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INTRODUCTION  

 

A sieve or mesh with pore sizes ranging from 0.2 to 0.5 mm, commonly used in 

stream sampling equipment, can capture a wide variety of spineless animals known as 

macroinvertebrates. According to Winterbourn (1999), various macroinvertebrate 

species found in streams include worms such as segmented roundworms, eelworms, and 
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Macroinvertebrates (MBI) serve as a food source for various animals in both 

aquatic and terrestrial environments. Consequently, they are important indicators 

of ecosystem health and functionality. This paper investigated the 

macroinvertebrate fauna of Lake Timsah and the western lagoon seasonally, 

exploring variations in community distribution and physicochemical parameters to 

correlate these factors with macroinvertebrate abundance and seasonal changes. A 

total of 43 species were collected, belonging to six groups. The most abundant 

group was Arthropoda, comprising 48.23% of the total MBI, with an annual 

average of 22,412 individuals per square meter (ind./m²). Mollusca contributed 

38.25% of the total MBI, averaging 17,776 ind./m² annually. Annelida and 

Chordata had annual averages of 4,544 and 1,491 ind./m², respectively. From June 

2022 to May 2023, approximately 24 water samples were taken from both the lake 

and the western lagoon on a seasonal basis. Higher levels of dissolved oxygen 

were observed in the tested samples during spring compared to other seasons, 

ranging from 11.2 to 6.96mg/ L. The pH levels varied from 7 to 9.5, with the 

maximum mean value (9.5) recorded in autumn, while the average salinity in 

summer was 30.5‰. The MBI displayed spatial distribution variations across the 

study sites, with Timsah Lake exhibiting the highest number of species and 

individuals (41 species, 40,275 ind.) compared to the western lagoon (20 species, 

6,198 ind.). The highest seasonal density at Timsah Lake occurred in summer 

(12,579 ind./m²), while the western lagoon recorded its highest density in winter 

(11,862 ind./m²). Principal component analysis (PCA) revealed a strong positive 

correlation with the most prevalent MBIs, particularly Bivalvia and Crustacea, 

across all seasons. Canonical correspondence analysis (CCA) indicated that the 

physicochemical parameters tested in Lake Timsah during summer, autumn, and 

spring had a strong positive association with MBIs, including Polychaeta, 

Cnidaria, and Crustacea. 
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flatworms; mollusks viz. snails and bivalves; crustaceans, including shrimp, crayfish, and 

similar groups; mites; and, most importantly, insects. Many factors determine where and 

how invertebrates that inhabit streams are distributed. The most important factors include 

temperature with altitude and season effects (Sullivan et al., 2004; Sporka et al., 2006; 

Joshi et al., 2007), and current speed (Donohue et al., 2006; Hussain, 2011). Moreover, 

vegetation (Subramanian & Sivaramakrishnan, 2005) and substratum (LeCraw & 

Mackreth, 2010) play an integral part. 

Most invertebrates play a crucial role in stream ecosystems. They feed on 

periphyton, which helps control blooms, assist in the decomposition of organic matter, 

and facilitate nutrient cycling. Additionally, they serve as prey for predators such as fish 

(Hynes, 1970; Jimoh et al., 2011; Uwem et al., 2011). 

The biomass and community structure of macroinvertebrates can be impacted by 

environmental changes such as sediment quality, habitat features, and water temperature 

(Veiga et al., 2016; Wang et al., 2021). Therefore, macroinvertebrates are commonly 

used as a practical biological marker to monitor and assess the state of habitats found in 

rivers, lakes, and seas (Wang et al., 2021). 

Timsah Lake is located in the middle section of the Suez Canal, which is roughly 

16 square kilometers in size and ranges in depth from 3 to 16 meters. Swimming is 

prohibited in the lake. The lake is recognized as one of the most efficient lakes in 

proximity to the Suez Canal, as signed by Madkour et al. (2006). On its western side, the 

lake is connected to a little, shallow lagoon. Additionally, it is a narrow road that 

contributes significantly to Ismailia City's revenue as the primary destination for tourists 

and fishermen. However, over the past few years, Lake Timsah has seen major 

environmental changes brought on by a variety of anthropogenic activities such as Saad 

El-Din et al. (2013). Unfortunately, the ecosystem surrounding Timsah Lake has been 

critically polluted for the past thirty years. Toxic metals, petroleum pollutants, and 

insecticides have all been found in the soil, water, and edible aquatic creatures (Gabr & 

Gab-Alla, 2008). According to Cendrero et al. (2020), anthropogenic activities, at all 

levels, have a greater impact on the environment than natural processes. 

