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Abstract: Energy flow and trophic level dynamics play an essential role in the analysis of aquatic ecosystems. The 

current research explores energy flow and trophic relations in selected marine and freshwater ecosystems with the 

objective of determining trophic efficiency, keystone species, and the consequences for the management of 

ecosystems. Several methods were used in the study, including data collection through literature review, field surveys 

conducted seasonally, biomass and productivity assessment, and ecosystem modeling, including energy budget 

analysis and food web modeling. The efficiency of energy flow corresponded to theoretical predictions, with primary 

consumers using about 10–15% of energy produced by primary producers, secondary consumers getting 9–11% of 

energy from primary consumers, and top predators utilizing about 7–9% of energy provided by secondary consumers. 

Keystone species such as piscivorous fish in freshwater lakes and predatory fish in marine environments demonstrated 

a high degree of top-down control, causing trophic cascades in their ecosystems. Omnivorous animals acted as a buffer 

for changes in energy flow, thus making the food web resistant. Freshwater had more variability during different 

seasons, whereas marine ecosystems had more stability regarding energy distribution because of their complex and 

interconnected food webs. This research highlights the significance of lower energy flow up the trophic ladder, 

increasing the sensitivity of apex predators to any ecological stress. Ecological conservation strategies include habitat 

protection, key species conservation, invasive species management, and nutrient inputs to maintain energy flow and 

ecosystem services. 
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I. Introduction 

The flow of energy and the trophic dynamics that govern this energy transfer are key processes that 

define an ecosystem's characteristics and functioning. The process whereby energy from primary producers 

moves up through the trophic levels sustains the diversity and ecological functions of ecosystems, such as 

fisheries productivity and water purification, among others (Carozza et al., 2019; Eddy et al., 2021). It is 

important for understanding the effects of environmental changes on ecosystems and developing effective 

management measures (Staudinger et al., 2020). 

Although there are some common characteristics of freshwater and marine ecosystems in terms of 

energy flow mechanisms, there are specific characteristics that make these two different from each other 

(Dineshkumar, 2025; Xu et al., 2011). They both rely on primary productivity at the bottom of energy flow, 

but the differences exist in relation to seasonality, food chain complexity, and density dependence among 

individuals. In general, marine ecosystems show greater complexity in the food chain since they cover 

larger areas; therefore, the efficiency of energy flow depends on the type of ecosystem (Mattocks et al., 

2017l; McLeod et al., 2015). 

Human activities and environmental factors are playing an increasing role in disrupting energy flows in 

aquatic ecosystems. For instance, pollution, excessive nutrients, and eutrophication will affect primary 

productivity, while the introduction of non-native species may impact trophic relationships. Furthermore, 

climate change intensifies these stressors by altering species distribution, productivity, and metabolism. 

While numerous studies have been conducted on the effects of individual stressors, few studies have 

considered how alterations in the efficiency of energy transfer and trophic efficiency have contributed to 

their effects. 
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This study seeks to fill these knowledge gaps by studying the efficiency of energy transfer, identifying 

the important species that regulate the trophic levels, and considering the effects of energy transfer.   

These are the research questions for this project: 

1. How efficient is the transfer of energy between different trophic levels in an aquatic ecosystem? 

2. What are the functions performed by key species in creating trophic structures? 

3. In what ways can the process of energy transfer be applied in creating effective strategies for 

conservation? 

This paper will be organized as follows. Section 1 gives a background on the importance of energy flow 

and trophic relationships in freshwater and marine ecosystems. Section 2 covers the methodologies used in 

the project, which includes details on the ecosystem of study, seasonal field work, calculation ofa biomass, 

productivity, and energy flow. Section 3 presents the energy budget, trophic relationships, and comparisons 

between freshwater and marine ecosystems. Ecological implications, keystone species, trophic cascades, 

conservation efforts, and limitations of the study are outlined in Section 4. The conclusion is provided in 

Section 5. 

