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Chapter

Anthropogenic Impacts as
Determinants of Tropical Lake
Morphology: Inferences for
Strategic Conservation of Lake
Wetland Biodiversity
Aina O. Adeogun and Azubuike V. Chukwuka

Abstract

Lakes as essential ecosystems for diverse life forms, including humans, have suf-
fered altered morphology with adverse effects on biodiversity including amphibians
and amphibious species. Thus, it is imperative for effective conservation strategies to
simultaneously consider lake morphology, landscape variables, and the role of key-
stone species as ecosystem engineers for biodiversity preservation. Keystone species,
particularly birds and large-bodied predators, i.e., crocodylians, play a critical role in
maintaining the health of lake ecosystems as ecosystem engineers, bringing about
large-scale changes in lake morphology and hydrology that determine the abundance
and survival of other species in the ecosystem. Conservation strategies should, there-
fore, prioritize the protection of these keystone species and their habitats. To balance
the needs of human society with the protection of lake ecosystems and their biodi-
versity, conservation practices must involve stakeholder engagement, including gov-
ernment agencies, local communities, traditional ecological knowledge, and scientists.
A multidisciplinary approach, incorporating ecological, hydrological, and social fac-
tors, is considered necessary for effective lake conservation. This approach will
encompass the preservation of lake biodiversity and consider important variables such
as lake morphology, landscape variables, and the role of keystone species as ecosystem
engineers in providing insights for strategic conservation practices.

Keywords: lake conservation, biodiversity, anthropogenic impacts, keystone species,
multidisciplinary approach

1. Introduction

Lakes are important ecosystems that support a high level of biological
diversity, making them valuable resources for conservation efforts. They provide critical
habitats for many plant and animal species, including numerous rare and endemic
species and are essential for the survival of manymigratory birds [1]. Additionally, lakes
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contribute to the regulation of global biogeochemical cycles and serve as a source of
drinking water for millions of people worldwide [2, 3]. Conserving the biological diver-
sity of lakes is, therefore, crucial for maintaining the integrity of these ecosystems and
ensuring their continued provision of important ecological services.

The factors that influence lake morphology and biodiversity are complex and
interconnected, making conservation efforts challenging. Some of the most significant
drivers of lake biodiversity loss are anthropogenic activities, including urbanization,
agriculture, and mining [1, 4]. These activities alter the natural characteristics of lake
ecosystems, leading to habitat degradation, water quality degradation, and loss of
biodiversity [5]. Therefore, understanding the impact of these factors is critical to
developing effective conservation strategies. Keystone species are a crucial component
to ensure the conservation of biological diversity in natural habitats like lakes. They
play an essential role in regulating the population sizes of other species, often by
controlling the availability of resources such as food or habitat. In many cases, the loss
of a keystone species can have cascading effects on the rest of the ecosystem, leading
to the decline of other species and ultimately compromising ecosystem health [6, 7].
Hence, the conservation of keystone species is critical for maintaining the biodiversity
and ecological integrity of lake ecosystems.

1.1 Lakes ecosystems and biological diversity conservation

Lakes play a critical role in the conservation of biological diversity, as they support
a diverse array of aquatic and terrestrial habitats that are home to a wide range of
plant and animal species. They are recognized as one of the most important ecosys-
tems in terms of biodiversity, and their conservation is essential for maintaining
ecological balance and the provision of ecosystem services. Lakes provide optimal
habitats for numerous keystone species, which are important in maintaining the
balance and health of lake wetland ecosystems [8].

Human activities such as deforestation, urbanization, agriculture, and mining have
resulted in significant changes in lake ecosystems, leading to loss of biodiversity and
degradation of ecosystem services. Climate change also poses a significant threat to
the health and functioning of lake ecosystems, as rising temperatures and changes in
precipitation patterns can alter water chemistry, nutrient cycling, and ecosystem
processes [9]. Climate change-related changes in the inflow water volumes of lakes
may also bring about morphological changes (Figure 1) [10]. These threats highlight
the importance of conserving lake ecosystems to maintain biodiversity and ensure the
continued provision of vital ecosystem services.

Conservation efforts that focus on the protection and restoration of lake ecosys-
tems have become increasingly important in recent years [11]. These efforts involve
the implementation of policies and management practices that aim to reduce the
impact of human activities on lake ecosystems, while also promoting sustainable use
and the conservation of biodiversity [12]. Examples of conservation strategies include
the establishment of protected areas. Implementation of sustainable fishing
practices, restoration of degraded habitats, and reduction of pollution and
eutrophication [13, 14].

1.2 Factors that influence lake morphology and biodiversity

Several factors influence the morphology and biodiversity of lakes, including
geology, climate, water chemistry, and physical characteristics such as depth,
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shoreline length, and connectivity to other water bodies [15, 16]. Variations in these
factors can lead to alterations in lake morphology, including changes in water
depth, temperature, and nutrient availability, with significant impacts on lake bio-
diversity [17, 18]. For example, increased nutrient inputs from human activities
such as agriculture and urbanization may lead to eutrophication and algal blooms,
which can negatively affect fish populations and other aquatic organisms [19, 20].
Similarly, changes in the physical structure of lake habitats, for example, the
removal of shoreline vegetation for the construction of dams, can lead to habitat
loss and fragmentation, with negative impacts on the diversity and abundance of
aquatic and terrestrial species [21].

In addition to the factors mentioned above, other human activities: deforestation,
mining, and land use changes can also influence the morphology and biodiversity of
lakes [22]. Activities like deforestation around lake watersheds may lead to increased
sedimentation and nutrient runoff, altering the water chemistry of a lake and leading
to decreased water clarity and dissolved oxygen levels [23]. Similarly, mining activ-
ities may introduce heavy metals and other toxic substances into lake ecosystems,
which can negatively impact the health and diversity of aquatic species [24]. Land
use changes, such as the conversion of wetlands to agricultural, industrial, or urban
areas, can also result in the loss of crucial habitats, especially for wetland-dependent
species and further contribute to biodiversity loss [25]. Thus, understanding the
factors that influence lake morphology and biodiversity is crucial for effective lake
conservation and management. By monitoring changes in these factors and
implementing appropriate management strategies, such as nutrient reduction pro-
grams or habitat restoration efforts, it is possible to mitigate the negative impacts of
human activities and promote the health and diversity of lake ecosystems [26].
Furthermore, addressing these factors can help to maintain the provision of ecosys-
tem services that lakes offer to human society, such as drinking water, food, and
recreation [27].

Figure 1.
Direct linkages between anthropogenic activities, lake morphology, and biodiversity occurrence.
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1.3 Keystone species and health of lake wetland ecosystems

Keystone species are essential for the maintenance of lake wetland ecosystems, and
their loss can have cascading effects throughout the food web [28]. Amphibians are
important in many ecosystems; however, negative large-scale effects such as climate
change or massive pollution events on amphibians may have cascading effects on
many other animals in the ecosystem [29]. In tropical lake wetland ecosystems, the
conservation and management of keystone species, particularly amphibians and
amphibious species, are vital to the regulation of food webs and nutrient cycling [30].
Amphibious species, such as mudskipper fish, birds, reptiles, and some mammals, are
among the keystone species that play vital roles in nutrient cycling, predator-prey
dynamics, and vegetation management [31]. Other species include amphibious fish
species such as lungfish (Dipnoi), Bichir (Polypteridae), Air-breathing catfish
(Claridae), and snakehead fish (Channidae). These species regulate the abundance of
phytoplankton, aquatic plants, and periphyton growth in tropical lake ecosystems.
While the bird, African Jacana controls the abundance of aquatic invertebrates, the
mudskipper regulates the abundance of prey species, preventing overconsumption
and maintaining the balance of the food web. Another example is where large-bodied
apex predators like alligators undertake ecosystem roles by dam-building activities,
and creating complex hydrological and ecological systems that support diverse aquatic
and terrestrial species [32].

The loss of keystone species due to habitat destruction, pollution, and other threats
may have significant impacts on the balance and health of lake ecosystems. For
instance, the decline of birds due to hunting, habitat destruction, and climate change
has been reported to have cascading effects throughout the food web. Similarly, the
loss of amphibious species can negatively impact nutrient cycling and the regulation
of phytoplankton and aquatic plant abundance in these ecosystems. The removal of
top predators which constitute the amphibious group can lead to an increase in the
abundance of their prey resulting in the overconsumption of aquatic vegetation and a
decline in water quality [33, 34]. Developing effective conservation strategies for
keystone species, (such as restoring bird habitats and conserving top predator spe-
cies), is crucial for the long-term management and sustainability of tropical lake
wetland ecosystems. Conservation efforts that focus on protecting and restoring key-
stone species, including amphibians and amphibious species, can have cascading
effects that benefit multiple species and ecosystem processes [35].