According to Abd El Samie et al. (2008), Timsah Lake—particularly its northern 

and eastern regions—experiences high discharge levels due to various events occurring 

nearby. As a result, the lake's water quality is noticeably more polluted than that of the 

adjacent Suez Canal. Despite exposure to pollutants or environmental changes, such as 

shifts in water quality, most invertebrates tend to remain in their habitats. However, 

pollution can lead to a less complex community composition, favoring more tolerant 

species, while still maintaining high numbers of a single species. This may result in an 

increase in species variety and abundance, along with a reduction in individual size. 

Assessing the diversity and functions of various species groupings can provide insights 
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into the health of the benthic macrofaunal community, making them effective indicators 

of environmental health (Dar et al., 2018).  

Research on the macro-invertebrates of Lake Timsah is limited in comparison to 

other lakes in Egypt. The majority of studies have focused on particular macro-benthic 

fauna groups despite the lake being just one of many sites along the Suez Canal. Several 

studies have focused on monitoring the diversity and distribution of zooplankton (Abo-

Zaid, 1990; El-Sherbiny et al., 2011; El-Damhougy et al., 2019), fouling organisms 

(Emara & Belal, 2004), specific bivalve molluscan species (Mohammad et al., 2009, 

2014), and benthic polychaetes (Belal & Ghobashy, 2012).   

Several studies have focused on the Western Lagoon, which serves as the western 

gateway to Timsah Lake and is a primary source of pollution for the lake. The most 

recent comprehensive study by Belal et al. (2016) examined macro-benthic diversity and 

density under various conditions in Timsah Lake (at three stations) and the Western 

Lagoon (at ten stations) between the fall of 2014 and the summer of 2015. Given the 

significance of Lake Timsah and the Western Lagoon for tourism, recreational activities, 

and fishing, it is crucial to assess the current state of the lake. The primary objective of 

this study was to identify the macro-benthic fauna of Timsah Lake and the Western 

Lagoon and to investigate the relationship between seasonal variations, physicochemical 

changes, and the distribution of macroinvertebrate fauna in both locations. This 

assessment was necessary to obtain up-to-date data on the dynamics of the invertebrate 

community in the lake. 

MATERIALS AND METHODS  

 

1. Site of collection 

Timsah Lake, with a surface area of 15km², a variable depth ranging from 3 to 16 

meters, and a water volume between 90 and 106 million cubic meters, is located 80km 

south of Port Said at the midpoint of the Suez Canal. It lies between latitudes 30° 33' and 

30° 35' N and longitudes 30° 16' and 30° 19' E (Fig. 1). The two locations selected for 

this study, Timsah Lake (30.56° N, 32.29° E) and Western Lagoon (30.57° N, 32.26° E), 

represent different physical conditions and faunal diversity within the lake. 
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Fig. 1. Timsah Lake map displaying the two collection sites: Western Lagoon (station 2) 

and the lake itself (station 1) 

 

2. Obtaining and analyzing samples 

Seasonally, water samples were taken from the lake's interior (about 30cm below the 

surface) between June 2022 and May 2023. For the other physico-chemical examination, 

samples were gathered in a Ruttner water sampler bottle and kept at 40C in the dark. 

 

3. Physicochemical parameters 

To ascertain the physicochemical characteristics, in situ measurements of surface 

water temperature, pH, and dissolved oxygen (DO) were conducted using a Hydro Lab 

version 4. Seasonal assessments of nutrient salts in lake water samples were performed 

with a JENWAY spectrophotometer following the conventional procedures outlined in 

APHA (2005). These assessments measured dissolved phosphorus, ammonia, nitrates, 

and nitrites. 

 

4. Macro-benthic fauna identification 

The macro-benthic fauna was collected using a Van Veen grab, which has a seabed 

opening area of 0.0288m². To anesthetize the organisms, each sample was submerged in a 

10% formalin solution after being kept for four hours in a shallow white glass panel 

containing 7% magnesium chloride in the lab. Species identification was conducted using 

stereo and compound microscopes. Polychaete species were identified based on the 

works of Müller (1771, 1776), Blainville (1818), Delle Chiaje (1827, 1828), Örsted 

(1843), Philippi (1844), Mörch (1863), Malmgren (1867), Verrill (1873) and Horst 
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(1924). Arthropod species were identified according to da Costa (1778), Fabricius 

(1787), Weber (1795), Fabricius (1798), Herbst (1801), Milne (1834, 1831), de Haan 

(1835) and Costa (1853). Molluscan species were identified following Linnaeus (1758), 

Born (1778), Gmelin (1791), Olivier (1804), Brocchi (1821), Reeve (1845), 

Valenciennes (1846), Philippi (1846) and Krauss (1848). Holothurian species were 

identified through their dermal ossicles based on the studies of Delle Chiaje (1824) and 

Selenka (1867). 

