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INTRODUCTION

Agriculture is among the major

Garbach et al,, 2014; Kleijn et al,

drivers of
biodiversity change worldwide (Duru et al, 2015;
2011). It either

ABSTRACT

The farmers' friends, ladybird beetles, serve as predators to
keep the plant-feeding insects from reaching damaging
population levels and could be helpful in pest management.
Farming strategies that retain biodiversity could be a viable
option for pest management in agricultural systems. The
current study examines the effects of various management
practices on ladybird beetle diversity in cucurbit crops in both
conventional and agroecological contexts. Trapping and netting
were used to collect data on the diversity of these ladybird
beetles in 2021. Collected data were analyzed using R software
to determine both alpha and beta diversity. In the plateau and
mountainous zones, 222 predatory ladybird beetles were
collected, with nine genera and 12 species classified.
Cheilomenes lunata (28.82 %) was the most prevalent of the
nine (9) genera in terms of the total number of individuals,
followed by Cheilomenes sulphurea (20.72 %) and Hippodamia
variegata (15.90 %). The plateau zone collected 64.86 % of the
total, while the mountainous zone comprised 35.14%. These
findings are important in the decision-making and effective
biological control and management of cucurbit crop pests. This
study will help to gain insights into ecological balance and pest
management.

Keywords: Agroecology, Beetles, Biological control, Conservation,
Conventional, Diversity Predators, Ladybird.

reduces or increases the diversity and abundance of
insect communities in agricultural landscapes
(Gaspar et al., 2022). The change in biodiversity in
the agricultural landscape may affect the delivery of
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crucial ecosystem services such as pollination and
predation (Lundgren et al, 2015). These two
ecosystem services are crucial in maintaining plant
community  stability and crop production
sustainability in the agricultural landscape
(Wickramasinghe et al, 2004; Kremen & Miles,
2012).

The intensification of agriculture represents a
severe threat to the delivery of critical ecosystem
services (Emmerson et al., 2016). Remarkably, the
intensification of conventional farming, which
involves excessive use of agrochemicals such as
pesticides and fertilizers, has been associated with
significant declines in insect communities and
disruption of ecosystem processes (Norris, 2008;
Hooper et al, 2012). Numerous studies have
highlighted the negative impacts of conventional
farming on insect communities (Kleijn et al., 2011;
Duru et al, 2015; Reddy & Giraddi, 2019), as it
contributes to more than 50% of losses in insects’
abundance and diversity, underscoring its
detrimental effects on both insect biodiversity and
crop production (Cardinale etal,, 2012; Emmerson et
al, 2016). The impact of conventional farming on
important insect taxa, such as pollinators and
predators, is of great concern due to the potential
decline in pollination services and biological pest
control in agricultural landscapes (Albert et al,
2017).

Among predators, ladybird beetles (Coleoptera:
Coccinellidae), also known as ladybugs or ladybirds,
are important natural enemies of insect pests
(Almeida et al., 2011; Giorgi et al., 2010; Pervez et al,,
2020). They are globally recognized as essential
biological pest control agents for many insect pests,
including aphids and coccids (Rusch et al, 2010;
Farooq et al, 2020; Che et al, 2021). However,
conventional farming practices such as excessive use
of insecticides and expansion of cleared land for
farming have been shown to negatively affect these
beneficial insect groups (Viglasova et al,2017).
Conventional farming practices have been found to
disrupt the population dynamics and community
structure of ladybird beetles by reducing their
abundance and diversity (Crowder & Jabbour, 2014).
As a result, suppressing insect pest populations
becomes less effective (Yasmeen & Dugaje, 2020),
leading to increased reliance on chemical pesticides
and potentially negative consequences for human
health and the environment (Wagner, 2020).

Furthermore, conventional farming contributes
to habitat loss leading to reduced suitable habitats
for ladybird beetles (Patil et al,,2019; Honek et al,,

2019; Honek et al,, 2016) and restricted accessibility
of resources necessary for their survival, including
food, shelter, and breeding sites (Puech et al., 2014;
Chabert & Sarthou, 2020; Mabin et al, 2020).
Consequently, ladybird beetle communities may
experience reduced diversity and abundance,
compromising their ability to provide biological pest
control services in crop fields (Kleijn et al., 2011;
Duru et al,, 2015).