2. Anthropogenic impacts on lake morphology and biodiversity

2.1 Overview

The current state of the world’s lakes is indeed alarming, and people around the
world will have to make a concerted effort to reverse the trend toward degradation.
Human activities have been shown to have a significant impact on the morphology
and biodiversity of lakes. For example, agricultural practices, deforestation, and
urbanization can cause changes in land use and land cover, leading to alterations in the
hydrological regime of lakes [36]. This may result in increased sedimentation and
eutrophication, with negative effects on the diversity and abundance of aquatic plants
and animals [37]. Pollution from domestic, industrial, and agricultural sources can
also introduce toxins and excess nutrients into lakes, causing algal blooms and other
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forms of ecological disturbance [38]. Furthermore, the construction of dams, canals,
and other forms of water infrastructure can alter the natural flow and connectivity of
rivers and lakes, and impact biodiversity and ecosystem services [39]. The fragmen-
tation of lake habitats can lead to the isolation of populations, reducing gene flow and
increasing the risk of extinction for certain species [40, 41]. Invasive species intro-
duction, either intentionally or unintentionally, can also have a profound impact on
lake biodiversity by outcompeting native species for resources and altering food webs
[42]. In essence, anthropogenic activities have a significant impact on the morphology
and biodiversity of lakes, and understanding these impacts along with developing
strategies to mitigate them is crucial for the sustainable management of these fresh-
water ecosystems.

2.2 Specific anthropogenic activities and impact on Lake morphology

2.2.1 Urbanization

Urbanization refers to the process of population growth and expansion of urban
areas, resulting in the conversion of natural landscapes into built-up areas. This
process is accompanied by a variety of anthropogenic activities, such as land-use
change, construction of buildings, and infrastructure development, that can have
significant impacts on the morphology of lakes and their associated ecosystems. One
of the primary impacts of urbanization on lakes is the alteration of their hydrology.
The expansion of impervious surfaces, such as roads and buildings, can increase
surface runoff and reduce infiltration, leading to changes in the hydrology (volume,
timing, and frequency of water inputs) of the lakes [43] and resultant negative effects
on lake health and its inhabitants [44]. Additionally, urbanization can lead to the
destruction of natural vegetation that provides essential ecosystem services such as
water purification, nutrient cycling, and erosion control, leading to reduced water
quality and increased sedimentation [45]. The input of nutrients and organic matter
increases the chances of eutrophication and toxic algal blooms in receiving habitats
[19]. In essence, changes due to urbanization can negatively impact the diversity and
abundance of aquatic species, as well as the ecosystem processes that support them.
The study by Saha et al. [46] underscored the importance of considering the impacts
of anthropogenic activities on lake morphology and biodiversity and the need for
effective management strategies to mitigate these impacts. They found that the water
quality of oxbow lake was affected by both point and non-point sources of pollution,
including domestic sewage and agricultural runoff. The authors also found that the
distribution of fish species within the lake was influenced by the hydrological con-
nectivity of the lake with adjacent habitats. Fish species that were more adapted to
stagnant water conditions were found in the inner parts of the oxbow lake, while
species that were more adapted to flowing waters were found in the outer parts of the
lake where the water was more connected to the main river channel. Urbanization also
contributes to the introduction and spread of invasive species in lakes. The construc-
tion of waterways, channels, and drainage systems for urban development can facili-
tate the movement of non-native species, that have been observed to outcompete
native species and alter the ecological balance of lake ecosystems [47]. In essence, the
complex interactions between urbanization, hydrology, water quality, and biodiver-
sity in oxbow lake ecosystems highlight the need for sustainable urban planning and
management practices that minimize the negative impacts of human activities on lake
ecosystems.
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2.2.2 Agriculture

Agricultural practices and associated activities such as fertilizer and pesticide
use, land clearing, and irrigation can result in increased sedimentation, nutrient
enrichment, and water pollution in lakes [48]. These inputs may cause eutrophication,
(a process whereby excessive nutrients stimulate the growth of algae and other
aquatic plants), ultimately leading to oxygen depletion and fish kills [49]. In addition,
irrigation practices can reduce water levels in lakes, altering lake morphology and
reducing water availability for other uses [50]. Livestock grazing, crop production,
and the use of fertilizers and pesticides may also have negative impacts on lake
ecosystems (as runoff from agricultural lands laden with excess nutrients such as
nitrogen and phosphorus), leading to eutrophication and harmful algal blooms [51].
Pesticides are a class of endocrine disrupters with reported estrogenic effects and
modulated vitellogenin production in male and female aquatic species [52, 53]. Other
effects resulting from vitellogenin induction in male species include kidney failure
and impairment of reproductive success, increasing the risks of declines in local
populations’ biodiversity [54, 55].

To mitigate the impact of agricultural practices on lake ecosystems, best manage-
ment practices (BMPs) have been developed to reduce nutrient and sediment runoff
from agricultural lands. These BMPs include practices such as reducing fertilizer
application rates, implementing cover crops, and maintaining vegetative buffer strips
along streams and lakes [56]. Additionally, the implementation of water conservation
measures in agricultural practices, such as drip irrigation and precision agriculture,
may reduce water use and increase water availability for other uses [57]. By
implementing these practices, the negative impact of agriculture on lake morphology
and biodiversity can be minimized, allowing for the sustainable use of these important
ecosystems.

The agricultural sector is crucial to the economy of many African countries, and it
accounts for a significant portion of their GDP, hence its widespread practice drives
unregulated chemical applications, overuse of water resources for irrigation and other
agricultural purposes leading to the depletion of lakes and other freshwater ecosys-
tems. As such the negative impacts of agriculture on lake habitats may outweigh the
economic benefits of agricultural production. Therefore, adopting integrated
approaches that consider both the environmental and economic implications of agri-
cultural practices are necessary to achieve sustainable agriculture and promote the
protection and conservation of lake habitats.

2.2.3 Mining

Mining activities such as excavation, blasting, and sedimentation alter the physical
and chemical properties of lake ecosystems [58]. The discharge of toxic chemicals and
heavy metals from mining activities also has reported harmful effects on aquatic
organisms and their habitats [59, 60]. For example, the gold mining industry in the
Amazon basin has been linked to high levels of mercury contamination in local
waterways and aquatic food webs, posing a threat to the health of human populations
that rely on these resources for sustenance [61]. In addition to contaminating water
bodies, mining activities can also lead to habitat destruction and fragmentation
through the construction of mines and access roads, leading to the isolation of differ-
ent species and populations and further reducing the biodiversity of lake ecosystems
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[62]. Soil erosion caused by mining can increase sedimentation in nearby water bodies
and reduce water quality, further degrading the habitat. The use of heavy machinery
and chemicals like cyanide and mercury also contributes to soil and water quality
degradation, leading to the loss of vegetation cover and contamination of water
bodies, affecting aquatic species diversity. Mining can cause significant disturbances
to the soil and subsurface habitats, altering soil structure and composition,
microbial communities, and nutrient availability, resulting in a reduction in the bio-
diversity of lake ecosystems. The excavation of minerals leads to increased sedimen-
tation and erosion, with negative impacts on the health of lakes and resident
organisms [63]. The disposal of mining waste can also lead to the release of heavy
metals and other toxic substances (organics) from subsurface sediments into the
surface waters of lakes [64].

Efforts to mitigate the impacts of mining on lake ecosystems include the imple-
mentation of best management practices, such as the use of sediment traps and the
reduction of chemical usage in mining operations [65]. However, the effectiveness of
these measures is often limited by weak regulatory frameworks and insufficient
enforcement mechanisms [66], especially in developing countries. In order to main-
tain the long-term health and sustainability of lake ecosystems affected by mining
activities, it is important to adopt a comprehensive approach that combines sustain-
able mining practices with effective governance and monitoring. The negative
impacts of mining activities on lake ecosystems can lead to a reduction in the diversity
and abundance of aquatic species, as well as changes in ecosystem processes that
support them. Therefore, management practices that minimize the impacts of these
activities on lake ecosystems should be implemented to maintain their health and
sustainability.

