Chapter 37
The Common Carp, Cyprinus carpio: Effect
on the Environment and the Indigenous

Fish Species in Iraq

Laith A. Jawad, Mustafa S. Faddagh Ziyadi, and Abbas J. Al-Faisal

Abstract The common carp (Cyprinus carpio) is an extremely invasive species and
an ecological destructive. It has been frequently shown to upturn nutrient concentrations
and phytoplankton biomass while destroying submerged macrophytes. The

effects of the common carp on both the environment and the biota of the freshwater
system have discussed briefly in the following pages. The review of the status of

C. carpio in the inland Iraqgi waters is given in this chapter with emphasis on the
population size, reproduction and growth. The results of studies performed on this
species about these aspects have shown that the populations of the common carp
have flourished in the marsh areas better than the lakes and the main rivers. Such
differences in the increase in the population of the common carp could be due to the
differences in the environmental and the biological factors between regions.

37.1 Introduction

Due to its impact on the aquatic environment, the common carp (Cyprinus carpio) is
considered one of the world’s damaging invasive species, which is widely distributed
around the world (Florian et al. 2016). This cyprinid species has tough direct
consequences on the communities of aquatic invertebrates, fish and waterbirds
through predation or competition (Weber and Brown 2009). Additionally, this
species of carp is considered ecosystem engineers causing bioturbation and high
turbidity through their feeding behaviour (Bajer et al. 2009; Kloskowski 2011). With
resulting high turbidity, the cover of submerged vegetation will be reduced and a
shift from a clear to turbid state in shallow lakes, which results in a reduction in
biodiversity (Bajer et al. 2009). To recover any freshwater body inhabited by this
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species needs removal of this invasive species, which result in a recovery of
macrophytes together with a drop in turbidity, nutrient concentrations and phytoplankton
biomass (Bajer and Sorensen 2015).

The common carp is omnivorous, feeding largely on macrophytes and invertebrates,
and up to 25% of the biomass ingested consists of zooplankton (Meijer et al.

19904, b; Khan 2003; Britton et al. 2007). Therefore, the effect on zooplankton
community is eminent by several ways such as: by direct predation (Miller and
Crowl 2006), by consuming macroinvertebrates that themselves are zooplankton
predators (Khan 2003), through loss of macrophytes that provide shelter, and by
increasing phytoplankton biomass and promoting cyanobacterial blooms (Parkos

et al. 2003). In addition, the bottom feeding habit of the common carp can cause
resuspension of sediment particles, which in turn interfere with the filtering apparatus
of cladocerans (Kirk and Gilbert 1990), and bioturbation may also affect the
inactive stages in sediments, which has negative effects on emergence patterns
(Angeler et al. 2002).

In the warm areas such as the Middle East and the Mediterranean region, the
impacts of carp appear to be tougher than in temperate latitudes because relatively
high temperatures all year round increase the levels of fish activity. In spite of such
information, evidence on how the common carp can affect the zooplankton is not
available. Several studies have shown that common carp has a significant effect on
zooplankton in part of the semi-arid and temperate lakes (Angeler et al. 2002;
Williams and Moss 2003), but a need for integrated studies to be performed on the



whole ecosystem scale.

The aim of this chapter is to investigate the changes that may happen in the
zooplankton communities due to the presence of the common carp in the freshwater
body system. Also, the effects of this species on the diversity and species richness,
and how these changes were related to macrophyte cover, phytoplankton abundance.
At the end of the chapter, a recommendation about how to deal with such a problem
in the Iragi freshwater system are given in order to contend such a problem.

37.2 The Effects of the Common Carp
on the Environmental Factors in the Aquatic

Ecosystem

The process of bringing nutrients from the bottom of the aquatic ecosystem to the top
is known as ‘Bottom-up processes’ (McQueen et al. 1986). Fishes in general play a
vital role in this process through multiple pathways (Vanni 1996). For the common
carp, it links benthic and pelagic food webs through benthic foraging activities and
subsequent excretion (Lamarra 1975). It has been found that common carp can
increase water column nutrients (Weber and Brown 2009) and may also increase
water column phosphorus, nitrogen and ammonia as a result of benthic foraging
activities (Parkos et al. 2003), excretion (Lamarra 1975; Qin and Threlkeld 1990) or
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destruction and subsequent decomposition of aquatic macrophytes (Carpenter and
Lodge 1986). Common carp may also interact in collaboration with external nutrient
loading to further improve the eutrophication process (Drenner et al. 1998).With the
increase in number of individuals of the common carp biomass, this may lead to a
proportionately greater effect in water column nutrients and facilitate eutrophication
processes (Chumchal et al. 2005).

The bottom feeder fish species may increase water column nutrients and phytoplankton
through their excretion (Chumchal and Drenner 2004) and nutrient flux

(Carpenter et al. 1992). In the low-productivity freshwater ecosystem, nutrient
mobilization may be beneficial as this process will increase the primary productivity.
Common carp are among the factors that cause increasing eutrophication of shallow
lakes (Chumchal et al. 2005). At least 50% of the phosphorus excreted by common
carp may be readily available for phytoplankton production (Lamarra 1975), indicating
a potential direct pathway. Food and feeding habits of the common carp can

vary due to several causes, and such variations will have a direct effect on the water
column nutrients, but the small common carp (<100 cm) that consume primarily
zooplankton instead of benthic invertebrates may not have an effect on nutrients
(Meijer et al. 1990a, b). On the other hand, the activity of the common carp in
mobilizing the nutrients depends on the type of the substrate. The hard substrate can
hamper the benthic foraging behaviours of the common carp (Roberts et al. 1995),
and this is also true for the sediments composed of large, dense particles (i.e. sand,
gravel, cobble), which are not resuspended by common carp foraging behaviours.
Because common carp do not increase water column nutrients in systems with hard
substrates, bioturbation, not excretion, is likely the major driver behind elevated
water column nutrients.

The turbidity in small or shallow ecosystem can be due to the abundance of

bottom feeder fish species. (Barton et al. 2000). It has been known that increased
turbidity has numerous harmful effects on aquatic ecosystems, including reduced
light penetration, primary productivity, aquatic macrophyte growth (Sidorkewicj

et al. 1996), zooplankton filtering efficiency (Kirk 1991) and foraging abilities of
visual planktivorous (Miner and Stein 1996) and piscivorous fishes (De Robertis

et al. 2003). The common carp is one of the main factors in increasing turbidity in the
aquatic system and causing resuspended solids (Lammens 1991) and increase
turbidity (Chumchal et al. 2005) by search for food and expel non-food items. It

has been noted that the large individuals of the common carp have the ability to
penetrate up to 12 cm into the substrate while searching for food (Panek 1987). In
doing so, such individuals can disturb more than the sediment surface layer and
resuspending fine particles.

