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ABSTRACT

The present work aims to study relationship between macrobenthic invertebrates and
those associated with the dominant submerged plant (Myirophyllum spicatum) in River Nile at
Qanater region and comparing between them. Also, some physico-chemical parameters were
studied during different seasons at the investigated sites. In addition to, macroinvertebrates it was
correlated with some physico-chemical parameters.

The maximum occurrence of macrobenthic invertebrates (2004 org./m?) was recorded
during spring and the minimum (460 org. /m? occurred during winter. This might be due to the
highest number of Annelids (944 org. /m?) and molluscs (1027 org. /m?) during spring.

The highest average number of macrobenthic invertebrates associated with the
macrophytes (M. spicatum) was recorded during spring and it was mainly represented by
arthropods populations (3366 org./m?) with the highest number of Insecta.

The macrobenthic invertebrates comprised the highest number of species (18 species)
belong to 3 groups including phylum Annelida (5 species), phylum Mollusca (10 species) and
phylum Arthropoda (3 species). On the other hand, the macroinvertebrates associated with M.
spicatum comprised 16 species belong to 3 groups; phylum Arthropoda (13 species), phylum
Annelida (2 species) and phylum Mollusca (1 species).

The present results indicated the presence of high positive correlation between the
number of the macrobenthic invertebrates and those associated with the macrophytes (M.
spicatum).

Key words: Macrobenthic invertebrates, macrophytes, Myirophyllum spicatum, River Nile,
Qanater region.

INTRODUCTION
The River Nile is considered as one of the longest rivers in the world; it runs about 6,650
km through nine countries from Burundi to Egypt. The last 1,600 km of this journey goes
through Egypt. The main part of water resources comes from the Blue Nile in Ethiopia and the
rest from the White Nile in Uganda (El-Gohary, 1994). The River Nile is the artery of Egypt, as
it provides for more than 96% of the municipal, industrial and irrigation requirements of Egypt
(Abdel-Satar, 2005).

Benthic invertebrates are those animals which spend all or part of their life in, on or near the
bottom of any aquatic habitat. The information about benthos is required for studying
productivity, fisheries and field population on which a long-term work of aquatic benthic
communities and its possible indicator species that can make a valuable contribution (Holme and
Mcintry, 1971). Benthos is divided according to their size into macro, meio and microbenthos.
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Macrobenthos are those forms larger than 1mm and they represented in freshwater by many
annelids, insects, crustaceans and molluscs (Merritt et al., 2008). Benthic macroinvertebrate
assemblages are structured according to physical and chemical parameters that define habitat and
other biological parameters that influence their reproductive success (Abd El-salam and Tanida,
2013). These assemblages appear to be strongly influenced by vegetation (Battle et al., 2001).

In Egypt, Macroinvertebrates associated with the submerged plants are rich in insects
such as Ephemeroptera, Odonata, Hemiptera, Coleoptera, Trichoptera, Lepidoptera and Diptera
(Agami, 1989). The macrophytes may be direct benefits of food or indirect ones by providing a
large surface area on which epiphytic algae can grow and, manipulate organic matter can settle.
Macrophytes also provide shelter from water turbulence and predators, for many species (Petr
1968; Dvorak & Best 1982; Cattaneo 1983). So, the present work aims to compare and study the
relationship between benthic macroinvertebrates and the attached ones with macrophytes in river
Nile at El-kanater region.

MATERIALS AND METHODS
1-The study area:

The study area is located around El-Kanater El-Khairiya region, about 25 km
downstream of Cairo. Samples were collected from River Nile at El-kanater EI-Khairiya region
during the period from August, 2014 to May, 2015. Eight sites were chosen for this study, site
1(River Nile before branching), 2 & 5 (Rosetta branch) site 3 (EL- Rayah El- Nassery) site 4
(EL- Rayah El-Behery) site 6 (EL- Rayah EI-Menofy) site 7 (EL- Rayah El-Toufeky) and site 8
(Damietta branch) (Table 1 and Fig. 1).

Table (1): Locations of sampling sites of River Nile.

Sites Location £ D|stanc_e Latitude Longitude
rom Cairo
y | River Nile before 25 km 30°10°.375 "N | 31°08.404”°E
branch
2 Rosetta | 26.07 km 30°10°.523 "N 31°07°.711E
3 El-Nassery 28.37 km 30°10°.666 "N | 31°06°.727°E
4 El-Behery 28.93 km 30°10°.816 ’N | 31°06°.290°E
5 Rosetta 11 27.75 km 30°11°.279 "N 31°06°.392°E
6 El-Menofy 28.08 km 30°11°.280 N | 31°06°.390”’E
7 El-Toufeky 28.03 km 30°11°.280 "N 31°06°.390’E
8 Damietta branch 26.02 km 30°11°1” N 31°08°20” E
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Fig. (1): Map of the investigated sites of River Nile and its branches in El-kanater Region.

