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Abstract
Keywords Food chains are the basic routes of energy and nutrients flow in the ecosystems at

Food chains, Trophic interactions, warious ecological hierarchy level. The good balance of these food chains is crucial
Prey, Biodiversity, Conservation, when it comes to providing the stability of the ecologies, conservation of
Predator, Contamination, Climate  biodiversity, and sustainable operation of the ecosystem. Climate change, habitat
change destruction pollution and excessive exploitation of species are some of the
disturbances that may interfere with trophic interactions and cause predator prey
interactions. Recent ecological findings also suggest that loss of keystone predators

Atrticle History may lead to trophic cascades which have a profound deflection in community
Received: 17 January 2026 structure and ecosystem productivity. Indicatively, marine as well as terrestrial
Accepted: 01 March 2026 ecosystem research has-indicated that top predator’s removal can cause an
Published: 17 March 2026 increase in population of the herbivores, which causes over vegetation loss and

habitat degradation. The destabilization of the natural food chains has also been
accelerated by anthropogenic forces such as agricultural intensification and even
Copyright@Author plastic pollution. Recently, micro plastic contamination has been observed at
Corresponding Author: * several trophic levels, which point to its transmission through the food webs and
Shahid Mahmood possible ecological impacts. Further, invasive species and human alterations are
identified as significant factors which alter the interactions of species and decrease
the ecological resilience. Balanced food chains are therefore important in
controlling nutrient recycling, energy flow and stability of the population. Trophic
relationships have to be brought back to normal and ecosystem services should be
conserved by means of ecological monitoring and conservation measures.
Knowledge of the mechanisms keeping the trophic balance can justify the
successful environmental management and biodiversity conservation policies. This
review identifies the ecological significance of balanced food chains and discusses
the key natural and man-made forces that cause their disturbance. It also works
out the existing research results on trophic dynamics and ecosystem stability. It
also highlights the mnecessity of combination conservation strategies so as to
maintain the ecological equilibrium in the rapidly evolving environment.

INTRODUCTION

Food chains show how energy and nutrients move just parts of much bigger, messier webs
up through living things in an ecosystem. Food (Thompson et al., 2017; Barnes et al., 2018). It all
chains are shown as straight lines, but these are starts with plants or other photosynthetic

https://medicalsciencereview.com | Fatima et al., 2026 | Page 466


mailto:shahid.mahmood@uog.edu.pk
https://doi.org/10.5281/zenodo.19061047

The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 4, Issue 3, 2026

organisms, they grab sunlight and turn it into the
energy everything else depends on them. That base
productivity sets the ceiling for what can live
higher up (Hatton et al., 2015; Lindeman,
1942/2016 reanalysis). Energy transfer isn’t great
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only about 5-20% gets passed along at each step,
depending on where you are and what’s going on.
That’s why you find way fewer big predators than

plant eaters (Barnes et al., 2018; Hatton et al.,
2015).
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Figure 01. Flow of energy through Food chain

Recent studies indicate that food chain length and
complexity depends on such factors as the
productivity and size of the ecosystem, frequency
with which it is disturbed. Larger, more
prosperous spaces are conducive to more steps
(Post, 2017; Wang and Brose, 2018). Yet
mankind, with its human activities, such as
heating the Earth, or adding excessively many
nutrients, causes things to fall out of balance by
reshuffling which species are fit and new forms of
shuffling the energy then occur (O’Connor et al.,
2020; Ripple et al., 2019).

The evolution determines the food chains as well.
The role of a species and the stability of the entire
web depends on how specialized or flexible they
are, and the amount of energy they require (Brose
et al., 2019; Gravel et al., 2016). When you
remove, at least, one link, the impacts may spread
through the system and cause changes that no one
anticipated (Estes et al., 2016; Ripple et al., 2019).
Food chains are very basic models yet, they are
helpful to understand the mechanism of

ecosystems and the spreading of disruptions
(Thompson et al., 2017; Wang and Brose, 2018).
Nowadays ecologists are integrating metabolic
theory with traditional food chain concepts in
order to forecast ecological responses to global
stress. This assists the conservationists in
addressing the real world issues (O’Connor et al.,

2020; Brose et al., 2019).

Ecological Balance

Ecological balance concerns the capacity of a
system to remain on course and recover to its
natural state, due to the natural feedback loops
(Isbell et al., 2015; Hautier et al., 2015).
Biodiversity is key to manage ecosystems shocks
and recover more effectively than simple ones
when abundance and diversity of different species
are high (Isbell et al., 2015; Tilman et al., 2015).
Predator prey interactions can be described in
such a way that huge predators prevent the
overconsumption of plants by herbivores, which
would otherwise eat everything, making the system
unstable (Ripple et al., 2019; Estes et al., 2016).

https://medicalsciencereview.com

| Fatima et al., 2026 |

Page 467



The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 4, Issue 3, 2026

The forces like how many nutrients were floating
around are bottom up forces which contribute
significantly to the maintenance of the trophic
stability. Pour excessive nutrients into an
ecosystem and it is off track within no time.
Consider that nasty algal growth, or even an
invasion of a single or several species (Hautier et
al., 2015; O’Connor et al., 2020). Then there is
climate change that rattles the temperatures and
relocates species. Balance becomes the curtain of
these fragile food web connections when the cycles
of natural events become de synchronized
(Thompson et al., 2017; Wang and Brose, 2018).
However, as soon as trophic controls begin
slippage, the collapse is not only a distant concern,
but it is on the threshold (Isbell et al., 2015; Ripple
et al., 2019). It is even worse when it is caused by
humans through the loss of species. This messy
mix biodiversity, trophic controls, nutrient
cycling, and the environment pulling each other,
though, is ecological balance (O’Connor et al.,
2020; Brose et al., 2019).

Ecosystems are a mad conglomeration of living
and nonliving objects, all of which are intertwined
and in a continuous formation of energy flow and
nutrient cycling. There are three key participants
on the living side namely producers, consumers,
and decomposers. Consider climate, soil
chemistry, water transport as the abiotic factors
(Chapin et al., 2019; Thompson et al., 2017). All
this is actually initiated with primary productivity.
That is the fundamental energy supply upon
which all other things are based. The productions
of energy rely on the light, temperature, and the
abundance of nutrients in the area (Hatton et al.,
2015; O’Connor et al., 2020).

Consumers steal that energy, and transmit it and
it is not only what they eat, but it is also their size
and the rate of speed with which they deplete
energy (Brose et al., 2019; Gravel et al., 2016).
Then vyou have decomposers. They also
decompose the dead matter and reset it as
nutrients which allow the entire system to run

efficiently (Bradford et al., 2017; Chapin et al.,
2019). But truth to tell the nonliving factors
temperature and moisture are what make the time.
Suppose the temperatures increase microbes
decompose quicker, but you will have reduced
carbon remaining in the soil over time (Bradford
et al., 2017; O’Connor et al., 2020).

Everything within an ecosystem is related to each
other via feedback loops whereby these assist in
maintaining a balance. The impact of change in
one aspect spills over to the rest (Thompson et al.,
2017; Wang and Brose, 2018). With connected
habitats, species are able to move and genes mix
easier, whereas with fragmented landscapes food
webs are weaker (Isbell et al., 2015; Ripple et al.,
2019). In the modern world, researchers rely on
remote sensing and computer simulations to
acquire the big picture and follow the dynamics of
the ecosystem in response to human actions that
continue to transform the planet (Brose et al.,

2019; Chapin et al., 2019).

