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Introduction

Insects, as the most prevalent form of animal biomass and 
life on earth, are found abundantly in all terrestrial ecosystems 
occupying diverse trophic niches and performing a wide 
range of ecological functions contributing signifi cantly to 
the overall functioning of ecosystems [1]. Insect biodiversity 
in agricultural systems is an important area of study, as key 
components present in diverse ecosystems they play a vital 
role in the proper functioning of these ecosystem processes [2]. 
These functions include ecosystem cycling, pollination [3-5], 
breaking down organic matter (decomposition), and controlling 
pests (predation/parasitism) [5,6]. Insect biodiversity ensures 

the preservation of these ecosystem services, which contributes 
to higher crop yields, improved food security, and greater 
environmental sustainability [7]. However, the major threats 
to insect biodiversity in actual intensifi ed agriculture reside in 
the overuse of external inputs (pesticides, fertilizers) and the 
changes in agricultural practices causing the destabilization of 
ecosystems and then loss of natural habitats. These factors can 
lead to a decline in insect populations, which can have negative 
consequences for agricultural productivity and ecosystem 
health [8,9].

Tomato (Lycopersicon esculentum Mill.) belongs to the 
Solanaceae family including more than 3000 species such as 

Abstract

Insect populations play a vital role in agricultural ecosystems, affecting crop productivity and overall ecosystem health. This study was conducted in three locations, 
El-Mzara 1, El-Mzara 2, and Zaafriya, in Sidi Bouzid governorate, Tunisia, and aimed to assess the diversity and abundance of insects associated with tomato crops using 
water traps from late March to early June 2021. The captured insects were collected and identifi ed employing the RBA method. A total of 603 insects were captured. This 
biodiversity belonging to nine orders encompasses a total of 108 morpho-species distributed into 46 families. Results revealed that Coleoptera and Hymenoptera were the 
most abundant orders, while Hymenoptera exhibited the highest diversity with 34 morpho-species. The Shannon and Simpson indices indicated high diversity and even 
distribution of insect species in Mzara 1. The Margalef index suggested a relatively high level of species richness in this site. The temporal analysis of insect biodiversity 
showed variations in the abundance of different orders throughout the tomato cropping season. Hymenoptera species peaked during the fl ower stages, coinciding with 
their role as pollinators. Hemiptera species were most abundant during the fruit set and growth stages, which correspond to their harmful impact on tomato leaves and 
fruits. Lepidoptera species showed increased abundance during fruit set and growth stages as well. These fi rst fi ndings contribute to our understanding of the insect 
community structure within tomato crops. The data obtained serve as a valuable baseline for further research by identifying and monitoring the key insect species and 
their auxiliaries.

Research Article

Diversity and Temporal 
Dynamics of Insect 
Communities in Tunisian 
Tomato Field Crops: A Case 
Study in Sidi Bouzid
Rasmi Soltani1,2*and Eya Chalbaoui3

1Regional Centre of Agronomics Research in Sidi Bouzid, Km 6, Road of Gafsa, B.P. 357, Sidi Bouzid, 
9100, Tunisia

2Laboratory of Production and Protection for Sustainable Agriculture, University of Sousse, Chott 
Meriam, Tunisia

3National Agronomic Institute of Tunis, Tunisia

Received: 11 December, 2024
Accepted: 20 December, 2024
Published: 21 December, 2024

*Corresponding author: Rasmi Soltani, Regional 
Centre of Agronomics Research in Sidi Bouzid, Km 6, 
Road of Gafsa, B.P. 357, Sidi Bouzid, 9100, Tunisia, 
E-mail: rasmi.soltani@iresa.agrinet.tn; 
soltani_rasmi@yahoo.com

ORCiD: https://orcid.org/0000-0001-9164-6226

Keywords: Insect diversity; Insect abundance; Pan 
trap survey; Seasonal tomato crops; Central West 
Tunisia

Copyright License: © 2024 Soltani R, et al. This is an 
open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are 
credited.

https://www.veteringroup.us

 