2-Collection and analysis of Samples:

Water samples were collected from the studied sites to measure the DO and BOD
according to (APHA, 2005). The other environmental parameters ware measured in the field.
Water temperature, pH, electrical conductivity and total solids were measured by multi-probe
portable meter (Crison-Spain MM40"), while water transparency was measured by secchi disc.

The macrobenthic fauna were collected by the Ekman dredge bottom sampler, covering
an area of about 0.02 m?. After collection the bottom fauna were washed thoroughly in a small
hand net of bolting silk (0.5 mm mesh size) and picked in and preserved immediately in 10 %
neutral formalin solution in polyethylene jars for later examination. For associated
macroinvertebrates, the macrophytes within a 0.25 m? quadrate were cut and thoroughly shaken
and washed in a 500 um mesh sweep net. Collections were done from the most one abundant
species of macrophytes (Myirophyllum spicatum) at each site. In the laboratory, samples were
washed again. By using stereomicroscope, the macroinvertebrates were separated into groups
and they were identified to different taxa and species. Each species was counted and the
population density was estimated and expressed as a number of organisms / m?.

3-Statistical analysis:

Correlation coefficient matrix was carried out on data at selected sites using Microsoft
Excel. Diversity indices were carried out on data at selected sites using primer program
version 5. These include Richness, Evenness, Shannon and Simpson indices.

RESULTS AND DISCUSSION
Physico-Chemical Parameters:

Values of the different physic-chemical parameters of water at the investigated sites
during different seasons are shown in Tables (2 & 3). Temperature is very important parameter,
which influences all physical, chemical and biological transformations in aquatic environment.
The lowest value of water temperature in the investigated sites was recorded in winter (19.5°C),
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while the highest one was in summer (30.1 °C). This agrees with that stated by Abdel-Star
(2005), El-Enany (2009), and Saad et al. (2015).

Transparency attained its highest value in summer, autumn and spring (200 cm), but its
lowest one (70 cm) was recorded in summer. This agrees with that stated by Abdel Gawad and
Mola (2014) and Saad et al. (2015). The highest value (542 umhos) of Electrical Conductivity
(EC) was recorded in winter but the lowest one (311 pmhos) was measured in spring. This was
in agreement with that stated by Abdel Gawad and Mola (2014). But this contradict with that
stated by Saad et al. (2015) who found that the highest value of Electrical Conductivity (EC) was
recorded at El-kanater El-Khairiya site during winter. This may attributed to the effect of
discharged washable water from El-kanater water sites during washing times.

The highest average value of dissolved oxygen (12.5 mg/l) was recorded at site 5 during
winter, but the lowest one (6.1 mg/l) was showed at the site 4 during winter. Dissolved oxygen in
the investigated area showed relatively increasing during autumn, winter and spring compared to
summer. These results agreed with EI-Enany (2004) and Abdel-Aziz, (2005). Moustafa et al.
(2010) mentioned that dissolved oxygen is considered as an important parameter in assessment
the degree of pollution in natural water. EI Bouraie et al. (2008) stated that at Nile delta the
highest BOD values is an indicator to the excessive export of biodegradable organic matter that
increases the de-oxygenation of water to the level where fish and other aquatic life cannot
survive.

The highest pH value (8.58) was recorded in winter but the lowest one (7.16) was
measured in summer. This agrees with that stated by Saad et al. (2015) who found that the
lowest values of pH at River Nile were recorded during summer and might be due to the effect of
inflowing industrial wastewater in some discharged points. On the other hand, Abdel-Satar
(2005) reported that the lowest pH value was related to the high bicarbonate (HCO3)
concentration in water as a result of decreased uptake of CO, by phytoplankton. The highest and
the lowest average values of BOD being 6 and 1.9 mg/l were measured in summer and winter,
respectively.

Table (2): Variations of Physico-chemical parameters at the different studied sites in River
Nile at Qanater region during summer and autumn.

