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Summary

Seasonal study was done for the distribution and composition of
benthic invertebrate community in three selected sites (S;, S, and S;)
near a fish floating cages in Tigris river before Al-Kut Barrier south
Baghdad, during the period from January to December 2014. Some of
water quality parameters were measured as following: temperature
ranged from 14°C in winter to 32 °C in summer, dissolved oxygen from
5.2 in summer and 9.8 mg/l in winter, pH values from 7.5 to 7.8,
salinity from 0.5 in winter to 0.73 mlg/l in summer and water turbidity
from 250 in spring to 900 NTU in autumn. The river bottom of study
area was clay loan, silt clay, clay loan and clay for sites S, S. and S;
respectively. A total of 19 benthic fauna species were identified. Of these
8, 6, 3, and 2 species belonged to Arthropod, Oligochaet, Mollusca and
Nematode respectively. There were significant differences shown at S2
(inside cages) for the organic matter 4.7%, and for organic carbon
2.74%, 19 species, the abundance was 813.4 ind/ m2 and benthic
biodiversity was 2.86, compared with S, and S;. Also, S, was shown the
dominance for Arthropod: Insect (46.6%), followed by Oligochate,
Mollusca and Nematode (32.9%, 16.5% and 4%) respectively of the total
benthic invertebrate density. The results shown increment in benthic
invertebrate density and biodiversity inside cages (site S.) compared
with the other two sites before and after cages respectively.
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Introduction

Fish farming by using floating cages was once considered an environmentally
benign practice, but is now viewed as a potential polluter of the fresh and marine
ecosystems (Yucel-Gier et al., 2007). Organic enrichment of the riverbed is the
most widely encountered effect of fish culture (Karakassis et al., 2002).
Increasing organic loading sediments might have a strong effect on the structure
of benthic communities (Klaoudatos et al., 2006). Deposition of organic material
under the cages may cause changes in the composition of basic benthic
communities in terms of abundance, dominance and taxa richness (Yucel-Gier et
al., 2007). The effects described here tend to be localized around effluent
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discharge points and within 25 m of the perimeter of net-pen farms (Pearson and
Black, 2001). From previous studies for fish farming using floating cages have
addressed the effects of these fish on the dynamics of sediment accumulation
beneath cages (Karakassis et al., 2002), on benthic community structure
(Klaoudatos et al., 2006), on the biological and geochemical properties of muddy
and sandy sediments (Maldonado et al., 2005) and on the recovery process of
benthos after cessation (Papageorgiou et al., 2010). Most of the studies have
addressed the environmental impact of fish farming without investigated its
spatial and temporal extent. Karakassis et al. (2000) have indicated that the
effects of aquaculture on the benthic environment are found within a short
distance, normally not exceeding 25 to 30 m from the edge of fish floating cages;
however, it is well known that it releases a substantial amount of nutrients into
the river environment (Abu- Elheni, 2014). The objective of the current study is
to assess the distribution and composition of benthic invertebrate at fish floating
cages and the effect of aquaculture facilities on benthos structure in the river.

Material and methods
Study area

The density and distribution of benthic invertebrate community were studied
at fish floating cages in Tigris River 5 km before Al-Kut Barrier at Wasit Province
south of Baghdad during the period from January to December 2014 (Fig. 1). The
part of this river within 150 m in width, 4 to 6 m in depth and a current rate 0.35
m/sec. Several aquatic plants were identified and recorded in the cage location
such as Ceratophyllum demersum and Phragmites sp., Vallisneria sp. and
Nymphaya sp. (Abu- Elheni, 2014). Small-sized fish of several species were
recorded too, namely, common carp: Cyprinus carpio, Shilig: Aspius vprax and
Gerri Parasilurus triostegus (Abbas et al., 2015).
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Figure (1): Map of Iraq show Part of Tigris River include study area
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Sampling methods