Anthropogenic activities, such as urbanization, agriculture, and mining, have been
found to have significant impacts on lake morphology and biodiversity [5]. These
activities can lead to changes in water quality, habitat degradation, and increased
sedimentation, resulting in decreased biodiversity and harm to aquatic organisms.
Additionally, climate change exacerbates the impacts of anthropogenic activities by
altering water cycles, lake chemistry, and increasing water temperatures [67] (Box 1).
Therefore, to preserve lake biodiversity, conservation efforts must consider the
impacts of anthropogenic activities and their effects on habitat and food sources for
aquatic organisms and other species dependent on lentic water systems, taking into
account recommendations from previous studies.

1.Eutrophication: excessive nutrient enrichment of water can lead to harmful algal blooms and oxygen
depletion, ultimately causing death of fish and other aquatic organisms.

2. Sedimentation: the deposition of sediment on the lake bed, which causing turbidity, alter the nutrient
cycle, and reduce light penetration, affecting aquatic plants and algae.

3. Shoreline alteration: the modification of the lake's natural shoreline, leading to habitat loss,
fragmentation, and changes in vegetation, which impacts wildlife diversity and abundance

4.Habitat destruction and fragmentation- the clearing of natural vegetation around the lake, impacting the
distribution and abundance of species.

7

Anthropogenic Impacts as Determinants of Tropical Lake Morphology: Inferences…
DOI: http://dx.doi.org/10.5772/intechopen.112274



2.3 Lake morphology as a diagnostic for habitat degradation

Pressures on lakes are unevenly distributed around the world, with the most severe
lake health problems across the entire continent of Africa and other densely-populated
low-income countries. There is also a need for better diagnostics, in particular in low-
income countries. Diagnostics include the implementation of a standardized classifi-
cation system for lake health conditions. To do this we suggest focusing on a few key
variables that directly reflect lake health, with empirical support and validation from
The Ramsar Convention on Wetlands, an intergovernmental treaty that provides a
framework for national action and international cooperation for the conservation and
wise use of wetlands and their resources (Box 2). One of its objectives is to promote
the conservation of wetlands, including lakes, through wise use and management
practices that take into account ecological, social, cultural, and economic consider-
ations. The Convention emphasizes the importance of monitoring, assessing, and
reporting on the status and trends of wetlands, including their ecological character,

5. introduction of non-native species: outcompete native species and disrupt the lake's ecological balance

6.Climate change: alterations in temperature, and precipitation impacts hydrological regimes around the
lake

7.Overfishing: impacts the structure and function of the food web within the lake

Box 1.
Threats to biodiversity through altered lake morphology.

Lake Habitat

Degradation

Altered Morphology Landscape Variables

1 (minimal) • No significant changes in lake
morphology.

• Natural shoreline with no or minimal
human-made structures.

• High percentage of undisturbed
natural vegetation in the surrounding
landscape.

• Presence of a continuous riparian
buffer of at least 30 meters from the
shoreline, consisting of native
vegetation.

2 (slight) • Slight alteration of lake morphology,
such as minor sedimentation or nutrient
enrichment.

• Shoreline may have minor human-
made structures, such as docks or small
retaining walls.

• Moderate percentage of undisturbed
natural vegetation in the surrounding
landscape.

• Presence of a riparian buffer of at least
20 meters from the shoreline,
consisting of native vegetation.

3 (moderate) • Moderate alteration of lake
morphology, such as moderate
sedimentation or nutrient enrichment.

• Low percentage of undisturbed natural
vegetation in the surrounding landscape.

• Presence of a riparian buffer of at least 10
meters from the shoreline, consisting of
native vegetation.
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functions, and services. The Convention also guides the development of management
plans and the implementation of conservation measures for wetlands, including lakes.

In addition, the United Nations Sustainable Development Goals (SDGs), particu-
larly SDG 6 on clean water and sanitation, provided additional empirical support and
validation for the suggested diagnostics. SDG 6 aims to ensure the availability and
sustainable management of water and sanitation for all, including the protection
and restoration of water-related ecosystems, such as lakes. The SDGs provide a
framework for countries to set targets and indicators for measuring progress toward
sustainable development, including the conservation and management of lakes and
their biodiversity.

2.4 Lake morphology change and biodiversity loss: Focus on bird diversity

The link between changes in lake morphology and biodiversity loss is well
established, with numerous studies highlighting the negative impacts of anthropo-
genic activities on biodiversity in lake ecosystems. For example, Chukwuka et al. [1]
observed that urbanization, agriculture, and mining activities all have significant
impacts on the morphology of tropical lakes and wetlands, which may have
cascading effects on the biodiversity of these ecosystems. Bird diversity is one aspect
of biodiversity that has been particularly affected by changes in lake morphology.
Birds are important keystone species in lake ecosystems and play a crucial role in
maintaining ecosystem processes such as nutrient cycling and food webs. However,
urbanization and other anthropogenic activities have led to habitat loss and
fragmentation, as well as changes in water quality and hydrology, with negative
impacts on bird populations [68].

For example, the construction of dams and reservoirs for hydroelectric power
generation and irrigation has resulted in the fragmentation of bird habitats and
reduced the availability of suitable nesting sites, leading to declines in bird
populations in some areas [69, 70]. Similarly, the conversion of wetlands to

• Shoreline may have significant human-
made structures, such as bulkheads or
seawalls.

4 (severe) • Severe alteration of lake morphology,
such as significant sedimentation or
nutrient enrichment.

• Shoreline may have extensive human-
made structures, such as large marinas
or commercial development.

• Minimal percentage of undisturbed
natural vegetation in the surrounding
landscape.

• Presence of a narrow or intermittent
riparian buffer, consisting of non-
native or disturbed vegetation.

5 (critical) • Critical alteration of lake morphology,
such as complete loss of natural
shoreline or severe pollution.

• Absence of natural vegetation in the
surrounding landscape.

• Absence of a riparian buffer, or
presence of a degraded buffer
consisting of non-native or disturbed
vegetation.

Box 2.
Lake health diagnostics.
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agricultural land or urban areas could result in the loss of important feeding and
breeding grounds for birds, which also contribute to declines in bird diversity [71]. In
addition to habitat loss and fragmentation, changes in water quality and hydrology
also have negative impacts on bird populations. For example, the discharge of pollut-
ants such as nutrients, pesticides, and heavy metals into lakes and wetlands can lead to
eutrophication and toxic algal blooms, which can directly or indirectly impact bird
populations [72]. Changes in hydrology such as altered water flow and water level
fluctuations can also impact bird populations by altering the availability of suitable
foraging and breeding habitats [73]. Therefore, it is important to recognize the link
between changes in lake morphology and bird diversity loss and to develop effective
conservation strategies that focus on preserving and restoring bird habitats and
populations in lake ecosystems.

3. Lake morphology and landscape co-factors affecting biodiversity

The morphology of a lake is a key factor in determining the biodiversity of the
aquatic ecosystem. Physical characteristics such as water depth, shoreline complexity,
and substrate composition have a significant impact on the distribution, abundance,
and diversity of species in lakes [74]. Changes in lake morphology, particularly those
caused by anthropogenic activities, can have significant impacts on biodiversity. One
of the most significant impacts of changes in lake morphology is the loss of shoreline
habitats such as wetlands and riparian zones. These habitats are important for
supporting a diverse array of aquatic and terrestrial species, including birds [75].
Wetlands offer critical nesting, foraging, and roosting areas for various bird species,
particularly those that rely on shallow water habitats. Riparian zones are equally
essential for bird diversity, serving as significant sources of food and habitats for
various bird species, including migratory species that use them as stopover sites
[76, 77].

Lake morphology can have a significant impact on the biodiversity of aquatic and
terrestrial species. For example, shallow lakes may support higher plant and fish
diversity than deep lakes [21]. Furthermore, surrounding landscape variables such as
land use, vegetation cover, and water quality can influence biodiversity in lakes. For
example, agricultural land use surrounding lakes has been linked to decreased
amphibian diversity, while forested land use has been associated with increased
amphibian diversity [78].