There is a growing recognition of the need to
transition towards more sustainable and ecologically
friendly farming practices to address these
challenges (Brithl & Zaller, 2019). For example,
agroecological farming emphasizes enhancing
ecosystem services such as pollination, nutrient
cycling, and biological pest control (Briihl etal., 2019;
Kehoe et al, 2021). By adopting agroecological
principles, farmers can reduce their reliance on
agrochemicals, promote biodiversity conservation,
and restore ecological processes in agricultural
landscapes (Helfenstein et al, 2020). While
agroecological farming is generally perceived as an
alternative to conventional farming with the
potential to boost the diversity and abundance of
insect communities in crop fields (Landis et al., 2000;
Tschumi et al, 2015), there is a need for further
investigation and understanding of its impacts on
specific insect groups such as ladybird beetles, as
numerous contradictory findings have been reported
in previous studies (Costamagna & Landis, 2006;
Hatten et al,, 2007; Liere et al., 2017).

The impacts of agroecological farming on insect
communities can vary between locations depending
on the intensity and complexity of the management
practices adopted, as well as the insect taxa
interaction (Costamagna & Landis, 2006; Liere et al.,
2019). Ladybird beetles are among the common
insects in many agricultural landscapes of Morogoro,
Tanzania (Schabel, 2006). The agricultural fields in
the Morogoro region have been under a wide range
of locally adopted agroecological management
practices for decades (Constantine et al., 2021). To
what extent these locally adopted agroecological
practices affect the diversity and assemblage of
ladybird beetle communities in cucurbit crops
remains unknown. This study aimed to unravel the
extent to which the locally adopted agroecological
management practices affect the diversity and
assemblage of ladybird beetle communities by
quantifying the diversity and pattern of species
assemblages in cucurbit crops under two contracting
farming systems (Conventional vs. Agroecology) in
Morogoro. The findings of this study serve to provide
baseline information on the performance of locally
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adopted management practices on improving the
diversity of natural enemies in the agroecosystem.

MATERIALS AND METHODS
Study site

The study was carried out in the Morogoro region.
The region is located S5°58’- S10°0’ and E35°25’-
E38°30’ of the transitional belt (URT, 2002). The
study established experimental plots in the
mountainous and plateau agroecological zones. The
average rainfall is 700-1200 mm in the plateau zone,
300-600 m above sea level. The mountainous zone,

600 m above sea level, receives 800 to 2500 mm of
rain annually. A total of 10 plots (45 m x 45 m) were
established at least 50 m apart each in each
agroecological zone (Figure 1). Five plots were
managed under conventional farming in each zone,
and the remaining five were managed under
agroecological farming. Each plot was subdivided
into three subplots in which three cucurbit crops;
cucumber (Cucumis sativus L.), watermelon (Citrullus
lanatus [Thunb.] Matsum and Nakai), and squash
(Cucurbita maxima L.) were planted at a space of 50
cm by 60 cm,1 m by 1.5 m and 1m by 1.5 m
respectively.
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Figure 1. Location of experimental plots across the two agroecological zones of the Morogoro regions.

Sampling approach

Ladybird beetles were sampled on a weekly basis for
seven consecutive weeks in each of the two cucurbit
growing seasons (May-June and October-November,
2021) of Morogoro. The collection methods involved
sweep netting, pan trapping, and handpicking.
Handpicking was used in addition to sweep netting
and pan trapping, as mentioned in Anbalagan et al.
(2016). The sampling was carried out in five
experimental plots per management within each
agroecological zone, and each plot covered an area of
approximately 2,025 square meters where three
cucurbit species (cucumber, watermelon, and
squash) were grown at 675m? each. The ladybird
beetles collected from each cucurbit species were
preserved in plastic vials containing 100% alcohol
for later identification. The taxonomic identification

was performed at the entomology laboratory of
Sokoine University of Agriculture (SUA) using a
binocular stereo-microscope and systematic keys
published online by Johari et al. (2020).