Distribution and Composition of Benthic-Invertebrate Community

Seasonal assemblage were collected for one year started from winter 2014 (Jan,
Feb and Mar), spring (Apr, May and Jun), summer (Jul, Aug and Sep) and
autumn (Oct, Nov and Dec). The area of fish floating cages of three sites was
sampled, the first site S; before 10 meters of cages, site S. inside cages and S;
after 10 meters of cages. At each site, some of annual water quality parameters
were investigated using Horiba Water
Quality Meter (W-2000S/ Japan) these including water temperature (°C),
dissolved oxygen (mg/l1), pH, values, salinity (mg/l) and turbidity (NTU).
Sediment samples per m2 were collected at depth of 10 cm from bottom using a
small shovel (Five samples per m2 with 3 replicate for each site). These sampling
were used to analyze the organic carbon, organic matter, and benthic community
parameters. A grain-size analysis was performed at all sites using standard
sieving and settling procedures (Stewart et al., 1998). The sediment type bottom
of this part were investigated at Soil and Water Resource Center/ Agriculture
Research Directorate/ Baghdad/ Iraq depending on the relative percentages of
clay (<0.002 mm), silt (0.002 to 0.063 mm) and sand (0.063 to 2 mm)
(Karakassis et al., 2002). The analyzing of organic matter was used 2 to 5 g (dry
weight) sediment sub-samples, after homogenization and drying at 60 °C to
constant weight, sediment was combusted in a furnace (Nabertherm L9) at 500
°C for 4 h. The amount of organic matter in a sample was estimated as the
difference between dry and ash weight (ASTM, 2006). Total organic carbon was
measured according to the inexpensive titration method described by = Gaudette
et al. (1974) using potassium dichromate and sulphuric acid as the oxidant.

Benthic- invertebrate species were collected and sieved through a 0.5 mm
mesh size. Each sample was placed in a plastic vial in 5% formaldehyde. Samples
were sorted by hand into major species namely: Annelid, Arthropod, Mollusca
and Nematode at Fish Research Center/ Agriculture Research
Directorate/Baghdad/Iraq. The benthic- invertebrate were identified to its
species depending on Brinkchurst (1984) and Pennak (1978) using
stereomicroscope (Kruss/ Germany). Density (ind/ m2) was determined for each
species. Benthic- invertebrate biodiversity was measured using Shannon- Wiener
index (H) as the equation: H= - ¥ Pi Lo Pi Whereas Pi: number ratio of taxes
from samples (Shannon and Weaver 1949). Analysis of a variance (ANOVA) One-
way classification was used and less significant difference (LSD) to determine the
differences between parameters means at significance of (P<0.05). All statistics
were carried out using Statistical Analysis System (SAS) Program (SAS, 2010).

Results

During the study some of physical and chemical of water characteristics were
measured (Table 1). Water temperature ranged from 14 °C in January to 32 °C in
August 2014. Water pH values were slightly fluctuated and ranged from 7.5 to
7.8. Salinity values were ranged between 0.5 mg/ L in January to 0.73 mg/L in
August 2014. Water dissolved oxygen values ranged between 9.8 mg/L in



February 2014 to 5.2 mg/L in August 2014. From table (2), the sediment texture
of sites S1, S2 and S3 were mainly clay loam, silt clay and clay respectively ,and,
the contents of organic matter values were 0.91%, 4.72 % and 2.74% respectively,

Radhiy et al.

and the organic carbon were 0.53%, 2.74%, 1.08% respectively.

Table 1. Some of seasonal water quality values of Tigris River near the
fish floating cages before Al-Kut barrier during the period

from January to December 2014

Parameters | Winter | Spring | Summe | Autum | Mean
2014 r n value
+ SD
Water 14 22 32 28 24+
Temp. 6.5
(°C)
D. 0. 9.8 8.9 6.9 8.5 8.2+
(mg/L) 2.4
pH 7.8 7.6 7.5 7.7 7.7 £
0.5
Sal. (mg/1) 0.5 0.67 0.73 0.69 | 0.65+
0.08
Turb. 320 250 760 900 557.5+
(NTU) 347

(January to December 2014)

Table 2. The sediment texture for Tigris River bottom near the fish
floating cages before Al- Kut barrier during the period

Sediment Organic
Sites | Soil composition Contents
textur | Silt % | Clay | Sand | Organi | Organi
e % % c (¢
matter | carbon
(%) (%)
S: Clay 36.43 | 38.43 | 25.14 | 0.91 0.53
Loam
So Silt 39.5 | 35.5 | 25.0 4.72 2.74
Clay
S Clay 32.49 | 56.55 | 10.96 | 2.52 1.08
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The total density of benthic invertebrate was 936 ind/ m2, belonged to 19 species
were identified from Tigris river before Al- Kut Barrier (tables 3 and 4) . The
maximum number and abundance of taxa were encountered at S, ( 19 species and
density of 813 ind/ m2), followed by S; (6 species and density of 89 ind/ m2) and
less shown at S, (3 species and density of 334 ind/ m2). According to table (4), the
highest values of benthic invertebrate biodiversity were recorded at S. of 2.86,
followed by S; and S; of 1.9 and 1.04 respectively. The community structure,
inside fish floating cages showed a pattern of spatial change with distance from
the cages. From table (5), seasonally clear fluctuation values were founded
between the composition of benthic invertebrate within different sites, however,
significant differences (P< 0.05) were shown at site S. (inside floating cages)
between sampling parameters sites and seasons.

