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Abstract 
 
This paper presents data on the evaluation of range and structure of Auchenorrhyncha (leafhoppers, planthoppers, 
treehoppers, spittlebugs and cicadas) in a conventionally managed apple orchard in Moara Domnească experimental 
field from 2022 to 2024 and characterization in terms of ecological parameters and indices of similarity, diversity, species 
richness and evenness of distribution of the species. Insects were collected on yellow sticky traps (9 traps/orchard) which 
were replaced every two weeks between mid-April and early November for each year. The total number of collected 
specimens was 10,730 classified into 39 species, of which 6,058 (56.46%) in 2022, 2,763 (25.75%) in 2023 and 1,909 
(17.79%) in 2024. Overall, the most abundant species in the study period were Empoasca decipiens (52.98%), Fieberiella 
florii (14.45%), Neoaliturus fenestratus (6.15%), Zyginidia pullula (5.92%), Zygina flammigera (5.54%), Edwardsiana 
rosae (3.08%), Reptalus quinquecostatus (2.56%) and Orientus ishidae (1.71%). The other species identified totaled 
7.61%. Expressed by calculating of three indices, Simpson, Shannon-Wiener and Brillouin, higher species diversity was 
observed in the monitoring year 2023 comparative to 2022 and 2024. 
 
Key words: Auchenorrhyncha species, apple orchard, abundance, diversity indices. 
 
INTRODUCTION 
 
Apple cultivation is essential for the Romanian 
agriculture, consistently ranking among the top 
EU countries for the area harvested and total 
production. According to the FAOSTAT 
database, in 2017, 55,597 ha of apple were 
cultivated, placing Romania in 4th place at 
European level with a share of 11.1%, after 
Turkey (34.95%), Poland (32.46%) and Italy 
(11.44%). In the following three years, the area 
with apple orchards was between 10.72 and 
10.9%, after which it increased to 15.38% in 
2021, ranking Romania third in Europe after 
Poland (50.6%) and Italy (15.7%) (Vlad et al., 
2022). The latest data for Romania in 2024 
shows a total of 53,600 ha of area harvested, 
with a production of 487,140 tons, a decrease 
since 2023 when 54,290 ha were harvested and 
with a production of 534,140 tons 
(www.fao.org). 
The quality and production of apples depend on 
several factors, among which pests and diseases 
complex plays a decisive role. The 
Auchenorrhyncha suborder (leafhoppers, 

planthoppers, treehoppers, froghoppers and 
cicadas) represents a major biotic threat that 
negatively affects the physiological and 
metabolic processes in apple, causing 
significant economic losses. According to the 
Catalogue of Life, a complete authorized list of 
all species in the world and maintained by 
hundreds of taxonomists globally, the 
Auchenorrhyncha suborder currently comprises 
48,199 described species classified in 7,104 
genera (www.catalogueoflife.org). The most 
numerous family, Cicadellidae, includes 23,633 
species, almost 50% of all described species. 
Unlike other groups of pests such as Lepidoptera 
or Coleoptera that cause direct damage during 
the feeding activity, members of the 
Auchenorrhyncha suborder can indirectly 
transmit various phytopathogenic agents which 
in turn cause devastating systemic diseases, 
impossible to control. 
 
MATERIALS AND METHODS 
 
Studies on Auchenorrhyncha communities have 
been carried out in apple orchards in various 
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geographical regions (Ayaz & Yücel, 2010; 
Bleicher et al., 2010; Karavin et al., 2021; 
Fischnaller et al., 2021; Schnerch et al., 2025) 
and other fruit trees and shrubs in Europe 
(Elbeaino et al., 2014; Ben Moussa et al., 2016; 
Cornara et al., 2017; Tsagkarakis et al., 2018; 
Thanou et al., 2020; Theodorou et al., 2021). 
In Romania, there are also a few studies related 
to the Auchenorrhyncha fauna in apple orchards 
(Chireceanu et al., 2019; Teodoru et al., 2021; 
Teodoru et al., 2024). Among the main 
approaches in these studies are the abundance 
and diversity of Auchenorrhyncha, vectors of 
bacteria and phytoplasma and invasive species. 
The scope of this paper was to determine the 
Auchenorrhyncha species present in Moara 
Domnească apple orchard in southern Romania 
in order to generate more information with 
regard to species composition and abundance, 
and ecological diversity as well. 
 
Study area 
The apple orchard in this study belongs to the 
experimental field Moara Domnească Didactic 
Station, part of the University of Agriculture and 
Veterinary Medicine Bucharest and is located 
near the village of Moara Domnească in 
Găneasa commune, Ilfov County 
(44°30′01.6″N/26°15′30.6″E, 80 m ASL), at a 
distance of 15 km northeast of Bucharest. The 
orchard was surrounded by a pear orchard and 
sunflower and corn crops. The 
Auchenorrhyncha fauna was monitored on an 
area of 5.85 ha out of the total apple orchard area 
of 22.5 ha (Figure 1). 
 

