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Comparison of coleopteran fauna in olive orchards under
different production systems in the Messara’s valley, on Crete
island, Greece

I. TZOKAS, Z. LIANTRAKI AND D. KOLLAROS*

School of Agricultural Technology, TEI Crete, Stavromenos 71004,
Heraklion, Crete, Greece

ABSTRACT

In this study the results of the captured Coleoptera in pitfall traps in nine olive orchards in the
valley of Messara, on Crete Island, were compared. The liquid used for killing and preservation
in the pitfall traps, was propylene glycol. The nine olive orchards were distributed in four areas
in the valley. In each area there were at least two olive orchards under different agricultural
management system, organic and conventional. The experiments were conducted from October
2004 to April 2005. The number of captured Coleoptera specimens was 4,937. The specimens
were identified to the family level. Coleoptera from 25 families were found, but the analysis
was focused at eleven of them, the richest in specimens. These were: Anthicidae, Carabidae,
Chrysomelidae, Curculionidae, Histeridae, Leiodidae, Scarabaeidae, Silphidae, Silvanidae,
Staphylinidae and Tenebrionidae. Staphylinidae were the most abundant in all olive orchards
independently of the agricultural management (production system). In the other families
instead of differences amongst the different systems of agricultural management, more
prominent were the differences amongst areas.

KEY WORDS: Olive orchards, coleopteran families, biodiversity, pitfall traps, Staphylinidae.

The aim of our study was the investigation

Introduction

Coleoptera is an order of insects very
plentiful in species and heterogeneous. Thus,
in many biotopes Coleoptera fill many
ecological niches, as grazers e.g.
Curculionidae  (Murray et al. 2006),
predators e.g. Carabidae, Staphylinidae
(Brunke et al. 2009), detritivores e.g.
Scarabaeidae (Teixeira et al. 2009) and
scavengers e.g. Silphidae (Gibbs and Stanton
2001). The beetle’s families were studied as
indicators in organic and conventional
Mediterranean vineyards and olive orchards,
in the study of Hadjicharalampous et al.
(2002), but only during fall (October).

about the synthesis of Coleopteran fauna in
Messara’s olive orchards and to investigate
differences between conventional and organic
olive orchards, and also amongst four
different sites - villages.

To carry out our study we have used a
reticule of pitfall traps for an extended
period (about six months).

Materials and Methods

In the experiments pitfall traps were used
having as liquid propylene glycol. The
collection of specimens and the renewal of
liguid were made three or four times
monthly from 20 October 2004 to 17 April
2005.

*Corresponding author: kollaros@staff.teicrete.gr
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In this study two types of olive orchards
were mainly compared: The conventional
and the organic ones. In the organic olive
orchards, the farmers were using drip
irrigation, manure as fertilizer, traps for olive
fruit flies and grazing or mild treatment of
soil against the weeds (superficial tillage). In
the conventional olive orchards the farmers
were using bait spraying to control olive fruit
flies, both manure and chemical fertilizers,
intense soil treatment against weeds (deep
plowing) and drip irrigation similar or
identical with the organic farmers. For this
comparison one conventional and one
organic orchard were selected in each of four
areas (villages): Roufas, Kouses, Peri and
Petrokefali. In the case of Petrokefali, the
olive orchard is completely aligned to the
standards of Integrated Management System
as they are described by 1ISO 9001.

Apart of these orchards, traps established
in an additional abandoned olive orchard
close to the village Roufas. The data of this
olive orchard were used to search differences
among the four regions, but the abandoned
as unique is not appropriate to be compared
with the other types.

The specimens were separated at the
family level. The analysis was focused at
eleven of them, which were the most
abundant ones. The rest 14 families, from
which there were collected very few
specimens, were unified in a separate
category and named as “Others”.

For the measurement of biodiversity
Shannon inde;%( (H") was used.

H =- EP@ In p;
i=1

where p; is percentage of species i, Inp;
Neperian logarithm of the same species and
R the number of species.

The results were analyzed using ANOVA
(Analysis of Variance) and the post hoc
indices Tukey, Duncan, Scheffe and LSD

For the data analysis Excel 2003 and the
software SPSS 17.0 were used.