Seasons Sites Temp Trans. EC DO pH BOD T.D.S

Summer Stl 28.5 200 400 8.2 8.24 2.3 188
St2 29.5 150 379 8.5 8.24 2.1 190
St3 29.8 100 388 8.3 8.21 2 192
St4 30.1 90 375 9 8.45 3 187
St5 30 100 370 11 8.4 4 185
St6 29.3 80 376 8 7.16 6 188
St7 29.5 100 381 9.1 8.4 2.4 188
St8 29.9 70 373 8.7 7.16 2.2 187

Autumn Stl 21.2 100 441 10.9 8.31 3.5 282
St2 21.2 125 439 9 8.2 3 281
St3 21 102 438 10.5 8.18 2.7 280
St4 20.9 150 439 9.2 8.23 2.5 281
St5 20.7 200 432 115 8.25 3.2 276
St6 20.7 100 434 10.3 8.19 4.3 278
St7 20.9 150 432 11 8.24 4.2 276
St8 20.8 150 438 9.5 8.08 5.6 281
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Table (3): Variations of Physico-chemical parameters at the different studied sites in River

Nile at Qanater region during winter and spring.

Seasons | Sites | Temp Trans. EC DO pH BOD T.D.S
Stl 20.3 150 542 10.9 8.61 2.1 350
St2 20.2 175 430 10.5 8.62 2 282
St3 20.8 150 392 9.8 8.51 1.9 251

Winter St4 20 150 386 6.1 8.54 3.5 247
St5 20.1 75 379 12.5 8.55 2.1 214
St6 19.5 100 392 12 8.58 1.9 251
St7 19.8 85 385 11.8 8.6 3 246
St8 20.8 150 393 11.1 8.27 2.9 252
St1 28 130 325 10 8.24 5.2 208
St2 29.6 100 322 8.8 8.21 3.6 206
St3 28.6 150 316 11.2 8.13 3.2 202

Spring St4 28 100 317 10.4 8.22 6 203
St5 28.7 200 319 12 8.35 2.8 204
St6 28.4 100 311 9.2 8.15 4.4 198.8
St7 28.7 100 316 11.6 8.33 5.2 202
St8 28.6 150 313 12.4 7.97 5.2 200

Macrobenthic Invertebrates:

The maximum occurrence of macrobenthic invertebrates was collected during spring and
the minimum ones occurred during winter; being 2004 and 460 Org./m*, respectively. This
agrees with the results of Iskaros and El-Dardir (2010). Annelida occupied the highest population
density of the total macrobenthic fauna as represented by 54.1 % followed by Mollusca (43.5%)
and then Arthropoda (2.3%) (Table 4). The obtained percentages not coincided with Fishar
(2005) who mentioned that Mollusca recorded the highest population density of the total
macrobenthic fauna. The present result agrees with Aboul-Ezz (1988), ElI-Shabrawy & Khalil
(2003), Barbary & El-Shabrawy (2004), EI-Shabrawy & Rizk (2005), Fishar (2005) and Saad et
al. (2015).

The highest seasonal average number of Annelida was observed during spring (944 Org.
/m?) while the lowest was observed during autumn (215 Org. /m?). Also, Mollusca recorded its
highest average number (1027 Org. /m?) during spring, while the lowest was observed during
winter (88 Org. /m?). This may be due to increasing of Melanoides turberculata which the most
common Mollusca species in investigated area. It recorded the highest average during summer
(229 Org./m?) and the lowest average during winter (13 org./m?) and formed ( 22.62 % ) of the
total Mollusca .This is in agreement with Abuel Ezz (1984); Abdel Aziz (1987); ElI Shabrawy
(1993); Fishar (1995) and Samaan et al., (1995) who stated that summer was the flourishing
season. Limnodrilus spp. is the most dominant species being 93.24 % of the total Annelida with
average of (538 Org. /m?). This result agrees with Mola and Abdel Gawad (2014) and Saad et al.
(2015). Iskaros and El-Dardir (2010) reported that the predominance of oligochaetes in Lake
Nasser. was due to their ability to adapt to various habitats and to their tolerance to low oxygen
content or anoxic conditions. The present study is agreed with Bendary (2013), particularly
agreed with Zaki (2008), Khalil et al. (2013) and Saad et al. (2015).
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Table (4): Average density (Org./m?) and percentage of different macrobenthic
invertebrates (MBI) and those associated with M. spicatum (MY) from River Nile at
Qanater region during the study period.