 
Figure 1. Location on the map of the apple orchard used 

in the Auchenorrhyncha monitoring 
(www.google.com/maps/@44.5013838,26.2602494,1222m) 

The apple orchard in this study was chemically 
managed against diseases and pests.  For each 
year, between 5 and 7 fungicides for prevention 
and control of phytopathogenic agents have 
been used throughout vegetative season. Also, 
insecticides based on lambda-cyhalothrin, 
cypermethrin, acetamiprid, indoxacarb, 
hexythiazox, emamectin benzoate, and 
abamectin and chlorantraniliprole were applied 
in 2022 (4), 2023 (7) and 2024 (6) against main 
pests such as aphids, codling moth, leaf miners. 
The interval between the rows of trees was 
covered with mixed spontaneous vegetation that 
was mowed once during the summer season. 
 
Insect sampling 
Auchenorrhyncha insects, adult stage, were 
monitored between April and November of 
2022, 2023 and 2024 year using yellow sticky 
traps (YSTs) of 21 x 29.7 cm, a practical tool 
widely used in insect monitoring that attract 
flying insects by their color. The traps were 
placed in the tree canopy at about 1.5 m height 
above the ground, with a total of 9 traps per 
sampling date, and replaced every two weeks. A 
total of 13 sampling dates were summed up, 
with a total number of 117 traps for each year. 
 
Species identification 
Insects belonging to the Auchenorrhyncha 
group were individually removed from the 
sticky traps using the citrus-based cleaner 
BioClear and examined under a Zeiss Stemi 
2000-C stereo microscope in the entomology 
laboratory at the Bucharest Research and 
Development Institute for Plant Protection 
Bucharest. Insect’s identification to species 
level was performed based on external 
morphological features of the adult insects 
following identification keys. The species were 
divided into two infraorders, Fulgoromorpha 
which includes the superfamily Fulgoroidea and 
Cicadomorpha with the superfamilies 
Cicadoidea, Membracoidea and Cercopoidea. In 
turn, each superfamily was then divided into 
families and subfamilies. 
 
Data analysis 
In order to assess diversity analysis of identified 
Auchenorrhyncha species, indices that express 
diversity, richness and similarity of species were 
calculated using formulas in the literature (Kim 

 

et al., 2017; Ricotta & Podani, 2017; El-Hady et 
al., 2020; Fischnaller et al., 2021; Rodrigues et 
al., 2023; Kitikidou et al., 2024; Thanou et al., 
2024). Therefore, to measure the diversity of the 
identified species, Dominance (Di), Simpson’s 
Index (D’), Shannon-Wiener Index (HS) and 
Brillouin index (H) were used. The species 
richness was measured using Menhinick index 
(I), Margalef Index (d), Fisher's alpha index (α), 
Berger-Parker Index (d) and Chao index (S 
Chao1). The similarity indices used were the 

following: Bray-Curtis index (BC), Pielou Index 
(J) and Jaccard index (JC). PAST software, 
version 4.03, by Hammer et al. (2001) was used 
in processing the indexes. 

RESULTS AND DISCUSSIONS 

List of Auchenorrhyncha species collected in 
Moara Domnească (MD) apple orchard in 3-
years monitoring, as well as their total and 
annual abundance are presented in Table 1. 

 
Table 1. List and total and annual abundance of Auchenorrhyncha species sampled  

in Moara Domnească apple orchard in three successive years 

Infra 
order 

Superfamily Family Subfamily Species 
Number of specimens 

2022 2023 2024 
2022-
2024 

Fu
lg

or
om

or
ph

a 
 Fulgoroidea 

Cixiidae Cixiinae 
Cixius wagneri China 1942 36 34 32 102 
Hyalesthes obsoletus Signoret 1865 1 0 4 5 
Reptalus quinquecostatus Dufour 1833 91 146 38 275 

Dictyopharidae Dictyopharinae Dictyophara europaea Linnaeus 1767  0 0 2 2 
Delphacidae Criomorphinae Laodelphax striatellus Fallén 1826  3 3 2 8 
Flatidae Flatinae Metcalfa pruinosa Say 1830  3 0 0 3 
Issidae Hysteropterinae Agalmatium bilobum Fieber 1877 0 2  1 3 

C
ic

ad
om

or
ph

a 

Cicadoidea Cicadidae Cicadettinae Dimissalna dimissa Hagen 1856  1  2 3 6 

Membracoidea 

Membracidae Smiliinae Stictocephala bisonia K&Y 1977 5 3 9 17 

Cicadellidae 

Megophthalminae Megophthalmus scanicus Fallén 1806 0 1 0 1 

Agalliinae 
Anaceratagallia ribauti Ossiannilsson 
1938 

3 2 1 6 

Aphrodinae Aphrodes makarovi Zachvatkin 1948 3 4 0 7 
Eupelicinae Eupelix cuspidata Fabricius 1775 0 0 1 1 
Eurymelinae Macropsis fuscula Zetterstedt 1828 0 2 0 2 

Typhlocybinae 

Arboridia ribauti Ossiannilsson 1937 90 5 0 95 
Edwardsiana rosae Linnaeus 1758 307 21 2 330 
Empoasca decipiens Paoli 1930 3614 1079 992 5685 
Erasmoneura vulnerata Fitch 1851 48 9 2 59 
Eupteryx atropunctata Goeze 1778 18 29 3 50 
Zygina flammigera Fourcroy 1785 396 193 5 594 
Zyginella pulchra Löw 1885 17 0 1 18 
Zyginidia pullula Boheman 1845 413 221 1 635 