020

https://www.veteringroup.us/journals/global-journal-of-zoology

Citation: Soltani R, Chalbaoui E. Diversity and Temporal Dynamics of Insect Communities in Tunisian Tomato Field Crops: A Case Study in Sidi Bouzid. Glob J Zool. 
2024;9(1):019-020. DOI: https://dx.doi.org/10.17352/gjz.000032

pepper, potato, eggplants, and tobacco [10]. Tomatoes are a 
very popular vegetable crop cultivated for their fruit which 
represents one of the most consumable fruits in the world. 
Additionally, tomato fruits are known for their high nutritional 
value, rich in vitamins, minerals, organic acids, and dietary 
fi bers, for humans. It is utilized as a fresh crop or could be 
processed into various forms such as paste, puree, and juices 
[11]. In 2020, worldwide tomato production exceeded 187 
million tonnes on 5 million hectares achieving an average yield 
of 37 metric tonnes per hectare [12,13]. In Tunisia, this culture 
occupies a signifi cant portion of the agricultural outputs and 
was cultivated both in open fi elds and under greenhouses. In 
2021, the cultivated land area occupied by this culture was 
estimated to be 24.510 hectares with a total production that 
peaked at over 1.416 million metric tons [13,14].

Tomatoes are susceptible to a wide range of pests (insects, 
diseases, and weeds) that reduce yields and the commercial 
quality of fruit [15,16]. The severity of infestation as reported 
by [15] varies depending on the location and time of year. The 
key pests affecting tomato crops include the African bollworm, 
Helicoverpa armigera; tomato leaf miner, Tuta absoluta; whitefl y, 
(Bemisia tabaci); thrips, Frankiniella occidentalis; aphids and 
various mites, with the red spider mite being particularly 
problematic [15-17]. Nowadays, pest control in agricultural 
systems is highly dependent on the use of pesticides. While 
they offer an effi cient and rapid solution in protecting crops 
from pests and diseases and in increasing production [18], the 
continuous use of pesticides can also have negative impacts on 
agricultural systems including harmful effects on non-target 
organisms (benefi cial insects, birds, and small mammals), 
residues in food and the environment which can persist for a 
long time and can accumulate in the food chain, development 
of resistance making pests harder to control and negative 
impacts on human health who come into contact with them. 
Consequently, pesticide use should be carefully managed to 
minimize their negative impacts on agricultural systems and 
the environment.

The limited diversity of planned crop systems has signifi cant 
implications not only for production but also for the overall 
biodiversity of an ecosystem. This infl uences the diversity and 
abundance of associated biota, including pest populations, 
soil insects, and microorganisms, which, in turn, impact 
plant and soil processes [19]. Insects are considered valuable 
indicators of ecosystem health, but incomplete knowledge 
and limited resources pose signifi cant challenges to the study 
of insect biodiversity [20]. So, understanding the ecological 
role of insects can help us acknowledge their signifi cance in 
maintaining sustainable agricultural systems and ensuring 
food security in the future [21].

Until now, no study has assessed the diversity and the 
abundance of insects associated with tomato production 
in central West Tunisia. The objective of this paper was to 
highlight the use of water traps as the primary sampling 
method and emphasize the focus on insect diversity and 
abundance using Rapid Biodiversity Assessment (RBA) within 
the specifi c context of seasonal tomato crops in Sidi Bouzid 
from central western Tunisia.

Material and methods

Study sites

The study was conducted in two locations, El-Mzara and 
Zaafriya, in the Sidi Bouzid governorate, located in central 
west Tunisia. It is a continental zone situated in the upper arid 
bioclimatic stage characterized by irregular and low rainfall 
rates in winter, early springtime, and hot summers, marked by 
frequent heat waves. The annual averages of temperature and 
rainfall are, respectively, 18.6 °C and 473.9 mm. 

These locations are known for diversifi ed agricultural 
production, mainly seasonal tomato cultivation. A sample 
of three tomato orchards of the variety « Savera » was 
selected randomly: two in the El-Mzara site from Bir El-Hfey 
delegation, covering 2 ha (34°58’31.9”N 9°17’22.5” E) and 10 
ha (34°58’31.3”N 9°17’22.4” E), respectively, and the other 
spanning 4 hectares located in the site of Zaafriya (35°02’14.1”N 
9°18’31.9”E) from the western Sidi Bouzid delegation. 