Data collection

Weekly catches of ladybird beetles were recorded as
the number of beetles per trap/week. Weather
parameters such as rainfall (mm), temperature (°C),
and Relative humidity (%RH) were also obtained
from Tanzania Meteorological Authority (TMA) at
SUA station. In contrast, the number of cucurbit
flowers was also recorded once per week.

Data analysis
Alpha diversity

The diversity of ladybird beetle within management
practices was assessed using alpha diversity indices
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including the Shannon,

S . .
o N miomi
(H _ZmN ™),

s
Simpson, (D = 1/(2 Z—L(TVL—__II)), and the evenness
i=1
index of Pielou;- (] = H/In S). The species richness
index of Margalef ((DMg =(S-1/InN)) was used to
highlight the richest management practices in terms
of the number of ladybird beetle species across
agroecological zones. In these formulae, ni is the
number of individuals of the i species in the sample,
N is the total number of individuals in the
assemblage, and S is the number of species. R

RESULTS

The abundance of Ladybird beetles associated
with cucurbit crops

In total, 222 ladybird beetles were collected during
the entire study period. Specimen belonged to twelve
species; Cheilomenes sulphurea (Olivier), C.
lunata (Chevrolat), C. sexmaculata (Fabricius), C.
propinqua (Mulsant), C.duodecimpunctata (L.), A.
foveicollis (Lucas), Epilachna varivestis (Mulsant),
Raphidopalpa  foveicollis (Lucas),  Aspidimorpha
miliaris (Fabricius), H. axyridis (Pallas), Hippodamia
variegata (Goeze), Leptaulaca fisicolli (Weise) from
nine 9 genera; Cheilomenes, Crioceris,
Aulacophora, Epilachna, Raphidopalpa,
Aspidimorpha, Harmonia, Hippodamia, Leptaulaca.

software version 4.2.3 produced these ecological
community study indices.

Beta diversity

Beta diversity determines ladybird beetle species
composition between management strategies.
Sorensen's coefficient [Sc=(a+b)/(2c+a+b)]
quantified ladybird beetle distribution. a and b are
the unique species in the first and second sites,
respectively, while c is the shared species. Sorensen's
coefficient ranges from 0 (highest b diversity, no
species shared between locations) to 1.0 (lowest, all
species shared).

Of the total catch, 64.86%of the beetles were
collected from the plateau zone, and the remaining
35.14% were collected from the mountainous zone
(Table 1). Seventy-one per cent of the total catches
were collected from fields under conventional
practices, and the remaining 28.9% were from
agroecological practices. Among ladybird beetle
species collected, C. lunata was the most abundant
species accounting for 28.8% of the total catch,
followed by C. sulphurea (20.7%) and H.
variegate which counted for 15.8% of the total
catches. The remaining ladybird beetle species
constituted the remaining 34.7%.

Tablel. The total number of ladybird beetle species associated with cucurbit species under different
management practices across the two agroecological zones of the Morogoro region from May to November

2021.
Zones Plateau Mountainous
) B S B © Total %
Beetle species g 3 5 3
= : = :
S < S <
C. sulphurea 34 5 4 3 46 20.7
C. lunata 16 3 34 11 64 28.8
C. sexmaculata 0 0 1 1 2 0.9
C. duodecimpunctata 8 1 4 3 16 7.2
C. propinqua 1 0 0 0 0.5
A. foveicollis 2 1 0 0 3 1.4
E. varivestis 13 5 4 3 25 11.3
R. foveicollis 2 0 0 0 2 0.9
A. miliaris 0 1 0 0.5
H. axyridis 4 3 2 0 9 4.1
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H. variegate 23 11 1 0 35 15.8
L. fisicollis 0 12 4 2 18 8.1
TOTAL 103 41 55 23 222 100
%, /management 46.4 18.5 24.8 10.4 100.0
Total / zone 144 78 222
% / zone 64.86 35.14 100

Effects of Management Practices, season, crop
species and Agroecological Zones on the Diversity
of ladybird beetle communities

Shannon and Inverse Simpson Diversity of ladybird
beetle communities

Results showed that interaction between
agroecological zones, season, and management
practices had significant effects on the Shannon and
inverse Simpson diversity of ladybird beetle
communities (p<0.05) (Table 2). During the May-
June season, the Shannon diversity was significantly
higher in the conventional fields than in
agroecological fields in the plateau but did not differ

significantly in the mountainous zone. However, in
the October-November season, no significant
difference in Shannon ladybird beetle diversity was
observed between managements across the two
agroecological zones (Figure 2).

