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Abstract: Solanum tuberosum L. 1753 (Solanaceae) is widely cultivated for its therapeutic and nutritional qualities. In Cameroon, 
the production is insufficient to meet the demand in the cities and there is no published data on the diversity of associated pest insects. 
Ecological surveys were conducted from July to September 2020 in 16 plots of five development stages in Balessing (West-
Cameroon). Insects active on the plants were captured and identified and the community structure was characterized. The abundance 
of each species and the part of the plant attacked were recorded. A total of 370 specimens belonged to four orders, 16 families and 21 
species. From rearings of 3,200 scarified stems and tubers, two Lepidoptera emerged: the Crambidae Leucinodes orbonalis Guenee, 
1854 (18.0%) and the Noctuidae Helicoverpa armigera Hübner, 1808 (26.0%). This gives a total of five orders, 18 families and 23 
species associated with the potato plants. We recorded 16 (69.6%) pest species [10 (43.5%) non-native and six (26.1%) native 
species]. Base on the family composition, Coleoptera and Hemiptera were mostly represented (31.3% respectively) followed by 
Orthoptera (25.0%) and Diptera (12.4%). Based on the species composition, Hemiptera presented a high number of species (38.1%) 
followed by Coleoptera (28.6%), Orthoptera (23.8%) and Diptera (9.5%). Based on abundances, Aphididae (60.6%) was the most 
represented, followed by Gryllotalpidae (7.6%), Tenebrionidae (6.5%), Bibionidae (5.7%), Gryllidae (4.9%), Pentatomidae (4.9%), 
Cicadellidae (3.5%) and Pyrgomorphidae (2.4%). Eight rare families were recorded (<1% of the total collection respectively) 
(Acrididae, Chrysomelidae, Elateridae, Lycidae, Scarabeidae, Scutelleridae, Tipulidae and Pyrrhocoridae). Chemicals were not 
efficient in the study locality, since entomofauna associated with potato plants remained diverse and consisted of alien pests. The 
situation calls for more research on the bio-ecology of the recorded pests with further goal of developing sustainable management 
strategies to reduce yield losses. 
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1. Introduction 

The potato Solanum tuberosum L., 1753 (Solanaceae) is one 
of the most cultivated plants. Tubers are mostly consumed in the 

world [1-3]. In African countries the production is low compared 
to the situation in developing countries although nowadays, the 
adaptability of this crop to a wide range of environmental 
conditions is known [4-6]. The overall production is insufficient 
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to meet the ever-increasing demand in the cities. Causes of low 
productions are not fully known. But available information from 
Ethiopia and Cameroon points out the sex and education level of 
farmers, improved varieties, insufficient use of fertilizers, 
inexperience of farmers, access to extension, harvesting time, 
soil conservation, nature of access to land, access to market, 
access to irrigation schemes, inadequate phytosanitary control, 
unsuitability of agricultural policies, low soil fertility, the use of 
infested planting material, high disease and pest infection rates, 
losses during storage including losses in quality [7-9]. Potato 
plant organs are target of several attacks such as microorganisms 
(fungi, viruses and bacteria) and metazoan organisms 
(phytophagous and xylophagous agents). Several animal species 
use them either as a nesting site (e.g. insects that drill stems and 
tubers such as larvae of beetles, wasps that can build their nests 
at the bottom of the leaves), or as a feeding site and thus as a 
foraging site (termites that rob the plant from the roots, 
nectarivorous insects including adults of ants and butterflies who 
feed on sweet liquids secreted by the plant), or both as nesting 
and feeding site (cases of Hemipterans such as aphids and mealy 
bugs that pump the plant's sap to exploit proteins and a little 
sugar and discard the remaining enriched sugar called honeydew 
[10]. When Insects feed on plant organs, the saliva injected 

during food intake can be toxic to the plant as it is the case with 
Thrips [11]. Then these insects directly damage the plants and 
indirectly cause the drastic decrease that affect productivity of 
the attacked plants [12, 13]. The lack of yielding amendment 
and high quality of seed potato tubers and absence of resistance 
to pests and diseases, are known as problems for the cultivation 
of potato in Cameroon [14]. Studies on the entomofauna 
associated with potato plants have been conducted in 
Bangladesh, Pakistan, Sudan and Côte d’Ivoire where authors 
pointed out the negative effect of insect pests [10, 12-15]. 
Although potatoes are cultivated in Cameroon, no published 
data exist on the diversity of associated insects. However the 
control of pest insects is one of the major constraints to be 
overcome in potato cultivation. Chemical treatments are usually 
recommended for the eradication of target enemies of crops. In 
the rural area of Balessing (West-Cameroon), market gardening 
activities are on the rise, but they are practiced by young 
farmers, little educated, unassisted and each having a fairly low 
income. Physical damages are recorded in chemically treated 
plantations. The purpose of this study is to identify insects active 
on potato plants, to characterize the community structure and 
damages. 

 
Figure 1. Location of the study locality in Cameroon. A, B and C: Location of Menoua Department in the Western region of Cameroon (adapted from 

Abossolo et al. [16]), D: Location of Balessing village between Dschang and Bafoussam; E: Location of the sampling sites. 
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2. Materials and Methods 

2.1. Study Sites 

Field investigations were conducted during the rainy 
season (July to September 2020) in Balessing (5°30′4.15″N, 
10°14′30.70″E; altitude: 1,442 m a.s.l) situated in the 
Western region of Cameroon (Figure 1). Field observations 
were set up in 16 plots located in four localities (Figure 1): 
Bagachi (5°29′35.41″N, 10°15′51.58″E; altitude: 1,428 m 
a.s.l), Bakeng (5°28′52.87″N, 10°16′28.86″E; altitude: 1,406 
m a.s.l), Kensap (5°29′43.09″N, 10°16′26.94″E; altitude: 
1,398 m a.s.l), and Medou (5°29′26.81″N, 10°16′16.20″E; 
altitude: 1,417 m a.s.l). Balessing is situated 21 km from 
Dschang (Menoua Department) and 31 km from Bafoussam 
(Mifi Department) (Figure 1) and vegetables are grown in 
lowlands [16]. The prevailing climate is humid tropical 
subequatorial of high altitude and is classified as “Aw” by 
Köppen and Geiger [17]. Two seasons of unequal duration 
are described: a long rainy season of eight months (mid-
March to mid-November with the peak of rains in August-
September) and a short dry season of four months (mid-
November to mid-March) [18, 19]. The soil is hydromorphic 
type at lowlands and sandy-clay or ferralitic type in higher 
areas. The vegetation is dominated by food crops and market 
gardens. 

2.2. Sample Design 

Potato plants were categorized into six development 
stages; stage 1 plant was seedlings obtained nine days after 
planting of tubers, stage 2 plant (St2) was observed 30 to 40 
days after planting of tubers and was characterized by the 
development of leaves and the progressive lengthening of the 
stem, stage 3 plant (St3) was observed after 50 to 60 days of 
maintenance and were characterized by the appearance of 
flowers and tubers (the peak of flowering is observed 60 to 
80 days from the planting date), stage 4 plant (St4) was 
characterized by the appearance of the last flowers and the 
intense development of tubers, stage 5 plant (St5) was that of 
intense tuber growth (observed after 70 to 90 days of 
maintenance), and stage 6 plant (St6) was observed after 85 
to 130 days of maintenance and was characterized by the 
senescence of leaves, stems and the stopping development of 
tubers. In four localities of the village, we randomly selected 
16 farmers who granted us access and control in their plots. 
Sixteen plots of St2 to St6 were categorized into six 
unmaintained plots and 10 well-maintained plots. Unlike 
well-maintained plots, unmaintained plots were weeded. The 
unmaintained plots contained St6 plants. 

The study localities were subjected to the same climate. 
The plot surface varied from 40 to 500 m² (191.6±34.0 m²; 
16 plots) and consisted of 108 to 410 plants (234±20 plants; 
one to three plants/m²). At least three-meter space separated 
plots from neighbouring fallows and plots of subsistence 
farming. In each locality, plots were separated from each 
other by a distance of 10 to 500 m (116.8±41.9 m, 16 plots). 

Potatoes were planted in rows and for each row, the gap 
between two neighbouring plants varied from 0.7 to 1.2 m 
(0.97±0.16 m; 2468 seedlings). Based on the development 
stages of plants, plots were divided into six categories: two 
plots of St2 plants (120 and 180 m², 150.0±30.0 m², 260 and 
274 plants, 267±7 plants, two plants/m²), four plots of St3 
plants (40 to 375 m², 196.3±68.7 m², 108 to 340 plants, 
215±48 plants, one plant/m²), three plots of St4 plants (75 to 
210 m², 140.0±39.1 m², 135 to 284 plants, 203±44 plants, 
one plant/m²), five plots of St5 plants (60 to 500 m², 
262.0±90.2 m², 135 to 410 plants, 255±48 plants, one 
plant/m²) and two plots of St6 plants (100 and 150 m², 
125.0±25.0 m², 186 and 272 plants; 229±43 plants, two 
plants/m²). Farmers carried out 21 days after planting, one to 
two early chemical treatments applied on St2 plants. 
Chemical treatments were done between 7 and 9 a.m. and/or 
between 12 and 5 p.m., some treatments being carried out 
during the hottest hours of the day (from 12 to 2 p.m.). 
Chemical treatments were conducted using two categories of 
chemicals approved in Cameroon and usually used by 
farmers [20-24]: insecticides [Cigogne 50EC 494/09/IN 
(Cypermethrin 50 g/l, 750 ml p.c/ha), and Parastar 40EC 
535/10/IN (20 g/l Imidacloprid and 20 g/l lamda-cyhalothrin, 
one l p.c./ha)] and fungicides [Kozeb 80WP 754/12/FO or 
Penncozeb 80WP 472/08/FO which are dispersible 
concentrates of Mancozeb 800 g/kg (Dithiocarbonate, 
dosage: 1.7-2.5 kg/ha)]. After the last chemical treatment, we 
cleared the plots during one week, of all scarified stems, 
damaged flowers and leaves. Capture of insects began the 
14th day after planting and continued until the harvest of 
tubers. Plants were inspected during two days a week from 7 
a.m. to 3 p.m. each day and insects found on stems, branches, 
leaves and flowers, were captured using brushes for small 
insects or soft forceps for large non-flying insects or a 
vacuum cleaner. Flying insects were sampled using a sweep 
net or after neutralizing them using an aerosol insecticide 
spray. Adults of butterflies were conserved in A4 size paper 
devices folded to keep the wings intact while other insect 
adults were kept in labelled vials containing 70° alcohol. 
During the harvest period, insects found on tubers were 
collected. The scarified tubers were collected and checked 
every day in laboratory until the release of adult insects. 
Butterfly caterpillars and other insect larvae were collected 
and reared in laboratory. 