Phvl MBI MY

ylium Number % Number %
Annelida 577 54.1 756 35.26
Mollusca 464 43.5 3 0.14
Arthropoda 25 2.3 1385 64.60
Total 1066 100 2144 100

Macrobenthos association with Macrophytes (M. spicatum):

The macroinvertebrates associated with M. spicatum in the investigated sites of river Nile
during the study period is shown in Table (5). A total of 16 species of living macroinvertebrates
were identified and include 13 species belonging to Insecta, 2 species of Annelida and one
species of Mollusca. Insecta occupied most population density of the total macrobenthic fauna
with 64.60%, followed by Annelida (35.26%) and Mollusca (0.14%) (Table 4). Arthropoda
(Insecta) was the most abundant group in the investigated area.

The highest annual average of Arthropoda population was recorded during spring (3366
Org/m?), This is mainly due to increase number of Insecta. But the lowest annual average of
Arthropoda population was recorded (35 Org/m?) during autumn. This result agrees with El-
Tantawy et al. (2003) and Abd EL-Karim et al. (2009).

Chironomus larvae were the most dominant species of Arthropoda (96.97 % of total
Arthropoda) with an annual average density of 1344 Org. /m?. The highest average density (3331
Org. /m?) during spring while the lowest average density (2046 Org. /m?) was recorded during
winter. This result agree with Stahl (1986) mentioned that these larvae are wide spread and
abundant in all kinds of inland in lakes. Wirth and Stone (1968) stated that Chironomus larvae
are most abundant in lakes, ponds and streams favored by growth of aquatic plants. This partially
agrees with the other various studies which stated that the peak of chironomus larvae was
recorded during winter and spring (Samaan and Aleem, 1972; Samaan, 1977; Iskaros, 1988;
Fishar, 1995 and Abdel Gawad, 1993).

Limnodrilus sp. was the most dominant species while it is rare or disappear in association
with submerged plants of macrobenthic which attributed to its nature in adaptation with the
bottom. Contributed 99.21 % of the total Arthropoda. It recorded the highest average density
(2055 Org. /m?) during autumn. But the lowest one (18 Org. /m?) was recorded during winter.
This observation agrees with El-Tantawy et al. (2003), Ibrahim and Mageed (2005), Abd EL-
Karim et al. (2009), Khalil et al. (2013), Mola and Abdel Gawad (2014) and Saad et al. (2015).
Also, Iskaros and El-Dardir (2010) reported that the predominance of oligochaetes in Lake
Nasser. was due to their ability to adapt to various habitats and to their tolerance to low oxygen
content or anoxic conditions which is suitable for these species (Fishar, 1995; Abdel Salam and
Tanida, 2013), to their ability to adapt to various habitats and their tolerance to oxygen depletion
related to excess decomposable organic matter present in the environment (Rashid and Pandit,
2014). This observations agreed with the present study which showed negative correlation
between dissolved oxygen and Limnodrilus sp. (-0.25).
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Table (5): List of recorded macrobenthic invertebrates taxa associated with M. spicatum
from River Nile at Qanater region during the study period.

Phylum

Classe

Order

Family

Species

Arthropoda

Insecta

Diptera

Chironomidae

Chironomus larvae
(Meigan, 1803)

Pupa of chironomidae
(Meigan, 1803)

Larvae of Microtendipes sp.

Coleoptera

Psephenidae

Psephenidae sp.
(0, 1854)

Trichoptera

Trichoptera sp.
(Kirby, 1813)

Coleoptera

Dytiscidae

Dytiscidae sp.
(Leach, 1815)

Hemiptera

Corixidae

Adult of Micronecta plicuta
(Costa, 1875)

Ephemeroptera

Caenidae

Caenis sp.
(Stephens, 1835)

Odonata

Coenagrionidae

Ischnura sp.
Charpentier, 1840

Nymph of Enallagma sp.
(Charpentier, 1840)

Corduliidae

Nymph of Neurocordulia sp.
(Selys, 1871)

Libellulidae

Perithemis sp.
Hagen, 1861

Crustacea

Decapoda

Atyidae

Cardina nilotica
(P.Roux, 1833)

Annelida

Oligochaeta

Haplotaxida

Tubificidae

Limnodrilus sp.
(Claparede, 1862)

Hirudinea

Rhynchobdellida

Glossophonidae

Helobdella conifer
(Moor, 1933)

Mollusca

Gastropoda

Basommatophora

Physidae

Physa acuta
(Draparnaud, 1805)

Statistical analysis:
Diversity Indices:

Data in Table (6) indicated that the highest number of species among the collected
macrobenthic invertebrates was 13 at site 2, while lowest one (S= 3) at site 3. The highest value
of the species richness was recorded for macrobenthic invertebrates at site 2 (SR=1.35), while
the lowest value was recorded at site 3 (SR= 0.24). The highest evenness (E = 0.88) was
recorded at site 8 but the lowest (E = 0.29) was recorded at site 3. The highest Shannon (H =
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1.75) was recorded at site 7 but the lowest (H = 0.20) was recorded at site 3. The highest
Simpson (A = 0.79) was recorded at site 7 but the lowest (A = 0.10) was recorded at site 3.

