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Abstract: Freshwater biomes such as lakes, wetlands, and rivers are important for reasons such as species richness, 

nutrient turnover, and regulation of water purity. Relationships among organisms in an ecosystem, including 

producers, consumers, and decomposers, as well as abiotic components such as temperature, hydrology, oxygen, and 

nutrient content, influence the nature of ecosystems. In this literature review, an analysis of current research on the 

interaction of biotic and abiotic factors and their impacts on ecosystems is conducted. Research articles were selected 

according to their relevance, inclusion of both biotic and abiotic factors, and evaluation of ecosystem functioning 

within fifteen years ago to date. It was found that changes in abiotic factors affected species and trophic relationships 

in the community, and in turn, interactions between organisms regulated ecosystem-level processes. It was concluded 

that nutrient loading, variability in flow, and temperature were important abiotic regulators, and high functional 

diversity and complexity of food webs contributed to greater ecosystem stability and resilience. The integration of 

these observations underscores the relevance of taking into account the role of bottom-up and top-down processes in 

the management of freshwater ecosystems. Some of the implications of these observations for the conservation and 

management of freshwater ecosystems include the maintenance of the natural hydrology of the systems, the 

preservation of water quality, the maintenance of ecological heterogeneity, and the restoration of ecological functions. 
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I. Introduction 

Freshwater ecosystems, comprising rivers, lakes, and wetlands, are important parts of the biosphere that 

contribute to essential ecosystem services such as providing habitat for biodiversity, cleaning water, and 

recycling nutrients (Atkinson et al., 2017). Freshwater ecosystems are crucial for sustaining complex 

communities by regulating various hydrologic and biogeochemical cycles (Setubal et al., 2020). 

The biotic aspects of the freshwater environment include all living things, such as primary producers, 

microorganisms, invertebrates, and fish, and their interactions, such as predation, competition, and 

mutualism, define the nature of their community and its function (Rodrigues-Filho et al., 2023). The 

interactions between different trophic levels and biodiversity define how ecosystems work and recycle their 

nutrients (Manthila et al., 2025). 

Abiotic aspects include all physical and chemical conditions, such as temperature, water flow, 

availability of oxygen, pH level, and nutrients. All the aforementioned abiotic characteristics create an 

environment that defines the distribution and functioning of living things, as well as affects the interaction 

among species (Birk et al., 2020). 

Knowledge on how biotic and abiotic factors interact is important in gaining knowledge on how 

freshwater systems work. The interaction of the two influences processes such as primary production, 

nutrient recycling, and ecosystem stability, as well as the response of the system to environmental stressors 

such as climate change and human pollution (Vaughn, 2010). It is therefore very important to understand 

both the biotic and abiotic aspects of an ecosystem (Nõges et al., 2016). 
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Objectives 

1. Evaluate the impact of abiotic components on the community structures and functions of aquatic 

biotic communities.  

2.  Determine the effects of interaction between biotic and abiotic components on various ecological 

processes like productivity, recycling of nutrients, etc. 

3.  Present ideas for the conservation and restoration of stressed freshwater ecosystems based on 

evaluation.  

Structure of the article: Section 1 (Introduction) – introduction to freshwater ecosystems and their biotic 

and abiotic components; Section 2 (Methods) – description of the methodology used in this study;  

Section 3 (Results) – results on abiotic patterns, biotic distribution, and interaction effects; Section 4 

(Discussion) – interpretation of the results taking into account ecological processes and resiliency; and 

finally, Section  5 (Conclusion). 

II. Methods 

The objective of this literature review is to systematically synthesize the existing information on the 

interaction between biotic and abiotic entities within fresh water and its effect on the ecosystem’s 

functionality. Articles were selected depending on their relevance to freshwater ecosystems, presence of 

biotic and abiotic elements, and focus on ecosystem functions such as productivity and resilience. 