5. Statistical analyses 

5.1. Diversity indices 

Using Past Program version 5, diversity indices, such as species richness, Shannon–

Wiener, Simpson and evenness, were applied to data at specific sites. 

 

a. Shannon–Wiener index (H′) 

Following Weber (1973), the Shannon–Wiener index of species diversity was applied 

using the following formula: 

                                       H′ ∑ (ni ∕ N) lin2 (ni ∕ N) 

Where, ni is the number of individuals of species, and the total number of individuals is 

denoted by N. 

Medium pollution is indicated by a diversity index between 0 and 3, while pure water is 

indicated by a diversity value more than 3 (Wilhm, 1972). 

 

b. Species richness index or Margalef’s diversity index (d) 

Margalef's diversity index (d), often known as the species richness index was 

calculated as follows: 

                                     d = n-1 / log N 

A straightforward ratio between the total number of individuals (N) and the total number 

of species (n) was used to express it (Margalef, 1958). 

 

c. Evenness index (J) 

Since S is the total number of species in each sample and H′max is the number of 

maximal theatric diversity, the evenness index (J) was calculated using the Shannon 

index: 

                                         J = H’/ln(s) (Shannon & Wiener, 1963). 

 

 

 



El-Rashedy et al., 2024 404 

d. Simpson index 

The dominance index, as described by Simpson (1949), is calculated using the total 

squares of the species' proportions within a community. It is expressed with the formula:                                                                                     

C = Σ (ni / N)2 

In this formula, C is the dominance index; ni is the important value for each species, and 

N is the total importance value. 

 

5.2. Correlation coefficient 

Office Excel 2007 was used to conduct correlation coefficient analysis, illustrating 

the relationships between environmental factors and the dominant groups and species. 

Additionally, principal component analysis (PCA) was performed using the XL Stat 

Program 2019 to analyze the relationships between biological and environmental factors. 

 

RESULTS  

 

1. Physico-chemical parameters 

Fig. (2) shows the average values of the chosen parameters over the lake and the 

Western Lagoon. In both summer and winter, Timsah Lake’s water temperatures in 

summer and winter (32.8 and 23.1oC, respectively) were greater than those recorded in 

the Western Lagoon (26.5 and 16.2oC, respectively); the hydrogen ion concentration (pH) 

varied due to seasons, ranging from 7 to 9.5. Conversely, there were no differences in the 

pH between the two investigated sites, except in summer during which it was slightly 

high alkaline in the Western Lagoon (8.1). Low water temperatures in the Western 

Lagoon ranged from 26.5oC in summer to 16.2oC in winter. In the Western Lagoon, 

dissolved oxygen exhibited substantial fluxing and depletion rates; it rose to 6.96mg/ l in 

spring after falling to 4.3mg/ l in autumn. The water coming from the Western Lagoon 

had a significant impact on DO at Timsah Lake, as it ranged from 5.32mg/ l in summer to 

11.2mg/ l in spring. At any season the salinity of Lake Timsah was significantly higher 

than that of the Western Lagoon, sometimes was double or four times the salinity of the 

Western Lagoon. Phosphates values were higher in the Western Lagoon during summer 

and autumn than those recorded in Timsah Lake, while no differences were recorded in 

the rest of seasons. Notably, Timsah Lake and Western Lagoon had the highest ammonia 

averages (6.92 and 4.14µg/ l, respectively) in winter. Timsah Lake had its highest nitrates 

concentration in winter (14.1µg/ l), whereas the Western Lagoon recorded the highest 

value in autumn (14.9µg/ l). Moreover, Timsah Lake had the greatest average nitrites 

contents in the fall (4.54µg/ l), while the Western Lagoon had the highest value in the 

winter (1.59µg/ l). Furthermore, the Western Lagoon (3.96µg/ l) had the highest averages 

of dissolved phosphates over the autumn season and Timsah Lake (3.25lmol/ l) in winter 

(Fig. 2). 
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Fig. 2. Seasonal changes in the various stations' physico-chemical characteristics 

 

2. Distribution patterns of macro-benthic fauna in the Western Lagoon and 

Timsah Lake 

The 43 species that made up the macrobenthic invertebrates (MBI) were divided into six 

groups: the phylums Annelida (12 species and six families), Arthropoda (10 species and 

ten families), Mollusca (15 species and twelve families), Echinodermata (4 species and 

two families), Cnidaria (1 species and one family), and Chordate (tunicates) (1 species 

and one family). With an annual average of 22412 Org./m2, the Arthropoda category was 

the most numerous, accounting for 48.23% of the total MBI. Mollusca, with an average 

of 17776 Org. /m2, accounted for 38.25% of the total MBI. With an annual average of 

4544 and 1491 Org. /m2, respectively, Annelida and Chordata provided 9.78 and 3.21% 

of the total MBI. Cnidaria and Echinodermata recorded the lowest average density of the 

entire MBI, contributing 0.05 and 0.49% with an annual average of 23 and 277 Org./m2, 

respectively (Table 1& Fig. 3). 

