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ABSTRACT

The faunistic knowledge of Iranian weevils is still relatively low, especially in comparison with the
vastness and rich environment of this country. During the years 2014-2015, a faunistic study on superfamily
Curculionoidea was done in Taleghan Region. This region is located on the southern slope of the Alborz
Mountains and irrigated by several rivers. Taleghan Region is known mainly for its green landscape which
is covered mostly by rangelands, grasslands, but also agricultural farms and fruit gardens. Recently,
several human activities have shaped into the Taleghan landscapes and then it resulted in a dramatic
reduction of vegetation. In our study a total of 51 species of weevils were confirmed for this region and
10 of them (Hemitrichapion pavidum (Germar, 1817), Protapion laevicolle (Kirby, 1811), Pseudoprotapion
elegantulum (Germar, 1818), P. astragali astragali (Paykull, 1800), Mecinus labilis (Herbst, 1795),
Mogulones asperifoliarum (Gyllenhal, 1813), Tychius astragali Becker, 1862, T. callidus Caldara, 1990, T.
tridentinus Penecke, 1922, and T. trivialis Boheman, 1843) have been recorded in Iran for the first time. In
addition, a brief discussion is given for several species considered as rare weevils or interesting records
for Iranian fauna. Finally, the environmental factors with influence effect into the weevil community in
Taleghan Region are discussed.

Key words: Alborz Mountains, Brentidae, Curculionidea, Taleghan Region, faunistic study, grasslands,
Iran, new records, rangelands.

INTRODUCTION

The superfamily Curculionoidea includes 62000 species (Oberprieler et al., 2007).
With regard to species number, into the superfamily Curculionoidea, the main species
diversity is assigned to families Brentidae and especially Curculionidae (L6bl and
Smetana, 2011).The family Curculionidae, commonly called weevils, is one of the
numerous family in Coleoptera (Alonso-Zarazaga, M. A, Lyal, C. H.,, 1999; Mckenna
et al., 2015). According to their diversity and huge numbers of species, there is a
permanent debate about the internal classification (Marvaldi et al., 2002; Oberprieler
et al., 2007; Jordal et al., 2014).

Iran is a vast country with huge numbers of varieties in landscapes and weather
conditions (Zehzad et al., 2002). This rich environmental condition led to the high
diversity of flora of Iran Plateau (Ghahreman and Attar, 1999) that affects the species
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richness of herbivorous insects, like weevils. In the lastest Iranian checklist, Legalov
et al. (2010) catalogued 711 species of Curculionoidea for Iran fauna. Unfortunately,
the number of weevils that has been reported from Iran is not compatible with the
vastness and biodiversity of this Country. Our today’s perception of Curculionoidea in
Iran is indebted to the efforts of Modares Aval (1997) and Broumand (1998). However,
during the last decade, some dispersal faunistic studies have been done in order to
increase the local knowledge of weevil diversity in Iran (Ghahari et al., 2009, 2010;
Modarres Awal and Hosseinpour Jajarm, 2010; Sadeghi et al., 2010; Ghahari and
Legalov, 2011; Ghahari and Arzanov, 2012; Ghahari and Colonnelli, 2012; Sanaei et
al., 2015). Respect to the specialists’ attention to the Iran fauna, the number of new
confirmed Iranian endemic weevil species is still growing up (Glltekin and Podlussany,
2012; Borovec, 2014; Gultekin and Shahreyary-Nejad, 2015). Itis obvious that certain
number of species is still undetected and it means that the Iran fauna will remain as
a big potential for future faunistic studies.

To continue the faunistic surveys in unstudied areas of Iran, we investigated for
weevils in the Taleghan Region (in Alborz Province). The Taleghan Region includes
Taleghan city and 76 villages and it is located at 140 km from northwest of Tehran
(Monavari et al., 2013). Taleghan Region is bordered by the roads of the Karaj city from
east, the Alamout Mountain from west, and the Alborz Mountains from north. This region
consists of the area of almost 955.7 km? (Monavari et al., 2013) and the altitude in this
area varies from 1500 to 3500 meters (Kiyani, 2013). This area is boosted by several
rivers. The watershed of Taleghan Region is situated in the Sefidroud basin (Guest et
al., 2006). This region is semi humid and it is affected mostly by the presence of the
Alborz Mountains and Taleghan Dam (Kiyani, 2013). The average annual precipitation
is 455 mm, maximal temperature is +35°C and minimal temperature is -24°C in a year
(Siroosi et al., 2013). The vegetation of Taleghan varies from agricultural fields and
fruit gardens to rangelands, grasslands and wetlands. These green areas make the
Taleghan Region a suitable place for attracting many tourists (Kiyani, 2013). However,
the tourist attraction has also made several damages for environment health such as
water pollution (Kiyani, 2013). Moreover, recent soil erosion and sheep overgrazing
led to the sudden turn of green lands into the bare lands.

The main aim of this faunistic study was to identifiy the weevil species from Taleghan
Region to understand the weevil community in this region and also to investigate
for the new possible records or even species in Iran. Determining factors for weevil
diversity in Taleghan Region and possible treats for weevil habitat are discussed.

MATERIALS AND METHODS

During 2014-2015, several field activities were performed in Taleghan Region
(Fig. 1). A total of 10 localities in this region were visited on different dates (Table
1).The selected sites were usually closed to the some streams (Fig. 2). We collected
weevils mainly in the open grasslands, rangelands and wetlands by sweeping. In
the wetlands, we also looked under stones and plant debris. In addition, we sampled
also on a few trees in the area by umbrella beat traps. A total of 50 wet pitfall traps
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filled with chloroform were placed in different sites (Glinak, Taleghan Dam, Hasanjun,
Nazizan and Jazinan) and controlled after 24-48 hours. After the field activity, all
weevil specimens were mounted on cart points in the laboratory. In order to simplify
the identification progress, the male genitalia was dissected. The specimens were
identified by keys from the following publications: (Hoffman, 1958; Monaco, 1970;
Dieckmann, 1980; 1988; Alonso-Zarazaga, 1990; Caldara, 1990, 1993; Morris,
1990; Sobhian et al., 1992; Wanat, 1995; 1997; El-Akkad; 1998; Pelletier , 1999;
Colonnelli, 2004; Meleshko and Korotyaev, 2005; Bahr et al. 2006; Bayer et al.,
2007; Giiltekin, 2006; Friedman and Freidberg, 2007; Yunakov and Korotyaev, 2008;
Skuhrovec, 2009; Velazquez de Castro, 2009, 2011; Balalaikins et al., 2010; Stiben
et al., 2010; Gultekin, and Podlussany, 2012; Skuhrovec et al., 2012, 2014; Stliben
et al., 2013, 2014) and then confirmed by specialist in some group of weevils (see
Acknowledgements). For list of species, we followed the classification of Lobl and
Smetana (2011; 2013), which is based on main work done by Alonso-Zarazaga and
Lyal (1999). However, according to Oberprieler et al. (2007) and Bouchard et al. (2011)
and also recent molecular phylogenetic analysis based on full mitochondrial gnome of
weevils (Gillett et al., 2014), we used the family Brentidae instead of Apionidae here.

Table 1. Coordination, elevation and date of collecting for each station.

Station Coordination Elevation | Date of collecting
Tologhan Dam | N 211454 | g | S04 00s
8.8.2015
own |LEWBE [en | 95EE
Hasanjun E: ggo41152,38278 1889 m 31.8.2014
Jazinan E: 23:15?162 2023 m 10.5.2015
Khasban N e |1939m 10.5.2015
e |NEEES [omn | 978
Karkabud E ggogffzg 2215 m 1.9.2014
Kuein E gg:g;g%g 1930 m 1.9.2014
Dizan NIAZE |220m 11.5.2015
Askan E g?:g?;gi 1841 m 3.9.2014

The lIranian distributions of species were mostly adopted from the following
publications: (Caldara, 1990; Wanat, 1995; Modarres Awal, 1997; Borumand, 1998;
Pelletier, 1999; Colonnelli, 2004; Legalov et al., 2010; Ghahari and Legalov, 2011; L&bl
and Smetana, 2011; Ghahari and Colonnelli, 2012; Giiltekin and Podlussany, 2012;
Lobl and Smetana, 2013; Sanaei et al., 2015). The specimens were kept in Zoological
Museum, University of Tehran (ZUTC) and also personal collection of the first author.
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Fig. 1. The locality of Taleghan region in Iran and the localities of each station in Taleghan, 1: Taleghan Dam,
2: Gelinak, 3: Hasanjun, 4: Jazinan, 5: Khasban, 6: Naviz, 7: Karkabud, 8: Kuein, 9: Dizan, 10: Askan.

Fig. 2. Two selected different habitats in Taleghan. A. Open grasslands in Jazinan, B. River basin of
Taleghan Dam.
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Knowledge about the Palaearctic distribution of each species follows (L6bl and Smetana,
2011; 2013). In the addition, the family name of host plant for each species was given.

RESULTS

A total of 538 weevil specimens, which has been identified into 51 species from
four families, nine subfamilies, 24 tribes and 29 genera were collected. The majority
of the specimens were collected by the sweeping method. Only Sphenophorus
parumpunctatus Gyllenhal, 1838 and Larinus scolymi (Olivier, 1807) were collected
individually under the stones. We have no observation of any weevil specimen by
using umbrella beat or even pitfall traps. Epirhynchites auratus (Scopoli, 1763) was the
only species which was collected on trees. The list of species is arranged in Table 2.

DISCUSSION

In this study, 10 species from 51 identified species were recorded for the Iran
fauna for the first time (Table 2). All these new records belong to tiny weevils with
less than 5 mm length: Brentidae: Hemitrichapion pavidum (Germar, 1817), Protapion
laevicolle (Kirby, 1811), Pseudoprotapion elegantulum (Germar, 1818), P. astragali
astragali (Paykull, 1800); Curculionidae: Mecinus labilis (Herbst, 1795), Mogulones
asperifoliarum (Gyllenhal, 1813), Tychius astragali Becker, 1862, T. callidus Caldara,
1990, T. tridentinus Penecke, 1922, T. trivialis Boheman, 1843. More attention to the
Iranian fauna of mentioned groups may result to the loads of scientific achievements.

Araxia mucronata Khnzorian, 1957: The first description of A. mucronata was
done on specimens from Armenia (Khnzorian, 1957). Yunakov and Korotyaev (2008)
reported this species also from Turkey, Transcaucasia and Turkmenistan. According
to the mentioned report, the presence of this species in Iran was expected. Davidian
and Gultekin (2015) reported a specimen of A. mucronata from Tehran collected in
1961. The new record from Taleghan fills the gap between its distributions in the
northern part of the Middle East.

Wittmerrella viridisetosa Pesarini, 1973: This is the only species of genus
Wittmerrella recorded by Pesarini (1973) from Mazandaran (North of Iran). There
was no other record until a recent report from Turkey (Yunakov and Klass, 2012).
However, this species was recently collected from 3 different localities in Taleghan
Region with relatively high abundance only in females. The males of this species were
never described. Our specimens in this study were also females. As Yunakov and
Klass (2012) suggested, this species can be closely related to genus Polydrusus. We
suggest this species may have a parthenogenesis life cycle as some of Polydrusus
species (Kajtoch and Lachowska-Cierlik, 2009). In addition, W. viridisetosa is a
common species in Taleghan Region, therefore, it is assumed that the range of its
distribution should be more wide than only our current recorded localities. The host
plant of W. viridisetosa is still unknown. However, all specimens were collected by
sweeping grasslands with domination of Hypericum perforatum (Hyericaceae). It is
suggested that Hypericaceae might be a potential host plant of this species.
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Species name Subfamily Iran distribution World distribution Examined materials Host plant
Epirhynchites auratus (Scopoli, 1763) | Rhynchitinae Well distributed W/C Palaearctic 34, Gelinak 31.8.2014. Rosaceae
Apion frumentarium (Linnaeus, 1758) | Apioninae Well distributed W/C Palaearctic Polygonaceae
Protapion trifolii (Linnaeus, 1768) Apioninae Well distributed W/C Palaearctic Fabaceae
Protapion filirostre (Kirby, 1808) Apioninae Tehran W Palaearctic & Russia | 1 ¢ Gelinak 9.5.2015 Fabaceae
Protapion laevicolle (Kirby, 1811) Apioninae New Record W Palaearctic 2 291 J Dizan 11.5.2015 Fabaceae
Protapion varipes (Germar, 1817) Apioninae NW W Palaearctic 2 43 Askan 3.9.2014 Fabaceae
Ceratapion scalptumcaviceps - i E Europe & C 3 dd 2 Q9 Taleghan Dam 30.8.2014,
(Desbrochers des Loges, 1870) Apioninae Well distributed Palacarctic 5332 90 Gelinak 31.8.2014 Asteraceae
Ceratapion basicorne (lliger, 1807) Apioninae E Azarbaijan, Isfahan | W Palaearctic 233 4 22 Gelinak31.8.2014 Asteraceae
Hemitrichapion pavidum Apioninae New Record W Palaearctic 6332 29, Gelinak 9.5.2015 Fabaceae
(Germar, 1817)
Hemitrichapion reflexum . . 3 dd 8 29 Naviz 13.7.2015, S
(Germar, 1833) Apioninae Ardabil W Palaearctic 3 23 Taleghan Dam 8.8. 2015 Fabaceae
Holotrichapion pullum . E Azarbaijan, S 1 ¢ Naviz 9.5.2015, S
(Gyllenhal, 1833) Apioninae Khorasan W Palacarctic 2 33 Taleghan Dam 8.VIIL. 2015 Fabaceae
Oxystoma ochropus - . . 2 34 Kuein 1.9.2014,
(Germar, 1818) Apioninae Azarbaijan, Isfahan W Palaearctic 5 Naviz 13.7. 2015 Fabaceae
Pseudoprotapion elegantulum o , o 2 43 Gelinak 31.8.2014, N
(Germar, 1818) Apioninac New Record W Palacarctic | &1 9 Taleghan Dam 10.4. 2015 Fabaceac
Pseudoprotapion astragali astragali - N 3 . . .
(Paykull, 1800) Apioninae New Record W/C Palaearctic. 29 izan 11.5.2015 Fabaceae
Rhopalapion longirostre . L . 1 @ Taleghan Dam 10.4.2015, .
(Olivier, 1807) Apioninae Well distributed Holarctic | © Naviz 13.7.2015 Malvaceae
Isochnopterapion loti s o ol aearefio O Navi S
(Kirby, 1808) Apioninae E Azarbaijan W Palaearctic 2 @ Naviz 9.5.2015. Fabaceae
Squamapion latesquamatum Apioninae Lorestan, Tehran Asia Minor 391 Kuein 1.9.2014 Unknown
Wanat, 1997
Sph h . . 1 & Taleghan Dam 10.4.2015
phenophorus pa hynchonhor d Taleg ,
Gyllenhal, 1838 Rh rinae | Khuzestan W Palaearctic 11 32 7 22 Taleghan Dam 8.8.2015 Fabaceae
10 43 8 99 Gelinak 8 31.8.2014,
Sitona cylindricollis Fahraeus, 1840 Entiminae Well distributed Holarctic 3 dJ Dizan 11.5.2015, Fabaceae
Jazinan 10.5.2015
Dizan 31.8.2014,
Sitona humeralis Stephens, 1831 Entiminae ‘Well distributed Holarctic Naviz 9.5. 2015, Fabaceae
5 43 Jazinan 10.5.2015
Gelinak 31.8.2014,
Sitona concavirostris Hochhuth, 1851 | Entiminae Well distributed W/C Palaearctic. Gelinak 9.5.2015, Fabaceae
Sitona longulus Gyllenhal, 1834 Entiminae Well distributed W/C Palaearctic. Fabaceae
Sitona macularius (Marsham, 1802) Entiminae Well distributed W/C Palacarctic. Fabaceae
Araxi amucronata Khnzorian, 1957 Entiminae Tehran N Middle East Unknown
Polydrusus pilifer Hochhuth, 1847 Entiminae Well distributed WIC Palacarctic. Rosaceae
11 @9 Naviz 13.7. 2015
o)
Wittmerrella viridisetosa - ; 1'% Askan 1.92014,
. Entiminae Mazandaran Iran &Turkey Unknown
Pesarini, 1973
Chloebius immeritus Boheman, 1834 | Entiminae Ghazvin, Tehran Palacarctic Fabaceae
Pholicodes fausti (Reitter, 1890) Entiminae Azarbaijan Middle East Unknown
Strophomorphus porcellus ST . .
(Scjocnherr, 1832) Entiminae Tehran W/C Palacarctic Polyphagous

In distribution columns: E=East, W=Western, C=Central and N=North.
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Table 2. Continued.

Species name Subfamily Iran distribution | World distribution Examined materials Host plant
. . . i . 2 Gelinak 9.5.2015. N
Hypera postica (Gyllenhal, 1813) Hyperinae Well distributed Holarctic 833 8 OO Jazinan 10.5. 2015, Fabaceae
229 Khasban 10.5.2015,
124317 Q9 Dizan 11.5.2015
| Lo . E Europe & C o .
Hypera farinosa (Boheman, 1840) Hyperinae NW Palacarctic 1 ¢ Taleghan Dam 10.4. 2015 | Fabaceae
Lixus ascanii Linnaeus 1767 Lixinae Golestan W Palacarctic 1 @ Hasanjun 31.8.2014 Brassicaceae
Lixus pulverulentus Scopoli 1763 Lixinae Well distributed W/C Palaearctic 1 & Jazinan10.5.2015 Malvaceae
Lixus recurvus Olivier, 1807 Lixinae Golestan Caucasus, Iran, Turkey | 2 @9 Karkabud 1.9.2014 Malvaceae
Larinus scolymi (Olivier, 1807) Lixinae Well distributed W Palaearctic 1 & Taleghan Dam 8.8.2015 Asteraceae
Larinus iranicus Giltekin and Podlussany, 2012 | Lixinae NW Iran 1 & Gelinak 31.8.2014 Unknown
. D - i . 3 aviz 9.5. 2015,
Bangasternus orientalis (Capiomont, 1873) Lixinae Well distributed W Palaearctic 99 Dizan 11.5.2015 Asteraceae
Malvaevora timida (Rossi, 1792) Baridinae Well distributed W/C Palaearctic 1 © Taleghan Dam 10.4. 2015 | Malvaceae
Cionus olivieri Rosenhauer, 1838 Curculioninae Well distributed W/C Palaearctic 1 Q Kuein 1.9.2014 Scrophulariaceae
: o - . 1 & Karkabod 1.9.2014 .
Mecinus labilis (Herbst, 1795) Curculioninae New Record W Palaearctic | & Dizan 11.5.2015 Plantaginaceae
226 00 Diz
Tychius aureolus Kiesenwetter, 1851 Curculioninae Well distributed W/C Palaearctic 2 QC 6 ¥ Dizan 30.8.2014, Fabaceae
1 4 Naviz 9.5.2015
Tychius picirostris (Fabricius, 1787) Curculioninae Golestan, Lorestan | Holarctic 2 4 Naviz 9.5.2015 Fabaceae
Tychius tridentinus Penecke, 1922 Curculioninae New Record ‘W/C Palaearctic 14 Taleghan Dam 10.8.2014 Fabaceae
Tychius astragali Becker, 1862 Curculioninae New Record N America, E Europe | 3 & Taleghan Dam 10.4.2015 Fabaceae
Tychius trivialis Boheman, 1843 Curculioninae New Record W Palaearctic 1 & Naviz 9.5.2015 Fabaceae
Tychius callidus Caldara, 1990 Curculioninae New Record Armenia fmd 1 4 Kuein 1.9.2014 Fabaceae
Macedonia
X . . . Mazandaran, . 2 4 dJazinan 10.5. 2015,
Tychius hiekei Caldara, 1990 Curculioninae Sistan Armenia and Iran | © Taleghan Dam 10.4.2015. Fabaceae
. . . 2 dd Khasban 10.5.2015, e
Ceutorhynchus chalybaeus Germar, 1824 Ceutorhynchinae | Mazandaran W/C Palacarctic 12 & Gelinak 9.5.2015 Brassicaceae
Ceutorhynchus hirtulus Germar, 1824 Ceutorhynchinae | Khorasan W Palaearctic 2 33 Khasban 10.5.2015, Brassicaceae
Ceutorhynchus sulcicollis (Paykull, 1800) Ceutorhynchinae | Mazandaran W Palaearctic 1 99 Taleghan Dam 10.4.2015 | Brassicaceae
P ) | . . 1 d'Gelinak 9.5.2015, S
Mogulones asperifoliarum (Gyllenhal, 1813) Ceutorhynchinae | New Record W Palaearctic | 2 Taleghan Dam 10.4.2015 Brassicaceae

In distribution columns: E=East, W=Western, C=Central and N=North.

Strophomorphus porcellus (Scjoenherr, 1832): The only Iranian record of this
species from Tehran was published by Pelletier (1999). In this study, we confirmed
Taleghan Region as another locality for this species in Iran.

Lixus ascanii Linnaeus, 1767: This species was recorded from Golestan Province
(Ghahari and Colonnelli, 2012). According to the Golestan record (NE Iran) our new
record from Taleghan Region and also its wide distribution in Europe and the Middle
East, this species may be distributed from West to East of Iran.

Larinus scolymi (Olivier, 1807): This species is considered as a common species
in Western Palaearctic. There was no precise direct report of L. scolymi from Iran,
however, taxon L. flavescens Germar, 1824 (recently the synonym of L. scolymi) has
been already recorded from Iran (Borumand, 1998; Nematolahi, 2010). In our study
this species was found surprisingly only in lapidicolous habitat.

Larinus iranicus Gultekin and Podlussany, 2012: This endemic species of Iran was
recently described by Giltekin & Podlussany (2012). The localities of paratypes were
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limited to the East of Iran (East Azarbayijan, Hamadan and West Azarbayijan). Our new
record from Taleghan Region has extended the known distribution area of this species.

Tychius hiekei Caldara, 1990: According to the geographic data of the paratypes
of T. hiekei Caldara (1990) mentioned one locality in Armenia and two localities in
Iran (Mazandaran, Sistan and Baluchestan). After 25 years, this is the first record for
this species. According to these data, the distribution range of this species should be
extended from the North to the South East of Iran (near to Pakistan border).

Ceutorhynchus hirtulus (Germar, 1824): This species was reported by Colonnelli
(2004) for the first time from Khorasan (East of Iran). According to the new record of
this species from North of Iran (Taleghan Region), our information about the distribution
of this species is quietly extended.

Ceutorhynchus sulcicollis (Paykull, 1800): Several records (Colonnelli, 2004;
Barari and Alziar, 2008; Barari and Serri, 2010) confirmed this species only in
Mazandaran province. However C. sulcicollis is known as a pest of oilseed rape and
a common species in Europe (Grantina et al., 2011). The abundance of grape gardens
in Mazandaran province is one of the reasons of over attention to C. sulcicollis in
Mazandaran. Due to an economic importance of this pest, the Iranian geographic
distribution of C. sulcicollis should be studied by further detailed research.

The species richness of plants and vegetation is the key factor for weevil diversity
in each region. Several river basins and the high quantity and quality of underground
waters led to the vast green area in most of the parts of Taleghan Region (Moghaddam
etal., 2013). Moghaddam et al. (2013) detected 547 water springs in just a limited area
of Taleghan Region. In the addition, the average of solar radiation in Taleghan is relatively
high (4.5 kWh/m?) (Shiroudi and Taklimi, 2011). High solar radiation, huge source of
available water and also high annual precipitation (Kiyani, 2013) are responsible for
growth of variety of plants especially in rangelands that affect weevil fauna as well.

The most frequent plant families in rangelands of Taleghan Region are following:
Gramineae, Hypericaceae, Compositae, Labiatae and Fabaceae (Fahimipoor et al.,
2010). According to the diversity of plant species in rangelands and grasslands, the
high diversity of Apioninae species is expected in this region. In the current study, we
confirmed 16 species of Apioninae and four of them were recorded in Iran for the first
time. Legalov et al. (2010) listed 70 Apioninae for the Iran fauna. In the comparison
of the area of Iran (1,623,779 km?) (Zehzad et al., 2002) and Taleghan (955.7 km?),
the finding of 16 Apioninae species in such small area could be considered as a high
number. However, it is suggested that a total number of known Apioninae species
in Iran is not compatible to environment richness and vastness of Iran and more
investigation should be done.

It seems that the weevil fauna of the grasslands and rangelands of Taleghan are
also affected by presence of many agricultural fields. For instance, Hypera postica
(Gyllenhal, 1813), Tychius aureolus Kiesenwetter, 1851 and several species of genus
Sitona that are found in our current study, are the most known and also frequent pests
of alfalfain Iran (Sanaei et al., 2015). The alfalfa is cultivated for feeding cattle in many
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villages in Taleghan Region. The weevil community in Taleghan Region can be affected
also by other factors. During last decades, it was observed significant degradation
of the vegetation in this region. Between years 1987 to 2007, more than 90% of the
agricultural fields and 30% of rangelands of limited studied area of Taleghan Region
changed turned to bare lands (Kiyani, 2013). Taleghan Dam (Fig. 2) is an important
source of drinking water and create also electric power not only for Taleghan but also
for Tehran (Capital of Iran) (Kazemi et al., 2012). The coast of Taleghan Dam is an
attractive location for tourists and this is the main source of environmental waste and
pollution (Kazemi et al., 2012; Kiyani, 2013). The volume of human mediate waste
plus overgrazing of livestock are the main reasons for sudden change of vegetation
in Taleghan Region (Kiyani, 2013). These environmental problems may have an
unrecoverable damage to the fauna, especially the herbivorous species like weevils.
In order to decrease the future extinction of several species, the environmental
management in Taleghan Region is highly recommended.
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ABSTRACT

A faunistic survey was carried out on ground beetles (Insecta, Carabidae) over the course of
2012-2013 in four localities from Northern Tunisia. Insects were collected mostly by hand and pitfall traps.
The habitat preferences of ground beetle species are also discussed. In total 65 species belonging to 45
genera, 24 tribes, and nine subfamilies were found, whose six species are new records for Tunisia and
seven species are endemic to northern Africa. The present study gives new faunistic data and better
knowledge on the biogeography of Tunisia.

Key words: Carabidae, taxonomy, new records, endemic, distribution, Tunisia.