Results

During the study totally 4,937 coleopteran
individuals were captured belonging to 25
families. Among them the 11 most abundant
families were Anthicidae, Carabidae,
Chrysomelidae, Curculionidae, Histeridae,
Leiodidae, Scarabaeidae, Silphidae,
Silvanidae, Staphylinidae and Tenebrionidae
(Fig. 1). The rest 14 ones were unified as
“Others”.

As a consequence of the trapping
method, the catches of specimens were
mainly species from epigeous, totally or
partly, families (e.g. Carabidae, Histeridae,
Scarabaeidae, Silphidae, Tenebrionidae). At
a second level, our traps collected specimens
from flying species, as the members of the
family Anthicidae and the majority of
Staphylinidae species, but also specimens
from Curculionidae and Chrysomelidae,
families with species mainly roaming on
plants.

The staphylinids were the most abundant
family, with statistical level of confidence
99% and are grouped separately from the
rest of families according all the used post
hoc indices. The family Staphylinidae
occupied 50% of our specimens (2,481 in the
total of 4,937, Fig. 2). The captures in 8 of
the 11 families were comparable. By
searching more divisions on families’
separation, except the easily discriminated
Staphylinidae  which occupy its own
division, we can remark that the Duncan
index presented the families Carabidae and
Leiodidae in a different level from
Anthicidae and Silphidae. All the other
families weren’t put in a clear position by
this index (Table 1).
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FIG. 1. The percentages of the main families in the nine olive orchards, during the
experimental period. In the legend the first symbol indicate villages (R for Roufas, Pr for Peri,
Pt for Petrokefali, K for Kouses) and the second, after dash, the management system (O for
organic, C for Conventional, | of Integrated Management and A for abandoned).

TABLE 1. Grouping of percentages for Coleopteran’s main families according to Duncan post
hoc index (Index uses harmonic mean sample size, N=number of samplings)

Subset for alpha = 0.05

Percentages
N 1 2 3
Duncan Anthicidae 27 1.0474
Silphidae 27 1.2549
Others 27 3.3547 3.3547
Chrysomelidae 27 3.4178 3.4178
Histeridae 27 3.6801 3.6801
Tenebrionidae 27 4.5305 4.5305
Scarabaeidae 27 6.3268 6.3268
Silvanidae 27 7.2700 7.2700
Curculionidae 27 8.0686 8.0686
Carabidae 27 10.2554
Leiodidae 27 10.3373
Staphylinidae 27 40.4565
Sig. .052 .054 1.000]
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FIG. 2. Percentages of total captured beetles, during all the experimental period, for the main

families.

In general, the family Staphylinidae is
clearly the most abundant, independently of
the agricultural management systems,
followed by Carabidae in the organic olive
orchards and by Curculionidae in the
conventional ones.

By comparing according to the regions
(i.e. the four villages), Staphylinidae
occupied the first place everywhere, but the
families following Staphylinidae were
different depending on the region: in Peri
were Silvanidae and Tenebrionidae, in
Petrokefali Carabidae, in Kouses Leiodidae
and in Roufas Histeridae.

Many families have statistically
significant differences between different

olive orchards. These differences are
presented synoptically in Table 2. There is a
slight indication of difference that in the
organic olive orchards the second place in
percentages is occupied by Carabidae and
in the conventional ones by Curculionidae.

After the unification of the olive
orchards, according to the region, we have
made the abundances’ comparison of the
main families, in these new groups of olive
orchards. The results of this new process
with statistically significant differences are
giving separately (Table 3). The families
Anthicidae, Curculionidae, Histeridae,
Leiodidae, Silphidae, Chrysomelidae and
the group of “Others” have not significant
differences among the four regions.
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TABLE 2. Main families of Coleoptera, which present statistically significant differences
among the olive orchards of the study, according to the indices Duncan, Tukey and LSD.

