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ooplankton are microscopic organisms which 

float freely in water and have a limited 

capacity to swim against currents. Therefore, it 

provides an essential relationship between primary 

producers and tertiary organisms (1). In the 

freshwater aquatic bodies, rotifera, cladocera, and 

copepod are studied intensively on the other hand 

protozoans are rarely researched (2-4). 

 
Chemical or biological approaches can be used to 

analyze water quality, but both have limits.  

Inorganic and organic chemicals which enter water 

bodies by surface runoff are either consumed by 

primary producers or deposited in the sediments 

(5,6). Water parameters such as pH, Dissolved 

oxygen (DO), nutrients (phosphorus and nitrogen), 

temperature, salinity, total alkalinity, and free CO2 

influence the abundance of phytoplankton, zoo-

plankton, fish, and other aquatic organisms in the 

ecosystem and act as the limiting elements for their 

growth and survival (7-18). 

 
A group of zooplankton species whose function, 

population, or status can reveal the condition of 

water quality is referred to as bio-indicator. Rotifers, 

copepods, and cladocerans are examined for bio-
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      ABSTRACT: Zooplankton are found very sensitive to even 

slight aquatic pollution due to a number of chemical 

imbalances in freshwater bodies. As an amazing tiny 

creature zooplankton play a very crucial role in the 

aquatic food chain by transferring energy from primary 

levels to tertiary organisms. For many years it has been 

well established that zooplankton act as promising 

biological indicators to continuously fluctuating aquatic 

environments and subsequently to global warming. 

While reacting to these aquatic environmental fluctu-

ations, zooplankton population growth can either be 

stimulated or inhibited. The presence or absence of 

particular zooplankton species can reveal the trophic 

status of the water body. Moreover, in a harsh env-

ironment, algal toxins may have drastic effects on the 

behavioral characteristics of zooplankton. 
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chemical, physiological, or behavioral changes that 

could suggest an opportunity in their ecology as bio-

indicator. The biological indicators are given us the 

following benefits to estimate biological impact, to 

examine the synergetic and antagonistic effect of 

different contaminants on organisms, to monitor 

toxicity, and to use as a cost-effective alternative for 

biomonitoring (19). Eutrophication is caused by 

excessive nutrients mainly nitrogen and phosphorus 

which causes an increase in primary production in 

aquatic ecosystems (2).  

 
Zooplankton play an important role in nutrient and 

energy recycling in their particular ecosystem. 

Zooplankton act as bioindicators as supportive in the 

assessment of water contamination intensity. They 

are thought to have a key role in determining 

freshwater eutrophication and primary production 

(20). This study is conducted to evaluate the 

response of freshwater zooplankton as a bioindicator 

to the chemical properties of the water bodies. 

 
Zooplankton abundance and diversity are 

influenced by aquatic chemical properties  
 
The chemical properties of aquatic bodies have a 

strong influence on the density and diversity of 

zooplankton. The quantitative changes of the 

zooplankton population might be led by a close 

interaction between them and aquatic physico-

chemical parameters. The growth of zooplankton is 

regulated by inorganic and organic substances such 

as carbon dioxide, dissolved oxygen, nitrogen, and 

phosphorus as well as amino acid and humic acid 

(21). The most sensitive demand for zooplankton is 

dissolved oxygen which is produced by aquatic algae 

and plants (22). The dissolved oxygen decreasing 

level in a water body is directly or indirectly 

responsible for the death of organisms. However, 

atmospheric air pressure, photosynthesis, tem-

perature, salinity and turbulence all affect the DO 

level in natural water which is inversely related to 

temperature. An increase in temperature can result 

in a decrease in DO level thus endangering the 

organisms of an aquatic ecosystem (23). Alam et al., 

(1987), Roy et al., (2010) and Shayestehfar et al., 

(2010) stated that zooplankton abundance shows a 

negative relation with dissolved oxygen. Therefore, 

among the zooplankton groups, rotifers and 

copepods show a significant inverse relation with 

dissolved oxygen (24-26). Furthermore, Sinha and 

Sinha (1993) observed a positive correlation of total 

zooplankton with DO and temperature (27). A high 

level of total suspended solids is a critical factor that 

can affect the temperature of the water body (22). 