INTRODUCTION

The family Carabidae, or ground beetles, currently includes about 40,000 (Thiele,
1977) to 50.000 species (Desender, 1987) but some authors consider it could be about
60,000 species (Gaston, 1991). Carabidae are the most abundant beetle families
(Dajoz, 2002). They are located in all terrestrial habitats and represent a major part
of the invertebrate predator for the soil fauna (Arndt et al., 2011). Their evolutionary
differentiation took place during the Quaternary ice ages (Palestrini et al., 2012).
Studies on the distribution and survival of many Carabidae species in different habitats
serve to consolidate our level of knowledge of the environmental and climate change
(Kerr et al., 2007; Vaibhao et al., 2013). They are one of the three richest families
of extant beetles (Lorenz, 2005) and are important bioindicators for assessment the
effect of anthropogenic impact on the terrestrial ecosystem (den Boer, 1977; Butovsky,
1997; Butovsky et al., 1999; Brandmayr et al., 2005; Lagisz and Laskowski, 2008;
Schirmel et al., 2015; Ghannem et al., 2016; Simon et al., 2016). However, as they
are predators of terrestrial invertebrates and, at the same time can be part of the diet
of vertebrates (amphibians, reptiles, birds) they can play a key role in clarifying the
route of toxic elements in food chain (Butovsky, 2011). These animals have been used
in studies of several terrestrial habitats (grassland, forest, agro-ecosystems, and even
roadside) in the assessment of human impacts on terrestrial ecosystems (Andrews
and Cooke, 1984; Beyer et al., 1985; Butovsky, 1994; Jelaska et al., 2007; Purchart
and Kula, 2007). This group of invertebrates is frequently used for ecotoxicological
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analysis for the reason of its strong ability to be found in all types of terrestrial
environments (Conti et al., 2017). Carabidae beetles consume a wide assortment of
soil arthropods (caterpillars, wireworms, maggots, ants, aphids and slugs), are also
feeding on seeds during its development. They considered as one of the regulating
agents of weed populations (Liebman and Gallandt, 1997). One of the most daunting
tasks challenging an aspiring entomologist is the identification of species within a
family as diverse as carabids (Choate, 2001). This family is characterized by a very
wide adaptive success on the multiple ecological conditions encountered on the scale
of the globe. According to Moret (2003) and based on their great diversity, Carabidae
are a suitable taxonomic group for ecological and biogeographical studies. Their
high endemism, the inability to fly of most of Carabidae species and their restricted
geographic distribution is a key element to define areas of endemism (Moret, 2000).
In addition, they are easy to sample using several collecting techniques. They can
be found under stones or in the middle of the pillow vegetation. At night, when they
leave to hunt, it will be easy to collect them using a flashlight or using pitfall traps.
Species checklists are effective tools in the domain of natural science. They serve
to consolidate our level of knowledge and at the same time indicate areas in need of
further survey. The fauna of Carabidae of Tunisia is rather unknown in comparison to
Europe as well as other zoogeographical areas. Only a few studies cover the topic of
ground beetles in Tunisia. Good examples are so far Bedel (1895), Peyerimhoff (1909)
and Normand (1933), recent work leading to the discovery of new species (Gueorguiev,
2012; Queinnec and Ollivier, 2012; Ghannem et al., 2015), and that prompted us to
make a new contribution and update the list of ground beetles in Tunisia.

The aim of our study was to analyze spatial patterns in the species richness of
carabids in order to achieve a better knowledge of the ground beetles of Tunisia.

MATERIAL AND METHODS

Study area

The materials for this study were collected from various habitats between the
years 2012 and 2013. The study areas (four sites) are located in Northern Tunisia.
GPS coordinates altitudes and morphodynamic characteristics of the study areas
are listed in Table 1.

Sampling procedure

The specimens were sampled by pitfall traps (diameter 10 cm, height 12 cm).
We used 10 containers per locality, separated about 5m and buried in a way that
the microhabitat do not look like modified to facilitate the insect catch. Each pot was
partially filled with acetic acid diluted at 30% to kill and preserve samples. Sampling
was biweekly in March, April, May and June, and the beetles were collected, separated,
and identified. Additional specimens were collected directly by hand while walking
through the area of study. Dates, locations, and number of specimens were recorded.
Beetles were stored in the collection of the first author in the Faculty of Sciences of
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Bizerte, University of Carthage, Tunisia. The biological materials were identified using
literature carry out by specialists: Bedel (1895), Antoine (1955-1957-1959-1961-
1962), and by comparison with the collection of Peyerimhoff at the National Museum
of Natural History, Paris, France (NHMP) and later confirmed by some experts (see
Acknowledgements).

The new records are marked in the list by an asterisk (*).

In general, for practical reasons we suggest in our study using the highest
classification suggested by Bouchard et al. (2011) and for the genus level and species
names we have followed the Palearctic catalogue (Lobl and Smetana, 2003).

Table 1. Main characteristics of study areas.

Site Geographical coordinates Altitude, Habitat
ma.s.l.
It is located in northern Tunisia, only 8 km to the south-east of the city of
Bizerte, near to the sea. The site is characterized by forest plantations
(Acacia Cyclops A. Cunn. ex G. Don, 1832, Acacia cyanophylla Lindl, 1839,
37°20' 23.55" N Pinus pinaster Aiton, 1789, Pinus pinea Linnaeus, 1753, Pinus halepensis
Ras Injla p 14 Mill. 1768 and Eucalyptus sp. Hook, 1844). Existing and especially shrubs

9744'54.05"E and herbaceous vegetation, found mostly Juniper, whether Phoenician,

or oxycedre (Juniperus Phoenicia Linnaeus, 1753, Juniperus oxycedrus
Linnaeus, 1753, Ephedra fragilis Moris, 1828 and Matthiola tricuspidata
R.Br. 1812.)

Located in the northern part of Tunisia, breeding ground wheat (Triticum
36°53'671"N aestivum Linnaeus, 1753) on the main road Beja-Mateur, crossed by
Sidi Nsir 009°26'648" E 218 a permanent watercourse. This environment is characterized by forest

plantations of Acacia and Eucalyptus, including Eucalyptus sp. Hook, 1844
and Acacia Cyclops A.Cunn.ex G.Don, 1832.

This region is the most humid area of Tunisia for holding the national rainfall
record with 1,534 millimeters of precipitation per year.

Plantation: Forest cork oak or oak Zen (we usually at Tribeted to Quercus
Ain 36°47°17.14°'N 800 suber Linnaeus, 1753 and Quercus mirbecki Durieu ex Bory, 1846). Without
Draham 8°40'47.72" E limestone soils, is presented with characteristic soils leached mull. In the
litter including forming a continuous sheets cork oak and oak litter Zen,
is light textured topsoil, blackish, heavily penetrated by the roots, with a
richness organic substances declining with depth

This region is characterized by an alternation of sandy areas and steep
areas. Ecosystem Cap Serrat is belonging to the field of Montado vegetation
cork oak. They are in the form of forests, matorral of varying height and
37°14'25'N grassy erme (thermo-Mediterranean Cork Oak Landscapes floor includes
Cap Serrat 0°12'33.5°E 108 bass altitude where the lentisk is abundant and Montado his matorral

. and ermes used for grazing livestock farmers).At the level of interdunal
depressions evolve hydromorphic gley soils and permanent water shallow.
The vegetation is characterized by Cutandia maritime Barbey, 1885,
Crucianella maritime Linnaeus, 1753

RESULTS

The investigated area gives data on 65 species from 45 genera, 24 tribes, and
nine subfamilies found in North Tunisia. The registered taxa are listed below. All
registered species belong to the following subfamilies: Nebriinae (with two tribe, two
genera, and two species), Cicindelinae (with one tribe, two genera, and two species),
Carabinae (one tribe, one genera, and one species), Omophroninae (one tribe, one
genera, and one species), Scaritinae (with three tribe, four genera, and five species),
Siagoninae (with one tribes, one genera, and one species), Trechinae (with three
tribe, four genera, and 12 species), Brachininae (with one tribe, one genera, and six
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species) and Harpalinae (with 10 tribes, 28 genera, and 35 species). The species and
subspecies that belonged to subfamilies and tribes are presented in the following list.

Subfamily Nebriinae Laporte, 1834
Tribe Nebriini Laporte, 1834
Genus Nebria Latreille, 1802

Nebria (Nebria) andalusia variabilis Lucas, 1842
Material examined. Sidi Nsir: 283, 19; 11. 04. 2012.

Collection circumstances: The specimen was found underneath stone and leaves.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: Italy,
Portugal, Spain; (L6bl and Smetana, 2003).

Tribe Notiophilini Motschulsky, 1850
Genus Notiophilus Duméril, 1806

Notiophilus geminatus Dejean, 1831
Material examined. Ras Injla: 299, 31. 06. 2012; Ain Draham: 13, 29 2; 23. 03. 2013.

Collection circumstances: Species collected in a fresh environment, between roots,
under wood, stones and dead leaves. He lives in a variety of environments. Although
the number of places where it was detected, it reflects the diversity of the conditions
mentioned because they are captured at the same time in zones wet and in others
sunny and dry, which suggests that it is a species with a big capacity of adaptation.

Geographical distribution. North Africa: Tunisia, Algeria, Morocco, Canary Island.
Europe: France, Greece, ltaly, Spain. Asia: Syria (Bedel, 1895; Antoine, 1955; L&bl
and Smetana, 2003).

Subfamily Cicindelinae Latreille, 1802

Tribe Cicindelini Latreille, 1802
Genus Cicindela Linnaeus, 1758

Cicindela (str.) campestris Linnaeus, 1758

Material examined. Ain Draham: 2 43, 12, 04. 05. 2012.

Collection circumstances: The species was collected, especially on shrubs in soll
free of limestone.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: Italy,
Spain, France, Portugal (Bedel, 1895; Antoine, 1955; Lébl and Smetana, 2003). The
range of this species is an example of chorotype Palearctic (Serrano, 2003).
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Genus Lophyra Motschulsky, 1859
Lophyra flexuosa (Fabricius, 1787)

Material examined: Ras Injla, 734, 599, 31. 06. 2012; Cap Serrat, 733, 629, 31.06.2012.

Collection circumstances: They were generally collected on sandy grounds and
dunes, near the sea and lakes, sometimes along the river banks.

Geographical distribution: North Africa: Tunisia, Algeria, Egypt, Libya, Morocco.
Europe: France, Italy, Portugal, Spain, Switzerland. Asia: Syria (Bedel, 1895; Antoine,
1955; Lobl and Smetana, 2003).

Subfamily Carabinae Latreille, 1802
Tribe Carabini Latreille, 1802
Genus Macrothorax Desmaret, 1850

Macrothorax morbillosus (Fabricius, 1792)
Material examined. Ras Injla, 133, 399, 31.06.2012; Sidi Nsir, 437, 399, 11.04.2012.

Collection circumstances: These species were collected under stones, in the
woods and in snail shells.

Geographical distribution: All of North Africa. Europe: Spain, Italy (Sicily, Sardinia),
France (Bedel, 1895; Antoine, 1955; Machard, 1997; L6bl and Smetana, 2003).

Subfamily Omophroninae Bonelli, 1810
Tribe Omophronini Bonelli, 1810
Genus Omophron Latreille, 1802

Omophron limbatum Fabricius, 1776
Material examined: Cap Serrat, 233, 399, 22.04.2013; Ras Injla, 244, 199; 13.05.2013.

Collection circumstances: Species captured in sandy soil near water course.

Geographical distribution: North Africa: Tunisia, Algeria. Europe: Spain, France,
Italy (incl Corsica and Sicily.), Montenegro, Serbia, Slovenia, Albania, Bosnia and
Herzegovina, Bulgaria, Croatia, Greece, Turkey (incl Crete) (Lébl and Smetana,
2003; Valainis, 2009).

Subfamily Scaritinae Bonelli, 1810
Tribe Clivinini Rafinesque, 1815

Genus Clivina Latreille, 1802



20
GHANNEM, S., BOUMAIZA, M.

Clivina ypsilon Dejean and Boisduval, 1829
Material examined. Cap Serrat, 253, 392, 22.03.2013; Ras Injla,1J; 12.04.2013.

Collection circumstances: Hidden under stones and plant residues in a wet and
coastal zone.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco (L6bl and Smetana,
2003).Western Mediterranean from Sicily to Spain, Central Europe (Kapla, 2004).

Tribe Dyschiriini Kolbe, 1880
Genus Dyschirius Bonelli, 1810
Dyschirius numidicus Putzeys, 1846

Material examined. Cap Serrat, 243, 12, 11.06.2012, Ras Injla, 13, 329, 29.06.2012.

Collection circumstances: Collected in the sand of the coast.

Geographical distribution: North Africa: Tunisia, South Algeria, Morocco, Egypt
(Antoine, 1955). The western Mediterranean, on the coast of the Mediterranean Sea
from Spain, France and Italy (Fedorenko, 1996).

Tribe Scaritini Bonelli, 1810
Subtribe Scaritina Bonelli, 1810
Genus Distichus Motschoulsky, 1857
Distichus planus (Bonelli, 1813)
Material examined: Cap Serrat, 74, 89 9; 22.04.2013; Ras Injla, 1284, 119%; 13.05.2013.

Collection circumstances: Wide spread species on sandy beaches.

Geographical distribution: North Africa: Tunisia, Egypt, Morocco. Europe: Spain,
Italy, Corsica (L6bl and Smetana, 2003).

Genus Scarites Fabricius, 1775
Scarites (Parallelomorphus) laevigatus Fabricius, 1792
Material examined. Ras Injla, 943, 1399, 21.06. 2012; Cap Serrat, 554, 299, 23.03. 2013.

Collection circumstances: Halophiles insects living on the coastal beaches,
especially at the mouths of rivers and on the wet sand.

Geographical distribution: North Africa: Tunisia, Algeria, Egypt, Morocco (Lébl and
Smetana, 2003). Europe: Spain, ltaly, Greece, Slovenia, Portugal. It is an element
and Mediterranean coasts of the Black Sea (Magistretti, 1965).

Scarites (Scallophorites) striatus Dejean, 1825

Material examined. Ras Injla, 433, 399, 31.06. 2012.
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Collection circumstances: Species collected on the sand.

Geographical distribution: North Africa: Tunisia, Algeria, Libya, Egypt. Asia: Saudi
Arabia (L6bl and Smetana, 2003).

Subfamily Siagoninae Bonelli, 1813
Tribe Siagonini Bonelli, 1813
Genus Siagona Latreille, 1804

Siagona rufipes Fabricius, 1792
Material examined. Sidi Nsir, 13, 11. 04. 2012.

Collection circumstances: Species collected in a clay ground under a stone.

Geographical distribution: Endemic to North Africa, mainly distributed in Tunisia,
Algeria, Morocco (Antoine, 1955; L6bl and Smetana, 2003).

Subfamily Trechinae Bonelli, 1810
Tribe Bembidiini Stephens, 1827
Subtribe Bembidiina Stephens, 1827
Genus Asaphidion Gozis, 1886
Asaphidion stierlini (Heyden, 1880)

Material examined: Ain Draham, 223, 4929, 04.05. 2012.

Collection circumstances: Species collected in edges of running water.

Geographical distribution: North Africa: Tunisia, Morocco. Europe: Austria,
Belgium, France, Great Britain, Germany, Greece, ltaly, Netherlands, Spain (Lobl
and Smetana, 2003).

Genus Bembidion Latreille, 1802

Bembidion quadrimaculatum quadrimaculatum Linnaeus, 1761
Material examined: Ras Injla, 13, 299, 04.05. 2012; Cap Serrat, 299, 24.06. 2012.

Collection circumstances: Species found at the edge of puddles.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: Italy
(Sardinia) (Bonavita and Taglianti, 2005)

*Bembidion (Testedium) bipunctatum (Linnaeus, 1761)
Material examined: Ain Draham, 34, 592, 05.05. 2013.

Collection circumstances: Species collected along streams.
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Geographical distribution: North Africa: Algeria, Morocco. Europe: Italy, Spain,
France, Great Britain, Germany. Asia: Turkey (Bedel, 1895; Antoine, 1955; L6bl and
Smetana, 2003).

*Bembidion (Actedium) kuesteri Schaum, 1845
Material examined: Ain Draham, 22, 499, 22.05.2013; Cap Serrat, 399, 12.03.2013.

Collection circumstances: Mediterranean coast, and at the mouths of rivers.

Geographical distribution: North Africa: Algeria, Morocco. Europe: Italy (Sardegna),
France (Bedel, 1895; Antoine, 1955; LAobl and Smetana, 2003).

Bembidion (Nepha) callosum Kiister, 1847
Material examined: Ain Draham, 243, 599, 04.05. 2012; Cap Serrat, 283, 19, 4.06.2012.

Collection circumstances: Species found in wet soil near a stream.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco (Antoine, 1955;
Loébl and Smetana, 2003).

Bembidion (Nepha) genei (Kiister, 1847)
Material examined: Ain Draham, 24, 19, 04.05.2012; Cap Serrat, 13, 399, 14.06. 2012.

Collection circumstances: The species was found at the edge of ponds, rivers
and streams.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: France,
Greece, ltaly, Portugal, Spain, Italy (Sardinia) (Bonavita and Taglianti, 2005).

Bembidion (Phyla) tethys (Netolitzky, 1926)
Material examined: Ras Injla, 399, 21.VI. 2012; Cap Serrat, 333, 499, 14.VI. 2012.

Collection circumstances: The specimen was found at the edge of the water.

Geographical distribution: North Africa: Algeria, Libya, Morocco, Tunisia. Europe:
Bosnia and Herzegovina, Croatia, France, Italy, Malta, Portugal, Spain, Yugoslavia
(Serbia, Montenegro); Asia: Turkey (L6bl and Smetana, 2003).

Bembidion (Ocyturanes) dudichi (Csiki, 1928)
Material examined: Ain Draham, 1133, 9929, 04.05. 2012.

Collection circumstances: These species were collected in streams of sand edge.

Geographical distribution. North Africa: Algeria, Morocco, Tunisia. Europe: Spain,
France, Portugal (Antoine, 1955; Lobl and Smetana, 2003).

Bembidion (Ocyturanes) praeustum Dejean, 1831
Material examined: Ain Draham, 299, 04.05. 2012.

Collection circumstances: Species harvested at the edge of a stream in sandy soil.
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Geographical distribution. North Africa: Tunisia, Egypt, Libya. Europe: continental
Italy and Sicily (Neri et al., 2010).

Bembidion (Neja) cirtense Netolitzky, 1914
Material examined: Ain Draham, 39 ¢, 04.05. 2012.

Collection circumstances: Located at the edge of rivers and streams.

Geographical distribution: Endemic species for North Africa, distributed in Tunisia
and Algeria (L6bl and Smetana, 2003).

Subtribe Tachyina Motschulsky, 1862
Genus Sphaerotachys Miiller, 1926
Sphaerotachys haemorrhoidalis (Ponza, 1805)

Material examined: Cap Serrat, 17, 4.V1.2012.

Collection circumstances: Species found in zones of sand on the banks of running
water and under stones in a wet salty ground.

Geographical distribution: North Africa: Tunisia, Morocco, Canary Island, Egypt.
Europe: Spain, Italy, France (L6bl and Smetana, 2003).

Tribe Pogonini Laporte, 1834
Genus Pogonus Dejean, 1821
Pogonus (str.) littoralis Duftschmid, 1812

Material examined: Sidi Nsir, 233, 399, 11.04 2012; Ras Injla, 13, 299, 11.05. 2012.

Collection circumstances: It was found under a stone near a permanent stream
near an agricultural field.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: Belgium,
Bulgaria, France, Greece, Italy, Moldova, Netherlands, Romania, Spain, the European
territory of the South, Ukraine; Asia: Syria, Turkey (L6bl and Smetana, 2003).

Tribe Trechini Bonelli, 1810
Subtribe Trechina Bonelli, 1810
Genus Trechus Clairville, 1806
Trechus obtusus Erichson, 1837

Material examined: Ain Draham, 2 44, 19, 04. 05. 2012.

Collection circumstances: Species hygrophile collected under dead leaves.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe. Spain,
Italy, France (Zaballos, 1993; Lébl and Smetana, 2003).
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Subfamily Brachininae Bonelli, 1810
Tribe Brachinini Bonelli, 1810
Subtribe Brachinina Bonelli, 1810
Genus Brachinus Weber, 1801

Brachinus (str.) efflans Dejean and Boisduval, 1829
Material examined: Sidi Nsir: 14, 299, 08.111.2012.

Collection circumstances: The species were found under a stone in a wet field,
near a farm field and a permanent water course.

Comments on classification: The former citations of B. efflans Dejean and Boisduval
from Tunisia are included as a variety of Brachinus crepitans L. (Bedel, 1895) from
Haidra and under the synonym Brachinus etslans Dejean.

Geographical distribution: Mediterranean element (Ruiz-tapiador and Zaballos, 2001),
Bulgaria, Italy, Portugal, Spain, Syria, Western Morocco, from Casa Blanca to Tangier
and the Middle Atlas (Machard, 1997), Algeria, Tunisia (L6bl and Smetana, 2003).

Brachinus (str.) crepitan Linnaeus, 1758
Material examined: Sidi Nsir, 237, 19, 08.03.2012.

Collection circumstances: Species found under vegetation debris.

Geographical distribution: North Africa, Tunisia, Algeria, Morocco.Middle and
southern Europe. Asia: Syria (Bedel, 1895).

*Brachinus (Brachinus) psophia Serville, 1821
Material examined: Cap Serrat, 17, 3929, 13.03.2013; Ras Injla, 233, 429, 06.04.2013.

Collection circumstances: Species collected at the edges of the river, especially
near their mouths.

Geographical distribution: North Africa: Algeria, Morocco. Southern Europe: Spain,
Italy, France, Portugal (L6bl and Smetana, 2003).

Brachinus (Brachynolomus) immaculicornis Dejean, 1825
Material examined: Cap Serrat, 15, 299, 08.03.2012.

Collection circumstances: Species collected under a stone in a clay-humus ground.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: Spain,
Italy, France (Lobl and Smetana, 2003).

Brachinus (Brachynoaptinus) mauretanicus Bedel, 1914

Material examined: Cap Serrat, 233, 399, 23.03.05.2013; Ain Draham, 13, 292, 21.02.2013.
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Collection circumstances. Species found under stones and plant debris in wet
clay soil.

Geographical distribution. Endemic to North Africa. Moroco, Tunisia (Bedel, 1895,
Antoine, 1955).

Brachinus (Cnecostolus) humeralis Ahrens, 1812
Material examined: Ain Draham, 24, 19, 26.02.2013.

Collection circumstances: Species found under vegetation debris and under stone.

Geographical distribution: North Africa: Algeria, Morocco, Tunisia. Europe: Spain,
Italy, France (Bedel, 1895; Antoine, 1955; Lobl and Smetana, 2003).

Subfamily Harpalinae Bonelli, 1810
Tribe Chlaeniini Brullé, 1834

Subtribe Chlaeniina Brullé, 1834
Genus Chlaenites Motschoulsky, 1860

Chlaenites spoliatus (Rossi, 1792)
Material examined: Sidi Nsir, 243, 399, 24.02.2012.

Collection circumstances: These species have been found in flooded terrain under
plant debris.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco, Canaries Island,
Libya, Egypt. All moderate and Southern Europe and Central Asia (Antoine, 1955;
Machard, 1997; Lébl and Smetana, 2003).

Genus Chlaenius Bonelli, 1810

Chlaenius velutinus ssp auricollis Géné, 1839
Material examined: Sidi Nsir, 243, 19, 11. 04.2012.

Collection circumstances: These species were collected under stones and roots
of vegetables.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco, Mauritania.
Europe: Spain, Italy (Sicily and Sardinia), France, Portugal, Greece, Germany (Antoine,
1955; Machard, 1997; Serrano, 2003; Lobl and Smetana, 2003).

Genus Trichochlaenius Seidlitz, 1887

Trichochlaenius chrysocephalus (Rossi, 1790)
Material examined: Sidi Nsir, 334, 129, 26.11.2012.
Collection circumstances: Species collected in the edges of stagnant waters, under
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stones. Itis a species of meso-hygrophilous behavior. In the study area we sometimes
notice a gregarious behavior and are frequently captured by living together with
diverse species of Brachinus Weber, a similar behavior marked by Therond (1975),
who emphasizes that in winter this tendency is more marked.

Geographical distribution. North Africa: Tunisia, Algeria, Morocco. Europe: Spain,
Italy, Portugal, Greece, France (Antoine, 1955; Lébl and Smetana, 2003).

Trichochlaenius aeratus varvasi Laporte, 1834
Material examined: Sidi Nsir, 237, 592, 11.04.2012.

Collection circumstances: These species were collected under stones in a wet clay soil.

Geographical distribution: Endemic to North Africa: Tunisia, Algeria, Morocco
(Serrano, 2003).

Tribe Dryptini Bonelli, 1810
Genus Drypta Latreille, 1796
Drypta dentata (Rossi, 1790)

Material examined: Ain Draham, 12, 12. 02. 2013.

Collection circumstances: This species is collected under plant debris in wet ground.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco, Egypt (Bedel,
1895; Antoine, 1955; Lobl and Smetana, 2003).

Tribe Graphipterini Latreille, 1802
Genus Graphipterus Latreille, 1802
Graphipterus serrator Forsskal, 1775

Material examined: Ras Injla 243, 529, 31.06.2012.

Collection circumstances: These species were collected on the coast around the
turfs and captured around small knolls of sand. Insect xerophile, short sunlight and
ran stridulates.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco, Egypt, Libya,
Mauritania (Bedel, 1895; Antoine, 1955; Machard, 1997).

Tribe Harpalini Bonelli, 1810

Subtribe Anisodactylina Lacordaire, 1854
Genus Scybalicus Schaum, 1862
Scybalicus oblongiusculus Dejean, 1829

Material examined: Sidi Nsir, 299, 11.03. 2012.
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Collection circumstances. The species was found buried in wet ground.

Geographical distribution. North Africa: Tunisia, Algeria, Morocco. Western Europe
(Gibraltar to England); Italy (Sicily) (Bedel, 1895; Machard, 1997; Lébl and Smetana, 2003).

Subtribe Harpalina Bonelli, 1810
Genus Carterus Dejean, 1829

Carterus (str.) rotundicollis Rambur, 1837
Material examined: Sidi Nsir, 174, 322, 11. IV. 2012.

Collection circumstances: The specimen was collected under stones in wet clayey soils.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: Spain,
Italy, Portugal (Bedel, 1895; Antoine, 1955; Machard, 1997).

Carterus (str.) interceptus Dejean
Material examined: Sidi Nsir, 23, 11. V. 2012.

Collection circumstances: Species found in wet clay soil under stones.

Geographical distribution. North Africa: Tunisia, Algeria, Morocco. Europe: Spain,
Portugal (Bedel, 1895 ; L6bl and Smetana, 2003).

Genus Graniger Motschoulsky, 1864

Graniger cordicollis Serville, 1821
Material examined. Sidi Nsir, 299, 11. 04. 2012.

Collection circumstances: This species is collected under a stone in a wet ground.

Geographical distribution: North Africa: Algeria, Morocco, Tunisia. Europe:
Spain, Armenia, Bulgaria, Croatia, France, Greece, Italy, Malta, Portugal (L6bl and
Smetana, 2003).

Genus Harpalus Latreille, 1802
Harpalus (Pseudophonus) rufipes (De Geer, 1774)

Material examined: Sidi Nsir, 233, 399, 14. 04. 2012.

Collection circumstances: Species collected under stones in wet ground and under
pieces of wood.

Geographical distribution: North Africa: Tunisia, Algeria Morocco. Europe: France,
Germany, Portogal, Spain (Lobl and Smetana, 2003).

Harpalus (str.) distinguendus (Duftschmid, 1812)

Material examined: Ain Draham, 243, 27. 05. 2012.
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Collection circumstances: These species were collected under stones and
vegetable debris.
Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Middle Europe,
Caucasus, Asia Minor (Antoine, 1955; Lobl and Smetana, 2003; Wrase, 2009).
Genus Parophonus Ganglbauer, 1892

Parophonus hispanus Rambur, 1838

Material examined: Sidi Nsir, 433, 199, 11. 04. 2012.

Collection circumstances: The specimen was found on sandy soil between the
debris of vegetation.

Geographical distribution: North Africa: Algeria, Morocco, Tunisia. Europe: Italy,
Spain (Sciaky, 1992; Zaballos and Jeanne, 1994).

Parophonus hespericus Jeanne, 1985

Material examined: Sidi Nsir, 233, 392, 11. 04. 2012.