Changes in water depth and substrate composition can also have significant
impacts on bird diversity in lakes. For example, shallow water habitats such as
marshes and wetlands are important for supporting many bird species, particularly
waterfowl and wading birds. Changes in water depth due to dredging or filling
can result in the loss of these important habitats, leading to declines in bird
diversity [79]. Similarly, changes in substrate composition due to sedimentation or
erosion can impact bird diversity by altering the availability of food and nesting
materials. Overall, changes in lake morphology can have significant impacts on
bird diversity and the broader aquatic ecosystem. Conservation efforts that focus
on maintaining and restoring important shoreline habitats, preserving water depth
and substrate composition, and reducing the impacts of anthropogenic activities
can help to maintain the health and resilience of lakes and their associated eco-
systems.
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3.1 Loss of riparian vegetation and lake morphology

Loss of riparian vegetation and alterations in lake morphology due to human
activities may have significant impacts on lake ecosystems and their biodiversity.
Riparian vegetation plays a crucial role in maintaining the physical, chemical, and
biological integrity of lakes by reducing erosion, filtering pollutants, and providing
habitat and food for aquatic and terrestrial organisms [80]. However, land use
changes such as deforestation, urbanization, and agriculture have resulted in the
loss and degradation of riparian vegetation around many lakes, leading to reduced
water quality, altered hydrological regimes, and changes in the structure and function
of lake ecosystems [81]. Anthropogenic alterations to lake morphology, such as
shoreline modification, dredging, and damming, can also affect the physical and
chemical characteristics of lakes and alter available habitats for aquatic organisms
[82]. These changes can ultimately lead to a decline in lake biodiversity and ecosystem
services.

Studies have demonstrated the negative impacts of riparian vegetation loss and
alterations in lake morphology on lake biodiversity and ecosystem functioning [83].
Lewin et al. [84] documented that the development of residential areas along lake
shores often leads to the conversion of natural littoral habitats to various structures
such as riprap, sheet piles, beaches, parks, or marinas, driving the loss of littoral
vegetation, which negatively affects the structural diversity and fish communities in
the littoral zone. Litterfall from riparian vegetation is a significant source of organic
matter for benthic and pelagic habitats in lakes [85]. The impact of this input depends
on various factors such as the riparian habitat’s characteristics, shoreline complexity,
and the overall productivity of the aquatic ecosystem. While most organic inputs
come from litterfall, terrestrial insects sustained by riparian areas can also provide a
substantial source of prey for aquatic predators and contribute tothe lake nutrient
cycle in some cases [86, 87]. Furthermore, Saha et al. [46] and Chukwuka et al. [1]
demonstrated the role of hydrological connectivity, water quality, and landscape
structure in shaping the distribution and abundance of fish and bird communities in
urban oxbow lakes and wetlands. In this light, it is imperative that conservation and
restoration plans for lake ecosystems should acknowledge the importance of riparian
vegetation and lake morphology and account for the complex interplay between
physical, chemical, and biological factors affecting lake biodiversity and ecosystem
services.

3.2 Adjacent landscape variables and lake biodiversity

The surrounding landscape variables of a lake can also have a significant impact on
the biodiversity of the lake ecosystem. The composition and structure of surrounding
vegetation, as well as the presence of nearby habitats such as forests, wetlands, and
agricultural lands, can influence the diversity and abundance of species in the lake
[21]. For example, studies have shown that lakes surrounded by diverse and extensive
vegetation have higher species diversity than lakes surrounded by sparse vegetation
[88, 89]. This is attributable to surrounding vegetation that provides food and shelter
for lake species and contributes to the regulation of water quality and temperature.
Similarly, adjacent wetlands and forests also sustain bird species, providing nesting
sites and foraging areas [90]. The loss or degradation of these habitats due to land-use
changes portends negative effects on the diversity and abundance of bird species
within lake ecosystems [91].
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3.3 Keystone species as ecological engineers

Like other animals, amphibians (salamanders, frogs, toads, and caecilians) are
affected by numerous environmental stressors that often act in complex ways [92].
However, in at least some regions, amphibian losses appear to be more severe than
losses in other vertebrate taxa [93, 94]. Amphibious species, on the other hand, include
lungfishes, mudskippers, newts, otters, herons, crocodilians, and alligators. It is impor-
tant to note that the large-bodied predators among amphibious species are highly
recognized as both keystone species (which contribute to nutrient and energy translo-
cation across ecosystems) and highlighted as ecosystem engineers. Keystone species that
function as ecosystem engineers are relevant to the concept of lake morphology
dynamics. This is because, these organisms have the ability to create, modify, and
maintain physical attributes of habitats in ways that can affect the distribution, life
histories, behaviors, and abundance of other species within that ecosystem [95]. Croc-
odilians (alligators and crocodiles) perform the keystone function of maintaining eco-
system balance by controlling the population growth of prey species, maintaining
residual waterholes during dry periods, and inhibiting encroachment of aquatic plants.
However, they can modify habitats in ways that can influence the distribution and
abundance of other species. They excavate open holes, dens, and tunnels that serve as
refuges from environmental extremes and predation and can also store fresh water.
Mound-nesting species can build elevated structures or construct nests on floating
vegetation, creating elevated “islands” [32]. These modifications can have a significant
impact on lake morphology, such as shaping shorelines and affecting water flow pat-
terns. The excavation of large holes, tunnels, and the construction of mound nests by
crocodylians can result in significant modifications to the landscape. The holes can be
more than 20 meters in diameter and have depths greater than 1 meter, while tunnels
can reach over 50 meters in length [32]. Mound nests can be as large as 7 meters in
diameter and 1 meter in height. The pathways used by crocodylians between these
features can also create depressions that can retain water during dry periods. These
modifications have the potential to strongly influence topographic heterogeneity within
the landscape due to the substantial size of the habitat features and the total area of
physical modifications created by crocodylians [32].

Considering the role of crocodylians in habitat modification, we can infer that
population dynamics for fluctuations of nesting crocodylians for instance can amplify
their effects on the landscape and lake morphology by extension. While both amphib-
ians and amphibious vertebrates play a crucial role as keystone species in the biodiver-
sity of lakes and wetlands, [96] the morphological characteristics of lakes, such as size,
depth, and shoreline complexity, as well as surrounding landscape variables, are driven
and largely determined by the large-bodied amphibious species [97]. This brings to bear
the concept of “keystone structures” which refers to the significance of habitat hetero-
geneity in creating areas of high species richness. This concept has been extensively
studied in terrestrial environments but has received less attention in freshwater systems.
Keystone structures can concentrate species activity and thus influence density and
biodiversity. For instance, the presence of complex shorelines, which provide a variety
of niches and microhabitats for amphibians, is positively correlated with their abun-
dance and diversity [98]. In addition, larger and deeper lakes are associated with higher
amphibian species richness [99]. The importance of habitat complexity is further seen in
the presence of other keystone structures in freshwater systems including weed beds,
patches of gravel or rock outcrops, and deep pools in lotic systems, which provide
refuges to different sizes of crayfish and their predators [100].
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While the loss of amphibious keystone species in lakes and wetlands may have far
reaching ecological consequences, the decline of amphibian populations could also
impact the structure and function of food webs in these ecosystems via an unregulated
abundance of invertebrate species [101]. In addition, the loss of amphibians can have
negative impacts on nutrient cycling, as they play a critical role in the regulation of
organic matter decomposition and nutrient release [102]. Thus, incorporating mea-
sures to protect and enhance these species can contribute to the sustainability of these
ecosystems and the provision of essential ecosystem services.

4. Lake conservation and multidisciplinary approaches

4.1 Importance of a multidisciplinary approach to lake conservation

Managing a lake as an environmental indicator poses significant challenges due to
the need to address complex technological, financial, and institutional issues. It
requires support from both the public and industry, which may prioritize short-term
economic gains over long-term environmental sustainability. Effective lake manage-
ment requires careful consideration of various factors, including monitoring and
assessment of water quality, management of surrounding land use, and regulation of
pollutant discharge into the lake. In addition, stakeholder involvement and collabora-
tion are crucial for developing effective management plans that balance economic and
environmental concerns. A multidisciplinary approach to lake conservation is critical
to addressing the complex challenges facing these ecosystems. The management of
lakes requires collaboration between various fields, including ecology, hydrology,
limnology, geography, and social sciences. The integration of these disciplines allows
for a comprehensive understanding of the environmental, social, and economic fac-
tors that affect lake ecosystems. Studies have highlighted the importance of consider-
ing the social context of lake management and found that the attitudes and
perceptions of residents toward lake management influenced the success of conserva-
tion efforts [103, 104]. Aside from aiding in the development of sustainable and
adaptive management strategies, integrating ecological and social knowledge, lake
management can be tailored to address the unique challenges and goals of each
ecosystem [105]. This approach has accounted for the interconnectedness of social
and ecological systems and identified trade-offs between conservation and human
well-being [106]. Furthermore, a multidisciplinary approach can help address the
uncertainties and complexities associated with lake ecosystems. The integration of
multiple perspectives and data sources can also improve the accuracy and robustness
of predictions and models used in management decisions. By working together, sci-
entists, managers, and stakeholders can develop effective and sustainable strategies
that balance the conservation of biodiversity with the needs of local communities.

