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Impact of organic crops on the diversity of insects: A review of recent research
Impacto de los cultivos orgánicos en la diversidad de insectos: Una revisión de investigaciones recientes

MARÍA N. MONTAÑEZ1 and ÁNGELA AMARILLO-SUÁREZ2

Abstract: The conversion of forests to conventional agroecosystems is one of the causes of biodiversity loss. In contrast, 
organic farming practices that promote caring for the environment are seen as an alternative that promotes increased 
biodiversity. Although insects have one of the largest impacts on crops, to date there have been no published studies 
that specifically synthetize information on the impacts of organic farming practices on insects. The results of 35 studies 
that compare the diversity of insects on organic and conventional crops were analyzed by combining a classic review 
with meta-analysis tools. The purpose was to determine whether organic crops promote better conservation of insects. 
Species richness and abundance were significantly higher in organic crops, though the reviewed studies indicated a high 
heterogeneity for species richness and abundance. Likewise, organic farming was associated with higher trophic guild 
diversity. Insects were 34% more abundant on organic crops. Comparing studies at different landscape scales (plot, 
farm, landscape matrix), organic crops have a positive effect, with the greatest effect at the plot level. This review also 
indicates the great need for studies of this nature in the Neotropics and the importance of developing research on the 
complexity of ecological networks to understand the dynamics of interactions in these agroecosystems in addition to 
their taxonomic and functional richness.
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Resumen: El uso de la tierra y su conversión a agroecosistemas convencionales es una de las causas de pérdida de 
la biodiversidad. En contraste, la agricultura orgánica debido a prácticas que favorecen el cuidado del ambiente, es 
percibida como una forma alternativa que promueve un aumento de la biodiversidad. Aunque los insectos son uno de los 
grupos que mayor impacto genera en cultivos, a la fecha no existen trabajos publicados que sintetizen información a este 
respecto y exclusivamente para ellos. Se analizaron los resultados de 35 estudios que comparan la diversidad de insectos 
en cultivos orgánicos y convencionales combinando herramientas de la revisión clásica y del meta-análisis. El propósito 
fue determinar si los cultivos orgánicos posibilitan un mejor espacio para la conservación de insectos. Se encontró que la 
riqueza de especies y su abundancia son significativamente mayores en cultivos orgánicos. Los estudios registraron una 
alta heterogeneidad tanto para riqueza de especies como para abundancia. Asimismo, los cultivos orgánicos registraron 
una mayor riqueza por gremios tróficos. Los insectos fueron 34% más abundantes en cultivos orgánicos. Al comparar 
los estudios en relación con categorías de paisaje (parcela, granja, estudios con matriz de paisaje) los cultivos orgánicos 
tienen efecto positivo, siendo mayor éste en la categoría de parcela. Esta revisión sugiere que hay una gran necesidad 
de estudios de esta naturaleza en el neotrópico y que es importante desarrollar investigaciones sobre la complejidad de 
redes con el fin de comprender, además de la riqueza taxonómica y funcional, la dinámica de las interacciones en estos 
agrosistemas.
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Introduction

The establishment of modern agriculture produces 
simplification of the structure of the environment, in which 
the natural diversity is replaced with a small number of crop 
species. These semi-artificial ecosystems require constant 
human intervention to regulate their functioning (Altieri 
1995;1999). For this reason, modern conventional agro-
systems exhibit difficulties such as cyclical outbreaks of 
pests, water contamination, salinization and soil erosion. 
Increases in pest problems have also been associated with 
the expansion of monocultures, which reduce vegetation 
complexity, an essential component of the landscape that 
provides key ecological services, including the protection of 
crops (Altieri and Letourneau 1982).

The so-called “conventional” agricultural model was 
largely adopted after the green revolution (García 1991). 
Its intensification and expansion represents a threat to 
global biodiversity because it causes the homogenization 
of agricultural landscapes, habitat loss and reduction, and 
increased use of pesticides and synthetized chemical fertilizers 
(Bengtsson et al. 2005). The role of conventional agriculture 
in the modification of ecosystems has been studied and 
documented (Wilson et al. 1999; Tilman et al. 2001, among 
others). For example, Hole et al. (2005) reported a dramatic 
decline in the abundance of several species associated with 
farms in Europe during the last quarter century.

Some farmers and professionals related to the fields of 
biology, ecology and agriculture have called attention to 
the deleterious environmental, economic and social effects 
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of the practices employed in conventional agriculture 
(Céspedes 2005). Thus, there is an increasing search for 
alternative crop systems based on ecological principles that 
would allow agriculture to benefit from biodiversity, the use 
of more friendly and environmentally safe technologies, 
the production of products with reduced pollutants, and in 
consequence a more sustainable agriculture. Within this 
tendency, organic agriculture, which began around the 1970s, 
became an alternative based in safer and sustainable principles 
for the environment and for human societies (IFOAM a-b 
2009; Rigby and Cáceres 2001). This form of agriculture 
reduces the use of external inputs such as fertilizers, synthetic 
pest control chemicals and genetically modified organisms. 
In addition, it promotes the maintenance of natural enemies 
of pest insects (Paoletti et al. 1992; Hole et al. 2005). 

Organic crop production has increased in recent years 
(García 2002). According to the Research Institute of 
Organic Agriculture (FiLB) and The International Federation 
of Organic Agriculture Movements (IFOAM), in 2011, there 
were 37.2 million ha of organic crops grown worldwide. The 
regions with the largest areas are Oceania (12.2 million ha, 
corresponding to 33% of the total organic crop area in the 
world) and Europe (10.6 million ha, equivalent to 29%). 
Latin America comprises 6.9 million ha (18.4%), followed 
by Asia (3.7 million ha, 10%), North America (2.8 million ha, 
7.5%) and Africa (1.1 million ha, 3%) (FiLB-IFOAM 2011).