Deltocephalinae 

Allygidius atomarius Fabricius 1794 3 4 13 20 
Allygus modestus Scott 1876 8 3 19 30 
Anoplotettix fuscovenosus Ferrari 1882 21 24 47 92 
Euscelidius variegatus Kirschbaum 1858 0 9 0 9 
Fieberiella florii Stål 1864 677 241 632 1550 
Japananus hyalinus Osborn 1900 3 5 0 8 
Neoaliturus fenestratus H.-Schäffer 1834 102 537 21 660 
Orientus ishidae Matsumura 1902 113 70 0 183 
Phlepsius ornatus Perris 1857 0 1 6 7 
Phlogotettix cyclops Mulsant & Rey 1855 8 0 5 13 
Platymetopius major Kirschbaum, 1868 29 39 35 103 
Platymetopius rostratus H.-S 1834 9 23 7 39 
Psammotettix alienus Dahlbom 1850 14 38 17 69 
Scaphoideus titanus Ball 1932 7 2 0 9 
Selenocephalus obsoletus Germar 1817 0 0 1 1 

Cercopoidea Aphrophoridae Aphrophorinae 
Neophilaenus lineatus Linnaeus 1758 0  0 1 1 
Philaenus spumarius Linnaeus 1758 15 11 6 32 
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geographical regions (Ayaz & Yücel, 2010; 
Bleicher et al., 2010; Karavin et al., 2021; 
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Overall, the Auchenorrhyncha fauna sampled in 
the Moara Domnească apple orchard during the 
3-years monitoring period comprised 10730 
specimens distributed into 39 species (Table 2), 
classified into nine families, Cixiidae (3), 
Dictyopharidae (1), Delphacidae (1), Flatidae 
(1), Issidae (1) in Fulgoromorpha infraorder, 
Cicadidae (1), Membracidae (1), Cicadellidae 

(29) and Aphrophoridae (2) in Cicadomorpha 
infraorder. By comparing the three study years 
2022, 2023 and 2024, a severe year-on-year 
decrease in captures was observed, but not in 
number of species. More than half (56.46%) of 
all specimens captured were in 2022. Compared 
to 2022, the number of specimens in 2023 and 
2024 was 2.2 and 3.2 times lower, respectively. 

 
Table 2. Number of Auchenorrhyncha species and total 

abundance in the MD apple orchard 

Specification  
Year of study 2022 2023 2024 
Number of 
specimens/year 6058 2763 1909 

Relative abundance 
(%) 56.46 25.75 17.79 

Total number of 
specimens (3 years) 10730 

Number of 
species/year 30 31 30 

Total number of 
species (3 years) 39 

 
The number of species was similar for each year, 
30 species in 2022 and 2024 and 31 species in 
2023.  
The analysis of total and annual insect captures 
showed that the Fulgoromorpha and 
Cicadomorpha infraorders comprised a variable 
number of specimens and species: the former 
included 398 specimens (3.71%) and 7 species 
for the three sampling years, 134 specimens 
(2.2%) and 5 species in 2022, 185 specimens 
(6.7%) and 4 species in 2023 and 79 specimens 
(4.14%) and 6 species in 2024; the latter 
included 10325 specimens (96.22%) and 32 
species entirely, 5924 specimens (97.8%) and 25 
species in 2022, 2578 individuals (93.3%) and 
27 species in 2023 and 1830 specimens 
(95.86%) and 24 species in 2024. 
Grouped according to the most numerous 
families (Figure 2), it was observed that 
Cicadellidae was the majority family in 
Auchenorrhyncha fauna, both overall and 
annually. This exceeded 92% of collected 
Auchenorrhyncha: 95.77% of insects in all 
distributed on 32 species, 97.44% of specimens 
in 2022 organized in 22 species, 92.73% of 
specimens in 2023 grouped into 24 species and 
94.87% of specimens in 2024 arranged in 20 
species. 
The Cixiidae, represented by 3 planthoppers 
species, was the second highest numerical 

family, but with much lower abundance values 
compared to the leafhoppers from Cicadellidae, 
3.56% in total and between 2.11 and 6.51% of 
annual catches. 
The other seven families were low represented, 
summing 0.67% total abundance. 
Cicadellidae was covered by six subfamilies, of 
which Typhlocybinae and Deltocephalinae 
stood out in terms of abundance and number of 
species: the former being the most consistent, 
accounted 72.65% of the total specimens, 
83.06% in 2022, 60.77% in 2023 and 55.55% in 
2024; the latter reached 27.18, 16.84, 33.88% in 
2022, 2023 and 2024 and 44.34% total 
abundance. 
The relative abundance values for six most 
abundant species in the Auchenorrhyncha 
captured on YSTs in MD apple orchard over the 
years are shown in Figure 2. 
 

 
Figure 2. The most abundant Auchenorrhyncha species 
in the three years of monitoring in MD apple orchard 

 
The highest abundance, both overall and in 
annual captures, was in the typhlocybin 
leafhopper Empoasca decipiens that acquired a 
relative abundance of more than half of the total 
insect assemblage (52.98%), as well as from the 
catches in 2022 (59.66) and 2024 (51.96%); in 
2023 it reached 39.05% relative abundance. 
The next most abundant species in the total 
captures was the deltocephalin leafhopper, 

5685 
(52.98%)

1550 
(14.45%)

635 (5.92%)

594 (5.54%)

660 (6.15%)

330 (3.08%) 1428
13.3%

Empoasca decipiens Fieberiella florii
Zyginidia pullula Zygina flammigera
Neoaliturus fenestratus Edwardsiana rosae
Other species

 
Fieberiella florii (14.45%). Over the years, 
arranged descending according to its abundance, 
it reported 33.11, 11.08 and 8.72% abundance in 
2024, 2022 and 2023, respectively. 
 