The effect of mobilization of nutrients in the ecosystem by the common carp can
influence the production of the phytoplankton. With the increase in turbidity due to
disturbances of the substrate, a shift in the phytoplankton species composition



happened. A change from one dominated by chlorophyta (green algae), an important
energy source for higher trophic levels, to noxious and often toxic cyanobacteria
(blue-green algae) (Williams and Moss 2003) that more commonly compete with
macrophytes for nutrients and light can occur.
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37.3 The Effects of the Common Carp on the Invertebrate

Communities in the Aquatic Ecosystem

The planktivorous fishes have a vital role in structuring the aquatic ecosystems from
top to bottom of the freshwater ecosystem. Such ability will be performed by
reducing invertebrate communities through predation, which in turn releases algal
communities from predatory control by zooplankton (Carpenter et al. 1985). Common
carp activity is linked with increases and decreases in zooplankton diversity,

size structure and abundance.

Reductions (Lougheed et al. 1998) and increases in zooplankton biomass (Parkos

et al. 2003) are associated with the growth of common carp populations. Moreover,
size structure of zooplankton communities generally changes from large-bodied to
small-bodied taxa in the presence of common carp.

With the variation in the growth of common carp population, variable effects of
common carp on zooplankton communities may occur. Indirectly, adult common
carp populations may show an effect on zooplankton abundance and size structure
through nutrient mobilization or a reduction in zooplankton grazing capabilities
through increased turbidity (Parkos et al. 2003). There are two possibilities for
increasing the zooplankton biomass. It is either due to the increase phytoplankton
biomass (i.e. prey resources) (Khan et al. 2003) or by a reduction in the abundance of
benthic invertebrates (Miller and Crowl 2006) that may prey on zooplankton (Johnson
and Crowly 1980).

Adults common carp can cause an increase in inorganic turbidity, and they can
inhibit ingestion of phytoplankton by large-bodied zooplankton (Kirk 1991), thereby
reducing the abundance of these large-bodied grazers. With such changes in the
zooplankton size structure from large- to small-bodied species, an effect could
happen on phytoplankton density (McQueen et al. 1986). In the balanced freshwater
ecosystem, large-bodied zooplankton can regulate phytoplankton biomass (Meijer
etal. 1990a, b), whereas small-bodied zooplankton taxa are ineffective grazers. This
shift in zooplankton size structure is one of the factors that cause a switch in shallow
lakes from a clear to turbid water state (Scheffer et al. 1993). In a direct way and in
the early stages of the life of common carp, zooplankton can receive a significant
effect as the young of this species of carp (<100 mm) feed on zooplankton (Britton
et al. 2007).

The bottom feeding behaviour of the common carp, which include foraging on
detritus, annelids, chironomids, amphipods and odonates around 100 mm TL
(Britton et al. 2007) may reduce benthic invertebrate abundance, diversity, evenness
and richness (Stewart and Downing 2008). Change in the population structure of the
benthic invertebrate may happen towards large-bodied species due to selective
predation by common carp on small-bodied prey (Covich and Knezevic 1978).
Annelids, chironomids and odonates face large reductions even at low common

carp densities (Zambrano et al. 1999). With the effect on the macrophytes and

the periphytic community and their reduction, common carp may affect indirectly
the abundance of Decapoda (Hinojosa-Garro and Zambrano 2004). In regard to the
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native fish species, common carp may be more efficient at consuming benthic
invertebrates (Parkos et al. 2003) and therefore enter in completion with those
species. At a certain period of time, the water of a freshwater ecosystem will become
turbid. This is because the benthic invertebrate populations decline due to the
predation of the common carp predation and in turn, common carp increase foraging
time and expel additional sediment into the water column (Werner and Anholt 1993)
causing the turbid water state.

Aguatic macrophytes are important to the clear water-stable state due to their
capability to stabilize sediment, compete with phytoplankton for light and nutrients,
provide invertebrates a food resource and refugia, and habitat for fishes (Scheffer

et al. 1993; Hanson and Butler 1994). With the increase in turbidity, aquatic



macrophytes generally disappear (Lougheed et al. 1998) as a result of increasing
wind-driven sediment resuspension (Scheffer 1998). The increase in the biomass of
common carp will lead to the reduction of aquatic macrophyte diversity and abundance
(Matsuzaki et al. 2009). The common carp also destroy aquatic macrophytes

on hard substrates through collisions and increased algal growth that competes with
aquatic macrophytes for light and nutrients (Miller and Provenza 2007). On contrary
and on soft substrates, common carp directly dislodge aquatic macrophyte roots

from the sediment (Parkos et al. 2003) and increase sediment turbidity, nutrient
release and algal biomass, attenuating light needed for aquatic macrophyte growth
(Skubinna et al. 1995; Sidorkewicj et al. 1999).

In the shallow water system where light penetrates down to the substrate,
macrophytes can survive in the presence of the common carp (Lougheed et al.

1998). Furthermore, aquatic macrophyte taxa vary in their susceptibility to common
carp uneasiness (Evelsizer and Turner 2006). Aspects such as root system, soil type
preference, shade tolerance, tissue strength, and timing of seed dispersal may have a
possible influence on macrophyte vulnerability. Physical damage to macrophytes by
common carp can be seen in the uprooted of a weak aquatic macrophytes from loose
and fine substrate (Parkos et al. 2003), and damaging the soft tissues of aquatic
macrophytes in collisions (Zambrano and Hinojosa 1999). The physical damaging
has more effects on submerging species than emergent species because they generally
have weaker root systems and are more influenced by turbidity (Roberts et al.

1995). The aquatic macrophytes with deeper or stronger root systems can also be
eliminated and removed due to an increased turbidity from foraging-induced sediment
resuspension.

37.4 The Effects of the Common Carp on the Native Fish

Species in the Aquatic Ecosystem

There are several ways that the common carp can affect the life of the native fish
species inhabiting the same environment. With the highly eutrophic ecosystems and
experience population increases with increasing lake productivity, for example,
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common carp are more adapted than the native fish and the populations of the later
may decline under similar conditions (Egertson and Downing 2004). Common carp
may damage spawning habitat or upset spawning behaviour (Panek 1987) and have
been shown to eat eggs of some fishes (Miller and Beckman 1996). Fish growth rates
are sometimes decreased in the presence of common carp. Examples on such results
have seen in the case of several fish species (Wolfe et al. 2006; Egertson and
Downing 2004). Fish species that can acclimatize to conditions linked with the
presence of common carp may not be affected, whereas those with specific niches for
biotic and abiotic conditions may experience reductions in growth or survival,
particularly during susceptible early life stages.

37.5 The Status of the Common Carp in the Freshwater

System in Iraq

The common carp, Cyprinus carpio, was introduced into the Iragi inland waters
during the period 1960—1972 (Jawad 2003, 2006, 2013). When the number of this
species has increased dramatically, it started to be a real danger on the native fish
species. By the mid-1980s, the common carp has established very well in the
freshwater systems of Iraq and succeeded in eliminating several native fish species
such as the Mesopotamichthyes sharpeyi, Luciobarbus xanthopterus and
Arabibarbus grypus (Jawad 2003, 2006, 2013). Several biological features that the
common carp has and numerous other environmental factors have assist in the
successful of the common carp in the Iraqgi freshwater system.