Organic productive agrosystems are founded on two 
bases: the first is the minimization of the impacts of the 
crop on the natural equilibrium of the ecosystem, generating 
food of high quality without residues that could be harmful 
to the health of humans and other animals. The second is 
the implementation of water recycling and management 
practices (Mondelaers et al. 2009). Among the advantages 
of these practices is increased biodiversity (Dritschilo and 
Wanner 1980; Pfinner and Niggli 1996; Power and Stout 
2011). Birds, mammals, arthropods and plants benefit from 
organic crop production, which also exhibits better pest 
control by maintaining natural enemies and pollinators 
(Hole et al. 2005; Garratt et al. 2011).

Because insects are the most diverse and conspicuous 
taxonomic group in transformed rural ecosystems, they 
have been subject to studies that measure the effects of such 
transformations on their diversity (Morris 1979; Rushton et 
al. 1989; Di Giulio et al. 2001; Vickery et al. 2001; Kruess 
and Tscharntke 2002). As a result of strong insect-plant 
relationships, they are susceptible to changes caused by 
anthropogenic transformations such as the establishment 
of monocultures. Those changes usually produce a loss 
of diversity of insects and transformations of trophic and 
ecological networks (Garrat et al. 2011). Several authors 
have documented the advantages of organic farming for the 
biodiversity of insects. These advantages are related to the 
increased taxonomic diversity (Feber et al. 2007; Salazar 
and Salvo 2007) and functional diversity (Letourneau and 
Goldstein 2001) as well as the generation of more complex 
pollinator-plant networks (Power and Stout 2011).

Despite the published case studies on the effects of 
organic and conventional crop production on the diversity of 
insects, we are not aware of any reviews that would allow 
generalizations on the impact of organic agriculture on the 
taxonomic and functional diversity of insects and the question 
of whether organic agriculture promotes higher diversity than 
conventional agriculture. For example, the meta-analyses by 

Hole et al. (2005) and Bengtsson et al. (2005), which utilize 
a variety of methodologies and scales, suggest that organic 
crops are associated with higher abundance and richness of a 
variety of taxonomic groups (plants, invertebrates, predators 
and birds); Büchs et al. (2003) show that the diversity and 
richness of several taxa are higher in organic crops; Garratt et 
al. (2011) found that organic crops increase the abundance of 
natural enemies, which favors pest management; and Sandhu 
et al. (2010) concluded that organic crops maintain ecosystem 
services such as pollination and biological control. Thus, this 
review analyses experimental studies published as journal 
articles between 2001 and 2013 that compare organic and 
conventional crops to determine whether organic practices 
effectively improve the conservation of insects compared to 
conventional practices. To do this, differences in the patterns 
of abundance and taxonomic diversity of insects on organic 
vs. conventional crops were analyzed. A comparison of 
functional diversity is also provided.

Key concepts

Organic agriculture, understood as agriculture practiced from 
a holistic perspective, considers that there is a deep and strong 
relationship between food production and the environment 
(Cáceres 2002). It promotes soil and crop protection by using 
crop practices such as nutrient and organic recycling, crop 
rotation, and biological and mechanical control of weeds and 
insect pests. It also eschews the use of synthetic pesticides, 
herbicides and fertilizers. The organic agriculture concept 
is closely related to the concepts of agroecology (Altieri 
1987; Altieri and Nicholls 2000) and biodynamic agriculture 
(Koepf 1976; Childs 1995).

Conventional agriculture refers to the dominant common 
practices of farming. Since World War II, especially within 
the industrialized world, conventional agriculture is a form 
of agriculture characterized by mechanization, monocultures, 
the use of synthetic fertilizers and pest control chemicals 
and the cultivation of genetically modified organisms. It 
focuses on reaching the maximum productivity of the crop 
and the maximum economic benefit. It also considers crops 
as merchandise. The organic community uses the term 
“conventional agriculture” to refer to all agriculture systems 
that are not organic as defined above (Parra et al. 2004).

Trophic guild: A group of species that share a food 
resource and use it in a similar way. For example, insectivores, 
granivores, etc. (Root 1967). A trophic guild may contain 
species that are not taxonomically related.

Effect size: In a meta-analysis, the effect size expresses 
how much of the dependent variable can be controlled, 
predicted or explained by the independent variable (Snyder 
and Lawson 1993). It also defines the extent to which the 
null hypothesis is false (Cohen 1988). The effect size allows 
discussion of large or small differences in terms of the 
relevance of the differences found.

Materials and methods

Source of data. Data were compiled from studies 
published as journal articles that compare the taxonomic, 
trophic and functional diversity of insects between organic 
and conventional agriculture. A literature search was 
performed using ISI Web of Science with the key words 
“organic farming”, “conventional farming”, “multitrophic 
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interactions”, “insects”, “insect biodiversity”, “organic 
agriculture” and “pest and natural enemies”. In addition, 
the references of the papers found in this search were also 
reviewed. Only papers between 2001 and 2013 were included.
The criteria for including a study in this review were as 
follows: (1) published journal article, (2) compares at least 
one conventional to one organic crop, (3) explicitly presents 
data on the diversity (richness and abundance) of the insects 
in these two agrosystems and (4) compares trophic guilds 
between the two agrosystems. The initial search using 
different combinations of key words produced a total of 99 
papers. Of those, 35 met the above criteria and thus were used 
for this review. The extent of this analysis includes studies 
performed worldwide.