2.3. Damage to Aerial Plant Organs 

Damage was assessed two days a week and described 
based on visual inspection. Damage on leaves and stems, and 
the number of healthy organs, were noted. A sample of 10 
damaged stems (recognized by perforations or black scarring 
spots) was taken in each plot and monitored in the laboratory 
until the emergence of adult borers. During the harvest 
period, tubers were inspected and those showing signs of 
attack by the insects were collected and split to check for the 
presence of larvae and were placed in the laboratory until the 
adult’s emergence. 
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2.4. Laboratory Rearing 

Rearing materials consisted of plastic containers (diameter: 
37 cm; deep: 12 cm) covered with a fine-mesh fabric netting 
for natural ventilation. Samples of damaged stems separately 
placed in labelled rearing containers. Only one type of plant 
organ was placed in one container. In each container, 10 
pieces of damaged stems or 10 damaged tubers were reared 
in laboratory (3,200 reared samples in 320 plastic containers: 
1,600 pieces of stems in 160 plastic containers and 1,600 
tubers in 160 other plastic containers). Samples of plant 
organs were first placed on sterilized sand and two weeks 
later, the sand was sieved in order to collect pupae. Collected 
pupae were placed on cotton wool soaked in water until the 
emergence of insect adults. Caterpillars from the field were 
collected with a sample of leaves of the supporting plant and 
placed in the laboratory on a young potato plant transplanted 
in pots and watered daily. Rearing pots were checked every 
day and emerged insect adults were kept and stored in 
labelled tubes containing 70° alcohol. Emerged butterflies 
were kept in folded A4 size paper devices for identification. 

2.5. Identification of Insect Specimens 

Specimens were identified to the species level using 
appropriate keys [25-31] and confirmed by referring to 
illustrated catalogues and check lists [32-34]. In order to 
consider recent developments in the taxonomy of identified 
species and their native range, we consulted available reports 
[35-71]. 

2.6. Statistical Analysis 

Numbers of species by order, family and genera were 
determined and percentages were calculated from the overall 
total specimens. Abundance counts were presented in terms 
of mean±se. Simultaneous comparison of several abundance 
series was set up using the Kruskal-Wallis test from 
SigmaStat software 2.0® and the pairwise comparison was 
set up when relevant using Dunn’s procedure because when 
considering the number of ant species as a metric/response 
variable, sample units being different, uneven variability 
could occur between sampling sites. Regression equation was 
set up and tested using ANOVA procedure. Two frequencies 
were compared using the Fisher’s exact-test. For the whole 
orders, families and species distributions, simultaneous 
comparison was set up using the Fisher-Freeman-Halton 
exact-test from StatXact software 3.1, which is one of the 
best procedure recommended for nonparametric analysis of 
unordered contingency tables (our situation) and appropriate 
probabilities were adjusted for the number of simultaneous 
tests using the sequential Bonferroni procedure summarized 
by Rice [72]. 

A total of 14 indexes were determined using PAST 3.05 
software: the abundance of the ith species ni, the sample size 
n, the maximum abundance, the observed species richness S, 
Margalef’s index, the richness ratio, Shannon-Weaver’s 
index, Simpson’s index, Hill’s number one index N1, Hill’s 
number two index N2, Hill diversity ratio, Pielou’s index J, 

Hill’s evenness index, and Berger-Parker’s index. 
Comparison of the species richness was performed using the 
individual rarefaction procedure. The non parametric 
estimation Chao 1 was used to estimate the theoretical 
species richness T and the sampling effort was estimated as 
(S/T)x100. 

The overall species covariance was evaluated using 
Schluter’s procedure [73]. Between species correlations was 
evaluated using Kendall’s tau coefficient. The dissimilarity 
between plots and between plant stages was evaluated using 
Bray-Cutis’s index and was confirmed using the classical 
Hierarchical Cluster Analysis based on Jaccard’s similarity 
index. The cluster was constructed using UPGMA algorithm 
[74]. 

The rank abundance plotting was used to illustrate the 
shape of the SADs and the goodness of fit of each SAD to a 
theoretical model was assessed by calculating the Pearson’s 
correlation coefficient and interpreting as summarized by 
Biawa-Kagmegni et al. [75]. We tested five commonly used 
theoretical SADs [76] to fit our curves: the Broken-stick 
model (BS), the Geometric model (GM), the Lognomal 
model (LM), the Zipf model (Z) and the Zipf-Mandelbroot 
model (ZM). The best fitted model was selected using AIC 
procedure summarized by Johnson and Omland [77]. The 
package vegan of R 3.4.1 software [78] helped us to adjust 
the SADs. BS model has a single parameter x which 
represents the mean abundance of species [79]. We 
determined the parameters of GM or LM on which the 
studied insects’ communities depended. GM depends on the 
maximum abundance of the first-rang species n1 and the 
Motomura’s environment constant m. The m parameter gives 
the decay rate of the abundance per rank [80]. Z model is 
based on the ZL [81], abundances being ranked in decreasing 
order. Z model is based on two statistics: Q is the scaling 
parameter (normalizing constant), and γ (gamma) is the 
decay coefficient or the average probability of the appearance 
of a species [81, 82]. ZM is a generalized model in which β 
(beta) is added. Marquardt’s nonlinear least squares 
algorithm summarized by Le et al. [83] and Murthy [84], was 
used to estimate β and γ. We calculated 1/γ (fractal dimension 
of the distribution of individuals among species) [85, 86]. 

2.7. Abbreviations 

a.s.l: above sea level, AIC: Akaike Information Criteria, Ag. 

(Agriotes) lineatus: Agriotes (Agriotes) lineatus Linnaeus, 
1767, An. notatus: Anacatantops notatus Karsch, 1891, Au. 

solani: Aulacorthum solani Kaltenbach, 1843, As. armigera: 
Aspavia armigera Fabricius, 1775, B. anglicus: Bibio anglicus 
Verrall, 1869, BC: Bray-Curtis dissimilarity index, BS: 
Broken-stick model, C. discrepans: Calopteron discrepans 
Newman, 1838, Chao 1: Chao’s Abundance based non-
parametric estimators of the species richness, d: Richness ratio, 
D: Simpson index, D. voelkeri: Dysdercus voelkeri Schmidt, 
1932, df: degree of freedom, Em. fabae: Empoasca fabae 
Harris 1841, E(Sn): expected species richness for a theoretical 
sample of n individuals, Eu. fulgida fulgida: Euphoria fulgida 

fulgida Fabricius, 1775, GM: Geometric series model, Gr. 
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(Gryllus) campestris: Gryllus (Gryllus) campestris Linnaeus, 
1758, Gy. gryllotalpa: Gryllotalpa gryllotalpa Linnaeus, 1758, 

IBP: Berger-parker dominance index, J: Pielou evenness index, 
H: Kruskal-Wallis test, H’: Shannon-Weaver’s diversity index, 
H. armigera: Helicoverpa armigera Hübner, 1808, La. hirta: 
Lagria hirta Linnaeus, 1758, Le. orbonalis: Leucinodes 

orbonalis Guenee, 1854, LM Lognormal model, Lo. 

quadriguttatus: Longitarsus quadriguttatus Pontopidan, 1763, 
m: Motomura’s environment constant, Ma. euphorbiae: 
Macrosiphum euphorbiae Thomas, 1878, Mg: Margalef’s 
richness index, My. persicae: Myzus persicae Sulzer, 1776, N. 

viridula: Nezara viridula Linnaeus, 1758, ni: absolute 
abundance of species I, N1: Hill’s number one index, N2: Hill’s 
number two index, p: statistical probability, P. (Phymelloides) 
vignaudii: Pyrgomorpha (Phymelloides) vignaudii Guerin-
Meneville, 1847, Q: scaling parameter also called the 
normalizing constant, S: species richness (total number of 
species), SAD; Species Abundance Distribution, Sp. annulus: 
Sphaerocoris annulus Fabricius, 1775, Sy. frontalis: Systena 

frontalis Fabricius, 1801, r: Pearson’s correlation coefficient, rs: 
Spearman’s correlation coefficient, r²: linear regression’s 
coefficient of determination, se: standard error, St2: 

development stage 2 plants, St3: development stage 3 plants, 
St4: development stage 4 plants, St5: development stage 5 
plants, St6: development stage 6 plants; τ: Kendall’s tau 
correlation, T: Theoretical species richness, Ta. calliparea: 
Taphronota calliparea Schaum, 1853, Ti. paludosa: Tipula 

paludosa Meigen, 1830, UPGMA: Unweighted Pair Group 
Method with Arithmetic mean algorithm, VR: Schluter’s 
Variance ratio, Z: Zipf model, ZL: Zipf's Law, ZM: Zipf-
Mandelbroot model, α’: Bonferroni adjusted significance level, 
β (beta): the degree of the niche diversification, γ (gamma): 
decay coefficient or the average probability of the appearance 
of a species, χ²: chi-square statistic. 