In spite of such a great attainment of this species in Iragi waters, the studies that
dealt with its impact on both the biota and the environment of the freshwater system
were very scarce (Jawad 2003). In addition, the studies that are related to the biology
of this species, which include detecting the growth and distribution of common carp,
were sporadic and did not follow any time interval or any geographical coverage.
The studies were mainly performed in the middle and southern of Iraq and have
covered certain topics that are related to the stock assessment of the common carp
such as reproduction, food, feeding habits and food interaction with the native



species, age and growth and population studies. On the other hand, the literature
archive of the research on common carp is full of studies that deal mainly on the
effects of different pollutants on the common carp, parasitology and basic biology,
which contribute less to the issue of controlling the common carp in Iraqg.

To know the status of the common carp in the inland waters of Iraq, a short review
to the available literature should be given. As mentioned above, the studies
published on the common carp that one can come up with an idea about the
population status in Iraq are focused on specific subjects, which the following review
will deal with it in this section.
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37.5.1 Common Carp Composition and Distribution

in the Inland Waters of Iraq

In any of the population studies that have been performed on the Iraqi inland waters,
C. carpio was represented. The available literature for this short review covers the
period 2003—2006 and, geographically, covers the north, middle and south of Iraq.
There was only one study from North of Iraq and that related to the Dukan Dam
Lake, while there are few for the middle and southern reaches of Euphrates and
Tigris Rivers. As to the lake, there were five studies that concerned with population
study of the Habbaniyah Lake, al-Tharthar Lake (Shakir et al. 2015), Hamrin Dam
Lake (Lazem and Attee 2016) and Al-Rathwania Lake (Al-Rudaini et al. 1998;
Al-Rudaini 2010). Since the data on the distribution and composition of the common
carp in the fish community in the freshwater of Iraq derive from different freshwater
ecosystems, i.e. lake, river and marsh, the following review will be constructed on
each ecosystem separately.

37.5.2 Lakes

The lakes that studies have been performed in are located in the north of Iraq (Dukan
dam Lake on one of the tributaries of Tigris River), Middle part of Iraq and on the
Euphrates River, Habbaniyah Lake and Tharthar Lake), on the Tigris River,
Al-Rathwania Lake.

37.5.2.1 Al-Rathwania Lake

The earliest study of Al-Rudaini et al. (1998) has shown that the total catch of fish
samples was 3884 individuals with a total weight of 1179.79 Kg for a period of

10 months. Out of this number, individuals of C. carpio collected were 105 (2.7%)
and with total weight of 6.27 Kg (3.5%) of the total catch. During the period of
2000—-2001, Al-Rudaini (2010) has shown that the number of individuals that
collected from the same lake within the same period of time (10 months) has
increased nearly 17 times. The total number of the individuals of C. carpio collected
was 1758 (36.43%) with total weight of 140.68 Kg (11.42%) out of the total number
of fish individuals of 4826 and total weight of 1230.74 Kg. On the other hand, the
total number of individuals of the family Cyprinidae other than common carp was
3796 (78.65%) with total weight 1180.58 (95.92%). The individuals of C. carpio
represent 46.31% with total weight of 11.9% of the same data obtained for the
members of the family Cyprinidae.
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Habbaniyah Lake

Al-Rudaini et al. (1999) have shown that the number of common carp individuals
collected for the period of 12 months in 1997 is 436 (9.46%) with a total weight of
175.24 Kg (43.26%) of the total catch of 4609 and total weight of 410.73 Kg. During
this study, the catch of C. carpio and Carassius auratus was the highest for the catch
being made in the period of the study. Also, C. carpio was present in all months of
the study.

Epler et al. (2001) have collected 134 individuals of common carp (124 and

10 individuals by gill net and trawling respectively) (0.9%) of the total catch. It is
clear that there is a significant reduction in the population of the common carp in
comparison with the results of Al-Rudaini et al. (1999). Such great decrease in the
population within 2—3 years could be explained on the basis that Epler et al. (2001)
study was only for 6 months in comparison with that of Al-Rudaini et al. (1999),
which last for 12 months.

Comparing the number of individuals and the biomass in Al-Habbaniyah Lake

with those in Al-Rathwania Lake for the 1999 period of time, it appears that



population of the common carp in the former lake has flourished better than in the
latter lake.

Tharthar Lake

In 2001, Epler et al. (2001) have performed an ichthyological investigation for

6 months, but no specimens of common carp were collected. Shakir et al. (2015)
have accomplished a study on the ichthyofauna of Al-Tharthar Lake and collected
116 individuals of C. carpio (23.6%) with total weight of 80.21 Kg (39.38%) of the
total catch. Among the 15 fish species collected in their study, Shakir et al. (2015)
have shown that the common carp was present in the catch of every month for the
12-month period of study. Also, the number of individuals of this species was higher
than of the 15 species collected. This result is also true for the total weight obtained
for the common carp.

Razzazah Lake

Except for the work of Epler et al. (2001), no population study has been performed
on the fish fauna of Razzazah Lake. In this study, a total of 9828 fish individuals of
16 species were collected during the period of 6 months. The total number of
individuals of common carp was 77 (0.8%) of the total catch.
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Hamrin Dam Lake

The only ichthyological survey performed in Hamrin Dam Lake is that of Lazem and
Attee (2016). In this study, 12-month collection was accomplished in which the
relative abundance of the common carp range 9.54% in summer to 16.67% in winter
of the period of the study. With the 19 species studied, C. carpio was in the third
place abundance wise after the Arabibarus grypus and the goldfish Carassius
auratus.

Dukan Dam Lake

So far, the only report on the population study of the common carp from north of Iraq
is Sediq and Abbas (2013). This study was performed in the period 2007—2008 for
12 months. There were 27 fish species encountered in this study, with total individuals
collected of 3006 and total weight of 678.5 Kg. The common carp was not well
represented in this lake, where only 237 individuals (7.9%) collected with biomass
of 104.7 Kg (15.4%) of the total catch.

37.5.2.2 Euphrates River

The available data on the populations of C. carpio of the Euphrates Rivers are only
those from the middle and southern reaches of the river. In order to show the
fluctuations in the number of individuals and the biomass of the common carp
collected from the Euphrates River, the following information is based on the region
of the river.

Middle Region

The data on the number of individuals and the biomass of the common carp were
obtained from 4 localities in the middle reaches of the Euphrates River, and these are
Al-Mussiab area (Al-Rudainy et al. 2006), Al-Hindia area (Al-Amari et al., personal
communication; Al-Salman et al. 2014) and Hilla City locality (Al-Amari et al.,
personal communication).

For the period of 11 years, there was a study increase in the number of individuals
of the populations of the common carp collected from the 3 localities at the middle
reaches of the Euphrates River. The result of Al-Rudainy et al. (2006) in Al-Mussiab
area has shown that the presence of C. carpio formed 11.3% of the total number of
individuals collected with total weight of 421.74 (27.2%). During the period of 2010
and 2014, Al-Amari et al., personal communication and Al-Salman et al. (2014)
have shown an increase in the number of the individuals collected from Al-Hindia
area compared with the result of Al-Rudainy et al. (2006). The catch of individuals
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from 13.4% and 16% by Al-Amari et al., personal communication and Salman et al.
(2014) respectively. The percentage has decreased dramatically to 0.77% at Hilla
area in 2010 (Al-Amari et al., personal communication). Such significant drop can be
explained on the basis of the short time of survey and probably to the differences in
the environmental and the biological factors in Al-Hilla area.