Role of Producers

The ecosystems survive on primary producers.
They capture sunlight or chemicals and convert
them into life forms by either photosynthesis or
chemosynthesis. These are important to the food
web without whom the entire web collapses. Their
energy output puts the upper limit on everything
higher up the chain (Field et al., 2016; Smith et al.,
2018). In the recent past, scientists have observed
that both the terrestrial and maritime producers
have been experiencing increased pressure both
climate fluctuations and human beings. The
increase in temperature and unusual rainfall
patterns literally interfere with the amount of
carbon that plants are able to absorb (Keenan and
Williams, 2018; Zhao et al., 2017). Without the
appropriate balance of plants, everything becomes
strange, other species may be replaced and some
become extinct, and the whole diversity disappears

(Pefiuelas et al., 2020; Zhang et al., 2019).
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Figure 02. Role of producers in Production of food by photosynthesis

It is not only the food factories of the planet that
are producers. They also aid in the control of
carbon dioxide. Like forests, which contain a
colossal amount of carbon and contribute to a
deceleration of global warming (Pan et al., 2015;
Bastin et al., 2019). The ocean is almost a quarter
of the globe releasing oxygen supplied by
phytoplankton those tiny plants floating in the
ocean. The issue lies in the fact that with the
warming of oceans and their acidification, the
composition of phytoplankton alters (Boyce et al.,
2015; Bopp et al., 2018).

Any change in the composition of producers in a
region has a chain reaction. The food web means
that these alterations have an impact on the
quantity and the quality of food of animals further
down the chain. Herbivores cannot grow as well
without plants being as nutritious (Welti et al.,

2017; Lindroth et al., 2018).

Consumers in the Food Chain

Consumers ensure that energy flows in the
ecosystems and determine the species that
prospers or lags in the ecosystems. It does not
matter whether they are hunting, grazing, or
savoring a taste of everything, what and how they
consume, in fact, puts a foot in the door regarding
the stability of an ecosystem (Barnes et al., 2018;
Mougi and Kondoh, 2016). Big animals take a lot

of energy, and even when their number is low, it
may disrupt the balance of the entire food web
(Brose et al., 2017; Hatton et al., 2019). However,
nature does not leave everything alone. The
interdependences between the consumers and
what they consume vary with change in
environment. Given the change in climate, species
are being introduced in new locations, and with
this, old predator prey dynamics are being
disrupted (Pecl et al., 2017; Gilman et al.,, 2016).
Omnivores then, which relate various strata of the
food web, then complicate things further. That
can make ecosystems more stable, although in
cases when things change too quickly, it might be
the opposite (Mougi & Kondoh, 2016; Thompson
et al., 2018).

Nutrients are dispersed throughout the map by
consumer diversity. Consider migratory animals-
they take the nutrients elsewhere, connecting land
with water (Subalusky et al., 2017; Schmitz et al.,
2018). However, when individuals remove too
many vital consumers out of the system, such
relationships break. Consider fisheries: their
failure causes whole marine communities to be
unbalanced (Free et al, 2019; Pauly and Zeller,
2016).

Neither do consumers eat only the fact that they
are there at all sometimes causes prey to behave
differently because of fear, and the indirect effects
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can be as important as literal consumption is
(Preisser et al., 2015; Zanette and Clinchy, 2019).
Ecosystems are more likely to cope with surprises
when they consist of different predators (Duffy et
al, 2017; Barnes et al, 2018). Therefore,
consumers do so much more than merely transfer
energy. They are the center of the balance and well-
being of ecosystems (Free et al., 2019; Schmitz et
al., 2018).

Here, the second step of the food chain takes the
center stage consisting of primary consumers’
herbivores. They steal the energy within plants and
convert it to the animal life. But they do not simply
eat and pass by but in fact they create the entire
surrounding which surrounds them. Their grazing
habits alter both the growth of plants and the
productivity of a given area (Welti et al., 2017;
Lindroth et al., 2018). Herbivores follow suit when

the nitrogen in the leaves increases and decreases
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(Zhang et al, 2019; Penuelas et al., 2020). It
prevents domination of one species by the other,
crowding out other species. However, where
herbivores go too far, the ground is the one who
suffers-soil is washed away, and habitats begin to
disintegrate  (IPBES, 2019; Curtis et al.,
2018).Herbivores may go through hard times in
the event that plants reach their apex before
animals are prepared (Keenan and Williams,
2018; Pecl et al., 2017). Large animals such as
bamboo or bison do better. Zooplankton also play
a similar role in water, stomping around and
dispersing seeds, and transporting nutrients
through the system (Subalusky et al., 2017,
Schmitz et al, 2018). They consume
phytoplankton and control the algal blooms
(Bopp et al., 2018; Boyce et al., 2015).

\
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Figure 03. Different trophic levels in food web

Carnivores or the secondary consumers are in the
middle of the food chain. They consume a
majority of herbivores and transfer that energy to
the subsequent level. However, they are not blind
consumers in fact, they keep the populations

of herbivores down and this influences the types
of vegetation that remain (Ritchie and Johnson,
2019; Rosenblatt et al., 2016). Even a minor
alteration in the lifestyle of the number of
predators in a region may turn the entire

https://medicalsciencereview.com

| Fatima et al., 2026 |

Page 470



The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 4, Issue 3, 2026

community upside down (Prugh et al., 2017; Dell
et al., 2018). When they are facing predators, they
force their prey into becoming smarter, tougher
and resourceful. The prey begins to develop
defenses, or to acquire new tricks to survive.
(Terborgh and Estes, 2017; Suraci et al., 2016).
The carnivores start burning more energy and the
mode of hunting changes. In some cases, they
strike harder on the prey, in some cases not so
hard, it actually depends on the location (Uszko et
al., 2017; Gibert and DeLong, 2017). Carnivores
are not only hunters; they may kick off a larger
thing, a trophic cascade, which winds up altering
the growth of green vegetation and the movement
of nutrients within the system (Rosenblatt et al.,
2016; Prugh et al., 2017). But when we subdivide
the habitat, carnivores are unable to roam and that
throws off the balance.

The mere presence of predators can sometimes
alter the prey locations or behavior, and the
harmonic reverberations spread to an ecosystem
(Dell et al., 2018; Terborgh and Estes, 2017). With
a healthy balance of the carnivores, the food web
becomes more efficient, with them reinforcing one
another and preventing situations in which the
system could fail (Crooks et al., 2017; Tucker et al.,
2018). These secondary consumers are important
to retain in place in case we want to have healthy
and balanced ecosystems, in spite of all the
changes that are occurring on our planet (Uszko et
al., 2017; Gibert and DeLong, 2017).

At the very top are the apex predators or tertiary
consumers. They are not preyed upon by anything
and their effect goes down the food chain (Ordiz
et al., 2017; Wallach et al., 2018). These best
hunters hold everything in line. However,
reintroduced apex predators make the difference
plants recover, and biodiversity increases, and the
entire ecosystem gets back on its feet (Ordiz et al.,
2017; Briceio-Méndez et al., 2017). Another
advantage is there is a method of keeping diseases
under control through the apex predators who
reduce the number of animals that transmit
diseases. They require a lot of space and when
people cut their habitats and hunt them, their
population continues reducing (Atkins et al.,

2019; Wolf and Ripple, 2018). The nutrient

movement is also facilitated by apex predators.
They enrich the soil by leaving behind carcasses or
waste, and another advantage to the ecosystem is
that they feed scavengers (Hawkins et al., 2019;
Ordiz et al., 2017). Ecosystems would have a hard
time dealing with the changes and become
incapable of recovering (Wallach et al., 2018;
Atkins et al., 2019) The remaining parts of the
ecosystem are now in a far better position to
remain robust and healthy when they are not
threatened (Briceno-Méndez et al., 2017; Wolf and
Ripple, 2018). The silent organisms that make the
ecosystems vibrant are the decomposers. They
claim all the dead plants and animals and
decompose them and leave the remainder as
nutrients to which all other things require in order
to grow. In their absence, nutrients would simply
lie there chained up in heaps of dead materials
(Bradford et al., 2019; Crowther et al., 2019).
Microbes (soil microbes) are very small and do
recycling of nutrients in the ecosystem particularly
recycling carbon. Their ability to decompose
organic matter defines whether carbon will be
buried in the soil or will be released into space
again (Allison et al., 2016; Wieder et al., 2015).
The hotter things get the busier these microbes
become pushing out more carbon dioxide.
However, it does not solely depend on
temperature, it also varies according to what they
are feeding on and how they adapt with the course
of time (Bradford et al., 2019; Allison et al., 2016).
Fungi are masters of breaking down the stuff that
is really tough, such as lignin in wood. They
sustain the flow of nutrients via forests in their
efforts (Crowther et al., 2019; Treseder et al.,
2018).