Figure 1 The above diagram highlights the relationship between abiotic elements (water availability, 

chemistry, temperature, light, weather conditions, and land structure), biotic elements (producers, 

consumers, decomposers, and food chains), and processes resulting from ecosystem functioning (primary 

productivity, nutrient cycling, energy flow, water quality regulation, and ecosystem stability). The arrows 

represent causal connections and feedback loops, emphasizing how abiotic elements affect the makeup of 

the community and processes occurring in ecosystems, while at the same time, the activities of the biotic 

components influence the abiotic environment. 

 
Figure 1: Conceptual Model of Biotic–Abiotic Interactions in Freshwater Ecosystems 
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The review concentrated on river, lake, and wetland ecosystems in different geographical areas in order 

to take into account various hydrological and climatic conditions. The biotic variables that were analyzed 

were species diversity, community structure, trophic relationships, and functional groups. Hydrological 

variables such as temperature, hydrology, oxygen concentration, nutrient content, pH value, and light 

availability have been identified as abiotic variables. 

Studies that were included in the review had to satisfy specific selection criteria. These criteria were that 

the paper was peer-reviewed, had to be published no earlier than 15 years ago, included information 

regarding both biotic and abiotic variables, and conducted either statistical or non-statistical analyses related 

to the functioning of the ecosystem in question. 

Information regarding the results obtained during research that satisfied selection criteria was collected 

and used for identifying patterns, correlations, and mechanisms in the studied phenomena. Various 

statistical methods reported in the studies (regression analysis, correlation analysis, multivariate statistics) 

were examined in terms of the interaction between biotic and abiotic variables. 

The method makes it possible to conduct a comprehensive comparison between biotic and abiotic 

interactions in freshwater environments, which helps identify patterns, knowledge gaps, and future research 

avenues for ecosystem management and conservation. 

III. Results 

Abiotic Patterns 

Abiotic factors, including temperature, hydrology, nutrients, and dissolved oxygen in freshwater 

habitats, have shown great variability in terms of space and time. There was a flow gradient in rivers and 

streams that affected the movement of sediments and nutrients, whereas there was temperature and 

dissolved oxygen stratification in lakes and wetlands, impacting biochemical processes. The concentration 

of nutrients, especially nitrogen and phosphorus, varied depending on land usage patterns. 

Table 1: Abiotic Variables, Associated Biotic Responses, and Ecosystem Function Metrics in Selected 

Freshwater Systems 

Freshwater 

System 

Abiotic Variables  

(with values) 
Biotic Responses Ecosystem Function Metrics 

River 

Flow: 0.5–2.0 m/s; Temp:  

12–25 °C; DO: 6–10 mg/L; 

Nitrate: 1–5 mg/L; pH:  

6.8–8.2 

Fish density: 15–30 ind/m²; 

Macroinvertebrate richness:  

25–45 taxa 

Primary productivity: 300–450 mg 

C/m²/day; Nutrient retention: 60–80%; 

Decomposition: 1.2–2.0 g/m²/day 

Lake 

Temp: 10–22 °C (surface); 

DO: 5–12 mg/L; TP: 20–50 

µg/L; Light penetration: 1–5 

m 

Phytoplankton biomass: 50–200 

µg/L; Zooplankton density:  

500–1200 ind/L 

Nutrient cycling: N 80–95%, P  

70–90%; Carbon sequestration:  

50–100 g C/m²/year; Productivity: 

400–600 mg C/m²/day 

Wetland 

Water depth: 0.3–1.2 m; 

Temp: 14–28 °C; pH: 6.5–7.5; 

Nutrients: N 2–8 mg/L, P 0.1–

0.5 mg/L 

Macrophyte coverage: 60–90%; 

Amphibians: 20–35 species; 