3. Results 

3.1. Insects Associated with Potato Plants 

Insects collected in the field belonged to four orders 
(Coleoptera Linnaeus, 1758, Diptera Linnaeus, 1758, 
Hemiptera Linnaeus, 1758 and Orthoptera Latreille , 1793) 
and 16 families (Table 1). 

Table 1. Absolute and relative abundance of the collected Insects and the damaged plant organs. 

ORDER / Family Specie’s name Status Origin Reference Plant organs I (%) II (%) III (%) 

COLEOPTERA         
Chrysomelidae Systena frontalis Fabricius, 1801 *, pest NE (CA, EA) [34-39] Leave 1 (0.3) - 1 (0.3) 
Elateridae Agriotes (Agriotes) lineatus Linnaeus, 1767 #, pest, in HO [40-42] Tuber, tuber - 1 (0.3) 1 (0.3) 
Lycidae Calopteron discrepans Newman, 1838 * NE (EA) [43] Leave - 2 (0.5) 2 (0.5) 
Scarabaeidae Euphoria fulgida fulgida Fabricius, 1775 * NE [44] Leave - 1 (0.3) 1 (0.3) 
Tenebrionidae Lagria hirta Linnaeus, 1758 § HO (WP) [45-47] Leave, flower 5 (1.4) 18 (4.9) 23 (6.2) 
 Longitarsus quadriguttatus Pontopidan, 1763 * HO (WP) [48] Leave 1 (0.3) - 1 (0.3) 
DIPTERA         
Bibionidae Bibio anglicus Verrall, 1869 ? HO [30] Leave 8 (2.2) 13 (3.5) 21 (5.7) 
Tipulidae Tipula paludosa Meigen, 1830 #, pest, in NE (NA) [49] Leave - 1 (0.3) 1 (0.3) 
HEMIPTERA         
Aphididae Aulacorthum solani Kaltenbach, 1843 §, pest, in HO (PA) [26, 50-52] Leave 34 (9.2) 30 (8.1) 64 (17.3) 
 Macrosiphum euphorbiae Thomas, 1878 §, pest, in NE (NA) [51, 53] Leave 22 (6.0) 28 (7.6) 50 (13.5) 
 Myzus persicae Sulzer, 1776 §, pest WWC, HO (PA) [52, 54, 55] Flower, leave 54 (14.6) 58 (15.7) 112 (30.3) 
Cicadellidae Empoasca (Empoasca) fabae Harris 1841 §, pest, in NE (TA, STA) [56] Leave, stem 4 (1.1) 9 (2.4) 13 (3.5) 
Pentatomidae Aspavia armigera Fabricius, 1775 §, pest AF [57-59] Leave, stem 1 (0.3) 7 (1.9) 8 (2.2) 
 Nezara viridula Linnaeus, 1758 §, pest WWC, AF [60, 61] Leave 3 (0.8) 7 (1.9) 10 (2.7) 
Pyrrhocoridae Dysdercus voelkeri Schmidt, 1932 §, pest AF, PANT [57] Leave 2 (0.5) - 2 (0.5) 
Scutelleridae Sphaerocoris annulus Fabricius, 1775 §, pest AF [57] Leave 2 (0.5) - 2 (0.5) 
ORTHOPTERA         
Acrididae Anacatantops notatus Karsch, 1891 * AF [28, 62-64] Leave 1 (0.3) 2 (0.5) 3 (0.8) 
Gryllidae Gryllus (Gryllus) campestris Linnaeus, 1758 * HO (NWP) [65] Tuber, tuber - 18 (4.9) 18 (4.9) 
Gryllotalpidae Gryllotalpa gryllotalpa Linnaeus, 1758 * HO [66, 67] Tuber, tuber - 28 (7.6) 28 (7.6) 

Pyrgomorphidae 
Pyrgomorpha vignaudii Guerin-Meneville, 
1847 

*, pest AF 
[29, 31, 62-
64] 

Leave 2 (0.5) - 2 (0.5) 

 
Taphronota (Taphronota) calliparea 

Schaum, 1853 
* AF [28, 62-64] Leave 1 (0.3) 6 (1.6) 7 (1.9) 

Sample size      141 (38.1) 229 (61.9) 370 (100) 

I to III see table 1; *=phytophagous; #=stem-borer or root-feeding; §=sap feeding; ?=unknown pest status; in=invasive species; pest=pest species; -=not 
recorded; CA=Central America; EA=Eastern America; AF=Tropical Africa; HO=Holarctic region; WWC=Worldwide cosmopolitan species; NA=Northern 
America; NE=Neartic region; NWP=North-Western Palaearctic region; PA=Palaearctic region; TA=Tropical America; STA=Subtropical America; PANT=Pan-
tropical distribution; WP=Western Palearctic region. 

Insects from the laboratory rearing belonged to one order 
(Lepidoptera Linnaeus ,  1758), and two families (Crambidae 
Latreille, 1810 and Noctuidae Latreille, 1809). This gives a 
total of five orders and 18 families that have been recorded. 

The variation in percentages was globally significant in the 
field collection (asymptotic Pearson’s chi-square: χ²=218.07, 
df=12, p<0.001). This was also the situation in well-
maintained plots (Fisher-Freeman-Halton test: χ²=19.65, 
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df=9, p=0.020) and in unmaintained plots (χ²=170.00, df=3, 
p<0.001). 

Two species (8.7% respectively) emerged from 3,600 
laboratory rearings: one species of Crambidae (4.3%) 
(Leucinodes orbonalis Guenee, 1854) (23 cases, 0.7%) and 
one species of Noctuidae (4.3%) (Helicoverpa armigera 
Hübner, 1808) (102 cases, 3.2%). No insect emerged from 
3,075 organs (96.1%). 

A total of 370 specimens collected in the field 
corresponded to 21 genera and 21 species (Table 1). Overall 
the variation of the percentages was significant (Pearson’s 
chi-square: χ²=496.01, df=80, p< 0.001) and the same was 
true for well-maintained plots (χ²=111.10, df=42, p=3.7x10-8) 
and unmaintained plots (χ²=229.00, df=15, p< 0.001). We 
identified one species of Acrididae (4.3%) (Anacatantops 

notatus Karsch, 1891, 0.8% of the total collection), three 
species of Aphididae (13.0%) (17.3% of Aulacorthum solani 

Kaltenbach, 1843, 13.5% of Macrosiphum euphorbiae 
Thomas, 1878, and 30.3% of Myzus persicae Sulzer, 1776). 
From the same collection we identified one species of 
Bibionidae (4.3%) (Bibio anglicus Verrall, 1869, 5.7% of the 
total collection), one species of Chrysomelidae (4.3%) 
(Systena frontalis Fabricius, 1801, 0.3% of the total 
collection), one species of Cicadellidae (4.3%) (Empoasca 

(Empoasca) fabae Harris 1841, 3.5% of the total collection), 
one species of Elateridae (4.3%) (Agriotes (Agriotes) lineatus 

Linnaeus, 1767, 0.3% of the total collection). More over, we 
identified one species of Gryllidae (4.3%) (Gryllus (Gryllus) 

campestris Linnaeus, 1758, 4.9% of the total collection), one 
species of Gryllotalpidae (4.3%) (Gryllotalpa gryllotalpa 

Linnaeus, 1758, 7.6% of the total collection), one species of 
Lycidae (4.3%) (Calopteron discrepans Newman, 1838, 
0.5% of the total collection). Two species of Pentatomidae 
(8.7%) were recorded (2.2% of Aspavia armigera Fabricius, 
1775 and 2.7% of Nezara viridula Linnaeus, 1758). We also 
recorded two species of Pyrgomorphidae (8.7%) (0.5% of 
Pyrgomorpha vignaudii Guerin-Meneville, 1847 and 1.9% of 
Taphronota (Taphronota) calliparea Schaum, 1853), one 
species of Pyrrhocoridae (4.3%) (Dysdercus voelkeri 

Schmidt, 1932, 0.5% of the total collection), one species of 
Scarabaeidae (4.3%) (Euphoria fulgida fulgida Fabricius, 
1775, 0.3% of the total collection). We also identified one 
species of Scutelleridae (4.3%) (Sphaerocoris annulus 

Fabricius, 1775, 0.5% of the total collection), two species of 
Tenebrionidae (8.7%) (6.2% of Lagria hirta Linnaeus, 1758 
and 0.3% of Longitarsus quadriguttatus Pontopidan, 1763) 
and one species of Tipulidae (4.3%) (Tipula paludosa 