It was obvious from Table (6) that for macrobenthic invertebrates associated with
macrophytes (M. spicatum), site 1 has the highest number of species (S =11), while sites2 & 4 &
5 have the smallest number of the species (S=5) during the whole period of study. The value of
species richness was found in site 3 (SR=1.12), while the lowest value was recorded at site 2
(SR=0.51). The highest evenness (E = 7.06) was recorded at site 6 but the lowest (E = 0.11) was
recorded at site 8. The highest Shannon (H = 0.91) was found at site 5 but the lowest (H = 0.10)
was recorded at site 2. The highest Simpson (A = 7.29) was found at site 8 but the lowest (A =
0.14) was recorded at site 7.

Table (6): Diversity of macrobenthic invertebratesat bottom and those association with
macrophytes (M. spicatum) in the sampling sites of the River Nile during the
study period (from August, 2014 to May, 2015).

Sites S Richness Evenness Shannon Simpson

(No. of
species)

MBI | MY | MBI MY MBI MY MBI MY MBI MY

1 10 | 11 1.05 1.12 0.44 5.98 0.96 0.14 0.43 4.21

2 13 5 1.35 0.51 0.44 6.29 1.05 0.10 0.43 3.2

3 2 10 0.24 1.12 0.29 591 0.20 0.13 0.10 4.17

4 8 5 0.94 0.68 0.74 0.39 1.43 0.63 0.70 0.28

5 8 5 0.62 0.77 0.47 0.56 0.75 0.91 0.46 0.45

6 9 8 1.20 0.85 0.69 7.06 1.52 0.14 0.68 4.61

7 11 9 1.22 0.99 0.76 0.17 1.75 0.38 0.79 0.14

8 7 6 0.73 0.59 0.88 0.11 1.59 0.21 0.78 7.29

MBI = Macrobenthic invertebrates. MY = macroinvertebrates associated with M. spicatum.

The Correlation coefficient:

Correlation coefficient matrix between physic-chemical parameters and the dominant
species of bottom fauna is shown in Table (7). Data showed negative correlation between
Melanoides tuberculata and total dissolved solids and electric conductivity (r = - 0.25 and -
0.14), respectively. On the other hand, a positive correlation coefficient matrix were between M.
tuberculata and temperature, (r = 0.30 respectively). Limnodrillus sp. showed positive
correlation with temperature and biological oxygen demand (r = 0.26 and 0.21) but it appears
negative correlation with biological oxygen and total dissolved solids (r =- 0.26 and - 0.20).
Also, matrix of Correlation coefficient between macrobenthic invertebrates and those associated
with M. spicatum during different seasons (Table, 8) showed a positive correlations being 0.42,
0.52, 0.15 and 0.07 during summer, autumn, winter and spring, respectively.
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Table (7): Correlation coefficient matrix between physico chemical patamters and
bottom fauna during the present study.

Parameters |PH TDS | Temp EC Trans | DO BOD [ Moll. | Annel. | Arthro. | Melan. | Theo.
PH 1.00

TDS 0.34 ] 1.00

Temp -0.43 | 0.87 1.00

EC 0.20 | 0.83 [ -0.68 1.00

Trans -0.59 | 0.34 037 | -0.07 1.00

DO 0.31) 020 | -0.26 -0.05 ] -0.33 | 1.00

BOD -0.38 | 0.17 0.25 -0.38 0.10 [ 0.02 1.00

Moll. 0.10 | 0.32 0.41 0.52 0.13 [ 0.29 0.58 | 1.00

Annel. -0.20 | 0.13 0.20 -0.15 0.10 | -0.25 044 | 0.13 1.00

Arthro. -0.05 | 0.13 [ -0.06 0.03] -011f 005 0.31] 0.12 0.39 1.00

Melan. -0.11 | 0.25 0.30 -0.14 | 0.05| -0.14 ] -0.02 | 0.25 0.19 -0.08 1.00

Theo. -0.07 | 0.24 0.24 -0.17 [ 0.06 | 0.24 0.13 | 0.27 -0.07 0.24 -0.13 1.00
Limnodrilu -

S Spp. -0.07 | 0.20 0.26 -0.16 0.10 | -0.26 021 | 0.12 0.82 0.06 0.49 | -0.12

Temp= Temperature, Moll.= Mollusca, Annel.= Annelida, Arthro.= Arthropoda, Melan.= Melanoides sp., Theo.= Theodoxus sp.