Collection circumstances: These species have been collected under stones and
plant debris, mostly in colonization with P. hispanus Rambur, 1838

Geographical distribution: North Africa and ltaly (Sciaky, 1992); Spain (Jeanne
and Zaballos, 1986).

Subtribe Stenolophina Kirby, 1837
Genus Stenolophus Dejean, 1821
Stenolophus (Stenolophus) teutonus (Schrank, 1781)
Material examined. Sidi Nsir, 247, 11. 04. 2012.
Collection circumstances. These species were recorded under stones and debris

in a humid place.

Geographical distribution. North Africa: Tunisia; Algeria, Canary Islands, Egypt,
Libya, Morocco. Europe: Serbia (Curcic and Stojanovic, 2011), Spain, Malta,
Macedonia, Moldova, Poland, Portugal, Romania, Slovakia, Slovenia, Sweden, Turkey,
Ukraine, Yugoslavia. Asia: Syria, Turkey (Bedel, 1895; Antoine, 1955; Machard, 1997;
Loébl and Smetana, 2003).

*Stenolophus (Stenolophus) mixtus (Herbst, 1784)
Material examined. Sidi Nsir, 13, 499, 02.05. 2013.

Collection circumstances. Marshy coastal places.

Geographical distribution. North Africa: Algeria, Morocco. Europe: Italy, Spain, Malta,
Macedonia, Moldova, Poland, Portugal, Romania, Slovakia, Slovenia, Sweden, France,
Ukraine (Bedel, 1895; Antoine, 1955; Machard, 1997; Lébl and Smetana, 2003).
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Tribe Lebiini Bonelli, 1810
Subtribe Apenina Ball, 1983
Genus Platytarus Fairmaire, 1850
Platytarus bufo (Fabricius, 1801)
Material examined: Sidi Nsir, 13, 299, 17. 01. 2013.

Collection circumstances: The species was found under a stone.

Geographical distribution. North Africa: Tunisia, Algeria, Morocco. Europe: Spain,
Italy, Portugal (L6bl and Smetana, 2003).

Subtribe Cymindidina Laporte, 1834
Genus Cymindis Latreille, 1806
Cymindis setifensis Lucas, 1842
Material examined: Sidi Nsir, 399, 11. 04. 2012; Ras Injla, 183, 1929, 13. 06. 2013.

Collection circumstances: The species was found under a small stone.

Geographical distribution: C. sitifensis Lucas, 1842 is appropriate to the North of
Africa and spread, under diverse forms, in all the Barbary Coast and in the islands
Madeira, Salvages and the Canary Islands (Bedel, 1895; Ghannem et al., 2014).

Subtribe Dromiusina Bonelli, 1810

Genus Apristus Chaudoir, 1846
Apristus striatipennis Lucas, 1846
Material examined: Ain Draham, 2 99 21.03. 2012.

Collection circumstances: Species collected in the gravel, at the edge of running
waters.

Geographical distribution: North Africa: Tunisia, Morocco, Algeria, Egypt (L6bl and
Smetana, 2003; Machard, 1997). It is an endemic element for West Africa.

Genus Microlestes Schmidt-Goebel, 1846
Microlestes corticalis (Dufour, 1820)

Material examined: Ain Draham, 34, 499, 08.03.2012; Cap Serrat, 243, 399, 18.03.2012.

Collection circumstances: Under dead leaves and plants bass in an argilo-sandy
ground.

Geographical distribution: North Africa: Tunisia, Morocco, Algeria, Mauritania,
Canary lIsland, Egypt. Europe: Spain, ltaly, France, Germany, Greece, Portugal.
Central Asia (Antoine, 1955; Machard, 1997; Lébl and Smetana, 2003).
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Subtribe Lebiina Bonelli, 1810
Genus Lamprias Bonelli, 1810

Lamprias fulvicollis Fabricius, 1792
Material examined: Cap Serrat, 143, 492, 08.03.2012; Ain Draham, 244, 19, 23.05.2012.

Collection circumstances: The species was recolted under the tree of bark.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Western Europe
(Bedel, 1895; Antoine, 1955; Machard, 1997; Lobl and Smetana, 2003).

Tribe Licinini Bonelli, 1810
Subtribe Licinina Bonelli, 1810
Genus Licinus Latreille, 1802

Licinus punctatulus Fabricius, 1972
Material examined: Cap Serrat, 647, 499, 14.06. 2012; Ras Injla, 334, 19, 31. 06.2012.

Collection circumstances: These species were collected under stones, pieces of
wood and fragments of vegetables, usually in an arid field.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: Spain,
France: (Antoine, 1955; Machard, 1997; Lébl and Smetana, 2003)

Tribe Platynini Bonelli, 1810
Genus Olisthopus Dejean, 1828
Olisthopus fuscatus Dejean, 1828

Material examined: Ain Draham, 1, 299, 26.05.2013.

Collection circumstances: Specimens were collected under stones and fragments
of vegetables in a dry ground.

Geographical distribution: North Africa: Tunisia, Algeria, Morocco. Europe: Spain,
Italy, Portugal, France (Antoine, 1955; Machard, 1997; L&bl and Smetana, 2003).

Genus Agonum Bonelli, 1810

Agonum (str.) nigrum Dejean, 1828
Material examined: Ras Injla, 13, 392, 26. 06. 2012; Cap Serrat, 243, 12, 21. 05. 2012.

Collection circumstances: The species was collected under a stone in a marshy ground.

Geographical distribution: North Africa: Tunisia, Morocco. Southern and Western
Europe (Antoine, 1955; Machard, 1997; Lébl and Smetana, 2003).
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Tribe Pterostichini Bonelli, 1810
Subtribe Pterostichina Bonelli, 1810
Genus Poecilus Bonelli, 1810

Poecilus (str.) tyrrhenicus Csiki, 1930
Material examined: Sidi Nsir, 233, 19, 22. 05. 2012.

Collection circumstances: The species were collected under stones and fragments
of vegetables.

Geographical distribution. North Africa: Tunisia, Morocco, Algeria. Europe: Spain
(Andalusia) (Antoine, 1955; Machard, 1997; Lobl and Smetana, 2003).

Genus Orthomus Chaudoir, 1838

Orthomus rubicundus Coquerel, 1859
Material examined: Sidi Nsir, 17,299, 11. 04. 2012.

Collection circumstances: It was found underneath stone surrounded with debris
of plants.

Geographical distribution: Endemic for North Africa, mainly found in northern
Algeria, northern Tunisia (Mateu, 1954).

Wrong locality: “Sicilia” (Wrase and Jeanne, 2005).
Genus Percus Bonelli, 1810
Percus (str.) lineatus Solier, 1835

Material examined: Ras Injla, 333, 299, 31. 06. 2012; Sidi Nsir,43&, 392, 11. 04. 2012.

Collection circumstances: They were collected underneath stone and wood.

Geographical distribution: North Africa: Tunisia, Algeria. Europe: Italy (Sicily) (Lobl
and Smetana, 2003).

Tribe Sphodrini Laporte, 1834
Subtribe Calathina Laporte, 1834
Genus Calathus Bonelli, 1810

Calathus (Bedelinus) circumseptus Germar, 1824
Material examined: Ain Draham, 23, 19, 4.05. 2012; Ras Injla,23J, 399, 26. 06. 2012.

Collection circumstances: The specimen was collected under feet of trees, in wet
ground.



32
GHANNEM, S., BOUMAIZA, M.

Geographical distribution: North Africa: Algeria, Morocco. Europe: Albania, Croatia,
France, Greece, ltaly, Portugal, Spain (Lébl and Smetana, 2003; Serrano et al., 2003).

Calathus (Neocalathus) mollis Marsham, 1802
Material examined: Ras Injla, 537, 499, 26. 06. 2012.

Collection circumstances: They were found underneath feet of tree, in sandy soil.

Geographical distribution: North Africa: Tunisia, Morocco. Europe: Azerbaijan,
Armenia, Belgium, Bulgaria, Bosnia Herzegovina, Croatia, Denmark, Estonia, France,
Great Britain, Germany, Georgia, Greece, Ireland, ltaly, Latvia, Lithuania, Macedonia,
Norway, Poland, Portugal, Slovenia, Spain, Sweden, Ukraine, Yugoslavia; Asia:
Turkmenistan, Turkey (Bedel, 1895; Antoine, 1955; Machard, 1997; Serrano et al.,
2003; Lébl and Smetana, 2003).

Subtribe Sphodrina Laporte, 1834

Genus Laemostenus Bonelli, 1810

Laemostenus (Pristonychus) algerinus Gory, 1833
Material examined: Ras Injla, 237, 19, 26. 06. 2012.

Collection circumstances: The specimen was collected underneath feet of trees.

Geographical distribution: North Africa: Algeria, Morocco, Tunisia. Europe: Croatia,
France, Italy, Spain (Bedel, 1895; Antoine, 1955; Machard, 1997; Lébl and Smetana, 2003).

Subtribe Synuchina Lindroth, 1956

Genus Platyderus Stephens, 1828

Platyderus ruficollis Marshamm, 1802
Material examined: Sidi Nsir: 233, 499, 17.01. 2013.

Collection circumstances. The species were collected under stones and plants.

Geographical distribution: North Africa: Tunisia, Morocco, Algeria. Europe: Western
Europe (Bedel, 1895; Antoine, 1955; Machard, 1997)

Tribe Zabrini Bonelli, 1810

Subtribe Amarina Zimmermann, 1832

Genus Zabrus Clairville, 1806

*Zabrus (Aulacozabrus) distinctus Lucas, 1842

Material examined: Ain Draham, 223, 39 Q; 23.04. 2012.

Collection circumstances: Species collected in high places, buried in the sand,
and under stones.



33
New Data of Ground Beetles (Coleoptera: Carabidae)

Geographical distribution: Endemic to North Africa: Algeria, Morocco (Bedel, 1895;
Antoine, 1955; Machard, 1997; Lobl and Smetana, 2003).

Genus Amara Bonelli, 1810

Amara (str.) subconvexa Putzeys, 1865
Material examined: Ras Injla, 243, 19; 26.06.2012; Ain Draham, 243, 399; 23.04. 2012.
Collection circumstances: The specimen was collected by had underneath dead
leaves.

Geographical distribution. North Africa: Tunisia, Algeria, Morocco. Europe: Spain,
Italy (Sardinia, Sicily), France, Portugal (Bedel, 1895; Antoine, 1955; Machard, 1997;
Loébl and Smetana, 2003).

Amara (str.) aenea Degeer, 1774

Material examined: RAs Injla, 233, 39%; 26. 06. 2012; Sidi Nsir, 443, 229; 11. 04. 2012; Ain
Draham, 39 9; 04. 05. 2012.

Collection circumstances:. Species collected underneath pieces of wood, and
vegetation debris.

A. aenea De Geer, 1774 present a marked tendency heliophilic and thermophilic
which manifested, in both in its preferences in the dry land, exposed to the sun and
open, and both for its diurnal behavior (Barndt, 1982; Desender and Alderweireldt,
1990; Kegel, 1990), upon reaching the maximal activity with the maximum temperature.

Geographical distribution. North Africa: Tunisia, Algeria, Egypt, Libya, Morocco.
Europe: Belgium, Bosnia Herzegovina, Bulgaria, Croatia, Denmark, France, Great
Britain, Germany, Georgia, Greece, Hungary, Ireland, Italy, Luxembourg, Malta,
Macedonia, Moldavia, Poland, Portugal, Spain, Sweden, Switzerland, Turkey, Ukraine
(Bedel, 1895; Antoine, 1955; Machard, 1997; Lobl and Smetana, 2003). This is a
Palearctic element. The species is mentioned in Canada (Spence, 1990).

Tribe Zuphiini Bonelli, 1810
Subtribe Zuphiina Bonelli, 1810
Genus Zuphium Latreille, 1806
Zuphium (str.) olens Rossi, 1790

Material examined: Sidi Nsir, 13, 399; 04. 05. 2012.

Collection circumstances: The species were collected marshy edge of rivers.

Geographical distribution: North Africa: Tunisia, Morocco, Algeria. Europe: Spain,
Italy, Portugal, France, Germany, Greece (Bedel, 1895; Machard, 1997; Lébl and
Smetana, 2003).
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DISCUSSION

For more than 82 years, Normand (1933) remained the principal source of data
on the Tunisian beetle fauna, while progressively becoming outdated. A new, revised
and updated list of the carabid species is provided here, recognizing 65 species.

This list does not claim to be complete but provides an updated listing. Further,
continuous observations will be necessary to complete the species list. For the 65
species, we found 45 genera, 24 tribes, and nine subfamilies of Carabids from Northern
Tunisia. Five species are new records: Bembidion (Testedium) bipunctatum (Linne, 1761),
Bembidion (Actedium) kuesteri Schaum, 1845, Brachinus (Brachinus) psophia Serville,
1821, Stenolophus (Stenolophus) mixtus (Herbst, 1784) and Zabrus (Aulacozabrus)
distinctus Lucas, 1842. Additionally, six species endemic to northern Africa: Siagona
rufipes Fabricius, 1792, Bembidion (Ocyturanes) praeustum Dejean, 1831, Brachinus
(Brachynoaptinus) mauretanicus Bedel, 1914, Apristus striatipennis Lucas, 1846,
Orthomus rubicundus Coquerel, 1859 and Zabrus (Aulacozabrus) distinctus Lucas, 1842.

In conclusion, it could be noted that new records increase the strength of
carabid fauna of Tunisia. More effort must be made to get more information about
the spatio-temporal distribution of carabid species in all ecosystems of the country
to help to identify and locate endemic species, rare or endangered species for
conservation. We hope that this work will be a basis for future taxonomical and
ecological investigations of the Tunisian Carabids.
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ABSTRACT

In this study the influence of plant protein and secondary compounds on the survival rate of Lymantria
dispar L. which was infected with Lymantria dispar nucleopolyhedrovirus (LdNPV), was investigated by
using four different plant species, Elaeagnus rhamnoides (L.) A. Nelson, Quercus cerris L. 1753, Corylus
maxima Mill. and Crataegus monogyna Jacq. The highest survival rate has been observed on the larvae
feeding on the E. rhamnoides (L.) A. Nelson that had the highest protein rate. On the other hand, the
highest mortality rate was recorded on the larvae which fed on the C. monogyna Jacq. containing the
lowest protein rate. We have also discovered that the survival rate was related to gallotannin amounts.
The survival rates of the infected larvae which fed on E. rhammoides (L.) A. Nelson with the highest
gallotannin amount were higher than the other diets. Our results showed that the survival rates in the
larvae infected with Lymantria dispar nucleopolyhedrovirus were positively related to the proanthocyanidin
(condensed tannin) and total phenolic content of foods.

Key words: Lymantria dispar, nucleopolyhedrovirus, secondary compounds, insect survival, mortality.

INTRODUCTION

Various microbial factors can cause natural infections in insects (Tanada and Kaya,
1993; Boucias and Pendland, 1998; Yilmaz et al., 2009; Charles et al., 2000; Gokge et
al., 2010; Sevim et al., 2010; Tanyeli et al., 2010; Danismazoglu et al., 2012). Insect
viruses can be considered as the most effective natural factor that causes insects to
get sick and die (Hunter-Fuijita et al., 1998; ince et al., 2008; Demir et al., 2009, 2013).
The infection which is caused by pathogens negatively affects the survival rate and
reproductive output of the hosts (Moore, 2002).

Plant diet can affect the interactions between insects and their pathogens (Duffey et
al., 1995).The food consumption in which the quality has changed as a consequence
of either previous or current plant defoliation by herbivores is highly related with a
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change in insect fitness (Larsson, 2002; Howe and Schaller, 2008). There are some
studies that put forward the positive (Felton and Duffey, 1990; Hoover et al., 1998a;
Martemyanov et al., 2006) and negative (Cook et al., 2003) effects between the
content of secondary compounds in an insect’s diet and its resistance to pathogens.
One of these secondary compounds is tannin. Tannins are known aspolyphenolic
compounds which are able to bind to proteins and decrease the activity of many
enzymes (Swain, 1979). Tannins can be categorized into two main groups: condensed
tannins (proanthocyanidins) and hydrolysable tannins (including ellagitannins and
gallotannins). Tannins are capable of inhibiting a great number of microorganisms
such as viruses, bacteria, and fungi. By this way, the organisms are protected against
the effects of pathogens (Swain, 1979). Tannins, probably, provide this protection by
binding to the microbial proteins (Cadman, 1960).

The host is able to struggle against and withstand infection and this is highly
related to the host’s nutritional state (Chandra, 1996; Keating et al., 1988; Coop and
Kyriazakis, 2001). Protein is considered as the most important substrate for producing
immunological components which are used to resist viral infections (Swain and Hillis,
1959; Trudeau et al., 2001; Keating et al., 1990).

The previous studies have proved that phenolic compounds of diets frequently
restrain the viral infection (Felton et al., 1987; Keating et al., 1990; Hoover et al.,
1998b), yet it is revealed that this doesn’t always show proper efficiency. Therefore,
this study makes a search of how protein and tannins in plants have an effect on L.
disparlarvae, which are exposed to viral infection, and it checks whether total phenolic
amount in plants has any effects on the larvae or not.

MATERIALS AND METHODS

Virus and plants

Lymantria dispar nucleopolyhedrovirus (LANPV) which isused in this study was
isolated from field collected L. dispar larvae, in Bafra, Turkey, in May, 2012. After
detecting the baculovirus infection under light microscope from dead insects, occlusion
bodies (OBs) were purified according to the procedure described by O'Reilly et al.
(1992). Viral propagation was performed in healthy L. dispar larvae in the laboratory.
The larvae which were placed in plastic dishes, fed with a few leaves contaminated
with OBs isolated from the infected larvae, and maintained at 25°C to develop infection.
OBs from newly infected larvae were purified and stored at -20°C.

In this study, four plant species belonging different families, Elaeagnus rhamnoides
L. (Fam.: Elaeagnaceae), Quercus cerris L. (Fam.: Fagaceae),Corylus maxima Mill.
(Fam.: Betulaceae) and Crataegus monogyna Jacq. (Fam.: Rosaceae) were used.
All plant samples were collected daily and the larvae fed on them.

Obtaining larvae

The eggs of L. dispar were collected from the Cernek Lake area, which is within
the borders of Kizilirmak Delta in Bafra, Samsun. To provide the disinfection, the eggs
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were treated with 10% of sodium hypochlorite. Then, they were washed with pure
water and put into the refrigerator at 5°C. After six months, the eggs were taken out of
the refrigerator and put into the climate cabin. Thiswas adjusted to the temperature of
22°C and 70% of humidity during a period of 16 hours of light and 8 hours of dark. The
larvae that came out of the eggs were put into the plastic containers (sized 5x10x2
cm) for each food group and they were fed with fourplants that were indicated in the
study until the 4™ instar.

Feeding experiment

The larvae of the 4™ instar were put into the plastic containers (sized 5x10%2 cm)
which contained 30 larvae in each experimental group. Fifteen of these were control
groups and others were infected by virus, all of which were put into each food group
in the experiment. This process was carried out with 30 larvae and repeated 3 times
in each experiment group. During the feeding experiment, as there were fourplants,
360 larvae in total were put into the containers. The plastic containers had six holes
so that the larvae could get air.

The control group and the larvae,which were infected by virus, were fed for 10 days
in different incubators having the same temperature and humidity. During the feeding
experiments fresh leaves of each plantwere given each day and the remaining was
dried in incubator. The survivor larvae which were both in control and infected groups
were fed until they became pupae.

Drying and grinding leaves

In order to determine the amount of totalphenolics, protein, gallotannin and
proanthocyanidin, the leaf samples were taken from the plants which the larvae were
fed. Then, they were wrapped inside the aluminum folio and were dried for two months
under laboratory conditions, and then for 5 days in incubator at 50°C. After the dried
leaves were taken out and ground, they were kept in nylon bags.

Plant analysis

The protein content of the leaf samples were measured by semi-micro Kjeldahl
method with Kjeltec Auto 1030 analyzer (Tecator, Sweden). The method which
wasused to determine gallotannin contents of the leaf samples was described by
Bate-Smith (1977). Proanthocyanidin contents of the leaf samples were determined
spectrophotometrically by a method which was described by Bate-Smith (1975). The
total phenolic contents of the leaf samples were determined by a method originally
used by Swain and Hillis (1959). The nitrogen content of each sample which was
obtained by Kjeldahl method was multiplied with 6.25 to calculate the total protein
content of the plant sample (Monk, 1987).

Infection of larvae with LANPV

In order to infect the larvae with virus, concentration of LANPV was adjusted to 10°
OB/ml by using a Neubauer haemocytometer. Each of the plant samples taken from
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the four plants used in feeding process was treated with 1 ml of virus suspension.
After the surface sterilization of each leaf in control group was carried out with 50%
of ethyl alcohol, they were treated with 1 ml of pure/distilled water and put into the
containers for the experiment.

Determination of pupal protein contents

Pupae were left to dry to constant mass in aincubator at 50°C, weighed to the
nearest 0.1 mg and lipid-extracted in three, 24-hour changes of chloroform before
being re-dried and re-weighed. Nitrogen content of the lipid-free pupae was measured
by semi-micro Kjeldahl method with Kjeltec Auto 1030 analyzer (Tecator, Sweden).
The nitrogen content of each sample obtained by Kjeldahl method was multiplied with
6.25 to calculate the total protein content of the pupae (Monk, 1987).

Statistical analyses

The comparison of the amounts of protein, gallotannin, proanthocyanidin and total
phenolic in plants was made by using ANOVA Duncan Test. According to fourdifferent
plants; Kaplan-Meier Survival Analysis Test was applied to determine the relationship
between the survival rates of the larvae which were infected by the virus and the larvae
of the control group. The total food consumption amounts of the larvae in the control
group and the larvae which were infected by virus were compared by parid-T test. In
this comparison, the data of the survivor larvae were used. In order to compare the
effect of the amounts of protein, gallotannin, proanthocyanidin and total phenolic in
plants on survival larvae Cox-Regression analysis test was used.

RESULTS

Chemical composition of the leaf samples

The total protein contents of the leaf samples were 15.1% in E. rhamnoides, 10.0%
in Q. cerris, 10.9% in C. maxima and 8.3% in C. monogyna. While the highest total
protein content was obtained from the leaves of E. rhamnoides, C. monogyna leaves
contained the lowest protein content. A significant difference within the protein content
of host plant species was found (Table 1).

The gallotannin contents of the plant samples observed in the present study were
5.2% for E. rhamnoides, 2.6% for Q. cerris, 4.3% for C. maxima and 1.8% for C.
monogyna (Table 1). These results put forward that E. rhamnoides had much higher
gallotannin content in its leaves than that of others. There were important differences
in the proanthocyanidin contents of the leaf samples (Table 1). The proanthocyanidin
contents of the leaves of E. rhamnoides, Q. cerris, C. maxima and C. monogyna were
3.9%, 7.6%, 11.5% and 7.2% respectively. The total phenolic contents of the leaves
of E. rhamnoides, Q. cerris, C. maxima and C. monogyna were 10.6%, 7.9%, 9.9%
and 6.2%, respectively. Results from statistical data analysis revealed that the host
plant species had a significant difference in their total phenolic content (Table 1).
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Table 1. The total protein, gallotannin, total phenolic and proanthocyanidin contents of the leaf samples.

ANOVA
Tests Plants N Mean SE *Significant groups
F P
Total Protein (%) Elaeagnus rhamnoides 10 15,1 0,06 a
Quercus cerris 10 10,0 0,09 b
Corylus maxima 10 10,9 0,08 c 15775 <0001
Crataegus monogyna 10 8,3 0,07 d
Gallotannin (%) Elaeagnus rhamnoides 10 52 0,04 a
Quercus cerris 10 2,6 0,04 b
Corylus maxima 10 43 0,04 c 1508 <0,001
Crataegus monogyna 10 1,8 0,03 d
Proanthocyanidin (%) | Elaeagnus rhamnoides 10 3,9 0,03 a
Quercus cerris 10 7,6 0,04 b
Corylus maxima 10 15 | 0,02 c 11542,5 | <0,001
Crataegus monogyna 10 7,2 0,03 d
Total phenolic (%) Elaeagnus rhamnoides 10 10,1 0,03 a
Quercus cerris 10 7,9 0,03 b
Corylus maxima 10 9,9 0,04 c 3208,7 <0,001
Crataegus monogyna 10 6,2 0,03 d

*Different letters stand for significantly different group means (p < 0.05). (The groups named as a, b, ¢
and d have statistically significant means according to Duncan’s Multiple Range Test).

Consumption amounts of larvae in regard to plants

A decrease in total food consumption amounts in the larvae infected by LdNPV
was found when it was compared to control groups. In all four plants, there was a
significant difference between the larvae in control groups and the larvae infected by
virus in terms of total food consumption. Moreover, the highest consumption amount
in control groups and virus-infected groups was obtained from the larvae feeding on E.
rhamnoides. The comparison of the total food consumption amounts of virus-infected
larvae with the ones in control group in regard to plants is shown in Table 2.

The survival rates of infected larvae in regard to plant

The larvae in control groups and the larvae infected by the virus had been compared
by through Log-Rank test and it was found that there was a significant difference (df=1,
P<0,001). The survival rates were checked with Kaplan-Maier Test and it was found
that the survival rate of virus-infected larvae was 65% while the survival rate of the
control groups was 90%. The possibility of cumulative survival is shown in Fig. 1. The
survival rates of virus-infected larvae and those in control groups in regard to plants are
shown in Fig. 2. The survival rates of the larvae feeding on E. rhamnoides, which were
both virus-infected and were in control groups,were higher than in other food groups.
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Table 2.The comparison of the consumption amount of virus-infected larvae with those in control group
in regard to plants.

Plants N Groups Mean * SE t P
27 Infected 395.3+1.6
Elaeag rh. yide: -30.0 < 0,001
45 Control 440,8 £0,7
12 Infected 302.7+5.2
Quercus cerris -45.7 < 0,001
39 Control 4143 +0.8
12 Infected 265.8+2.3
Corylus maxima -64.1 < 0,001
42 Control 391,3+5,2
9 Infected 297.0+21
Crataegus monogyna -54.4 < 0,001
36 Control 4125+1.0
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Fig.1. The possibility of cumulative survival of virus-infected larvae and larvae in control group.
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Fig. 2. The survival rates of virus-infected larvae and those in control group in regard to food.
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The highest survival rate, 93.3%, was observed in larvae feeding on E. rhamnoides.
The lowest survival rate, 40%, was found in larvae feeding on C. monogyna. While
the survival rate was 53.3% in the larvae feeding on Q. cerris, it was 73.3% in those
feeding on C. maxima. The most extraordinary result observed in virus-infected larvae
was that some larvae in all food groups were pupae. Four of the larvae feeding on E.
rhamnoides, Q. cerris and C. maxima and three of the larvae feeding on C. monogyna
became pupae (Table 3).

Table 3. The survival rates of virus-infected larvae.

Alived
Plants N Died larvae Percent of alive (%)
Larvae Pupated
Elaeagnus rhamnoides 45 3 30 12 93.3
Quercus cerris 45 21 12 12 53.3
Corylus maxima 45 12 21 12 73.3
Crataegus monogyna 45 27 9 9 40.0
Total 180 63 117 65.0

It was found that there was a difference between the survival rates of virus-infected
larvae in regard to plants. The survival rate of the larvae feeding on E. rhamnoides
was different from that of the larvae feeding on Q. cerris and C. monogyna (Table 4,
P<0.05). The survival rate of the larvae feeding on C. maxima was different in critical
value from that of the larvae feeding on C. monogyna (Table 4, P=0,087).