Meigen, 1830, 0.3% of the total collection). The Aphididae 
species were the most represented (61.1%), followed very far 
by the species of Gryllotalpidae (7.6%), Tenebrionidae 
(6.5%), Bibionidae (5.7%), Pentatomidae and Gryllidae 
(4.9% respectively). We also recorded Cicadelidae (3.5%) 
and Pyrgomorphidae (2.4%) while the species belonging to 
the remaining eight families (Acrididae, Chrysomelidae, 
Elateridae, Lycidae, Pyrgomorphidae, Scarabaeidae, 
Scutelleridae and Tipulidae) were rare (<1%) (Table 1). No 
species was recorded exclusively on St2 plants. D. voelkeri 

and Lo. quadriguttatus were recorded exclusively on St3 
plants. Sy. frontalis was recorded exclusively on St4 plants. 
C. discrepans, Eu. fulgida fulgida and Ti. paludosa were 
recorded exclusively on St5 plants. Ag. (Agriotes) lineatus, 

Gr. (Gryllus) campestris and Gy. gryllotalpa were recorded 
exclusively on St6 plants. An. notatus, As. armigera, P. 

vignaudii, Sp. annulus and Ta. (Taphronota) calliparea were 
recorded simultaneously on St4 and St5 plants. La. hirta was 
recorded simultaneously on St2, St3 and St5 plants. Au. 

solani, B. anglicus, Em. (Empoasca) fabae, and Ma. 

euphorbiae were recorded simultaneously on St2, St4 and 
St5 plants. N. viridula was recorded simultaneously on St3 to 
St5 plants. My. persicae was recorded simultaneously on St2 
to St5 plants. The species found exclusively on plants of a 
single stage of development (14.9%) were significantly less 
abundant than those found on plants of several development 
stages (85.1%) (Fisher exact test: χ²=402.37, df=1, p=5.1x10-

89) (Table 1). 
Between the five plant development stages, the variation in 

species richness was significant (Fisher-Freeman-Halton test: 
χ²=20.23; df=4; p<0.001). Pairwise comparison showed 
significant difference between St3 and St5 plants (α’=0.006, 
p=0.005) and between St5 and St6 plants (α’=0.005, 
p=4.0x10-4) while the difference was not significant between 
St4 and St6 plants (α’=0.006, p=0.009). 

According to the cleanliness of the plots, five species 
(23.8%) (D. voelkeri, P. (Phymelloides) vignaudii, Sp. 

annulus, Sy. frontalis, and Lo. quadriguttatus) were recorded 
exclusively in the well-maintained plots. Six other species 
(28.6%) (Ag. (Agriotes) lineatus, C. discrepans, Eu. fulgida 

fulgida, Gr. (Gryllus) campestris, Gy. gryllotalpa, and Ti. 

paludosa) were recorded exclusively in the unmaintained 
plots. Ten species (47.6%) (An. notatus, Au. solani, As. 

armigera, B. anglicus, Eu. fulgida fulgida, La. hirta, Ma. 

euphorbiae, My. persicae, N. viridula and Ta. calliparea) 
were recorded simultaneously in well-maintained and 
unmaintained plots (Table 1). This gives 23 species 
associated with potato plants. The species found exclusively 
in a single type of plots (15.9%) were significantly less 
abundant than those found simultaneously in well-maintained 
and unmaintained plots (84.1%) (Fisher exact test: 
χ²=375.23, df=1, p=4.0x10-83) (Table 1). 

Based on the trophic behaviour of the insects, 11 
phytophagous species were recorded: An. notatus, D. 

voelkeri, Em. fabae, Eu. fulgida fulgida, Gr. (Gryllus) 

campestris, Gy. gryllotalpa, C. discrepans, Lo. 

quadriguttatus, P. vignaudii, Sy. frontalis and Ta. 

(Taphronota) calliparea. Among these phytophagous insects 
D. voelkeri, Em. fabae, Gy. gryllotalpa, P. vignaudii and Sy. 

frontalis are known as pest species in cultivated areas. Two 
stem-borers or root-feeding species recorded (Ag. (Agriotes) 

lineatus and Ti. paludosa) are known as invasive species in 
introduced areas. In addition, insects that emerged from 
laboratory rearing (H. armigera and Le. orbonalis) are stem-
borers. Seven sap-feeding species were recorded (As. 

armigera, Au. solani, La. hirta, Ma. euphorbiae, My. 

persicae, N. viridula and Sp. annulus) which are pests and 
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invasive species except La. hirta. The harmful status of B. 

anglicus is unknown (Table 1). 
According to the native range of the species, seven species 

(33.3%) were native to Afrotropical region: An. notatus, As. 

armigera, D. voelkeri, N. viridula, P. vignaudii, Sp. annulus, 

and Ta. (Taphronota) calliparea. N. viridula is known as a 
worldwide cosmopolitan species while D. voelkeri is a 
pantropical distributed species. Eight species (38.1%) were 
native to Holarctic region: Ag. (Agriotes) lineatus, Au. solani, 
B. anglicus, My. persicae, Gr. (Gryllus) campestris, Gy. 

Gryllotalpa, La. hirta and Lo. quadriguttatus. In addition H. 

armigera is native to central and southern Europe and Le. 

orbonalis is native to tropical and subtropical parts of 
Australia and Asia. Amongst the non-native species two 
Aphididae [Au. solani and My. persicae] are frequently 
reported in the Palaearctic region. Gryllidae Gr. (Gryllus) 

campestris is frequently found in the North-western 
Palaearctic region. Two Tenebionidae (La. hirta and Lo. 

quadriguttatus) are common in the Western Palaearctic 
region. Six species (28.6%) are native to the Neartic region: 
C. discrepan, Em. faba, Eu. fulgida fulgida, Ma. euphorbiae, 
Sy. frontalis and Ti. paludosa. Amongst them the Lycidae C. 

discrepans is widely distributed in the Eastern America 
region. The Chrysomelidae Sy. frontalis is reported in central 
and Eastern America region. Aphididae Ma. euphorbiae and 
Tipulidae Ti. paludosa are widely distributed in the Northern 
America region. The Cicadellidae Em. fabae is distributed 
through out the tropical and subtropical America regions. 
Then sixteen alien species (69.6%) were recorded. The 
percentage difference between alien and native species was 
not significant (Fisher’s exact test: p=0.063) (Table 1). 

3.2. Species Abundance 

A total of 370 specimens (18±6 specimens, 21 species) 
were collected in the field. These specimens were divided 
into 38 specimens (6±2 specimens, 6 species) from plots of 
St2 plants, 40 specimens (8±6 specimens, 5 species) from 
plots of St3 plants, 47 specimens (4±1 specimens, 12 species) 
from plots of St4 plants, 198 specimens (13±4 specimens, 15 
species) from plots of St5 plants and 47 specimens (16±8 
specimens, 3 species) from plots of St6 plants. No specimen 
was recorded exclusively in plots of St2 plants. Three 
specimens (0.8%) were collected exclusively in plots of St3 
plants. One specimen (0.3%) was collected exclusively in 
plots of St4 plants. Four specimens (1.1%) were collected 
exclusively in plots of St5 plants and 47 specimens (12.7%) 
were recorded exclusively in plots of St6 plants. This makes 
a total of 55 specimens (14.9%) recorded exclusively on a 
single development stage of the plants. 

A total of 22 specimens (5.9%) were recorded 
simultaneously in plots of St4 and St5 plants. We collected 23 
specimens (6.2%) simultaneously in the plots of St2, St3 and 
St5 plants. A total of 10 specimens (2.7%) were noted 
simultaneously in plots of St3 to St5 plants. We collected 148 
specimens (40.0%) simultaneously in the plots of St2 to St5 
plants. Finally 112 specimens (30.3%) were recorded 
simultaneously in the plots of St2 to St5. This makes for 

cosmopolitan species, 315 specimens (85.1%). Then species 
found exclusively on a single development stage of the plants 
were low represented than ubiquitous species (Fisher exact test: 
χ²=365.41; df=1; p=5.1x10-89). Species abundances varied 
significantly between the sample medians of the five 
development stages (Kruskall-Wallis multiple test: H=11.10, 
p<0.001) and the pairwise comparisons showed significant 
difference between St3 and St5 and between St3 and St6 
(Dunn’s test: p<0.05 respectively) while other comparisons 
were not significant). Percentages varied significantly between 
the five development stages (Fisher-Freeman-Halton test: 
χ²=345.73; df=80; p<0.001). Significant differences were 
noted for comparisons to plots of St5 plants [St2 plants (10.3%) 
versus St3 plants (10.8%): α’=0.025, p=0.905; St2 versus St4 
plants (12.7%): α’=0.008, p=0.356; St2 versus St5 plants 
(53.5%): α’=0.005, p=1.9x10-1.38.; St2 versus St6 plants 
(12.7%): α’=0.010, p=0.356; St3 versus St4: α’=0.013, 
p=0.494; St3 versus St5: α’=0.056, p=2.9x10-37; St3 versus St6: 
α’=0.017, p=0.497; St4 versus St5: α’=0.007, p=2.4x10-33; St4 
versus St6: α’=0.005, p=1.00; St5 versus St6: α’=0.006, 
p=2.4x10-33]. 

According to the cleanliness of the plots, no significant 
difference was noted between sample medians of the 
distribution in the well-maintained plots (141 and 9±4 
specimens; 15 species) and that noted in the unmaintained 
plots (229 and 14±4 specimens; 16 species) (Kruskal-Wallis 
test: H=1.34; p=0.241) (Tables 1 and 2). Abundance 
difference was significant between well-maintained and 
unmaintained plots (χ²=69.28, df=20, p<0.001). 