Similar patterns were also observed for the
inverse Simpson diversity index. Throughout the
May to June season, the conventional fields
significantly outperformed the agroecological fields
in terms of inverse Simpson diversity in both the
plateau and mountainous zone. However, during the
October-November season, the difference was not
significant between the two management practices
across the agroecological zones (Figure 3).

Table 2. Analysis of variance for the effect of agroecological zones, season, Management practices and crop
species on the Shannon and inverse Simpson diversity of ladybird beetle communities from May to November

2021.
Factors d.f SHANNON INVERSE SIMPSON

F value P value F value P value
Agroecological zone (A) 1 2.447 0.118ns 9.544 0.0021*
Season (S) 1 7.180 0.008* 1.528 0.216ns
Management practices (M) 1 11.315 0.001* 24.06 <0.0001*
Crop species (C) 2 1.920 0.147ns 0.6148 0.541ns
A xS 1 1.420 0.234ns 0.013 0.9105ns
Ax C 1 0.829 0.363ns 0.399 0.5277ns
A xM 2 2.751 0.064* 0.3005 0.7405ns
SxC 1 5.045 0.025* 13.67 0.0002*
Sx M 2 0.008 0.992ns 0.535 0.5855ns
Cx M 2 0.502 0.605ns 0.426 0.6532ns
AxSx M 1 3.870 0.049* 6.572 0.0105*
A xS xC 2 0.957 0.385ns 0.378 0.6851ns
S xCxM 2 0.436 0.647ns 0.118 0.8891ns
Ax Cx M 2 0.893 0.410ns 0.112 0.8937ns
AxS xC x M 2 0.349 0.706ns 0.056 0.9453ns

Keys: *indicates significance, ns shows no significance and d.f indicates the degree of freedom
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Figure 2. Shannon diversity of ladybird beetle communities in cucurbit crops under different management
practices across the two agroecological zones of the Morogoro region from May to November 2021. Bars with
different letters denote significant differences at p < 0.05. SE stands for Standard Error.
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Figure 3. Inverse Simpson diversity of ladybird beetles in cucurbit crops under different management practices
across the two agroecological zones of the Morogoro region from May to November 2021. Bars with different
letters denote significant differences at p < 0.05. SE stands for Standard Error

Species Richness and Evenness of ladybird beetle
communities

Results from Table 4 show that the interaction
between agroecological zones, season, and
management practices significantly affected species
richness and evenness of ladybird beetle
communities (p<0.032). During the May-June season,
the ladybird beetle communities in conventional
fields were significantly richer in ladybird beetle

species than those in agroecological fields in both the
plateau and mountainous zones. In the October-
November season, the ladybird beetle communities
in the conventional fields were also significantly
richer in ladybird beetle species than those in
agroecological fields in the mountainous zone.
However, no significant difference in species
richness between managements was observed in the
plateau zone (Figure 4).
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Regarding species evenness, during the May-June
season, the ladybird beetle communities were more
evenly distributed in the fields under conventional
practices than agroecological practices in the plateau
zone. However, such distribution did not differ
significantly in the mountainous zone. A similar

trend was also observed in the October to November
season, where the distribution of ladybird beetle
communities between management practices did not
differ significantly across the two agroecological
zones (Figure 5).

Table 4. Analysis of variance for the effect of agroecological zones, season, Management practices and crop
species on species richness and Evenness of ladybird beetle communities in Morogoro from May to November

2021.
Factors df SPECIES RICHNESS EVENNESS

F value P value F value P value
Agroecological zone (A) 1 9.464 0.002* 2.010 0.157ns
Season (S) 1 0.608 0.436ns 6.401 0.012*
Management practices (M) 1 24.789 0.000* 11.729 0.001*
Crop species (C) 2 0.851 0.427ns 1.423 0.242ns
A xS 1 0.065 0.798ns 1.021 0.313ns
A x C 1 0.513 0.474ns 0.928 0.336ns
A xM 2 0.492 0.612ns 2.423 0.089*
S x C 1 13.944 0.000* 4.854 0.028*
Sx M 2 0.488 0.614ns 0.187 0.829ns
C x M 2 0.409 0.664ns 0.633 0.531
AxSx M 1 7.015 0.008* 4.626 0.032*
A xS xC 2 0.519 0.595ns 0.589 0.555ns
S xCx M 2 0.117 0.889ns 0.595 0.552ns
Ax Cx M 2 0.113 0.893ns 1.209 0.299ns
AxS xC x M 2 0.095 0.910ns 0.159 0.853ns