 

 

 

 

Fig. 3. The percentage (%) of macro-benthic invertebrate groupings 
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Table 1. List of the recorded species of MBI during this study 

Phylum Class Family Species 

Cnidaria Scyphozoa Cassiopeidae Cassiopea sp. (Péron and Lesueur, 1809) 

Annelida Polychaeta Sabellida Dasychone lucullana Delle Chiaje (1828) 

  
cirratulidae 

Chaetozone setosa Malmgren (1867) 

  Cirratulus cirratus Müller (1776) 

  Terebellidae Amphitrite sp. Müller (1771) 

  Opheliidae Ophelina sp. Örsted (1843) 

  

Serpulidae 

Spirobranchus sp. Blainville (1818) 

  Hydroides elegans Haswell (1883) 

   Hydroides dianthes Verrill (1873) 

  Hydroides dirampha Mörch (1863) 

  

Nereididae 

Vermilopsis infundibulum Philippi (1844) 

  Nereis (Neanthes) caudata sensu Delle Chiaje (1827) 

  Nereis (Nereis)heteromorpha Horst (1924) 

Arthropoda Thecostraca Balanidae Balanus sp. da Costa (1778) 

 

Malacostraca 

Maeridae Elasmopus rapax Costa (1853) 

 Sphaeromatidae Spheroma serratum Fabricius (1787) 

 Xanthidae Leptodius exaratus Milne (1834) 

 Majidae Schizophrys aspera Milne (1831) 

 Galenidae Halimede Tyche Herbst (1801) 

 Euryplacidae Eucrate crenata de Haan (1835) 

 Squillidae squilla sp. Fabricius (1787) 

 Portunidae Portunus sp. Weber (1795) 

 Penaeidae Penaeus sp. Fabricius (1798) 

Mollusca 

Gastropoda 

Turbinidae Turbo radiatus Gmelin (1791) 

 Ampullariidae Lanistes carinatus Olivier (1804) 

 Fasciolariidae  Fusinus verrucosus Gmelin (1791) 

 Muricidae Rapana venosa Valenciennes (1858) 

 Planaxidae Planaxis sulcatus Born (1778) 

 Trochidae Trochus eritherus Brocchi (1821) 

 Patellidae Patella sp. Linnaeus (1758) 

 

Bivalvia 

 Paphia undulata Born (1778) 

 Veneridae Venerupis aurea  Gmelin (1791) 

  Ruditapes decussata Linnaeus (1758) 

 Mactroidea Mactra olorina  philippi (1846) 

 Cardiidae Cerastoderma lamarkii Reeve (1845) 

 Mytilidae Modiolus auriculatus Krauss (1848) 

  Brachydontes variabilis Krauss (1848) 

 Pectinidae chlamys squamosa Gmelin (1791) 

Echinodermata Holothuroidea  Astropectinidae Astropectin sp. Gray (1840) 

  

Holothuriidae 

Holothuria nobilis Selenka (1867) 

  Holothuria poli Delle Chiaje (1824) 

   Holothuria princeps Selenka (1867) 

Chordata Ascidiacea Cionidae Ciona sp. Fleming (1822) 
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3. Geographical range of the identified MBI species 

  In the sites under study, the spatial distribution of MBI differed significantly. 

Timsah Lake had higher number (41) of species than the Western Lagoon (20). 

Remarkably, Timsah Lake had the greatest number of MBI individuals (40275 ind./m2), 

while the Western Lagoon had the lowest number (6198 ind./m2) (Table 2). 