Analysis of data. To determine whether organic agriculture 
effectively promotes better conservation of the taxonomic and 
functional diversity of insects than conventional agriculture, 
a descriptive analysis of the type included in traditional 
and classic reviews was combined with the tools of meta-
analysis. The use of these additional tools allowed for the 
quantitative and statistical analysis of the data provided by 
the individual studies. It also provided an estimate of the 
effect size that represents confident and significant difference 
in small samples, allowing for easy comparison and synthesis 
of the results. In contrast to the classic narrative review, meta-
analysis provides more rigor in the process of the selection 
of studies and in the integration and analysis of the results 
(Teagarden 1989).

The treatments in the analysis were the two types of 
agriculture: organic and conventional. The studies were 
organized in a matrix of data that contained, for each study, 
the following information: geographic location, climatic 
category according to the Köppen climate classification, size 
of the crop system, and sampling area and method (fields, 
plots, collecting traps, transects, etc.). 

Species richness was used as the measure of diversity 
(Noss 1990). Abundance was considered as the total number 
of individuals for the study as well as the totals per trophic 
guild and per sampling unit.

Descriptive analysis. This analysis was performed with the 25 
studies that reported data on species richness and abundance 
for each crop system (Table 1). Because proportions are a 
good way to make comparisons between studies that consider 
samples with different areas and sampling techniques, the 
proportional richness and abundance per treatment were 
estimated. Richness differences between trophic guilds were 
compared in the same way.

Meta-analysis. This part was performed with the 14 studies 
that reported mean richness and the 10 studies that reported 
mean abundance. No other studies were used for this analysis 
because the statistical procedure of meta-analysis requires 
this type of information, which was not provided by the 
remaining studies. After this, a matrix containing the average 
value, standard deviation (SD) and sampling size (N) for each 
treatment was developed for each paper. Effect sizes were 
estimated for comparisons made at three landscape scales: 
(1) plot; (2) farm; and (3) the landscape matrix. The effect 
size was calculated with the Hedge algorithm (g) (Hedges 
and Olkin 1985). This is calculated as the difference between 
the average values of the treatments divided by the SD and 

multiplied by a correction factor for bias in small samples, as 
indicated by the following algorithm (van Zandt and Mopper 
1998):

g
orgX X

S
1

3
4 1m

conv 	, 

where m = (n org + n conv) – 2.

The magnitude of the effect size was classified as small, 
moderate or large. For this determination, the valuations were 
based on Hopkins (2013), who considered the relationship 
between g and the coefficient of correlation (r), where

g = 0.20 is equal to	 r = 0.10 and considered a small 
difference,

g = 0.63 is equal to	 r = 0.30 and considered a moderate 
difference, and

g = 1.15 is equal to	 r = 0.50 considered a large difference.

In addition, a mixed model of meta-analysis was used 
because it is preferred for synthesizing ecological data 
(Gurevitch and Hedges 1993). The confidence interval (CI) 
was used to evaluate the significance of the effect size. An 
effect size is determined to be significant if the limits of the 
95% confidence interval do not include zero (Cooper and 
Hedges 1994; Prieto-Benitez and Mendez 2011).

The heterogeneity of the effect size for richness and 
abundance among studies, within the three landscape scales 
described above, was calculated using the Q test for a model 
of random effects (DerSimonian and Laird 1986). This test 
calculates the weighted sum of the differences between the 
effects  determined for each of k studies and for the global 
average:

where

The significance is obtained by a chi2 test (Harrison 
2011). If Q is significant, the effect size is heterogeneous, 
that is, there are differences among studies. 

Additionally, an I2 test was performed to describe the 
percentage of heterogeneity that is due to differences among 
studies beyond the differences expected due to randomness. 
Values of less than 20% indicate minimum heterogeneity, 
values between 20 and 50% moderate heterogeneity, and 
values of 50% or more high heterogeneity.

All calculations for this section were performed with 
the software Comprehensive Meta-analysis Version 2 
(Borenstein et al. 2005) and confirmed with the web page 
“Effect size calculator” (Ellis 2009).

Results and discussion

Of the 35 studies included in this review, 77% were 
conducted in countries with temperate/mesothermal 



134 María N. Montañez and Ángela Amarillo-SuárezRevista Colombiana de Entomología

St
ud

y 
N

o.
 

A
ut

ho
rs

Lo
ca

tio
n

K
öp

pe
n 

cl
as

s
Sa

m
pl

in
g 

ar
ea

/c
ro

p

O
rg

an
ic

 c
ro

ps
C

on
ve

nt
io

na
l c

ro
ps

R
ic

hn
es

s
A

bu
nd

an
ce

R
ic

hn
es

s
A

bu
nd

an
ce

N
o.

 sp
p.

X
  

SD
N

o.
 in

d.
X

 
SD

N
o.

 sp
p.

X
 

SD
N

o.
 in

d.
X

 
SD

1 *+
Le

to
ur

ne
au

 a
nd

 
G

ol
ds

te
in

 2
00

1
U

ni
te

d 
St

at
es

C
sA

Pl
ot

 / 
To

m
at

o
21

16
.5

8
2.

23
-

-
-

13
9.

95
1.

38
-

-
-

2 *+
A

lv
ar

ez
 e

t a
l. 

20
01

En
gl

an
d

C
fb

Pl
ot

/w
he

at
58

12
.8

0
1.

20
-

-
-

25
2.

29
1.

