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Abstract 
Worldwide biodiversity is being threatened by human activities to a greater 
level wherein the natural ecosystems are reaching the verge of collapsing. We 
are faced with four major interrelated challenges namely a changing climate, 
biodiversity loss, human population growth and food production for this 
growing population. Agricultural intensification contributes significantly to 
biodiversity loss. The agricultural model for our current food production sys-
tems is mainly based on the Green Revolution, which promoted the cultiva-
tion of crops in extensive monoculture fields and intensified external inputs 
of agrochemicals. This model resulted in biodiversity loss, particularly in in-
sect populations. A model based on ecological intensification as an alternative 
to agricultural intensification with minimized use of agro-inputs may slow 
the rate of biodiversity loss resulting in more sustainable agricultural ecosys-
tems. 
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1. Introduction 

Current agricultural practices cause stress on ecosystems resulting in global eco-
system collapse because of existing food production practices. The recent 2019 
UN-biodiversity report [1] states that human activities are severely threatening 
worldwide biodiversity, with a million species facing extinction within the next 
few decades. With the disappearance of these organisms, our survival is threat-
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ened, because we rely on them for food production and a stable climate. We are 
presently facing four major interrelated challenges regarding change in climate, 
biodiversity loss, human population growth and food production. Changes in 
one of these challenges will ultimately have an impact on the others. This reflects 
the Gaia hypotheses, which proposes that the biosphere and the physical com-
ponents of the Earth are closely incorporated to form a complex interacting sys-
tem that maintains the climatic and biogeochemical conditions on earth in ideal 
homeostasis [2]. Human population growth has necessitated increased food 
production, which has disrupted this homeostasis and not only contributed sig-
nificantly to change in climate, but also significantly affected biodiversity. Brad-
shaw et al. [3] showed that major changes in the biosphere are related to the in-
crease in manmade systems, while Leclere et al. [4] believe that feeding the 
growing human population will oppose the ability to address the deterioration in 
biodiversity. Habitat conversion poses a significant threat to biodiversity [5] and 
the resulting pressure on natural ecosystems results in systems with deteriorat-
ing functionality. Agricultural intensification contributes significantly to popula-
tion declines in taxa such as birds, insectivorous mammals and insects [6] as a 
result of management intensification, and use of chemicals [7]. Furthermore, the 
fertilizer used annually to maintain global food production has a considerable 
effect on the increase of greenhouse gas emissions, consequently affecting a 
change in climate [8], which in turn affects the functionality of ecosystems. Tra-
ditional farming methods demonstrated support of higher biodiversity, but these 
small-scale systems have been replaced by intensive, large-scale, monoculture 
cultivated areas [9]. Agricultural intensification does not necessarily contribute 
to a significant increase in productivity. UNCCD [10] pointed out that close to a 
fifth of the earth’s vegetated land surface experienced a decline in productivity 
from 1998 to 2013, while the number of undernourished people in the world has 
also been increasing since 2014, reaching an estimated 815 million in 2016 [11]. 
Since the current agricultural model is not adequately feeding the global human 
population, while contributing to climate change, biodiversity loss and decline in 
land productivity, this model needs to be revisited in favor of a more sustainable 
model. 

2. The Model on Which Our Food Production Was Build 

Humans left their life of hunting and gathering behind and began to domesticate 
plants and animals in different parts of the world around 11,000 years ago. This 
was the beginning of agriculture and the design of the agricultural model that we 
know today [12], which resulted in 70% of the Earth’s land surface being altered 
by humans [13]. Agriculture enabled the feeding of more people that ultimately 
supported the human population increase, which necessitated intensification of 
agriculture up to a point where the mid-20th century brought agricultural trans-
formation in the form of the Green Revolution. The model of the Green Revolu-
tion was adopted globally and is based on cultivating crops in extensive mono-
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culture fields with increased external inputs of agrochemicals [14]. This model 
affected the agroecosystems resulting in the loss of diverse communities which 
sustained the biological functions essential in ecosystems. These essential bio-
logical functions were consequently replaced with increased external inputs of 
energy and agrochemicals [15]. The problem of decreased plant productivity, 
resulting from the loss of ecosystem functions, was solved by breeding improved 
cultivars [16], extensive soil tilling, improved irrigation, and the amplified use of 
inorganic fertilizer, chemical herbicides, pesticides and fungicides [17]. The in-
tensification of mainly wheat, rice, and maize cropping systems sustained hu-
man populations during the past three decades [16], with the industrialized 
agricultural model enabling the development of a complex global food business 
that supplied sufficient food to billions of people [8]. These were, however, only 
temporary solutions and this industrialized model was accompanied by a very 
high price. The systems resulting from this model of agriculture are essentially 
open systems, with deteriorated diversity, where energy is lost from the systems. 
This necessitates regular and heavy external inputs to keep them functional. 
Walker [18] states that industrial agriculture turns oil into food, while Tubiello 
[19] views these systems as energy intensive. The current model of agricultural 
intensification is not sustainable and ineffective at feeding the world, while being 
harmful to the environment, and contributes to biodiversity loss. 