Other leafhoppers with a high abundance in MD 
apple orchard (abundance between 5.54 and 
6.15%) were three cicadellid species, 
Neoaliturus fenestratus (Deltocephalinae), 
Zyginidia pullula and Zyginella flammigera 
(Typhlocybinae). Total abundance between 1.71 
and 3.08% included other three species, the 
leafhopper typhlocybin Edwardsiana rosae, the 
planthopper cixiid Reptalus quinquecostatus and 
the leafhopper deltocephalin Orientus ishidae. 
Annual abundances of these species varied in 
large limits, higher values being in 2023 and 
lower in 2024. 
The rest of 31 species (79.48%) collected in the 
study period accounted between 0.02 and 0.96% 
total dominance. 
The dominant character of some species found 
in this study, such as E. decipiens, F. florii, Z. 
pullula, Z. flammigera or E. rosae, is intense 
emphasized in multiple previous faunistic 
studies carried out in apricot (Der et al., 2003), 
apple (Bleicher et al., 2009; 2010; Dariž et al., 
2022), cherry (Tezcan et al., 2008), almond 
(Dakhil et al., 20211), pomegranate (Baspinar et 
al., 2013) and olive (Imam et al., 2024) orchards 
in European and Asian regions. Many of species 
are polyphagous pests and occur in diverse 
agricultural crops in different geographical 
regions, including fruit trees, and are involved in 
causing economic damage. 
Auchenorrhyncha species are insects that belong 
to the group of sap-sucking insects that produce 
damage in two different manners. As a results of 
feeding activity from mesophyll cells (i.e. 
Typhlocybinae) as well as from phloem (i.e. 
Deltocephalinae) and xylem cells (i.e. Cixiidae) 
damage to plants are caused directly by 
extraction of cellular sap from plant tissues and 
indirectly due to their capacity to disseminate  
phytopathogenic agents, such as phytoplasmas. 
For example, the leafhopper E. decipiens is 
associated with lime decline disease in Saudi 
Arabia (Alhudaib et al., 2009). The 
leafhopper F. florii is described as one of the 
most important natural vectors of “Ca. 
Phytoplasma mali” associated with apple 
proliferation diseases in apple orchards 

(Tedeschi & Alma, 2006; 2007), and also this 
species is associated with Peach X diseases in 
cherry trees (Landi et al., 2007). The mosaic 
leafhopper Orientus ishidae was found carrying 
apple proliferation phytoplasma in apple orchard 
(Dalmaso et al., 2021). 
High presence of species in this study 
corroborated with data from literature about 
their implications in apple proliferation 
phytoplasma spreading is important for further 
monitoring studies in our country having in view 
that symptoms of apple proliferation diseases 
were observed and infections were detected in 
many apple orchards (Gheorghiu & Lefter, 
1977; Ploaie, 2006; Zagrai & Zagrai, 2013). 
The diversity of Auchenorrhyncha species in the 
MD apple orchard, monitored in 3 successive 
years, assessed by calculating Simpson (D), 
Shannon-Wiener (HS) and Brillouin (H) indices 
are shown in Figure 3. 
 

 
Figure 3. The level of diversity indices of 

Auchenorrhyncha species in the apple orchard 
 
The Simpson index (D) values, which vary 
between 0 and 1 (values close to 0 indicate low 
diversity and those close to 1 indicate high 
diversity), ranged between 0.61 and 0.78. The 
lowest values were observed in 2022 and 2024 
(0.61 for both) while 2023 had the highest index 
value (0.78). Lower level of Simpson index 
could be attributed to high dominance of E. 
decipiens, the most abundant species that 
exceeded 51% of total sampled insects and also 
for two of the three sampling years. Moreover, 
this species together with the next most present 
species (F. florii) accounted over 78% of the 
captured insects. Higher D level resulted from a 
better uniformity of species abundance observed 
in 2023, when the relative abundance of over 
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Overall, the Auchenorrhyncha fauna sampled in 
the Moara Domnească apple orchard during the 
3-years monitoring period comprised 10730 
specimens distributed into 39 species (Table 2), 
classified into nine families, Cixiidae (3), 
Dictyopharidae (1), Delphacidae (1), Flatidae 
(1), Issidae (1) in Fulgoromorpha infraorder, 
Cicadidae (1), Membracidae (1), Cicadellidae 

(29) and Aphrophoridae (2) in Cicadomorpha 
infraorder. By comparing the three study years 
2022, 2023 and 2024, a severe year-on-year 
decrease in captures was observed, but not in 
number of species. More than half (56.46%) of 
all specimens captured were in 2022. Compared 
to 2022, the number of specimens in 2023 and 
2024 was 2.2 and 3.2 times lower, respectively. 