Southern Region

The number of studies performed on the southern reaches of the Euphrates River is



very scarce. Hussein et al. (2015) reported very low presence of the common carp
with 0.15% of the total catch. On the other hand, Mohamed et al. (2017) showed the
relative abundance of C. carpio is 1.68% of the total catch of the river for 12 months
of study from Al-Diwania River. Mohamed et al. (2017) in their study on the lower
reaches of Euphrates River at Qarmat Ali area near Basrah City reported a very low
relative abundance of the common carp (0.04).

37.5.2.3 Tigris River

Mohamed et al. (2006) studied the population of the common carp in the Tigris
River. They investigated the fish assemblage at the lower reaches of the Tigris River
at City of Qurna. They have shown that the relative abundance of the common carp
is 2.36% of the total catch of the river for 12 months of study. With one study
available, it is not possible to deduce the status of the population of C. carpio in the
Tigris River.

At the middle region of the Tigris River, Al-Shawi and Wahab (2007) have
investigated the fish population in Tuz Jae a tributary of Al-Audhaim River and

both are tributary of the Tigris River. They collected 211 individuals of common
carp (10.18%), with 60.120 KG total weight (16.32%) of the total catch. In the same
region, Wahab and Hassan (2011) have studied this species showed that the individuals
of C. carpio 65 (1.55%) and 38.8 Kg (7.29%) of the total catch.

37.5.2.4 Shatt al-Arab River

With the start of the flourishing distribution of the common carp in the inland waters
of Iraq in the late 1990s, the number of individuals of this species was low as

87 (0.6%) (Hussain et al. 1997) and 26 (0.31%). After nearly two decades, the
relative abundance of C. carpio in the Shatt al-Arab River has increased to reach 3.0
and 3.1 reported by Mohamed et al. (2012) and Mohamed et al. (2013), respectively.
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37.5.2.5 The Marshes

The studies that took into consideration the populations of C. carpio in the southern
marshes of Iraq are scarce. Hussain et al. (2009) reported a relative abundance of 2.9
of this species from Al-Hammar marsh, northwest of Basrah City, while Al-Shamary
et al. (2011) have collected 162 individuals for 12 months of study in the same marsh
with 3.17% of the total catch. Further to the east at Al-Huwaiza Marsh, Mohamed

et al. (2008) gave very low value for the relative abundance of the common carp

of 0.72.

37.5.2.6 Shatt al-Basrah Canal

Shatt al-Basrah Canal was dredged in early 1970, but start operating in 1983, to
connect the lower reaches of Euphrates River near the Al-Hammar Marsh with Khor
al-Zubair, North West of the Arabian Gulf. This canal is under a tidal effect with
saltwater intruded during the tide (Al-Daham and Yousif 1990).

An ichthyological survey has been performed in the Shatt al-Basrah Canal, and
specimens of C. carpio were collected by Al-Daham and Yousif (1990). The total
number of individuals obtained was 26 (0.31%), with total weight of 7539.7 Kg
(3.33%) of the total catch. The specimens of C. carpio were only found in the
collecting station close to the Euphrates River. No individuals were seen in the
middle and southern collecting stations where salinity is high.

37.5.3 Reproduction

So far, there are only three studies on the reproduction of the common carp, two of
these were performed in the Middle region of Iraq, while the third study was
accomplished at Al-Hammar Marsh, south of Iraq. Hamady (2009) determined the
sex ratio of C. carpio from AL-Gharraf Canal at Wasit province, Irag, as 1:0.09 in
favourite of males. Male and female fish mature at 213 and 215 mm total length,
respectively. Hamady (2010) has calculated the relative fecundity as 177 egg/g.
From the southern part of Irag and at Al-Hammar marsh, Abdul Retha et al.

(2009) have calculated the GIS of the common carp as 0.96—2.20.

37.5.4 Condition Factor

As with the studies on other biological parameters, the condition factor of the
common carp has not been investigated very well in Irag. The only available studies

are those for fish samples collected from the Tigris River tributaries in the north and
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middle of Irag. At Darbandikhan Dam Lake, the value of condition factor ‘K’ was



reported by Rasheed (2012) to be 0.71, while the value has increased dramatically
and reached 1.46 in 2012 (Wahab and al-Ani 2012) and range 1.120-1.880 in the
eastern Drainage in Balad City (Wahab and Al-Ani 2013).

37.5.5 General Conclusion

In general, the population of the common carp has increased significantly since this
species has been introduced to Iraq in the period 1960—1972. Based on the above
short review, it is clear that the lakes in Iragq have smaller populations of C. carpio
than the main rivers and marshes. Similarly, The Euphrates River inhabited by
populations of this species smaller than those of the Tigris and Shatt al-Arab Rivers.
The population of the common carp seems to be flourished in the marsh areas better
than any inland water bodies in Iragq. Having saying this, it is important to mention
that such a conclusion is based on what available of data on the populations of the
common carp in lraq which are very scarce and not suitable for any management
program to be performed. Because the number of individuals given in the population
studies is far less than that given in the reproduction or growth studied, where
relatively higher number of individuals were collected from the same localities and
at the same period of time.

Reproductive speaking, the common carp has shown better adaptation to the Iraqi
new environment and showed good fecundity value. As to the condition factor, those
studies on the populations from the Tigris River have shown that individuals of this
species have a good well-being. More researches are needed in order to put future
plans for the management of controlling the common carp in Irag.

It is not possible to combine the results of population studies of the common carp
performed in the 6 Iraqi lakes due to the differences in their topography, geographical
locations, climate, substrate, environmental and biological factors. But on the

other hand, it is possible to highlight some points that indicate clearly the increase in
the abundance of the common carp in the 6 lakes mentioned above. Future studies on
the population of the common carp in all the lakes mentioned above are needed to
follow up the increase in the abundance of C. carpio in relation to the native species.
In spite of the experiment of Saleh and Abdul Karim (2013) on the hybridization

of the common carp with Mesopotamichthys sharpeyi a native fish species, the
future results of such hybridization in the nature will have more ecological impacts
than the presence of the alien species C. carpio itself.

Conservation and biodiversity can be in great threat in case of the interbreeding

that could happen between related species. Endemic species can interbreed with a
more common, introduced species occurs frequently (Rhymer and Simberloff 1996).
Such dangerous hybridization, if I may call it, cross-species can lead to the development
of invasive lineages that are effectively new species (Nolte et al. 2005) and

can even replace parental forms (Ellstrand and Schierenbeck 2000). The weak

hybridization may produce hybrid generation with low fitness, but can still introduce
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individual advantageous alleles into populations of non-endemic species and facilitate
them becoming invasive in their new environment (Hanfling 2007).