Insect collection and identifi cation

Field surveys were carried out in 2021 to gain a preliminary 
understanding of the general situation of insect biodiversity 
and species composition in tomato orchards in the study area. 
Insects were collected for almost one crop cycle; starting 
one week after the transplanting stage until fruit maturity, 
specifi cally for 12 weeks from the last week of March until the 
fi rst fortnight of June. Water traps, also known as pan traps, 
were used in this study. They consisted of shallow containers 
with a volume of 5 L fi lled two-thirds with water, to which 
drops of laundry detergent were added to preserve and prevent 
the escape of trapped insects. This non-selective method was 
particularly effective at collecting small and fl ying insects. Pan 
traps are relatively easy to set up and maintain. Additionally, 
they can be standardized and replicated across different sites 
and periods, making them useful for comparing insect diversity 
and abundance.

Ten pan traps of different colors were placed in the fi eld at 
the beginning of the fourth week of March; positioned on the 
soil between rows of plants spaced 20 m apart. Sampling was 
conducted every week and the total population was analyzed 
monthly. Captured insects were collected in plastic cylindrical 
vials fi lled with 70% alcohol and then transferred to the 
entomology laboratory of the Regional Centre for Agricultural 
Research of Sidi Bouzid for subsequent identifi cation.

Sorting and counting

Insect identifi cation was based on the adoption of the 
Rapid Biodiversity Assessment (RBA) method which was used 
to quickly assess the biodiversity of an area. This method was 
the most suitable in our case because of the limitation of time 
and available resources to conduct a more detailed study. The 
RBA was the most suitable method to provide a preliminary 
overview of the biodiversity of an area and to identify if there 
are signifi cant species that require particular attention and 
protection. For this reason, specimens for each collection 
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date were treated separately by counting their population 
and placing a sample in an Eppendorf tube for biodiversity 
study. In this case, the attributed nomenclature was morpho-
species instead of species. Researchers reported that due to 
time and taxonomic limitations, we were unable to compare 
the taxonomic identity of morpho-species across different 
sites. Therefore, we could not defi nitively determine the actual 
number of morpho-species for each land-use type and overall 
[22].

To identify and differentiate between tomato crop pests and 
auxiliaries, we used a stereomicroscope (Konus, #5424) and 
appropriate keys such as those mentioned by Baraud J. [23] and 
Delvare G. & Aberlenc H. P. [24].

Data analysis

Data on species composition was analyzed using statistics. 
Graphics were drawn using Excel (Microsoft Offi ce 2010). 
The diversity indices Shannon-Wiener, Evenness, Simpson, 
Dominance, and Margalef were calculated using the PAST 
software ver.4.4.

Results

Analysis of the general biodiversity

It appears from this study that the collected insects are 
abundant and diversifi ed in tomato fi elds. The used traps 
allowed for catching a total number of 603 insects distributed 
in 9 orders (Figure 1) and 46 families during the period of study. 

Figure 1 shows the diversity of insect families by order in 
the study area. Among the number of collected morphospecies, 
the most abundant orders were Coleoptera and Hymenoptera 
with, respectively, 23.91, and 21.74%, followed in third position 
by Diptera and Hemiptera with everyone 19.57% of the total 
identifi ed families, then by Lepidoptera with 4 families and 
Orthoptera counting 2 families. The least diversifi ed orders 
were Neuroptera, Psocoptera, and Thysanoptera which 
everyone was represented by only one family.

The RBA method permitted to identifi cation of a total number 
of 110 morpho-species that were captured in tomato orchards 
during the period of study. Figure 2 revealed the distribution of 
these captured morpho-species and the number of identifi ed 
families by order. Results revealed that Hymenoptera was 
the most diversifi ed order grouping about one-third of this 
entomofaune with 34 morpho-species (30.91%) followed by 
Diptera, Coleoptera, and Hemiptera orders with, respectively, 
26 (23.64%), 21 (19.09%) and 20 (18.18%) morpho-species. 
However, the Lepidoptera order was represented by 4 morpho-
species (3.64%). The least biodiversity was observed in the 
orders of Orthoptera with two identifi ed morpho-species 
(1.82%), Neuroptera, Psocoptera, and Thysanoptera with one 
species (0.91%) for each order. 