40

3 *
H

ut
to

n 
an

d 
G

ill
er

 2
00

3
Ir

el
an

d
C

fb
Tr

ap
s/

Pa
st

ur
es

24
-

-
-

-
-

15
-

-
-

-
-

4 *
D

ör
in

g 
et

 a
l. 

20
03

G
er

m
an

y
C

fb
Tr

ap
s/

A
 v

ar
ie

ty
 o

f 
ce

re
al

s
15

-
-

-
-

-
15

-
-

-
-

-

5 *
Sh

ah
 e

t a
l. 

20
03

En
gl

an
d

C
fb

Tr
an

se
ct

s, 
Tr

ap
s/

 
C

er
ea

ls
11

2
-

-
17

97
1

-
-

10
9

-
-

97
78

-
-

6 *
W

ei
bu

ll 
et

 a
l. 

20
03

Sw
ed

en
C

fb
Pl

ot
s, 

Tr
an

se
ct

s/
C

er
ea

ls
59

7
-

-
13

14
-

-
69

6
-

-
11

54
-

-

7 *+
A

st
er

ak
i e

t a
l. 

20
04

En
gl

an
d

C
fb

Pl
ot

s, 
Tr

ap
s/

A
 

va
rie

ty
 o

f a
nn

ua
l 

he
rb

s
34

3
33

0.
87

21
85

3
-

-
25

7
-

-
18

58
1

-
-

8 +
W

ic
kr

am
as

in
gh

e 
et

 a
l. 

20
04

En
gl

an
d

C
fb

Tr
ap

s/
 A

 v
ar

ie
ty

 o
f 

an
nu

al
 h

er
bs

-
3.

47
1.

10
44

36
-

-
-

2.
23

0.
81

31
62

-
-

9
B

en
gt

ss
on

 e
t a

l. 
20

05
-

-
-

-
-

-
-

-
-

-
-

-
-

-

10 *
Pu

rta
uf

 e
t a

l. 
20

05
G

er
m

an
y

C
fb

Pl
ot

s, 
Tr

ap
s/

 
Pa

st
ur

es
55

-
-

-
-

-
55

-
-

-
-

-

11 *+
M

or
an

di
n 

an
d 

W
in

st
on

.2
00

5
C

an
ad

a
D

fa
Pl

ot
s, 

Tr
ap

s, 
N

et
s/

 
C

an
ol

a
13

-
-

34
2

85
.5

7.
1

9
-

-
23

0
57

.5
7.

3

12 *
R

un
dö

lf 
an

d 
Sm

ith
 2

00
6

Sw
ed

en
D

fb
Tr

an
se

ct
s/

C
er

ea
ls

17
-

-
47

6
14

-
-

39
4

13 *
Fe

be
r e

t a
l. 

20
07

En
gl

an
d

C
fb

Tr
an

se
ct

s/
 A

 v
ar

ie
ty

 
of

 a
nn

ua
l h

er
bs

-
-

-
-

-
-

-
-

-
-

-
-

14 *+
Sa

la
za

r a
nd

 S
al

vo
 2

00
7

A
rg

en
tin

a
C

w
a

V
is

ua
l c

ou
nt

s, 
N

et
s/

 
A

 v
ar

ie
ty

 o
f a

nn
ua

l 
he

rb
s

17
18

.4
4

0.
97

39
1

80
.2

2
27

.6
6

6
5.

78
1.

74
17

7
36

.6
7

17
.7

9

15 *
G

ab
rie

l a
nd

 T
sc

ha
rn

tk
e 

20
07

G
er

m
an

y
C

fb
Pl

ot
s, 

 T
ra

ns
ec

ts
/

C
er

ea
ls

34
-

-
-

-
-

21
-

-
-

-
-

16 *
C

lo
ug

h 
et

 a
l. 

20
07

G
er

m
an

y
C

fb
Pl

ot
s/

 P
as

tu
re

s
-

-
-

-
-

-
-

-
-

-
-

17 *+
R

un
dö

lf 
et

 a
l. 

20
08

a
Sw

ed
en

D
fb

Tr
an

se
ct

s/
C

er
ea

ls
11

7.
67

0.
67

11
13

-
-

10
4.

92
0.

67
72

5
-

-

Ta
bl

e 
1.

 S
tu

di
es

 in
cl

ud
ed

 in
 th

is
 p

ap
er

. C
ol

um
ns

 c
or

re
sp

on
d 

to
 th

e 
nu

m
be

r o
f s

pe
ci

es
 (N

o.
 sp

p.
); 

nu
m

be
r o

f i
nd

iv
id

ua
ls

 (N
o.

 in
d.

); 
m

ea
n 

va
lu

e 
(X

); 
st

an
da

rd
 d

ev
ia

tio
n 

(S
D

). 
K

öp
pe

n 
cl

im
at

e 
cl

as
si

fic
at

io
ns

 
(K

öp
pe

n 
cl

as
s)

 a
re

 a
bb

re
vi

at
ed

 a
s f

ol
lo

w
s:

 D
ry

-s
um

m
er

 M
ed

ite
rr

an
ea

n 
cl

im
at

e 
(C

sA
); 

M
ar

iti
m

e 
te

m
pe

ra
te

 c
lim

at
e 

(C
fb

); 
W

ar
m

 su
m

m
er

 h
em

ib
or

ea
l c

lim
at

e 
(D

fb
); 

H
ot

 su
m

m
er

 c
on

tin
en

ta
l c

lim
at

e 
(D

fa
); 

H
um

id
 su

bt
ro

pi
ca

l c
lim

at
e 

(C
w

a)
; D

ry
-s

um
m

er
 su

bt
ro

pi
ca

l c
lim

at
e (

C
sb

); 
an

d 
Tr

op
ic

al
 w

et
 a

nd
 d

ry
 o

r s
av

an
na

 c
lim

at
e (

Aw
). 