 
Table 2. Number of Auchenorrhyncha species and total 

abundance in the MD apple orchard 

Specification  
Year of study 2022 2023 2024 
Number of 
specimens/year 6058 2763 1909 

Relative abundance 
(%) 56.46 25.75 17.79 

Total number of 
specimens (3 years) 10730 

Number of 
species/year 30 31 30 

Total number of 
species (3 years) 39 

 
The number of species was similar for each year, 
30 species in 2022 and 2024 and 31 species in 
2023.  
The analysis of total and annual insect captures 
showed that the Fulgoromorpha and 
Cicadomorpha infraorders comprised a variable 
number of specimens and species: the former 
included 398 specimens (3.71%) and 7 species 
for the three sampling years, 134 specimens 
(2.2%) and 5 species in 2022, 185 specimens 
(6.7%) and 4 species in 2023 and 79 specimens 
(4.14%) and 6 species in 2024; the latter 
included 10325 specimens (96.22%) and 32 
species entirely, 5924 specimens (97.8%) and 25 
species in 2022, 2578 individuals (93.3%) and 
27 species in 2023 and 1830 specimens 
(95.86%) and 24 species in 2024. 
Grouped according to the most numerous 
families (Figure 2), it was observed that 
Cicadellidae was the majority family in 
Auchenorrhyncha fauna, both overall and 
annually. This exceeded 92% of collected 
Auchenorrhyncha: 95.77% of insects in all 
distributed on 32 species, 97.44% of specimens 
in 2022 organized in 22 species, 92.73% of 
specimens in 2023 grouped into 24 species and 
94.87% of specimens in 2024 arranged in 20 
species. 
The Cixiidae, represented by 3 planthoppers 
species, was the second highest numerical 

family, but with much lower abundance values 
compared to the leafhoppers from Cicadellidae, 
3.56% in total and between 2.11 and 6.51% of 
annual catches. 
The other seven families were low represented, 
summing 0.67% total abundance. 
Cicadellidae was covered by six subfamilies, of 
which Typhlocybinae and Deltocephalinae 
stood out in terms of abundance and number of 
species: the former being the most consistent, 
accounted 72.65% of the total specimens, 
83.06% in 2022, 60.77% in 2023 and 55.55% in 
2024; the latter reached 27.18, 16.84, 33.88% in 
2022, 2023 and 2024 and 44.34% total 
abundance. 
The relative abundance values for six most 
abundant species in the Auchenorrhyncha 
captured on YSTs in MD apple orchard over the 
years are shown in Figure 2. 
 

 
Figure 2. The most abundant Auchenorrhyncha species 
in the three years of monitoring in MD apple orchard 

 
The highest abundance, both overall and in 
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Fieberiella florii (14.45%). Over the years, 
arranged descending according to its abundance, 
it reported 33.11, 11.08 and 8.72% abundance in 
2024, 2022 and 2023, respectively. 
 
Other leafhoppers with a high abundance in MD 
apple orchard (abundance between 5.54 and 
6.15%) were three cicadellid species, 
Neoaliturus fenestratus (Deltocephalinae), 
Zyginidia pullula and Zyginella flammigera 
(Typhlocybinae). Total abundance between 1.71 
and 3.08% included other three species, the 
leafhopper typhlocybin Edwardsiana rosae, the 
planthopper cixiid Reptalus quinquecostatus and 
the leafhopper deltocephalin Orientus ishidae. 
Annual abundances of these species varied in 
large limits, higher values being in 2023 and 
lower in 2024. 
The rest of 31 species (79.48%) collected in the 
study period accounted between 0.02 and 0.96% 
total dominance. 
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in this study, such as E. decipiens, F. florii, Z. 
pullula, Z. flammigera or E. rosae, is intense 
emphasized in multiple previous faunistic 
studies carried out in apricot (Der et al., 2003), 
apple (Bleicher et al., 2009; 2010; Dariž et al., 
2022), cherry (Tezcan et al., 2008), almond 
(Dakhil et al., 20211), pomegranate (Baspinar et 
al., 2013) and olive (Imam et al., 2024) orchards 
in European and Asian regions. Many of species 
are polyphagous pests and occur in diverse 
agricultural crops in different geographical 
regions, including fruit trees, and are involved in 
causing economic damage. 
Auchenorrhyncha species are insects that belong 
to the group of sap-sucking insects that produce 
damage in two different manners. As a results of 
feeding activity from mesophyll cells (i.e. 
Typhlocybinae) as well as from phloem (i.e. 
Deltocephalinae) and xylem cells (i.e. Cixiidae) 
damage to plants are caused directly by 
extraction of cellular sap from plant tissues and 
indirectly due to their capacity to disseminate  
phytopathogenic agents, such as phytoplasmas. 
For example, the leafhopper E. decipiens is 
associated with lime decline disease in Saudi 
Arabia (Alhudaib et al., 2009). The 
leafhopper F. florii is described as one of the 
most important natural vectors of “Ca. 
Phytoplasma mali” associated with apple 
proliferation diseases in apple orchards 