II. Materials and Methods 

Study System 

 
Figure 1: Energy Flow in Aquatic Ecosystems 

This research covered various representatives of freshwater and marine aquatic environments, such as 

lakes, rivers, and coastal areas. For the sake of the freshwater biomes, the researchers chose lentic and lotic 

ecosystems with different levels of productivity and human influence. Marine environments comprised 
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nearshore and estuarine communities with different trophic levels. Sites were chosen based on ecological 

representation, accessibility, and presence of data. 

Figure 1 is an illustration of energy flow from the primary producers to the top consumers in freshwater 

and marine environments. Arrows represent energy flow through the trophic levels, pointing out losses by 

means of respiration, excretion, and unutilized production. Nutrients are recycled by decomposers to 

maintain productivity in ecosystems. 

Data Collection 

Seasonal field surveys took place during a period of 12 months. Estimates of primary productivity 

involved assessing the concentration of chlorophyll-a and determining the gross and net productivity 

through the light-dark bottle method for oxygen flux. Estimates of population size and the biomass of 

various organisms were done using methods such as netting and electrofishing. Top predators and fish were 

evaluated using the catch per unit effort (CPUE) method, while planktons and invertebrates were sampled 

using plankton nets and benthic grabs, respectively. Various parameters in the environment, like 

temperature, amount of dissolved oxygen, nutrients, and turbidity, were recorded. 

Modelling Approaches  

The flow of energy was calculated from energy budgeting that was derived from the rates of primary 

production, consumption, and metabolic losses. The efficiency of energy at each trophic level was 

calculated as the ratio of assimilation of energy by the consumers to the input of energy by the organisms 

at the previous trophic level. Food web diagrams were constructed using the network analysis method, 

where producers, consumers, and decomposers were linked together. Comparison of energy transfer 

efficiency was done statistically between fresh and marine waters at various trophic levels. 

III. Results 

Energy Flow Patterns 

Table 1: Energy Budgets Across Trophic Levels 

Trophic Level Energy Available  

(kJ/m²/yr) 

Energy Assimilated  

(kJ/m²/yr) 

Energy Lost  

(kJ/m²/yr) 

Ecosystem  

Type 

Primary Producers 100,000 50,000 50,000 Freshwater 

Primary Consumers 50,000 5,000 45,000 Freshwater 

Secondary Consumers 5,000 500 4,500 Freshwater 

Tertiary Consumers 500 50 450 Freshwater 

Primary Producers 200,000 100,000 100,000 Marine 

Primary Consumers 100,000 10,000 90,000 Marine 

Secondary Consumers 10,000 1,000 9,000 Marine 

Tertiary Consumers 1,000 100 900 Marine 

The efficiency of energy flow among the trophic levels was also consistent with normal ecological 

processes because the primary consumers used about 10 percent of the total energy from the primary 

producers, the secondary consumers used about 10 percent of the energy from the primary consumers, and 

the tertiary consumers used about 10 percent of the energy from the secondary consumers. This is in 

accordance with the ten percent rule where there was a lot of energy loss at each trophic level. 

Table 1 shows the energy budgets at each trophic level in aquatic biomes, showing the total energy 

available, the energy taken up by the organism, and the energy lost, thereby depicting the difference between 

energy flow in the two ecosystems. 

Trophic Dynamics 

Trophic interaction analysis revealed several important characteristics of trophic interactions among 

organisms in this community. There was evidence for top-down control exerted by keystone species such 
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as piscivorous species in lake ecosystems and predators in marine coastal ecosystems. Some of these 

included big fish preying on smaller ones. There was also the characteristic of omnivory by invertebrates 

and small fishes that helped prevent drastic alterations of populations in this food web. 

Comparative Analysis: Freshwater vs Marine Systems 

The energy flow in the freshwater ecosystem was characterized by high variability, with noticeable peaks 

during periods of increased primary production levels. The marine ecosystem had higher energy stability 

between different trophic levels but had heterogeneity in terms of space because of differences in habitat 

complexity and productivity. Generally, trophic efficiency in the marine ecosystem was slightly better than 

that in the freshwater system. 