 

Table 2. Spatial distribution of the recorded MBI individuals 

Species Inside Timsah Lake (site 1) Western Lagoon (site 2) 

Dasychone lucullana 50 0 

Chaetozone setosa 83 25 

Amphitrite sp. 240 9 

Ophelina sp. 325 0 

Spirobranchus sp. 118 0 

Hydroides elegans 921 0 

Hydroides dianthes 289 0 

Hydroides dirampha 133 0 

Vermilopsis sp. 1675 0 

Cirratulus cirratus 397 0 

Nereis (Neanthes) caudata 179 0 

Nereis (Nereis) 

heteromorpha 
100 0 

Thias sp. (Turbo radiatus) 818 0 

Lanistes carinatus 530 707 

Fusinus verrucosus 35 0 

Rapana venosa 61 0 

Planaxis sulcatus 225 0 

Trochus eritherus 293 0 

Patella sp. 61 78 

Paphia undulata 1414 96 

Venerupis aurea 2764 760 

Ruditapes decussata 0 1259 

Mactra olorina 679 0 

Cerastoderma lamarkii 1366 640 

Modiolus auriculatus 2194 0 

Brachydontes variabilis 7484 933 

chlamys squamosa 15 0 

Balanus sp. 3922 689 

Elasmopus rapax 1012 0 

Spheroma serratum 11221 0 

Leptodius exaratus 250 101 

Schizophrys aspera 32 0 

Halimede Tyche 74 34 

Eucrate crenata 18 9 
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squilla sp. 64 29 

Portunus sp. 66 43 

Penaeus sp. 115 97 

Cassiopia sp. 15 8 

Astropectin sp. 40 29 

Holothuria nobilis 98 0 

Holothuria poli 0 59 

Holothuria princeps 1 0 

ciona sp. 898 593 

Total MBI 40275 6198 

Species number 41 20 

 

4. Seasonal variation of total macrobenthic invertebrates (MBI) 

 Summer witnessed the highest average density of total MBI (7132 Org./m2), whereas 

spring had the lowest average (4769 Org./m2) (Table 3 & Fig. 4). According to MBI, 

Timsah Lake displayed the highest seasonal density in the summer (12579 Org./m2), 

while the Western Lagoon showed the highest in the winter (1862 Org./m2). Timsah Lake 

had the highest average yearly density (10068 Org./m2) according to MBI, while the 

Western Lagoon recorded the lowest figure (1549 Org./m2). 

 

Table 3. Distribution and seasonal variation of total macrobenthic invertebrates (Org./m2) 

in fields of study 

          Season 

Location 
Summer Autumn Winter Spring Average 

1) Inside Timsah Lake 12579 8598 10896 8202 10068 

2) Western Lagoon 1686 1313 1862 1337 1549 

Average 7132 4955 6379 4769 5809 
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Fig. 4. Macrobenthic invertebrates (ind.  /m2) in the two study areas of Timsah Lake 

5. Biological quality indicators, spatial variation, and descriptive analysis 

  Diversity indices were calculated based on the species, total number, seasons, and 

collecting sites of macrobenthic invertebrates. Site 1 (Timsah Lake) had the greatest 

richness index (Dominance) value (0.19) during summer, followed by sites 1 and 2 

(Western Lagoon) in spring (0.175 and 0.176, respectively). Site 1 had the lowest value 

for the evenness index (0.125) in winter. During summer, Site 1 also recorded its lowest 

evenness index (0.27), while the maximum values were found at Site 2, with scores of 

0.597 in summer and 0.594 in fall. Site 2 had the lowest evenness indices of 0.86 in 

spring and 0.6 in winter. For the Shannon diversity index, Site 1 recorded the highest 

value (2.55) in winter, while Site 2 depicted the lowest value (1.8) in spring. In winter, 

Site 1 achieved the highest Simpson index value (0.87), whereas it had the lowest value 

(0.8) in summer. According to data in Table (4), the equitability index was at its highest 

value at Site 2 in spring (0.93) and the lowest was recorded at Site 1 in summer (0.6). 

 

Table 4. Macrobenthic invertebrates’ data-based diversity indices between locations 

Diversity indices site 1 

Summer 

site 1 

Autumn 

site 1 

Winter 

site 1 

Spring 

site 2 

Summer 

site 2 

Autumn 

site 2 

Winter 

site 2 

Spring 

Taxa_S 39 27 29 19 14 15 14 7 

Individuals 12579 8598 10896 8202 1686 1313 1862 1337 

Dominance_D 0.1911 0.1275 0.1256 0.1754 0.1465 0.136 0.1447 0.1765 

Simpson_1-D 0.8089 0.8725 0.8744 0.8246 0.8535 0.864 0.8553 0.8235 

Shannon_H 2.367 2.438 2.548 2.13 2.124 2.188 2.134 1.802 

Evenness_e^H/S 0.2736 0.4242 0.4407 0.443 0.5978 0.5943 0.6034 0.8662 

Equitability_J 0.6462 0.7398 0.7567 0.7235 0.805 0.8078 0.8086 0.9262 
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6. The principal component analysis (PCA) between studied sites and 

Macrobenthic invertebrates (MBI) 

  Principal component analysis (PCA) was employed to compare macrobenthic 

invertebrates across the study sites and different seasons (Fig. 5). The most prevalent 

macrobenthic invertebrates, particularly Bivalvia and Crustacea, showed a substantial 

positive correlation (indicating they are aligned) with the two collection sites: Site 1 

(Lake Timsah) and Site 2 (Western Lagoon) across all seasons. In contrast, there was a 

strong negative correlation with Polychaeta, Gastropoda, Echinodermata, and Chordata, 

which were located on the opposite side of the analysis. 