4.2 Ecological, hydrological, and social factors in conservation strategies

Effective management of lake health requires a holistic approach, recognizing the
interconnectedness of ecological, hydrological, and social factors. Ecological factors,
such as the physical and biological characteristics of a lake and its surrounding land-
scape, and hydrological factors (referring to the water cycle and human impacts on
water quality and quantity) must be considered alongside social factors, including the
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cultural, economic, and political context in which the lake exists. To address the com-
plex interactions that affect lake ecosystems, a multidisciplinary approach is necessary.

A multidisciplinary approach recognizes that lake ecosystems are complex and
interconnected systems that require a holistic understanding of the interactions
between biotic and abiotic factors, human activities, and their impacts on lake eco-
systems [107]. Therefore, ecological studies that assess the physical and biological
features of a lake should be complemented by hydrological studies that examine water
flow dynamics and quality, as well as social studies that identify the attitudes, per-
ceptions, and behaviors of local communities toward a lake and its resources [108].
Understanding the hydrological aspects including water availability, flow, and quality,
and how these are affected by changes in land use and climate are crucial factors for
developing strategies to mitigate the negative impact of human activities on lakes.
These may include reducing the use of synthetic fertilizers in agriculture to prevent
nutrient pollution or designing stormwater management systems to minimize runoff
into lakes. On the other hand, ecological research can help identify the key drivers of
ecological change and determine the appropriate conservation interventions needed to
maintain or restore healthy lake ecosystems.

According to de Bisthoven et al. [109] study on the socio-ecological assessment of
the Lake Manyara basin in Tanzania, they observed that improved water governance
through a multi-actor approach (with a focus on distributing benefits and rights and
assigning specific roles to water authorities) should be a priority for future integrated
management strategies. Additionally, they highlighted the need to raise awareness
among decision-makers, scientists, and local communities about the advantages of an
integrated approach. Elsewhere, a lake management strategy based on both bio-physical
and socio-economic aspects which also adopts a watershed/ecosystem approach at the
policy level, integrates income generation in conservation activities, sharing responsi-
bility and benefits among local stakeholders, and enhancing management capacity
development and institutional strengthening for sustainable development was
recommended [110]. In essence, a participatory approach involving multidisciplinary
stakeholders could assist in ensuring successful lake conservation and management.

4.3 The importance of keystone species in lake conservation efforts

Lake conservation efforts have traditionally focused on preserving individual species
and maintaining biodiversity. However, an approach that considers the role of keystone
species in maintaining ecosystem health is becoming increasingly important [111].
Keystone species have a disproportionately large impact on the structure and function
of an ecosystem relative to their abundance. They often play a critical role in
maintaining ecosystem processes such as nutrient cycling, pollination, and predation
[112]. In the context of lake ecosystems, amphibians and amphibious vertebrates
(including birds, turtles, and crocodylia) control the flow of trophic resources including
phytoplankton and aquatic plants, and also stimulates the growth of periphyton [113].

Conserving keystone species is essential for maintaining the health and resilience
of lake ecosystems. Loss of keystone species can have cascading effects throughout the
ecosystem, leading to declines in biodiversity and the disruption of ecosystem services
[111]. For example, the loss of fish species in lakes can lead to an increase in the
abundance of phytoplankton and algae, which can result in eutrophication and oxygen
depletion, ultimately leading to a decline in biodiversity [114]. In addition, amphib-
ians such as frogs and salamanders are sensitive indicators of environmental health
and can provide early warning signals of changes in ecosystem function [115]. To
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effectively conserve keystone species in lakes, a multidisciplinary approach is neces-
sary. This approach involves collaboration among ecologists, hydrologists, social sci-
entists, and policymakers to develop conservation strategies that consider the
ecological, hydrological, and social factors that influence the health and resilience of
lake ecosystems [111]. For example, conservation efforts may involve regulating land
use practices such as urbanization, agriculture, and mining that can negatively impact
lake ecosystems and their keystone species. Additionally, monitoring and research
programs to identify and track changes in keystone species populations and their roles
in ecosystem function can inform conservation planning and management toward
enhancing the resilience and sustainability of lake ecosystems [115].

5. Conclusion

Lakes are crucial ecosystems that are pivotal in conserving biological diversity. A
plethora of factors influence their morphology and biodiversity, including human
activities like urbanization, agriculture, and mining, as well as lake morphology and
landscape features. These activities lead to changes in water quality, vegetation cover,
and habitat structure, all of which affect the survival of various species in the lake.
Moreover, changes in lake morphology affect the distribution and abundance of
keystone species, such as fish and amphibians, which are essential for maintaining the
ecosystem’s functioning and health. Such species also play an important role in
maintaining the balance of lake wetland ecosystems. To ensure the effective protec-
tion of lake ecosystems and their biodiversity, a multidisciplinary approach that inte-
grates ecological, hydrological, and social factors in conservation strategies is essential.
In addition, keystone species must be prioritized in conservation strategies since their
decline can have cascading effects throughout the ecosystem. The overall health of
lake ecosystems is critical for human well-being, as these ecosystems provide numer-
ous services, such as water supply, fisheries, and recreation. Therefore, sustainable
management practices that prioritize and strike a balance between biodiversity con-
servation in lake ecosystems while meeting human needs should be implemented.

Given the complex interactions between lake morphology, landscape variables,
and anthropogenic impacts on biodiversity, a multidisciplinary approach is crucial for
effective lake conservation. Ecological, hydrological, and social factors should all be
considered when designing conservation strategies, while anthropogenic activities
such as urbanization, agriculture, and mining should also be taken into account.
Keystone species, such as amphibians and amphibious vertebrates, are important for
maintaining lake ecosystem health and should be a top priority for conservation
efforts, which must involve not only ecologists and biologists but also social scientists
and policymakers. To ensure the success of conservation practices, it is also essential
to engage local communities and incorporate indigenous knowledge and perspectives.
Strategic conservation practices that prioritize the protection of keystone species and
their habitats while balancing human needs and environmental sustainability are
necessary to ensure the long-term health and sustainability of lakes as vital resources.

15

Anthropogenic Impacts as Determinants of Tropical Lake Morphology: Inferences…
DOI: http://dx.doi.org/10.5772/intechopen.112274



Author details

Aina O. Adeogun1* and Azubuike V. Chukwuka2

1 Department of Zoology, University of Ibadan, Ibadan, Nigeria

2 Department of Environmental Quality Control, National Environmental Standards
and Regulations Enforcement Agency (NESREA), Nigeria

*Address all correspondence to: ao.adeogun@ui.edu.ng; ainaadeogun@yahoo.com

©2023TheAuthor(s). Licensee IntechOpen. This chapter is distributed under the terms of
theCreative CommonsAttribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in anymedium, provided
the originalwork is properly cited.

16

Science of Lakes - Multidisciplinary Approach



References

[1] Chukwuka AV, Egware TU,
Okali KD, Fadahunsi AA,
Oluwakotanmi PG, Emasoga P, et al. The
influence of Lake morphology, landscape
structure, and urbanization factors on
Bird community composition in
wetlands of four Tropical Lakes.
Wetlands. 2022;42:1-15

[2] Adeogun AO, Ibor OR, Khan EA,
Chukwuka AV, Omogbemi ED,
Arukwe A. Detection and occurrence of
microplastics in the stomach of
commercial fish species from a
municipal water supply lake in
southwestern Nigeria. Environmental
Science and Pollution Research. 2020;27:
31035-31045

[3] Zhang Y, Deng J, Qin B, Zhu G,
Zhang Y, Jeppesen E, et al.
Importance and vulnerability of
lakes and reservoirs supporting drinking
water in China. Fundamental Research.
2023;3(2):265-273

[4] Biggs J, Von Fumetti S, Kelly-Quinn
M. The importance of small waterbodies
for biodiversity and ecosystem services:
Implications for policy makers.
Hydrobiologia. 2017;793:3-39

[5] Jeppesen E, Meerhoff M, Davidson T,
Trolle D, Sondergaar M, Lauridsen TL, et
al. Climate change impacts on lakes: an
integrated ecological perspective based on
a multi-faceted approach, with special
focus on shallow lakes. Journal of
Limnology. 2014;73(1s):88-111