Table (8): Correlation coefficient matrix between macrobenthic invertebrates (MBI) and
those associated with myriophyllum spicatum (MY) during different seasons from the
investigated sites.

Spring Summer Autumn Winter | Spring | Summer | Autumn | Winter
MBI MBI MBI MBI MY MY MY MY
Spring MBI 1.00
Summer MBI 0.18 1.00
Autumn MBI 0.18 0.14 1.00
Winter MBI 0.17 -0.25 -0.44 1.00
Spring MY 0.07 0.33 -0.25 -0.35 1.00
Summer MY 0.53 0.42 0.60 0.13 -0.15 1.00
Autumn MY 0.67 -0.25 0.52 -0.24 0.14 0.42 1.00
Winter MY 0.89 -0.04 -0.10 0.15 0.35 0.17 0.66 1.00

Conclusion

The highest average numbers of Aquatic invertebrates were recorded at the sites before
dams due to the stability of water environment in each bottom and submerged plants, while the
lowest numbers were observed in sites at Rosetta and the other sites after dames and this might
be due to the effect of strong water current which decrease and prevent macroinvertebrates from
association with aquatic plant. Also, we can conclude that, the increase in macrobenthic
invertebrates is accompanied with increasing of macroinvertebrates associated with macrophytes
(M. spicatum). This was confirmed by the high positive correlations between them.



30
El-Damhogy K.A. et al.

REFERENCES

Abd El-Karim, M.S.; Fishar, M.R. and Abdel Gawad, S.S. (2009). Epiphytic algae and
macroinvertebrates communities of Myriophyllum spicatum Lemn and their Cascade in
the littoral food Web of Lake Nasser, Egypt. Global Veterinaria, 3 (3): 165-177.

Abdel Aziz, G.S. (2005). Study on the water quality of the River Nile with the environmental
condition at El-Kanater El-Khyria region. M.Sc. Thesis, Chem. Dept, Fac. Sci., Al-Azhar
Univ.188pp.

Abdel Gawad, S.S. and Mola, H.R.A. (2014): Macrobenthic invertebrates in the main channel of
Lake Nasser, Egypt. Egypt. J. Aquat. Res., 40: 405-414.

Abdel Salam, K. and Tanida, K. (2013). Diversity and spatio -temporal distribution of macro
invertebrates communities in spring flows of Tsuya Stream, Gifu prefecture, central
Japan. Egypt. J. Aquat. Res., 39: 39-50.

Abdel Satar, A.M. (1998). Distribution of some elements in River Nile environment at Great
Cairo region. Ph.D. Thesis, Fac. of Sci., Cairo, Egypt.

Abdel Satar, A. M. (2005). Water Quality Assessment of River Nile from Idfo to Cairo. Egypt. J.
Aquat. Res., 31:200-223.

Aboul Ezz, S.M. (1984). Limnological investigations on zooplankton and benthos in Lake
Burollus. Ph.D. Thesis, Fac. Sci., Mansoura Univ., 340PP.

Aboul Ezz, S.M. (1988). Periodicity and distribution of bottom fauna in the hyper saline
Bardawil lagoon. Bull. Nat. Inst. Ocean. & Fish., 14(1): 159 — 174.

Agami, E. A. M. (1989): Morphological and biological studies on certain Egyptian
corixids (Hemiptera: Corixidae). M. Sci. Thesis, Cairo University, Egypt.

APHA (2005). APHA: Standard Methods for the Examination of Water and Wastes, 18th ed.,
American Public Health Association, Washington, DC.

Barbary, M.S.A. and El-Shabrawy, G.M. (2004). Community structure and biochemical
parameters of annelid worms in Bardawil Lagoon. J. Egypt. Ger. Soc. Zool., 45(D):469 -
492.

Battle, J.M.; Golladay, S.W. and Clayton, B. (2001). Aquatic macroinvertebrates and water
quality characteristics in five wetland types: preliminary results on biomonitoring, pp.
333-336. In: K. J. Hatcher (ed.), Proceedings of the 2001 Georgia Water Resources
Conference. Institute Ecology, University of Georgia, Athens.

Bendary, R.E.E. (2013). Ecological studies on macrobenthic invertebrates associated with
macrophytes in River Nile, Egypt. M.Sc. Thesis, Zool. Dept. Fac. Sci., Ain shams Univ.,
207pp.