Microbial activity: high 

Decomposition: 1.5–3 g/m²/day; N 

cycling: 70–85%; Organic matter 

processing: 2–3 kg/m²/year 

Floodplain 

Flood duration: 5–20 

days/year; Sediment: 0.5–2.0 

cm deposition; Temp: 15–

30 °C 

Fish spawning density: 50–200 

ind/100 m²; Aquatic plant 

growth: 60–80% cover 

Secondary productivity: 300–500 mg 

C/m²/day; Nutrient transport: 50–70% 

Urban 

Stream 

Flow: 0.3–1.0 m/s; Temp:  

15–28 °C; DO: 4–8 mg/L; 

Pollutants: BOD 3–10 mg/L 

Macroinvertebrate richness:  

10–20 taxa; Tolerant species 

dominance 

Impaired nutrient cycling: 40–60%; 

Reduced productivity: 100–250 mg 

C/m²/day; Decomposition: 0.8–1.5 

g/m²/day 

Table 1 summarizes important abiotic factors (environmental drivers), for example, temperature, flow 

rate, dissolved oxygen, and nutrients; it also covers the response to these abiotic drivers by biota in terms 
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of richness, species composition, and interaction at the trophic level. Some indicators of ecosystem function 

include the rate of productivity, nutrient turnover, and decomposition. 

 

 

Figure 2: Relationships between Abiotic Gradients and Biotic Responses Across Freshwater Systems 

Figure 2 shows how the important biotic variables, algal biomass, number of plants, number of 

macroinvertebrates, and fish biomass, are influenced by four principal abiotic factors, including nutrients, 

temperature, oxygen, and turbidity. Figure 2 (A-D) depicts the effects of variation in environmental 

parameters on the community structure and productivity, indicating the link between abiotic factors and 

biotic response. 

Biotic Distributions 

There was a strong relationship between biodiversity and community structure, with the biotic factors 

in play. The producer component, comprised of macrophytes and phytoplanktons, was influenced by light, 

nutrient, and temperature regimes. The consumer groups made up of invertebrates and fish were structured 
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based on habitat complexities and prey abundance. It was observed through functional group analysis that 

increased species richness in ecosystems leads to complex food webs. 

Interaction Effects 

Interactions between the biotic and abiotic elements were made through a number of ways, which helped 

to define the ecosystem’s structure. For example, the provision of nutrients increased the amount of primary 

production but altered the species composition. The interactions in the food chain were altered. The change 

in hydrology influenced predation interaction because it altered connectivity between the habitats. Several 

studies have found that there was a strong correlation between abiotic stressors and community structure 

alteration. 

Ecosystem Functioning Metrics 

Functioning of the ecosystem was evaluated through the analysis of various factors such as productivity, 

nutrient cycling, and decomposition. Species diversity and redundancy ensured nutrient retention and 

stability of productivity. Wetlands and riparian ecosystems with biotic components had higher levels of 

decomposition and nitrogen cycling. It indicated that the functioning of ecosystems is governed by the 

interaction of abiotic and biotic factors. 

IV. Discussion 

The physical environment, composed of factors like temperature, hydrology, nutrient availability, and 

oxygen levels, forms one of the basic foundations on which biotic communities can be set up in the 

freshwater environment. Variation in these physical parameters affects species richness and community 

composition. For instance, variations in nutrient levels increase the rate of primary production, hence 

favoring algal and macrophyte proliferation, while variations in the hydrological regime hamper habitat 

connectivity and the movement of fish. The results corroborate past literature that highlights the 

significance of environmental heterogeneity in structuring the community in rivers, lakes, and wetlands 

(Holomuzki et al., 2010). 

Biotic interactions such as predation, competition, and mutualism control the ecological functions of the 

ecosystem (Wohlgemuth et al., 2017). Food chains are complex and redundant, hence increasing stability 

and ecosystem resilience through effective nutrient recycling and decomposition. Biodiversity is high 

among the biotic components, and hence, buffering against the adverse effects of the environment                 

(Zivec et al., 2023). 