Families Post hoc Higher Lower Percentages
Percentages
Staphylinidae Duncan Petrokefali organic | Peri conventional
Roufas conventional
Roufas abandoned
Tenebrionidae | Duncan Peri organic All the others
Anthicidae Duncan Peri organic All the others
Chrysomelidae | Duncan Roufas organic Peri conventional
Petrokefali organic
Kouses conventional
Silvanidae Duncan Peri organic Roufas conventional
Kouses conventional
Roufas abandoned
Curculionidae Duncan Roufas organic All except Peri organic and Roufas
abandoned
Leiodidae Duncan Roufas abandoned Peri conventional
Petrokefali organic
Scarabaeidae Duncan Roufas organic All except Roufas abandoned
Scarabaeidae Duncan Roufas abandoned All except Roufas conventional
Scarabaeidae Tukey Roufas organic Peri organic
Petrokefali organic
Kouses organic
Peri conventional
Petrokefali organic
Histeridae LSD Roufas organic Peri organic, Petrokefali organic
Kouses organic
Peri conventional, Kouses
conventional, Petrokefali organic

TABLE 3. Main families of Coleoptera, which present statistically significant differences
among the regions of the study, according to ANOVA and the post hoc indices.

Families ANOVA & Post hoc Higher Percentages Lower
Percentages
Staphylinidae ANOVA 95% & Duncan | Petrokefali All the others
Tenebrionidae Duncan Peri Petrokefali
Carabidae Duncan Petrokefali Kouses
Sylvanidae Duncan Peri Roufas
Scarabaeidae ANOVA 99% and all the | Roufas All the others
used post hoc
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In regard to the biodiversity per region,
Petrokefali was grouping separately from
the other regions in a level of probability
99% (F=17.68, df=3, 5, P<0.004). The
olive orchards of Petrokefali had values of

0.65 & 1.17 (Shannon), which were very
lower than the other ones (1.62 — 2.12)
which belong to the other three locations.
The Roufas region had the highest
biodiversity values (Fig. 3).
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FIG 3. Values of biodiversity of the different olive orchards, according to the Shannon index.
(Petrok= Petrokefali, org= organic, conv= conventional, integ= integrated and aban= abandoned).

Discussion

From a total of 25 families, which were
recorded in this study, Staphylinidae is by
far the most abundant in captures followed
by Carabidae. The families Carabidae and
Staphylinidae were amongst the seven
prominent ones in olive orchards in
Granada Spain, but in very lower
percentages (4% and 1% respectively of the
Coleoptera total) than in this work (Cotes et
al. 2009b). The same families plus two
(Tenebrionidae, Anthicidae) were the most
abundant in olive groves in Granada and
Cordova (Cotes et al. 2009a). In Petrokefali
region these families are especially
dominant and for this reason its olive
orchards have the lowest biodiversity, as
Staphylinidae  plus  Carabidae reach

percentages of 82.4% in the organic olive
orchard of Petrokefali.

In contradiction, Roufas’ olive orchards
have the lowest percentages of
Staphylinidae (about 10-30%). In Roufas
there are more families with pronounced
percentages such as Scarabaeidae and
Histeridae. Likely this is due to a slightly
milder soil treatment in all the olive
orchards and/or to more intense combined
use of manure and chemical fertilizers in
the conventional one. There is the
hypothesis that species of these families are
attracted in debris from sheep and goats, as
also from the other fertilizers. These two
families, together with Chrysomelidae, only
in Roufas, from all the four regions,
reached percentages higher than 10%. This
contributed to the highest wvalues of
biodiversity (about 2.1) found in Roufas.
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Despite this, these values don’t have
statistically significant difference from the
other olive orchards except Petrokefali.

At the other hand, families as
Anthicidae and Silphidae, have the lowest
percentages. This probably can be
attributed, partially, to their way of life. As
it is known, the members of the first family
are not soil dwellers and these of the second
one depend on special diet (dead small
animals).

The abandoned olive orchard was used
for a total view of Roufas village but as
unique is not comparable with the other
treatments. For this reason we compare
only organic with conventional olive
orchards.

May be the only important indication of
difference, which is given by the beetle
families’ percentages between organic and
conventional olive orchards is the second
place in percentages, occupied in organic
by Carabidae and in conventional by
Curculionidae.
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YOYKPLON TOVIOOS KOAEOTTTEPMV 6€ EAOIAVES TG Meosapag, pe
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2yoln Teyvoloyiog I'ewmoviag, TEI Kpytng, Ectovpwuévos Hparlero, TK 71004