Keys: * indicates significance, ns shows not significant and d.f indicates the degree of freedom
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Figure 4. Ladybird beetle species richness in cultivated cucurbit crops under different management practices
across the two agroecological zones of the Morogoro region from May to November 2021. Bars with different
letters denote significant differences at p < 0.05. SE stands for Standard Error.
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the two agroecological zones of the Morogoro region from May to November 2021. Bars with different letters
denote significant differences at p < 0.05. SE stands for Standard Error.

The influence of weather parameters on the
diversity of ladybird beetle communities

Results showed that the species richness in the
mountainous zone had a strong negative correlation
with rainfall. However, other indices in the plateau
and mountainous zones were not correlated with
weather parameters or the number of flowers (Table
5).

Composition of ladybird beetle communities in
different management  practices across
agroecological zones

Results showed that high Sorensen values (Sc values
ranging from 0.56 to 0.78), indicating major
variations in species composition between
management practices across the two agroecological
zones. In both agroecological zones, fields with
agroecological practices were very different in terms
of species composition from those with conventional
practices (Table 6).

Table 5. The influence of weather parameters and the number of flowers on the alpha diversity of ladybird
beetle communities across agroecological zones of the Morogoro region

Zone Parameters Shannon Simpson Richness Evenness

Number of flowers -0.02ns -0.03ns 0.04ns 0.05ns

Max temperature -0.08ns 0.05ns -0.04ns -0.04ns

Mountainous Min-temperature -0.06ns -0.02ns 0.02ns -0.02ns

Mean-temperature -0.07ns 0.07ns -0.08ns -0.07ns

Relative Humidity 0.05ns 0.03ns -0.03ns <0.03ns

Rainfall 0.02ns -0.11* -0.03ns 0.04ns

Number of flowers -0.04ns 0.07ns 0.05ns -0.03ns

Max temperature -0.07ns <0.07ns 0.01ns 0.01ns

Pl Min-temperature -0.07ns -0.02ns 0.04ns -0.02ns

ateau

Mean-temperature -0.07ns -0.02ns 0.03ns <-0.06ns

Relative Humidity -0.06ns 0.04ns 0.06ns -0.02ns

Rainfall -0.03ns 0.02ns 0.03ns -0.02ns

Note, * indicates significance, ns shows no significance
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Table 6. Sorensen values of predatory ladybird
beetle composition studied at different management
practices in the two agroecological zones of the
Morogoro region.

Zone/Farming | Plateau Mountainous
system Conventional | Conventional
Mountainous

Conventional 0.69

Mountainous

Agroecology 0.56 0.75
Plateau

Agroecology 0.78 0.81
DISCUSSION

Diversity and Composition of ladybird beetle
communities under different management
practices

The insect communities in agricultural landscapes
can be influenced by management practices
(McLaughlin and Mineau, 1995; Boutin et al.,2009;
Fanfarillo et al., 2022). However, the extent of such
influence can vary depending on the insect’s
taxonomical or functional group, landscape
complexity, and the intensity of certain key elements
in farming methods (Garratt et al., 2011; Batary and
Tscharntke, 2022). Coleoptera, a diverse group of
natural enemies, has shown contradictory responses
to management practices
depending on the functional group or taxa (Puech et
al, 2014; Torok et al, 2021). In line with these
findings, our study revealed a significantly higher
abundance ladybird beetle
communities in conventionally managed fields than
in agroecological fields. We recorded a total of 71.1%
of ladybird beetles in fields managed conventionally,
whereas only 28.9% were found in agroecological

in various studies

and diversity of

fields. Similarly, the Shannon, inverse Simpson,
evenness, and richness indices were consistently
higher in conventional fields than agroecological
ones. However, we arbitrarily implicate this diverse
community as we cannot be certain for sure as the
number of samples collected during the study period
was very small. Additionally, the Sorensen index
indicated major variations in species composition
between the two management practices, highlighting
major differences in the composition of ladybird
beetle communities.