Comparative analysis shows that ecosystems characterized by a high degree of interaction between 

abiotic and biotic aspects have increased efficiency and resilience (Montoya & Raffaelli, 2010). The review 

shows that in order to be able to function efficiently, an ecosystem needs bottom-up controls (environmental 

conditions) and top-down interactions (food chains, trophic levels) (Wang et al., 2022). Literature on 

wetlands in the tropics, temperate zone river ecosystems, and urban streams demonstrates that 

environmental conditions and biotic responses play an integral part in influencing ecosystem services 

(Silknetter et al., 2020; Gerbersdorf et al., 2011). 

There are numerous implications for the conservation and management of ecosystems (Barral-Fraga et 

al., 2020). It is important to conserve natural flow regimes, protect the quality of water, and preserve 

biodiversity in terms of habitat types in order to sustain a rich community and the operation of the ecosystem 

itself. Any management practice needs to be concerned with both environmental and biotic factors in order 

to ensure greater resilience in the face of human-induced stressors and climatic changes. 

V. Conclusion 

The current review sheds light on the importance of interactions between biotic elements and abiotic 

factors in determining the structure and functions of freshwater ecosystems. Abiotic factors such as 
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temperature, hydrology, dissolved oxygen concentration, and nutrients play an important role in controlling 

species composition, diversity of biotic communities, and trophic interactions within freshwater 

ecosystems. Conversely, biotic interactions determine ecosystem-level functions including productivity, 

biogeochemical cycling, decomposition, and energy flow. An analysis of rivers, lakes, wetlands, 

floodplains, and urban streams suggests that ecosystems with greater functional diversity and complexity 

in their food webs have better resistance against abiotic stressors. This demonstrates the significance of 

bottom-up processes, controlled by abiotic factors, and top-down processes, controlled by trophic 

interactions in driving ecological processes within freshwater ecosystems. The ecological implications of 

the interaction between abiotic factors and biotic elements include biodiversity conservation, nutrient 

retention, and ecosystem services. Interruptions in abiotic systems or biotic populations through means of 

pollution, habitat alteration, and climate change can result in the occurrence of various cascading events 

that may affect productivity, water quality, and ecosystem resilience. In practice, the management of 

ecosystem processes requires that natural hydrological processes be maintained, good water quality be 

preserved, habitat heterogeneity be preserved, and functional biotic communities be restored. Efforts 

towards ecosystem conservation and restoration require that both abiotic and biotic factors be considered 

as an integrated system that builds up resilience and buffers against disturbances, thus enabling the 

continuous provision of critical ecosystem services. 

References 

[1] Holomuzki, J. R., Feminella, J. W., & Power, M. E. (2010). Biotic interactions in freshwater benthic 

habitats. Journal of the North American Benthological Society, 29(1), 220-244. 

https://doi.org/10.1899/08-044.1 

[2] Vaughn, C. C. (2010). Biodiversity losses and ecosystem function in freshwaters: emerging 

conclusions and research directions. BioScience, 60(1), 25-35. 

https://doi.org/10.1525/bio.2010.60.1.7 

[3] Manthila, P., Anuradha, K. M., & Chandrakumar, R. (2025). Climate-Driven Alterations in Aquatic 

Biodiversity and Ecosystem Functioning Across Freshwater and Coastal Systems. Journal of 

Aquatic Ecology and Environmental Sustainability, 2(3), 26-34.  

[4] Atkinson, C. L., Capps, K. A., Rugenski, A. T., & Vanni, M. J. (2017). Consumer‐driven nutrient 

dynamics in freshwater ecosystems: From individuals to ecosystems. Biological Reviews, 92(4), 

2003-2023.https://doi.org/10.1111/brv.12318 

[5] Silknetter, S., Creed, R. P., Brown, B. L., Frimpong, E. A., Skelton, J., & Peoples, B. K. (2020). 