 

 

Fig. 5. The principal component analysis (PCA) diagram between macrobenthic 

invertebrates and sites during seasons 

 

7. The canonical correspondence (CCA) between studied sites, physico-

chemical parameters and macrobenthic invertebrates (MBI) 

  Canonical correspondence analysis (CCA) was conducted to examine the 

relationships between the studied sites across different seasons, macrobenthic 

invertebrates, and physicochemical characteristics (Fig. 6). At Site 1 (within Lake 
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Timsah), macrobenthic invertebrates such as Polychaeta, Cnidaria, and Crustacea 

exhibited a strong positive correlation with water temperature, nitrite, pH, dissolved 

oxygen, ammonia, and salinity during the summer, fall, and spring seasons. In contrast, 

there was a strong inverse relationship with Bivalvia, Gastropoda, Echinodermata, and 

Chordata, which were located on the opposite side of the analysis.  

 

Fig. 6. The canonical correspondence analysis (CCA) diagram between macrobenthic 

invertebrates, physico-chemical parameters and sites during seasons 

 

8. Similarity clustering index for macrobenthic invertebrates 

Cluster analysis revealed the similarity clustering index across stations based on 

the distribution of macro-benthic invertebrates in the sites under study throughout the 

various seasons (Table 5 & Fig. 7). In spring and winter, site 1 showed the most 

resemblance (74.29%). Furthermore, site 1 showed high similarity in both the spring and 

summer seasons according to cluster analysis, which could be explained by its proximity 

to other sites. The lowest similarity index, however, was found between Site 1 in summer 

and Site 2 in autumn. 
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Table 5. Similarity clustering index (%) across the two studied stations based on the 

distribution of macro-benthic invertebrates throughout the four seasons 

 

 

Fig. 7. Similarity clustering index between sites sampled based on data of macrobenthic 

invertebrates 

 

DISCUSSION 

 

  Evaluating the variety and quantity of studying invertebrates is a crucial method 

for gaining insight into overall health and oversee the condition and operational state of 

          Season 

Site 

site 1 

summer  

site 1 

autumn  

site 1 

winter 

site 1 

spring 

site 2 

summer  

site 2 

autumn  

site 2 

winter 

site 2 

spring 

site 1 summer  100.00% 54.67% 71.30% 71.53% 18.28% 12.09% 13.09% 13.12% 

site 1 autumn  54.67% 100.00% 61.72% 63.38% 23.40% 19.98% 24.24% 20.98% 

site 1 winter 71.30% 61.72% 100.00% 74.29% 19.09% 14.53% 20.33% 16.53% 

site 1 spring 71.53% 63.38% 74.29% 100.00% 17.44% 14.21% 15.60% 17.02% 

site 2 summer  18.28% 23.40% 19.09% 17.44% 100.00% 61.22% 60.15% 69.34% 

site 2 autumn  12.09% 19.98% 14.53% 14.21% 61.22% 100.00% 61.86% 59.25% 

site 2 winter 13.09% 24.24% 20.33% 15.60% 60.15% 61.86% 100.00% 68.02% 

site 2 spring 13.12% 20.98% 16.53% 17.02% 69.34% 59.25% 68.02% 100.00% 
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specific ecosystems (Kumar et al., 2023). The biodiversity of macroinvertebrates in 

Timsah Lake and the Western Lagoon, as well as how they react to the aquatic 

environment throughout the year, were made clear in this study. The kind of substrate 

that macroinvertebrate populations live on and physical disruption have a big impact on 

them (Liu et al., 2022). Prior research has shown that the aquatic setting is affected by 

many natural factors, with water temperature playing a crucial role in impacting the 

physical and chemical characteristics of water bodies and the organisms living in them 

(Yan et al., 2017). Temperature and pH are critical factors for aquatic ecosystems 

because they affect both organisms and the chemical and physical properties of water 

(WHO, 2003). In this study, the physicochemical characteristics of water in Lake Timsah 

and the Western Lagoon were assessed to evaluate water quality. The water temperature 

showed an appropriate seasonal variation, consistent with the findings of El-Enany 

(2009), who noted that changes in water temperature align with air temperature 

fluctuations. In the Western Lagoon, temperature displayed a wide range, and the shallow 

depth combined with high turbidity levels could lead to the loss of sensitive benthic 

species. Furthermore, thermal stress may result in systemic hypoxemia, as noted by Belal 

et al. (2016). 