Cattaneo, A. (1983). Grazing on epiphytes. Limnology and Oceanography, 28: 124-132.

Chin, D. A. (2000): Water- Resources Engineering. Prentice-Hall Inc. Upper Saddle
River, New Jersey, PP 585-635.

Dvorak, J. and Best, E.P.H. (1982). Macro-invertebrate communities associated with the
macrophytes of Lake Vechten: structural and functional relationships. Hydrobiologia,
95: 115-126.

El Bourie, M. M. Y.; Motawea, E. A.; Mohamed, G. G. and Yehia, M. M. (2011): Water
quality of Rosetta branch in Nile delta, Egypt. Suoseura-Finnish Peatland Society Suo
62(1): 31-37.

El Bourie, M.M.Y. (2008). Evaluation of organic pollutants in Rosetta branch water-river Nile.

M.SC. Thesis. Fac., of Sci., Tanta Univ., Egypt.



31
The relationship between macrobenthic invertebrates and those associated with Plants
(Myirophyllum spicatum) in River Nile at Qanater region, Egypt

El Shabrawy, G.M.M. (1993). Studies on invertebrates in the first Lake of Wadi ElI Rayan
Depression. M.Sc. Thesis, Fac. Sci., Zagazic Univ., 200PP.

El Tantawy, S.A.; Bishai, R. M.; Abdel Latif, A. F.; Samaan, A.A. and Iskaros, I.A. (2003).
Species composition and seasonal population dynamics of the benthic fauna in Khor
Kalabsha, Lake Nasser, Egypt. Egyp. J. Aquat. Biol. & Fish., 7(4):211-240.

El-Enany, H.R. (2004). Ecological studies on Lake Manzalah with special references to their
water quality and sediment productivity. M.Sc. Thesis, Zool. Dept. Fac. Sci., Al Azhar
Univ., 379pp.

El-Enany, H. R. (2009): Ecological studies on planktonic and epiphytic microinvertebrates in
Lake Nasser, Egypt. Ph. D. Zool. Dept.Thesis, Fac. Sci. Banha Univ., 311pp.

El-Gohary, F. (1994): Comparative environmental risks in Cairo: Water pollution problems, in
comparing environmental health risks in Cairo, Egypt, USAID & GOE, vol. 2, p.2.1.

El-Shabrawy, G.M. and Khalil, M.T. (2003). Macrobenthos of Lagoon Bardawil and Zaranik
Lagoon. A report presented to Nature Conservation Sector, EEAA. Med Wet Coast
Project, Conservation of Wetland and Coastal Ecosystems in the Mediterranean Region,
Ecological Survey of Zaranik Nature Protectorate, GEF, 30 pp.

El-Shabrawy, G.M. and Rizk, E.T. (2005). Long-term changes and community structure of
macrobenthic Arthropoda and Mollusca in Bardawil Lagoon. Thalassia Salentina. 28: 17-
30.

Fishar, M.R.A. (1995). Studies on bottom fauna in Lake Nasser, Egypt, (Ph.D. Thesis). Suez
Canal Univ., p. 267.

Fishar, M.R.A. (2005). Ecology of benthic communities of Lagoon Bardawil, Egypt. B.
Macrobenthos. J. Aquat. Biol. & Fish., 9 (2):53-71.

Goher, M. E. (2002): Studies on the precipitation and dissolution of some chemical element in
Lake Qarun, Ph.D. Thesis. Fac. Al Azhar Univ. Egypt.

Holme, N. A. and Mcintry, A.D. (1971). Methods for the study of Marine Benthos. International
Biological Programme 7 Marylebone Road NWI. Blackwell Scientific Publications,
Oxford and Edinburgh.

Ibrahim, E.A and Mageed, A. A. A. (2005): Project for studying the distribution of algae and
aquatic plants in Lake Nasser. Final Report, National Institute of Oceanography and
Fisheries, Cairo.

Iskaros, I.A. and El-Dardir, M. (2010). Factors affecting the distribution and abundance of
bottom fauna in Lake Nasser, Egypt. Nature and Science, 8(7): 95-108.

Khalil. M.T.; Fishar, M.R.; Khalifa, N.; Sleem, S.H. and Bendary, R.E. (2013). Ecological
studies on macroinvertebrates associated with aquatic macrophytes in the River Nile,
Egypt. Proc. of the International Conference of Environmental Sciences21- 22 May
(2013) - pp. 191 — 206.