Table 4. The comparison of the survival rates of the larvae feeding on the plants infected by virus in
regard to plants with Log Rank test.

Elaeagnus rhamnoides Quercus cerris Corylus maxima Crataegus monogyna
Plants Chi-Square P Chi-Square P Chi-Square P Chi-Square P
Elaeagnus rhamnoides 6,285 ,012 2,102 147 9,009 ,003
Quercus cerris 6,285 ,012 1,359 244 ,263 ,608
Corylus maxima 2,102 147 1,359 ,244 2,921 ,087
Crataegus monogyna 9,009 ,003 ,263 ,608 2,921 ,087

Pupae analysis

The larvae of the control group which were fed on four species of plants had much
more pupal protein amount when compared to infected-larvae. The highest pupal
protein amount among larvae, which were both in control groups and were infected,
has been observed in the larvae feeding on E. rhamnoides. The protein amount of
the larvae feeding on C. monogyna was the lowest among the larvae which were
both in control groups and were infected. The protein amount of the infected-pupae
was 9-17% less than control groups (P<0.05) (Fig. 3).

The effect of protein and secondary compounds on the survival of infected
larvae

Cox-Regression analysis results have shown that total protein, proanthocyanidin
and total phenolic contents have a positive effect on the survival of the infected larvae.
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However, virus infection increased the mortality 12 fold. The results of the analysis
are shown in Table 5.
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Elaeagnus rhamnoides Corylus maxima Quercus cerris Crataegus monogyna

®
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Fig. 3. The protein content of virus-infected larvae and those in control group in regard to food.

Table 5. The comparison of the effect of virus infection, protein and secondary substances on survival
by Cox-Regression analysis.

B SE Wald df Sig. Exp (B)
Infection with virus 2,503 865 8,372 1 ,004 12,225
Protein -,939 319 8,664 1 ,003 391
Phenolic 177 026 46,030 1 ,000 838
Gallotannin -,302 057 27,987 1 ,000 740
Proanthocyanidin -,466 155 9,064 1 ,003 628

B: Coefficient of regression, SE: Standard error, Wald: Significance of the regression coefficients, df:
Degree of freedom, Sig.: Significant, Exp (B): Hazard proportion.

DISCUSSION

The results showed that the protein amount in the plant on which the insects
infected with the virus feed had a positive effect on its survival. The highest survival
rate in the larvae infected by LANPV has been obtained from the larvae feeding on
E. rhamnoides containing the highest protein amount. The highest mortality has been
found in the larvae feeding on C. monogyna containing the lowest protein amount.
Protein is a vital substance to produce the immunological components used in resisting
to viral infections (Washburn et al., 1996; Trudeau et al., 2001). The results show that
when the protein amount in the plant which the larvae infected by LANPV feed and
survival rate were increased. This result showed that protein had astrong important
role in L. dispar's immune system. Moreover, the protein amounts of the pupae of the
infected larvae in all food groups are less than the pupae of their own control groups.

Host’s ability to defend and to stand out against infection is related to its diet
(Chandra, 1996; Lochmiller and Deerenberg, 2000; Coop and Kyriazakis, 2001).
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Lee et al. (2006) have put forward that the larvae feeding on artificial food containing
low protein-high carbohydrate amount lose performance three fold more than food
containing high protein-low carbohydrate amount. It has been found that the survival
rate is lower in the ones feeding on artificial food containing low protein-carbohydrate
amount. The fact that when a virus-infected insect is fed on food containing more
protein, the survival rate increases have been shown in the previous studies of the
field (Thompson and Redak, 2000; Lee et al., 2002; Simpson et al., 2004).

The most interesting result of this study is that some of the larvae infected by virus
became pupae in all food groups. The previous studies in the field have put forward
that the development period of the larvae infected by NPV prolongs either indirectly by
resisting the infection or directly by lethal virus infection (Rothman and Myers, 1996;
Cooper et al., 2003; Cory and Myers, 2003).The results of this study emphasize that
L. dispar larvae infected by NPV reduce the development period.

In this study, the maximum deaths of the larvae infected by virus occurred on
the second day. These deaths were observed in the larvae feeding especially on C.
monogyna containing low protein amount. Previous studies have emphasized that the
resistance to NPV, encapsulation, melanization with phenoloxidase, and the process
of dismissing viruses out of haemolymph happened 2-3 days after the infection and
the protein was especially chosen (Washburn et al., 1996; Trudeau et al., 2001; Lee
et al., 2006). The results of this study have shown that when the protein amount
decreases, the pathogen resistance stated above also decreases.

Biologically activated phytochemicals can be bound to the structure (Oclusion Body)
in midgut of the larvae and can reduce the infection of virus on host insect (Felton
and Duffey, 1990).This interaction can be regulated by digestion methods of the host
insect (Glare et al., 2003). The effect of gallotannin on survival rate has importance
in critical value in the larvae infected by the virus. In a previous study, it was found
that when the host plant was treated by the virus which is consumed by the larvae;
the mortality changed with the effect of virus and this effect was related to amount of
hydrolysable tannin (polyphenol) (Keating et al., 1988).

This study has pointed out that in the virus-infected larvae; the increase in total
phenolic amount has a positive effect on the survival rate. It was stated in a previous
study that the chemicals obtained from a plant were bound to midgut or they changed
the host’s physiology by effecting normal immune system sufficiently, or such chemicals
gave starting signals for stages that would decrease number of cells that are vulnerable
to infection (Lee et al., 2006). The results of this study show that there is a positive
correlation between total phenolic amount of the diet consumed and the survival rate.

Washburn et al. (1998) have found out that when Trichoplusia ni and Heliothis
virescens larvae infected by Autographa californica nucleopolyhedrovirus fed on
artificial food free from secondary compounds, the mortality rate increased. The results
of this study show that there is a positive correlation between the survival rate of the
larvae and condensed tannins.

Even though the viruses as entomopathogens have a negative effect on the
survival of insects, the resistance of herbivores against entomopathogens can differ
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depending on the plants they feed on. Secondary compounds that are regarded
as defensive substances against herbivores seem to change the negative effects
of entomopathogens. Moreover, peritrophic membrane in insects has an important
role in changing these effects. Although this study focuses on protein and the
effect of secondary compounds in the plant on the resistance of insects against
entomopathogens, it can be seen that this relation is complicated. It will be better to
pay attention to the secondary compounds in the plants along with protein and the
digestive system of the host.
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ABSTRACT

The variegated ladybird beetle, Hippodamia variegata (Goeze), with worldwide distribution is
among the most successful predators of aphids. In this study, the life history of H. variegata feeding on
Aphis gossypii Glover as prey was evaluated on cucumber plants treated with different vermicompost
concentrations (0, 15 and 30%) in a growth chamber at 25 + 2° C, 60 + 10% RH, and 16:8 (L: D) h.
The results showed that demographic parameters of H. variegata were affected by vermicompost
treatments. Duration of total developmental time of larvae and pupal period of H. variegata on the tested
vermicompost concentrations were significantly different. No significant differences were found for the
adult longevity, life span,fecundity, and oviposition period of H. variegata when fed on aphids reared on
vermicompost-treated cucumber plants. Based on the results, the differences of intrinsic rate of natural
increase (r, ), finite rate of increase (A), net reproductive rate (R,) and doubling time (DT) of H. variegata
among different vermicompost treatments were significant; The values of r_ and R, increased as the
percentage of vermicompost increased from 0 to 30%. It seems that some population growth parameters
of H. variegata were positively affected by high rates of vermicompost. Our results showed that the
addition of vermicompost to the growing medium of cucumber plants could positively affect some of the
demographic parameters of H. variegata which would make it as a suitable predator of A. gossypii in
vermicompost-treated plants.

Key words: Organic fertilizer, population growth, Hippodamia variegata.

INTRODUCTION

The greenhouse cucumber is threatened by outbreaks of a variety of pests due
to the ideal environmental conditions encountered under greenhouse production.
Sucking pests, especially aphids, are the most important pests limiting the production
of cucumber. Among aphids, the melon aphid, Aphis gossypii Glover (Hom., Aphididae)
is the most serious pest (Ebert and Cartwright, 1997; Blackman and Eastop, 2000).
It is a polyphagous aphid that attacks a broad range of crops such as cotton, okra,
potato, eggplant and cucurbits (Eastop, 1983; van Steenis and El-Khawass, 1995;
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Stoetzel et al., 1996; Blackman and Eastop, 2000; Razmjou et al., 2006). The aphid
produces large populations on the host plants and causes direct and indirect damage
to them. Direct damage of aphids by feeding on the phloem sap causes the leaves to
curl. Furthermore, a heavy infestation may result in the buildup of large amounts of
honeydew secretions on the leaves which increases sooty mold on the host plants.
The mold limits available light to the leaves and impairs plant photosynthesis. Indirect
damage is via transmission of more than 50 plant viruses to the host plants (Ebert
and Cartwright, 1997; Blackman and Eastop, 2000).

Greenhouse cucumber producers mostly use insecticides to suppress the
melon aphid population, but the application of chemicals on the crop may result in
the development of resistance to the insecticides which would lead to the need for
more frequent application of pesticides to obtain similar rates of control (Hardee,
1993; Barber et al., 1999; Foster et al., 2002). For decreasing the harmful effects of
insecticides multiple control tactics such as cultural, physical, and biological control
methods are used in combination with insecticides in integrated pest management
(IPM) programs. To produce high quality yields, fertilizers are being applied into the
growing medium of plants. Organic fertilizers, due to theirimprovement of soil structure
and by providing essential nutrients for plant growth, are being extensively used in
agriculture as a cultural method. Vermicompost is an organic fertilizer that has been
shown to increase plant growth (Atiyeh et al., 2000; Chaoui et al., 2002; Arancon et
al., 2004, 2006; Razmijou et al., 2011). Vermicompost is produced through interaction
between earthworms and microorganisms under a non-thermophilic process. This
organic amendment increases biodiversity of the soil which is necessary for maintaining
soil health and the activity of microorganisms (Zink and Allen, 1998; Arancon et al., 2005).

Several species of Coccinellidae are used in both fields and greenhouses as
biological control agents. The variegated ladybird beetle, Hippodamia variegata
(Goeze) (Coleoptera: Coccinellidae), is a polyphagous and cosmopolitan coccinellid
species (Krafsur et al., 1996; Wheeler and Stoops, 1996). Both adults and larvae of this
species are voracious predators of aphids, mealybugs, scales, whiteflies, cicadellids,
curculionid larvae as well as mites (Singh et al., 1991; Sadeghi and Esmailli, 1992;
Obrycki and Kring, 1998). Feeding on 12 different aphid species (Franzmann, 2002)
H. variegata has been reported as an effective natural enemy of aphids on various
host plants in different countries, for example: on pepper in Bulgaria (Natskova, 1973),
maize in Ukraine (Gumovskaya, 1985), shrubs in Italy (Nicoli et al., 1995), grain in
India (Hammed et al., 1975) and cotton in Turkmenistan (Belicova and Kosaev, 1985).
It has also been shown to control melon aphid infestations on related host plants
(Kavallieratos et al., 2002).

Most reports in the literature indicate that vermicompost can decrease pest
populations through bottom-up effects (Razmjou et al., 2011, 2012). For example,
Arancon et al. (2006) found that vermicompost can negatively affect establishment of
arthropod pest populations such as two spotted spider mites, mealy bugs and aphids
on the host plants. Edwards et al. (2010) reported similar results for cucumber beetles
and tobacco hornworms. Furthermore, it has been reported that adding fertilizers into
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the soil may affect the strength of top-down effects by the natural enemies (Hosseini
et al., 2010; Veromann et al., 2013). For example, Pope et al. (2012) reported that
Brassica oleracea L. plants grown with different fertilizer treatments had significant
differences in the percentage of Brevicoryne brassicae L. parasitized by Diaeretiella
rapae (M’Intosh). Fox et al. (1996) reported that the parasitoid Diadegma insulare
Cress preferred diamondback moths, Plutella xylostella (L.), on fertilized plants
compared to those on unfertilized plants. Since there are few reports (Duchovskiene et
al., 2012) on the effect of vermicompost on the third trophic level, we tried to evaluate
the life table and population growth parameters of H. variegata preying on A. gossypii
to test the hypothesis that these parameters are influenced by the application of
vermicompost into the growing medium of cucumber plants.

MATERIALS AND METHODS

This study was conducted during 2012 in the greenhouse and laboratory of Plant
Protection Department, Faculty of Agriculture and Natural Resources, University
of Mohaghegh Ardabili, Ardabil, Iran. The cow manure vermicompost used in this
research was obtained from Anooshe Aaraab Co. Ltd., Tehran, Iran.

Plant rearing

Cucumber seeds, C. sativus cv. Royal, were planted in plastic pots (16 cm diameter
x 12.5 cm height) filled with field soil mixed with three different rates of vermicompost
(O (as a control), 15 and 30%). The plants were kept in a greenhouse at 19-28 °C,
40-50% RH, and the natural photoperiod before using in experiments. Cucumber
plants at the six- to eight- leaf stages were used for experiments.

Insect culture

The melon aphid population used in this experiment was collected from infested
cucumber plants in greenhouses of Moghan region, Ardabil province in spring of
2012. The aphid colony was separately reared on cucumber seedlings grown at the
mentioned vermicompost rates for about 7-8 generations prior to experiments. Every
week, some apterous aphids were transferred from infested plants to non-infested
young seedlings of cucumber to maintain the aphid colony. Adults of H. variegata were
collected by sweep-netting from the wheat fields near the city of Ardabil, Iran. Males
and females of H. variegata were paired and kept in separate plastic Petri dishes (9
cm diameter and 1.5 cm height) lined with wet filter papers (Wu et al., 2010). A hole,
2 cm in diameter, was cut in the lid of each Petri dish and covered with a fine mesh
cloth for ventilation. H. variegata was daily fed with different life stages of A. gossypii
on cucumber leaf disks. The eggs produced by females were collected and transferred
to new Petri dishes every day. The larvae of H. variegata were individually reared in
the mentioned Petri dishes and fed with A. gossypii. The insect rearing was conducted
in a growth chamber at 25 £ 2°C, 60 + 10% RH, and a photoperiod of 16:8h (L: D).
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Experiments

To study the effects of feeding on aphids reared at different vermicompost
concentrations on the survival and pre-adult period of H. variegata, egg clusters less
than 24 h old were selected and held in Petri dishes (at above-mentioned conditions)
inside a growth chamber at 25 + 2°C, 60 £ 10% RH, and 16L: 8D. The hatch rate and
incubation period were recorded daily. The newly hatched larvae of H. variegata were
individually transferred to Petri dishes by a fine brush and fed daily on A. gossypii.
The aphids were daily provided for larvae on cucumber leaf discs (2 cm in diameter)
grown at different vermicompost rates until pupation. The larvae were monitored daily
for molting, survivorship and duration of the larval and pupal periods.

Newly emerged adults of H. variegata were paired and placed in individual Petri
dishes containing aphids infested leaf discs for subsequent mating and oviposition.
The Petri dishes were checked daily for possible egg clutches. During the experiments
numbers of eggs laid by each female were recorded and removed from Petri dishes.
Observations continued until the death of last adult. By monitoring the Petri dishes,
pre-oviposition period, oviposition period, post-oviposition period, adult longevity and
fecundity of H. variegata were recorded.

Statistical analysis

All data of survivorship, duration of immature stages, ovipositon period, pre-and
post- oviposition period, adult longevity and fecundity of H. variegata were evaluated
for each treatment by analysis of variance (ANOVA) using the MINITAB-16 statistical
software (Minitab Inc., 2010). When differences among treatments were significant,
comparison among means were determined using Tukey’s test at P = 0.05.
Differences in population growth parameters including intrinsic rate of increase (r, ),
net reproductive rate (R ), mean generation time (T), doubling time (DT), and finite rate
of increase (A) values and their standard errors were tested by Jackknife procedure
(Maia et al., 2000) using the SAS system software v 6.12 (SAS Institute, 1989). Their
mean values were compared by Tukey’s test at P = 0.05.

RESULTS

Development of H. variegata

Effects of feeding on aphids reared on cucumber plants amended with different
vermicompost ratios on the development of H. variegata are listed in Tables 1 and
2. Based on the results, there were no significant differences for the egg incubation
period (F = 1.03; df= 2, 168; P = 0.359), the duration of first (F = 0.73; df = 2,138;
P =0.484), second (F = 2.01; df = 2,138; P = 0.138), third (F = 1.39; df = 2,138; P
= 0.252) larval instars and immature stages (F = 0.13; df= 2, 138; P = 0.878) of H.
variegata on various treatments. However, the duration of fourth instar larvae of H.
variegata significantly differed on the tested treatments (F = 13.18; df = 2, 138; P =
0.01). The shortest value of this parameter was recorded for the H. variegata when
feeding on aphids reared at 30% vermicompost treatment (Table 1). Eggs from 30%
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vermicompost treatment had higher hatch rate (64%) than those at control (51%) or
15% (60%) vermicompost concentrations. Furthermore, significant differences were
observed for the total developmental time of larvae (F = 8.20; df = 2, 138; P = 0.01)
and pupal period (F = 8.91; df = 2, 138; P = 0.01) of H. variegata feeding on aphids
reared on the tested vermicompost-treated plants. Total developmental time of larvae
was longest at control and 15% vermicompost rates and shortest at 30% vermicompost
rate. The same trend was observed for pupal period of H. variegata (Table 1).

Table 1. Development of immature stages of H. variegata feeding on A. gossypii reared on cucumber
plants amended with three vermicompost concentrations.

Parameter Vermicompost 0% | Vermicompost 15% | Vermicompost 30%
Egg incubation 2.48+0.50a 2.51+0.54a 2.61+0.49a

First instar 1.634£0.63a 1.56+0.54a 1.714£0.74a

Second instar 1.5940.57a 1.85+0.65a 1.79£0.45a

Third instar 1.85+0.36a 1.77+0.52a 1.67+0.56a

Fourth instar 2.07+0.38a 1.9240.40a 1.5654£0.61b

Total developmental time of larva | 7.15+0.53a 7.10+0.59a 6.71+0.63b

Pupal period 3.78+0.42a 3.81+0.44a 4.18+0.63b
Immature stages 13.48+0.85a 13.4410.71a 13.5140.84a
Survival rate% 41 57.14 59

Differences among different vermicompost concentrations were determined by Tukey’s test. In columns,

mean values followed by the same letter are not significantly different (P > 0.05).

In the current study, no significant differences were observed for the female
longevity (F = 2.03; df = 2, 33; P = 0.148), life span (F = 1.71; df = 2, 33; P=0.196)
and fecundity (F=1.81; df=2, 33; P=0.179) of H. variegata feeding on aphids treated
at vermicompost amended plants (Table 2). Furthermore, although pre-oviposition
(F=0.4; df = 2, 33; P =0.671), oviposition (F = 0.38; df = 2, 33; P = 0.684), and
post-oviposition period (F = 3.18; df = 2, 33; P = 0.055) of H. variegata did not
significantly differ on the tested treatments, increasing the dosage of vermicompost
in the soil resulted in decreasing of the pre-oviposition and post-oviposition periods
of H. variegata (Table 2).

Population growth parameters

According to the data, population growth parameters of H. variegata were
significantly affected when feeding on aphids reared at cucumber plants amended
with various vermicompost rates. The intrinsic rate of natural increase (r, ) (F=20.07;
df =2, 33; P =0.01), finite rate of increase (A) (F = 18.10; df = 2, 33; P =0.01), and
net reproductive rate (R, (F = 9.05; df = 2, 33; P = 0.001) of H. variegata were
significantly increased by raising the vermicompost concentration from 0 (control) to
30%. Furthermore, H. variegata had significantly shorter doubling time (DT) when fed
on aphids reared on plants that had received 15 and 30% vermicompost (F = 18.30; df
=2,33; P=0.01). The mean generation time (T) of H. variegata was not significantly
influenced by vermicompost rates (F = 3.09; df = 2, 33; P = 0.059) (Table 3).
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Table 2. Longevity, hatching rate (%), life span and fecundity (Mean+SD) of H. variegata feeding on A.
gossypii reared on cucumber plants amended with three vermicompost concentrations.

Parameter Vermicompost 0% | Vermicompost 15% | Vermicompost 30%
Female longevity | 49.90+5.507a 43.30+10.531a 44.39+7.148a
Pre-oviposition 7.90+6.887a 7.00+1.528a 6.47+1.450a
Oviposition 30.60+7.090a 28.84+4.580a 30.61+5.801a
Post-oviposition 11.4043.596a 7.61+5.606a 7.3042.750a

Fecundity 188.40+71.37a 238.69+69.10a 236.85+69.18a
Life span 62.60+5.481a 56.84+10.605a 57.15+6.866a
Hatching rate% 51 60 64

Differences among different vermicompost concentrations were determined by Tukey’s test. Means fol-
lowed by the same letters in columns are not significantly different (P > 0.05).

Table 3. Population growth parameters and sex ratio (%) of H. variegata feeding on A. gossypii reared
on cucumber plants amended with three vermicompost concentrations.

Parameter Vermicompost 0% | Vermicompost 15% | Vermicompost 30%
R, 39.40+14.94a 63.15+17.70b 71.28+20.82b

r. 0.120+0.01a 0.138+0.01b 0.152+0.01c

T 30.59+01.82a 30.01+3.18a 28.01+2.63a

DT 5.76+0.66a 5.015+0.40b 4.56+0.34b

A 1.128+0.02a 1.147+0.01b 1.164+0.01c

Sex ratio% 51.85 45.83 51.51

Differences among vermicompost treatments were determined by Tukey’s test, based on Jackknife
method. Within columns, means followed by different letters are significantly different (P > 0.05).

DISCUSSION

Host plants are known to be one of the important bottom-up factors which could
influence the top-down ones (i.e., predators and parasitoids) (Schadler et al., 2010).
Changing the nutritional qualities of host plants by addition of fertilizers to the soil may
affect the quality of herbivores. Insects can usually distinguish high quality host plants
from those of low quality. For example, herbivores generally have better performance
on well fertilized host plants (Wang et al., 2006) and parasitoids lay more eggs on
plants with high leaf nitrogen contents (Fox et al., 1990).

Based on the obtained data, both the total developmental time and the pupal period
of H. variegata fed on A. gossypii were significantly affected by the vermicompost
treatments. The total developmental time of H. variegata at 30% vermicompost
treatment was 6.71 £ 0.63 d, which was shorter than those developing at control and
15% vermicompost treatments. In this study, no significant difference was found for
the life span of H. variegata. However, it had shorter life span on vermicompost-treated
cucumber plants compared to non-treated ones (i.e., control). According to Kindimann
and Dixon (1999), short-lived species are able to complete more generations and
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predators with shorter developmental times can deplete the prey more quickly than
a species with a relatively long developmental time. Thus, in our study H. variegata
could produce more generations when feeding on the melon aphid populations reared
on plants with higher vermicompost rates compared to the control plants.

Raising the amount of vermicompost from 0 to 30% resulted in increasing of the
intrinsic rate of natural increase (r,)) and the net reproductive rate (R)) of H. variegata
confirming the importance of plant quality on the predator. The highest r _value at the
30% vermicompost treatment indicates that H. variegata has a greater reproductive
potential at this treatment than the other treatments. The finite rate of increase (A) of
H. variegata showed a similar trend being significantly highest at 30% vermicompost
treatment. Interestingly, the intrinsic rate of natural increase reported in our study
(0.152 day™) for H. variegata, is comparable with the value reported by Davoodi
Dehkordi et al. (2013) for the same species feeding on A. gossypii on Chrysanthemum
indicum Kitan (0.155 day). However, the value for intrinsic rate of natural increase
in our study is different from the one reported (0.114 day) by Lanzoni et al. (2004)
when H. variegata fed on Myzus persicae Sulzer. The difference could be related to
the different prey species and plant materials.

In the present study, the doubling time (DT) was significantly affected by
vermicompost rates. The shortest values of DT were obtained when H. variegata fed
on aphids reared on high rates of vermicompost (15 and 30%). As a result, H. variegata
needed less time to double its size on these treatments. Other studies have shown
that modifying the quality of host plants through soil fertility managements affects the
natural enemies. For example, Fallahpour et al. (2015) reported that fertilization of
canola significantly affected the performance of the gall midge, Aphidoletes aphidimyza
Rondani, as a predator for the mustard aphid, Lipaphis erysimi (Kaltenbach). According
to the findings of Suryawana and Reyes (2007), the level of parasitism by different
parasitoids on pea leafminer (Liriomyza huidobrensis Blanchard) was greater on
vermicompost treatments in a potato field. Similar observations were made by Ponti
et al. (2007), who reported that in compost-fertilized broccoli the parasitism rates
of Brevicoryne brassicae L. by Diaeretiella rapae M’Intosh significantly increased.
Furthermore, in cow manure amended white cabbage coccinellids settled better in
aphid colonies compared to synthetically fertilized plants (Duchovskiene et al., 2012).
It seems that biological traits of the third tropic level are influenced by changing the
uptake of special elements by plants via fertilization and, for the case of our study,
it could be attributed to the slow and continuous uptake of mineral nutrients from
vermicompost-amended substrate.

Our results showed that, despite the fact that some life history parameters of H.
variegata were not significantly influenced by vermicompost rates, other parameters
like intrinsic rate of natural increase were significantly affected by this organic fertilizer.
An important result however, is that H. variegata does not seem to be negatively
affected by vermicompost when different concentrations were used. This study offered
opportunities for better understanding the relationship between organic fertilization and
the predator demographic potential which would be useful for both organic growers
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and pest management programmers. However, further investigation on the relationship
between the application of vermicompost and the predation capacity of H. variegata
under natural conditions are recommended to obtain optimal biological control.
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ABSTRACT

Oceanic islands’ natural ecosystems worldwide are severely threatened by invasive species. Here
we discuss the recent finding of three exotic drosophilids in Madeira archipelago - Acletoxenus formosus
(Loew, 1864), Drosophila suzukii (Matsumura, 1931) and Zaprionus indianus (Gupta, 1970). Drosophila
suzukii and Z. indianus are invasive species responsible for severe economic losses in fruit production
worldwide and became the dominant drosophilids in several invaded areas menacing native species.
We found that these exotic species are relatively widespread in Madeira but, at present, seem to be
restricted to human disturbed environments. Finally, we stress the need to define a monitoring program in
the short-term to determine population spread and environmental damages inflicted by the two invasive
drosophilids, in order to implement a sustainable and effective control management strategy.

Key words: Biological invasions, Drosophila suzukii, invasive species, island biodiversity, Madeira
archipelago, Zaprionus indianus.

INTRODUCTION

Oceanic islands are known to contribute disproportionately to their area for Global
biodiversity and by harbouring unique evolutionary lineages and emblematic plants
and animals (Grant,1998; Whittaker and Fernandez-Palacios, 2007). Nevertheless,
many of these organisms are particularly vulnerable to human-mediated changes in
their habitats due to their narrow range size, low abundance and habitat specificity
(Paulay, 1994). In fact, the present biodiversity crisis is nowhere else more evident than
in island ecosystems, where major extinctions occurred following habitat destruction
and invasive species introductions (Sax and Gaines, 2008).