 Timsah Lake and the Western Lagoon had pH values ranging from 7 to 9.5; Timsah 

Lake had the lowest pH value and the Western Lagoon had the highest. According to 

Hassanin (2006), the Western Lagoon station's poor productivity of macrobenthic 

invertebrates can be explained by relatively lower pH values, which may indicate the 

lake's lowered production as a result of the polluted water dumped into the lake. 

 The highest salinity value recorded during the summer season was 40‰, likely due to 

the high evaporation rate of water. In contrast, the lowest salinity value was observed in 

spring in the Western Lagoon, where it measured 8.59‰, attributable to freshwater 

discharge from agricultural drainage and sewage. Bahgat (2011) noted that the salinity 

range in Timsah Lake (40 to 34‰) was significantly higher than that of the Western 

Lagoon (20 to 8.59‰). This difference is primarily due to the continuous inflow of 

various drains, including the Abu Gamous Drain and the El-Mahsama Drain, as 

mentioned by Saad El-Din et al. (2013). According to Gray et al. (2002), aspects of 

metabolism are impacted at dissolved oxygen levels between 4 and 2mg L-1, while 

growth is impacted from 6.0 to 4.5mg L-1. Dissolved oxygen levels below 6mg L-1 are 

appropriate for stress in the majority of species. According to the USEPA (1999), Timsah 

Lake and the Western Lagoon typically have oxygen levels between 5 and 10mg/ L, 

indicating healthy water quality. However, in autumn, the Western Lagoon recorded its 

lowest oxygen level of 4.3mg/ L. This low dissolved oxygen content in autumn was 

likely due to a high rate of organic matter decomposition, suggesting significant pollution 

in the water (Mocuba, 2010). Ammonium is a crucial type of inorganic nitrogen. Meade 

(1985) established that the maximum tolerable level is 0.1mg/ l of NH3-N. In this study, 
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Timsah Lake exhibited the highest average value (5.69 µg/l) while the Western Lagoon 

showed the lowest average value (3.64µg/ l). A notable difference in ammonia levels was 

observed, with the lowest recorded level of 3.3µg/ L occurring in autumn in the Western 

Lagoon. This decrease is likely due to phytoplankton uptake of NH₄. However, the rise in 

NH4 levels could be attributed to the conversion of NO3 into NH4 through denitrification, 

a process supported by Seitzniger (1988). Because of the enormous volume of drainage 

water entering the lake and the decrease in nitrite uptake by phytoplankton, the nitrite 

levels were higher in autumn than in the other seasons. Small fluctuations in nitrite levels 

were seen during the remaining seasons, possibly due to the conversion of NO2 to 

ammonia in anaerobic settings. The increase in NH4 was detected alongside lower nitrite 

levels, which can be attributed to this phenomenon (Wetzel, 2001). The elevated mean 

NO3 levels in autumn (13.9µg/ l) could be ascribed to the breakdown of organic material 

and significant volumes of drainage water. However, the decrease in values in summer 

(7.2µg/ l) was mainly caused by absorption by phytoplankton and aquatic plants, an 

explanation which is supported by Al-Yamani (2006), Abdo (2010) and El-Sherbiny 

(2011). 

 Riley and Chester (1971) stated the crucial role of phosphorus in regulating aquatic 

organisms' development and reproduction. Phytoplankton generally prefers inorganic 

phosphorus over organic phosphorus, even though many organisms rely on both forms 

for survival. This study revealed that the values of reactive phosphate were significantly 

increased during autumn, and according to this study, reactive phosphate levels increased 

dramatically in the fall and winter, which may have been caused by drainage water that 

was enriched with phosphorous compounds. However, based on the rising consumption 

by phytoplankton, the mentioned parameter shows a large drop during the summer and 

spring seasons, with average values of 2.4 and 2.9µg/ l, respectively. Khalil et al. (2014) 

suggested that the breakdown of organic residues may be the cause of the summer's 

reduced total phosphorous concentration.  

 Spatial distribution of MBI was greatly varied at the study sites. Timsah Lake showed 

the most variable species dominance with 41 species, while the minimum with 20 species 

was recorded in the Western Lagoon. The highest number of MBI individuals (40275 

ind./m2) was recorded inside Timsah Lake and the lowest number (6198 ind.) was 

recorded in the Western Lagoon. These findings agree with the findings of Belal et al. 

