a direct manner.  Males perch on floating vegetation or on horizontally-oriented reeds well above the water surface (Askew 1988).

Presence in the Middle East: Turkey, at least (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Family Platycnemididae

Platycnemis pennipes (Pallas): White-Legged Damselfly

Breeding habitat: Breeds in well-vegetated, slow-flowing streams and rivers, but sometimes also in ponds and lakes (Askew 1988).

Adult habitat: As above.  Floating vegetation, such as plant debris or water lily leaves, is required for oviposition (Askew 1988).

Oviposition: Occurs in tandem.  Females require floating vegetation for oviposition (Askew 1988).

Behavior: Males execute a fluttering courtship flight.  Males may use their modified tibiae in an intraspecific threat display (Askew 1988).

Presence in the Middle East: Turkey, at least (Askew 1988; ADD WEB REFERENCE).

Presence in Iraq: None specifically mentioned by Askew (1988).

Other information: Variation in the extent of dark markings is humidity-dependent (Schmidt 1950).  Thus this character might be a useful indicator of the degree of moisture in local habitats.

Platycnemis kervillei (Martin)

Presence in the Middle East: Turkey, Syria, Lebanon, and northern Iraq (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Family Lestidae

Sympecma fusca (Vander Linden)

Breeding habitat: Breeds in oligotrophic pools and is tolerant of slight salinity (Askew 1988)

Adult habitat: As above.  Pre-reproductive adults leave the breeding sites in autumn and move to woods and copses, usually rather open in character, with a ground layer of tall grass.  Here they overwinter, then return to the water in springtime and become reproductively active for the first time (Askew 1988).

Oviposition: Females oviposit in floating plant debris such as broken reeds (Askew 1988).

Presence in the Middle East: Present in the region, including Turkey but not in Egypt (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Sympecma annulata (Sélys)

Breeding habitat: As for S. fusca.

Adult habitat: As for S. fusca.
Oviposition: As for S. fusca (Askew 1988).

Presence in the Middle East: Iraq and Iran (Askew 1988).

Presence in Iraq: Presence mentioned by Askew (1988).

Lestes viridis (Vander Linden)

Breeding habitat: Frequents ponds, lakes, canals, and slow-flowing rivers, but overhanging bushes, especially sallows, are required for oviposition.  It is the only Lestes species sometimes to develop in running water, and it will take advantage of intermittent spring streams (Askew 1988).

Adult habitat: As above.

Oviposition: Females often oviposit in twigs of Salix, and galls may form around the oviposition sites (Askew 1988).

Behavior: Males defend a vertical territory in trees growing at the water’s edge, and guard their ovipositing partners against the attentions of other males (Jurzitza 1969).

Presence in the Middle East: Turkey and the Middle East, excluding Egypt (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Lestes barbarus (Fabricius)

Breeding habitat: Stagnant water, sometimes slightly brackish.

Adult habitat: As above.  Adults tend to remain faithful to the ponds in which they developed, so that colonization of new breeding sites is slow (Utzeri et al. 1984).

Oviposition: Females oviposit in Juncus, Carex, Alisma, and similar plants, as well as in the branches of shrubs (Askew 1988).

Presence in the Middle East: Turkey and Iran, at least (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).

Family Euphaeidae

Epallage fatime (Charpentier)

Habitat: Associated with fast-flowing rivers and streams, sometimes those that seasonally dry up.  Adults rest on rocks or vegetation (Askew 1988).

Presence in the Middle East: Present in the region, including Iran, the Arabian Peninsula, and Turkey (Askew 1988).

Presence in Iraq: None specifically mentioned by Askew (1988).
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