Table 3. The density (ind/m2 and the percentage %) of benthic invertebrates
species near the fish floating cages before Al-Kut barrier during
the period (January-December 2014)

Sites
S, S, S,
Species ind/m % ind/m?2 % ind/m2 | %
2
Arthropod 12.1 35.7 378.7 46.6 33.3 | 375
Mollusca 10.3 | 30.4 134 16.5 11.1 12.5
Nematode - - 33.3 4.0 - -
Oligochaeta 11.5 33.9 267.4 32.9 44.4 50
Total 33.9 813.4 88.8
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Table 4. Benthic invertebrate abundance (%), species number and
biodiversity near the fish floating cages before Al-Kut barrier
during the period (January to December 2014)

Species Sites

P S. | S. | s,
Arthropod (Insect)
%
Chironomidae pupa - 4.1 12.5
Chironmous sp. 33.3 8.3 12.5
Cryptochironmous sp. - 8.3 -
Collembola - 5.4 -
Glyptotendipes paripes - 4.1 -
Isotomus palustris - 4.1 -
Paralauterbroniella sp. - 5.4 -
Tabanidae Larvae - 5.5 12.5
Mollusca
Corbicula fluminalis 33.3 8.3 12.5
Lymnaea auricularia - 5.5 +
Physa gyrina - 2.7 +
Nematode
Aphanolaimus sp. - 2.7 -
Dorylaimus sp. - 1.4 -
Oligchaeta
Branchiura sowerbyi + 2.7 +
Chaetogaster diastropus - 4.1 -
Cocoon of Oligochaeta - 2.7 -
Limnodrilus hoffmeisteri | 33.4 | 20.6 25
Immature Oligochaeta + 4.1 25
Limnodrilus clapridianus - 5.6 -
Number of Species 3 19 6
Density (ind/m2) 33.9 | 813.4 | 88.8
Total Biodiversity 1.04 | 2.86 1.9

Macro faunal Species, Absence less than > 1% and presence more than < 1%.
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Table 5. The statically comparisons values between sediment and
benthic community parameters for all sampling sites* near
the fish floating cages before Al —Kut Barrier during the
period (January to December 2014)

Site | Variabl | df Site Season Site x Season
e F p- F p- F p-
level level level
Oc 35 82.21 ** 0.17 Ns 11.08 **
Om 35 37.4 ** 0.09 Ns 13.01 **
S1 S 35 0.52 ns 1.39 Ns 15.30 ns
N 35 1.16 ns 9.03 ** 1.29 ns
H 35 0.38 ns 1.11 ns 1.20 ns
Oc 35 | 30.90 w* 7.02 ** 20.23 **
Om 35 21.10 o 9.0 *x 15.92 *
So S 35 | 25.02 | ** | 7.78 ** 1 18.44 | **
N 35 19.86 o 11.9 *x 17.42 *
H 35 | 172.43 | ** | 20.15 ** 15.47 **
Oc 35 39.8 o 9.46 ** 7-70 o
Om 35 | 20.07 *x 0.16 ns 10.65 **
S3 S 35 | 22.27 | ** | 6.83 *x 9.09 *¥
N 35 1.5 ns | 33.03 ** 11.23 **
H 35 140.6 o 5.51 ** 19.19 **

*Sampling sites of Oc: Organic carbon, Om: Organic matter, S: number of species, N: number of
individuals and H: biodiversity, ns: no significant, ** significant (P< 0.05)

Discussion

The results in table (1) showed that the values of some of water quality were
agreed with some previous studies about Iraq inland waters, seasonal fluctuation
in water temperature, slight alkalinity or neutral, increment in water salinity
towards south and within good aeration (Al-Temimy, 2004; Abbas et al.,2011).
These ambient with the available food are performance and comfortable for
aquatic organisms, for fishes and benthic invertebrates, and the benefits for
aquatic organisms with its distribution, occurrence, growth and spawning.
(Pouilly et al., 2006; Orrego et al., 2009).