Merritt, R.W.; Cummins, K.W. and Berg, M.B. (2008). An Introduction to the Aquatic Insects of
North America. 4th (Edition) Kendall Hunt Publishing.Dubuque, lowa, U.S.A. 1158 pp.

Mola, H. R. A. and Abdel Gawad, S.S. (2014). Spatio-temporal variations of macrobenthic fauna
in Lake Nasser Khors, Egypt.(2014). Egypt. J. Aquat. Res., 40: 415-423.

Moustafa, M.M.; Ali, M.H.H.; Abdel satar, A.M.; Mohamed, T.Y. and Madbouly, S.M. (2010).
Water quality assessment of Rosetta and Damietta Branches, River Nile, Egypt. Afr. J.
Biol. Sci., 6 (2): 127-142.



32
El-Damhogy K.A. et al.

Petr, T. (1968). Population changes in aquatic invertebrates living on two water plants in a
tropical manmade lake. Hydrobiologica, 32: 449-485.

Rashid, R. and Pandit, A.K. (2014). Macroinvertebrates (Oligochaetes) as indicators of
pollution: a review. J. Ecol. Nat. Environ., 6(4): 140-144.

Ravindra, K.; Meenakshi, A.; Rani, M. and Kaushik, A. (2003). Seasonal variations in physico-
chemical characteristics of River Yamuna in Haryana and its ecological best-designated
use. J. Environ. Monit., 5: 419-426.

Saad, A.A.; Emam, W.M.; Mola, H.R.A. and Omar, H.M. (2015). Effect of pollution on
macrobenthic invertebrates in some localities along the River Nile at Great Cairo, Egypt.
Egypt. J. Aquat. Biol. & Fish., 19(2): 1-11.

Samaan, A.A.; Aboul Ezz, S.M.; Salem, S.A. and Soliman, A.M. (1995). Benthic fauna of
Rosetta Nile branch (Egypt). Bull. Nat. Inst. Oceanogr & Fish., A.R.E. Vol 21.

Shakweer, L. (2006). Impacts of drainage water discharge on the water chemistry of Lake Edku ,
Egypt. J. Aquat, Res., 32(1): 264-282.

Stahl, J. B. (1986). A six year study of abundance and voltinism of Chironomidae (Diptera) in an
Illinois cooling reservoir. Hydrobiologia, 134: 67-79.

Wirth, W.W. and Stone, A. (1968). Aquatic Diptera, P.372-482 in R.L. Usinger (ed.), aquatic
insects of California. Univ. Calif. P.R. Los Angeles.

Zaki, H.Y.M. (2008). Survey on snail populations at Abis district, Egypt. M.Sc.
Thesis, Dept. Parasitology, Fac. Vet. Med., Alexandria Univ., 94 pp.

Sl e A atiSlun) andid g peal) bl Ll ABaailad) culy JLEENY) § Ao LAl) culy L) (o ABDlal)

Las) gllae oyl 2 Jsalle alda 2 Ll Lo e sgedl) A
rae— Al 58 SV daals — o lall LIS () pall ale aud -]
rae— Al — ) juaill (5101, Saalls el o slal o gill agaall -2

oaldiall

b} dilaia 8 arld g yaall bl clilally dieailall eyl 5 el iy DUy 28Dl Al 50 D) sl 138 Caagy
el O an s am Agla€ s 3l Galliadll any 50 N ALYL Jil ei b Lo sa5 ) sl Ailall il ST ysiny 5201
2o/ (S 460 52/ (AS 2004 Asae oLl Jead 3 )an) 55 Ll Laias o)) Jusd 8 aliani o A Gl ol SO (5000 28 58
cll G laae Jef il ) clas 385 2/ (6 944 g ) JYA 35 gl Cllall (e 5l aaall I Gl g 9 sl e
ot gl Jad (3 %/ (IS 3366 L) L (o) il pulid 5 paall ity ddacatlal) by JaS) S 5, %o/ (IS 1027 Luad
gy e sana 3 () i g 53 18 S e e lalae] calas Zue ) el a1 o jial) slaef 8 A1 saly 50 ) @l
16 J8l g i aae bl ddailall by ) cilas Laiy | )58 3 Ja )Y Clbiaia s ¢ 531 10 Glysa s g1 5 clalall a
8L O G Al pall caald 85 il e a5 g sis Ole st Ll s £ 53 13 da LY lliaie ) lalins aliip 5
A Al Jalsi {1 A8y I 2S5 a8 g gl pud & il Aeailall culy ) aae 8 30k U sacaa ()5S0 due ) el JladU) s
Ll Aiailal) o A ) ey )