Echaniz et al., (2012) have observed that the 

concentration of dissolved solid had no effect on 

zooplankton biomass, while the concentration of 

chlorophyll-a, and inorganic suspended solid had a 

positive effect (28). A similar result has also been 

reported showing a strong relation between rotifers 

and total suspended solids (22,29,30). Numerous 

nutrients (ammonia, nitrite, nitrate, and phosphate) 

play a significant role in determining the assem-

blages of zooplankton. Hence the decrease of zoo-

plankton density might be a result of the decline of 

these essential nutrients which subsequently affect 

the algal population. However, excessive growth of 

algae may cause an algal bloom thus result in the 

release of several harmful toxins such as cyanotoxin, 

anatoxin-a, microcystin, domoic acid, etc, which 

inhibit zooplankton growth and reproduction (31). 

Phosphates and nitrates are found in low amounts in 

the aquatic environment and these are necessary for 

zooplankton’s growth and metabolism. Additionally, 

a high level of phosphate and nitrate may cause 

eutrophication and subsequently decline the water 

quality. Therefore, a positive correlation between 

total zooplankton with phosphate and nitrate was 

observed (27,32,33), while an inverse relation was 

reported (34). Khan and Bari, (2019) noted that, 

among the dominated zooplankton groups, cladocera 

and copepod showed a positive relation with 

ammonia (35). Similarly, rotifers showed a positive 

relation with ammonia (30). Moreover, rotifers had a 

negative relation with alkalinity which is referred to 

as the buffering capacity of water (33,35). In 

contrast, copepods showed a positive relation with 

alkalinity (22). The pH range in water between 7.4 to 

8.2 indicates well-buffered water that initiates 

zooplankton growth (32). Moreover, Joseph and 

Yamakanamardi, (2011) reported a significant 

positive correlation between pH and total zoo-

plankton (34). The decomposition of organic matter 

releases CO2 which reduces alkalinity and lowers pH 

in water bodies. Therefore, free CO2 is required for 

photosynthesis and its presence has an impact on 

zooplankton and productivity. A positive correlation 

between zooplankton and free CO2 was reported 

(36). In the temperate lakes and reservoirs, 

zooplankton displays a bimodal oscillation with 

spring and fall (37). Temperature and nutrition seem 

to have the biggest impact on zooplankton 

periodicity (38). Through seasonal fluctuation, the 
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primary environmental element temperature starts 

zooplankton development and survival (32). 

 
Roles of zooplankton as biological indicator 
 
Aquatic creatures, especially plankton, have long 

been recognized for a diverse distribution. Moreover, 

studying freshwater fauna particularly zooplankton 

even of a single location is large and complex due to 

their temporal and spatial fluctuations as well as 

ecological, extrinsic, and intrinsic variables. Extrinsic 

factors can influence the diversity of zooplankton 

and remain one of the most significant intellectual 

challenges for ecologists (39,40). Only a few environ-

mental factors may be responsible for building 

aquatic ecosystems that reflect the environment's 

trophic level (20,40). Among all the freshwater 

aquatic biota, the zoo-plankton population can reflect 

the nature and potentiality of any aquatic system 

(42). Carnivorous zooplankton grazes on other 

zooplankton, while herbivorous zooplankton 

consumes phytoplankton. Without these important 

consumers, herbivorous and other levels of the food 

chain would collapse (43). Zooplankton species are 

utilized as bio-indicators of aquatic ecosystem’s 

health because they are sensitive to specific physical 

and chemical conditions (44). Many rotifer species 

are used as good indicators of water quality and 

ecological monitors of water bodies due to their 

tolerant ability of a large variety of environmental 

circumstances (45,46). In addition, the Wetland 

Zooplankton Index (WZI) was approached to assess 

the quality of lake water in North America based on 

zooplankton assemblages (41). 

 
Acts of zooplankton as monitoring of trophic 

status 
  
The trophic state of aquatic habitats is one of the 

most significant characteristics. Robert Carlson's 

Trophic State Index (TSI) is used to determine the 

trophic condition of the aquatic body based on its 

index value between 01 (one) to 05 (five) (47). 