(Tedeschi & Alma, 2006; 2007), and also this 
species is associated with Peach X diseases in 
cherry trees (Landi et al., 2007). The mosaic 
leafhopper Orientus ishidae was found carrying 
apple proliferation phytoplasma in apple orchard 
(Dalmaso et al., 2021). 
High presence of species in this study 
corroborated with data from literature about 
their implications in apple proliferation 
phytoplasma spreading is important for further 
monitoring studies in our country having in view 
that symptoms of apple proliferation diseases 
were observed and infections were detected in 
many apple orchards (Gheorghiu & Lefter, 
1977; Ploaie, 2006; Zagrai & Zagrai, 2013). 
The diversity of Auchenorrhyncha species in the 
MD apple orchard, monitored in 3 successive 
years, assessed by calculating Simpson (D), 
Shannon-Wiener (HS) and Brillouin (H) indices 
are shown in Figure 3. 
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The Simpson index (D) values, which vary 
between 0 and 1 (values close to 0 indicate low 
diversity and those close to 1 indicate high 
diversity), ranged between 0.61 and 0.78. The 
lowest values were observed in 2022 and 2024 
(0.61 for both) while 2023 had the highest index 
value (0.78). Lower level of Simpson index 
could be attributed to high dominance of E. 
decipiens, the most abundant species that 
exceeded 51% of total sampled insects and also 
for two of the three sampling years. Moreover, 
this species together with the next most present 
species (F. florii) accounted over 78% of the 
captured insects. Higher D level resulted from a 
better uniformity of species abundance observed 
in 2023, when the relative abundance of over 
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75% was composed by four species together, the 
most abundant E. decipiens to which N. 
fenestratus, F. florii and Z. pullula were added. 
The other two indices, Shannon-Wiener and 
Brillouin, with higher maximum values (5 in the 
case of the HS index and 3.5 in the case of the H 
index), showed similar trends. The highest 
values were also recorded in 2023 (2.02 for the 
HS index and 2 for the H index), and the lowest 
in 2024, the year with the lowest captures of 
Auchenorrhyncha. The moderate to high H′ 
values recorded during the study period indicate 
a well-diversified assemblage, with a relatively 
balanced distribution of individuals among 
species. The observed year-to-year fluctuations 
in H′ suggest temporal variability in species 
composition, which may reflect annual 
differences in climatic conditions, host plant 
phenology, or resource availability within the 
orchard ecosystem. The Brillouin index (H), 
which is considered more appropriate for fully 
censused communities, showed values 
comparable to those of the Shannon-Wiener 
index, reinforcing the conclusion of stable and 
relatively high diversity across years. The 
similarity between H and H′ values indicates that 
sampling effort was sufficient and that the 
community structure was consistently 
represented during the monitoring period. 
In view of the species richness in the MD apple 
orchard, four main indices were used namely 
Menhinick (I), Berger-Parker (d), Fisher's alpha 
(α) and Margalef (d) (Figure 4), and an 
additional index, Chao (S Chao1), which can 
reach very high potential maximums (Figure 5). 
 

 
Figure 4. Richness species indices of Auchenorrhyncha 

in the apple orchard 
 

The first two indices, Menhinick and Berger-
Parker fall between the values 0 and 1. In the 
case of the Menhinick index, a value closer to 1 
indicates greater species richness. Thus, the 
lowest value was recorded in 2022, 0.38, and the 
highest value in 2024, namely 0.68. Menhinick’s 
index (I), which standardizes species richness 
relative to sample size, showed comparable 
values across the study period, indicating a 
relatively stable number of species in relation to 
the total abundance of individuals collected each 
year. Minor interannual variations in this index 
suggest moderate fluctuations in richness that 
may be associated with annual differences in 
population density rather than substantial 
changes in species composition. For the Berger-
Parker index (d), 0 indicates complete 
uniformity, when all species are equally 
abundant, and 1 indicates complete dominance, 
when one species completely dominates the 
sample. The lowest value was recorded in 2023, 
0.39, when species abundance was more 
uniform, and the highest in 2022, 0.59, when 
dominant species had a higher abundance. 
The other two indices, Fisher's alpha (α) and 
Margalef (d) can have maximum values above 5, 
with lower values showing low species richness 
and higher values showing higher species 
richness. Thus, the lowest value for both indices 
was in 2022, namely 4.11 for the Fisher's alpha 
(α) index and 3.33 for the Margalef (d) index, 
and the highest value, also for both indices, was 
in 2024, at 5.05 and 3.83, respectively. Fisher’s 
alpha (α), which is relatively independent of 
sample size and robust to uneven sampling, 
consistently indicated moderate to high species 
richness across the three years. The stability of α 
values suggests that the underlying richness of 
the Auchenorrhyncha community remained 
largely unchanged over time, supporting the 
hypothesis of a persistent and well-established 
assemblage in the orchard ecosystem. The 
Margalef index (d), a richness estimator 
sensitive to the total number of species recorded, 
exhibited moderate to high values, reflecting a 
rich Auchenorrhyncha fauna within the orchard. 
The Chao index (S Chao1), a statistical estimator 
used to estimate the actual number of species, 
also had its lowest value in 2022 (31) and its 
highest in 2024 (34.2) (Figure 5). 
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Figure 5. Calculated values of Chao index (S Chao1) of 

Auchenorrhyncha in the apple orchard 
 
It can be observed that the Chao1 estimator (S 
Chao1), which accounts for undetected rare 
species based on the frequency of singletons and 
doubletons, consistently produced higher 
richness estimates than observed richness 
indices. This discrepancy indicates the presence 
of rare or infrequently sampled species, 
suggesting that the true species richness of 
Auchenorrhyncha in the Moara Domnească 
apple orchard is likely underestimated by 
observed data alone. 
In order to calculate the similarity of the species, 
three indices were used: Bray-Curtis 
dissimilarity index (BC), Pielou evenness index 
(J) and Jaccard coefficient (JC) (Figure 6). All 
three indices have values between 0 and 1. The 
indices had similar trends, with values between 
0.4 and 1, with the lowest values being recorded 
in 2024, the period with the lowest 
Auchenorrhyncha population numbers, and the 
highest values in 2022, when cicada abundance 
was the highest. Thus, in 2022, the values of the 
3 indices BC, J and JC were 1, 0.46 and 1, in 
2023 0.49, 0.59 and 0.74 and in 2024, 0.45, 0.4 
and 0.66. 
 