* 
in

di
ca

te
s s

tu
di

es
 u

se
d 

fo
r t

he
 a

na
ly

si
s i

n 
th

e 
cl

as
si

c 
re

vi
ew

. +
 in

di
ca

te
s s

tu
di

es
 

us
ed

 fo
r t

he
 m

et
aa

na
ly

si
s.

X



135Organic crops and diversity of insects

St
ud

y 
N

o.
 

A
ut

ho
rs

Lo
ca

tio
n

K
öp

pe
n 

cl
as

s
Sa

m
pl

in
g 

ar
ea

/c
ro

p

O
rg

an
ic

 c
ro

ps
C

on
ve

nt
io

na
l c

ro
ps

R
ic

hn
es

s
A

bu
nd

an
ce

R
ic

hn
es

s
A

bu
nd

an
ce

N
o.

 sp
p.

X
  

SD
N

o.
 in

d.
X

 
SD

N
o.

 sp
p.

X
 

SD
N

o.
 in

d.
X

 
SD

18 *
R

un
dl

öf
 e

t a
l. 

20
08

b
Sw

ed
en

D
fb

Tr
an

se
ct

s/
C

er
ea

ls
-

-
-

-
-

-
-

-
-

-
-

-

19 *
M

ac
fa

dy
en

 e
t a

l. 
20

09
En

gl
an

d
C

fb
Tr

an
se

ct
s/

 A
 v

ar
ie

ty
 

of
 a

nn
ua

l h
er

bs
50

-
-

-
-

-
12

-
-

-
-

-

20 *+
M

iñ
ar

o 
et

 a
l. 

20
09

Sp
ai

n
C

fb
Pl

ot
s/

A
pp

le
s

91
22

1.
02

25
26

18
.2

3
0.

5
85

22
1.

50
24

52
15

.2
5

0.
42

21 *
 C

ot
es

 e
t a

l. 
20

10
Sp

ai
n

C
fb

Tr
ap

s/
O

liv
es

19
-

-
98

40
-

-
12

-
88

75
-

-

22 *+
B

rit
ta

in
 e

t a
l. 

20
10

Ita
ly

C
w

a
Tr

an
se

ct
s/

G
ra

pe
s

6
5.

9
0.

60
20

1
20

.1
4

5
5.

3
0.

70
12

8
12

.8
2.

7

23 *+
C

ar
va

lh
ei

ro
 e

t a
l.2

01
0

So
ut

h 
A

fr
ic

a
C

sb
Tr

an
se

ct
s/

M
an

go
71

35
.2

0.
94

68
46

.4
5

1.
2

68
33

.5
5

1.
12

94
46

.4
5

0.
8

24 *+
B

ru
gg

is
se

r e
t a

l. 
20

10
 

Sw
itz

er
la

nd
D

fb
Tr

ap
s, 

N
et

s/
O

liv
es

27
13

.5
0.

54
26

99
-

-
25

12
.5

2.
10

20
99

-
-

25 *+
G

ab
rie

l e
t a

l. 
20

10
En

gl
an

d
C

fb
Tr

an
se

ct
s/

C
er

ea
ls

50
4

8.
8

1.
31

9
3.

4
0.

42
35

9
4.

6
0.

54
10

1.
5

0.
14

26 *
G

ai
gh

er
 a

nd
 S

am
w

ay
s 

20
10

So
ut

h 
A

fr
ic

a
C

sb
Tr

an
se

ct
s/

O
liv

es
-

-
-

35
00

-
-

-
-

-
27

00
-

-

27 +
Po

w
er

 a
nd

  S
to

ut
 2

01
1

Ir
el

an
d

C
fb

Tr
an

se
ct

s/
 P

as
tu

re
s

9
7.

8
0.

57
60

14
.3

1.
6

60
7.

4
0.

65
21

10
.3

1.
1

28 *+
K

eh
in

de
 a

nd
 S

am
w

ay
s 

20
12

So
ut

h 
A

fr
ic

a
C

sb
Tr

an
se

ct
s, 

Tr
ap

s/
 

G
ra

pe
s

14
7

1.
10

27
0

-
-

13
6.

5
2.

30
15

0
-

-

29 *
A

nd
er

ss
on

 e
t a

l. 
20

12
Sw

ed
en

D
fb

Tr
ap

s/
St

ra
w

be
rr

ie
s

-
-

-
-

-
-

-
-

-
-

-
-

30 *+
C

ab
al

le
ro

 e
t a

l. 
20

12
Sp

ai
n

C
fb

Tr
an

se
ct

s/
C

er
ea

ls
19

6.
33

1.
30

19
5

46
.9

0.
3

20
6.

67
4.

30
29

5
61

.2
1

31 *
K

le
in

 e
t a

l. 
20

12
U

ni
te

d 
St

at
es

C
sA

In
di

vi
du

al
 tr

ee
s/

 
A

lm
on

ds
12

-
-

-
-

-
10

-
-

-
-

-

32 *+
Po

ve
da

 e
t a

l. 
20

06
G

er
m

an
y

C
fb

Pl
ot

s/
C

er
ea

ls
5

-
-

18
4

28
4.

6
10

4.
1

9
-

-
34

6
33

4.
6

71
.7

33
 

+
B

irk
ho

fe
r e

t a
l. 

20
08

Sw
itz

er
la

nd
D

fb
Pl

ot
s/

 C
er

ea
ls

5
7.