(2016), who stated that the majority of stations near the drainage outlets in the Western 

Lagoon had either very few or no recorded species present in Timsah Lake, due to 

significant fluctuations in certain local conditions across different seasons. Belal et al. 

(2016) also mentioned that Timsah lake had greater diversities than the Western Lagoon 

because of the strong flow of water toward the lake and the presence of the Suez Canal, 

which reduces the impact of the muddy, oxygen-deprived, and low oxygen level 

sediments. According to the current results the highest density of MBI in Timsah Lake 
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was recorded during the summer season than the winter season, while the highest density 

in the Western Lagoon was recorded in winter season. According to Veiga et al. (2016) 

and Chen et al. (2018), macroinvertebrates being ectothermic animals display varying 

ideal temperatures for growth. In an appropriate temperature range, breeding and growth 

rates typically rise, while lower temperatures can lead to inhibited or halted growth 

(Wang et al., 2021). The winter's high value may be due to samples being collected in 

the last month of the season, making the temperature ideal for breeding and growth. 

 Biodiversity is essential to aquatic ecosystems due to the diverse roles that different 

species play within the community. Consequently, a reduction in species abundance is 

determined as a decline in biodiversity, particularly in polluted environments, leading to 

habitat destruction. Recent findings from biological monitoring indicate the presence of 

42 aquatic macroinvertebrate species across 36 genera and 8 classes (including 

Scyphozoa, Polychaeta, Thecostraca, Malacostraca, Bivalvia, Gastropoda, Holothuroidea, 

and Ascidiacea). 

 Arthropods were the most common group, with a density of 22,412 individuals per 

square meter. The highest average was recorded in Timsah Lake, reaching 4,193 

individuals per square meter. Aquatic arthropods, particularly the genus Spheroma, 

comprised 48.23% of the total fauna. According to Abdelhamid and El-Ayouty (1991), 

the isopod S. serratum is known for its high tolerance to dry conditions and its ability to 

thrive in brackish water. Gad El-Hak and Saad El-Din (2017) suggested that the 

abundant presence of these species in Timsah Lake is likely due to the availability of 

ample food and nutrients, as well as the absence of competing species and predators. 

 Furthermore, the presence of families such as Neritidae, Viviparidae, Unionidae, 

Caenidae, and Atyidae during the summer months indicates good to excellent water 

quality, as noted by Bendary and Hegab (2024). 

 S. serratum was the species with the highest number of individuals among all 

specimens collected in both areas of the lake. Abdelhamid and El-Ayouty (1991) stated 

that Spheroma serratum is highly tolerant to dry conditions and can also endure brackish 

water. According to Saad El-Din and Gad El-Hak (2017), the high densities of S. 

serratum in the most polluted stations during the current study were attributed to the 

abundance of food and nutrients, as well as the absence of competitors and predators in 

those stations. 

 Throughout all seasons, the two collection sites—Lake Timsah and the Western 

Lagoon—exhibited a strong positive correlation (pointing in the same direction) with the 

most prevalent macrobenthic invertebrates, particularly Bivalvia and Crustacea. On the 

other hand, it had a strong inverse relationship with the opposite-side Polychaeta, 

Gastropods, Echinodermata, and Chordata. Grall and Chauvaud (2002) and Savage et 
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al. (2002) postulated that moderate organic enrichment leads to an enhancement in 

species richness, abundance, and biomass within the macro-benthic community structure. 

Nevertheless, an abundance of organic matter decreases the variety of species present, 

while raising the populations and quantities of a small number of adaptable species and 

their connected biomass. Using canonical correspondence analysis (CCA) demonstrated 

that seasonal changes in physico-chemical factors impact the presence of 

macroinvertebrates in the lake due to recreational activities in summer and disposal of 

untreated wastes from vessels and boats, as well as raw sewage and agricultural waste in 

specific areas as mentioned by Kaiser et al. (2009) and Bahgat (2011). The results also 

revealed, through the use of the similarity clustering index, that the highest similarity was 

observed in Timsah Lake, reaching 74.29% during the spring and winter seasons. In 

contrast, Site 1 in summer and Site 2 in autumn exhibited the lowest similarity index. 

CONCLUSION 

 

To sum up, the results showed that the changes in the physico-chemical properties 

of Lake Timsah throughout the seasons can result in various macrobenthic fauna 

communities. Multivariate statistical analysis showed that in both Timsah Lake and the 

Western Lagoon, physical parameters had significant impacts on community distribution. 

Therefore, continually monitoring Lake Timsah's water is crucial to guaranteeing its 

safety for economic and touristic activities in lake. 
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