Food Chains and Food web dynamics

The patterns of interaction and structural
complexity of species in the ecosystem have strong
impacts on food chain and the dynamics of food
webs. Complexity of food-webs and degrees of
consumer behavior and diet specialization have
been found to increase ecosystem stability through
the reduction of extreme biomass oscillations and
the risk of species extinction (Perili et al., 2024).
The condition of trophic networks also requires
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the responsiveness of the relationships between
the species to the disturbance, especially with
respect to reactivity and recovery capacity. Trophic
interaction model analyses show that the trophic
interaction changes can move food webs when
they are in the stable state and unstable state, and
these changes suggest that food chains are
dynamically sensitive to environmental changes
(Liu et al., 2025).

Freshwater ecosystem case studies indicate that a
quantitative measure of food web stability, based
on such measures as trophic transfer efficiency and
network organization, can help to understand how
food web adaptations in response to energy flows
contribute to or break ecosystem balance. These
methods display that even-handed trophic
interactions are vital in maintaining long-term
food chain dynamics in the anthropogenic and
climatic strains (Zeng et al., 2025).

Trophic level and Ecological pyramids

The trophic relationships and energy flows
between species are trapped in food webs, where
they have a fundamental influence on the stability
and functioning of the ecosystems (Rowan
Trebilco et al., 2013). Predators rely on low trophic
levels that have larger food quantity to obtain their
energy as compared to high trophic levels although
high trophic levels are preferred because of the
possible high food quality. These two trends i.e.
increased preference in feeding higher trophic
levels and reduced energetic reliance on lower
trophic levels are alleviated in predators of higher
trophic levels (Zheng et al, 2021). As per the
trophic pyramid, a massive group of herbivores
(primary consumers) preying on more and more
limited sets of predators (varying in species) is
involved in a sequence of secondary, then tertiary,
topping predators. Nevertheless, the bifurcation
between predation and herbivory among the
animal kingdom has not been experimented on a

global basis (Mathieu &Michel, 2018).

Importance of Balanced Food chains

Balanced food chain has a pivotal role in keeping
ecosystem structure, functioning and in long term
stability. It guarantees that energy is efficiently

transported between primary producers and the
herbivores and higher-level carnivores avoiding
waste of energy and supporting the productivity.
In cases where the level of trophic interaction is
balanced, predator preys can be used to check
upon the species abundance and minimize the
chances of over-grazing or depletion of resources.
Scientific knowledge indicates that the difference
in the diversity of the ecosystems in terms of
trophic level contributes to the stability of the
ecosystem significantly and improves the ability of
the ecosystem to withstand disturbances (Liu et al.,
2024). Besides that, intricate and intertwined food
webs enhance the ecological resilience by
resilience to environmental stressors related to
climate change, contamination, and habitat
fragmentation (Mestre et al, 2022). Ecosystem
processes and changes in community composition
decline caused by the removal of keystone species
or top predators may result in drastic changes in
their community structure (Mougi, 2024).
Balanced food chains also enhance nutrient
cycling whereby the decomposers are able to
recycle the organic matter effectively in the soil
and water environments. Moreover, consistent
trophic interactions are required to sustain
ecosystem services like fisheries productivity,
carbon sequestration, soil fertility and water
purification (Eero et al., 2021). Research has also
suggested that food web knowledge is an
important factor in sustainable resource
management and biodiversity conservation efforts
in the sea and on land (Eero et al., 2021). As a
result, conservation of species at all trophic levels
and prevention of artificial interference are some
of the central considerations to ensure the food
chains remain in equilibrium to ensure the
ecological sustainability of the future populations.

Population control and predator prey
Relationship

Predator prey relationships are a basis of ecological
interaction which is an organizing force driving
population dynamics, composition of the
community and ecosystem functioning (Estes et
al., 2011). Furthermore, the combination of
ecological and anthropogenic processes, including
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the ability of predators and prey to interact, as well
as human-made pressure on these interactions,
makes populations and ecological systems more
complex to comprehend (Este et al.,, 2011). The
investigation of this complexity is key in the
successful management of species across trophic
levels and the sustainable harvest (Pujaru & Kar,
2020). Recent ecological research also pointed out
that the interactions between predators and their
prey and population have not only been
characterized by the number of individuals who
are fed but also the nature of the prey and
interaction between predators. As an example, a
study that examined 23 years of data in
Yellowstone National Park discovered that prey
size was a key determinant of kill rates and
competition among predators in canine habitats,
since the population of elks became small, cougars
switched to smaller deer species, decreasing the
wolves and bears, which reduced the predation
rates and energy consumption of cougars with
time (Rabe et al,, 2025). This implies that prey
characteristics and predator behavior interact to
alter predator population response to changing
prey availability which eventually impacts on long-
term population dynamics. Predator prey
mathematical models also indicate that increasing
prey refuge can enhance prey recovery, but when
hunting is intense, predators may first increase
and subsequently cause a faster prey extinction,
and this may cause a predator crash when prey are
over-exploited (Bairwa & Kumar, 2025).

Role of Apex Predators in Ecosystem stability

The apex predators have the ability to cause
trophic cascades which define the interaction of
the plants and animals. Apex predators can
indirectly affect the behavior and abundance of
small prey by affecting the behavior of medium-
sized carnivores, which can modify other
important ecosystem processes including post-
dispersal seed predation (Bartel et al., 2021). Top
predators play an important role in maintaining
the ecosystem in check since they regulate the
population of the herbivores and mesopredators
to prevent cases of over grazing and preventing a

loss of biodiversity (Lwin et al, 2025).

Nevertheless, recent research has shown that the
top predators, including the Iberian lynx or the
wolves in Yellowstone, may be restored, or come
back, and cause trophic cascades, not just resulting
in prey abundance, but also in prey behaviour,
which in turn affects plant regeneration, seed
dispersal and nutrient cycling (Burgos et al., 2026).
Nevertheless, apex predator efficacy to stabilize an
ecosystem is a relative concept; the degree of
human interference, landscape and habitat
fragmentation, and accessibility to food items may
restrict the ecological role of apex predators
(Preiss-Bloom et al, 2025). All in all, apex
predators directly and indirectly affect the
different trophic levels, and this expression
illustrates its potency in sustaining the ecosystem
structure and stability (Wolf reintroduction study,
2025). Such discoveries lead to one major fact that
it is not a particular species that is being conserved
but rather the complexity of the whole ecosystem
that is being conserved. All these findings are
indicative of the fact that the population control
within the ecosystems is not caused by the
consumption rate of a simple predator by the prey,
but there is a conglomeration of prey and predator
characteristics, and spatial dynamics, which
competes to ensure that the species and
biodiversity coexist.