Trophic status is a helpful way to categorize 

freshwater bodies and describe their activities in 

terms of the system's productivity. Nutrients (such as 

nitrogen, phosphorus, etc.) availability in the 

particular aquatic environment can indicate the 

trophic status in oligotrophic, mesotrophic to 

eutrophic (even hyper-eutrophic) and can moderate 

the abundance and diversity of plankton com-

munities. Where zooplankton is the most sensitive 

community to the changeable trophic status of any 

aquatic body and having the potentiality to act as an 

effective biological instrument for evaluating and 

monitoring the ecological condition of water bodies 

(48,49). The zooplankton community may alter 

completely or partially in aquatic bodies as a result of 

the shift in trophic status (48, 50). Micro-eukaryotes 

(rotifers, copepods, and cladocerans) are abundant in 

freshwater environments, and their varied 

taxonomic groupings play significant roles in the 

ecosystem. Unfortunately, numerous environmental 

stresses endanger freshwater ecosystems and bio-

diversity, especially those resulting from intense 

anthropogenic activities including household 

activities, industrial by-products, agricultural runoff, 

etc. Several pollutants have negative impacts on 

many species, including those which are part of the 

food chain and are sensitive to environmental 

changes (51). The community size of specific major 

zooplankton can indicate the trophic status of lakes 

and also can help to understand the shifts in the 

trophic state and might be used as bioindicators of 

environmental changes as they are composed of 

organisms with high environmental sensitivity 

(52,53). Significant efforts have been made in recent 

decades to control biodiversity loss and restore the 

functions and services of aquatic ecosystems. The 

most important reason for assessing pollution's 

effects on ecosystems is monitoring biodiversity and 

developing conservation strategies. Bio-monitoring 

of ubiquitous micro-eukaryotes is exceedingly 

difficult due to numerous technical difficulties 

connected with micro-zooplankton, such as tiny size, 

fuzzy morphological characteristics, and very rich 

diversity. Studies indicate that existing techniques 

for monitoring zooplankton biodiversity improve the 

management of freshwater ecosystems. Rotifers are 

considered one of the most useful water quality 

bioindicators and, eutrophic lakes have been 

described as having a high rotifer density (20,51,54). 

In a case study, Conochilus dossuarius and Synchaeta 

longipes were two rotifer species found in 

oligotrophic to mesotrophic environments (55). 

However, the most dominant species in the Southern 

region of Bangladesh's freshwater ecosystems are 

Keratella sp., Brachionus sp., Anuraepsis sp., 

Trichocerca sp., Ascomorpha sp.,  Filinia sp., etc, 

which indicates a eutrophic environment condition 

(22,32). Furthermore, according to the Wetland 

Zooplankton Index (WZI), research shows that the 

majority of rotifer species indicate moderate to poor 

water quality, owing to rotifer’s ability to adapt to 

extreme conditions of the water body (20). On the 
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other hand, copepods and cladocerans are the most 

susceptible to environmental changes. Their high 

abundance in particular water bodies implies that 

the ecosystem's water quality is eco-friendly (4,32). 

 
Responses of zooplankton to allelochemicals  
 
Allelochemicals are produced by micro and macro 

algae and may interact synergistically, resulting in 

greater plankton growth inhibition. In a competitive 

setting, the algae are recognized as self-defensive 

which release phycotoxins (allelochemicals) to limit 

other algal development and challenge predator 

capabilities. Algal allelopathic abilities empower 

their long-term prehistoric survival (31). The 

inhibition of phytoplankton growth can reduce zoo-

plankton survival. Elodea, Stratiotes, Chara, and 

Myriophyllum are examples of macrophytes that 

produce chemical compounds that affect phyto-

plankton abundance and have an impact on the 

behavior of zooplankton such as cladocerans and 

copepods life-table factors (56-59). On the other 

hand, a greater temperature may increase the 

disruption of the food gathering process induced by 

filamentous cyanobacteria that generate cyanotoxin, 

resulting in a reduction of Daphnia (60,61). Because 

of a large variety of periphytic zooplankton, such as 

rotifers and cladocerans, which are specialize in 

living in macrophyte-dominated settings, an 

unfavorable allelopathic impact does not harshly 

occur (59). Furthermore, the embryos of cladocerans 

are infected by cyanotoxins from cyanophyta and egg 

hatching rates of copepods are inhibited by domoic 

acid from diatoms (61,62). As selective feeder, 

copepods are able to differentiate between toxic and 

non-toxic algae for feeding and filter feeder 

cladocerans are capable of reducing their filtering 

rate when toxic algal species are dominant (31,60,61, 

63,64). 

 
CONCLUSION 
 
Zooplankton have highly dynamic life strategies to 

survive in a constantly changing aquatic envi-

ronment caused by climatic and anthropogenic 

stressors. As a result, the sensitivity of different 

zooplankton to various forms of aquatic chemical 

pollution demonstrates their potentiality to serve as 

biological indicators. 
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