Several factors may affect the inbreeding with the common carp, among these are

(1) the potential for hybridization can be difficult to predict; (2) levels of crossspecies
hybridization can vary greatly between different locations and over time

(Kijewska et al. 2009); (3) hybridization can be strongly biased, where the bulk of F1
hybrids happen through the males of one species mating with the females of another
(Roberts et al. 2009), or can be bidirectional (Yaakub et al. 2006); (4) hybridization
can also be lacking between ecologically similar sympatric sister species (Anderson
et al. 2009); (5) the rate and direction of cross-species hybridization can be intensely
affected by the spawning times of the species involved (Roberts et al. 2009).

37.6 Recommendation for Common Carp Management

Weber and Brown (2009) have suggested a set of counteractive steps to follow in
order to control the presence of the common carp in the freshwater ecosystem. These
measures can be summarized as follows:

1. Among the ways to manage the freshwater ecosystem and control the presence

of common carp is by removal of individuals of this fish (Schrage and Downing
2004). It is one remedial recovery policy essential to decline internal nutrient
cycling, increase water transparency, re-establish aquatic macrophytes and



return the ecosystem to the clear water state. Nevertheless, elimination of

common carp is problematic, costly and time overwhelming (Schrage and
Downing 2004). It has been known that more than 70% of common carp

biomass may have to be removed to achieve enhancements in biotic and abiotic
variables (Schrage and Downing 2004).

Besides the plan of removing common carp from an ecosystem, individual
common carp size and ecosystem size, substrate and trophic state influence
common carp effects on ecosystems should be considered too (Chumchal and
Drenner 2004).

2. Moderately regulating plan against the presence of the common carp
populations by freshwater body morphometry as the population of the common
carp declines with increasing water depth (Egertson and Downing 2004).
Consequently, the water body should be selected and decisions must be made

to determine where restoration efforts are best directed (Weber and Brown

2009).

3. For example, low abundance of common carp populations may be easy to
further reduce, but such efforts might have little ecological effect on aquatic
ecosystems.

4. With water bodies that have hard substrate, the effects of the common carp can
be reduced by decreasing the sedimentation, nutrient loading and lake eutrophication.
For example, common carp have had little effect on suspended solids or
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turbidity in lakes with sand, gravel or cobble substrate, even at high densities
(Sidorkewicj et al. 1999).

5. Several control methods have been endeavoured to manage common carp
populations, including chemical and physical elimination, demolition of common
carp spawning habitat, water level manipulation, fish barriers and predator
introduction (Parkos et al. 2006).

6. It has been known that individuals of common carp assemble in large quantities
deep area of the freshwater body during cold seasons (Penne and Pierce 2008).
Therefore, aiming such aggregations may make removal efforts more

successful.

7. In spite of the chemical removal of common carp is an accepted removal
technique (Bonneau 1999), non-target species are also susceptible (Marking

1992). Chemical spot treatments in areas of common carp aggregations may be

an option to minimize undesirable effects on the surrounding lake community

and increase removal success on large water bodies (Bonneau 1999).

8. The effectiveness of the physical removal techniques is coupled with habitat
types. Such techniques include seining, electrofishing, gill netting and a variety

of trap types, and (Pinto et al. 2005).

9. Poison lures have also been recommended to target common carp populations
and diminish effects on other species (Rach et al. 1994), but field experiments

have been unsuccessful (Bonneau 1999). Even when removal efforts are successful,
only short-term benefits may accrue because common carp recolonize

quickly (Barton et al. 2000).

10. Precautionary measures (i.e. electrical barriers, fish weirs, traps, etc.) established
prior to removal efforts are suggested to lessen the probability of common carp
recolonization (Lougheed and Chow-Fraser 2001).

11. Common carp population dynamics may be used in the management plans. It is
possible to control the fast-growing, short-lived populations by reducing recruitment
(Brown and Walker 2004). The technology that can deal with the sex ratio

and biased males over females for multiple generations will ultimately causing
population collapse (Grewe 1996) and could also be used to control short-lived
populations (Brown and Walker 2004). On the other hand, long-lived, slowgrowing
populations could be controlled in removing adult population (Brown

and Walker 2004) in addition to consideration recruitment.

12. The usual habit of the common carp spawn over aquatic macrophytes in waters
generally less than 0.5 m (Edwards and Twomey 1982) can be used in the

control efforts. Drawdowns during spawning may reduce spawning habitat and
recruitment (Shields 1958). Such a plan has been successfully implemented in



Australia (Koehn et al. 2000). Barriers stopping adult common carp contact with
the spawning areas may also decrease recruitment (Stuart et al. 2001). Furthermore,
physical agitation of water in shallow spawning bays may damage eggs.
Nevertheless, consequences of all these techniques on native fishes should be

well thought-out when formulating a set of management strategies.
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Koehn et al. (2000) have given a strategic management plan, which have been
summarized in this chapter and given below. Koehn et al. (2000) have identified the
four components of the strategic approach to carp management as defining the
problem, developing a management plan, implementing the plan and monitoring
and evaluating results. As an editor of this book, | preferred to keep the original
recommendations without changes except in certain parts where they are not related
to the subject of this chapter. And here | quote,

1. To define the problem. This means determining the nature and scope of the
management concern (for example, loss of water quality or aquatic vegetation).

A number of factors in addition to the presence of carp can contribute to observed
problems, including human interference, habitat type, local influences on water
flow and quality and other fish species present. The problems caused by carp may
affect many natural resources. Therefore the management of carp as a pest species
is a natural resource management issue which extends well beyond the realm of
traditional fisheries management.

2. To develop a management plan. This must include clear objectives set in terms of
the economic and/or conservation outcomes being sought. These management
objectives should include interim and long-term goals. Developing the plan will
involve an assessment of the most appropriate control technique(s) and strategy
and setting the priorities for management. Best results in pest management are
often achieved with a combination of techniques rather than relying on a single
technique. Options for carp management include: prevention of further spread,
local, small-scale poisoning or removal, exclusion, habitat rehabilitation to
enhance native fish species, commercial or recreational removal, and wide-scale
control options which may include new technologies. In developing a management
plan, one or more of these options need to be selected that will best meet the
management objectives. Measurable performance indicators then need to be
defined which can be used to measure progress against the management

objectives.

3. Implementation, is dependent on an integrated approach for success.

Although much of the responsibility will rest with a range of government
agencies, cooperation and ownership must also be undertaken with other stakeholders
and community groups. Ownership of carp management must ultimately

reside with many agencies and groups, not just those with fisheries interests.

4. Monitoring and evaluation. This should occur at different levels throughout
implementation and on completion of actions. The efficiency of the operation
needs to be monitored to ensure that the management plan is executed in the most
cost effective manner. Monitoring will help identify inefficiencies so the management
strategy can be continually refined. In addition, the effectiveness of the

program in achieving the objectives needs to be monitored so that either the
program objectives or the management strategy can be modified if necessary, in
the light of further knowledge and experience. This may mean modifying the
objectives, if they are unrealistic, or adding new objectives. Effectiveness is
determined by evaluating achievements and outcomes against the performance
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indicators included in the management plan. Different techniques may have
different success rates under different circumstances. Economic frameworks are
needed to assist in the assessment of the relative cost and value of alternative
strategies. Such frameworks require: the definition of the economic problem, data
on the relative costs of different carp control strategies, and an understanding of
why the actions of individual management agencies may not lead to optimal

levels of carp control and how management may be improved.