[6] Power ME, Tilman D, Estes JA,
Menge BA, Bond WJ, Mills LS, et al.
Challenges in the quest for
keystones: Identifying keystone species
is difficult—But essential to
understanding how loss of species will
affect ecosystems. Bioscience. 1996;46:
609-620

[7] Zavaleta E, Pasari J, Moore J,
Hernandez D, Suttle KB, Wilmers CC.
Ecosystem responses to community
disassembly. Annals of the New York
Academy of Sciences. 2009;1162:
311-333

[8]Dobson A, Lodge D, Alder J,
Cumming GS, Keymer J, McGlade J,
et al. Habitat loss, trophic collapse, and
the decline of ecosystem services.
Ecology. 2006;87:1915-1924

[9]Mujere N, Moyce W. Climate change
impacts on surface water quality. In:
Hydrology and Water Resource
Management: Breakthroughs in Research
and Practice. Hershey, PA: IGI Global;
2018. pp. 97-115

[10] Liu J, Kattel G, Arp HPH, Yang H.
Towards threshold-based management
of freshwater ecosystems in the context
of climate change. Ecological Modelling.
2015;318:265-274

[11] Sayer CD. Conservation of aquatic
landscapes: Ponds, lakes, and rivers as
integrated systems. Wiley
Interdisciplinary Reviews: Water. 2014;
1:573-585

[12] Darwall W, Bremerich V, De
Wever A, Dell AI, Freyhof J,
Gessner MO, et al. The Alliance for
freshwater life: A global call to unite
efforts for freshwater biodiversity
science and conservation. Aquatic
Conservation: Marine and Freshwater
Ecosystems. 2018;28:1015-1022

[13] Arthington AH, Dulvy NK,
Gladstone W, Winfield IJ. Fish
conservation in freshwater and marine
realms: Status, threats and management.
Aquatic Conservation: Marine and
Freshwater Ecosystems. 2016;26:
838-857

17

Anthropogenic Impacts as Determinants of Tropical Lake Morphology: Inferences…
DOI: http://dx.doi.org/10.5772/intechopen.112274



[14]Ho LT, Goethals PL. Opportunities
and challenges for the sustainability of
lakes and reservoirs in relation to the
sustainable development goals (SDGs).
Water. 2019;11:1462

[15] Scheffer M, van Nes EH. Shallow
lakes theory revisited: Various
alternative regimes driven by climate,
nutrients, depth and lake size. In:
Shallow Lakes in a Changing World:
Proceedings of the 5th International
Symposium on Shallow Lakes,
Held at Dalfsen, the Netherlands,
5-9 June 2005. Springer; 2007.
pp. 455-466

[16] Stefanidis K, Papastergiadou E.
Relationships between lake
morphometry, water quality, and
aquatic macrophytes, in greek lakes.
Fresenius Environmental Bulletin. 2012;
21:3018-3026

[17]Donohue I, Garcia Molinos J.
Impacts of increased sediment loads on
the ecology of lakes. Biological Reviews.
2009;84:517-531

[18] Leira M, Cantonati M. Effects of
water-level fluctuations on lakes: An
annotated bibliography. In: Wantzen
KM, Rothhaupt K-O, Mörtl M, Cantonati
M, Tóth LG, Fischer P, editors.
Ecological Effects of Water-Level
Fluctuations in Lakes. Springer; 2008.
pp. 171-184

[19] Paerl HW, Gardner WS, Havens KE,
Joyner AR, McCarthy MJ, Newell SE,
et al. Mitigating cyanobacterial harmful
algal blooms in aquatic ecosystems
impacted by climate change and
anthropogenic nutrients. Harmful Algae.
2016;54:213-222

[20]Wurtsbaugh WA, Paerl HW,
Dodds WK. Nutrients, eutrophication
and harmful algal blooms along the
freshwater to marine continuum. Wiley

Interdisciplinary Reviews: Water. 2019;
6:e1373

[21]Meerhoff M, de los Ángeles
González-Sagrario M. Habitat
complexity in shallow lakes and ponds:
Importance, threats, and potential for
restoration. Hydrobiologia. 2022;849:
3737-3760

[22]Macháček J. Typology of
environmental impacts of artisanal and
small-scale mining in African Great
Lakes region. Sustainability. 2019;11:
3027

[23]Du X, Song D, Ming K, Jin X,
Wang H, Wang L, et al. Response of
macroinvertebrate communities to land
use and water quality in Wudalianchi
Lake. Ecology and Evolution. 2021;11:
1368-1377

[24] Cattaneo A, Couillard Y, Wunsam S,
Fortin C. Littoral diatoms as indicators of
recent water and sediment
contamination by metals in lakes. Journal
of Environmental Monitoring. 2011;13:
572-582

[25] Birch WS, Drescher M, Pittman J,
Rooney RC. Trends and predictors of
wetland conversion in urbanizing
environments. Journal of Environmental
Management. 2022;310:114723

[26]Gross C, Hagy JD III. Attributes of
successful actions to restore lakes and
estuaries degraded by nutrient pollution.
Journal of Environmental Management.
2017;187:122-136

[27] Assessment ME. Ecosystems and
Human Well-Being: Wetlands and
Water. Washington, DC:World
Resources Institute; 2005. 248 p

[28] Gunderson LH, Pritchard L.
Resilience and the Behavior of Large-
Scale Systems. Washington, DC: Island

18

Science of Lakes - Multidisciplinary Approach



Press; 2012. 240 p. DOI: 10.5822/978-1-
61091-219-8. ISBN-13: 978-1-61091-219-8

[29]Woolbright LL. Disturbance
influences long-term population patterns
in the Puerto Rican frog,
Eleutherodactylus coqui (Anura:
Leptodactylidae). Biotropica. 1996;28
(4):493-501

[30] Kennedy G, Mayer T. Natural and
constructed wetlands in Canada: An
overview. Water Quality Research
Journal. 2002;37:295-325

[31] Soni HB. Biodiversity of Wetlands
and Forests: A Nature Trail. Google Book
Publishers; 2020. 165 p. DOI: 10.1002/
jwmg.21804. E-book

[32] Somaweera R, Nifong J,
Rosenblatt A, Brien ML, Combrink X,
Elsey RM, et al. The ecological
importance of crocodylians: Towards
evidence-based justification for their
conservation. Biological Reviews. 2020;
95:936-959

[33] Carignan V, Villard M-A. Selecting
indicator species to monitor ecological
integrity: A review. Environmental
Monitoring and Assessment. 2002;78:
45-61

[34]Hossack BR, Gould WR, Patla DA,
Muths E, Daley R, Legg K, et al. Trends
in Rocky Mountain amphibians and the
role of beaver as a keystone species.
Biological Conservation. 2015;187:
260-269

[35] Johnson SA, Ober HK, Adams DC.
Are keystone species effective umbrellas
for habitat conservation? A spatially
explicit approach. Journal for Nature
Conservation. 2017;37:47-55

[36] Badar B, Romshoo SA, Khan M.
Modelling catchment hydrological

responses in a Himalayan Lake as a
function of changing land use and land
cover. Journal of Earth System Science.
2013;122:433-449

[37] Carlson Mazur ML, Smith B, Bird B,
McMillan S, Pyron M, Hauswald C.
Hydrologic connectivity and land cover
affect floodplain lake water quality, fish
abundance, and fish diversity in
floodplain lakes of the Wabash-White
River basin. River Research and
Applications. 2022;38:160-172

[38] Bhateria R, Jain D. Water quality
assessment of lake water: A review.
Sustainable Water Resources
Management. 2016;2:161-173

[39] Reid AJ, Carlson AK, Creed IF,
Eliason EJ, Gell PA, Johnson PT, et al.
Emerging threats and persistent
conservation challenges for freshwater
biodiversity. Biological Reviews. 2019;
94:849-873

[40]Danley PD, Markert JA,
Arnegard ME, Kocher TD. Divergence
with gene flow in the rock-dwelling
cichlids of Lake Malawi. Evolution.
2000;54:1725-1737

[41]DeMeester L, Gómez A, Okamura B,
Schwenk K. The monopolization
hypothesis and the dispersal–gene flow
paradox in aquatic organisms. Acta
Oecologica. 2002;23:121-135

[42] Strayer DL. Alien species in fresh
waters: Ecological effects, interactions
with other stressors, and prospects for
the future. Freshwater Biology. 2010;55:
152-174

[43]Hobbie SE, Grimm NB. Nature-
based approaches to managing climate
change impacts in cities. Philosophical
Transactions of the Royal Society B.
2020;375:20190124