Until now, there has been no work interested in the study 
of the entomofauna biodiversity in Sidi Bouzid governorate. 
Based on the diversity indices calculated for the entomofauna 
in tomato orchards at the three sites of Mzara 1, Mzara 2, 

and Zaafria (Table 1), there are some notable patterns in the 
abundance and distribution of insects across the sites. In terms 
of taxa, Mzara 1 had the highest number of distinct insect 
taxa with 77, followed by Mzara 2 and Zaafriya with 70 and 
72, respectively. However, when considering the number of 
individuals, Zaafriya had the highest count with 259, while 
Mzara 1 and Mzara 2 had 188 and 156 individuals, respectively. 
The dominance index was similar across all three sites at 
approximately 0.039, indicating a relatively even distribution 
of insect species. However, when considering the Shannon 
and Simpson indices, Mzara 1 had the highest values of 3.81 
and 0.96, respectively, suggesting a high level of diversity in 
that specifi c site. The evenness index was highest at Mzara 
2 with a value of 0.62, suggesting a more equitable balance 
in the distribution of insect species at that site. Finally, the 
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Figure 1: Biodiversity of families by order in tomato orchards in west Sidi Bouzid.
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Figure 2: Diversity of families, morpho-species, and number of captured insects per 
order.

Table 1: Diversity indices within tomato orchards in the west of Sidi Bouzid 
governorate.

  Site 1: Mzara 1 Site 2: Mzara 2 Site 3: Zaafriya

Taxa 77 70 72

Individuals 188 156 259

Dominance 0.038 0.039 0.039

Shannon 3.81 3.77 3.72

Simpson 0.96 0.96 0.96

Evenness 0.59 0.62 0.57

Margalef 14.51 13.66 12.78
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Margalef index ranged from 12.78 to 14.51, with Mzara 1 having 
the highest value, suggesting a relatively high level of species 
richness at that site. Overall, these diversity indices indicate 
variations in the abundance, richness, and distribution of 
insect species across the three sites, providing insights into 
factors that may impact the overall health and productivity of 
tomato orchards in these regions.

Evolution of insect biodiversity throughout the cropping 
season

The evolution of the entomofauna biodiversity by order 
within water traps was represented according to time and 
phenological stages of tomato in Figure 3. This graphic 
showed that the general evolution of morphospecies belonging 
to different orders presents variations according to time, 
expressed in weeks, and which refer directly to the stages of 
development of tomato culture in the fi eld from transplantation 
to fruit maturity and harvesting. 

As a fi rst remark, the different curves relating to different 
orders have almost the same appearance. For all orders, the 
weeks W2, W4, and D4-5 were characterized by a decrease in 
the number of captured insects. The cause is due to climatic 
conditions particularly the descent of temperatures and 
sometimes the registration of rainy days during these dates 
which infl uenced the activity of all insects. 

When analyzing the biodiversity, the Hymenoptera order 
represents the most diversifi ed relating to species (Figure 2) and 
grouped in tomato orchards a total of eleven families identifi ed 
as follows: Andrenidae, Apidae, Halictidae, Formicidae, 
Megachilidae, Tenthredinidae, Ichneumonidae, Sphecidae, 
Scoliidae, Vespidae and Braconiidae. In Figure 3, the evolution 
curve of this order presented 3 important peaks registered 
during W1, W3, and D3-4. In the same fi gure, the superposition 
of the biodiversity curves with the developmental stages of 
tomato shows that these peaks coincide with the presence of 
fl owers during the stages of (vegetative development - bloom) 
and (bloom – fruit set). The composition of this order which 
grouped the majority of pollinator species can explain its 
dominance during this period. 

Concerning the phenology of tomatoes, the two main peaks 
of the Hemiptera order are recorded during the 2 successive 

stages (Bloom – Fruit set) and (Fruit set - Fruit growth). 
Species belonging to this order, which includes plant bugs and 
leafhoppers as well as other families, are known to be harmful 
to leaves and fruits after fruit set and the beginning of their 
growth period. Indeed, they attack the tender tissues of leaves 
and young fruits inducing their deformation and this explains 
the abundance of morphospecies belonging to this order during 
these two periods. Hemiptera was represented by 9 families 
Aphididae, Cicadellidae, Rholpalidae, Miridae, Scutelleridae, 
Reduviidae, Lygaeidae, Pentatomidae, and Delphacidae. This 
order contains both harmful species to tomatoes and benefi cial 
insects against some pests.