Population Regulation and Carrying Capacity

There are density-dependent and density-
independent population size factors, which
control population growth and stabilization in
ecological systems (Smith and Smith, 2020).
Competition over resources, predation, disease,
and littering density-related issues become more
intense along with increasing population density,
limiting growth, and ensuring that expansion is
not infinite (Begon et al., 2021). Carrying capacity
(K) is defined as the largest size of a species that
can be sustained by an environment based on
resources available, habitats and environmental
factors (Gotelli, 2017). At small population sizes,
resources become relatively abundant and the
population growth can be fast, but at the K the
competition is enhanced, the birth rates decrease,
and death rates grow, which results into the
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dynamic equilibrium (Molles, 2019). Hence the
terms population regulation and carrying capacity
cannot be separated and that is why there is an
explanation of why populations are inclined to
oscillate about the unaffected values not
increasing continuously (Begon et al., 2021).

Effects of Overpopulation and Species
Extinction:

Populace over boom inside an ecosystem occurs
while a species exceeds the carrying capacity of its
surroundings, main to excessive useful resource
consumption and accelerated opposition. Severe
imbalances can regulate trophic interactions with
the aid of setting stress on primary producers or
prey populations thereby destabilizing meals
chains (Estes et al., 2011). Whilst predators are
eliminated or decline, prey species may
additionally enjoy out of control growth that may
bring about flowers depletion and surroundings
degradation (Dirzo et al., 2014). Species extinction
makes ecosystem problems worse. When useful
roles in nature are lost it affects how ecosystems
work. A big issue is that some key predators are
missing. This makes herbivores too numerous and
changes how ecosystems are set up. When key
species disappear it can cause changes in
ecosystems. These changes show that when some
species get too numerous or disappear it can cause
problems in the food chain. This can threaten the
planets health (Ceballous et al., 2015; Ripple et al.,
2016).

Intrusion and Disturbance of Food Chain:
Invasive species are unwelcome, but when they
come they leap in and cause havoc. They compete
with indigenous species, taking food and space as
well as destabilizing the food chain. The normal
predator prey relationships are suddenly
scrambled. This disarranges biodiversity and may
create an unusual upper hand to the native
predators or prey. Soon the energy and nutrients
flowing in the entire ecosystem begin to change
(Simberloff et al., 2013). It does not end at that,
the alterations and transformations spill over to
the entire food web and shuffle up the way the
entire community functions (Estes et al., 2011).

Among the ways in which invasive species modify
the food chains, there are direct predator
behaviors on the native species, competition (fare
and habitat) and introduction of new pathogens.
New water evidence has indicated that invasive
fish species can dramatically decrease the
population of native prey-groups, which causes
narrowing ranges of predator diets and
vulnerability of the food web to invasive species
(Strayer, 2010). Industrial and marine ecosystems,
invasive vegetation, and fauna can restructure
dominance hierarchies simplify trophic webs, and
undermine ecological interactions that could be
vital to stabilizing the ecosystem (Pysek et al.,
2020).

More than direct organic effects, invasive species
also control ecological conditions in a roundabout
fashion, such as altering habitat characteristics,
influencing soil chemistry, and disturbed
hydrologic cycling, highlighting the importance of
efficient control strategies to tune their emergence
and control net disruptions. An example of such
ways is the nutrient pressure an invasive algal
blooms can contribute to the ecology, whereby
food availability to better trophic ranges is reduced
and fish and invertebrate populations decline

(Gallardo et al., 2016).

Anthropogenic Change in the Balance of Food
Chain

Human activities have come out as the pivotal
forces that have altered the structure of food
chains in all terrestrial, freshwater, and marine
ecosystem. The anthropogenic stressors such as
overexploitation, habitat disturbance, pollution,
and climate change the species structure and
impair trophic relationships, which in most cases
leads to simplified and less resilient food webs
(Dirzo et al., 2014; Steffen et al., 2015). This often
causes the decline in the numbers of the apex
predators and keystone species, and leads to
cascading effects through several levels of traffic.
One of the most widely recorded human activities
on the marine food webs is over fishing. It has
helped cause the so-called fishing down the web,
where big and high trophic level species are dying
and fisheries start to focus more on lower trophic
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level organisms. This change alters the energy
flows and disrupts marine ecosystems through the
elimination of apex predators that control the
population of prey. The same processes occur in
nature since the extinction of big carnivorous can
lead to the rise in the population of herbivorous
and, subsequently, the death of the vegetation
(Dirzo et al., 2014).

Urbanization, agricultural development, and
change in land use also separate the habitats and
act on ecological connectivity. The fragmented
landscapes restrain the motions of predators and
violate natural controls that maintain the balance

of trophic (Steffen et al., 2015).

Fragmentation of Habitat

Deforestation and habitat fragmentation are the
primary anthropogenic processes that cause the
imbalance in the food chain in the tropical and
subtropical ecosystems. Fragmentation separates
continuous habitats into small and detached units,
which prohibits the movement of species and
disrupts the predator prey interactions = that
stabilize the traffic balance (Hadded et al., 2015;
Arroyo-Rodriguez et al., 2020). As habitat length
decreases, species richness regularly declines, in
particular amongst big carnivores and expert
organisms that require good sized territories. The
Isolation of habitat patches also weakens
ecological connectivity decreasing gene flow and
increasing nearby extinction risks. Studies on
tropical woodland fragmentations exhibit that
smaller patches experience rapid biodiversity legal
guidelines, altered species composition, and
simplified trophic systems over time (Laurance et
al., 2011). The results of these changes are often
an unbalanced herbivore population and a
reduction in pinnacle down manipulate in
fragmented ecosystems.

Additionally, fragmentation creates a strong area
effects, where environmental conditions upload
habitat barriers range appreciably from anterior
forest regions. Upload environments may
additionally want generalists or invasive species,
thereby modifying aggressive interactions and
destabilizing current meals webs (Arroyo-
Rodriguez et al., 2020). Therefore, deforestation

and fragmentation now not only lessen
biodiversity however, also impair the structural
integrity and resilience of meals chains, in the long
run compromising ecosystem balance.

Bioaccumulation and Biomagnification
Environmental population is a main driver of
tropical imbalance, in particular in aquatic
ecosystems wherein the contaminants accumulates
inside meals chains. Commercial discharge,
agricultural runoff, and atmospheric deposition
added the poisonous substances inclusive of heavy
metals and continual organic pollution into water
bodies, in which they can alter species
composition and reduce biodiversity (Velez et al.,
2020). Those pollutions disrupt regular
physiological approaches in organisms and weaken
ecosystem tesilience with the aid of impairing
growth, duplicate, and survival.

Bioaccumulation refers to the slow accumulation
of contaminants within an organism’s tissue
through the years, particularly when the rate of
consumption exceeds the rate of excretion. In
aquatic ecosystems, mercury is one of the most
studied contaminants due to its resistance and
toxicity, research demonstrates that methyl
mercury concentration increases regularly at
higher levels, posing vast risks to predatory fish,
birds and mammals (Lavoie et al., 2013). Such
accumulation changes the health and behavior of
predators, hence causing the change in predator
prey interactions and disrupting food chain
balance.

Bio magnification in addition intensifies these
effects are the contaminants concentrations
growth with each successive trophic transfer.
Trophic magnification elements (TMFs) are
normally used to quantify this process and display
how chronic pollution end up more concentrated
in apex predators in comparison to decrease
trophic organisms (Borga et al, 2012). Such
magnification can lead to reproductive failure and
population declines amongst pinnacle predators
ultimately disrupting pinnacle down law and
enhancing universal food web shape (Diaz et al.,
2020).  Consequently,  populace  caused
bioaccumulation and bio magnification represents

https://medicalsciencereview.com

| Fatima et al., 2026 |

Page 475



The Research of Medical Science Review

ISSN: 3007-1208 & 3007-1216

Volume 4, Issue 3, 2026

important threats to maintaining balanced and
functional ecosystems.