4
1.

17
84

48
.5

1.
47

9
6.

7
1.

1.
5

46
33

.1
1.

46

34 *
Ji

m
én

ez
-M

ar
tín

ez
 a

nd
 

G
óm

ez
-M

ar
tín

ez
 2

01
2

N
ic

ar
ag

ua
Aw

Pl
ot

s/
 C

as
he

w
22

-
-

-
-

-
16

-
-

-
-

-

35 *
C

as
til

lo
 a

nd
 V

er
a 

20
00

C
os

ta
 R

ic
a

Aw
Pl

ot
s/

 B
an

an
as

-
-

-
24

70
-

-
-

-
-

70
9

-
-

Ta
bl

e 
1 

(c
on

tin
ue

d)
.



136 María N. Montañez and Ángela Amarillo-SuárezRevista Colombiana de Entomología

climates, 22% in continental/microthermal climates, and 
1% in countries with tropical/megathermal climates. Only 
two studies from tropical Central America were included 
(from Nicaragua and Costa Rica), and only one from South 
America (Argentina). The crops most frequently studied 
were the cereals (36%), followed by annual herbs (15%), 
pastures (12%), olives (9%), grapes (6%), and tomatoes, 
apples, canola, mangoes, strawberries, almonds, cashews and 
bananas (approximately 1% each) (Table 1).

Taxonomic richness. Organic crops were associated with 
a higher richness of insects. Of the 26 studies that recorded 
quantitative data on richness (Table 1), 21 (83%) reported 
a higher richness of insects on organic crops (Fig. 1). In 
the same way, the global data on accumulated effect size 
(Table 2) revealed a significant increase in species richness 
associated with the organic agrosystem. In addition, the effect 
size calculated as the log ratio indicates that organic crops are 
39% richer in insect species than conventional crops despite 
the heterogeneity among studies (Q = 737.79; I2 = 98.102; P 
< 0.05). 

The higher species richness on organic crops could be due 
to characteristics of this agriculture type that better emulate 
the characteristics of semi-natural habitats, making these 
environments more attractive to a larger variety of species 
(Wickramasinghe et al. 2003). In contrast, in conventional 
systems, the presence of synthetized pest and weed control 
chemicals has deleterious effects on the neurophysiology and 
metabolism of insects. In addition to pests, these chemicals 
also affect beneficial organisms such as natural enemies and 
pollinators and propitiate the development of pest resistance. 
In turn, increased pest resistance leads to an increase in 
the dosage used to kill the pests, with negative effects on 

human health (Lannacone and Lamas 2003; Desneux et al. 
2007). In organic agriculture, the less aggressive system of 
soil management for organic crops has a positive effect on 
the dynamics of insects inhabiting the soil environment. In 
comparison, the techniques used by conventional systems to 
turn over the soil and mix the soil layers and the organisms 
they contain cause the disruption of ecological networks, of 
vegetation residues, and of nutrient contents (Moreby et al. 
1994; Castro et al. 1996). In addition, organic crops include a 
larger variety of plants cultivated in the same plot along with 
herbs that grow freely (no weeds under this type of agriculture). 
This helps to maintain better microclimates inside the plots, 
which facilitates the establishment and maintenance of larger 
numbers of arthropods and microarthropods (Moreby et al. 
1994; Paoletti 1995; Stopes et al. 1995; Castro et al. 1996, 
Dunning et al. 1999) because it provides them with more food 
and habitat resources. For example, Marino and Landis (1996) 
demonstrated that increases in the diversity of plants and the 
complexity of vegetation architecture in agroecosystems 
increases the diversity of parasitoids. Weibull (2000) reported 
an increase in the diversity of butterflies as a consequence of 
landscape heterogeneity inside farms. Similarly, Kerr (2001) 
showed that the number and type of land covers in an area 
influence the spatial distribution of the diversity of butterflies. 
By comparison, Hole et al. (2005) found that the habitat 
modification produced by conventional agriculture results in 
the reduction of plant and insect diversity as a consequence 
of the use of synthetic herbicides and pesticides.

Despite the robust results from this study, organic crops 
were not always associated with increased species richness. 
Studies 6, 10, 30 and 32 (17%), recorded higher species 
richness on conventional crops (Fig. 1A). In addition, the 
results from the meta-analysis show that in study 20, there 
was no significant effect of agriculture type on the richness of 
insects, and study 30 presented a higher richness of insects on 
conventional crops (Table 2). The studies that exhibited these 
conflicting results were conducted in areas where farming 
is performed within small land cover mosaics in which the 
cropland is surrounded by natural and seminatural habitats, 
live fences, trees and forests. This condition favors landscape 
heterogeneity, which increases both pest species and their 
natural enemies because, as mentioned before, this mosaic 
offers refuge and easy dispersal of insects as a consequence 
of the vicinity of a variety of landscape elements (Benton et 
al. 2003; Weibull et al. 2003). In addition, in conventional 
crops, the non-cultivated areas have a deleterious effect in 
that they help maintain pest species, but at the same time, 
they have positive impacts by maintaining natural enemies 
and pollinators. This phenomenon has been documented by 
authors such as Varchola and Dunn (1999; 2001), who studied 
the influence of live fences and pastures on the richness and 
diversity of Carabidae in corn fields. They concluded that the 
surrounding habitats maintain the abundance and diversity of 
these insects during most of the growing season. Girma et 
al. (2000) reported similar results for live fences surrounding 
corn and red bean fields in Kenya. 