About Lepidoptera, their numbers are relatively low at the 
beginning of the tomato cycle. Their peaks are observed mainly 
at the fruit-set stage and during fruit growth. It is during this 
stage of the tomato cycle that the fruit will increase in size to 
be more attractive and susceptible, especially for populations 
of Tuta. absoluta belonging to the Gelichiidae family and the 
Noctuidae Helicoverpa armigera as well as other lepidopteron 
species. 

The order of Diptera is characterized by the presence of two 
peaks, the fi rst at the vegetative development-bloom stage 
(W4), and the second largest peak compared to the other insect 
orders is recorded at week 9 which corresponds to the fruit 
set stage and fruit growth. The fi rst peak is partly explained 
by the fact that certain Diptera species are pollinators such as 
hoverfl ies which are also bio-indicators of biodiversity. The 
second peak can be explained by the improvement of climatic 
conditions and the diversifi cation of species belonging to 
this order. Between recorded and identifi ed families we cited 
Anthomyiidae, Asilidae, Bombyliidae, Calliphoridae, Culicidae, 
Muscidae, Syrphidae, Tachinidae, and Tephritidae.

The interpretation of the fi gure revealed that the curve 
presenting the coleopteran order has 3 peaks, the third (D3-4) 
of which is the highest. From a morphospecies point of view, 
this increase is the most diversifi ed; but without relation to 
tomato development. The period between the fi rst and the 
second peak (W3 and D3-4) was characterized by moderately 
high temperatures which are favorable to the development 
of beetles. Between D3-4 and D4-5, temperatures dropped with 
the fall of some rain, which explains the fall in the number of 
captured insects.

Figure 4 shows the abundance (number of individuals) 
of different orders of insects in different tomato orchards 
for a cropping season cycle over three months between the 
last decade of March and the fi rst half of June. Based on the 
fi gure provided, the maximum insect population was recorded 
during April (48.09%) and May (34.99%) which coincides 
with the existence of different phenological stages of tomato 
(vegetative, blossom, fruit set, and fruit growth).

During this study, Hemiptera represents the most 
abundant order of insects in tomato crops. The main activity 
relative to this order was registered during April and May, 
with respectively, over 100 individuals and 63 individuals. 
Coleoptera, Hymenoptera, and Diptera are also relatively 
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abundant, with over 40 individuals each month. Lepidoptera 
and Hemiptera are relatively more abundant in May than 
in the other months. At the end of the cropping season and 
more precisely in the fi rst half of June, marked by tomato fruit 
ripening, the total captured insects represent 6.06% of the 
entire seasonal captures revealing that the abundance of most 
orders decreases with several orders having no individuals 
counted. During this period, the order of Lepidoptera was the 
most abundant marked by the presence of the two major pests 
Tuta absoluta and Helicoverpa armigera specialized in attacks 
on tomato fruits. Neuroptera, Thysanoptera, and Psocoptera 
represented, respectively, by the species Chrysoperla cranea, 
Frankiniella occidentalis, and Elipsocus sp., have relatively low 
abundances across all the seasons, with only a few individuals 
counted. It’s important to note that this fi gure provides only 
a snapshot of insect abundance in tomato orchards west 
of Sidi Bouzid during this specifi c period, and may not be 
representative of different locations or times.

Discussion

The identifi cation work of the entomofauna has reported 
9 orders which were distributed in 46 families; among them, 
12 families were recognized as pests and 12 other ones as 
benefi cial (auxiliaries and pollinators). This number proves 
that vegetable crops and tomatoes in particular represent an 
important reservoir for insects.

So far, there has been no work done on the diversity 
of entomofauna associated with vegetable crops including 
tomatoes in Tunisia. For this reason, we will try to discuss our 
results with other works carried out around the world. Similar 
results were obtained from the inventory that has been done 
in tomato fi elds in Benin and they have shown that insects 
associated with tomato crops belonged to 9 orders of which 
the Lepidoptera were the most dominant and diverse with 4 
families and 7 genera and species [25]. Orthoptera, Hemiptera, 
Coleoptera, and Diptera came next and they were divided into 
26 families and 37 genera and species. Also, Son D, et al. [26] 
have determined the diversity of associated insects to tomato 
cultivation in Burkina Faso and the main orders identifi ed 
were Hymenoptera, Coleoptera, Hemiptera, and others and 
which were also divided into 42 families. They also mentioned 
that the main pests encountered belonged to the families of 
Aleyrodidae, Aphididae, Acrididae, Agromyzidae, Arctiidae, 
Gelechiidae, Noctuidae, and Tephritidae.