19

Anthropogenic Impacts as Determinants of Tropical Lake Morphology: Inferences…
DOI: http://dx.doi.org/10.5772/intechopen.112274



[44] Pham SV, Leavitt PR, McGowan S,
Peres-Neto P. Spatial variability of
climate and land-use effects on lakes of
the northern Great Plains. Limnology
and Oceanography. 2008;53:728-742

[45]Decocq G, Andrieu E, Brunet J,
Chabrerie O, De Frenne P, De Smedt P,
et al. Ecosystem services from small
forest patches in agricultural landscapes.
Current Forestry Reports. 2016;2:30-44

[46] Saha S, Chukwuka AV,
Mukherjee D, Saha NC, Adeogun AO.
Hydrological connectivity, surface water
quality and distribution of fish species
within sub-locations of an urban oxbow
lake, East India. Watershed Ecology and
the Environment. 2022;4:44-58

[47] Zhan A, Zhang L, Xia Z, Ni P,
Xiong W, Chen Y, et al. Water
diversions facilitate spread of non-native
species. Biological Invasions. 2015;17:
3073-3080

[48] Board LWS. Reducing Nutrient
Loading to Lake Winnipeg and its
Watershed: Our Collective
Responsibility and Commitment to
Action. Winnipeg, MB: Lake Winnipeg
Stewardship Board; 2006. 160 p

[49] Camargo JA, Alonso Á. Ecological
and toxicological effects of inorganic
nitrogen pollution in aquatic ecosystems:
A global assessment. Environment
International. 2006;32:831-849

[50] Council NR. Restoration of Aquatic
Ecosystems: Science, Technology, and
Public Policy. Washington, DC: National
Academies Press; 1992. 432 p

[51] Smith VH, Schindler DW.
Eutrophication science: Where do we go
from here? Trends in Ecology &
Evolution. 2009;24:201-207

[52] Adeogun AO, Ibor OR,
Adeduntan SD, Arukwe A. Intersex and

alterations in reproductive development
of a cichlid, Tilapia guineensis, from a
municipal domestic water supply lake
(Eleyele) in southwestern Nigeria.
Science of the Total Environment. 2016;
541:372-382

[53] Adeogun AO, Ibor OR,
Chukwuka AV, Regoli F, Arukwe A. The
intersex phenomenon in Sarotherodon
melanotheron from Lagos lagoon
(Nigeria): Occurrence and severity in
relation to contaminants burden in
sediment. Environmental Pollution.
2019;244:747-756

[54] Chukwuka A, Ogbeide O,
Uhunamure G. Gonad pathology and
intersex severity in pelagic (tilapia zilli)
and benthic (Neochanna diversus and
Clarias gariepinus) species from a
pesticide-impacted agrarian catchment,
south-south Nigeria. Chemosphere.
2019;225:535-547

[55]Ogbeide O, Uhunamure G,
Uwagboe L, Osakpamwan T, Glory M,
Chukwuka A. Comparative gill and liver
pathology of tilapia zilli, Clarias
gariepinus and Neochanna diversus in
owan river (Nigeria): Relative ecological
risks of species in a pesticide-impacted
river. Chemosphere. 2019;234:1-13

[56] Singh G, Kaur G, Williard K,
Schoonover J, Nelson KA. Managing
phosphorus loss from agroecosystems of
the Midwestern United States: A review.
Agronomy. 2020;10:561

[57] Bwambale E, Abagale FK,
Anornu GK. Smart irrigation monitoring
and control strategies for improving
water use efficiency in precision
agriculture: A review. Agricultural
Water Management. 2022;260:107324

[58] Sergeant CJ, Sexton EK, Moore JW,
Westwood AR, Nagorski SA,
Ebersole JL, et al. Risks of mining to

20

Science of Lakes - Multidisciplinary Approach



salmonid-bearing watersheds. Science.
Advances. 2022;8:eabn0929

[59] Jerome FC, Hassan AA,
Chukwuka AV. Sex-specific affinity for
redox-active metals influences
antioxidant responses of Callinectes
amnicola (blue crab) populations in
littoral and open water habitats of a
tropical coastal lagoon. Marine Ecology.
2017;38:e12437

[60]Nriagu JO. Global metal pollution:
Poisoning the biosphere? Environment:
Science and Policy for Sustainable
Development. 1990;32:7-33

[61] de Bakker LB, Gasparinetti P, de
Queiroz JM, de Vasconcellos ACS.
Economic impacts on human health
resulting from the use of mercury in the
illegal gold mining in the brazilian
amazon: A methodological assessment.
International Journal of Environmental
Research and Public Health. 2021;18:
11869

[62] Pilogallo A, Scorza F. Mapping
regulation ecosystem services
specialization in Italy. Journal of Urban
Planning and Development. 2022;148:
04021072

[63]Haddaway NR, Cooke SJ, Lesser P,
Macura B, Nilsson AE, Taylor JJ, et al.
Evidence of the impacts of metal mining
and the effectiveness of mining
mitigation measures on social–ecological
systems in Arctic and boreal regions: A
systematic map protocol. Environmental
Evidence. 2019;8:1-11

[64] Igwe EO, Ede CO, Nnabo PN,
Ukpai SN. Impact of heavy metals
dispersion on water supplies around
Oshiri and Ishiagu mine districts of
southern Benue trough, Nigeria.
Modeling Earth Systems and
Environment. 2021;7:2015-2030

[65] Farris JL, Van Hassel JH. Freshwater
Bivalve Ecotoxicology. Boca Raton, FL:
CRC Press; 2006. 368 p

[66] Lauwo SG, Otusanya OJ, Bakre O.
Corporate social responsibility reporting
in the mining sector of Tanzania: (Lack
of) government regulatory controls and
NGO activism. Accounting, Auditing &
Accountability Journal. 2016;29(6):
1038-1074

[67]Moser KA, Baron JS, Brahney J,
Oleksy I, Saros JE, Hundey EJ, et al.
Mountain lakes: Eyes on global
environmental change. Global and
Planetary Change. 2019;178:77-95

[68] Seress G, Liker A. Habitat
urbanization and its effects on birds.
Acta Zoologica Academiae Scientiarum
Hungaricae. 2015;61:373-408

[69] Austin JE. Threats to Cranes Related
to Agriculture. Cranes and Agriculture:
A Global Guide for Sharing the
Landscape. Baraboo, Wisconsin, USA:
International Crane Foundation; 2018.
pp. 83-116

[70] Baldi A, Moskat C, Zagon A. Faunal
mapping of birds in a riparian area of
river Danube after construction of a
hydroelectric power station. Folia
Zoologica-Praha. 1998;47:173-180

[71]Wisneskie T. The Effects of
Agricultural Management on Wetland
Birds. Journal of Wildlife Management.
2020;84(2):379-390. DOI: 10.1002/
jwmg.21804

[72] Brönmark C, Hansson L-A.
Environmental issues in lakes and ponds:
Current state and perspectives.
Environmental Conservation. 2002;29:
290-307

[73] Teng J, Xia S, Liu Y, Yu X, Duan H,
Xiao H, et al. Assessing habitat suitability

21

Anthropogenic Impacts as Determinants of Tropical Lake Morphology: Inferences…
DOI: http://dx.doi.org/10.5772/intechopen.112274



for wintering geese by using normalized
difference water index (NDWI) in a
large floodplain wetland, China.
Ecological Indicators. 2021;122:107260

[74] Lemes da Silva AL, Petrucio MM.
Relationships between aquatic
invertebrate communities, water-level
fluctuations and different habitats in a
subtropical lake. Environmental
Monitoring and Assessment. 2018;190:
1-14

[75] Council NR. Riparian Areas:
Functions and Strategies for
Management. Washington, DC: National
Academies Press; 1992. 432 p

[76] Bonter DN, Gauthreaux SA Jr,
Donovan TM. Characteristics of
important stopover locations for
migrating birds: Remote sensing with
radar in the Great Lakes Basin.
Conservation Biology. 2009;23:440-448

[77] Pennington DN, Hansel J, Blair RB.
The conservation value of urban riparian
areas for landbirds during spring
migration: Land cover, scale, and
vegetation effects. Biological
Conservation. 2008;141:1235-1248

[78] Ray N, Lehmann A, Joly P. Modeling
spatial distribution of amphibian
populations: A GIS approach based on
habitat matrix permeability. Biodiversity
and Conservation. 2002;11:2143-2165