References

Abdul Retha S, Al-Khafaji BY, Maktoof AA (2009) Seasonal variations in the ovaries of the
common carp Cyprinus carpio collected from Al-Hammar marsh, south of Irag. Thigar J Sci



1:3-13

Al-Rudainy AJ, Mohamed ARM, Abbas LM (2006) Ecology and biodiversity of fish community in
Euphrates River at Al-Mussaib Power Station, middle of Irag. Environmental Conference and
Exhibition, Kuwait

Al-Daham NK, Yousif AY (1990) Composition, seasonality and abundance of fishes in the Shatt
Al-Basrah Canal, an estuary in southern Iraq. Estuar Coast Shelf Sci 31(4):411-421

Al-Rudaini AJ (2010) Ecology and nature of fish structure in Al-Rathwania Lake, west of Baghdad.
Iragi J Agric 15:1-11

Al-Rudaini AJ, Faisal S, Abu-Al-Hani A, Hassan A, Ahmad S (1998) Some biological aspects of
fishes collected from the northern part of Saddam River. Dirasat, Jordan 25:553-563

Al-Rudaini AJ, Ruhaige AM, Qatee AJ, Hussain TS (1999) Some biological aspects of fishes
collected from Al-Habbaniya Lake. Iragi J Agric 4:159-167

Al-Shamary ACH, Younis KH, Al-Zawar GK (2011) Study of fish assemblage in south east
Al-Hammar marsh north of Basrah City—Iraq. Basrah J Agric Sci 24:111-125

Al-Shawi SAS, Wahab NK (2007) Structure of fish assemblages for Tuz Jai River basin. Iraqgi J
Agric, Special issue 12:105-122

Anderson JD, Mcdonald DL, Sutton GR, Karel WJ (2009) Evolutionary associations between sand
seatrout (Cynoscion arenarius) and silver seatrout (C. nothus) inferred from morphological
characters, mitochondrial DNA, and microsatellite markers. Fish Bull 107:13-23

Angeler DG, Alvarez-Cobelas M, Sanchez-Carrillo S, Rodrigo MA (2002) Assessment of exotic
fish impacts on water quality and zooplankton in a degraded semi-arid floodplain wetland.

Aquat Sci 64:76—-86

Bajer PG, Sorensen PW (2015) Effects of common carp on phosphorus concentrations, water
clarity, and vegetation density: a whole system experiment in a thermally stratified lake.
Hydrobiologia 746:303-311

BAJER PG, SULLIVAN G, SORENSEN PW (2009) Effects of rapidly increasing population of
common carp on vegetative cover and waterfowl in a recently restored Midwestern shallow lake.
Hydrobiologia 632:235-245

Barton DR, Kelton N, Eedy RI (2000) The effects of carp (Cyprinus carpio L.) on sediment export
from a small urban impoundment. J Aquat Ecosyst Stress Recov 8:155-159

Bonneau JL (1999) Ecology of a fish biomanipulation in a Great Plains reservoir. University of
Idaho, Moscow

Britton JR, Boar RR, Grey J, Foster J, Lugonzo J, Harper DM (2007) From introduction to fishery
dominance: the initial impacts of the invasive carp Cyprinus carpio in Lake Naivasha, Kenya,
1999 to 2006. J Fish Biol 71:239-257

Brown P, Walker Tl (2004) CARPSIM: stochastic simulation modeling of wild carp (Cyprinus
carpio L.) population dynamics, with applications to pest control. Ecol Model 176:83—97

892 L. A. Jawad et al.

Carpenter SR, Cottingham KL, Schindler DE (1992) Biotic feedbacks in lake phosphorus cycles.
Trends Ecol Evol 7:332—-336

Carpenter SR, Kitchell JF, Hodgson JR (1985) Cascading trophic interactions and lake productivity.
Bioscience 35:634—639

Carpenter SR, Lodge DM (1986) Effects of submersed macrophytes on ecosystem processes. Aquat
Bot 26:341-370

Chumchal MM, Drenner RW (2004) Interrelationships between phosphorus loading and carp in the
regulation of phytoplankton biomass. Arch Hydrobiol 161:147-158

Chumchal MM, Nowlin WH, Drenner RW (2005) Biomass-dependent effects of carp on water
quality in shallow ponds. Hydrobiologia 545:271-277

Covich AP, Knezevic B (1978) Size-selective predation by fish on thin-shelled gastropods
(Lymnaea): the significance of floating vegetation (Trapa) as a physical refuge. Proc Int

Assoc Theor Appl Limnol 20:2172-2177

De Robertis A, Ryer CH, Veloza A, Brodeur RD (2003) Differential effects of turbidity on prey
consumption of piscivorous and planktivorous fish. Can J Fish Aquat Sci 60:1517—-1526

Drenner RW, Gallo KL, Baca RM, Smith JD (1998) Synergistic effects of nutrient loading and
omnivorous fish on phytoplankton biomass. Can J Fish Aquat Sci 55:2087—-2096

Edwards EA, Twomey KA (1982) Habitat suitability index models: Common carp. U.S. Dept. Int.
Fish Wildl. Servo FWS/OBS-82/10.12, 27 pp.

Egertson CJ, Downing JA (2004) Relationship of fish catch and composition to water quality in a
suite of agriculturally eutrophic lakes. Can J Fish Aquat Sci 61:1784—1796

Ellstrand CN, Schierenbeck KA (2000) Hybridization as a stimulus for the evolution of invasiveness
in plants? PNAS 97:7043—7050

Epler P, Bartel R, Szczerbowski J, Szypula J (2001) The ichthyofauna of lakes Habbaniya,
Tharthar, and Razzazah. Archives of Polish Fisheries 9:171-184

Evelsizer VD, Turner AM (2006) Species-specific responses of aquatic macrophytes to fish
exclusion in a prairie marsh: a manipulative experiment. Wetlands 26:430—437

Florian N, Lopez-Luque R, Ospina-Alvarez N, Hufnagel L, Green AJ (2016) Influence of a carp
invasion on the zooplankton community in Laguna Medina, a Mediterranean shallow lake.
Limnetica 35(2):397-412

Grewe P (1996) Review and evaluation of the potential of molecular approaches for the environmentally
benign management of the common carp (Cyprinus carpio) in Australian waters.

