Example 3: Student work

The impact of agriculture on biodiversity
Context
Agriculture is used all over the world to supply the human population with natural food
resources. Farmers use a variety of pesticides, herbicides and tools, such as ploughs,
tractors or combine harvesters. These all shape the land to the farmer’s will in order to
ensure the earth is in the right condition for optimal crop growth and so able provide us
with enough food. This, however, will hugely impact the surrounding biodiversity and this
in turn has long term harmful effects on the environment.
The purpose of this investigation is to see if agriculture has an effect on biodiversity in a
particular location in Switzerland where I live.
Research question:
To what extent does agriculture affect species composition and diversity?
Hypothesis:
Agricultural activities, such as crop growing and grazing, will reduce the biodiversity
levels. The untouched wildlife will be more biodiverse.
The location I have chosen is just outside Mettmenstetten in central Switzerland. I
will investigate the biodiversity along 5 parallel transects, each 25–30 metres long,
starting in a field and moving into natural woodland, as shown below

I divided each transect into five quadrat locations: one in the farmland, two in the grazing
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land and two more in the wildlife by the stream. I will then use the Simpson’s Diversity Index
to calculate the levels of biodiversity in each quadrat. This will allow me to see a change in
biodiversity as I move further away from the farmland.

Planning
Materials:
•
•
•
•

Tape measure
Camera
Kestrel 3000 (pocket weather meter)
Gridded quadrat (0.5 m x 0.5 m)

Method for data collection:
1. Measure out a straight line from the farmland to the wildlife. (The length will depend on
the distance between the farmland and the wildlife.)
2. Identify different areas in this transect (e.g. crops, grazing land and wildlife).
3. Locate the five different quadrat placements along the transect.
4. Place quadrat in the first location.
5. Count the number of individuals for each species of plant in the quadrat.
6. Take a picture of each species and label them with a letter.
7. Follow steps 4–6 for each planned quadrat location.
8. Repeat steps 1–7 for another four transects parallel to each other with the quadrat
locations at the same distances along the transect.
Variables:
•
•
•

Independent variable: The location of the quadrat along the transect.
Dependent variable: The numbers of each species in the quadrat.
Controlled variable: Each quadrat location. This is to ensure that each quadrat
analyses the same type of land, so comparing the quadrats from the farmland will
allow us to compare it objectively.
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Results
Raw data:
Individuals per species per quadrat per transect
Transect
#1
(Number of
individuals
per
species)

Transect
#2
(Number of
individuals
per
species)

Transect
#3
(Number of
individuals
per
species)

Transect
#4
(Number of
individuals
per
species)

Transect
#5
(Number of
individuals
per
species)

Quadrat #1

Crop: 13

Crop: 10

Crop: 11

Crop: 10

Crop: 11

Quadrat #2

a:
8b:
1d:
3

a:
6b:
4r:
3

a:
8e:
3

a:
9b’:
4b:
1

a:
7b:
10

Quadrat #3

g:
1d:
4a:
15b:
3

a:
9r:
5

a:
10x:
3
y: 2

a:
6b:
3y:
4

a:
9y:
7x:
4

Quadrat #4

i:
8a:
7l:
3b:
1m:
1p:
1

m:
27s:
2
a: 9

t:
4z:
1u:
1l:
5
a: 23

w: 6
U:
3l: 6
m:
22c’:
12

c’:
11e’:
13f’:
1g’: 1
l: 5

Quadrat #5

m:
18a:
8
q: 3

l:
9t:
6u:
2
v:
13w:
7m:
6

a’:
4t: 7
l: 3

l:
3d’:
1v:
9e’:
1t:
17m
:8

m:
3l:
11t:
10v:
5
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Processed data:
Method:
To calculate the level of biodiversity I will use Simpson’s Diversity Index represented
by this formula:
D = N(N − 1) ÷ Σn(n − 1)
Where N is the total number of individuals and n is the number of individuals per species.
Example:
Transect #4/Quadrat #4
[50(50 − 49)] ÷ [6(6 − 1) + 3(3 − 1) + 6(6 − 1) + 22(22 − 1) + 12(−1)] = 2450 ÷ 660 = 3.71
What will the number mean?
The number we will end up with will represent how diverse each quadrat is: the higher the
number, the more diverse, and the lower the number, the less diverse.
Simpson’s Diversity Index per quadrat
Transect #1 Transect #2

Transect #3

Transect #4

Transect #5

Quadrat #1

1.00

1.00

1.00

1.00

1.00

Quadrat #2

2.12

3.25

1.77

1.45

2.06

Quadrat #3

2.19

1.97

2.14

3.25

3.01

Quadrat #4

4.03

1.81

2.08

3.53

3.25

Quadrat #5

2.20

5.69

2.45

3.65

3.44

Now I will calculate the averages in order to get a holistic view of the change in biodiversity
levels.
Method:
To calculate the averages of each quadrat I will add the Simpson’s Diversity Index of all the
quadrats of one location then divide it by five (the number of quadrats).
Example:
Quadrat #2: (2.12 + 3.25 + 1.77 + 1.45 + 2.06) ÷ 5 = 2.13
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Average Simpson’s Diversity Index per quadrat
Average Simpson’s Diversity Index
Quadrat #1