 
Figure 6. Similarity indices of Auchenorrhyncha species 

in the apple orchard 

Differences in BC values reflected changes in 
the relative abundances of species between 
sampling years. The Jaccard coefficient (JC) 
exhibited relatively similar values across years, 
indicating a consistent proportion of shared 
species among annual assemblages. Year-to-
year variation in Pielou evenness index (J) 
values indicated changes in the distribution of 
individuals among species across sampling 
years. 
 
CONCLUSIONS 
 
Based on our results, the Auchenorrhyncha 
fauna monitored from 2022 to 2024 in the apple 
orchard within the Moara Domnească Didactic 
Station accounted a total of 10730 specimens 
distributed in nine families and 39 species. The 
abundance of the adult Auchenorrhyncha fauna 
was gradually decreasing, 6058 specimens in 
2022 (56.46%), 2763 specimens in 2023 (25.75%) 
and 1909 specimens in 2024 (17.79%). 
The most numerous taxonomic family in  three 
monitoring years was Cicadellidae, with 10276 
specimens (95.77%), followed by the Cixiidae 
family, with 382 specimens (3.56%), the rest of 
the families detected (Delphacidae, Flatidae, 
Dictyopharidae, Issidae, Cicadidae, Membra-
cidae and Aphrophoridae) having only 72 
specimens (0.67%). Overall, the most abundant 
species, in descending order of their abundance, 
were Empoasca decipiens, Fieberiella florii, 
Neoaliturus fenestratus, Zyginidia pullula, 
Zygina flammigera, Edwardsiana rosae, 
Reptalus quinquecostatus and Orientus ishidae. 
By calculating three diversity indices, Simpson, 
Shannon-Wiener and Brillouin, a higher 
diversity was observed in the monitoring year 
2023 and lower in 2022 and 2024. Species 
richness, expressed throughout the Menhinick, 
Berger-Parker, Fisher's alpha, Margalef and 
Chao indices, was lower (low species richness) 
in 2022, and higher (high species richness) in 
2024. Also, species abundance was more 
uniform in 2023, while in 2022 the dominant 
species had a higher abundance. Similarity of 
species expresses throughout the Bray-Curtis, 
Pielou and Jaccard similarity indices showed 
lower values in 2024, the period with the lowest 
adult Auchenorrhyncha population numbers, 
and higher values in 2022, when their abundance 
was the highest. Overall, the three similarity 
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75% was composed by four species together, the 
most abundant E. decipiens to which N. 
fenestratus, F. florii and Z. pullula were added. 
The other two indices, Shannon-Wiener and 
Brillouin, with higher maximum values (5 in the 
case of the HS index and 3.5 in the case of the H 
index), showed similar trends. The highest 
values were also recorded in 2023 (2.02 for the 
HS index and 2 for the H index), and the lowest 
in 2024, the year with the lowest captures of 
Auchenorrhyncha. The moderate to high H′ 
values recorded during the study period indicate 
a well-diversified assemblage, with a relatively 
balanced distribution of individuals among 
species. The observed year-to-year fluctuations 
in H′ suggest temporal variability in species 
composition, which may reflect annual 
differences in climatic conditions, host plant 
phenology, or resource availability within the 
orchard ecosystem. The Brillouin index (H), 
which is considered more appropriate for fully 
censused communities, showed values 
comparable to those of the Shannon-Wiener 
index, reinforcing the conclusion of stable and 
relatively high diversity across years. The 
similarity between H and H′ values indicates that 
sampling effort was sufficient and that the 
community structure was consistently 
represented during the monitoring period. 
In view of the species richness in the MD apple 
orchard, four main indices were used namely 
Menhinick (I), Berger-Parker (d), Fisher's alpha 
(α) and Margalef (d) (Figure 4), and an 
additional index, Chao (S Chao1), which can 
reach very high potential maximums (Figure 5). 
 

 
Figure 4. Richness species indices of Auchenorrhyncha 

in the apple orchard 
 

The first two indices, Menhinick and Berger-
Parker fall between the values 0 and 1. In the 
case of the Menhinick index, a value closer to 1 
indicates greater species richness. Thus, the 
lowest value was recorded in 2022, 0.38, and the 
highest value in 2024, namely 0.68. Menhinick’s 
index (I), which standardizes species richness 
relative to sample size, showed comparable 
values across the study period, indicating a 
relatively stable number of species in relation to 
the total abundance of individuals collected each 
year. Minor interannual variations in this index 
suggest moderate fluctuations in richness that 
may be associated with annual differences in 
population density rather than substantial 
changes in species composition. For the Berger-
Parker index (d), 0 indicates complete 
uniformity, when all species are equally 
abundant, and 1 indicates complete dominance, 
when one species completely dominates the 
sample. The lowest value was recorded in 2023, 
0.39, when species abundance was more 
uniform, and the highest in 2022, 0.59, when 
dominant species had a higher abundance. 
The other two indices, Fisher's alpha (α) and 
Margalef (d) can have maximum values above 5, 
with lower values showing low species richness 
and higher values showing higher species 
richness. Thus, the lowest value for both indices 
was in 2022, namely 4.11 for the Fisher's alpha 
(α) index and 3.33 for the Margalef (d) index, 
and the highest value, also for both indices, was 
in 2024, at 5.05 and 3.83, respectively. Fisher’s 
alpha (α), which is relatively independent of 
sample size and robust to uneven sampling, 
consistently indicated moderate to high species 
richness across the three years. The stability of α 
values suggests that the underlying richness of 
the Auchenorrhyncha community remained 
largely unchanged over time, supporting the 
hypothesis of a persistent and well-established 
assemblage in the orchard ecosystem. The 
Margalef index (d), a richness estimator 
sensitive to the total number of species recorded, 
exhibited moderate to high values, reflecting a 
rich Auchenorrhyncha fauna within the orchard. 
The Chao index (S Chao1), a statistical estimator 
used to estimate the actual number of species, 
also had its lowest value in 2022 (31) and its 
highest in 2024 (34.2) (Figure 5). 
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Figure 5. Calculated values of Chao index (S Chao1) of 