ITEPIAHYH

Xe ouThv TV €pyacio GuYKPIvOvTOol To OTOTEAEGULOTO OO TIC GLAA|WELS KOAEOMTEPMV GE
nayideg eddpovg (pitfall traps) pe mpomvAievoylukodn, oe evvén ehoudves ™G Meoapds og
téooeplg Tomobecieg amd tov OKTOPplo émg kot tov Azmpido tov 2005. H avoavémon toug
TPOYLLOTOTOLEITO TPELS £MC TEGTEPLG POPEG OvEL Pval. Xt PeAéTn cvykpivovtan katd Paor 6o
TOTOL EALOVOV, Ol EAOIDVES CLUUPATIKNG Kot Ol elaidves ProAoyikng kodlépyelas. Extog
aUTOV VINPYE €évog elodvag ot Kabeotmdg oAokAnpopévng dwyeipiong kol €vag
gykataiepévoc. Emiong pumopovv va opadomomBodv cOUQ@VO e TIC TECCEPIS TEPLOXES
detyporonyiog (Povpdg, Kovoég, [Iépt, Tletpokepdit). Kab’ 6An ) ddpkela g perétng
ocvuveMpOnoav, mepinov 5000 koredmrepa amd 25 owoyéveleg. Ot évdeka apBovoTtepeg NTOV:
Anthicidae, Carabidae, Chrysomelidae, Curculionidae, Histeridae, Leiodidae, Scarabaeidae,
Silphidae, Silvanidae, Staphylinidae kot Tenebrionidae. Ot vorowneg 14 opadorombnkav e
pa yopot) Kotnyopla. Ievikd, ta Staphylinidae fitav ta apBovitepa, pe peydin dagopd,
KOUT®VTOG €lT€ omOALTOVG aplipovs, €ite TOCOOTH, OE OAEG TIG EMUEPOVS KOAALEPYNTIKES
dwyepioelg. e OTL 0Qopd otn OeVTEPN OKOYEVELD, OTOVG PBLOAOYIKNG YempYlag eAaidveg
Bpiokovtar To Carabidae, evd otovg cuppartikng kaAAgpyetag ta Curculionidae. Xe agpbovia,
petd to Staphylinidae, mov eivoalr Tp®TE G TOCOGTA, Ol OLKOYEVELEG OV OKOAOVLHOVV
dwpépovv oamd mepoyn oe mepoyn. Xto [Iépt eivar ot owoyéveleg Silvanidae o
Tenebrionidae, oto Iletpokepdit 1 owoyéveln Carabidae, otov Kovsé 1 Leiodidae kot oto
Poved n Histeridae. £to Povpd, cuvavtdpe dwymoeta mocootd oe €& oucoyéveteg (Leiodidae,
Staphylinidae, Scarabaeidae, Curculionidae, Carabidae, Histeridae). Zta Tenebrionidae kot ta
Anthicidae, o ghaidvag Proroywng dayeipiong (B.3.) oto TIépt dapopomoteitar amd GAovg
Tovg vdrotmrove. Xta Curculionidae To Povpdg B.J. dtapopomoteital amd 6Aovg Tovg EAodVEG
extog Tov [Iépt B.O. TIpaypotonoidvrag opadonoinon avd Teployn Yo TIG KOPLEG OLKOYEVELEG
mpoékvyav 0Tt oto Staphylinidae Sapépet o IleTpoke@dit omd OGho To VEOAOITO Kot OTO
Scarabaeidae Swpéper 0 Povpdc and ta vmérowma (Kot ot PlOTOKIAGTNTO OUKOYEVELDY
KoleomTéEpwV avd meployn, to Iletpoxepdh opadomoteital Eeyopiotd). Ta Wdaitepa dobova
Staphylinidae kot Carabidae omv mepoyn IleTpoke@dit, gvBOvovtar Yo TN YOUNAT
Bromowidotnta Koreontépaov 6° avtd. H mepoyn tov Povepd, pe to youniotepo mocootd
Staphylinidae, eppavilel tig vymAodTepeg Promowkilotnteg koheomtépwv (Yopw oto 2,1). Ta
oTol el aVTa Pavep®VoOLV OTL 1 mepoyn dadpapatifel moAd onUOVTIKOTEPO POAO OTO TO
KkafeoTdg Sloyeipiong o OTL APOPE TIG OLUSOTOMGCELS TOV EANIDOVOV Kol 1] BLOTOKIAOTITA
eupoviCetor avénuévn, Omov omotpémetar N oYedOV TOVIEMNG emKpdtnon pog M 600
OIKOYEVEUDV.
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