3. Changing the Model 

We will not realize food security if we continue building on the agricultural 
model developed by the Green Revolution, based on the idea that agricultural 
intensification will achieve the persistent goal of meeting global food demand. 
The present conventional cropping systems have a detrimental effect on natural 
ecosystems [20]; [21] and with widespread environmental impacts driven by 
conventional intensification of agriculture, a need has arisen to change to farm- 
ing systems that will ensure food security, as well as protect the ecosystem ser-
vices on which agriculture depends [22]. An interpretation of the 2050 Vision of 
the convention on biological diversity requires an urgent adoption of a conser-
vation plan that retains the remaining biodiversity and restores degraded areas 
[4].  

Leclere et al. [4] believe that biodiversity conservation will conflict with other 
societal demands from land, unless this transformation includes sustainable food 
production and consumption. Ecological intensification is based on intensive and 
smart use of natural resources and ecosystem functions to produce food sus-
tainably without impacting on natural ecosystems. There is no single general 
model of ecological intensification, but this model may include diverse practices 
such as agroecology, organic agriculture, diversified farming systems, nature mi-
micry, conservation agriculture and agroforestry [23]. All of these production 
practices will have a constructive effect on the protection and maintenance of 
biodiversity in crop ecosystems. Stavi et al. [20] also believe that the moderate- 
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intensity and integrated farming systems that lie between the two extremes of 
conventional and conservation agricultural systems will provide satisfactory con-
ditions for crop production, while still sufficiently sustaining natural habitats. 
Functional biodiversity will influence the level and quality of ecosystem services 
to crops with organisms providing diverse ecosystem services such as biocontrol, 
pollination, and decomposition, which are key components in sustainable agri-
cultural production [24]. Ecological intensification is characterized by increase 
of species diversity, together with functional diversity, and the resulting func-
tional interactions within ecosystems [25]. Higher diversity will facilitate resi-
lient systems able to withstand and recover from external shocks caused by envi-
ronmental fluctuations. Rossing et al. [26] believe that organic and agro-ecological 
farming systems may better facilitate effective climate change relevant ecosystem 
services (carbon sequestration, energy use efficiency, soil water holding capacity, 
resilience to drought and resilience to hurricanes and heavy rainfall) than con-
ventional systems. Systems built on the model of ecological intensification are 
diverse and are essentially closed systems. This implies that no or very little 
energy is lost from the system and everything is recycled and used within the 
system. The system will therefore require no or very little external inputs, ren-
dering it sustainable. The diversity in the system will ensure adequate ecosystem 
services during environmental fluctuations and this system is flexible enough to 
adapt to climate and environmental change.  

Ecological intensification may be the answer to sustainable food production 
and food security, provided it is combined with a drastic limit to human popula-
tion growth and the population growth of the few domesticated species of ani-
mals and plants that humanity rely on for food. Domesticated animals have a 
significant effect on climate change and decline in biodiversity. While food pro-
duction, in general, is responsible for about 25% of global greenhouse-gas emis-
sions [27], within the agricultural sector, livestock farming has the largest envi-
ronmental footprint [28]. Instead of trying to match food production to the 
growing human population by intensifying agriculture, we need to limit human 
population growth to stay within the limits of existing food production, biodi-
versity and climate change challenges. For optimal survival of a species, all spe-
cies produce more offspring that can survive to adulthood. This survival rate is, 
however, influenced by environmental boundaries and limited by the availability 
of requirements for living, mainly space and food [29]. The human species is ex-
tremely successful and human population growth has extended these environ-
mental and ecological boundaries to a point where the systems supporting life is 
on the verge of collapse. According to Bradshaw et al. [3] the impact of contin-
ued population growth, combined with uneven distribution of resources, leads 
to massive food insecurity. The solution would be to apply a strict population 
policy on a global scale. If we can achieve a reduction in family size of only half a 
child less per family, there will be a decrease of more than 3 billion people by 
2100 [30].  
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4. Including Insects in the Transformed Agricultural Model  