On the other hand, the high heterogeneity of the effect 
size reported here indicates that there may be other variables 
influencing the results. Among these are the differences in 
climatic zones, crop species, and the methodological designs 
of the studies analyzed (Colditz et al. 1995). For example, 
a large majority of the studies were conducted in countries 
with temperate climates; however, many of them pertained 

Figure 1. Effect of the type of agrosystem on the (A) richness and (B) 
abundance of insects. (■): Organic crops. (□) Conventional crops.
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Figure 2. Effect of the type of agrosystem on the richness of trophic guilds. (■) Organic crops. (□) Conventional crops.

Species richness Insects abundance

Study
No. G r Study

No. G r

1 3.311 0.47 11 3.894 0.79
2 8.247 0.98 14 1.735 0.68
7 1.277 0.59 20 6.394 0.95
8 1.240 0.54 22 2.16 0.57
14 10.177 0.69 23 0.49 0.23
17 3.940 0.89 25 6.51 0.95

20 0.00 0.00 27 2.66 0.82

22 0.849 0.41 30 -17.87 -0.99
23 1.590 0.62 32 -0.56 -0.29
24 0.654 0.31 33 10.26 0.98
25 3.958 0.90
27 0.617 0.31
28 0.272 0.13
30 -0.104 -0.05
33 0.567 0.28

Cumulative 
effect size 2.147 1.349

Table 2. Effect of organic agriculture on the richness and abundance 
of insects. The study number corresponds to the numbered studies in 
Table 1 published online; (g) Effect size estimated by Hedges’s g; (r) 
Correlation coefficient to estimate the magnitude of the effect size. 
Positive effect sizes represent a high species richness or high abundance 
of insects in organic crops. The cumulative effect size represents the 
total effect size on the richness of species and the abundance of insects.

to a variety of geographical regions; Some European regions 
are close to each other but differ from other regions, such as 
North America, South America and South Africa.

Taxonomic abundance. The results indicate that organic 
crops also increase insect abundance. Of the 10 studies that 
reported these data (Table 1; Fig. 2), nine (87.5%) found a 
higher abundance of insects on organic crops. Moreover, 
the global data on cumulative effect size were significant 
(Table 2), indicating that organic crops have a positive effect 
on abundance. The cumulative effect size estimated as log 
ratio shows that insect abundance was 34% higher in organic 
agrosystems. A high heterogeneity among studies was also 
found (Q = 628.95; I2 = 99.857; P < 0.05). This could be 
caused, as suggested earlier, by the effects of other variables.

The large positive effects of organic agriculture could be 
related to the combined effects of more sustainable practices 
of pest control and soil nutrition and the structure of the crop 
field. Compared to conventional agriculture, organic farms 
do not use synthetic herbicides or fertilizer, generating more 
heterogeneous crop densities within farms, which facilitates a 
variety of microclimatic and ecological conditions that favor 
a larger range of species and individuals who can find refuge 
and food there (Altieri 1992; Feber et al. 1997; Freeman et al. 
1998; Landis et al. 2000).

Some conflicting results are reported, with study 30 
differing from the descriptive study (Fig. 1B) and studies 
30 and 32 differing from the meta-analysis; these studies 
reported a higher abundance of insects on conventional crops 
(Table 2). This could be explained by the type of organisms 
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under study. Studies 30 and 32 analyzed aphids. Aphids are 
more abundant in conventional systems, which are constantly 
provided with fertilizers and mineral herbicides that increase 
the development of the aphids due to the higher content of 
nitrogen available in the plants (Schütz et al. 2008). 
Richness of trophic guilds. The terrestrial communities 
related directly to plants are composed of at least three 
interacting trophic levels: plants, herbivores and the natural 
enemies of herbivores (Price et al. 1980). Compared to 
conventional crops, organic crops supported a higher 
richness of trophic guilds (Fig. 2A-D). Table 3 (supplement 
on line, see citation in end article) lists the insect species 
that were recorded by some studies, classified by family and 
trophic guild. The highest proportion of species is grouped 
within predators (58%), followed by pollinators (20.3%), 
herbivores (16.5%), coprophages (3.6%) and parasitoids 
(1.6%). In addition, some species were found to be exclusive 
to a particular type of crop system. However, organic crops 
supported a higher species richness in all trophic guilds.

Five studies recorded a higher richness of herbivores 
in organic crops and four in conventional crops (Fig. 2A), 
indicating that both types of systems have a similar richness. 
Feber et al. (1997) reported similar abundances of pest 
butterflies in organic and conventional systems. However, 
the nitrogen content in plants, which is a limiting factor for 
insects, is higher in conventional crops (Schütz et al. 2008). 
In the case of organic crops, this supply of nitrogen could 
be provided by crop rotation with legume plants and/or the 
addition of organic compost or manure. This would be an 
interesting hypothesis that needs to be evaluated.

Regarding predators, four studies indicated higher 
richness on organic crops and three on conventional crops. 
Two did not find a difference between crop systems (Fig. 2B). 
In the case of parasitoids, all studies reported higher species 
richness on organic crops. These two results combined imply 
that organic crops increase the richness of natural enemies 
of crop pests. This can be supported by the fact that natural 
enemies are more susceptible to agrochemicals than their 
prey, which are absent from organic crops (Klein et al. 
2002; Langhof et al. 2003; Symington 2003). In addition, 
the “natural enemies hypothesis” predicts that ecosystems 
with a large variety of plants will support more predators, 
which exert a top-down control of herbivores (Root 1973). 
This synergic association in response to prey is described 
by Evans (2008), who examined how the availability of 
prey such as aphids and other herbivores affects the numeric 
response (aggregative and reproductive) and the functional 
response of predators.