Non-native species (336 specimens; 24±9 specimens; 14 
species i.e. 66.7%) were highly represented than afrotropical 
native species (34 specimens; 5±1 specimens; 6 species i.e. 
28.6%). There was a significant difference between sample 
medians (Kruskal-Wallis test: H=4.26; p=0.027). 

3.3. Communities’ Structure 

Among the 5 categories of plant development stages, the 
species richness was very high in the plots of St5 plants (19 
species, 71.4% of the overall species richness, Margalef’s 
index: Mg=2.65, Shannon-Weaver’s index: H’=2.08) while 
plots of St6 plants presented a lower one (three species, 
14.3%, Mg=0.52, H’=0.76). The high value of Margalef’s 
index was noted in plots of St4 plants (12 species, 57.1%, 
Mg=2.86, H’=1.84) and the low value was observed in plots 
of St6 plants. The species richness was high in the 
unmaintained plots (16 species, 76.2%, Mg=2.76, H’=2.28) 
and in the non-native species (14 species, 66.7%, Mg=2.24, 
H’=1.93) while it was low in the well-maintained plots (15 
species, 71.4%, Mg=2.83, H’=1.82) and in the native species 
(7 species, 33.3%, Mg=1.70, H’=1.74) (Table 2). A low 
species richness was noted, values of the richness ratio being 
close to zero. 

Based on the Chao 1 non-parametric estimator, the 
sampling success showed a very high score (100.0%) 
respectively in plots of St2 and St6 plants and in the native 
species. A lower score (42.2%) was recorded in the plots of 
St4 plants. Low values of sampling efforts were noted in the 
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well-maintained plots, the unmaintained plots and the non-
native species category (85.7%, 94.1% and 73.7% 
respectively) (Table 2). 

The difference in diversity index was significant between 
well-maintained and unmaintained plots while it was not 
significant between native and non-native species categories. 
A low species diversity was recorded (Shannon-Weaver 
indexes were close to the median value while values of the 
Simpson’s index were closed to zero except in plots of St5 
plants). We noted a high even community and a low 
dominance by a few species (Table 2). The rank-abundance 
plotting of the pooled data presented a concave appearance 
suggesting the presence in the community of codominant 
species (Figure 2). The same shape of the graph was 
observed in well-maintained plots (Figure 3A), unmaintained 
plots (Figure 3B), native species (Figure 3C) and the non-
native species community (Figure 3D). 

Based on the Hill’s N2 index (Table 2) and the SAD 
plotting (Figure 3), and according to the plant development 
stages, four species codominated the St2 plants: Au. solani, 
B. anglicus, Ma. euphorbiae and My. persicae (Figure 3A). 
Two species codominated the St3 plants: La. hirta and My. 

persicae (Figure 3B). Four species codominated the St4 
plants: Au. solani, Ma. euphorbiae, My. persicae and N. 

viridula (Figure 3C). Six species codominated the S5 plants: 
Au. solani, B. anglicus, Em. fabae, La. hirta, Ma. 

euphorbiae, and My. persicae (Figure 3D). Finally Gr. 

(Gryllus) campestris and Gy. gryllotalpa) co-dominated the 
community of St6 plants. 

According to the cleanliness of the plots four species co-
dominated the well-maintained plots: Au. solani, Ma. 

euphorbiae, My. persicae and La. hirta. Height species 
codominated the unmaintained plots: Au. solani, B. anglicus, 
Em. faba, Ma. euphorbiae, Gr. (Gryllus) campestris, Gy. 

Gryllotalpa, La. hirta and My. persicae. 
According to the native origin, five species codominated 

the afrotropical species: An. notatus, As. armigera D. 

voelkeri, N. viridula, and Sp. annulus. Five other species 
codominated the non-native species: Au. solani, La. hirta, 

Ma. euphorbiae My. persicae and Gy. gryllotalpa. In short, 
six species codominated the global community: Au. solani, B. 

anglicus, Gy. gryllotalpa, La. hirta, Ma. euphorbiae and My. 

persicae (Figure 2). 

Table 2. Matrix of the species richness, diversity, evenness and dominance indexes. 

Indexes 
Plant development stage Cleanliness Afrotropical origin 

St2 St3 St4 St5 St6 Global I II Native Non-native 

n (%) 38 (10.3) 40 (10.8) 47 (12.7) 198 (53.5) 47 (12.7) 370 (100.0) 141 (38.1) 229 (61.9) 34 (9.2) 336 (90.8) 
S (%) 6 (28.6) 5 (23.8) 12 (57.1) 15 (71.4) 3 (14.3) 21 (100.0) 15 (71.4) 16 (76.2) 7 (33.3) 14 (66.7) 
nmax 12 32 14 58 28 112 54 58 10 112 
Mg 1.375 1.084 2.857 2.647 0.520 3.382 2.829 2.761 1.701 2.235 
d 0.158 0.125 0.255 0.076 0.064 0.057 0.106 0.070 0.206 0.042 
Chao 1 6 6 26 17 3 23 18 17 7 19 
SE (%) 100.0 90.9 42.2 88.2 100.0 91.3 85.7 94.1 100.0 73.7 
H’ 1.507 0.743 1.835 2.078 0.758 2.219 1.821 2.281 1.740 1.929 
Hmax 1.791 1.609 2.485 2.708 1.099 3.045 2.708 2.773 1.946 2.639 
D 0.254 0.654 0.216 0.167 0.502 0.158 0.236 0.131 0.202 0.190 
N1 5 2 6 8 2 9 6 10 6 7 
N2 4 2 4 6 2 6 4 8 5 5 
Hill 0.874 0.728 0.739 0.752 0.933 0.688 0.686 0.780 0.867 0.767 
J 0.841 0.462 0.739 0.767 0.690 0.729 0.673 0.823 0.894 0.731 
IBP 0.316 0.800 0.298 0.293 0.596 0.303 0.383 0.253 0.294 0.333 
Comparison Shannon-Weaver’s index H’ Simpson’s index D     

I vs. II 
t=-4.16; df=234.53 t=4.08; df=200.37 

    
p=4.5x10-5 * p=6.5x10-5 * 

Native vs. Non-native 
t=-1.52; df=46.97 t=0.36; df=43.63 

    
p=0.134 ns p=0.722 ns 

St2 to St6, *, I and II see table 1; n=sample size; nmax=maximum abundance; S=observed species richness; Mg=Margalef’s richness index; D=Simpson’s 
diversity index; d=richness ratio; H’=Shannon-Weaver’s diversity index; Hmax=Shannon-Weaver’s maximum diversity index; J=Pielou’s evenness index; 
SE=sampling effort; N1=Hill’s diversity number one=eH’; N2=Hill’s diversity number two; Hill=Hill’s diversity ratio; IBP=Berger-Parker’s dominance index. 

The individual rarefaction curves plotted approached 
species saturation plateaus with similar slopes for well-
maintained plots, unmaintained plots, non-native species and 
the overall community. The curve observed in the native 
species was situated faraway below that of the three other 
communities, suggesting the lowest species richness at the 
native species and the highest species richness at the 
unmaintained plots (Figure 4A). 

For a standard sample of 34 specimens, the settlement of 
unmaintained plots appeared most diverse [E(Sn=34)=11±0 
species], followed by the overall community [E(Sn=34)=10±0 

species], by well-maintained plots, by non-native species 
[E(Sn=34)=8±0 species respectively] and lastly by the native 
species [E(Sn=34)=7±0 species] (Figure 4A). 

According to the development stages, rarefaction curves 
approached species saturation plateaus in St5 plants while it 
was the contrary in other communities (Figure 4B). For a 
standard sample of 38 specimens, the settlement in St4 and 
St5 plants appeared most diverse [E(Sn=38)=10±1 species 
respectively], followed by St2 plants [E(Sn=38)=6±0 species], 
by St3 plants [E(Sn=38)=5±1 species] and by St6 plants 
[E(Sn=38)=3±0 species] (Figure 4B). 
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Figure 2. Rank-frequency diagram of the total collected insects showing species in order of numerical dominance. 

3.4. Community Structure 

Based on the species composition, although a few 
cosmopolitan species were sampled, a high level of 
dissimilarity was noted between stages 2 and 4 plants 
communities (Bray-Curtis index: BC=0,753) and between 
well-maintained and unmaintained plots (BC=0.697). A low 
level of dissimilarity was noted between the other 
combinations, the Bray-Curtis dissimilarity index being close 
to 0 (St2 vs. St3: BC=0,231; St2 vs. St5: BC=0,322; St2 vs. 
St6: BC=0; St3 vs. St4: BC=0,345; St3 vs. St5: BC=0,311; 
St3 vs. St6: BC=0; St4 vs. St5: BC=0,376; St4 vs. St6: BC=0; 
St5 vs. St6: BC=0; native species versus non-native species: 
BC=0). The cluster analysis makes possible to recognize at a 
Jaccard’s similarity index equal to 0.3, three groups: plots of 
St6 plants formed the first group. The second group consisted 
of plots of St2, St4 and St5 plants. The third group consisted 
of plots of stage 3 plants (Figure 5). Adjustment of the SADs 
to the five commonly known theoretical models showed that 
the fit was of satisfactory quality in unmaintained plots (r=-
0.981, p=2.5x10-11, rs=-0.994, p=6.6x10-15, 16 species) and 
the overall community (r=-0.981, p=6.4x10-15, rs=-0.990, 
p=1.0x10-17, 21 species). The fit was of approximate quality 
in non-native species settlement (r=-0.958, p=7.7x10-8, rs=-
0.978, p=1.7x10-9, 14 species). The poor quality fit was noted 
in well-maintained plots (r=-0.937, p=2.6x10-7, rs=-0.978, 
p=3.8x10-10, 15 species) and in the native species assemblage 
(r=-0.943, p=0.002, rs=-0.964, p=0.002, seven species). 