Climate Change and Alteration of Food Chains.
One of the changes that are drastically altering
trophic relationship and stability of the food
chains in the terrestrial, freshwater and marine
environments is the alteration of weather. The
changes in temperature, the changes in
precipitation and the increased frequency of
extreme climatic events are altering the species
distributions and pruning phonological periods,
modifying the interactions between predators and
their meals resources, diminishing site visitor
effectiveness and strength switching (Cohen et al.,
2018).

In addition to member species reactions, climate
trade has network level interplay and visitors
organization. Climate change, such as low
temperature and ocean acidification, may decrease
predator overall performance and increase prey
species, therefore altering the top-down control
(Gilman et al., 2010). The results of experimental
and observational studies in the marine
environment show that international global
warming can alter trophic interactions. This can
result in disproportionately affect across trophic
level, leading to the alteration in strength pathways
and reduced ecosystem stability. Thus, climate
change can be regarded as a ubiquitous agent of
meals chain change, which poses a threat to the
long term equilibrium and robustness of
ecosystems worldwide (Nagelkerken & Connell,
2015).

Biodiversity and functional stability

The wild mixture of genes, species, and entire
ecosystems: all of this is biodiversity. It is the magic
behind how nature works (Song et al., 2024). In
the case of functional redundancy, multiple
species can perform the same task, so the loss of
one of them is not so tragic (Song et al., 2024).
They store various plants and microorganisms,
and even in times of malfunctions, such processes
as nutrient cycling and water purification continue
(Song et al., 2024). Biodiversity however does not
work in isolation. Important are the characteristics

that various species introduce such as their speed
of growth, their consumption patterns (Table 01).
Those define what occurs and contribute to the
maintenance of everything (de Bello et al., 2021).
Their peaks and valleys are not always
corresponding, and thus, when one of them is
falling, the other one can be ascending and the
whole mechanism is stable (de Bello et al., 2021).
However, the finer details count as the
environment of a community is quite critical when
it is under stress, particularly when it comes to
microbes (Lei et al., 2025). The broader set of traits
(functional diversity) frequently is more indicative
of stability than a mere number of species present
(de Bello et al., 2021). The humanity continues to
gnash its teeth on biodiversity. Existing studies of
long-term grasslands demonstrate that when
species become extinct, the collaboration fails and
the output becomes wobbly (Wagg et al., 2022).
However, it is not everywhere like thatstability
effects of biodiversity are a matter of the ecosystem
and the complexity of the web of life (Lei et al.,
2025).

This is crucial for conservation. Biodiversity is not
only valuable, but also underpins services as clean
water and food, which we rely on (de Bello et al.,
2021). It is not enough to enumerate species. It is
a scientific fact that biodiversity facilitates flow of
nutrients and movement of energy, and
ecosystems are more resilient in times of disaster
(de Bello et al., 2021). One thing, however, is
conspicuous when it comes to the loss of
biodiversity, since then, stability is also thrown out
the window, and this is bad news not only
regarding the basic productivity but also the
services we are accustomed to (Wagg et al., 2022).
This is why ecologists continue to emphasize
biodiversity protection to ensure that the
ecosystems remain stable, particularly as human
pressures continuing to accumulate (Wagg et al.,
2022).The division of different living organisms
according to their habitat in different trophic
levels is shown in the table.
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Table 01: Classification of animal diversity according to their feeding habits

Keystone species play a critical role in any habitat.
They may not be abundant, they ensure that
everything is running by determining who lives
where, which species co-exist, and how stable it is
(Pongen, 2024). One out, and the entire
mechanism can be easily destroyed. They regulate
populations, prevent any of the groups to conquer,
and form a patchwork of life that strengthens the
entire system and allows it to recover once
problems have been encountered (Pongen, 2024).
Network analysis reveals that the food web is pretty
much held together by a small number of
invertebrates. They prevents overgrazing by
maintaining the herbivores, which keep plant life
and habitats rich and varied (Mishra, 2024). In
areas where otters flourish, sea urchin populations
are controlled, allowing kelp forests to remain
healthy and primary productivity to be maintained
(Hu et al., 2024).

There are keystone species right in the middle of
the food web. As the keystones enhance the
adaptation to every form of niches and back-up
functions, they assist the ecosystems to overcome

Organism Trophic Habitat Impact of Climate | Breeding Unique Features &
Role Change Capability Reference

Phytoplankto | Producer Oceans Decline due to ocean | Rapid Hutchinson, G. E.

n worldwide warming reproduction (1967).

(hours-days)

Rabbit Primary Temperate Heat stress reduces | Multiple litters per | Diamond, ]. M.
Consumer | regions survival year (1986).
(Herbivore)

Zebra Primary African Drought reduces | Seasonal breeding | Price, T. D. &
Consumer | savannas grazing resources Waser, N. M. (1979
(Herbivore)

Grasshopper | Primary Grasslands drought reduces food | Multiple  broods | Fryer, G. (1985).
Consumer | worldwide per season
(Herbivore)

Wolf Secondary | Forests Prey decline and | Alpha pair | Mech, L. D, &
Consumer | tundra habitat shifts breeding system Boitani, L. (2003).
(Carnivore)

Earthworms Decompose | Soil Affected by  soil | Hermaphroditic; Edwards, C. A., &
r ecosystems moisture & | high reproduction | Bohlen, P. J. (1996).

worldwide temperature changes | in moist soils
Keystones species and their ecological shocks, they create a resilience (Pongen, 2024). So
importance it is no wonder conservation focuses so much on

keystone species. This will enable individuals to
establish smarter conservation priorities, targeting
the species that are the ones that keep the things
together.

Keystone species do not only influence food webs.
They make nutrient cycles, assist in soil formation
as well as in keeping energy circulating. They truly
are the main support of the ecosystem functioning
(Mishra, 2024). When the major herbivorous fish
perish in the coral reefs, the algae replace it, the
coral remains unmoved, and the entire reef
transforms (Pongen, 2024). Keystones are even
able to aid the prevention of invasive species
through maintaining the balance in communities
(Hu et al., 2024. It is almost always better if a
keystone species is protected, as opposed to
focusing on less significant species (Pongen, 2024).

Climate Change and Disruption of the Food
Chain

Once there is a rise in temperature, a change in
the rain patterns and seasons appearing late or
early all components of the system respond
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(Walther et al., 2002). Warm days may accelerate
or decelerate the growth of plants and animals and
it confounds the ability of plants and animals to
find or utilize food at all levels (Parmesan, 2006).
They are sensitive to temperature and carbon
dioxide hence a slight shift in atmosphere puts
them on their toes (Behrenfeld et al., 2006).

This lowers their reproduction and survival.
(Thackeray et al., 2010). The entire chain begins to
get weak (Post, 2013). Drought will only make it
worse because it will reduce the amount of plant
life on the ground, and hence less energy to sustain
all the other living organisms. (Allen et al., 2010).
The oceans are also disrupted due to global
warming, greenhouse effect, ozone depletion and
pollution. Warmer water prevents proper mixing
of nutrients and the result is that phytoplankton
populations are reduced and bottom shaking of
marine food webs occur (Hoegh Guldberg and
Bruno, 2010). In addition to that, acidic water is
harmful to animals that construct shells, which
implies that fish and larger predators miss a
significant source of food (Kroeker et al., 2013).
Food chains are effected badly due to rapid wild
climatic changes. These require energy to be able
to shift between levels (Lindeman, 1942).
Alterations in snow and ice cause predator-prey
relationships out of step as well. Those animals
reliant on ice to hunt or to hide may find
themselves in the wrong place at the wrong time,
or even unable to access their target (Post et al.,
2009). The migratory species tend to miss their
own feeding periods since their time signals are
wrong they are either too early or too late. (Visser
and Both, 2005). Once that timing is disrupted,
the populations reduce and food chains begin to
disintegrate (Durant et al., 2007).