[79] Brawn JD, Robinson SK, Thompson
FR III. The role of disturbance in the
ecology and conservation of birds.
Annual Review of Ecology and
Systematics. 2001;32:251-276

[80] Schultz R, Isenhart T, Colletti J,
Simpkins W, Udawatta R, Schultz P.
Riparian and upland buffer practices. In:
North American Agroforestry: An
Integrated Science and Practice.
Madison, WI: American Society of

Agronomy, Crop Science Society of
America, and Soil Science Society of
America; 2009. pp. 163-218

[81] Saunders DL, Meeuwig JJ,
Vincent AC. Freshwater protected areas:
Strategies for conservation.
Conservation Biology. 2002;16:30-41

[82]Ostendorp W, Schmieder K,
Jöhnk KD. Assessment of human
pressures and their hydromorphological
impacts on lakeshores in Europe.
International Journal of Ecohydrology &
Hydrobiology. 2004;4:379-395

[83] Brauns M, Gücker B, Wagner C,
Garcia XF, Walz N, Pusch MT. Human
lakeshore development alters the
structure and trophic basis of littoral
food webs. Journal of Applied Ecology.
2011;48:916-925

[84] Lewin W-C, Mehner T,
Ritterbusch D, Brämick U. The influence
of anthropogenic shoreline changes on
the littoral abundance of fish species in
German lowland lakes varying in depth
as determined by boosted regression
trees. Hydrobiologia. 2014;724:293-306

[85] Gasith A, Hosier A. Airborne
litterfall as a source of organic matter in
lakes 1. Limnology and Oceanography.
1976;21:253-258

[86] Cole JJ, Caraco NF, Likens GE.
Short-range atmospheric transport: A
significant source of phosphorus to an
oligotrophic lake. Limnology and
Oceanography. 1990;35:1230-1237

[87]Mehner T, Ihlau J, Dörner H,
Hölker F. Can feeding of fish on
terrestrial insects subsidize the nutrient
pool of lakes? Limnology and
Oceanography. 2005;50:2022-2031

[88] Céréghino R, Ruggiero A, Marty P,
Angélibert S. Influence of vegetation

22

Science of Lakes - Multidisciplinary Approach



cover on the biological traits of pond
invertebrate communities. In: Annales
de Limnologie-International Journal of
Limnology. Paris, France: EDP Sciences;
2008. pp. 267-274

[89]Mäkelä S, Huitu E, Arvola L. Spatial
patterns in aquatic vegetation
composition and environmental
covariates along chains of lakes in the
Kokemäenjoki watershed (S. Finland).
Aquatic Botany. 2004;80:253-269

[90] Sirami C, Jacobs DS, Cumming GS.
Artificial wetlands and surrounding
habitats provide important foraging
habitat for bats in agricultural landscapes
in the Western cape, South Africa.
Biological Conservation. 2013;164:30-38

[91] Lepczyk CA, Flather CH,
Radeloff VC, Pidgeon AM, Hammer RB,
Liu J. Human impacts on regional avian
diversity and abundance. Conservation
Biology. 2008;22:405-416

[92] Blaustein AR, Kiesecker JM.
Complexity in conservation: Lessons
from the global decline of amphibian
populations. Ecology Letters. 2002;5:
597-608

[93]Hoffmann M, Hilton-Taylor C,
Angulo A, BöhmM, Brooks TM,
Butchart SH, et al. The impact of
conservation on the status of the world’s
vertebrates. Science. 2010;330:1503-1509

[94] Stuart SN, Chanson JS, Cox NA,
Young BE, Rodrigues AS, Fischman DL,
et al. Status and trends of amphibian
declines and extinctions worldwide.
Science. 2004;306:1783-1786

[95] Jones CG, Lawton JH, Shachak M.
Organisms as ecosystem engineers.
Oikos. 1994;69:373-386

[96]Hipsey MR, Gal G, Arhonditsis GB,
Carey CC, Elliott JA, Frassl MA, et al. A

system of metrics for the assessment and
improvement of aquatic ecosystem
models. Environmental Modelling &
Software. 2020;128:104697

[97] Vliet KA. Courtship behavior of
American alligators (Alligator
mississippiensis). Crocodilian Biology
and Evolution. 2001;1:383-408

[98] Jouney AH. Environmental factors
influencing amphibian community
assemblage in dune wetlands on the Lake
Michigan coast. Master’s thesis. Grand
Rapids, MI: Grand Valley State
University; 2018. 83 p

[99]Nikolay K, Nadezhda P. Temporal
and spatial variability of environments
drive the patterns of species richness
along latitudinal, elevational, and depth
gradients. Biological Communications.
2018;63:189-201

[100]Olsson K, Nyström P. Non-
interactive effects of habitat complexity
and adult crayfish on survival and
growth of juvenile crayfish (Pacifastacus
leniusculus). Freshwater Biology. 2009;
54:35-46

[101]Whiles MR, Lips KR, Pringle CM,
Kilham SS, Bixby RJ, Brenes R, et al. The
effects of amphibian population declines
on the structure and function of
Neotropical stream ecosystems.
Frontiers in Ecology and the
Environment. 2006;4:27-34

[102]Meunier CL, Gundale MJ,
Sánchez IS, Liess A. Impact of nitrogen
deposition on forest and lake food webs
in nitrogen-limited environments.
Global Change Biology. 2016;22:164-179

[103]Hirschnitz-Garbers M, Stoll-
Kleemann S. Opportunities and barriers
in the implementation of protected area
management: A qualitative meta-
analysis of case studies from European

23

Anthropogenic Impacts as Determinants of Tropical Lake Morphology: Inferences…
DOI: http://dx.doi.org/10.5772/intechopen.112274



protected areas. The Geographical
Journal. 2011;177:321-334

[104] Lehtoranta V, Louhi P. Does
conservation in Natura 2000 areas
promote water quality improvement?
Findings from a contingent valuation
study on environmental benefits and
residents’ preferences. Environmental
Science & Policy. 2021;124:226-234

[105]Noble MM. Integrating Social-
Ecological Values into Marine
Protected Area Spatial Planning.
Canberra, Australia: The Australian
National University; 2022. 162 p

[106]Maass M, Balvanera P, Bourgeron
P, Equihua M, Baudry J. Anthropogenic
impacts as determinants of tropical lake
morphology: inferences from the
morphometry and land use change of
five lakes in Hubí municipality
(Michoacán, Central Mexico). In: Lakes
and Water Quality. IntechOpen; 2021.
pp. 83-108

[107] Brewer SK, McManamay RA,
Miller AD, Mollenhauer R,
Worthington TA, Arsuffi T. Advancing
environmental flow science: Developing
frameworks for altered landscapes and
integrating efforts across disciplines.
Environmental Management. 2016;58:
175-192

[108] Brankov J, Pešić AM,
Joksimović DM, Radovanović MM,
Petrović MD. Water quality estimation
and Population’s attitudes: A multi-
disciplinary perspective of
environmental implications in Tara
National Park (Serbia). Sustainability.
2020;13:241

[109] de Bisthoven LJ, Vanhove M,
Rochette A-J, Hugé J, Verbesselt S,
Machunda R, et al. Social-ecological
assessment of Lake Manyara basin,
Tanzania: A mixed method approach.

Journal of Environmental Management.
2020;267:110594

[110] Shrestha P. Conservation and
management of Phewa Lake ecosystem,
Nepal. In: Proceedings of the
International Conference on Great
Himalayas: Climate, Health, Ecology,
Management and Conservation.
Citeseer; 2004. pp. 34-39

[111]Mooney H, Larigauderie A,
Cesario M, Elmquist T, Hoegh-Guldberg
O, Lavorel S, et al. Biodiversity, climate
change, and ecosystem services. Current
Opinion in Environmental
Sustainability. 2009;1:46-54

[112] Payton IJ, Fenner M, Lee WG.
Keystone Species: The Concept and its
Relevance for Conservation
Management in New Zealand.
Wellington: Department of
Conservation; 2002. pp. 1-27

[113] Davic RD, Welsh HH Jr. On the
ecological roles of salamanders. Annual
Review of Ecology, Evolution, and
Systematics. 2004;35:405-434

[114]Hecky RE, Mugidde R, Ramlal P,
Talbot M, Kling GW. Multiple stressors
cause rapid ecosystem change in Lake
Victoria. Freshwater Biology. 2010;55:
19-42

[115] Collins JP, Storfer A. Global
amphibian declines: Sorting the
hypotheses. Diversity and Distributions.
2003;9:89-98

24

Science of Lakes - Multidisciplinary Approach