In addition, the work of Tendeng E, et al. [27] made it 
possible to make an inventory of the pests and auxiliaries of 
vegetable crops in lower Casamance in Senegal; a total of 17 
families of which 38 genera and 35 species were recognized as 
pests, and for the auxiliaries, 9 families including 13 genera 
and 11 species were mentioned.

In north Cameroun, Patouma L, et al. [28], working in the 
entomofauna associated with tomato crops using an aspirator 
and sweep net revealed the identifi cation of eight orders 
comprising 21 families and 22 genera [28]. Among these 
insect orders, Coleoptera and Hemiptera stood out as the most 
diversifi ed with 6 families each followed closely in second 
position by Lepidoptera with 4 families then Orthoptera with 
3 families. While the orders Hymenoptera, Neuroptera, and 
Diptera had the lowest diversity with only one family for each. 
Our fi ndings agree in part with those mentioned by Tendeng 
E, et al. [27] mainly in the diverse position of certain orders 
as Coleoptera, Hemiptera, and Neuroptera and completely 
disagree with others orders like Diptera and Hymenoptera. 
These differences in fi ndings are due to the methods of 
biodiversity study adopted in each study.

Limitations and future perspective

This study is limited by its restricted geographical scope, 
as it was conducted in only three locations within a single 
governorate in Tunisia, which may not represent a wide range of 
agroecosystems. The short temporal period, covering just a few 
months, probably overlooks seasonal or year-round variations 
in insect biodiversity. The study also employs a single trapping 
method, potentially limiting the diversity of captured insects. 
To address these limitations, improvements in study design 
and methodology are required to enhance the understanding of 
insect biodiversity and their ecological implications.

In perspective, future studies should expand the spatial 
and temporal scope to include diverse agroecosystems and 
multiple growing seasons of tomato crops, providing a wider 
understanding of insect biodiversity and dynamics. Employing 
multiple trapping methods alongside water traps is essential 
to capture a wider range of insect species and behaviors, 
thereby enhancing the comprehensiveness of diversity studies. 
Integrating molecular tools with morpho-species identifi cation 
will further ensure precise and accurate species identifi cation. 
Additionally, investigating the specifi c ecological roles of key 
species, such as pollinators, predators, and pests, is crucial 
for understanding their impact on tomato crops. This last 
step can permit to evaluation of the possibility of enhancing 
the use of benefi cial insects in an integrated pest management 
strategy. It can also help research by being a starting point for 
the implementation of methods that will help to control these 
insect pests. 

Conclusion

The use of water traps constitutes a common method to 
study and evaluate insect diversity in agricultural systems. 
They offer a non-selective sampling approach and are relatively 
inexpensive and easy to set up and maintain. Depending on the 
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size of the trap and the duration of sampling, a large number 
of fl ying insects can be captured, providing a comprehensive 
picture of the insect community. However, water traps are 
limited to fl ying insects and may not capture all species 
present in the agricultural system. In addition, the distribution 
of traps can affect the insects captured, and spatial variation 
should be considered when interpreting results. To gain a 
more comprehensive understanding of insect communities, 
water traps should be used in conjunction with other sampling 
techniques.

This study conducted in Sidi Bouzid from central west 
Tunisia for three months permitted us to make a preliminary 
inventory of the entomofauna present in tomato fi elds and to 
evaluate their diversity. Overall, 46 families distributed into 9 
orders have been inventoried among which both harmful and 
benefi cial species have been encountered in this case. The main 
orders to which pests belong were Heteroptera, Homoptera, 
and Lepidoptera. Other pollinators and auxiliaries belonged to 
the Diptera, Coleoptera, and Hymenoptera orders. 

April and May constituted the two most critical months for 
tomato crops due to the damages caused by the presence of the 
most harmful species belonging to Hemiptera, Lepidoptera, 
and Diptera orders. These obtained results constituted the 
fi rst database for knowing the general distribution and the 
classifi cation per order of the entomofauna associated with 
tomato crops in the different plots of the study area of Sidi 
Bouzid West. 
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