The further this continues to happen, the greater
the threat to that species that have exceedingly
narrow requirements will just disappear (Urban,
2015). Constant stress tends to shorten food
chains and render them less efficient (Petchey et
al., 2010). Diseases are more easily spread, which
blows down the populations even more (Altizer et
al., 2013). Predator-prey associations are generally
thrown off even further by pathogens
preferentially attacking the most vulnerable

species. Food chains hardly have time to
recuperate when the next climate catastrophe hits
(Scheffer et al., 2001). Ecosystems become simpler
and fail to be diverse with the passage of time due
to climate change (Harvell et al., 2002).

Effects of Climate Change on Food Web
Complexity

Food webs are not a considerably combination of
food chains these are the webs, which maintain
the flow of energy between different trophic levels
and much more responsive to their environment.
(Pimm, 1982). Food webs are begin disrupted
immediately due to the climate changes and
Species begin to collide with one another or even
cease to meet the energy demands to maintain the
stability of ecosystem. (Tylianakis et al., 2008).
Some species come in where they had not ever
been before, and others simply vanish from places
where they had always called home (Parmesan and
Yohe, 2003).

The heating effect is more likely to provide smaller
and rapidly growing species with an advantage so
they can consume more energy at a faster rate, an
aspect that disturbs the movement of food flow
through the web (Daufresne et al., 2009).

On ‘the land, warmer days interfere with the
interaction between plants and insects (Jamieson
et al, 2012). The herbivores consume more
vegetation and the omnivores which can eat grass
and vegetables start eating the carnivores and
hence population of carnivores which are primary
consumers start decreasing. (O’Connor et al.,
2009).

Climate change also accelerates decomposition, a
fact that upsets the nutrient circulation within the
ecosystem (Davidson and Janssens, 2006). Once
that cycle decomposes, all the food chain is struck
with reduced productivity (Sterner, and Elser,
2002). Endangered species that are of the greatest
importance would be wiped away by extreme
weather leaving the food web in fragmented pieces
(Jentsch et al., 2007). Having a minimal number of
links, the web becomes weak and loses the backup
facilities (McCann, 2007). Lose a keystone species
and the blow out is immense (Paine, 1969). These
large losses are simply continuing to occur as
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climate change drives additional species beyond
their means (Urban et al., 2016). Climate stressed
foods webs simply are not as effective now, and the
entire process becomes much more unpredictable
(Petchey et al., 2015). Eventually, the safety net
provided by the complexity food webs tends to
become thin and ecosystems become significantly
more vulnerable to whatever comes next (IPCC,

2023).

Ecological Consequences of Food Chain and
Food Web Alteration

The disintegration of food chains and food webs
leads to the ecosystems being hit and the primary
productivity reduces, there is simply less food to go
around for both animals and humans (Running,
2012). When climate destabilizes the relation
between pests and their predators, natural control
of pests simply ceases (Rosenzweig et al., 2001;
Crowder and Jabbour, 2014). However, further
increase of chemicals is merely adding to the
problems by exterminating the beneficial species
that complete the food webs (Geiger et al., 2010).

The pollinators are also endangered. Their
populations are eroded by climate change, and
agricultural productivity declines as well as food
diversity (Potts et al, 2010; Klein et al.,, 2007).
Microbes proliferate better under warmer weather
and hence contaminated food is even more
prevalent (Lake et al., 2009; Tirado et al., 2010).
As the food webs decompose, new illnesses can
more easily be spread by animals to humans (Jones
et al., 2008).

The absence of biodiversity only increases the
challenge to the ecosystems to survive the climate
extremes (Cardinale et al., 2012). The disasters
strike more severely, and the recovery progress is
slow (Isbell et al., 2015). Poorer areas that are
already under climatic stress tend to experience it
most among the people (FAO, 2021). Ecological
breakdowns that result in climate push inequality
further and cause an increased number of people
to dislocate (Adger et al., 2014).The breakdown of
food webs results in ecosystems not being able to
store much carbon (Schimel et al., 2015).

When this continues, the advancement in ending
hunger and health-those large worldwide

objectives-will decelerate or even reverse (UN,
2015). Food webs are not only good to protect the
planet but also to cope with climatic changes
(IPBES, 2019). Caring about entire ecosystems
assists the community to manage and reduce their
susceptibility (Folke et al., 2004). Indeed, in order
to have any chance of surviving a resilience in the
future, we must know how food chains and food
webs respond to change (Schafer et al., 2012).

Natural disturbance and ecosystem recover
These are simply natural upheavals, such as
wildfires, floods, storms, droughts, and volcanic
eruptions, which are components of the
ecosystems. They influence life location and the
way everything comes into place with time
(Turner, 2015). When these events strike, they not
only damage the system by altering resources
available, but also they disturb habitats and also
alter species interactions. In essence, they pulled
the reset button on succession and ecosystems are
going on new paths (Johnstone et al., 2016). The
ecologists consider it to be the means through
which ecosystems can restructure themselves to
maintain the biodiversity alive (Donato et al.,
2016). The recovery process is all about the quality
of an ecosystem to recover following a disturbance,
in terms of restored functions, species, and
processes (Seidl et al., 2016). The role of that
memory in the survivability of an ecosystem is
enormous, as it is locked away in the memory of
survivors, buried seeds, soil microbes, or even the
landscape itself (Peterson et al., 2018).

In case an upheaval is not too hard, it could
increase structural variety and stabilize the system
in the long term (Turner, 2015). However,
problems may get stuck if disruptions are indeed
too intense or continue to occur. In other cases,
this forces ecosystems into completely new stable
conditions (Scheffer et al., 2018). Recently, the
climate change has been increasing the severity
and frequency of such phenomena as wildfires,
hurricanes, and droughts, so the ancient recovery
patterns do not necessarily work these days (Seidl
et al, 2017). Much of an ecosystem recovery
process may reduce to what the species can do
(Pausas & Keeley, 2019). Recovery normally
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occurs quickly in grasslands due to all the roots
present in the soil and the nature in which
dominant plants regenerate (Hauteur et al., 2018).
Trophic interactions are important also.
Herbivores, predators, and decomposers influence
the growth of plants and the cycle of nutrients
(Schmitz et al., 2018). And also do not overlook
microorganisms in soil these are important
participants, as they replenish nutrients and
ensure the establishment of plants (Delgado-
Baquerizo et al., 2019). The destabilization of the
microbial diversity would accelerate or decelerate
recovery, depending on the nature of the
environment (Allison & Martiny, 2018).

Ecological ~ succession and food chain
development

The process of ecological succession is simply a
natural recycling process in case of a disturbance,
or a new beginning when a new substrate becomes
available. It is slow, yet it makes decisions on the
appearance of species, their interaction, and the
flow of energy through all that (Odum, 2017).
Pioneer species are the beginning of the whole
thing and the first to come to bare or damaged
places and launch primary production (Walker &
Del Moral, 2016).