Some insect species are among the worst invasive species worldwide being
responsible for huge economic losses and severe environmental impacts (Lowe et
al., 2000). During the last decades many drosophilid species have spread around the
world mostly aided by human transport of goods (Westphal et al., 2008; Hulme, 2009).
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Some of those species, like Drosophila suzukii and Zaprionus indianus, proved to
be serious economic threats, being responsible for heavy losses in various flesh fruit
cultures in many countries (van der Linde et al., 2006; Cini et al., 2012). For instance,
the economic losses caused by D. suzukii to fruit production in USA are estimated to
cost over 500 million dollars each year (Bolda et al., 2010) and, in Brazil, Z. indianus
severely impacted fig production leading to annual losses on the order of 50% (Tidon
etal., 2003). Furthermore, associated with the economic impacts in colonized regions,
these two invasive drosophilids also have significant ecological impacts on native
ecosystems that start to become better understood (Galego and Carareto, 2005).

Some oceanic island ecosystems, like Madeira, are vulnerable to the negative
effects of invasive pest species due to the particular structure of local economies
(often specialized in the production of few goods) and to the high levels of island
endemism, where rare endemics may be threatened by the invaders (Reaser et al.,
2007). Madeiran native drosophilids, particularly the endemic D. madeirensis, may
be negatively impacted by invasive drosophilids. This endemic species seems to be
strictly associated to the native laurel forest (Laurisilva), has seldom been recorded
and is not abundant (Monclus, 1984). Furthermore, the study of life-history traits of
D. madeirensis indicates that it may be particularly vulnerable to competition from
invasive congeners since this species has a poor performance when compared with
a closely related species with a wide distribution (Rego et al., 2007).

The aim of our study is to provide information on the recent invasion of Madeira
archipelago by three drosophilid species Acletoxenus formosus (Loew, 1864),
Drosophila suzukii (Matsumura, 1931) and Zaprionus indianus (Gupta, 1970) and
evaluate its potential impact on local economy and on native species.

MATERIAL AND METHODS

Madeira archipelago is located on the Atlantic Ocean, nearly 800 km away from
Continental Europe (Portugal). The archipelago is composed by three groups of
islands: Madeira Island, Desertas Islands and Porto Santo and its surrounding islets.
In Madeira Island there is a variety of native habitat-types from coastal xeric vegetation
to altitudinal meadows, but Laurisilva, the native laurel forest, is the most emblematic
one, being classified as World Natural Heritage Site due to its outstanding natural
value (IUCN, 1999).

Sampling took place in selected sites from different habitat-types throughout
Madeira and Porto Santo. Several complementary sampling techniques were used to
collect the drosophilid species reported in this study, namely: Ad-hoc direct sampling,
Moericke and yellow colour traps. Moericke and colour traps were set in several areas
of Madeira, in different habitat-types, as part of an early warning system to detect the
presence of exotic species. Ad-hoc direct sampling was applied mostly in flesh fruit
cultures throughout Madeira, because the presence of predictable food resources
(mature and rotten fruits) allows the attraction of drosophilids.

The specimens collected in this study are deposited in the entomological collection
of the Laboratorio de Qualidade Agricola (ICLAM) in Camacha (Madeira, Portugal). The
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study of specimens from previous collections housed in the ICLAM was important by
making available information concerning species distribution, thus providing insights
on invasion date and dispersal pathways.

In order to evaluate and predict the environmental impact of the three introduced
drosophilid species in Madeira archipelago, we applied the Generic Impact Scoring
System adapted to the IUCN criteria and categories (GISS-IUCN) (Blackburn et
al., 2014), taking in consideration the available information on species biology and
colonization history.

RESULTS

In this study we report for the first time the finding of two exotic drosophilid species
A. formosus and D. suzukii in Madeira and confirm the occurrence of the invasive Z.
indianus in this archipelago (Figs. 1A, 1B, 1C).

The recent finding of the invasive D. suzukii in Madeira confirmed the worst
expectations of its rapid spread worldwide benefiting from human-aided long distance
dispersal (Cini et al., 2012). The species was recorded from distanced locations within
Madeira (Fig. 2, Table 1) suggesting the occurrence of multiple infestations following
its first introduction. Nonetheless, at present D. suzukii seems to be restricted to
human disturbed areas since all specimens were collected in vineyards. Further, with
the exception of Arco de Sao Jorge (in north Madeira), this invasive species was not
abundantin the invaded areas. At present there is no single record of this species from
native habitats despite the occurrence of potential host plants (e.g. Rubus, Sorbus
and Vaccinium species).

Another exotic drosophilid, A. formosus, is also reported for the first time to
Madeira archipelago after being sampled from both Madeira and Porto Santo islands.
This species with a remarkable colour pattern was always found in low abundance
in man-made habitats, mostly in urban gardens (Fig. 2, Table 1). The larvae of A.
formosus are predaceous and all the adult specimens were collected near their
whitefly prey (e.g. Trialeurodes vaporariorum). The study of specimens housed in the
entomological collection of ICLAM provided additional information on the ecological
associations of A. formosus (three whitefly species were recorded as hosts: Aleyrodes
proletella, Siphoninus phillyreae and Trialeurodes vaporariorum) and on its introduction
history in Madeira (collection specimens date back to mid- and late 90s).

The invasive Z. indianus was recorded in several fruit plantations (e.g. banana, grape,
mango, pineapple) from sites mostly located in southwestern Madeira (Fig. 2, Table 1).
This drosophilid was relatively abundant at Serra de Agua (in the center of Madeira) while
in most of the other locations only a few specimens were sampled. Population genetic
studies on the invasive Z. indianus had previously reported this species to Madeira, but
no mention was made to species abundance and geographic distribution in this island
(Nardon et al., 2005; Yassin et al., 2008). The study of drosophilids housed in the ICLAM
allowed the finding of specimens dating back from 1992, a decade before the first reports
of the presence of this invasive species in Madeira.
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Fig. 1. Drosophilds recently found in Madeira archipelago. A: Acletoxenus formosus associated with a
colony of the ash whitefly Siphoninus phillyreae on pomegranate (photo by AMF Aguiar); B: Dros-
ophila suzukii (photo by M Hauser); C: Zaprionus indianus (photo by AMF Aguiar).

Lt

—2
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Fig. 2. Distribution of the exotic drosophilids in Madeira Island: A. formosus (in squares), D. suzukii (in
circles) and Z. indianus (in asterisks). The geographic distribution of urban areas (in grey) and fruit
plantations (in red) are also presented.

The assessment of the ecological impact of the three alien drosophilid species using
the GISS-IUCN protocol (Blackburn et al., 2014) allowed us to classify D. suzukii and Z.
indianus as having a moderate impact on natural communities since the decline of population
densities in some native species is expected. On the other hand, A. formosus may have a
minor impact on natural communities since this species seems to be restricted to human
disturbed areas in coastal lowlands, not presenting for now a threat to native potential prey
(endemic whiteflies).
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Table 1. Records of exotic drosophilids in Madeira with information on sampling dates, locations and
techniques applied. The geographical coordinates (in degrees, minutes and seconds) of each sam-
pling site are indicated together with the altitude (in meters) and habitat-type. Site names are listed
alphabetically for each species.

Species Site Habitat Lat. (N) Long. (W) Altitude Date N Technique
Amparo Urban garden 32°38'45.67" | 16°56'39.88" 160 2.ix.1999 14 Direct sampling
Caldeira Strawberry plantation | 32°39'25.42" | 16°59'47.54" 312 12.xi.1998 14 Direct sampling
g Campanario Agricultural land 32°40'12.79” 17°1'44.22” 325 6.x.1994 24,29 Direct sampling
g Farrobo Cabbage plantation 32°50'2.40” 16°54'29.34” 270 1.viii.2012 13,49 Direct sampling
< Ribeiro Salgado Urban garden 33°2'52.84" 16°21'6.95" 15 22-26.vii.2013 14,29 Direct sampling
Sao Gongalo Urban garden 32°38'53.05” | 16°52'35.69" 238 9.viii.2006 14,29 Direct sampling
Sé&o Martinho Urban garden 32°38'21.16” | 16°55'50.70" 64 6.vii-2006 13,19 Direct sampling
Arco de Sao Jorge (M) Vineyard 32°49'29.62" | 16°57'14.44" 134 1.x.2014 13,49 Colour traps
Canical Vineyard 32°44'17.66" | 16°44'37.73" 58 25.ix.2014 14 Colour traps
% Estreito da Calheta (M) Vineyard 32°44’5.66" 17°11'11.83" 335 13.x.2014 19 Colour traps
Z Faial Vineyard 32°45'32.26" | 16°52'27.84” 328 25.ix.2014 4319 Colour traps
Sao Jorge Vineyard 32°49'38.93” | 16°54'09.94” 256 25.ix.2014 14 Colour traps
S&o Vicente Vineyard 32°47'56.44" | 17°02'28.15" 90 1-15.x.2014 24,39 Colour traps
Camara de Lobos Pineapple plantation 32°39'21.17" | 16°58'51.96" 148 15.ix.1997 13,19 Direct sampling
4 Ponta do Sol Banana plantation 32°40'50.65” | 17°05'15.79” 30 1992/1993 34,62 Moericke trap
'-g Porto da Cruz Vineyard 32°45'59.36" | 16°50'8.09” 233 13.ix.2001 4319 Direct sampling
’:" Quebradas Mango groove 32°38'51.90" | 16°57'44.39" 114 18.xi.1998 14,29 Direct sampling
Serra de Agua Agricultural land 32°43'18.00” | 17°02'03.79" 400 1992/1993 243,209 Moericke trap
DISCUSSION

During the last few centuries human-mediated disturbance has led to the homogenization
of island biotas worldwide as a result of species introductions and the extinction of endemic
life forms (Olden, 2006; Florencio et al., 2013). The recent discovery of two invasive
drosophilid species in Madeira archipelago is a matter of concern since both species
have potential negative impacts on the economy and on the environment. The
worldwide invasion of D. suzukii is proving to be a serious issue due to its severe
economic impacts on fruit production and the difficulties in managing this fast spreading
pest species (Cini et al., 2012). In Madeira, D. suzukii is already widespread in the
island, but seems to be associated to vineyards where it can be found in low to
moderate abundance. This species was most probably introduced in Madeira following
the importation of contaminated fruits or plants from mainland Portugal or Spain, which
are the main sources of commercial traffic to the archipelago. In Madeira, D. suzukii
benefited from human-assisted dispersal to spread rapidly throughout the island. The
great improvements on Madeira road network made during the last decade, including
the construction of many road tunnels, eased considerably the transportation of
people and goods to remote areas of the island and also contributed to a significant
increase in traffic. Consequently, exotic species, like D. suzukii, can be accidentally
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transported jointly with commaodities to distant locations soon after their arrival on the
island. The invasion of Madeira by D. suzukii seems to be quite recent since these are
the first records of its occurrence after being detected by an early warning system for
introduced species managed by the regional agriculture services. The lack of reports
on increased economic losses in fruit production during previous years also seems
to support our assumptions of a quite recent arrival of D. suzukii in Madeira. A study
carried out in Trentino (ltaly) showed that following the introduction of D. suzukii, soft
fruit production economic losses have escalated from 0.5 million euros in 2010 to
over three million euros in 2011, not considering the management costs of control
strategies and societal impacts (De Ros et al., 2013). The impacts of D. suzukii on
the environment are still poorly understood, but the finding of oviposition on wild hosts
(Grassi et al., 2009) clearly highlights a potential negative role on plant reproduction
since fruit dispersers generally tend to avoid damaged fruits (Garcia et al., 1999).
Since a considerable number of Madeira endemic plants potentially threatened by
D. suzukii are dispersed by frugivorous birds (e.g. Rubus grandifolius, R. vahlii,
Sambucus lanceolata, Sorbus maderensis, Vaccinium padifolium), a precautionary
principle should be carried out by extending population monitoring of this invasive
species to natural areas.

The other invasive drosophilid reported from Madeira, Z. indianus, was also
recorded from several low-altitude locations (0-250 m a.s.l.) in north and south Madeira
associated to a variety of flesh fruit cultures (banana, grape, mango, pineapple). In
Tenerife (Canary Islands), Z. indianus was found to be abundant at lower altitudes in
urban and agricultural ecosystems, less abundant in a well preserved coastal xeric
vegetation environment and absent from both the laurel and pine native forests (Baez
and Ortega, 1980, 1981). Thus, in the two Macaronesian archipelagos, Z. indianus is
mainly distributed throughout the milder coastal lowlands where fruit cultures provide
an abundant and stable food resource. During the last decades, this African species
has undergone a considerable range expansion having colonized Asia, Europe, South
and North America (e.g. Vilela, 1999; Yassin and Abou-Youssef, 2004; van der Linde
et al., 2006; Carles-Tolra, 2009). This invasive species is known to have negative
impacts on native insects, particularly on other drosophilids. According to Galego
and Carareto (2005), the larval residues of Z. indianus interfere with the viability and
development of other drosophilids and may lead to a decrease of their abundance
over time. In fact, in many invaded areas Z. indianus became the dominant species
accounting in some cases for 90% of all the drosophilids collected (Tidon et al., 2003).
Thus, if we take in consideration the early colonization of fruits by Z. indianus, its local
high abundance and the negative effects on the viability of native species, we may
conclude that its overall impact on native communities can be quite severe (Tidon et
al., 2003; Le&o and Tidon, 2004; Galego and Carareto, 2005).

The exotic Acletoxenus formosus was found associated with colonies of their
whitefly prey in cultivated areas from Madeira and Porto Santo. The larvae of A.
formosus are predators and may have a significant impact on the populations of their
prey (Arzone, 1998). Amongst the potential prey of A. formosus in Madeira, there
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are two species of concern: The endemic whitefly species Bemisia lauracea (Martin,
Aguiar and Pita, 1996) and Pealius madeirensis (Martin, Aguiar and Pita,1996) which
are relatively rare and restricted to Laurisilva (Martin et al., 1996). The present lack
of records of A. formosus from Madeira native habitats make us believe that this
species could be confined to urban and agricultural environments, not posing for now
a threat to the Madeiran Laurisilva endemic whitefly species, but further studies are
needed to confirm this.

The two invasive drosophilid species D. suzukii and Z. indianus share some
characteristics that contribute for their ecological success: both species are very
fecund, have a wide host range, show adaptive flexibility and broad physiological
tolerance, and have high dispersal capability by benefiting from human assisted
transportation (Ledo and Tidon, 2004; Cini et al., 2012). Furthermore, the finding of
niche shift capability by Z. indianus considerably challenges the accurate prediction of
its potential distribution in introduced areas through conventional ecological modelling
(da Mata et al., 2010), which may in turn compromise the effectiveness of population
control actions.

According with our evaluation using the GISS-IUCN impact assessment protocol
(Blackburn et al., 2014), D. suzukii and Z. indianus were both classified as having a
moderate impact on natural communities in Madeira since the decline of population
densities in some native species could be expected. However, there is some
uncertainty associated to these classifications due to the difficulties in evaluating the
role of natural ecosystems’ resilience to drosophilid species introductions. If these alien
species are able to colonize Madeira Laurisilva their ecological impact will be much
more severe and some narrow endemics may be in peril. At this stage, the development
of a monitoring scheme to assess the distribution and abundance of D. suzukii and
Z. indianus in Madeira is mandatory. The monitoring of invasive species should be
performed not only on cultivated areas but also in native habitats, particularly Laurisilva,
coupled with a thorough evaluation of their economic impacts in fruit production and
potential ecological repercussions. Furthermore, it is also critical to identify the origin
and pathways of invasion in order to prevent recurrent reintroductions. These steps
are crucial for the comprehension of the invasion process of D. suzukiiand Z. indianus
in Madeira archipelago and for the establishment of efficient and effective integrated
management strategies.
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ABSTRACT

The potato tuberworm, Phthorimaea operculella (Zeller) is a worldwide pest of solanaceous crops.
Larvae feed inside the galleries in foliage, stems and tubers which makes chemical control unsuccessful,
and other control methods should be applied. In recent years many plants have received genes that
encoding toxic proteins as a strategy to resist against insect pests. P. operculella is a solanaceous-specific
pest and it has no evolutionary background with cereals. Therefore the goal of current study was to
investigate the effect of wheat (Triticum aestivum L. cv. MV17 and cv. Azar) seed proteinaceous extract
against digestive a-amylase and protease activities of potato tuberworm and was also to determinate the
optimal pH of these enzymes using 1% starch and 2% azocasein as substrate, respectively. The optimum
pH of a-amylase and protease activities was found to be highly alkaline. Enzyme inhibition assays showed
that amylase activity was significantly affected by extracts from MV17 and Azar at different pH values and
maximum effect was observed at pH 9. The inhibitory effect of MV17 and Azar extracts on protease
activity did not markedly vary between pH 8 and 11 and among pH 8, 9, and 11, respectively. Inhibition
manner of various concentrations (1.5, 0.75, 0.375, 0.187, and 0.093 (mg protein/ml) of extracts were
dose-dependent. Maximum inhibitory effect occurred at the highest concentration and the minimum was
at the lowest concentration. In polyacrylamide gel assay, both enzymes, without inhibitors showed two
isozymes. At highest concentration of extracts, both bands disappeared or their intensity decreased. So,
these proteins can be tested in producing resistant potato crops against potato tuberworm.

Key words: a-amylase, protease, wheat, potato tuberworm.

INTRODUCTION

The potato tuberworm, is a universal pest of solanaceous crops and especially
damages to potatoes. Although itis mainly a pest of potato, it can also be found in other
solanaceous plants. It is one of the most important pests of potato in many temperate
and tropical regions of the world. The larvae mine leaves, stems, and petioles causing
irregular galleries and cave tunnels through tubers. Foliar damage to the potato crop
usually does not result in considerable yield losses but infested tubers especially in
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non-refrigerated systems may have reduced marketability. Several approaches are
available for the development of an integrated pest management system for potato
tuberworm. Since the larvae feed inside the tubers and they are not exposed to the
insecticides, pesticide application in order to control this insect was not successful
(Rondon, 2010). Wide use of pesticides has caused malefic effects to human health
and environment and the occurrence of resistance in the phytophagous insect-pests
against the pesticides has led to focus on enzymes inhibitors encoded in transgenic
plants as an alternative strategy to control the insect pests, because insect pests rely
on their digestive enzymes such as a-amylases and proteases to keep on feeding
on host plants (Gatehouse et al., 1999; Franco et al., 2002). Cereals and legumes
seeds are the rich sources of digestive enzyme inhibitors (Franco et al., 2002). So,
it is recommendable to characterize digestive enzymes as well as to do in vitro and
in vivo bioassay with plant proteinaceous inhibitors in order to achieve a control
strategy based on digestive enzyme inhibitors (Harrison and Bonning, 2010). So,
the goal of current study was to investigate the effect of seed proteinaceous extracts
from wheat cv. MV17 and cv. Azar on the amylolytic and proteolytic activities of the
potato tuberworm.

MATERIAL AND METHODS

Rearing of insect

A population of potato tuberworm was taken from the insect physiology laboratory
(University of Mohaghegh Ardabili) and maintained on potato tubers (Solanum tuberosum
L. cv. Agria) located in plastic containers in the incubator set at 30+1°C and 55% RH.

Preparation of enzyme extract

Insect enzyme extraction was done based on procedures described by Mehrabadi
et al. (2012). Fifth instar larvae of potato tuberworm was used for enzyme extraction,
because the most feeding occurs in this instar. The larvae were randomly selected,
cold-immobilized on ice for 10 minutes and carefully dissected in distilled water
under stereomicroscope (Nikon WD®). Guts were separated and grounded in 1.5 ml
of phosphate buffer at pH 7 and homogenized with homogenizer (Ultra Turrax T8®).
The 1.5 ml homogenates from preparations were centrifuged at 13,000 rpm for 30
min at 4°C. The supernatants were transferred to a new tube and stored at -20°C for
further use as an enzyme source.

Determination of optimum pH of a-amylase and protease activitiy

The optimal pH of a-amylase and protease activities were determined using
different pH values; 8, 9, 10, 11, and 12 of universal buffer (Hosseinkhani and
Nemat-Gorgani, 2003) containing Glycin (0.02 M), 2-morpholinoethansulphonic acid
(0.02 M) and succinate (0.02 M). To determine the optimal pH of a-amylase activity,
10 pl of enzyme extract was dissolved in 65 pl universal buffer at distinct pH, then 25
pl of 1% starch solution as substrate was added to the reaction and the mixture was
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incubated at 40°C for about 30 min. Then the reaction was stopped by adding 100 pl
DNS (dinitrosalicilic acid) according to (Bernfeld, 1955) and heated in boiling water
for 10 min. Then absorbance of reaction mixture was read at 540 nm by using ELISA
reader. To determine the optimal pH of protease activity, 10 yl enzyme extract was
incubated with 50ul of 2% azo-casein as substrate in 40 pl of distinct pH at 45°C for
about 60 min. According to Saadati et al. (2011), the reaction was stopped by adding
100 pl TCA (trichloroacetic acid) and kept in refrigerator at 4°C for about 30 min,
followed by centrifugation at 13,000 rpm for about 20 min to precipitate non-hydrolysed
substrate. Finally the absorbance of reaction mixtures was measured at 405 nm.

Seed protein extraction procedure

Seeds of MV17 cultivar were supplied by Seed and Plant Improvement Institute,
Karaj, Iran and seeds of Azar were obtained from Agricultural Jahad Organization of
Saghez, Kurdistan, Iran. According to Baker (1987) and Melo et al. (1999), seeds were
milled completely and then 30 grams of grinded seeds from each plant separately was
mixed with 100 ml of 0.1M NaCl and stirred for 90 min, then the mixture was centrifuged
at 8,000 rpm for about 30 min at 4°C. The pellet was discarded and proteins were
concentrated using a saturation of 70% ammonium sulfate followed by centrifugation
the mixture at the same condition. The pellet was dissolved in ice-cold Tris-HCI buffer
(0.02 M and pH 7.0) and dialyzed against the same buffer for about 20 h. Then this
dialyzed solution was transferred to 1.5 ml tubes and placed at 70°C for about 15 min
in order to inactivate the enzymes within the seeds. Finally, the 1.5 ml tubes were
centrifuged at the same condition and the supernatants were transferred to other
tubes and they were frozen at -20°C as inhibitor source for enzyme inhibition assays.

The effect of pH on inhibitory activity of seed extracts

In-vitro assay of the effect of different pH on inhibitory activity of seed extracts
from MV17 and Azar on a-amylase and protease activities was assayed. At 55 pl of
given pH value of universal buffer (8, 9, 10, 11, and 12), 10 yl enzyme extract was
pre-incubated with 10 pl of each seed extracts solution at 40°C for 15 min for amylase
inhibition assay and for 60 min at 45°C for inhibition assay of protease. Then 1% starch
solution as a-amylase substrate and 2% azocasein as protease substrate were added
to each enzyme mixture. Appropriate blanks were included in the experiments, too.
The inhibition percentage of a-amylase and protease (%l) was calculated according
to Mehrabadi et al. (2011):

%l =100 * ((AA540 Control-AA540 Experiment)/AA540 Control)

a-amylase

%l =100 * ((AA405 Control-AA405 Experiment)/AA405 Control)

protease

The effect of different concentrations of seed extracts on enzymes activity

The effect of seed proteinaceous extracts on a-amylase and protease activities was
determined as described by Mehrabadi et al. (2010). Various concentrations including
1.5, 0.75, 0.375, 0.187, and 0.093 mg/ml protein of seed extracts were prepared by
diluting the most dens extract (1.5 mg/ml protein). Then 10 ul of enzyme extract at
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difined pH (pH 9 for a-amylase and pH 11 for protease) was pre-incubated with each
of above-mentioned concentrations. Thereafter, specific substrate of both enzymes
was added to the mixtures and the continuation of assay was done as described in
the previous section.

All assays were performed with three replicates using 20 samples per replicates.

Semi-denaturing native-page

Electrophoretic detection of amylolytic and proteolytic activity was done basically
according to the procedures described by Laemmli (1970) and Walker et al. (1998).
Amylolytic activity were detected using 10% (w/v) polyacrylamide gel co-polymerized
with 0.5% starch according to Mehrabadi and Bandani (2010) and 4% for stacking
gel with 10% SDS (Gel electrophoresis apparatus includes a gel cassette filled with
polyacrylamide gel and placed in a tank filled with electrode buffer and an electrical
field is applied via the power supply to the rear. The negative terminal is at the top end
(cathode), so proteins migrate downword to the anode. Electrophoresis was conducted
at a voltage of 70V at 4°C until the blue dye reached the bottom of the gel. Then,
the gel was rinsed with distilled water and washed by 1% (v/v) Triton X-100 buffer
for about 30 min followed by incubation in Tris-base buffer (pH 9.0) containing 2 mM
CaCl, and 10 mM NaCl for about 2 h. Finally, the gel was treated with a solution of
1.3% I, and 3% KI to stop the reaction and stain the un-reacted starch background.
Proteolytic activity was detected using 10% (w/v) polyacrylamide gel co-polymerized
with 1% gelatin. Electrophoresis was conducted at a voltage of 70V at 4°C until the
blue dye reached the bottom of the gel. Then, the gel was rinsed with distilled water
and washed by 2.5% (v/v) Triton X-100 buffer for about 60 min followed by incubation
in Tris-base buffer (pH 11) for about 24 h. Finally, the gel was treated with staining
buffer as described by Hosseininaveh et al. (2007) containing 50% (v/v) methanol,
10% (v/v) acetic acid, and 0.25% (w/v) Coomassie blue R-250 to stain the un-reacted
gelatin background for about 24h and finally was treated with destain buffer containing
10% (v/v) methanol and 5% (v/v) acetic acid for about 4 h.

Zones of a-amylase and protease activities appeared at light bands against dark
background.

Protein determination

Protein concentration of enzyme extracted from insect gut and proteinaceous
extract of seeds was measured according to the method of Bradford (1976), using
bovine serum albumin (Bio-Rad, Munchen, Germany) as a standard.

Material supply

Azocasein, bovine serum albumin (BSA), succinic acid disodium salt, and
ammonium persulfate for electrophoresis (APS) were supplied by Sigma (St Louis,
MO, USA). Tris, phosphate buffer solution (pH 7.0), 2-hydroxy-3,5-dinitrosalicylic
acid (DNS), potassium sodium tartrate tetrahydrate, starch soluble, trichloroacetic
acid (TCA), sodium hydroxide, ammonium sulfate, acrylamide, N,N'-methylene
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diacrylamide, dodecyl sulfate sodium salt (SDS), 2-morpholinoethanesulfonic acid
(MES), sodium chloride, calcium chloride, phosphoric acid, glycerol, potassium iodide,
iodine, coomassie brillant blue G 250, bromophenol blue, and N,N,N’,N'-tetramethyl
ethylenediamine (Temed) were purchased from Merck (Darmstadt, Germany).
Methanol was from Arman Sina (Tehran, I.R.1); glycin from Scharlau (Barcelona, Spain)
and Triton X-100 from Applichem (GmbH in Darmstadt, Germany). Spectrophotometric
measurements were made using ELISA reader, BioTek® (Winooski, VT), ELx800.

Statistical analysis

Data was analyzed using MSTAT-C software by Single factor ANOVA followed by
mean comparison with Tukey’s Honestly Significant Difference Test (HSD). The error
bars in the figures represent SE (Standard Error).