According to the plant development stages, the fit was 
satisfactory in plots of St2 plants (r=-0.971, p=0.001, rs=-
0.986, p=0.006, 6 species) and plots of St5 plants (r=-0.984, 
p=4.2x10-11, rs=-0.989, p=3.1x10-12, 15 species). The fit was 
of poor quality in plots of St3 plants (r=-0.915, p=0.028, rs=-
0.975, p=0.033, 5 species), plots of St4 plants (r=-0.809, 
p=1.4x10-3, rs=-0.840, p=6.2x10-4, 12 species) and plots of 
St6 plants (r=-0.921, p=0.255, rs=-1; p=0.333, 3 species). 

On the base of the AIC values (Table 3) and the SAD 

plotting (Figures 3), the BS model fitted the insect 
community observed in plots of St2 plants (6 species; x=6±2 
individuals). The same result was noted in plots of St6 plants 
(3 species, x=16±8 individuals, χ²=6.0, df=4, p=0.199) and in 
the native species settlement (7 species, x=5±1 individuals, 
χ²=28.0, df=24, p=0.260). LM fitted the SAD of St4 plants 
[n1=14, m=0.778, linear slope a=-0.109±0.025, t=-4.36, 
p=0.001, r²=0.655]. The same trend of LM fitted the 
community in plots of St5 plants [n1=58, m=0.729, a=-
0.137±0.007, t=19.84, p<0.001, r²=0.968, 15 species]. LM 
fitted the community of the unmaintained plots [n1=58, 
m=0.758, a=-0.120±0.006, t=-18.82, p<0.001, r²=0.962, 16 
species, regression ANOVA: F1; 14=354.075, p<0.001)]. LM 
also fitted the non-native species settlement [n1=112, 
m=0.661, a=-0.180±0.016, t=-11.51, p<0.001, r²=0.917, 14 
species]. In contrast Z model fitted the SAD recorded in St3 
plants (deviance 0.753: Q=40 individuals; 5 species: γ=-
0.4341) and ZM model fitted the well-maintained plots 
community (deviance=4.591, Q=141, n1=54, S=15 species, 
starting point value x0=(1; 1)T, tolerance of the functional 
value: ε=0.001, damping factor: λ0=100, β=1.182, γ=0.574) 
with a high fractal dimension of the distribution of 
individuals among species (1/γ=1.741). ZM model fitted the 
overall community [deviance=7.282, Q=370, n1=112, S=21 
species, x0=(1; 1)T, ε=0.001, λ0=100, β=1.194, γ=0.065] with 
a high fractal dimension of the distribution of individuals 
among species (1/γ=15.408). 

3.5. Association and Correlations Between Species 

On the base of 114 sample units from five development 
stages of the potato plants, overall, the species exhibit a 
positive association in presence/absence data (Schluter’s 
Variance ratio VR=4.85, W statistic: 24.25, df=5, p< 0.001). 
Between the seven native species, Elateridae Ag. (Agriotes) 

lineatus was positively correlated with Gryllidae Gr. 

(Gryllus) campestris and Gryllotalpidae Gy. gryllotalpa 

(Kendall’s tau correlation: τ=1.00, p=0.014 respectively). 
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Figure 3. Rank-frequency diagrams of the insect species relative abundances from five development stages of potato plants. For each development stage 

percentages were calculated on the total number of individuals collected. 
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Table 3. Akaike Information Criteria (AIC) values for the adjusted theoretical models. 

SAD theoretical 

models 

AIC values and the best fitted theoretical model 

St2 

S=6 

n=38 

St3 

S=5 

n=40 

St4 

S=12 

n=47 

St5 

S=15 

n=198 

St6 

S=3 

n=47 

Global 

S=21 

n=370 

I 

S=15 

n=141 

II 

S=16 

n=229 

III 

S=7 

n=34 

IV 

S=14 

n=336 

Broken-stick 22.739 * 35.459 46.829 78.040 18.743 * 170.171 99.806 73.258 25.815 * 120.081 
Log-linear 24.684 22.077 43.632 * 59.604 * 21.087 93.312 62.460 72.057 * 26.190 74.637 * 
Log-normal 27.613 22.586 47.628 68.086 22.971 96.193 63.643 78.084 28.449 88.033 
Zipf 30.323 19.941* 47.024 83.438 26.324 124.060 65.253 98.760 29.026 119.449 
Zipf-Mandelbroot 28.528 21.941 45.798 63.450 24.972 91.142* 58.244 * 75.978 29.870 78.627 

SAD: Species Abundance Distribution, St2 to St6, I to III see table 1, III: Native species, IV: Non-native species, S: species richness, n=sample size, * the best 
fitted theoretical model. 

 

 
Figure 4. Species rarefaction curves among the species richness from five development stages of potato plants. A: Species rarefaction per origin of insects and 

the cleanliness of plots; B: Species rarefaction per plant development stages. 

 
Figure 5. Hierarchical Cluster Analysis based on Jaccard’s index using the “Unweighted Pair Group Method with Arithmetic mean” (UPGMA) algorithm and 

showing similarity in insect communities among five development stages of potato plants (Cophenetic correlation: 0.996). 



62 Babell Ngamaleu-Siewe et al.:  Diversity and Abundance of Pest Insects Associated with  
Solanum tuberosum L. 1753 (Solanaceae) in Balessing (West-Cameroon) 

 

The Pentatomidae As. armigera was positively correlated 
with Acrididae An. notatus (Kendall’s correlation: τ=1.00, 
p=0.014), with Pentatomidae N. viridula (τ=0.88, p=0.031), 
with two Pyrgomorphidae [P. vignaudii and Ta. (Taphronota) 

calliparea; τ=0.93, p=0.024 and τ=1.00, p=0.014 
respectively] and with Scutelleridae Sp. annulus (τ=0.93, 
p=0.023). N. viridula was positively correlated with Ta. 

(Taphronota) calliparea (τ=0.88, p=0.031). Sp. annulus was 
positively correlated with Ta. (Taphronota) calliparea 

(τ=0.93, p=0.024). And P. vignaudii was positively correlated 
with Ta. (Taphronota) calliparea (τ=0.93, p=0.023). Amongst 
the species of the Neartic native range, positive correlations 
were recorded between Lycidae C. discrepans, Scarabaeidae 
Eu. fulgida fulgida and Tipulidae Ti. paludosa (τ=1.00, 
p=0.014 respectively). And Aphididae Ma. euphorbiae was 
positively correlated with Cicadellidae Em. fabae (τ=1.00; 
p=0.014). Amongst the species of Holartic native range, 
Aphididae Au. solani was positively correlated with three 
afrotropical native species (Acrididae An. notatus, 
Pentatomidae [As. armigera and Pyrgomorphidae Ta. 

(Taphronota) calliparea; τ=0.88, p=0.031 respectively]). 
Bibionidae B. anglicus was positively correlated with two 

species of Neartic origin Aphididae Ma. euphorbiae and 
Cicadellidae Em. fabae (τ=1.00; p=0.014 respectively). 

The Gryllidae Gr. (Gryllus) campestris was positively 
correlated with Gryllotalpidae Gy. gryllotalpa (τ=1.00, 
p=0.014). Tenebrionidae Lo. quadriguttatus was positively 
correlated with the Pyrrhocoridae afrotropical native species 
D. voelkeri (τ=1.00, p=0.014). Apart from these significant 
correlations, the other correlations were not significant and 
the tetrachoric correlations determined on the 
presence/absence data showed in all cases no significant 
attraction or repulsion. Thus, at different development stages 
of the plants, after treatments of the crop plots with chemical 
pesticides, some species of Holartic origin were positively 
correlated with a few afrotropical native species and a few 
Neartic species. 

3.6. Damages on the Aerial Organs of Plants 

Despite chemical treatment using insecticides, destroyed 
aerial plant organs were recorded (1.8% of perforated stems, 
6.6% of nibbled leaves, 3.4% of nibbled flowers and 24.8% 
of drilled tubers; Table 4). 

Table 4. Percentage of healthy and damaged aerial organs of potato plants. 