Initially it is predominantly rapid plants
replacement and generalist herbivores
replacement. There are short food chains that are
quite simple in these early days (Odum, 2017).
There is also dead matter that accumulates to
nourish decomposers and stimulate detrital food
chains a major concern with regard to recycling
nutrients (Bardgett and van der Putten, 2019).
They determine the availability of nutrients and
assist in determining which plants can take root.
Whatever occurs in the dirt will eventually
translate to the entire food chain, all the way to
the top (Fierer, 2017). Growth of plant
communities produces effects that extend
consequences to other parts of the ecosystem as
they change what is growing and the quantities
produced (Matthews, 2019). Pioneer species and
new species are overlapping, and thus food webs
become knottier and manifold (Chang and
Turner, 2019). When predators appear, they

prevent the overcrowding of the habitat by the
herbivores and prevent the fact that the resources
are washed out (Terborgh, 2015). With time, food
chains extend, and more challenging species lie
further up the food chain (Post, 2017). The same
happens to aquatic places such as lakes, wetlands.
The phytoplankton composition alters, and so
there is a modification in the kind of zooplankton
and fish (Dodson, 2018). Provided disruptions
continue to occur, however, it may revert to square
one and food chains remain short and simple
(Turner, 2020).

Temperature, rain, and disturbance changes are
also redefining the course of succession as well as
the stability of the food chains (Prach et al., 2020).
Surprisingly enough, there are several possible
stable states that the ecosystems may stabilize on,
based on the conditions and the types of species
present in the area (Walker and Del Moral, 2016).
It is happening due to human activities like
deforestation, pollution, industrialization, use of
fertilizers and pesticides. Clearing out the area,
setting up the intruders the invasive species they
may_derail succession and leave food chains
permanently altered or even reduced (Hobbs et al.,
2017). The characteristics of any species, the
distance it can travel and its food also determine
when and how they were produced and how these
species are adapted to the environment,
Succession changes the chemistry of plants, so
their prey will change who preys on them, and

where predators follow their victims (Bardgett and
van der Putten, 2019).

Adaptation for survival within food chains

The whole idea behind adaptation to survive in
food chains is the process by which living
organisms adapt to things, change, evolve, adjust
their bodies, modify their behavior, or even
change their habits to get energy, avoid predation,
and ensure they reproduce within these intricate
networks of food and predation (Palkovacs et al.,
2015). Natural selection is cruel in this case, as the
question of who eats whom determines which one
lives and reproduces his genes (Brooks et al.,
2016). Steal teeth, beaks, claws, or adapted guts,
these are real cases of how animals evolve to fit
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into a specific niche and reduce competition
(Schluter, 2016).

Herbivores have gone to extremes they have
evolved complex digestive systems that tend to be
full of beneficial gut microbes to squeeze out
nutrients of difficult plant matter (Kohl et al.,
2018). Instead, predators depend on their sharp
senses, speed, or camouflage to hunt better (Lima,
2017). And when food either becomes scarce or
erratic, animals can alternate their foraging
strategies or even their diet, simply to continue
(Holt and Bonsall, 2017).

Prey aren’t helpless either. A lot of them have
learned how to remain vigilant, to move in groups,
or become active at night as this reduces their risk
of being eaten and still allows them to get food
(Ferrari et al., 2015). Other animals follow a
different path, protecting themselves with
chemical defenses to keep off herbivores, which
also destabilizes the flow of energy in the food web
(Mithofer & Boland, 2016). Whenever these
chemical tricks set one chemical interaction
between eaters and the things they eat off, you are
liable to evolutionary arms races that may revise
significantly the operation of food chains over
time (Agrawal, 2017).

Phenotypic plasticity is manifested in some
animals- they adjust their physiology or feeding
when the environment changes, which becomes a
lifesaver in changeable food webs (Sih et al., 2015).
It takes actual metabolic adaptations to live long
without much to eat. Recently, climate change has
increased the intensity, giving an advantage to
such characteristics as heat tolerance or the ability
to change diets rapidly (Sunday et al., 2015).
However, when various stages of the food chain do
not change at the same pace, then things might get
unstable particularly when the plants or primary
consumers are not in harmony with one another
(Thackeray et al., 2016).

These adaptations do not support any individuals
only, but propagate through whole ecosystems. In
particular, population sizes and control
mechanisms can be changed by shifts in the ease
with which predators hunt or the difficulty of prey
being hunted (Ripple et al., 2016). In water, body
size changes or mouth shape alterations cause

changes in the efficiency of energy flow to higher
trophic levels and even chain length (Audzijonyte
et al., 2020). Microbes also matter due to their
decomposition ability.  Everything further up
relies on their adaptations to breakdown the
material or cycle nutrients without any noise
(Allison, 2017). Food chain coexistence is often
based on niche differentiation, with species
occupying different niches, perhaps due to feeding
different food types or at different times of the day
(McPeek, 2017).

Human beings added new problems to the mix,
pollution, fragmentation of habitats, and other
interferences are now forcing species to adapt in a
way that they never needed to do before (Alberti et
al., 2017). All species may not be able to keep them
more adaptive to the changing environment and
they may become extinct when the niche in the
chain collapses (Clavel et al., 2017). That is why
conservationists are beginning to focus more on
the issue of safeguarding the capacity to evolve
rather than the species (Sgrro et al., 2016). Finally,
the process of adaptation in food chains provides
us-with a glimpse into how the state of the
ecosystems remains sustainable and self-sustaining
over time (Brooks et al., 2016).

Aquatic food chain balance

As long as the phytoplankton are also performing
it continues to transmit energy to zooplankton
who are the primary grazers. (Sterner & Elser,
2002). Zooplankton do not only feed on
phytoplankton, but they prevent their dominance
as well. Without someone to restrain the
phytoplankton, you would have unsightly algal
blooms that would upset the entire system
(Sommer et al., 2012). The bottom of the food
chain is interconnected to the larger, hungrier fish
by the small fish and aquatic bugs that are feeding
on zooplankton (Houde, 2008). Then come the
predatory fishes which consume these smaller
animals maintaining the balance of population
and ensuring the food chain is healthy (Pauly et al.,
1998).

On the upper level, there are large fish, birds and
marine mammals. They also prevent their prey to
multiply too rapidly, which is another control
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measure (Heithaus et al., 2008). By a smooth flow
of energy among all these groupings the ecosystem
is always productive and pretty tough and capable
of tackling some bumps along the path (Odum,
1969).

Nutrients are only part of the human influences.
By overfishing, vital predators are eliminated and
therefore their prey may become many times
bigger and upset the entire balance (Jackson et al.,
2001; Estes et al., 2011). Climate change will just
exert additional stress through changing the
temperatures, currents, and nutrients (Hoegh-
Guldberg and Bruno, 2010). This means that
when an aquatic food chain remains balanced it
provides us with all manner of benefits-fisheries,
clean water amongst others (Costanza et al., 1997).
However, when this balance collapses then food
security and livelihood of people suffer (Allison et
al., 2009). Longterm stability implies the
conservation of whole ecosystems rather than the

individual species (Folke et al., 2004).

Balance of terrestrial food chain

Sustainability of the terrestrial food chain is a
complicated interaction among producers,
consumers, and decomposers with the flow of
energy and nutrients across trophic levels. It is
through these interactions that the degree of
resilience in an ecosystem and ability to absorb
disturbances occurs without collapsing. Studies
have demonstrated that the terrestrial food webs
are much interconnected networks; elimination or
reduction in population of a single species can
change the predator-prey relationship, which can
disturb the whole structure (Wade, 2023). Like
human pressures, change in land-use, habitat
fragmentation, and pesticides that make food
chains easier by increasing species richness,
undermining ecological stability, and ecological
service delivery. The agricultural growth and
destruction of habitats decreases the available
niches of numerous organisms, which results in a
reduction in biodiversity of flora and fauna
(Firbank et al., 2007). This decrease commonly
causes a decrease in the number of trophic links,
causing food webs to become more vulnerable to
perturbations such as climate extremes or invasion

by troublesome species. This means that food
chain balance conservation is best achieved
through safeguarding various habitats and
alleviating the effects that humans have on the
ecological networks. Ecological research points
out that management, which is founded on
network-level species significance, and not
individual species, leads to improved results in the
context of ecosystem persistence (McDonald-
Madden et al., 2013). Policy changes to support the
complexity of the food web can be promoted
through policies that encourage habitat
restoration, decreased chemical use and the
creation of areas that are not subject to human
activities. It is important to make recognition of
the inherent worth of every trophic level in
ensuring the functions and resilience of the
terrestrial ecosystems.