RESULTS

Optimum pH of a-amylase and protease activity

Some features of a-amylase and protease enzymes in the potato tuberworm
gut were determined in introductory experiments. We found that the optimal pH of
a-amylase (Fig. 1a) and protease (Fig. 1b) was in the alkaline range with a peak at
about pH 9 and 11, respectively. The a-amylase and protease activity level in opt'BnaI
pH was 0.024319 and 0.130000 U/min/mg protein, respectively.
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Fig. 1. The effect of pH on a-amylase (a) and protease activities (b) of potato tuberworm. Means followed
by the same letters are not significantly different by Tukey’s test (P<0.05).

The effect of pH on the inhibitory activity of seed proteinaceous extracts

Inhibitory activity of seed extracts on a-amylase and protease activities was
evaluated in different pH values to study the importance of pH factor in insect midgut.
The effect of extracts from MV17 and Azar on a-amylase differed at several pH values
and the highest inhibition percentage of a-amylase by both extracts was observed at
pH 9 (Fig. 2a). Whereas the inhibition of protease activity by extract from MV17 did
not significantly differ between pH 8 and 11 and by extract from Azar did not markedly
vary among 8, 9, and 11 pH values (Fig. 2b).
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The effect of different concentrations of seed extracts on the a-amylase and
protease activity

Preliminary assay to estimate the protein concentration of seed extracts was done
to start the enzyme inhibition assays. Both extracts showed dose dependent style of
inhibition. Various concentrations; 1.5, 0.75, 0.375, 0.187, and 0.093 (mg protein/
ml) of extract from MV17 inhibited a-amylase activity by 59.72, 45.44, 34.88, 23.21,
and 12.89% and of extract from Azar decreased the enzyme activity by 50.63, 38.78,
27.16, 25.53, and 17.62% (Fig. 3a). Protease activity was also reduced by extract
from MV17 by 42.46, 33.73, 23.77, 20.46, and 16.56% and by extract from Azar by
49.34, 35.22, 20.29, 12.82, and 4.88%, (Fig. 3b).
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Fig. 2. The effect of pH on inhibition of potato tuberworm a-amylase (a) and protease (b) by extracts from
MV17 and Azar. Means followed by the same letters are not significantly different by Tukey’s test
(P<0.05).
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Fig. 3. Inhibition of potato tuberworm a-amylase (a) and protease (b) by different concentrations of MV17
and Azar. Means followed by the same letters are not significantly different by Tukey’s test (P<0.05).

Gel assays of the effect of seed proteinaceous extracts on the a-amylase and
protease activity

Gel assays showed that there were two major isozymes of a-amylase and protease
enzymes in the larval gut. When different concentrations of seed extracts were used,
the intensity of bands was differed in both cases. At lowest concentration of seed
extracts (0.093 mg/ml protein) both bands were faint. At the highest concentration
of extract from MV17 both bands of a-amylase (Fig. 4a) and protease (Fig. 5a)
disappeared. Whereas the highest concentration of extract from Azar only decreased
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the intensity of bands of both enzymes (Figs. 4b and 5b).
6 5 4 3 2

Fig. 4. In gel inhibition assay of the effect of different concentrations of plant extracts on the a-amylase of
potato tuberworm using 0.5% starch as substrate. Lane numbers are as follow: (1) enzyme extract with
no inhibitor, (2) 0.093 mg/ml, (3) 0.187 mg/ml, (4) 0.375 mg/ml, (5) 0.75 mg/ml, (6) 1.5 mg/ml protein
of extract from MV17 (a) and Azar (b). A1: a-amylase first isozyme, A2: a-amylase second isozyme.

2 3 4 5

Fig. 5. In gel inhibition assay of the effect of different concentrations of plant extracts on the protease of
potato tuberworm using 1% gelatin. Lane numbers are as follow: (1) enzyme extract with no inhibitor,
(2) 0.093 mg/ml, (3) 0.187 mg/ml, (4) 0.375 mg/ml, (5) 0.75 mg/ml, (6) 1.5 mg/ml protein of extract
from MV17 (a) and Azar (b). P1: Protease first isozyme, P2: Protease second isozyme.

DISCUSSION

The potato is one of the most important food crops along with rice, wheat, and
maize all over the world (Ross, 1986; Douches et al., 2004). Unfortunately, severe
losses may occur in storage, especially in developing countries where low income
farmers cannot afford refrigerated storages (Rondon, 2010).

In this study, the digestive a-amylase and protease enzymes of potato tuberworm
were characterized for the first time and also the effect of extracts from two wheat
varieties was tested on enzymes activities. Many of Lepidopteran insects live on a
polysaccharide-rich diet and require digestive a-amylase to break down and utilize
the starch in their food sources. These amylases play a very important role in starch
digestion and in insect survival (Borzoui et al., 2013).

Plant seeds are known to contain a diversity of enzyme inhibitors that are thought
to be involved in defense mechanisms against herbivores. Among these proteins, the
a-amylase and proteinase inhibitors are found in several legume and cereal species.
There are many examples where amylase inhibitors, especially those isolated from
cereals, inhibit amylases from insect guts (Valencia-Jiménez et al., 2008). The role
and mechanism of action for most of these inhibitors are being studied in detail and
their respective genes isolated. These genes have been used for the construction
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of transgenic plants to be incorporated in integrated pest management programs
(Lawrence and Koundal, 2002).

The acidity of the contents of digestive tract is the main factor affecting the
digestive enzymes (Terra and Ferreira, 1994). It has been reported that high levels
of acidity in the phytophagous lepidopteran gut is to deal with high levels of tannins
in their foods. These materials at low acidity join the insect enzymes and resulting
in reduced digestion performance. The digestive tract of Lepidopteran insects such
as mediterranean flour-moth Anagasta kuehniella Zeller, Plodia interpunctella Zeller,
and many other Lepidoptera is extremely alkaline (Baker, 1989; Sivakumar et al.,
2006; Amorim et al., 2008; Pytelkova et al., 2009). In the present study, the results
of pH assays were in consistent with previous experiments. As we observed, potato
tuberworm a-amylase and protease exhibited elevated activity at alkaline pH 9 and
11, respectively. Also, it was found that pH factor affected the inhibition of a-amylase
and protease activity of potato tuberworm by seed extracts. An inhibitor which reduces
enzyme activity at the optimum pH of enzyme activity, can be used in producing
transgenic plants against insect pests. The highest inhibition of a-amylase by extract
from MV 17 and Azar was observed at pH 9 (the optimum pH of a-amylase activity).
Whereas the inhibition of protease by the extracts was not significantly affected by
pH factor. There are many other reports confirming that inhibition manner of digestive
a-amylase and protease by seed proteinaceous extracts is pH dependent e.g., the
inhibitory effect of wheat seed extract on digestive a-amylase of Plutella xylustella L.
(Borzoei et al., 2013), and inhibition of proteolytic and amylolytic activity of Tenebrio
molitor L. by plant proteinaceous seed extracts (Dastranj et al., 2013).

The effect of seed proteinaceous extracts also was dose dependent. A gradual
increase in the amount of the enzyme inhibition was observed along with a gradual
increase in the amount of the seed extracts concentrations. In line with these data,
Mehrabadi et al. (2010) found that the effect of triticale seed extract on the a-amylase
activity of the Sunn pest (Eurygaster integriceps Puton) was also dose dependent.
They found that lowest concentration of triticale seed extract (0.25 mg) inhibited about
10% of enzyme activity, while the highest dose of seed extract (1.5 mg) caused 80%
inhibition of enzyme activity.

CONCLUSIONS

Since the insects such as potato tuberworm are substantially dependent on
a-amylases to their survival and digestion the starch as the main and the most
necessary material in their food, amylase could be a good target for insect control
through a-amylase inhibitors (Franco et al., 2002; Svensson et al., 2004; Sivakumar
et al., 2006). The current results showed that potato tuberworm a-amylases are
more sensitive than protease in terms of the inhibition by tested proteinaceous seed
extracts. The plants possess several mechanisms against herbivore insects. One of
these mechanisms are proteinaceous inhibitors which block the active site of digestive
enzymes and consequently prevent their usual function. In plant-pest co-evolution
pathway, the insect pests have overcomed to defense mechanism of host plants



79
Effect of Seed Proteinaceous Extracts

such as proteinaceous enzyme inhibitors and have been abled to keep on feeding
on host plants. Hence in the strategy of transgenic plant production against insect
pests, proteins of non-host plants should be encoded in transgenic plants which the
insect pests have no evolutionary background with these proteins. Finally, since MV17
and Azar could affect the insect digestive enzymes specially a-amylase, these seed
extracts can be tested to produce resistant potato crops against potato tuberworm.
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ABSTRACT

In Tunisia, date palms are infested by various insect pests, especially Pyralids, whose caterpillars
feed inside dates, spoiling their quality. As a critical pre-requisite towards controlling these pests, their
accurate taxonomic diagnosis must be applied at molecular level, independently from pest life stages. In
the present study, we report the molecular diagnosis of the Pyralid moth Ectomyelois ceratoniae at the
larvae stage, based on the Cytochrome Oxidase | (COIl) gene sequence. We have sequenced a 710 base
pairs fragment of the mitochondrial COI gene from 10 Tunisian E. ceratoniae specimens. The analysis of
intra-specific diversity, using additional public sequences originating from Africa (GenBank: KP083440.1,
KP083444.1, KP083442.1, KP083441.1 and JF748065.1) and Australia (GenBank: KF405701.1,
KF40073.1 and KF397550.1) provided evidence of population differentiation over geographic scales, as
the representatives of each continent (i.e. Africa or Oceania) formed a homogeneous cluster in phylogenetic
analysis. Besides, we have used a quick method, based on Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism (PCR-RFLP), to distinguish between E. ceratoniae and two other Pyralidae
moths commonly found in dates following harvest, namely Plodia interpunctella and Anagasta kuehniella.
This study describes a rapid and efficient molecular diagnostic tool for highly-damaging Pyralidae species.
It represents a significant contribution that will impact future pest control strategies of date moths in Tunisia.

Key words: Date palm, Pyralidae, Ectomyelois ceratoniae, cytochrome oxidase |, DNA barcoding,
PCR-RFLP.

INTRODUCTION

The date palm, Phoenix dactylifera L., is a strict dioecious evergreen tree capable
of living over 100 productive years. It is one of the oldest domesticated trees, today
playing important socio-economic roles in the Middle-East and North Africa (Mahmoudi
et al., 2008). It is thought that the earliest cultivation of P. dactylifera dates back to
3,700 BC in the area between the Euphrates and the Nile rivers, namely in what is now
southern Iraq (Al-Mssallem et al., 2013). Date palm was, historically, introduced by
humans to northern India, North Africa, and southern Spain. As a part of North Africa,
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Tunisia lends date palms a prominent place in its national economy, with a national
production totaling 225,000 T, in 2014/2015 (Tunisian Ministry of Agriculture-Fruit inter
professional group, 2015). In spite of their importance, date palms are susceptible to
attacks by several pathogens and pests. Especially during harvest or storage, the fruit
faces a high rate of infestation by moths belonging to the family of Pyralidae, such as
the raisin moth Cadra figulilella (Gregson), The Indian mealmoth, Plodia interpunctella
(Hibner), the Mediterranean flour moth, Anagasta kuehniella (Zeller), the almond
moth, Ephestia cautella (Walker) and the carob moth Ectomyelois ceratoniae (Zeller).
In Tunisia, E. ceratoniae has been considered as the most damaging pest of dates
and the main constraint to dates export (Dhouibi, 1989; Jarraya, 2003).

Taxonomic identification of pests is an essential issue in integrated pest
management approaches. However, classical, morphology-based identification
methods are sometimes unable to detect differences between specimens, especially
those with deteriorate morphology or immature stages as eggs, pupae and larvae.
The identification of these juvenile forms, which may have no distinguishable
features, often needs to be delayed till maturity. Thus, the morphological approach is
time-consuming, and requires a high expertise. Alternatively, molecular approaches,
based on enzymatic amplification, digestion and/or sequencing of key genes could be
of great help. The mitochondrial gene cytochrome oxidase subunit | (COI) has been
nominated by Hebert et al. (2003a,b; 2004) as a standard gene for the identification
of cryptic animal species. This gene has been used for resolving several insect
complexes, such as Bactrocera sp. (Mezghani-Khemakhem et al., 2012), Mayetiola
sp. (Bouktila et al., 2006), Culex sp. (Hemmerter et al., 2009) and Anopheles sp.
(Gutiérrez et al., 2010). COI has several advantages; for example, it is devoid of
introns and contains few insertions and deletions (Mardulyn and Whitfield, 1999). In
addition, its evolution is rapid enough to discriminate not only related species but also
phylogeographic groups within the same species (Cox and Hebert, 2001; Hebert et
al., 2003b). The aim of the DNA barcoding method is to assign unidentified specimens
to a given taxon, at specific or infra-specific level, based on the COI gene sequence.
Various studies have corroborated the success of this method (Hebert et al., 2003a;
Hebert et al., 2004; Ward et al., 2005; Hogg and Hebert, 2005; Tsao and Yeh, 2008;
Wilson et al., 2013). Furthermore, Polymerase Chain Reaction-Restriction Fragment
Length Polymorphism (PCR-RFLP) was successfully applied to distinguish between
several insects of cryptic species (Raboudi et al., 2005; McKern and Szalanski, 2007;
Garrick et al., 2015). Taking this into consideration, the purpose of our present study
was to identify and characterize larval specimens of E. ceratoniae, collected from date
palms in different regions in Tunisia, based on COI gene sequencing and PCR-RFLP.

MATERIAL AND METHODS

Insect samples

Pyralidae larvae were collected from five oases located in southern Tunisia,
in spring 2013. Geographic location and number of samples are given in Table 1.
Specimens were stored at -20 °C until DNA extraction.
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Table 1. Sampling and public sequence data.

Samples from Tunisian oases
Insect species Samples labels Sampling site
K1, K2, K3, K4 Kebili (33° 42’'N; 8°58'E)
T1,T2 Tozeur (33° 55'N; 8° 08" E)
Ectomyelois ceratoniae N10 Nefta (33° 52" N; 7° 53' E)
G1, G2 Gabes (33° 53'N; 10° 07" E)
D1 Douz (33° 27'N; 9° 01'E)
Public sequences
Insect species Accession numbers in Genbank Geographical origin
or BOLDSYSTEMS databases
GenBank : KP083440.1 South Africa
GenBank : KP083444.1 South Africa
GenBank : KP083442.1 South Africa
Ectomyelois ceratoniae GenBank : KP083441.1 South Africa
GenBank : JF748065.1 South Africa
GenBank : KF405701.1 Western Australia
GenBank : KF40073.1 Queensland (Australia)
GenBank : KF397550.1 Queensland (Australia)
GenBank : KF492033.1 Maryland (USA)
GenBank : KM572075.1 Austria
Plodia interpunctella GenBank : KF399544.1 Australia
GenBank : GU096543.1 Ontario, Ottawa (Canada)
GenBank : GU096544.1 Ontario, Ottawa (Canada)
GenBank : GU828613.1 No data available
BOLDSYSTEMS : MSWEBO061-15 Ontario, Guelph (Canada)
Anagasta kuehniella BOLDSYSTEMS : MSWEBO064-15 Ontario, Guelph (Canada)
BOLDSYSTEMS : MSWEBO063-15 Ontario, Guelph (Canada)
BOLDSYSTEMS : MSWEB062-15 Ontario, Guelph (Canada)

COIl gene amplification and sequencing

DNA was extracted from larvae, using Cetyl Trimethylammonium Bromide
(CTAB) method (Doyle and Doyle, 1987). Extracted DNA was resuspended in
30 pL of sterile Milli-Q water. Polymerase Chain reactions were conducted with
primers LCO1490: 5’-GGT-CAA-CAA-ATC-ATA-AAG-ATA-TTG-G-3’ and HCO2198:
5-TAA-ACT-TCA-GGG-TGA-CCA-AAA-AAT-CA-3’ (Folmer et al., 1994). These
primers amplified a 710 base pairs fragment in the 5’ end of the mtDNA cytochrome
oxidase subunit | (COI). Each reaction, performed in 25uL volume, used 50ng of DNA
template, 0.1 unit of Taq polymerase (Promega), 200uM MgCl,, 0.1 mM of each primer
and 0.2 mM dNTPs. PCR conditions consisted of an initial denaturation at 94°C for 5
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minutes, followed by 35 cycles each consisting of 3 steps: denaturation (94°C, 1 min),
annealing (54 °C, 1 min) and extension (72°C, 1 min); and a final extension at 72°C
for 5 min. PCR products were separated by 1% agarose gel and stained with ethidium
bromide. The appropriate bands were purified using Quik Gel Extraction (Invitrogen)
before being sequenced by an automated DNA sequencing system.

PCR-RFLP assay

Fifteen (15) uL of the COI gene PCR product of each larva were incubated in a
total reaction volume of 20 pL with 5 U of the endonuclease Dral and 10X digestion
buffer (Promega) at 37 °C for 4 hours. The digested products were visualized on 2%
agarose gel, stained with ethidium bromide and photographed under ultraviolet light.

Bioinformatic analyses of sequences

In order to characterize E. ceratoniae specimens, at intra-species level, based on
COlI gene sequence, we have enriched the genetic COI gene pool, by 8 additional
public sequences, corresponding to partial sequences of cytochrome oxidase subunit
| (COI) gene of E. ceratoniae. Five of these sequences were from South Africa, while
three originated from Australia (Table 1). The COIl gene sequences obtained through
DNA amplification and those retrieved from databases were aligned using ClustalW
algorithm implanted in BioEdit 7.2.5 (Hall, 1999). The method reported by Elsasser
et al. (2009) and Shokralla et al. (2011), based on Kimura 2-parameter (K2P) model
of base substitution (Kimura, 1980), was used for phylogeny reconstruction and for
generating a Neighbor Joining (NJ) phylogenetic tree by MEGA software version 6
(Tamura et al., 2013), with a bootstrap analysis of 1000 replications. Besides, in an
attempt to identify discriminatory restriction sites between E. ceratoniae and other
Pyralidae species, we have analyzed restriction polymorphisms, using NEBcutter v.2.0
software (Vincze et al., 2003), and three consensus sequences: (a) a consensus of
E. ceratoniae COIl gene sequences that was developed based on the combined 10
local sequences and the eight public accessions of this species, shown in Table 1,
and (b) two consensus sequences of each P. interpunctella and A. kuehniella COI
gene that were generated from public accessions of these species, shown in Table 1.

RESULTS

Correlation between genetic diversity and geographical distribution

The 710 bp fragment of the COI mitochondrial gene was amplified and sequenced
for each sample (n=10). After checking and manual editing, the total length of DNA
sequence used from each individual was adjusted to 604 bp. A Blast search in
Genbank (Benson et al., 2013) and BOLDSYSTEMS (Ratnasingham and Hebert,
2013) databases showed that all specimens belonged to E. ceratoniae species, with
BOLDSYSTEMS compatibilities ranging between 99.83% and 100%, indicating a high
“DNA barcode” sequence similarity between the studied Tunisian specimens and their
most similar conspecific E. ceratoniae ones. As expected in insect mitochondrial DNA,
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these sequences contained a high AT percentage (Crozier and Crozier, 1993). No
insertions, deletions, or stop codons were observed in the sequences, indicating the
absence of nuclear copies of mitochondrial origin (NUMTs) (Bensasson et al., 2001;
Song et al., 2008). The alignment at the nucleotide level showed that COIl sequences
were either identical or highly similar. Moreover, the translation of these sequences
revealed identical amino acid sequences (data not shown).

To examine the extent of intra-specific divergence, 8 additional sequences of E.
ceratoniae COIl were downloaded from Genbank and BOLDSYSTEMS database.
The pair-wise sequence comparison across E. ceratoniae individuals showed that
genetic distances ranged from 0.0% to 4.1%, with an average of 1.2%. These values
of intra-specific divergence, were influenced by the presence of two groups showing
3.9% divergence: The first, included specimens from Tunisia and South Africa (African
continent), while the second was made of specimens originating from Queensland
and Western Australia (Oceania). Each group was homogeneous, with low mean
divergence rates of 0.4% and 0.2% for the first and second groups, respectively.
Indeed, when specimens from Oceania were excluded, the overall intra-specific
divergence dropped significantly from 1.2% to 0.4%. Because of their deep divergence,
sequences from Queensland and Western Australia formed a distinct cluster in
Neighbor-joining tree (Fig. 1).
~ KP083440.1 South Africa
D1 Douz Tunisia
K4 Kebili Tunisia
N1 Nafta Tunisia
T1Tozeur Tunisia
* K2 Kebili Tunisia
o K3 Kebili Tunisia
T2 Tozeur Tunisia

E. ceratoniae,
subgroup Africa

G1 Gabes Tunisia
5’—1: G2 Gabes Tunisia
K1 Kebili Tunisia
KP083444.1 South Africa
KP083442.1 South Africa
+1KP083441.1 South Africa
JF748065.1 South Africa

[ KF405701.1/BOLD ANICR1182-11-COI-5P Western Australia

E. ceratoniae,
00| |[KF400731.1/BOLD ANICR1183-11-COI-5P Queensland Australia subgroup Australia

%2 'KF397550.1/BOLD ANICR067-11-COI-5P Queensland Australia
KF492033.1 Plodia interpunctella
GUB28613.1 Anagasta kuehniella Outgroup

—rra—
o0z

Fig. 1. Neighbor-joining phylogenetic tree, based on a 604 bp COI gene fragment, showing genetic
relationships among Ectomyelois ceratoniae specimens from Tunisia, South Africa and Australia.
Lepidoptera species Plodia interpunctella and Anagasta kuehniella were used as outgroup. The
numbers above branches refer to the bootstrap values based on 1000 replications.

COI-PCR-RFLP: an efficient tool for distinguishing between E. ceratoniae and
the complex P. interpunctella and A. kuehniella

The COI sequences of E. ceratoniae, P. interpunctella and A. kuehniella were
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examined for their recognition site of restriction enzyme using the virtual sequence
digestion program NEBcutter. Dral was chosen because of its discriminatory potential.
It yielded, in silico, diagnostic RFLPs that discriminated easily between E. ceratoniae,
on one hand, and P. interpunctella and A. kuehniella, on the other hand. Indeed,
Dral endonuclease acted specifically at a diagnostic restriction site at position 570 in
E. ceratoniae, but not in P. interpunctella and A. kuehniella (Fig. 2). The visualized
PCR-RFLP patterns, obtained in wet lab experimentation for 20 Tunisian specimens
of E. ceratoniae, were similar to those predicted in silico, showing a standard profile
with a 570 bp and a 140 bp DNA fragments on agarose gel (Fig. 3), confirming that
all specimens belong to E. ceratoniae species.

DISCUSSION AND CONCLUSIONS

Our results are in agreement with previous studies reporting that the levels of
intra-specific variation rarely exceed 2% in Lepidoptera (Hebert et al., 2003b; 2009;
Hajibabaei et al., 2006; Hausmann et al., 2011). The K2P distances calculated between
samples from the two continents were higher (1.2% mean intra-specific divergence)
compared with those calculated from the representatives of a single continent (0.4%
and 0.2% for Africa and Oceania, respectively). This fact pleads in favor of a population
differentiation over geographic scales. Likewise, several entomological studies
reported that geography and genetic distances were co-dependent (Bergsten et al.,
2012; Bouktila et al., 2012). Similarly, Candek and Kuntner (2014) found that increased
geographical sampling affects slightly the intra-specific distance variation but did not
hamper the performance of the DNA barcodes as a tool for species identification. This
variation may be the result of isolation by distance (Wright, 1943) or distance decay
(Nekola and White, 1999).

Although DNA sequencing based on cytochrome oxidase | (COI) gene is an
effective and reliable tool for insect identification, the use of this method could be
time-consuming and/or expensive. For this reason, we suggest that a combination of
COl genotyping and PCR-RFLP will be a rapid diagnostic tool between Pyralid moths,
as this method was previously applied to several insect pests (Raboudi et al., 2005;
McKern and Szalanski, 2007; Valenzuela et al., 2007; Mezghani-Khemakhem et al.,
2012). We have shown that the endonuclease Dral has a specific cleavage site in
E. ceratoniae COIl gene sequences, facilitating the distinction between this species
and other Pyralids, namely P. interpunctella and A. kuehniella. Results reported, in
this paper, will facilitate species identification, not only by specialized entomologists,
but also non-specialists who are not familiarized with the morphology of Pyralidae.
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Fig. 2. Comparison of a 604 bp COI gene portion between Ectomyelois ceratoniae, Anagasta kuehniella
and Plodia interpunctella. The red frame refers to the differential Dral restriction site.
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Fig. 3. Banding profiles of the COI gene obtained from 20 E. ceratoniae individuals, after digestion with
Dral. N: native (undigested) 710 bp fragment of the COI gene; M: Molecular weight marker (1000 bp).

REFERENCES

Al-Mssallem, I. S., Hu, S., Zhang, X., Lin, Q., Liu, W., Tan, J., Yu, X, Liu, J., Pan, L. et al., 2013, Genome
sequence of the date palm Phoenix dactylifera L. Nature Communications, 4 (2274): 1-9.

Bensasson, D., Zhang, D. X., Hartl, D. L., Hewitt, G. M., 2001, Mitochondrial pseudogenes: evolution’s
misplaced witnesses. Trends in Ecology and Evolution, 16: 314-321.

Benson, D. A., Cavanaugh, M., Clark, K., Karsch-Mizrachi, I., Lipman, D. J., Ostell, J., Sayers, E. W.,
2013, GenBank. Nucleic Acids Research, 41(Database issue): 36-42.

Bergsten, J., Bilton, D. T., Fujisawa, T., Elliott, M., Monaghan, M. T., Balke, M., Hendrich, L., Geijer, J.,
Herrmann, J., Foster, G. N., Ribera, I., Nilsson, A. N., Barraclough, T. G., Vogler, A. P., 2012, The
effect of geographical scale of sampling on DNA barcoding. Systematic Biology, 61: 851-869.

Bouktila, D., Mezghani, M., Marrakchi, M., Makni, H., 2006, Genetic variation and relatedness in Tunisian
wheat midges of the genus Mayetiola (Diptera: Cecidomyiidae), inferred from biological and molecular
data. Acta Entomologica Sinica, 49: 822-828.

Bouktila, D., Kharrat, S., Mezghani-Khemakhem, M., Jerraya, A., Makni, M., 2012, Genetic diversity in
different populations of citrus leafminer, Phyllocnistis citrella Stainton (Lepidoptera: Gracillariidae) in
Tunisia, assessed by RAPD-PCR. Journal of Crop Protection, 1: 189-199.

Candek, K., Kuntner, M., 2014, DNA barcoding gap: reliable species identification over morphological and
geographical scales. Molecular Ecology Resources, 15: 268-277.

Cox, A. J., Hebert, P. D. N., 2001, Colonization, extinction and phylogeographic pattering in a freshwater
crustacean. Molecular Ecology, 10: 371-386.

Crozier, R. H., Crozier, Y. C., 1993, The mitochondrial genome of the honeybee Apis melhfera: complete
sequence and genome organization. Genetics,, 133: 97-117.

Dhouibi, M. H., 1989, Biologie et Ecologie d‘Ectomyelois ceratoniae Zeller (Lepidoptera- Pyralidae) Dans
Deux Biotopes Différents au sud de la Tunisie et Recherche de Méthodes Alternatives de Lutte. PhD
Thesis, University of Paris VI, France, 176.

Doyle, J. J., Doyle, J. L., 1987, A rapid DNA isolation procedure for small quantities of fresh leaf tissue.
Photochemical Bulletin, 19: 11-15.