 

Figure 2: Comparative Energy Budgets Across Trophic Levels in Freshwater and Marine Ecosystems 

Figure 2 presents a comparison of energy flow diagrams of freshwater and marine environments, 

illustrating energy availability, assimilation, and losses from each trophic level. The figure reveals that 

marine environments contain higher energy budgets, but both ecosystems suffer significant energy losses 

during trophic transitions. 

IV. Discussion 

The results confirm that there is a significant reduction in energy availability from producers to top 

predators in the two ecosystems. Freshwater habitats reported energy transfer efficiency of about 12%, 9%, 

and 7% from primary producers to primary consumers, primary consumers to secondary consumers, and 

secondary consumers to top predators, respectively (Atkinson et al., 2017). On the other hand, marine 

habitats reported relatively high rates of energy transfer efficiency of about 15%, 11%, and 9%, respectively. 

The results provide evidence for ecological theory, which states that energy transfer between different 

trophic levels is minimal since most energy is lost via respiration, heat loss, excretion, and unutilized 

biomass. The relatively high rate of energy transfer in the marine ecosystem may be attributed to the highly 

interconnected food webs and multiple ways of eating, with the constant contribution of phytoplankton 

primary productivity. On the other hand, the freshwater ecosystem is highly dependent on environmental 

factors such as seasonality, water fluctuations, nutrient input, and other factors (Jeppesen et al., 2010; 

Rombouts et al., 2013). Limited energy transfer to higher trophic levels means that top predators are highly 

sensitive to disturbances in their ecological environment due to limited energy availability (Trebilco et al., 

2013). 

The findings also demonstrate the need to consider keystone species and trophic cascades. The predatory 

fish control prey fish, zooplankton, and invertebrates, which directly impact primary producers and water 

quality (Ullah et al., 2018; Tam et al., 2017). Lack of apex predators might cause changes in the entire food 
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web system. Although the existence of omnivores might have a positive influence on making the food web 

system stable by utilizing different foods, they could negatively influence local biodiversity. The 

information mentioned above is valuable for conservation biology. Habitat restoration projects should 

include aquatic plants, spawning grounds, riparian zones, wetlands, and coasts as nurseries for aquatic 

organisms (Alexander et al., 2017). Apex predators and sensitive native organisms are supposed to be 

protected during the species protection. Managing nutrients helps to solve the problem of eutrophication 

and massive proliferation of algae. At the same time, it is necessary to perform surveillance and eradication 

in order to avoid invasive organisms from other food webs. Several drawbacks should be highlighted. It 

could be difficult to measure the energy flow as it depends on season, place of research, and the way energy 

flow is estimated. Biomass estimation might not always consider migration, versatility, and rapid changes 

in ecology. Future studies could incorporate observation, isotopes, field research at various seasons, and 

modeling of the food web. 

V. Conclusion 

The results of this research show that there is an obvious decline in energy flow when moving from one 

trophic level to another, both in freshwater and in marine ecosystems. In freshwater ecosystems, the 

available energy was reduced from 100,000 kJ/m2/yr on the first trophic level to 500 kJ/m2/yr on the third 

trophic level. At the same time, the assimilated energy was reduced from 50,000 to 50 kJ/m2/yr. In marine 

ecosystems, the available energy was reduced from 200,000 kJ/m2/yr among producers to 1,000 kJ/m2/yr 

among tertiary consumers. The assimilated energy was reduced from 100,000 to 100 kJ/m2/yr. In terms of 

values, marine ecosystems have twice as much energy per unit area per year as freshwater ecosystems. In 

addition, it should be noted that 50% of producer-level energy is assimilated in the beginning, while only 

10% of available energy remains at other trophic levels. Accordingly, almost 90% of energy was expended 

by consumers at each trophic level during their activities. The rapid loss of energy justifies the ecological 

sensitivity of apex predators and underscores the relevance of keystone species. Long-term studies 

incorporating biomass monitoring, stable isotope analysis, and ecosystem modeling should be considered 

in future investigations. Moreover, climate change, excess nutrient loads, invasions of new species, and 

habitat destruction should be part of future considerations. In summary, this study contributes to an 

understanding that will lead to habitat rehabilitation, species conservation, environmental quality 

improvement, and sustainable management of ecosystems. 
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