Historically insects were perceived as competitors, rather than allies in the race 
for survival. Biodiversity decline is more severe for invertebrates than for verte-
brates, with dramatic rates of decline in insects that may lead to the extinction of 
40% of the world’s insect species over the next few decades [6]. Insects are af-
fected more severely by agricultural intensification than vertebrates and plants 
[31]. Various reports warn of declines extending broadly across arthropod li-
neages, causing decrease in numbers instead of individual species, resulting in 
losses that could result in deterioration of trophic webs [32] [33] [34] [35]. If this 
continues, it will result in the eventual collapse of ecosystems and our ability to 
produce food since insects are at the structural and functional base of many of 
the world’s ecosystems [6]. The best-documented and most interpretable insect 
declines come from areas of high human occupation, areas of intensive agricul-
ture, and areas where wet forests are experiencing desiccating conditions due to 
climate change [31]. Habitat loss and fragmentation are probably the most se-
rious threats to insect populations, resulting in reduced and homogeneous as-
semblages of generalist species [36]. These generalist species cannot perform the 
diverse ecological functions required to ensure appropriate functioning of eco-
systems. Insect ecologist Prof E.O. Wilson warned that “…mass insect extinction 
could mean no more nematodes and other worms moving soil around, and bees 
and other pollinators aiding plant reproduction. Agricultural yields would drop, 
bringing starvation, war and an ‘ecological dark age’ [37].”At this juncture the 
world cannot afford to continue to ignore these warnings. 

Insects make up the greater part of terrestrial diversity [38] and are funda-
mental elements for adequate ecosystem functioning, such as ecosystem cycling, 
pollination, predation/parasitism, and decomposition. In agricultural ecosystems 
these ecosystem functions, provided by insects, were replaced with external in-
puts such as chemical fertilizers and synthetic pesticides. There are two major 
causes of biodiversity loss in insect populations namely habitat destruction and 
use of agro-chemicals. The collective impacts of many modern farming practices 
are highly detrimental to biodiversity in general, and insects in particular [31]. 
Insect habitats are destroyed by the adoption of conversion of agro-ecosyems 
into large scale monocropping systems. Suitability of habitats for the survival of 
insect populations depends on two factors, availability of sufficient food sources 
and adequate shelter against adverse conditions for the particular insect popula-
tion. Crop monoculture plantations create ideal habitats for a limited number of 
generalist insect species by providing an endless source of food and shelter. 
These monoculture practices, however, exclude the majority of other specialist 
insect species from this system due to decrease in a diversity of suitable habitats. 
In the absence of competition and predation, the population growth of this li-
mited number of species escalates, enabling high dominance of these insect pop-
ulations. Attempts to control these dominant insect species on crops, by using 
chemical pesticides, cause further damage to other insect populations while the 
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dominant insect populations develop resistance against these chemicals and 
continue to increase. Dudley and Alexander [7] regard chemical pesticides as the 
major cause of insect losses in recent times, while application of chemical pesti-
cides does not contribute significantly to an increase in crop yields, but as a re-
sult of pest resistance can even lower yields and subsequent profit [39]. A more 
effective way to prevent dominant insect pest populations from reaching levels 
where major crop damage occur would be to manage the system in such a way 
that diverse habitats, accommodating increased insect diversity that are being 
preserved, instead of increasing the dominance of one or two species. This can 
be achieved with inter-cropping, crop rotation, planting of cover crops and the 
protection of “green areas” on the farm. Wagner [31] concluded that any efforts 
to make agricultural practices more sustainable and biodiversity friendly would 
have great dividends for insects and all the ecosystem processes that depend on 
them. 

5. Conclusion 

Immediate actions are necessary to address the four challenges in agriculture, 
climate change, biodiversity loss (especially in insect populations), human pop-
ulation growth and food production. The most effective way to address these 
challenges would be to revise the existing agricultural model and adapt it to one 
based on habitat restoration and reduction in agrochemical inputs, while keep-
ing the human population growth within ecological boundaries. By protecting 
and sustaining biodiversity, the ecosystem functions provided by diverse popu-
lations would strengthen ecosystems, facilitate sustainable food production, and 
mitigate some of the effects of climate change. To ensure the successful imple-
mentation of this adapted model, collaboration across diverse sectors, that will 
include farmers, industry partners, scientists, educators, and politicians, will be 
crucial. The sharing of information, with total transparency, between collabora-
tors will be vital for the successful implementation of the adapted model.  
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