Elsasser, S. C., Floyd, R., Hebert, P. D. N., Schulte-Hostedde, A. I., 2009, Species identification of
North American guinea worms (Nematoda: Dracunculus) with DNA barcoding. Molecular Ecology
Resources, 9: 707-712.

Folmer, O., Black, M., Hoeh, W., Lutz, R., Vrijenhoek R., 1994, DNA primers for amplification of
mitochondrial cytochrome C oxidase subunit | from diverse metazoan invertebrates. Molecular Marine
Biology and Biotechnology, 3: 294-299.



89
A Practical Molecular Diagnostic Tool

Garrick, R. C., Collins, B. D., Yi, R. N., Dyer, R. J., Hyseni, C., 2015, Identification of Eastern United States
Reticulitermes termite species via PCR-RFLP, assessed using training and test data. Insects, 6: 524-537.

Gutiérrez, L. A, Orrego, L. M., Gémez, G. F., Léopez, A., Luckhart, S., Conn, J. E., Correa, M. M., 2010, A
new mtDNA COI gene lineage closely related to Anopheles janconnae of the Albitarsis complex in the
Caribbean region of Colombia. Memoérias do Instituto Oswaldo Cruz, 105:1019-1025.

Hajibabaei, M., Janzen, D. H., Burns, J. M., Hallwachs, W., Hebert, P. D. N., 2006, DNA barcodes
distinguish species of tropical Lepidoptera. Proceedings of the National Academy of Science of the
United States of America, 103: 968-971.

Hall, T. A., 1999, BioEdit: a user-friendly biological sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acids Symposium Series, 41: 95-98.

Hausmann, A., Haszprunar, G., Hebert P. D. N., 2011, DNA Barcoding the Geometrid fauna of Bavaria
(Lepidoptera): Successes, surprises, and questions. Plos One, 6: e17134.

Hebert, P. D. N., Cywinska A., Ball, S. L., De Waard, J. R., 2003a, Biological identification through DNA
barcodes. Proceedings of the Royal Society, Biological Sciences, 270: 313-321.

Hebert, P. D. N., Ratnasingham, S., De Waard, J. R., 2003b, Barcoding animal life: Cytochrome C oxidase
subunit | divergences among closely related species. Proceeding of the Royal Society, Biological
Sciences, 270: 896-899.

Hebert, P. D., Penton, E. H., Burns, J. M., Janzen, D. H., Hallwachs W., 2004, Ten species in one: DNA
barcoding reveals cryptic species in the neotropical skipper butterfly Astraptes fulgerator. Proceedings
of the National Academy of Sciences of the United States of America, 101: 14812-14817.

Hebert, P. D. N., Dewaard, J. R., Landry, J. F., 2009, DNA barcodes for 1/1000 of the animal kingdom.
Biology letters, 6: 359-362.

Hemmerter, S., Slapeta, J., Beebe, N. W., 2009, Resolving genetic diversity in Australasian Culex
mosquitoes: incongruence between the mitochondrial cytochrome c oxidase | and nuclear
acetylcholine esterase 2. Molecular and Phylogenetic Evolution, 50: 317-25.

Hogg, I. D., Hebert, P. D. N., 2005, Biological identifications of springtails (Hexapoda: Collembola) from
the Canadian arctic, using mitochondrial barcodes. Canadian Journal of Zoology, 82: 749-754.

Jarraya, A., 2003, Principaux nuisibles des Plantes Cultivées et des Denrées Stockées en Afrique du
Nord: Leur Biologie, Leurs Ennemis Naturels, Leurs Dégéats et Leur Contréle. Maghreb Editions,
Tunis, Tunisia.

Kimura, M., 1980, A simple method for estimating evolutionary rate of base substitutions through
comparative studies of nucleotide sequences. Journal of Molecular Evolution, 16: 111-120.

Mahmoudi, H., Hosseininia, G., Azadi, H., Fatemi, M., 2008, Enhancing date palm processing, marketing
and pest control through organic culture. Journal of Organic Systems, 3: 29-39.

Mardulyn, P., Whitfield, J. B., 1999, Phylogenetic signal in the COI, 16S, and 28S genes for inferring
relationships among genera of Microgastrinae (Hymenoptera; Braconidae): Evidence of a high
diversification rate in this group of parasitoids. Molecular Phylogenetics and Evolution, 12: 282-294.

McKern, J. A., Szalanski, A. L., 2007, Molecular diagnostics of economically important clearwing moths
(Lepidoptera: Sesiidae). Florida Entomologist, 90: 475-479.

Mezghani-Khemakhem, M., Ben Lazahr, W., Bouktila, D., Ben Slimen, H., Makni, H., Makni, M., 2012, A
rapid diagnostic technique of Bactrocera cucurbitae and Bactrocera zonata (Diptera: Tephritidae) for
quarantine application. Pest Management Science, 69: 744-746.

Nekola, J. C., White, P. S., 1999, The distance decay of similarity in biogeography and ecology. Journal
of Biogeography, 26: 867-878

Raboudi, F., Mezghani, M., Makni, H., Marrakchi, M., Rouault, J. D., Makni, M., 2005, Aphid species
identification using cuticular hydrocarbons and cytochrome b gene sequences. Journal of Applied
Entomology, 129: 75-80.

Ratnasingham, S., Hebert, P. D. N., 2013, A DNA-based registry for all animal species: The barcode index
number (BIN) system. Plos One, 8: €66213.



90
SEDGHIANI, S., RABOUDI, F., BOUKTILA, D., et al.

Shokralla, S., Zhou, X., Janzen, D. H., Hallwachs, W., Landry, J. F., Jacobus, L. M., Hajibabaei, M.,
2011, Pyrosequencing for mini-barcoding of fresh and old museum specimens. Plos One, 6: €21252.
doi:10.1371/journal.pone.0021252.

Song, H., Buhay, J. E., Whiting, M. F., Crandall, K. A., 2008, Many species in one: DNA barcoding
overestimates the number of species when nuclear mitochondrial pseudogenes are coamplified,
Proceedings of the National Academy of Sciences of the United State of America, 105: 13486-13491.

Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S., 2013, MEGA 6: Molecular Evolutionary
Genetics Analysis Version 6.0. Molecular Biology and Evolution, 30: 2725-2729.

Tsao, W. C., Yeh, W. B., 2008, DNA-based discrimination of subspecies of swallowtail butterflies
(Lepidoptera: Papilioninae) from Taiwan. Zoological Studies, 47: 633-643.

Tunisian Ministry of Agriculture-Fruit inter professional group, 2015, http:/gifruits.com/?page_
id=2311andlang=fr (12.02.2015).

Valenzuela, I., Hoffmann, A. A., Malipatil, B. B., Ridland, P. M., Weeks, A. R., 2007, Identification of
aphid species (Hemiptera: Aphididae: Aphidinae) using a rapid polymerase chain reaction restriction
fragment length polymorphism method based on the cytochrome oxidase subunit | gene. Australian
Journal of Entomology, 46: 305-312.

Vincze, T., Posfai, J., Roberts, R. J., 2003, NEBcutter: a program to cleave DNA with restriction enzymes.
Nucleic Acids Research, 31: 3688-3691.

Ward, R. D., Zemlak, T. S., Iness, B. H,, Last, P. R., Hebert, P. D. N., 2005, DNA barcoding Australia’s
fish species. Philosophical Transactions of the Royal Society, Biological Sciences, 360: 1847-1857.

Wilson, J. J., Sing, K. W., Sofian-Azirun, M., 2013, Building a DNA Barcode Reference Library for the True
Butterflies (Lepidoptera) of Peninsula Malaysia: What about the Subspecies? Plos One, 8: e79969.

Wright, S., 1943, Isolation by distance. Genetics, 31: 114-138.

Received: March 09, 2016 Accepted: November 02, 2016



J. Entomol. Res. Soc., 19(1): 91-104, 2017 ISSN:1302-0250

The First Stages of Xylobiont Entomofauna Succession on
European Silver Fir Logging Residues in Relation to Utilisation
Method and Microenvironmental Conditions

Magdalena KACPRZYK™ Piotr BILANSKI?

2Department of Forest Protection, Entomology and Forest Climatology,
University of Agriculture in Krakow, 31-425 Al. 29 Listopada 46, Krakéw; POLAND
e-mails: *m.kacprzyk@ur.krakow.pl, ribilans@cyf-kr.edu.pl

ABSTRACT

The effect of post-cleaning Silver fir logging residues treatment method on the occurrence of early
arriving xylobiont insects was studied in 2013 in two stands of fresh upland broadleaved forest and fresh
mountain broadleaved forest habitats. At each study site, branches and tree tops were arranged in four
piles and scattered disorderly in two plots. It was demonstrated that fine woody debris of fir, regardless
of the disposal variant and habitat conditions prevailing at the place of leaving the material, were the
breeding and the feeding base for Pityophthorus pityographus (Ratzeburg, 1837), Pityokteines vorontzowi
(Jakobson 1895), P. curvidens (Germar, 1824) and Cryphalus piceae (Ratzeburg, 1837) (Coleoptera:
Scolytinae). It was noted that the attractiveness of fir branches and tree tops for phytophagous insects
increased proportionally to the stage of decomposition of logging residues. The influence of forest habitat
and the method of fir slash utilisation, as well as microenvironmental conditions, prevailing in the material
surroundings, on the severity of branch and tree top infestation by insects was not confirmed. It was,
however, proved that fine woody debris of fir was the place of the occurrence of saprophages and natural
enemies of bark beetles, i.e. predators, parasites and parasitoids. The most abundant entomophagous
insect species was Phloeopora corticalis (Gravenhorst, 1802) (Coleoptera: Staphylinidae), whereas
saproxylobiont entomofauna was represented mostly by insects from the order Diptera and family
Mycetophilidae.

Key words: Abies alba, fine woody debris, Coleoptera, beneficial insects, forest habitat, slash management

INTRODUCTION

Fine woody debris such as branches and tree tops, left in the forest after logging, are
the habitat for numerous xylobiont insects species, including both cambio- xylophages
harmful to the stability of stands (Grégoire et al., 2004; Starzyk et al., 2008a; Kacprzyk,
2012), entomophagous insects as beneficial in pest management (Kenis et al., 2004;
Hilszczanski et al., 2005; Johansson et al., 2007) and saprophagous insects actively
accelerating the process of organic matter circulation (Gunnarsson et al., 2004; Lindhe
and Lindeldw, 2004; Jonsell, 2008b; Zeniauskas and Gedminas, 2010).

Silver fir (Abies alba Mill.) is, next to European beech (Fagus sylvativa L.), one of
the main forest-forming species in the Carpathians (Pawlaczyk et al., 2005). In the
Polish Carpathians the share of fir stands is estimated at ca. 20% but, according to
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Jaworski and Pach (2014), having regard to the progressive climate change and loss
of pure spruce stands, with simultaneous high production and adaptability of fir to
different environmental conditions (Tinner et al., 2013), the importance of this species
in the considered region will increase in the future.

Silver fir stands, followed by spruce (Picea abies L. Karst.) stands are among
the mountain forests most severely exposed to outbreaks of cambio- xylophagous
insects although, as emphasised by Brauns (1975), the number of different groups of
bark beetles is twice smaller in fir than in Scots pine (Pinus sylvestris L.) and Norway
spruce. So far, little is known about the impact of disposal method of post-harvesting
branches and tree tops of fir on the quantitative and qualitative diversity of occurring
insects. The results obtained by Starzyk et al. (2008a) indicate, that in the case of
accumulation of large number of cut-off or broken branches and tree tops in the stands,
the material must be removed from the forest before swarming of most dangerous
secondary insect pests, and in a situation where this is not possible it is advisable
to leave the residues loosely on the surface in direct sunlight, to allow quick drying
out of cambium and phloem. On the other hand, Zgbecki and Kacprzyk (2007) did
not confirm that random scattering of spruce branches and tree tops on surfaces
directly exposed to sun has the limiting impact on the development of bark beetles.
In contrast, according to these authors, on surfaces with high (at least 0.5 m height)
undergrowth vegetation in weakened Norway spruce stands this method can promote
the colonisation of logging residues by cambiophagous insect pests to much greater
extent than their pilling. Therefore, consideration of local environmental conditions
seems reasonable when selecting the method of fine woody debris treatment. The
effect of Silver fir logging residues (LR) treatment method on attractiveness for early
successional xylobiont entomofauna was going to be examined. Additionally in this
study the site conditions in the place of fir LR storage impact on the species insects
composition were investigated. The following hypotheses were tested: 1) The spreading
fir branches and tree tops on the forest floor reduces the attractiveness of the material
for the cambio- xylophagous insects, (2) The frequency and infestation density of the
fir LR by early colonizing insect species are determined by the physiological state of
the material, which is associated with a forest habitat in the place of its storage and
a utilisation method.

MATERIAL AND METHODS

The study was conducted in south-eastern Poland, in two, over 100 years old,
Silver fir stands growing in areas of the Low Bieszczady Mountains (experimental site
1: 49°51°62” N; 22°31°91” E) and the Central Beskidian Piedmont (experimental site
2:49°44°60” N; 22°29'77” E). The stand in the study site No. 1 overgrew the area at
an altitude of 355 m above sea level, in the fresh upland broadleaved forest (FUBF)
habitat. The second forest stand (study site No. 2) was located at a height of 445 m
above sea level, in a fresh mountain broadleaved forest (FMBF) habitat. The local
soils are derived from different parent material, i.e. siltstones for experimental site No.
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1 and sandstones for experimental site No. 2. The soils were classified as Epidystric
Cambisol and Hyperdystric Cambisol, respectively. Soils derived from different types
of parent material had different texture. In the first research area it was silt, while in
the second research area the soils were sandy loam. Mull type of humus was noted
in both experimental sites.

Both stands were situated on the slopes of northern exposure. The health condition
of test stands was good, as in the period of 2008-2013 neither dead lying trees infested
by bark beetles nor severe drought were observed.

In the first half of May fir branches and tree tops left after logging conducted in
the period of March-April, uninfested earlier by insects, were partially stored in 1.50
m-high piles, whereas the remaining LR were scattered disorderly on the forest floor
over an area of 20x100 m in both sites. In total, four piles and 2 plots with material
loosely scattered were established at each study site.

Also at each study site, both the material collected in piles and loosely scattered
was located under partial cover of trees.

The minimum distance between the piles was 10 m, while the plots with material
scattered disorderly were situated at a distance of minimum 30 m away from the
piles. Entomological analyses were performed from early June to late September,
at 2 week intervals. Each time, 15 branches and tree tops, taken randomly from the
piles of three separate layers (5 pieces for each layer): external (depth of about 30
cm, measured from the top to the centre of the pile), middle (31-60 cm measured from
the top to the interior of the pile) and bottom (at a depth of 60 cm, measured from the
top to the interior of the pile) were inspected. At the same time, 15 pieces of material
left loosely on the study plot were analysed. In total, 540 pieces of fir branches and
tree tops, including 270 pieces for each of the LR disposal method were examined.
The average dimensions of the analysed LR reached the length of 1.70 m and 7.15
cm for diameter measured at the half length of the material.

Physiological condition of each tree top and branch was assessed in relation to
4 characteristics (Table 1). Identification of insects and calculating the number of
galleries were performed after debarking the entire length of the branch growing
directly from the trunk. To determine the xylobiont insects associated with pioneer
cambiophages colonising LR, 20 cm long pieces (N=60) from each layer of the pile
and plot with material scattered disorderly were collected at random in the first half
of December 2013. Then, the samples were taken to the laboratory where they were
kept in plastic cylinders secured from the top with a fine-mesh curtain, for a period
of five months, until hatching of insects. Thermal conditions prevailing in the storage
material fluctuated around 20°C and 60% for relative air humidity. For insects whose
species identification was not possible, lower taxon was assigned.

The prevalence of phloemophages on the analysed fir LR was characterised by
the frequency expressed as the percentage of the analysed material colonised by a
given species and by the infestation density, expressed as the number of exit holes
or galleries of a given insect species per bark area. The Simpson diversity index (D)
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was used to compare the xylobiont entomofauna diversity (Simpson 1949) and the
species richness (S) was given as the number of species per sample.

Table 1. Parameters and classification determining the physiological condition of the analysed Silver fir
branches and tree tops.

Parameter Degree Criteria for evaluation
1 bark fresh and strongly adherent to the
wood
2 bark dry and strongly adherent to the wood
Bark decomposition (BDC)
3 dry and loose bark
4 moist and loose bark
1 bark cover of 100%
2 bark cover above 75% up to 100%
Bark coverage (BC) 3 bark cover above 50% up to 75%
4 bark cover from 25% to 50%
5 bark cover below 25%
1 green needles
2 yellow needles
Presence of needles (NP)
3 brown needles
4 no needles
1 phloem living and undecomposed
Phloem and cambium
decomposition (PCDC) 2 phloem partly dead, partly decomposed
3 phloem dead and completely decomposed

The relationships between the species of phloemophages and the physiological
condition of the material as well as the study site habitat condition were presented
using correspondence analysis (CA). The frequency of insects was statistically
compared (P<0.05) between LR treatment method and their location inside the pile
using the chi-square test. The infestation density of fir LR by the most frequent species
of bark beetles, taking into consideration the variant of the material treatment and
position within the pile was examined using the Mann—Whitney U and Kruskal-Wallis
tests. To demonstrate the effect of microenvironmental conditions on branch and
tree top infestation density by the selected species of bark beetles, the general linear
model (GLM) was used with study site localisation, variant of LR treatment and the
physiological condition of the material as qualitative factors and temperature and
relative humidity as continuous predictor variables. Kruskal-Wallis test was used
to express the preferences of bark beetles for the physiological condition of fir LR.
Statistical analyses were performed in STATISTICA software, Version 10.0 (StatSoft,
Inc., Tulsa USA).
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RESULTS

During the period of June-September 2013, fir branches and tree tops at the
study sites were colonised by 4 species of bark beetles (Coleoptera) from the family
Curculionidae, i.e. Pityophthorus pityographus (Ratzeburg, 1837), Pityokteines
vorontzowi (Jakobson, 1895), Cryphalus piceae (Ratzeburg, 1837) and Pityokteines
curvidens (Germar, 1824). Regardless of study site, the highest prevalence on the
analysed material was observed for P. pityographus, that prefers branches and tree
tops scattered disorderly on the forest floor rather than collected in piles (FUBF:
x?=9.968, df=1, p<0.05; FMBF: x2=19.377, df=1, p<0.05) (Table 2). On the other hand,
the presence of P. pityographus inside the piles differs between the tested areas.
Nevertheless, the location of the material within the piles did not have significant
influence on the occurrence of bark beetles (Table 3) (x?=3.082, df=2, p>0.05). P.
vorontzowi, in contrast to P, pityographus was more prevalent on the material collected
in piles, than in the one scattered loosely on the study plot (Table 2) (FUBF: x?=12.007,
df=1, p<0.05; FMBF: x?=34.020, df=1, p<0.05). The frequency index of P. vorontzowi
reached the highest values in the lower pile layer, but the location of branches and
tree tops inside the piles, similarly as in the case of P, pityographus did not influence
significantly their attractiveness for this insect species in either of the study sites (Table
3) (FUBF: x2=2.997, df=2, p>0.05; FMBF: x?=3.173, df=2, p>0.05). The frequency of
C. piceae and P. curvidens did not exceed 3% (Table 2).

Table 2. The percentage of Silver fir branch and tree top colonisation by phloemophages and the mean

infestation density* by the most frequently occurring insect species (indiv.dm-2) (in parentheses),
with regard to the utilisation method.

Logging residues treatment method
Forest habitat Species
Pile Scattered disorderly
P. pityographus | 52.59 (0.35) 73.33(0.34)
P. vorontzowi | 39.25 (0.32) 18.51 (0.23)
Fresh upland broadleaved forest
P. curvidens 2.96 0.74
C. piceae 2.22 0.00
No. of analyzed branches 135 135
P. pityographus | 48.88 (0.46) 75.55 (0.34)
P. vorontzowi | 41.48 (0.37) 10.37 (0.17)
Fresh mountain broadleaved forest
P. curvidens 2.22 0.00
C. piceae 0.00 0.74
No. of analyzed branches 135 135

*Explanation: the mean values of infestation density indices were calculated for the cases where the
presence of bark beetles on branches and tree tops was confirmed.
The correspondence analysis showed similar affinity of bark beetles to the LR
in different physiological condition. The insects colonised mostly branches in the
initiation phase (2 degree) of bark, cambium and phloem decomposition. However,
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C. piceae, P. vorontzowi and P. pityographus were related to residues collected in

piles, whereas P. curvidens was mostly associated with branches scattered loosely
on the forest floor (Fig. 1).
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Fig. 1. Correspondence analysis (CA) showing the relationship between the prevalence of bark beetles
and physiological condition of LR, their utilisation method and forest habitats. Species of bark beetles
(P. vor.-Pityokteines vorontzowi, P. cur.-Pityokteines curvidens, C. pic.-Cryphalus piceae, P. pit. -Pity-
ophthorus pityographus) are represented by black points, forest habitats-by black triangles, LR treat-
ment method by black squares, physiological condition of the material (BDC-bark decomposition, BC-
bark coverage, NP-presence of needles, PCDC-phloem and cambium decomposition) by grey points

It was observed that the mean LR infestation density by P. pityographus and P.
vorontzowi was higher when the material was arranged into the piles rather than
randomly spread over the study plot. However, only in the case of P. vorontzowi
colonising fir LR in FMBF habitat the method of material disposal was a factor which
significantly influenced the infestation density (Mann - Whitney U test: Z=-2.533,
p<0.05) (Table 2).

There was a significant increase in LR infestation by bark beetles in deeper pile
layers (Table 3) (Kruskall-Wallis test: P. pityographus, FMBF: H (2, N=56) =18.852,
p=0001; P. vorontzowi, FUBF: H (2, N=72)=6.505, p=03870; FMBF: H (2, N=67)
=21.445, p=0000).

It was demonstrated that the forest habitat, LR utilisation method and
microenvironmental conditions had no impact on the infestation density by bark
beetles. However, there was a significant correlation with physiological conditions of
fir LR (Table 4).
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Table 3. The percentage of Silver fir branch and tree top colonisation by phloemophages and the mean
infestation density* by the most frequently occurring insect species (ndiv.dm-2) (in parentheses), with
regard to the position of logging residues inside the pile.

Pile layer
Forest habitat Insect species
External Middle Bottom

P. pityographus | 60.00 (0.27) | 46.67 (0.34) [ 51.11 (0.45)

P. vorontzowi 31.11 (0.18) | 37.77 (0.40) | 46.66 (0.69)
Fresh upland broadleaved forest

P. curvidens 2.22 0.00 4.44

C. piceae 4.40 4.40 0.00
No. of analyzed branches 45 45 45

P. pityographus | 42.22 (0.21) | 46.67 (0.33) [60.00 (0.39)

P. vorontzowi 26.67 (0.15) | 46.67 (0.33) | 48.00 (0.55)
Fresh mountain broadleaved forest

P. curvidens 0.00 0.00 0.00

C. piceae 1.22 0.00 0.00
No. of analyzed branches 45 45 45

*Explanation: the mean values of infestation density indices were calculated for the cases where the

presence of bark beetles on branches and tree tops was confirmed.
Table 4. The results of multivariate analysis of variance based on the general linear model (GLM) for the
infestation density of Silver fir fine woody debris by bark beetles, with regard to the forest habitat, LR
treatment method and their physiological condition.

P. pityographus P. vorontzovi Total insects
Effect
F P F P F p

Forest habitat 0.19 0.6604 0.24 | 0.6252 0.28 0.5989
BDC 4.96 0.0021 3.50 | 0.0197 | 18.16 | 0.0000
PCDC 3.58 0.0285 0.69 | 0.4993 | 11.22 | 0.0000
Forest habitat x LR treatment method 0.33 0.5638 0.68 0.4097 0.02 0.9657
Forest habitat x LR treatment method x BDC 0.75 0.5240 2.84 0.0152 2.54 0.0275
Forest habitat x LR treatment method x PCDC 0.69 0.5564 3.95 0.0036 5.40 0.0003
Forest habitat x Temperature 0.66 0.4181 2.77 0.0968 3.66 0.0562
Forest habitat x Temperature x Humidity 0.93 0.3358 1.29 0.2572 3.03 0.0824

The more advanced the process of LR bark and phloem decomposition, the higher
infestation density of material by bark beetles was detected (Fig. 2).

A laboratory analysis of the LR fragments coming from piles and plots with
material scattered disorderly showedthe presence of cambiophages such as the
six-toothed spruce bark beetle (Pityogenes chalcographus L., 1761) (Coleoptera,
Scolytinae) and xylophages represented by the greater horntail wasp (Urocerus
gigas L., 1758) (Hymenoptera, Siricidae) (both male and female). The occurrence
of saprophagous insects of the order Diptera and the family Mycetophilidae, being
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the most numerous group of early-arriving xylobiont entomofauna on the analysed
fir LR, was also confirmed. Among the insect predators, the bark-gnawing beetles
(Nemosoma elongatum L., 1761) (Coleoptera, Trogossitidae) and typical bugs such as
Scoloposcelis pulchella (Zetterstedt, 1838) (Hemiptera, Anthocoridae) were recorded.
The parasites of bark beetles were represented by insects of the family Braconidae
(Hymenoptera), whereas on LR collected in piles in FUBF parasitoid the Ibaliid wasp
(Ibalia leucospoides (Hochenwarth, 1785) (Hymenoptera, Ibaliidae) was observed
(Table 5).
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Fig. 2. Infestation density (mean +SE) of Silver fir logging residues by the most numerous bark beetle
species and total insects in different phloem, cambium (A) and bark decomposition (B) degrees. For
each species, the values indicated by the same letter are not significantly different at p<0.05.

A laboratory analysis of the LR fragments coming from piles and plots with
material scattered disorderly showedthe presence of cambiophages such as the
six-toothed spruce bark beetle (Pityogenes chalcographus L., 1761) (Coleoptera,
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Scolytinae) and xylophages represented by the greater horntail wasp (Urocerus
gigas L., 1758) (Hymenoptera, Siricidae) (both male and female). The occurrence
of saprophagous insects of the order Diptera and the family Mycetophilidae, being
the most numerous group of early-arriving xylobiont entomofauna on the analysed
fir LR, was also confirmed. Among the insect predators, the bark-gnawing beetles
(Nemosoma elongatum L., 1761) (Coleoptera, Trogossitidae) and typical bugs such as
Scoloposcelis pulchella (Zetterstedt, 1838) (Hemiptera, Anthocoridae) were recorded.

Table 5. List and percentage of collected individuals of bark beetles and accompanying insects in Silver
fir fine woody debris in the study plots in south-eastern Poland.