1.00

Quadrat #2

2.13

Quadrat #3

2.51

Quadrat #4

2.94

Quadrat #5

3.48

Change in biodiversity along the quadrats

As we can see in this graph, there is an increase in biodiversity as we move away from the
farmland (Quadrat #1) and move closer to the wildlife (Quadrat #5).
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Since I collected the data on different days, I had to take into account other variables that
could have affected my results. The five transects were taken on three different days.
Day 1= Transect #1
Day 2= Transect #2 and #3
Day 3= Transect #4 and #5
Day 1:
• Relative humidity: 58.7%
• Air temperature: 11.7°
• Average wind speed: 0.9 mph
• Dewpoint: 5.6°
Day 2:
• Relative humidity: 43.5%
• Air temperature: 28.1°
• Average wind speed: 1.1 mph
• Dewpoint: 12.5°
Day 3:
• Relative humidity: 58.8%
• Air temperature: 22.5°
• Average wind speed: 1.8 mph
• Dewpoint: 12°
Discussion
Analysis of each transect:
Transect #1: For the first transect, the data showed the expected progression at the
beginning: Quadrat #1 being lower than the others and Quadrat #2 and #3 having similar
values. However, the last two quadrats, from the wildlife, show very different values:
Quadrat #4 is significantly higher than the Quadrat #5. This could be down to shade
coverage, in other words, Quadrat #4 might get more sunlight than Quadrat #5.
Transect #2: The second transect has the most anomalies out of the five. Quadrat #2 is
the second highest, above Quadrat #4, which it should not be, and Quadrat #5 is much
higher than Quadrat #4, which is from the same area. This could be down to human
error: I might not have counted the species properly or well.
Transect #3: The third transect shows a gradual increase in the diversity index but the
second quadrat’s index is closer to those of the last two quadrats. This could be because
some plants may have spread out towards the farmland more in this transect than in
other ones.
Transect #4: The penultimate transect does show an increase in biodiversity levels along
the transect; however, there is a large jump from Quadrat #2 to Quadrat #3. It went from
1.45 to 3.25 but they should have similar levels since they are from the same land type.
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Transect #5: The last transect shows the best example of biodiversity increasing as
agriculture decreases. Quadrat #2 and #3 have similar levels but are still less than
those of Quadrat #4 and #5, which are also very close.
Conclusion:
As we can see from the processed data, there is an increase in biodiversity levels as we
move further away from agriculture. The raw data may not have clearly shown this trend,
nor the indices for each quadrat, but averaged out this pattern is seen very clearly. This
means my hypothesis was correct: agriculture does indeed reduce biodiversity levels. It is
hard to place the blame of low biodiversity levels on anything other than agriculture since
the processed data clearly shows an increase in biodiversity with distance from land
heavily affected by human activity.
What does this mean?
How does agriculture affect biodiversity?
We now know that agriculture does affect biodiversity, but how does it reduce diversity?
The first impact that farming has on surrounding biodiversity is from the usage of
pesticides and herbicides. When spraying these chemicals on their crops, the smallest
breeze of wind would spray the surrounding ecosystems, hindering or even preventing
species’ growth. Farmers also use fertilizers to enrich the soil with nutrients. This will,
however, pollute the water, potentially harming species that absorb the water or use it in
photosynthesis. On a larger scale, changing the landscape drastically for monoculture
farming also affects other biodiversity hugely. Cutting down forests or clearing the land to
make way for crops destroys habitats for many animal species who, without a suitable
habitat, will not be able to live in that area.
Why is it relevant?
Some people do not think that biodiversity is important, and argue that farmers should be
free to produce large amounts of food for the population. However, biodiversity has been,
and always will be, at the core of human survival. It supplies us with a variety of food,
which is essential for life in the long term. It is important because all the organisms are
interdependent, so if one species suffers, so will others. Without biodiversity we might not
be able to get new types of food in the future.
Evaluation:
Possible improvements for this experiment could be made in my method. Since it is my
first time doing some practical ecology I doubt my method was the best or the most
accurate. This means that I may not have spotted all the different species and may have
classified two species as one. Also, I could have improved the method by repeating the
experiment in another area even further away from the field to see if the biodiversity in my
“wildlife” area was really as large as you would expect in a completely remote area.
Nevertheless, my data and my calculations were accurate, after a few attempts, and it did
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prove my hypothesis right. Other areas of research could be to do with investigating the
presence of the various species in the various transects. In this research, one could look
at why they would appear in these different locations by taking measurements of other
factors, such as soil pH or light intensity.
Application:
This research question was, in my eyes, relevant since sustainable food production is a
worldwide issue but also because agriculture is hugely subsidized here in Switzerland so
crops and fields are seen everywhere. Farmers might be encouraged to produce more and
more food without being aware of the effects on biodiversity. After research, I not only found
out that it was a worldwide problem but also that biodiversity could be harmed by the
physical manipulation of the land. This research suggests that farmers should be made
aware of the impact of the way they use the land and should be encouraged not only to
grow crops for today, but to conserve biodiversity for the future.
Action can be taken by the farmers using these chemicals on their crops. Some farmers
are now attempting not to use chemicals on their crops to protect the biodiversity growing
around the fields. For other people, giving money to a charity or a fund to help scientists
develop chemical-free, or at least less harmful, methods of pest control is a solution.
Farmers could also increase the distance between the field and the wildlife to ensure that
the chemicals they spray do not affect the plants. These measures might be unpopular
because farmers might make less food and less money, and other people might not want
to give their money to charity. People will need to be made aware of the importance of
these steps.
Word count: 2003
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