Auchenorrhyncha in the apple orchard 
 
It can be observed that the Chao1 estimator (S 
Chao1), which accounts for undetected rare 
species based on the frequency of singletons and 
doubletons, consistently produced higher 
richness estimates than observed richness 
indices. This discrepancy indicates the presence 
of rare or infrequently sampled species, 
suggesting that the true species richness of 
Auchenorrhyncha in the Moara Domnească 
apple orchard is likely underestimated by 
observed data alone. 
In order to calculate the similarity of the species, 
three indices were used: Bray-Curtis 
dissimilarity index (BC), Pielou evenness index 
(J) and Jaccard coefficient (JC) (Figure 6). All 
three indices have values between 0 and 1. The 
indices had similar trends, with values between 
0.4 and 1, with the lowest values being recorded 
in 2024, the period with the lowest 
Auchenorrhyncha population numbers, and the 
highest values in 2022, when cicada abundance 
was the highest. Thus, in 2022, the values of the 
3 indices BC, J and JC were 1, 0.46 and 1, in 
2023 0.49, 0.59 and 0.74 and in 2024, 0.45, 0.4 
and 0.66. 
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Differences in BC values reflected changes in 
the relative abundances of species between 
sampling years. The Jaccard coefficient (JC) 
exhibited relatively similar values across years, 
indicating a consistent proportion of shared 
species among annual assemblages. Year-to-
year variation in Pielou evenness index (J) 
values indicated changes in the distribution of 
individuals among species across sampling 
years. 
 
CONCLUSIONS 
 
Based on our results, the Auchenorrhyncha 
fauna monitored from 2022 to 2024 in the apple 
orchard within the Moara Domnească Didactic 
Station accounted a total of 10730 specimens 
distributed in nine families and 39 species. The 
abundance of the adult Auchenorrhyncha fauna 
was gradually decreasing, 6058 specimens in 
2022 (56.46%), 2763 specimens in 2023 (25.75%) 
and 1909 specimens in 2024 (17.79%). 
The most numerous taxonomic family in  three 
monitoring years was Cicadellidae, with 10276 
specimens (95.77%), followed by the Cixiidae 
family, with 382 specimens (3.56%), the rest of 
the families detected (Delphacidae, Flatidae, 
Dictyopharidae, Issidae, Cicadidae, Membra-
cidae and Aphrophoridae) having only 72 
specimens (0.67%). Overall, the most abundant 
species, in descending order of their abundance, 
were Empoasca decipiens, Fieberiella florii, 
Neoaliturus fenestratus, Zyginidia pullula, 
Zygina flammigera, Edwardsiana rosae, 
Reptalus quinquecostatus and Orientus ishidae. 
By calculating three diversity indices, Simpson, 
Shannon-Wiener and Brillouin, a higher 
diversity was observed in the monitoring year 
2023 and lower in 2022 and 2024. Species 
richness, expressed throughout the Menhinick, 
Berger-Parker, Fisher's alpha, Margalef and 
Chao indices, was lower (low species richness) 
in 2022, and higher (high species richness) in 
2024. Also, species abundance was more 
uniform in 2023, while in 2022 the dominant 
species had a higher abundance. Similarity of 
species expresses throughout the Bray-Curtis, 
Pielou and Jaccard similarity indices showed 
lower values in 2024, the period with the lowest 
adult Auchenorrhyncha population numbers, 
and higher values in 2022, when their abundance 
was the highest. Overall, the three similarity 
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indices indicate that the Auchenorrhyncha 
community in the Moara Domnească apple 
orchard was characterized by high 
compositional stability. 
Together, these results suggest that temporal 
changes in the Auchenorrhyncha community 
were primarily driven by quantitative shifts in 
species abundances rather than qualitative 
changes in species composition, reflecting a 
relatively stable assemblage structure within the 
apple orchard ecosystem over the three-year 
monitoring period. 
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indices indicate that the Auchenorrhyncha 
community in the Moara Domnească apple 
orchard was characterized by high 
compositional stability. 
Together, these results suggest that temporal 
changes in the Auchenorrhyncha community 
were primarily driven by quantitative shifts in 
species abundances rather than qualitative 
changes in species composition, reflecting a 
relatively stable assemblage structure within the 
apple orchard ecosystem over the three-year 
monitoring period. 
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