Marine Chains of Fishes and their Fisheries

Complex trophic interactions determine marine
food chains enhancing biodiversity, fishing, and
ocean health. In dynamic ecological networks,
these food webs provide connections between
primary producers (e.g. phytoplankton) and
herbivores, carnivores, and apex predators.
Overfishing interferes with these interactions
because it selectively removes large predatory fish
causing a process called a fishing down the food
web in which fishers successively target species of
lower trophic status (Pauly et al., 1998). This
change alters the population structure, lowers an
average trophic level and diminishes ecosystem
stability, which influences nutrient cycling and
energy transfer within marine ecosystems. The
overexploitation and poor management of fish
have been attributed to declining fish stocks and a
decrease in  biodiversity and  ecosystem
productivity (Rizwan Khanum, 2024). In addition,
unfriendly fishing methods such as bycatch and
destructive fishing gear may destroy vital
ecosystems like coral reef and sea grass beds, which
enhances food chain interference. Fisheries are
also a key human food security and economic
commodity, particularly in communities that are
located close to the coastline where seafood is the
main protein source (Mohsin et al., 2024). Trophic
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management approaches and ecosystem based
management approaches can be used to reconcile
the objectives of exploitation with conservation.

Farming and Simplification of Food Charles
The process of agricultural intensification has
transformed terrestrial ecosystems in ways that
simplify food chains and cause ecological
complexity. Traditional agriculture focuses on
monocultures and homogenous production of
crops, which may reduce heterogeneity of habitat
and reduce diversity in organisms of different
trophic levels. It is demonstrated that intensive
agriculture results in the loss of plant and animal
species, undermining the trophic relationships,
and decreasing such ecosystem services as pest
control and pollination process (Firbank et al.,
2007). Single crops in large areas make up
simplified landscapes that possess lower
biodiversity =~ than  heterogeneous,  diverse
agricultural systems and homogenization impacts
food web stability and predator prey interactions.
Additionally, synthetic fertilizers and pesticides
are used on agricultural land to modify the
microbial community organisms in the soil, which
further disrupt food chains (Elouafi et al., 2024).
Such alterations reduce the resilience of natural
systems in the ecosystem, resulting in systems
being more interdependent on human actions and
less susceptible to environmental stressors. On the
other hand, other practices such as crop rotation,
cover cropping and agroforestry increase the
biodiversity through provision of a wide range of
habitats and niche opportunities to organisms.
Research indicates that the diversified agricultural
systems are more beneficial in enhancing soil
health, species richness, and expanded the troop
of interactions than the simplified monocultures
(Amoah et al, 2025). The agro ecological
approaches make the conservation of biodiversity
and food production objectives compatible and
imply that the food chain complexity and
agricultural productivity can be interlinked.
Therefore, agricultural reforms that are
sustainable are important to the restoration of the
ecological equilibrium in Agroecosystems.

Efforts to conserve to sustain the food chain
The idea of conservation is key to maintaining
stability in the food chains and averting
destruction in the biodiversity of various
ecosystem types. The delicate relationships among
species in the sea and on land can be preserved
and salvaged by protecting and restoring habitats,
creating reserves, and minimizing direct human
impacts. The protected areas contribute to the
protection of the critical habitats and prevent the
trophic relations being interfered with by human
induced disruptions, such as deforestation or
overfishing (Wade, 2023). Ecological stewardship
can be improved by community based
conservation strategies that engage the local
stakeholders and combine both the traditional
and scientific knowledge. These types of
collaborative models have worked in preserving a
variety of trophic structure especially where
localized governance promotes sustainable
resources exploitation (Galvin et al., 2007). Marine
systems Marine protected areas (MPAs) have
presented positive results of enabling the recovery
of fish populations and other species, which
enhance the ecology and resilience of the food
web. There are also conservation measures of
controlling invasive species, restoring the keystone
species and the use of adaptive management plans
which react to ecological feedback. Rewilding can
be used to reinstate natural processes that have
been lost, including nutrient cycling and predator-
prey interactions, through the restoration of
trophic relationships that have been lost
(Rewilding, 2025). Balanced policy frameworks
along with the incorporation of science-based
monitoring is vital in order to keep conservation
actions viable in response to environmental shifts.
Thus, the maintenance of the biodiversity and
ecosystem services is based on the holistic
conservation models that maintain a complicated
food chain interaction (Galvin et al., 2007).

Strategies of Sustainable Ecosystem Management
Sustainable management of the ecosystem is
aimed at creating a balance between ecological
integrity, human needs, and the long term
sustainability of food webs and natural resources.
This will focus on adaptive science based decision
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making taking into consideration ecological
interactions at trophic levels with the sustainability
of livelihoods. Ecosystem based management is a
form of management that incorporates ecological,
social, and economic factors to ensure the
maintenance of the biodiversity and ecosystem
services (Xu and Peng, 2024). Their goal is to
achieve balance between resource exploitation and
conservation, to adapt to the transformation and
to minimize adverse human effects using holistic
structures. A case in point, fishing pressure can be
balanced to achieve ecological biomass and
fisheries productivity by using techniques such as
distributing fishing pressure over several troic
levels (Nature Communications, 2025). Organic
farming, agroforestry, and regenerative agriculture
are sustainable farming techniques, which are
beneficial because they improve the health of soil,
promote biodiversity, and enable ecosystems to be
resilient (Elouafi et al., 2024). Ecosystem service
policies contribute to sustainable development by
ensuring that conservation is in line with more
general societal objectives such as food and climate
adaptation. Moreover, nature based measures
including  habitat  restoration and green
infrastructure offer the multipurpose advantages,
as well as alleviating the climate risks and
enhancing the stability of the food chains (Nature-
based solutions, 2025).

Conclusion

Food chain balance is needed to maintain the
health, biodiversity, and well-being of people
within the ecosystem. The normal ecological
stability depends on complex food webs, which
control the energy movement, nutrient cycling,
and various population dynamics of landscapes
and seascapes. Human actions such as habitat
destruction, over fishing, and intensification of
agriculture are threatening both the terrestrial and
marine ecosystems and making them simpler to
food chains and less resilient. It has been
scientifically demonstrated that the ecological
complexity carried by conserved areas, sustainable
management of resources, and environmentally
friendly practices helps in sustaining the ecosystem
processes and human life. Appropriate measures
such as multispecies fisheries management,

diversified agriculture, habitat restoration and
community based conservation complement
ecological networks. These strategies are most
effective when they are based on adaptive
governance that responds to ecological feedback
and incorporates the use of scientific monitoring
to maximize effectiveness. Management of
sustainable ecosystems also presents goals of food
security, climate adaptation, and biodiversity
conservation on a global scale as they are
interdependent. Therefore, balance in the food
chains needs to be encouraged through
comprehensive, joint initiatives based on
ecological facts and human justice. The future
research and policy should still seek new
innovative solutions that do not destroy the
ecological integrity but satisfy the demands of the
society.
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