 A. Stems B. Leaves 

Plots Healthy (%) Damaged (%) Total (%) p-value Healty (%) Damaged (%) Total (%) p-value 

St2 534 (18.6) - 534 (18.6) 2.6x10-320 * 7,591 (10.2) 351 (0.5) 7,942 (10.7) p<0.001 * 
St3 844 (29.4) 17 (0.6) 861 (30.0) <0.001 * 15,766 (21.2) 741 (1.0) 16,507 (22.2) p<0.001 * 
St4 593 (20.7) 16 (0.6) 609 (21.3) 3.8x10-303 * 16,407 (22.1) 848 (1.1) 17,255 (23.2) p<0.001 * 
St5 847 (29.5) 17 (0.6) 864 (30.1) <0.001 * 29,719 (40.0) 2,954 (4.0) 32,673 (43.9) p<0.001 * 
I 1,971 (68.7) 33 (1.2) 2,004 (69.9) <0.001 * 39,764 (53.5) 1,940 (2.6) 41,704 (56.1) p<0.001 * 
II 847 (29.5) 17 (0.6) 864 (30.1) <0.001 * 29,719 (40.0) 2,954 (4.0) 32,673 (43.9) p<0.001 * 
III 2,818 (98.2) 50 (1.8) 2,868 (100.0) <0.001 * 69,483 (93.4) 4,894 (6.6) 74,377 (100.0) p<0.001 * 
FFHT χ²=18,31; df=3; p=3.3x10-7 * χ²=577.53; df=3; p< 0.001 * 
I vs. II p<0.001 * p=0.002 * <0.001 *  p<0.001 * p<0.001 * p<0.001 *  
Global χ²=0.429; df=1; p=0.537 ns χ²=569.60; df=1; p=7.0x10-126 * 
Plan organ C. Flowers D. Tubers 
Plots Healty (%) Damaged (%) Total (%) p-value Healty (%) Damaged (%) Total (%) p-value 
St3 2,338 (35.8) 108 (1.7) 2,446 (37.4) <0.001 * - - - - 
St4 3,970 (60.8) 116 (1.8) 4,086 (62.6) <0.001 * - - - - 
St6 - - -  451 (75.2) 149 (24.8) 600 (100.0) p<0.001 * 
Total 6,308 (96.6) 224 (3.4) 6,532 (100.0) <0.001 * 451 (75.2) 149 (24.8) 600 (100.0) p<0.001 * 
Statistic χ²=2.93; df=1; p=0.104 ns  
I 6,308 (96.6) 224 (3.4) 6,532 (100.0) <0.001 * - - -  
II - - -  451 (75.2) 149 (24.8) 600 (100.0) p<0.001 * 
III 6,308 (96.6) 224 (3.4) 6,532 (100.0) <0.001 * 451 (75.2) 149 (24.8) 600 (100.0) p<0.001 * 
Fisher exact test 
St3 vs. St4 p<0.001 * p=0.637 ns p<0.001 *  - - -  
Pairwise comparisons of damaged plant organs occurrences: α’ (p-value) 
Comparison Stems Leaves     
St2 vs. St3 - 0.017 (7.0x10-33 *)     
St2 vs. St4 - 0.013 (2.9x10-48 *)     
St2 vs. St5 - 0.008 (<0.001 *)     
St3 vs. St4 0.025 (1.000 ns) 0.025 (0.007 *)     
St3 vs. St5 0.017 (1.000 ns) 0.050 (1.6x10-317 *)     
St4 vs. St5 0.050 (1.000 ns) 0.010 (605x10-277 *     

FFHT, I to III, St2 to St6, -, α’ and * see table 1. 

Attacks of plants by phytophagous insects is probably due 
to insect from nearby untreated fallows, or to insects that 
have escaped the chemical pesticides, because hidden in 

microhabitats inaccessible by the chemicals (case of insects 
with hypogeal larvae developing in the soil), or the cleaning 
of the treated plants by rainwater. Tubers with black scars 
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suggested the point of drilling and thus were damaged by 
borer larvae. The borehole was scarred when the boring larva 
was still lodged in the tuber, or opened when the larvae has 
left the tuber. Infested tubers were unfit for consumption and 
marketing and therefore constituted a loss for the gardener. A 
total of 84,377 specimens of plant organs (74.7% flowers, 
0.7% tubers, 88.1% leaves and 3.4% stems) were surveyed in 
16 plots. Stems and tubers were drilled (1.8% and 24.8% 
respectively) (Table 4A and 4D). Flowers and leaves were 
nibbled or perforated (3.4% and 6.6% respectively) (Table 
4B and 4C). The number of perforations on stems varied 
from one to two (1.06±0.03). The low percentage of 
destruction was noted on stems while the high percentage 
was noted on tubers. Whatever the plant development stage, 
percentage of damaged organs was lower than that of healthy 
organs. Damages recorded on leaves and flowers were 
quantitatively intermediate between the 2 extremes (Table 4). 
The health of the plant and its photosynthetic potential 
remains affected. To the influence of insects, is very often 
added limiting effect of soil water content, soil fertility and 
effect of several pathogens (viruses, microscopic fungi and 
bacteria). The damage rate was low in unmaintained plots 
than in well-maintained plots (Table 4). 

4. Discussion 

4.1. Species Richness, Abundance and Dominance 

The present study is the first step in evaluating impact of 
native and non-native species on the insect assemblage of the 
potato plants cultivated in the rural zone of Balessing (West-
Cameroon) especially when chemical treatments are stopped. 
The cultivated potato plots showed two weeks after stopping 
the pesticide treatment, a relatively low abundance and 
number of insect species with the high representation of non-
native pest species. Similar results are reported in ground-
dwelling ant communities in anthropized environments [87-
90]. According to the reports of these authors, the strongly 
anthropized sites are clearly less diverse than the sites 
undergoing regeneration process. Our studies revealed the 
presence of 23 insect species belonging to five orders and 18 
families responsible of the damage on the potato plants aerial 
organs. Hemiptera represented more than 70.5% of the pest 
insects sampled (33.0% in well-maintained plots and 37.6% 
in unmaintained plots) while Coleoptera and Orthoptera 
represented respectively 7.8% and 15.7% of sampled insects, 
Diptera represented only 5.9% of the collected insects. Two 
Lepidoptera families (Crambidae and Noctuidae) were 
sampled from damaged stems and tubers. The recent report 
by Dzokou et al. [71] shows that these orders and families 
damage Piper nigrum L. in Penja-Cameroon. The peculiarity 
of our results is that they are active on plants two weeks after 
the insecticide treatments, suggesting either the re-
colonization of the fields from the neighbouring untreated 
fallows, or the cleaning of aerial plant organs by rainwater, or 
an appearance of individuals resistant to insecticides or that 
the larvae of boring insects were already installed in the 

tissues of the plant when the chemical insecticide was 
applied. Resistance would have been developed as a 
consequence of anarchic and uncontrolled use of pesticides 
by undereducated farmers of the locality [8, 21-24]. The low 
diversity of the insect pests is associated with low abundance 
in native species (seven species i.e. 33.3% of the total species 
richness and 9.0% of the total insect abundance), resulting in 
the weak exploitation of resources. The exploitation of both 
food and nest sites was mostly achieved by non-native 
species (14 non native species i.e. 66.7% of the species 
richness and 91.0% of the total abundance). The high 
abundance level of the invasive non-native species in their 
introduced range is well known in ant communities [90]. The 
low insect species diversity recorded reflects the negative 
effect of the chemical treatments or the presence of both five 
native pest species [As. armigera (Hemiptera: Pentatomidae), 
Dy. voelkeri (Hemiptera: Pyrrhocoridae), Ne. viridula 

(Hemiptera: Pentatomidae), Py. vignaudii Orthoptera: 
Pyrgomorphidae) and Sp. annulus (Hemiptera: 
Scutelleridae)] and the eight non-native pest species [Ag. 

(Agriotes) lineatus (Coleoptera: Elateridae), Au. solani 

(Hemiptera: Aphididae), Em. (Empoasca) fabae (Hemiptera: 
Cicadellidae), Ma. euphorbiae (Hemiptera: Aphididae), My. 

persicae (Hemiptera: Aphididae), Sy. frontalis (Coleoptera: 
Chrysomelidae), Ti. paludosa (Diptera: Tipulidae) and Gy. 

gryllotalpa (Orthoptera: Gryllotalpidae)]. The recorded 
native species are frequently reported in West Africa as field 
pests on several plant species such as cotton Gossypium sp. 
(Malvaceae), soybean Glycine max (L.) Merr., 1917 
(Fabaceae), chickpea Vigna mungo (L.) Hepper (Fabaceae), 
Sorghum sp. (Poaceae), cowpea Vigna unguiculata (L.) 
Walp., 1843 (Fabaceae) and rice Oryza sativa L., 1753 
(Poaceae) [12, 58, 61, 63, 91, 92]. Non-native species 
damage cultivated plants not only in their native range but 
also in areas of introduction. This is the case of the European 
native wireworms (Agriotes spp.) including Ag. lineatus (L.), 
Ag. obscurus (L.) and Ag. sputator (L.) on potato plants in 
Canada, Sweden, Poland, United Kingdom [41, 42, 93]. This 
is also the case of the aphids Au. solani, Ma. euphorbiae and 
My. persicae which are serious pests in greenhouses of North 
America, Europe and India where they are vectors of the 
plant’s viruses [50, 53, 54, 55]. These aphids are highly 
polyphagous and have developed resistance to several 
insecticides in several countries. Transfer of aphids from 
neighbouring fallows to cultivated potato plots may be the 
work of ground-dwelling and arboreal-foraging ant species, 
as is the case after stopping applications of insecticides in 
citrus orchards in Cameroon [94]. Potato leafhopper Em. 