Positive biotic interactions in freshwaters: A review and research directive. Freshwater 

Biology, 65(4), 811-832. https://doi.org/10.1111/fwb.13476 

[6] Zivec, P., Sheldon, F., & Capon, S. J. (2023). Natural regeneration of wetlands under climate 

change. Frontiers in Environmental Science, 11, 989214. 

https://doi.org/10.3389/fenvs.2023.989214 

[7] Setubal, R. B., Petry, A. C., Bonecker, C. C., Martins, T., Nova, C. C., Figueiredo‐Barros, M. P., 

& Bozelli, R. L. (2020). Biotic factors determine ecosystem processes in environments with 

different hydrological regimes. Freshwater Biology, 65(8), 1376-1391. 

https://doi.org/10.1111/fwb.13506 

[8] Gerbersdorf, S. U., Hollert, H., Brinkmann, M., Wieprecht, S., Schüttrumpf, H., & Manz, W. 

(2011). Anthropogenic pollutants affect ecosystem services of freshwater sediments: the need for 

a “triad plus x” approach. Journal of Soils and Sediments, 11(6), 1099-1114. 

https://doi.org/10.1007/s11368-011-0373-0 

[9] Montoya, J. M., & Raffaelli, D. (2010). Climate change, biotic interactions and ecosystem 

services. Philosophical Transactions of the Royal Society B: Biological Sciences, 365(1549), 2013. 

https://doi.org/10.1098/rstb.2010.0114 

[10] Barral-Fraga, L., Barral, M. T., MacNeill, K. L., Martiñá-Prieto, D., Morin, S., Rodríguez-Castro, 

M. C., ... & Guasch, H. (2020). Biotic and abiotic factors influencing arsenic biogeochemistry and 



Aquatic Ecosystems and Environmental Frontiers, Volume 3, Issue 1, March 2025                          ISSN: 3049-186X 

DOI: https://doi.org/10.70102/AEEF/V3I1/7 

www.aquaticfrontiers.com  68 

toxicity in fluvial ecosystems: a review. International journal of environmental research and 

public health, 17(7), 2331. https://doi.org/10.3390/ijerph17072331 

[11] Nõges, P., Argillier, C., Borja, Á., Garmendia, J. M., Hanganu, J., Kodeš, V., ... & Birk, S. (2016). 

Quantified biotic and abiotic responses to multiple stress in freshwater, marine and ground 

waters. Science of the Total Environment, 540, 43-52. 

https://doi.org/10.1016/j.scitotenv.2015.06.045 

[12] Wohlgemuth, D., Solan, M., & Godbold, J. A. (2017). Species contributions to ecosystem process 

and function can be population dependent and modified by biotic and abiotic setting. Proceedings 

of the Royal Society B: Biological Sciences, 284(1855), 20162805. 

https://doi.org/10.1098/rspb.2016.2805 

[13] Birk, S., Chapman, D., Carvalho, L., Spears, B. M., Andersen, H. E., Argillier, C., ... & Hering, D. 

(2020). Impacts of multiple stressors on freshwater biota across spatial scales and 

ecosystems. Nature Ecology & Evolution, 4(8), 1060-1068.  
https://doi.org/10.1038/s41559-020-1216-4 

[14] Rodrigues-Filho, J. L., Macêdo, R. L., Sarmento, H., Pimenta, V. R., Alonso, C., Teixeira, C. R., 

... & Cionek, V. M. (2023). From ecological functions to ecosystem services: linking coastal 

lagoons biodiversity with human well-being. Hydrobiologia, 850(12), 2611-2653. 

https://doi.org/10.1007/s10750-023-05171-0 

[15] Wang, J., Hu, A., Meng, F., Zhao, W., Yang, Y., Soininen, J., ... & Zhou, J. (2022). Embracing 

mountain microbiome and ecosystem functions under global change. New Phytologist, 234(6), 

1987-2002. https://doi.org/10.1111/nph.18051 