The differences in sediments composition depending on the differences in
organic matter and organic carbon (Al-Rubaie, 2001; Al-Temimy, 2004) and the
fluctuation of sediment contents may due to the accumulation of fish diet sum
which using inside floating cages and the faces of the fish. These results are
nearby of studies in other areas which reported that the accumulation of organic
matter can extend from 145 to 205 m down-current from the perimeter of net pen
facilities (Brooks and Mahnken, 2003), although other scientists conclude that
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significant effects are usually restricted to less than 60 m from the perimeter
(Nash et al., 2005). All the potential environmental impacts of salmonid net-pen
aquaculture, changes the sediment beneath net pens are considered to represent
the greatest risk to the environment (Brooks and Mahnken, 2003), although
these changes are temporary and largely reversible. Organic carbon can be used
as an indicator of the health of the benthic ecosystem, since it is correlated to
benthic diversity (Kalantzi and Karakassis, 2006).

The current results for benthic invertebrate’s density and species indicated
that our study sites are not polluted zone (ASTM, 2006). Furthermore, the
increment in the abundance and diversity index of the benthic invertebrate inside
fish floating cages sites may due to the comfortable circumstances for its life
(Tessa et al., 2013). According to Papageorgiou et al. (2010) this is more obvious
for oligotrophic systems, where under normal conditions we observed low
abundance and high diversity. It is generally expected that benthic assemblages
respond to organic disturbance in terms of decreased species diversity for a
selection of a few opportunistic species
(Nikos et al., 2010) but reduced density and biomass (Tessa et al., 2013),
partially offset by the increased abundance of opportunistic species. The
additional food resource is likely to be exploited by opportunistic species. The
dominant species of our study sites were naimly, Limnodrilus hoffmesteri
(oligochaete), Chironmous sp. (arthropoda) and Corbicula fluminalis (mollusca).
However, the current results dont agree with Karakassis et al. (2000), whom,
noticed that these dominated taxa which is an opportunistic macro fauna are
commonly found in polluted river sediments. However, other authors have been
reported present of this species under fish floating cages (Klaoudatos et al.
2006). Nikos et al. (2010) also suggested that the presence of large numbers of L.
hoffmesteri is an indicator of polluted and semi-polluted conditions. However,
In the present study, L. hoffmesteri did not exceed 50% of the total abundance
(S2). In the past few decades, freshwater habitats have received significant
remediation (ASTM, 2006) as a result of the clean water Act’s call for greater
ecological integrity. In particular, their biodiversity has increased. Lake Erie’s
levels of dissolved oxygen are increasing in the water bottom, and Chironmous
sp. are beginning to return to sediments in the shallow western basin that was
once thought to be dead. The return of Chironmous sp. means that nutrients are
again rapidly converted from long-term storage in river sediments into prey that
are available to many species of fishes and other consumers rather than
accumulating in the mud's, without these benthic insects, many nutrients would
reach high concentrations in the sediments and will don't available to consumer
species (Yucel-Gier et al., 2007), and these may are nearby the present results.
However, the ecosystem is being modified now by the spread of invasive non-
native species that have altered the flow of energy within the benthic community
(Stewart et al., 1998). These invasive mollusca Corbicula fluminalis alter food
webs in several ways. First, filter feeding by these species removes suspended
organic materials in overlying waters and can enrich sediments for use by other
benthic species. Second, C. fluminalis shells provide hard surfaces for
colonization by various benthic invertebrates (Nikos et al., 2010). Finally, these



187 Distribution and Composition of Benthic-Invertebrate

shells also serve as structural refugee for prey so that many types of benthic
invertebrates may avoid fish predators. From available information it is not
possible to predict precisely how the addition and persistence of these invasive
mollusca will ultimately change energy flow and influence water quality
(Papageorgiou et al., 2010) .

The results of correlation between benthic invertebrate with the other factors
during study period, were provided our investigate which shown that fish floating
cages were done a role in this site. On the other hand, benthic invertebrate were
affected in composition and distribution by the activity of this methodology of
fish raring. Certainly may be due to decrease of water flow inside and under the
floating cages, as well as increased deposition of fish feces and output of untaken
feed, which provide a suitable and comfortable niches for the presence of these
aquatic organisms.
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