(Empoasca) fabae is a pest sap-feeding insect that attacks 
potato plants in the region of Washington and Oregon 
Columbia Basin and Yakima Valley [95] and it attacks a 
variety of other plants including cotton Gossypium sp. 
(Malvaceae), alfalfa Medicago sativa L., 1753 (Fabaceae) 
and soybean G. max (Fabaceae) in South Sulawesi 
(Indonesia) [96]. The red-headed flea beetle Systena frontalis 
is increasingly being identified as an emerging pest of 
concern in cranberries Vaccinium macrocarpon Aiton 
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(Ericales: Ericaceae) and in ornamental plant nurseries in the 
United States where adults emerge sporadically from the 
cryptic larvae over the summer and feed on both fruit and 
foliage, and preferentially on new plant growth [35, 39]. In 
Canada and North America, injuring grasses, extensive 
damage and loss of yields in beets fields, canola (colza) 
fields, cereal fields, corn Zea mays L. (Poaceae), strawberries 
Fragaria ananassa (Weston) Duchesne ex Rozier, 1785 
(Rosaceae) soybean fields and other crops, have been 
attributed to the most injurious euopean crane-fly Ti. 

paludosa [97]. The European mole cricket Gy. gryllotalpa is 
one of the most important pests in turf and field crops of Iran 
and its damage in some areas is economically significant 
[66]. In addition we recorded in the studied plots the 
presence of the noctuid pest species Helicoverpa armigera 
and Lecinodes orbonalis which are polyphagous pests 
causing heavy yield loss in agricultural, ornamental and 
horticultural crops [98, 99]. Then on the basis of the reports 
of the various authors concerning the harmful activity of 
exotic species in the localities of introduction, they would 
carry out a similar activity in the plantations of potatoes 
cultivated in the locality of Balessing. Our results showed a 
low occurrence level of the native pest species, in the 
presence of the non-native species generally considered as 
among the most ecologically destructive in cultivated areas 
where they have been introduced. The low representation of 
native species could be the result either of the regulation of 
their populations by local natural enemies, or of a significant 
negative force of introduced species, as is the case reported 
in ant communities [41, 42, 50, 54, 90]. World-wide, 
synthetic pesticides are commonly used for pest control. But 
in Australia, India, United States of America and Thailand, 
inappropriate use of synthetic pesticides against H. armigera, 
Le. orbonalis and other pest insects has resulted in many 
unwanted effects such as environmental pollution, non-target 
effect and human health hazards and the development of 
resistance to almost all classes of insecticides including 
pyrethroids (cypermethrin, cyhalothrin, deltamethrin and 
fenvalerate), cabamates (carbaryl), organochlorates 
(endosulfan), organophosphates (chlorpyriphos and 
profenofos) [53, 55, 94-96, 100]. A similar situation would 
arise in Balessing locality if the phytosanitary authorities do 
not take adequate measures to educate gardeners and thus 
protect the environment and populations. Chrysomelidae 
(0.3%), Elateridae (0.3%), Tipulidae (0.3%), Aphididae 
(61.1%), Cicadellidae (3.5%), Pentatomidae (4.9%), 
Pyrrhocoridae (0.5%), Scutelleridae (0.5%), Orthoptera 
Gryllotalpidae (7.6%) and Pyrgomorphidae (0.5%) 
cumulatively represented 79.5% of the total insect collection. 
Our results are contrary to those reported in potato plants 
fields in Indonesia [58], in eggplants fields in Bangladesh 
[15] and Ivory Coast [10], where Homoptera Aphididae were 
most abundant. The low representation of Coleoptera (7.9%), 
Diptera (6.0%) and Orthoptera (15.7%) could be explained 
not only by the action of pesticides but also by the fact that 
the dominance by an insect species in a potato field may 
depend on the geographical area, the season of the year, the 

farming and the cropping systems that significantly affect the 
population of pests as is the case in Indonesia [35, 39]. In the 
locality of Balessing (Cameroon), the insect’s richness in 
potato fields, recorded two weeks after stopping synthetic 
pesticide applications, is quite lower than results reported in 
olericulture crops in Pakistan were 389 specimens, 10 orders, 
33 families and 59 species were recorded in spinach fields 
Spinacia oleracea L. (Amaranthaceae), 327 specimens, nine 
orders, 30 families and 55 species where recorded in 
fenugreek fields Trigonella foenum-graecum (Fabaceae), 373 
specimens related to 11 orders, 34 families and 61 species 
were recorded in turnip fields Brassica rapa var. rapa L. 
(Brassicaceae) [49, 101]. Our results are however superior to 
those recorded in Ghana in tomato crops where 14 insect 
species belonging to 14 families were recorded [92]. These 
insects pose a threat to potato plants as well as other 
vegetable crops. In fact, in Sudan, 28 pest species that 
damage untreated eggplant fields were divided into 18 
phytophagous species, seven species that destroy flowers and 
fruits; three stem borer species. Similarly in Bangladesh, the 
20 insect species that damage eggplant plants are divided into 
15 phytophagous species, three pest species of flowers and 
fruits and two boring species of stems and roots [15]. Sap-
feeding species Au. solani (17.3%), Ma. euphorbiae (13.5%) 
and My. persicae (30.3%), were highly abundant and the 
most destructive on flowers, leaves and stems. This result is 
contrary to that of Srinivasan [100] who reported the 
dominance of Lepidoptera in plots of eggplant crops in 
Taiwan. The presence of H. armigera (Lepidoptera: 
Noctuidae) and Le. orbonalis (Lepidoptera: Crambidae) in 
the field suggests a negative impact on the stems and leaves 
of plants, as is the case in eggplant plantations in Taiwan 
[102]. Indeed, these insects are oligophagous and attack 
leaves and fruits of several plant species including 
Solanaceae plants [97]. The availability of these plant species 
in neighbouring fallows would represent a microhabitat 
favourable to the propagation of the pest insects. 

Based on the total of 5,317 damaged plant organs, the 
damage caused by pest species was greater on leaves (92.0% 
of attack) more precisely on stage 5 development plants 
(stages 2 plants: 6.6%; stage 3 plants: 13.9%; stage 4 plants: 
15.9%; stage 5 plants: 55.6%) while low rates of attack were 
recorded on other plant organs (stems: 0.9%; flowers: 2.8%; 
and tubers: 4.2%). This can be explained by the fact that at 
the flowering development stage 5, leaves and flowers emits 
volatile compounds that attract insects including 
phytophagous and flower nectar suckers as is the case in 
Ivory-Coast in eggplant plantations where fruiting stage 
plants do attrack insects than other plant organs [12]. The 
differences observed could be explained by the study periods 
with the high frequency of heavy rains which wash the 
insecticides; the misuse of pesticides by poorly educated 
farmers, the attacks in the field by insects varying 
considerably according to the phenological stage of the plant. 
The interpretation of the model is based on a hypothetical 
form of sharing of biotope resources between the species 
present. In practical, this model is suitable for the analysis of 
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communities in which interspecies relationships are 
elementary, competition being essentially limited to the level 
of a resource, such as physical space. Considering quantity 
and frequency use of pesticides, it is obvious that pest insects 
are from neighbouring fallows where wild species of host 
plants may be present. 

4.2. Community Structure Model 

On the base of the AIC values, insects from plots of stage 
2 and 6 plants and the native species belonged to the same 
BS model which describes the nonlinear relationship between 
abundance and ranks of the species and characterizes a stand 
in which the different species share an important resource of 
the environment. Insects from plots of stages 4 and 5 plants 
and from unmaintained plots belonged to the same GM 
nomocenose, the Motomura’s environmental constant 
reaching in each case a high value (closed to one). GM (pre-
emption of the niche) describes a linear relationship between 
logarithm of species abundances and ranks. Contrary to the 
LM (Preston) which describes the relationship between the 
logarithm of the abundance and the probit of the ranks of the 
species and which reflects a community where the majority 
of species shows moderate abundances, the GM corresponds 
to a community in which a reduced number species is largely 
dominant. GM model is reported fitting SADs of several 
insect communities, for example Carabidae and Heteroptera 
inhabiting road verges and meadow–pasture pairs in managed 
grasslands [66, 98, 103-106], sand flies communities in the 
Mayombe region of Congo [107] and grasshopper 
community in different types of vegetation in the Littoral of 
Cameroon [64]. This model therefore seems to characterize 
the stands of open forests and disturbed environments, where 
there is strong competition between pioneer species for the 
exploitation of available resources. The insect community 
from plots of stage 3 plants fitted the Z model while the 
overall global community and the well-maintained plots 
exhibited a ZM model. ZL was initially applied to socio-
economic and linguistic systems, but it is now used to 
represent SADs in insect communities [105]. Z model based 
on ZL assumes that the frequency of all species is inversely 
proportional to its rank. ZM model describes an order of 
appearance of species according to their decreasing 
requirement to environmental conditions. Then a ubiquitous 
species will appear very early and be abundant, while a 
specialized species will appear later, when the first species 
have modified the environment, and in small numbers. ZM 
model is frequently fitted by communities in natural 
environments, suggesting evolved ecosystems where the 
multi-species networked structure corresponds to an optimal 
structure for the circulation of information carried out on 
spatio-temporal scales [108]. Human activities in general 
resulting in urbanization, growing cities, extensive 
deforestation and the extension of cultivated areas have been 
reported to modify land cover, to reduce the area of natural 
habitats, to affect ecosystem functioning and to contribute to 
the loss of biodiversity [109]. Our results show that in the 
potato fields in Balessing, the overall insect community and 

the well-maintained plots community had a complex network 
of information quite close to that of evolved environments. 
Therefore, potato plots present in Balessing a fairly 
significant regeneration force compared to highly disturbed 
urban environments. 

5. Conclusion 

In Balessing potato fields are invaded by alien pest insects. 
Their negative impact on cultivated vegetable crops is known 
in several countries. In Balessing locality, all the conditions 
combine to soar. Due to the numerical and behavioural 
dominance of alien insects, a significant number of resources 
are potentially exploitable. These species could acquire other 
resources, as most as they are exploited by native species. In 
due course, once the invaders would completely monopolize 
available resources and saturate the area, it would not allow 
native species the niche opportunities to re-establish 
themselves. The consequences of loosing these native 
species, which may well interact with the diverse and 
endemic flora, will be of extreme concern. The high 
occurrence of pests (66.7% made up of 38.1% and 28.6% for 
native and non-native species respectively) necessitates the 
reaction of the national phytosanitary control service to 
reduce economic losses. 
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