The same response was found for pollinators. They 
exhibited higher proportional richness in organic crops (Fig. 
2D). Altieri and Nicholls (2000) showed that diversified 
agrosystems such as organic ones contain resources that 
provide a large variety of food resources (pollen and nectar) to 
adult pollinators. Moreover, recent studies report a decrease 
of pollinators in conventional crops due to their sensitivity to 
pesticides (Biesmeijer et al. 2006; Potts et al. 2010).

Effect size by landscape category. The meta-analysis 
showed a higher richness and abundance of insects on 
organic crops in all cases (Table 4). However, there was 
a larger effect size at the plot level, followed by the farm 
scale, and last the landscape matrix (Table 4). This could be 
caused by the fact that in small plots, the positive effects are 

more conspicuous due to the individual behavior of insects 
such as preferences for some host plants or food resources 
(Peterson and Parker 1998; Bommarco and Banks 2003; 
Bengtsson et al. 2005). As with the above results from the 
meta-analysis, there was also strong heterogeneity among 
studies (Table 4).

The conservation of diversity in agroecosystems depends 
on the system of agriculture in use as well as the landscape 
surrounding the farms. The former facilitates soil conservation 
and plant diversity within the planted area, and the second 
corresponds to non-planted areas (side roads, pastures, live 
fences and other small habitats), which provide important 
refuges and food sources for many invertebrate groups. 
Thus, two components of biodiversity can be recognized in 
agrosystems: the first one is planned biodiversity, i.e., the 
managed crops and livestock that are intentionally included 
in the agrosystem. These vary according to the temporality 
and planning of the farmer. The second component, the 
associated biodiversity, includes all organisms from the soil, 
herbivores, carnivores, decomposers, etc. that colonize the 
agrosystem from the surrounding environments and flourish 
in it due to the management of the area (Vandermeer and 
Perfecto 1995). These two components complement each 
other in such a way that the conservation of biodiversity 
depends on the preservation, restoration and management 
of both components (Stopes et al. 1995; Baudry et al. 2000; 
Tscharntke et al. 2002).

Limitations of the study. When considering only published 
journal articles that are accessible online, it is likely that 
selection and publication biases will occur. In the case of 
selection bias, it is clear that information included in thesis 
documents and as project reports is very difficult to find and 
obtain. The vast majority of this grey or non-conventional 
literature is stored in libraries or offices with no access 
beyond a very small region (the university, the city, etc.), 
making its access impossible. The second case, publication 
bias, is common in studies such as meta-analyses that analyze 
secondary information because very often researchers 
and journal editors are reluctant to publish results with no 
statistical significance. Thus, such out-of-hand results are very 
distant from what has been called the “accessible population” 
(Letelier et al. 2005). Because it would be a very long, labor-
intensive effort to include this type of studies, the vast majority 
of reviews and meta-analyses, such as the one performed here, 
include only published journal papers, which also ensures the 

Species richness Insects abundance

Landscape scale g N Q g N Q

Plot 2.1 5 48.3 1.77 5 18.5

Farm 0.3 4 15.3 0.67 3 27.4

Plot/Farm and 
surrounding 
landscape (matrix)

0.1 6 71.7 0.05 7 11.5

Table 4. Effect of organic agriculture on the richness and abundance of 
insects by landscape scale. (g) Effect size estimated by Hedges’s g; (r) 
Correlation coefficient used to estimate the magnitude of the effect size. 
Positive effect sizes represent a high species richness or high abundance 
of insects in organic crops. (N) Number of studies; (Q) Heterogeneity 
among studies.
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validity of the studies analyzed given that all of them have 
been subject to the peer review process, which is not the case 
for some studies in the non-conventional literature.

Conclusions and recommendations

This review, based on journal articles published between 
2001 and 2013, found that organic crops certainly increase 
the taxonomic richness and abundance of insects as well as 
the richness of insects within trophic guilds (herbivores, 
predators, pollinators and parasitoids). Thus, the belief 
that organic agriculture contributes to the conservation of 
biodiversity is supported by the analyses performed here 
for the case of insects. An additional and important result 
that emerged from this study is that both the agrosystem and 
the surrounding landscape are relevant to the conservation 
of biodiversity. Thus, both the planned and incidental 
vegetal and insect biodiversity in an agroecosystem 
have important consequences for the conservation of 
biodiversity, contributing to ecosystem functioning, the 
recycling of nutrients, and the increase of productivity and 
crop health.

On the other hand, too few studies performed in tropical 
areas were found that passed the rigorous evaluation for 
the review and the meta-analysis. This indicates a need to 
perform a large amount of experimental studies with large 
sample sizes that would allow more homogenous and precise 
generalizations about what is occurring in the region that 
supports the highest biodiversity on the planet but at the 
same time suffers from a high rate of conversion of natural 
landscapes to agriculture. In addition, it is necessary to advance 
beyond conventional studies of biodiversity based on species 
diversity and abundance by developing studies that analyze 
the structure and complexity of ecological networks. This 
will allow a more detailed comprehension of the functioning, 
relationships and variation of the insect communities.

Finally, from the area of policy definition, this analysis 
justifies the continuation of support from governments and 
NGOs of the maintenance and increase of organic farming 
as a way to preserve biodiversity in transformed areas. In the 
case of Colombia and other tropical countries, as proposed 
by Altieri and Nicholls (2000), agroecological farms 
including organic crops should be able to produce food using 
fewer external resources and support the conservation of 
biodiversity and more sustainable food production that would 
directly benefit the farmers and the environment that supports 
our production systems.
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