The unexpectedly higher abundance and diversity
of ladybird beetle communities in conventionally

managed fields compared to the agroecological
managed fields can be attributed to the use of
synthetic pesticides in conventional fields, which
could have indirectly benefited ladybird beetles.
Studies indicate that frequent use of insecticides in
conventionally managed fields has been implicated
in reducing ladybird beetle prey abundance and
resource competition (Sanchez-Bayo, F. 2021; Torok
et al, 2021), allowing the ladybird beetles to thrive
more in conventional fields than in agroecological
fields. Our findings concur with those of Torok et al.
(2021), who found higher species richness and
abundance of cereal leaf beetles in conventionally
managed fields than in organic fields. This study
suggests that insufficient use of syntheticinsecticides
in conventional fields and their short-term effect on
ladybird beetle abundance indirectly supported the
higher number and diversity of ladybird beetle
species in conventional fields.

Our study also found a significant influence of
agroecological zones and cucurbit cropping seasons
on the abundance, diversity, and composition of the
ladybird beetle communities. The plateau zone was
the most diverse, populated, and species-rich zone
than the mountainous zone, with more ladybird
beetle species recorded during May- July than in the
October- November cropping season. The low
diversity of ladybird beetle in highland areas may be
attributed to their habit of hibernating in high
mountains (Ceryngier, 2015; Arya and Tamta, 2016).

Our findings contradict the study by Johnson et al.
(2017) which found that agroecological practices
such as crop rotation and reduced pesticide use
significantly increased the abundance and species
richness of ladybird beetles in crop fields. The study
attributed this effect to enhanced prey availability
and diverse habitats. Similarly, a study by Smith etal.
(2019) also discovered that agroecological farms had
higher diversity and abundance of ladybird beetles
than conventional farms. The study implicated the
presence of flower-rich habitats and agroecological
practices as important factors supporting the
ladybird beetle population. In contrast, our study
collaborates with a study by Davis et al. (2020) who
also reported a decline in ladybird beetle abundance
and diversity in agroecological farms. The study
speculated that factors such as regional variations,
complex species, and

interactions among
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unpredictable environmental conditions could

contribute to inconsistent outcomes.

The influence of weather conditions and the floral
resources on the diversity of ladybird beetle
communities

The difference in agroecological zones may have an
impact on a range of environmental variables, such
as temperature, precipitation, and relative humidity
(Faizul et al, 2011). These parameters, in
combination with floral resources, can impact the
survival, reproduction, and distribution of
Coleoptera species within the agricultural landscape
(Jlang et al, 2019; Afaq and Kumar, 2021;
Porhajasovd and BaboSova, 2022). During our
investigation, we found that weather variables had
limited influence on the diversity of ladybird beetle
communities. Specifically, we observed a strong
negative correlation between rainfall and beetle
richness in the mountainous zone. However, we did
not observe any correlations between other
remaining alpha diversity indices or the number of
flowers with the weather parameters in all
agroecological zones. The study by Subba and Gosh
(2016) reported that the activity of the ladybird
population decreases with the rise of temperature,
relative humidity and rainfall.

CONCLUSION

We cannot certainly confirm the influence of
management practices on the diversity of ladybird
beetles across the agroecology of Morogoro as the
sample collected was small. However, our results
insufficiently showed higher species diversity in the
plateau zone than in mountainous zones.
Furthermore, conventional fields were more diverse
in specie than agroecology in both altitudes.
Therefore, this study provides the first baseline
ecological information on the diversity of ladybird
beetles in different management practices at the
plateau and mountainous zone of the Morogoro
region in Tanzania. The findings of this study
represent an asset for understanding ladybird
beetles’ communities associated with cucurbit crops
and strengthening understanding of the best way to
manage agroecosystems and ultimately conserve the
flora and fauna of the natural enemies. We also
recommend further research on the diversity of
these insects as our study was limited by sample size.
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