Centre for Research on Introduced Marine Pests, CSIRO Division of Fisheries, Technical



Report Number 10 (1996)

Hamady AA (2009) Reproductive biology of common carp (Cyprinus carpio L.) from AL-Gharraf
Canal, at Wasit Province—Iraqg. |. sex-ratio and maturity. Ibn AL-Haitham J Pure Appl Sci
22:12-18

Hamady AA (2010) Reproductive biology of common carp (Cyprinus carpio L.) from AL-Gharraf
Canal at Wasit province—Iraq I1. Fecundity of females. Ibn AL-Haitham J Pure Appl Sci 23
(1):105-116

Hénfling B (2007) Understanding the establishment success of non-indigenous fishes: lessons from
population genetics. J Fish Biol 71(Suppl. D):115-135

Hanson MA, Butler MG (1994) Responses of plankton, turbidity, and macrophytes to
biomanipulation in a shallow prairie lake. Can J Fish Aquat Sci 51:1180-1188

Hinojosa-Garro D, Zambrano L (2004) Interactions of common carp (Cyprinus carpio) with benthic
crayfish decapods in shallow ponds. Hydrobiologia 515:115-122

Hussain NA, Mohamed ARM, Al-Noo SS, Mutlak FM, Abed IM, Coad BW (2009) Structure and
ecological indices of the fish assemblages in the recently restored Al-Hammar marsh, southern
Iraq. BIORISK-Biodiversity and Ecosystem Risk Assessment (3):173—-186

Hussain NA, Younis KH, Yousif UH (1997) The composition of small fish assemblages in the river
Shatt Al-Arab near Basrah [Iraq]. Acta Hydrobiologica 39(1-2)

Hussein SA, Abdulla AM, Abdullah SA (2015) Ecology and fish structure in the southern sector of
the Euphrates River, Irag. Basrah J Agric Sci 28:82-94

37 The Common Carp, Cyprinus carpio: Effect on the Environment and the. . . 893

Jawad L (2003) Impact of environmental change on the freshwater fish fauna of Irag. Int J Environ
Stud 60:581-593

Jawad LA (2006) Fishing gear and methods of the lower Mesopotamian plain with reference to
fishing management. Marina Mesopotamica 1(1):1-37

Jawad L (2013) Threatened freshwater fishes of Iraqg, with remarks on their conservation status.
Water Res Manag 3(2):27—-36

Johnson DM, Crowly PH (1980) Odonate ‘hide and seek’: habitat-specific rules? In: Kerfoot W
(ed) Evolution and ecology of zooplankton communities. University Press of New England,
Hanover, NH

Khan TA (2003) Dietary studies on exotic carp (Cyprinus carpio L.) from two lakes of western
Victoria, Australia. Aquat Sci 65(3):272—286

Khan TA, Wilson ME, Khan MI (2003) Evidence for invasive carp mediated trophic cascade in
shallow lakes of western Victoria, Australia. Hydrobiologia 506:465-472

Kijewska A, Burzynski A, Wenne R (2009) Molecular identification of European flounder
(Platichthys flesus) and its hybrids with European plaice (Pleuronectes platessa). ICES J Mar
Sci 66:902—-906

Kirk KL (1991) Inorganic particles alter competition in grazing plankton: the role of selective
feeding. Ecology 72:915-923

Kirk KL, Gilbert JJ (1990) Suspended clay and the population dynamics of planktonic rotifers and
cladocerans. Ecology 71:1741-1755

Kloskowski J (2011) Impact of common carp Cyprinus carpio on aquatic communities: direct
trophic effects versus habitat deterioration. Fundamental and Applied Limnology/Archiv fir
Hydrobiologie 178:245-255

Koehn J, Brumley A, Gehrke P (2000) Managing the impacts of carp. Bureau of Rural Sciences,
Department of Agriculture. Fisheries and Forestry, Canberra, Australia

Lamarra VAJ (1975) Digestive activities of carp as a major contributor to the nutrient loading of
lakes. Proc Int Assoc Theor Appl Limnol 19:2461-2468

Lammens EHRR (1991) Diets and feeding behaviour. In: Winfield 1J, Nelson JS (eds) Cyprinid
fishes: Systematics, biology, and exploitation, pp. 127-155. Chapman and Hall, London
Lazem LF, Attee RS (2016) Structure of fish assemblage in relation to some ecological factors in
Himreen dam Lake, Irag. Basrah J Agric Sci 29(1):7-16

Lougheed VL, Chow-Fraser P (2001) Spatial variability in the response of lower trophic levels after
carp exclusion from a freshwater march. J Aquat Ecosyst Stress Recov 9:21-34

Lougheed VL, Croshie B, Chow-Fraser P (1998) Predictions on the effect of common carp
(Cyprinus carpio) exclusion on water quality, zooplankton, and submergent macrophytes in a
great lakes wetland. Can J Fish Aquat Sci 55:1189-1197

Marking LL (1992) Evaluation of toxicants for the control of carp and other nuisance fishes.
Fisheries 17:6-13

Matsuzaki SS, Usio N, Takamura N, Washitani | (2009) Contrasting impacts of invasive engineers
on freshwater ecosystems: an experiment and meta-analysis. Oecologia 158:673—686

McQueen DJ, Post JR, Mills EL (1986) Trophic relationships in freshwater pelagic ecosystems. Can
J Fish Aquat Sci 43:1571-1581

Meijer M-L, De Hann MW, Breukelaar AW, Buiteveld H (1990a) Is reduction of the benthivorous
fish an important cause of high transparency following biomanipulation in shallow lakes?
Hydrobiologia 200(201):303-315

Meijer M-L, Lammens EHRR, Raat AJP, Grimm MP, Hosper SH (1990b) Impact of cyprinids on
zooplankton and algae in ten drainable ponds. Hydrobiologia 191:275-284

Miller Al, Beckman LG (1996) First record of predation on white sturgeon eggs by sympatric
fishes. Trans Am Fish Soc 125:338-340

Miller SA, Crowl TA (2006) Effects of carp (Cyprinus carpio) on macrophytes and invertebrate



communities in a shallow lake. Freshw Biol 51:85-94

Miller SA, Provenza FD (2007) Mechanisms of resistance of freshwater macrophytes to herbivory
by invasive juvenile carp. Freshw Biol 52:39-49

894 L. A. Jawad et al.

Miner JG, Stein RA (1996) Detection of predators and habitat choice by small bluegills, effects of
turbidity and alternative prey. Trans Am Fish Soc 125:97-103

Mohamed ARM, Al-Noor SS, Faris RAK (2006) Analytical study of the fisheries in the lower
reaches of the Tigris River, north Qurna, Basrah, Iraqg. Iragi J Aquaculture (1):57-73

Mohamed ARM, Hussain NA, Al-Noor SS, Mutlak FM, Al-Sudani IM, Mojer AM, Toman AJ,
Abdad MA (2008) Fish assemblage of restored Al-Hawizeh marsh, southern Irag.

Ecohydrology & Hydrobiology 8(2—4):375-384

Mohamed ARM, Hussein SA, Lazem LF (2013) Spatiotemporal variability of fish assemblage in
the Shatt Al-Arab River, Irag. J Coastal Life Med 3(1):27-34

Mohamed ARM, Kadim H, Younis KH, Entisar K, Hameed EK (2017) Status of fish assemblage
structure in the Garmat Ali River, Irag. IOSR J Agric Veterinary Sci 10:17-22

Mohamed ARM, Resen AK, Taher MM (2012) Longitudinal patterns of fish community structure
in the Shatt Al-Arab River, Irag. Basrah J Sci 30(2):65-86

Nolte AW, Freyhof J, Stemshorn KC, Tautz D (2005) An invasive lineage of sculpins, Cottus sp
(Pisces, Teleostei) in the Rhine with new habitat adaptations has originated from hybridization
between old phylogeographic groups. Proc Roy Soc Lond Ser B 272:2379-2387

Panek FM (1987) Biology and ecology of carp. In: Cooper EL (ed) Carp in North America,

pp. 1-15. American Fisheries Society, Bethesda, MD

Parkos JJ, Santucci VJ, Wahl DW (2003) Effects of adult carp (Cyprinus carpio) on multiple
trophic levels in shallow mesocosms. Can J Fish Aquat Sci 60:182—192

Parkos JJ, Santucci VJ, Wahl DW (2006) Effectiveness of a plastic mesh substrate cover for
reducing the effects of carp on aquatic ecosystems. N. Am J Fish Manage 26:861—-866

Penne CR, Pierce CL (2008) Seasonal distribution, aggregation, anal habitat selection of common
carp in clear Lake, lowa. Trans Am Fish Soc 137:1050—-1062

Pinto L, Chandrasena N, Pera J, Hawkins P, Eccles D, Sim R (2005) Managing invasive carp
(Cyprinus carpio L.) for habitat enhancement at botany wetlands, Australia. Aquat Conserv:
Mar Freshw Ecosyst 15:447-462

Qin J, Threlkeld ST (1990) Experimental comparison of the effects of benthivorous fish and
planktivorous fish on plankton community structure. Proc Int Assoc Theor Appl Limnol
119:121-141

Rach JJ, Luoma JA, Marking LL (1994) Development of an antimycin-impregnated bait for
controlling common carp. N Am J Fish Manage 14:442—446

Rasheed RO (2012) Length-weight relationships of (9) fish species from Derbendikhan reservoir—
Kurdistan region, Irag. Journal of Babylon University: Pure Appl Sci 5:1434—1440

Rhymer JM, Simberloff D (1996) Extinction by hybridization and introgression. Annu Rev Ecol
Syst 27:83—-109

Roberts J, Chick A, Oswald L, Thompson P (1995) Effect of carp, Cyprinus carpio, an exotic
benthivorous fish, on aquatic plants and water quality in experimental ponds. Mar Freshw Res
46:1171-1180

Roberts DG, Gray CA, West RJ, Ayre DJ (2009) Evolutionary impacts of hybridization and
interspecific gene flow on an obligately estuarine fish. J Evol Biol 22:27-35

Saleh KI, Abdul Karim MF (2013) Evaluation of inter generic hybridization between fish common
carp Cyprinus carpio and fish Bunni Barbus sharpeyi. Al-Furat J Agric Sci 5:363—-370

Salman JM, Salah MM, Dhurgham A, Al-Sultany DA (2014) Spatial variation of composition and
distribution of fish in two sites on Euphrates River, middle of Irag. Magazin of Al-Kufa
University for Biology 6:1-9

Scheffer M (1998) Ecology of shallow lakes. Chapman and Hall, London

Scheffer M, Hosper SH, Meijer M-L, Moss B, Jeppesen E (1993) Alternative equilibria in shallow
lakes. Trends Ecol Evol 8:275-279

Schrage LJ, Downing JA (2004) Pathways of increased water clarity after fish removal from
Ventura marsh; a shallow, eutrophic wetland. Hydrobiologia 511:215-231

Sedig SO, Abbas LM (2013) Fish community structural in Dukan dam Lake, northern Irag. Iraqi
Veterinary J 37:6—12

37 The Common Carp, Cyprinus carpio: Effect on the Environment and the. . . 895

Shakir HF, Nehad K, Wahab NK (2015) Structure of fish community for south east Al-Tharthar
Lake in Salah Alddin Province, Iraqg. Tikrit J Agric Sci 25:111-124

Shields JT (1958) Experimental control of carp reproduction through water drawdowns in Fort
Randall reservoir, South Dakota. Trans Am Fish Soc 87:23-32

Sidorkewicj NS, Lopez Cazorla AC, Fernandez OA, Mockel GC, Burgos MA (1999) Effects of
Cyprinus carpio on Potamogeton pectinatus in experimental culture: the incidence of the
periphyton. Hydrobiologia 415:13-19

Sidorkewicj NS, Lopez-Carzola AC, Fernandez OA (1996) The interaction between Cyprinus
carpio L. and Potamogeton pectinatus L. under aquarium conditions. Hydrobiologia
340:271-275

Skubinna JP, Coon TG, Batterson TR (1995) Increased abundance and depth of submersed
macrophytes in response to decreased turbidity in Saginaw Bay, Lake Huron. J Great Lakes

Res 21:476-488



Stewart TW, Downing JA (2008) Macroinvertebrate communities and environmental conditions in
recently constructed wetlands. Wetlands 28:141-150

Stuart 1, Jones M, Koehn J (2001) Targeting spawning habitats to control carp populations. In:
Proceedings of the 12th Australian vertebrate Pest conference. Melbourne Department of

Natural Resources and Environment, Victoria, Australia

Vanni MJ (1996) Nutrient transport and recycling by consumers in lake food webs: implications for
algal communities. In: Polis GA, Winemiller KO (eds) Food webs: integration of patterns and
dynamics. Chapman and Hall, New York, pp 81-95

Wahab NK, Al-Ani SM h (2012) Some biological aspects for number of Tigris River fishes, Iraq.
Mesopotamia J Agric 40:11-22

Wahab NK, Al-Ani SM h (2013) Some biological aspects of some fishes from the eastern drainage,
Balad, Irag. Diayal J Agric Sci 5:1-15

Wahab NK, Hassan SM (2011) Structure of fish assemblage and food interrelationship in eastern
drain (Shtteata) Balad, Tigris River. 5t Scientific Conference of College of agriculture, Tikrit
University, 26—27 April, 2011

Weber MJ, Brown ML (2009) Effects of common carp on aquatic ecosystems 80 years after “carp
as a dominant”: ecological insights for fisheries management. Rev Fish Sci 17(4):524-537

Werner EE, Anholt BR (1993) Ecological consequences of the trade off between growth and
mortality rates mediated by foraging activity. Am Nat 142:242—-272

Williams AE, Moss B (2003) Effects of different fish species and biomass on plankton interactions
in a shallow lake. Hydrobiologia 491:331-346

Wolfe MD, Santucci VJ Jr, Einfalt LM, Wahl DH (2006) Effects of common carp on reproduction,
growth, and survival of largemouth bass and bluegills. Trans Am Fish Soc 138:975—983

Yaakub SM, Bellwood DR, Van Herwerden L, Walsh FA (2006) Hybridization in coral reef fishes:
introgression and bi-directional gene exchange in Thalassoma (family Labridae). Mol

Phylogenet Evol 40:84—-100

Zambrano L, Hinojosa D (1999) Direct and indirect effects of carp (Cyprinus carpio) on macrophytes
and benthic communities in experimental shallow ponds in Central Mexico.

Hydrobiologia 408(409):131-138

Zambrano L, Perrow MR, Macias-Garcia C, Aguirre-Hidalgo V (1999) Impact of introduced carp
(Cyprinus carpio) in subtropical shallow pond in Central Mexico. J Aquatic Ecosyst Stress

Recov 6:281-288