Fresh upland broadleaved forest Fresh mountain broadleaved forest
Taxonomic group
sacttered disorderly | collected in piles | sacttered disorderly | collected in piles
Diptera
Diptera spp. 7.84 61.11 20.00 12.50
Mycetophilidae 62.74 - - -
Crypturgus hispidulus Thom. - - - 1.25
Hymenoptera
Hymenoptera spp. - - 6.15 1.25
Braconidae - 5.56 -
Phloeopora corticalis Grav. - - 9.23 -
Ibalia leucospoides Hoch. - 5.56 - -
Urocerus gigas L. - 11.11 - -
Hemiptera
Anthocoridae spp. 3.92 5.56 - -
Cryptolestes ferruginesus Steph. 1.96 - - -
Scoloposcelis pulchella Zett. - 5.56 - -
Zeteotomus brevicornis Erich. - - - 1.25
Coleoptera
Nemosoma elongatum L. - 5.56 - 1.25
Pityokteines vorontzowi (Jacobs.) 15.68 - 63.08 77.50
Pityogenes chalcographus L. - - 1.54 -
Pityophthorus pityographus Ratz.” 7.84 - - -
Total insects 51 18 65 80
Species richness (S) 6 6 6 6
The Simpson diversity index (D) 0.58 0.63 0.56 0.38

*Phloemophagous insect species infesting logging residues. Explanation: Frequency of insect occur-
rence expressed as the number of a given insect species per total number of insects collected x100
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The parasites of bark beetles were represented by insects of the family Braconidae
(Hymenoptera), whereas on LR collected in piles in FUBF parasitoid the Ibaliid wasp
(Ibalia leucospoides Hochenwarth, 1785) (Hymenoptera, Ibaliidae) was observed
(Table 5).

The similar saproxylic insect diversity (D) was observed in the case of LR scattered
disorderly on the study plots, regardless of the forest habitat. In the case of branches
and tree tops collected in piles, the difference between the index values was high
(39.7%) in favour of LR left in FUBF habitat. No impact of forest habitat and LR
disposal method on xylobiont entomofuana species richness (S) was proved (Table 5 ).

DISCUSSION AND CONCLUSIONS

The positive influence of post-harvesting LR on biodiversity of forest ecosystems
in terms of soil enrichment in nutrients, preventing soil erosion and the creation of
places for the development and shelter for many animal groups was demonstrated
by numerous authors (Benson et al., 1980; Bengtsson et al., 1997; Proe et al.,
2001; Ecke et al., 2002; Gunnarsson et al., 2004; Jonsell, 2008a; Fossestal and
Sverdrup-Thygeson, 2009; Briedis et al., 2011). Brin et al. (2011) shown that the
presence of both large and small size fragments of residues left in the forest after
logging operations, inhabited by various species of saproxylic insects, is an important
biodiversity-increasing factor. On the other hand during considerable accumulation of
breeding material in the form of branches and tree tops in the forest, insect pests may
pose a threat to the vitality of the surrounding stands (Grijpma and Schuring, 1984;
Hedgren et al., 2003). Cambio- xylophages infesting LR following the breeding success
on the studied material can colonise the tops of weakened and/or even healthy trees,
playing an important role in the process of forest decline (Starzyk, 1996; Grodzki,
2004, 2010; Kacprzyk, 2014).

Based on the conducted entomological analysis of post-harvesting fir branches, 4
species of bark beetles were reported regardless of the forest habitat and the method
of material disposal. The species identified on the analysed material are common
cambiophagous insect pests of coniferous stands in the Carpathians, colonising
the tops of trees (Starzyk et al., 2008b). The observed lack of differences in the
species composition of insects occurring on fir branches and tree tops between the
applied disposal variants is quite unexpected. In stands with increased prevalence of
cambio- xylophagous insects the colonisation is observed in the material of different
physiological condition (Kacprzyk, 2014; Kacprzyk and Bednarz, 2015), whereas in
healthy fir stands, with no bark beetles pressure, such as in the study sites, larger
selection in choosing places for settlement by insects should be expected. Due to the
absence of available breeding and feeding base for insects in the forest, the quality of
dried LR becomes crucial for the bark beetles. However, all cambiophages identified
on the fir branches and tree tops are thermophilic species with similar thermal and
humidity requirements. We suggest that this, to some extent, blurs the differences
in the species composition of bark beetles between the treatment methods of LR,
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that could have been observed in bark beetles characterised by different ecology of
occurrence. Similar preferences of different species of bark beetles in relation to the
physiological condition of the analysed material seem to also confirm it. At the same
time, no differences were observed in the insect species composition colonising fir
LR between forest habitats. It may indicate that the position above the sea level, the
species composition of trees, geological structure and soil subtype are of secondary
importance for early arriving entomofauna, especially for bark beetles characterised
by high ecological plasticity in the material selection, as identified in the case of
cambiophagous insects of fir LR.

The conducted study indicates that leaving fir branches and tree tops loosely on
the forest floor was more favourable to the prevalence of P. pityographus, as the most
numerous insect colonising fir LR, than collecting the material in piles. The opposite
relationship was observed for the second most abundant species on the analysed LR,
i.e. P. vorontzowi. Interestingly, the arrangement of the material in the pile does not
have significant effect on the bark beetles frequency, while the location of branches
and tree tops within the piles have a significantimpact on the infestation density of LR
by P. voronztowi and P. pityographus. For both insect species an increased density of
galleries in deeper layers of piles was recorded. This is contrary to the results obtained
by Kacprzyk (2014), who proved that spruce branches deposited in the upper layers
of piles are more attractive for P, pityographus than those located in the bottom layers.

For the most frequently observed insect species the mean number of galleries does
not exceed one per 1 dm? of bark area. Such low value of this index can probably
confirm good health condition and vigour of trees in the study sites, where the current
population of P. pityographus and P. vorontzowi does not pose a threat to the stability
of the examined stands.. Moreover, low infestation density of fir branches and tree
tops by bark beetles may result from the material location under partial cover of
trees. A negative correlation between infestation density of spruce tops by cambio-
xylophagous insects and stocking index of stands was proved by Roker (1986) and Kula
et al. (2011). Also Kacprzyk (2014) observed that the variability of thermal conditions
related to the location and the utilisation method of spruce LR significantly affects the
infestation density of the material colonised by P. chalcographus, P. pityographus and
Dryocoetes autographus (Ratzeburg, 1837) (Coleoptera: Scolytinae). In the presented
experiment the effect of utilisation method and microenvironmental conditions on the
infestation density of branches and tree tops by cambium-feeding insects was not
significant. However, strong positive correlation between the density of bark beetle
galleries on LR and advancement in the process of the material phloem and cambium
decomposition was proved. It may result from the fact that the colonisation of the LR
by insects increases with time and with progressing decomposition of the material.

No effect of utilisation method and site conditions in the place of fir LR storage
on xylobiont entomofauna species richness was found. Nevertheless branches and
tree tops collected in piles were characterized by a slightly higher share of beneficial
entomophagous insects, in relation to the second LR treatment method. Moreover,
entomophagous insects were more numerous on material left in FUBF forest site,
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than in FMBF forest site. The presence of saprophages, predators and parasitoids,
beneficial to the environmental biodiversity, was proved. Saprophagous insects play an
important role in forest ecosystems, as their adults and larvae - by the fragmentation
of organic material-contribute to its decay and enrich the soil humus layer with
valuable nutrients (Bankowska, 1981; Soszynski et al., 2000). Predatory insects
and parasitoids are important in biological control of insect pests (Johansson et al.,
2007; Stojanovi¢ and Markovi¢, 2007). In our study the group of beneficial insects
was mostly represented by saprophagous insects from order Diptera and the family
Mycetophilidae. The share of natural enemies of insect pests was relatively small
and did not exceed 15%.

Grodzki (2010) emphasises, that there is still no detailed data on entomophagous
organisms as regulators of the prevalence of Silver fir cambiophagous insect pests.
Therefore, it seems to be necessary for conducted such experiments in a wider range
by taking into account other environment conditions and longer period of leaving LR
in the forest.

In conclusion, the low degree and colonisation intensity of fine woody debris of fir
by cambiophagous insects coupled with frequent occurrence of saprophagous insect
species, as well as parasites and predators, indicate that the fir branches and tree
tops left after cuttings on the forest floor is desirable for the biodiversity protection
and does not threat the stability of fir stands in the study sites.
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ABSTRACT

| investigated the changes in total lipid, total fatty acids, and fatty acid composition of endoparasitoid
Apanteles galleriae Wilkinson (Hymenoptera: Braconidae) reared on Achroia grisella Fabr. (Lepidoptera:
Pyralidae) that was exposed to various doses of 5-Aza-2"-deoxycytidine (5-Aza-dC), an epigenetically-
effective agent. The combined effects of parasitism and 5-Aza-dC treatment on the total lipid and fatty
acids of host larvae were also examined. 5-Aza-dC caused insignificant fluctuations in total lipid and
fatty acid ratios of A. galleriae and parasitized host larvae (PHL). Total lipid and fatty acids reached
considerably the highest values in PHL and the lowest ratios in parasitoid larvae for all of the control
and experimental groups. All stages of A. galleriae and PHL contained the 14-24 carbon fatty acids.
Palmitic acid was the most abundant fatty acid for PHL and parasitoid pupae in each testing group,
while oleic acid for parasitoid larvae. 5-Aza-dC treatment caused significant changes in linolenic acid
ratio for parasitoid pupa and in lignoceric acid ratio for PHL, while the percent of different fatty acid
classes did not differ significantly for stages/PHL. However, eicosenoic acid could not be detected in both
insect species at doses >0.1 mg/ml. There were significant differences among individual fatty acids and
fatty acid classes (SFAs, UFAs, and PUFAs) for all stages/PHL. Besides, UFAs constituted the major
proportion of fatty acids, whereas PUFAs were the smallest for all stages/PHL regardless of 5-Aza-dC
treatment. 5-Aza-dC-induced changes for A. galleriae-A. grisella system seem to be considerable but the
effect is reversible according to the result of fatty acid classes.

Key words: Apanteles galleriae, Achroia grisella, 5-Aza-dC, lipid, fatty acids.

INTRODUCTION

Living in a natural balance, organisms give similar reactions to similar conditions
even though they have dissimilar genetic structures. For instance, frequent usage
of chemicals such as medicals and pesticides has carcinogenic, teratogenic, and
mutagenic effects on all living organisms. As being the first demethylating agents,
5-Aza-2"-deoxycytidine (5-Aza-dC) and 5-azacytidine (5-AzaC) also negatively
affect DNA methylation by similar metabolic pathways (Osgood and Seward,
1989; Schauenstein et al., 1991; Prakash and Kumar, 1997; Lantry et al., 1999;
Doerksen et al., 2000; Sato et al., 2003). Chemically synthesized initially in 1964 as
a chemotherapeutic drug (Piskala and Sorm, 1964), 5-Aza-dC has a wide range of
antimetabolic activities against cancer cells (Wijermans et al., 2000; Christman, 2002;
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Stresemann et al., 2006; Gurion et al., 2010). However, the influence of a chemical
on an organism largely depends on the dose and the application method used. In
this respect, it was shown that 5-Aza-dC and 5-AzaC could induce mutagenicity and
cancer in vivo (Carr et al., 1984; Jackson-Grusby et al., 1997; Lantry et al., 1999)
and may be cytotoxic (Stresemann et al., 2006). Hence, it becomes so important to
determine the degree of toxic effects of these chemicals for all living organisms.

Investigating the effects of substances such as 5-Aza-dC on invertebrates as
well as vertebrates will help us to have a better understanding the potential impact
ways of toxic materials in all organisms as they descended from a common origin.
However, there is little information about the extension of the toxicological effects of
a cytosine analog, 5-Aza-dC especially on insects (Ugkan et al., 2007; Amarasinghe
et al., 2014; Alvarado et al., 2015). Besides, almost nothing is known about the
effects of chemicals such as 5-Aza-dC on parasitoid species (Uckan et al., 2007;
Pegoraro et al., 2015). Apanteles galleriae Wilkinson (Hymenoptera: Braconidae)
is a koinobiont, solitary, larval endoparasitoid of several lepidopterans, including the
pyralid wax moths, Galleria mellonella L., Achroia grisella Fabr., A. innotata Walker,
and Vitula edmandsae (Packard) (Shimamori, 1987; Watanabe, 1987; Whitfield et al.,
2001). Some data have been obtained previously on the changes of the lipid and the
fatty acid ratio and composition during the development of the parasitoid, A. galleriae
(Nurullahoglu et al., 2004; Ugkan et al., 2009). The effects of 5-Aza-dC on the biological
parameters of larval endoparasitoid A. galleriae have also been determined along the
effect of this chemical on egg-adult development time of its host species, A. grisella
(Ucgkan et al., 2007). 5-Aza-dC treatment increased time that is required to complete
parasitoid immature development especially at 0.5 mg/ml dose. Adult longevity and
size and the fecundity of parasitoid species were reduced by 5-Aza-dC exposure. The
sex ratio of adults was in favor of males in 5-Aza-dC treatments. Moreover, exposure
to 5-Aza-dC slightly increased the immature development of A. grisella and rarely
caused some morphological disorders in the host such as reduced body size and
curved-wings (Uckan et al., 2007). Therefore, | have developed our investigations
on how this chemical affects lipid metabolism of the insects mentioned above in a
host-parasitoid interaction. For the first time, the effects of 5-Aza-dC applied to host
diet on total lipid, total fatty acids, and fatty acid composition were shown in A. galleriae
and parasitized host larvae (PHL).

MATERIALS AND METHODS

Insects and bioassay

Laboratory colonies of the host, A. grisella and endoparasitoid, A. galleriae
were established from adults that were collected from the honeycombs maintained
from several beehives located in the vicinity of Rize, Turkey. Insect cultures and
experimental groups were held in two different rooms at 25+1°C, 60 + 5% RH, and a
photoperiod of 12:12h (L:D). The details of the method for cultivating both host and
parasitoid species were presented in the articles of Uckan and Giilel (2000) and Ugkan
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and Ergin (2003). Honey solution with 30% (wt:v) was used to feed adult parasitoids.
Host colony was maintained with a diet described by Bronskill (1961) and modified
by Sak et al. (2006).

Experimental procedure was designed according to Uckan et al. (2007). Briefly,
5-Aza-dC (EEC no0.219-089-4, Sigma-Aldrich, St. Louis, MO) solutions prepared in
distilled water were used in all bioassays as water source of host diet. Early instars
of A. grisella were exposed to four different doses (0.1, 0.5, 0.75, and 1.0 mg/ml) of
5-Aza-dC to evaluate the effects of the chemicals on lipid and fatty acid characteristics
of stages/PHL (defining larvae and pupae of A. galleriae and PHL).

Lipid extraction

Lipid analyses were conducted with the stages of A. galleriae and parasitized 14-
to 16-d-old A. grisella larvae (PHL) in which the third (last) instar parasitoids were
collected. | selected random samples of 35 third instars and 25 pupae of A. galleriae
and 35 PHL, which were obtained from 5-Aza-dC treated and chemical-free host
individuals for analyzing. Total lipid and fatty acid extractions were repeated three times
at different times for stages/PHL with the same number given above. Total wet weight
of each group was calculated, and insects were kept in 3 ml chloroform-methanol (2:1
vol:vol) at -20 °C until extractions. The lipid fractions in stages/PHL were extracted and
total lipid and fatty acid contents were determined using the method described by Folch
et al. (1957). Total lipid and fatty acid contents as a percentage of wet weight were
calculated. Thereafter, lipid extracts were brought to 3 ml with chloroform-methanol
(2:1 vol:vol) and kept at -20°C until fatty acid analysis.

Fatty acid analysis-gas chromatography

Fatty acid analysis was conducted at TUBITAK-BUTAL Research Centre (Bursa,
Turkey) by using the direct methylation method. Briefly, solvents (chloroform-methanol)
of lipid extracts were dried under N,. The residue was dissolved with 1 ml methanol,
mixed with 3 ml HCI, and kept in water bath for 60 min at 95°C. Then 88% NaCl was
added to the mixture and vortex-mixed. The esterified and methylated fatty acids were
analyzed with a Perkin Elmer AutoSystem XL gas chromatograph equipped with a
hydrogen flame ionization detector (FID). A fused silica capillary column (SP 2560;
100 m x 0.25 mm id, 0.20 ym film; Supelco, Supelco Park, PA) was used to separate
the fatty acid samples. The FID parameters were optimized as follows: 260°C for
detector temperature, 35 ml/min flow rate for hydrogen, and 450 ml/min flow rate for
air. The column oven condition was scheduled as 120°C for 5 min, 4°C increase/min
up to 240°C, and 240°C for 25 min. The helium flow rate in column was 1 ml/min.
Identification of fatty acid methyl esters was achieved by comparison of their retention
times with those of standards attained from Supelco. The percentage of each peak
area for each fatty acid was calculated for each of the tested group.

Statistical analysis

Data for total lipid, total fatty acids, individual fatty acids, and fatty acid classes were
subjected to one-way analysis of variance (ANOVA) to determine the main effects of
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5-Aza-dC on each stage and PHL. The relationship between total lipid and stages/PHL,
total fatty acids and stages/PHL, and the differences among the levels of individual
fatty acids or fatty acid classes in all stages/PHL were also compared with one-way
ANOVA for each control and 5-Aza-dC treated groups. Differences were separated
by Tukey’s honestly significant post hoc test (HSD) according to homogeneity of
variances (SPSS Inc. 1999). An arcsine square-root transformation was performed
on percentage values before analyses but untransformed means were presented.
Results were considered statistically significant when P<0.05.

RESULTS

Total lipid and fatty acids

The ratio of total lipid and fatty acids as percentages of wet weight for different
stages of A. galleriae and PHL are presented in Figs. 1 and 2. The lipid values of
PHL slightly increased on exposure to 5-Aza-dC while the fatty acid ratios tended to
decrease in general. The dose, 0.75 mg/ml had the highest lipid value about 19%
in PHL. 5-Aza-dC treatment caused both increases and decreases at the percent
lipid and fatty acid of stages when compared to the untreated group. The metabolite
contents did not differ significantly between controls and 5-Aza-dC treated groups in
PHL (lipid ratio: F=1.385; df=4, 10; P>0.05, fatty acid ratio: F=2.214; df=4, 10; P>0.05),
parasitoid larvae (lipid ratio: F=2.038; df=4, 10; P>0.05, fatty acid ratio: F=1.313; df
= 4,10; P>0.05), and parasitoid pupae (fatty acid ratio: F=1.930; df=4,10; P>0.05).
However, there was a significant decrease only at 0.5 mg/ml according to 0.1 mg/ml
in term of lipid values of parasitoid pupae (F=4.100; df=4,10; P<0.05).

30 -
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0.1 mg/ml
m 0.5 mg/ml

Total Lipid (%)
e &

m0.75 mg/ml

(%3]

H1mg/ml

PHL L P
Stages/PHL

Fig. 1. 5-Aza-dC-related changes in total lipids of A. galleriae and A. grisella. PHL, parasitized host larva;
L, parasitoid larva; P, parasitoid pupa. Stages/PHL (x-z) labeled with different letters are significantly
different (Tukey’s HSD test, P<0.05).

When stages and PHL were compared in terms of lipid and fatty acid ratios (Table

1), I found that both lipid and fatty acids of A. galleriae larvae were considerably lower

than PHL (Figs. 1 and 2). However, the differencies were only insignificant for lipids at

0.75 mg/ml and for fatty acids at 0.1 and 1 mg/ml 5-Aza-dC doses. Besides, the percent
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of lipid and fatty acids significantly increased from larval to pupal stage especially at
1 mg/ml dose. The increase rate was not statistically important for lipids at 0.75 mg/
ml and for fatty acids at 0.1 mg/ml (Figs. 1 and 2). Another observation was slightly
decreasing of lipid and fatty acid ratios in parasitoid pupa according to PHL, which
was only significant at 0.5 mg/ml. The only exception of this tendency was significantly
higher fatty acid value of parasitoid pupa according to PHL at 1 mg/ml (Fig. 2).

3,5 4
3
g 2,5
w
-] H Control
S 2
> 0.1 mg/ml
15 ¢
e m 0.5 mg/ml
©
2 0.75 mg/ml
0,5 H1mg/ml
0
PHL L P
Stages/PHL

Fig. 2. 5-Aza-dC-related changes in total fatty acids of A. galleriae and A. grisella. PHL, parasitized host
larva; L, parasitoid larva; P, parasitoid pupa. Stages/PHL (x-y) labeled with different letters are signifi-
cantly different (Tukey’s HSD test, P<0.05).

Table 1. ANNOVASs of the differences among stages/PHL for each testing group in terms of total lipid
and fatty acid ratios.

Statistics Control 0.1 mg/ml 0.5 mg/ml 0.75 mg/ml 1 mg/ml
F 38.877 144.677 49.930 4.520 82.551
Lipid df 2,6 2,6 2,6 2,6 2,6
P 0.000 0.000 0.000 0.063 0.000
F 21.033 3.255 11.333 9.049 20.340
Fatty Acid df 2,6 2,6 2,6 2,6 2,6
P 0.002 0.110 0.009 0.015 0.002

Fatty acid composition

A total number of nine, sixteen, and twenty different fatty acids were identified in
parasitoid larvae, pupae, and PHL, respectively. For stages/PHL,C,, ., C,,,, C,,,, and
C,,., fatty acids were evaluated statistically but were not shown in the tables since
the ratios of these fatty acids were almost zero. Moreover, | could not detect C,, .,
Cis00 Cisar Cizr Cigar Cooar Copar Copar Cuir Coner @nd C,,,  fatty acids for parasitoid
larvae and C,,,, C,.,, C,.,, and C,,  fatty acids for parasitoid pupae (Table 2-4). |
found that all stages of A. galleriae and PHL contained the 14-24 carbon fatty acids.

20:3° 21:0
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Six fatty acids dominated in the composition in PHL and parasitoid pupae while five
in parasitoid larvae. These fatty acids differed in order of plenitude in stages/PHL
and were palmitic (C, ), palmitoleic (C,, ,), stearic (C,; ), oleic (C,, ,), linoleic (C,,,),
eicosenoic (C,,,), and arachidic (C,, ) acids. Palmitic acid was considerably the
most abundant fatty acid for PHL (except for 0.5 mg/ml) and parasitoid pupae in all
control and experimental groups, but oleic acid was significantly the highest one for
parasitoid larvae (Table 2-4).

There were significant fluctuations among the levels of individual fatty acids in all
stages/PHL (Table 2-5). However, 5-Aza-dC treatment caused significant changes
only in the ratio of linolenic acid (C,, ,) and lignoceric acid (C,, ) for parasitoid pupa
and PHL, respectively (Table 2, 4). Besides, eicosenoic acid slightly decreased at 0.1
mg/ml dose and could not be detected at higher doses of 5-Aza-dC in PHL. Similarly,
5-Aza-dC also caused a prominent reduction in the ratio of eicosenoic acid in larval
and pupal stages of parasitoid species (Table 3, 4). Moreover, C, , was the fifth most
dominant fatty acid in controls of both PHL and parasitoid pupae. However, arachidic
acid arose to the fifth abundant fatty acid level at all doses of 5-Aza-dC in place of
eicosenoic acid in PHL and parasitoid pupae (Table 2, 4). Tables 2-4 also show the
fatty acid pattern of stages/PHL. There were significant differences between fatty
acid classes (SFAs, UFAs, and PUFAs) (except for PHL at 1.0 mg/ml) (Table 2-4, 6)
but the percent of different fatty acid classes did not differ significantly with respect to
5-Aza-dC application in all stages/PHL (Table 2-4, 7). Furthermore, UFAs constituted
the major proportion of fatty acids in all stages/PHL except for 1 mg/mlin PHL, whereas
PUFAs were the smallest, regardless of 5-Aza-dC treatment.

CONCLUSIONS AND DISCUSSION

Parasitoid species alter the intermediary metabolism of their hosts and parasitization
induces metabolic alterations in the fat body of hosts (Thompson, 1993; Salvador and
Cénsoli, 2008). However, the regulation is species and host tissue-specific among
parasitoid species (Thompson, 1993; Rivers and Denlinger, 1994; Bischof and Ortel,
1996) and do not cause a selective reduction or elevation of the lipid or fatty acid
levels in the host body at any time (Thompson, 1982; Nurullahoglu et al., 2004;
Uckan et al., 2009). In the A. galleriae-A. grisella (Nurullahoglu et al., 2004) and A.
galleriae-G. mellonella (Ugkan et al., 2009) systems parasitization did not cause a
significant change in total lipid and fatty acids of host species. Hence, | decided to
examine only the PHL for 5-Aza-dC-dependent effects on lipid and fatty acid ratios
of host insect, A. grisella in the current paper. When all stages/PHL were evaluated
collectively, the most noticeable changes (but insignificant) were an increase rate of
62% at 0.75 mg/ml for lipid values and a reduction ratio of 38% at 1 mg/ml for fatty acid
values compared to controls in PHL. Besides, lipid and fatty acid ratios were sorted
according to the abundance as PHL>parasitoid pupa>parasitoid larva in all groups
except for 1 mg/ml dose being as parasitoid pupa>PHL>parasitoid larva. At this point,
higher doses of 5-Aza-dC seem to have an adverse effect on PHL in terms of total lipid

and fatty acid ratios. Significant decreasing of lignoceric acid (C,, ;) ratio at 0.75 and
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1 mg/ml 5-Aza-dC doses according to control and 0.1 mg/ml groups and destruction

of eicosenoic acid (C,, ,) at doses >0.1 mg/ml support this assumption for PHL.

Table 2. 5-Aza-dC-related changes in fatty acid composition (%) of parasitized host larva °.

Fatty acids Control 0.1 mg/ml 0.5 mg/ml 0.75 mg/ml 1 mg/ml

Cous 0.02+0.02w a --- 0.13+0.13wa - -

Ciso 0.06 +0.03w a 0.04 +0.02w a - - 0.02+0.02w a

Ciss - 0.02+0.02w a - - -

Ciso 2553+051wb | 25.02+0.07wb [ 25.37+0.55wb | 27.17+0.73wa | 2843 +1.44wb

Cies 21.99+151wb | 2217+0.59wb [ 21.31+1.40wc | 23.00+1.17wb | 15.54 +7.80w c

Cis 2.33+1.23wa 2.73 £ 0.09w ac - - —

Ciao 2.34+0.29w a 2.25+0.18w ac 245+ 0.13wa 2.28+0.07wc 2.52+0.40w a

18t 14.09 £ 0.31wc 1440+0.21wd | 1555+0.79wd | 14.41+0.63wd | 16.54 +2.05wc

Cies 2482+189wb | 2469+083wb [ 25.98+1.00wb | 24.76 +0.60wb | 28.14 +3.53wb

Cias 0.88+0.13wa 0.93+0.18w ac 1.12+0.28wa 0.88+0.18wce | 0.60+0.31wa

Cooo 2.19+2.08wa 215+2.11wac 6.49 + 044w e 6.15+ 0.45w f 7.12+0.53wac

Coos 4.04 £2.04w a 3.75+1.88wc - - -

Cpos - - - - 0.21+0.21wa

Cooa 0.47 +0.03w a 0.61+0.09w ac 0.76 + 0.35w a 0.71+0.38wce | 0.25+0.13wa

Cpio — — - 0.03+0.03we 0.03+0.02w a

Coo 0.44 + 0.06w a 0.43 +0.01w ac 0.12+0.12wa 0.28 +0.14we 0.12+0.12wa

C,oe - - 0.16+0.16w a 0.09 + 0.09w e 0.08 + 0.08wa

Cuio 0.26+0.14w a 022+0.11wa - - -

Couo 0.55 +0.08w a 0.58 £ 0.11w ac 0.23+£0.13wx a 0.08 + 0.08x e -

Coos - - 0.33+0.17wa 0.16 £ 0.16we 040+0.21wa
SFAs® 31.36+2.71wab | 30.69+2.13wa | 3465+0.54wab | 35.99+0.70wa | 38.24 +2.33wa
UFAs 4247 +421wb | 43.08+2.68wb | 37.00+1.92wb | 37.41+0.77wa | 32.08 +5.81wa
PUFAs 26.17+198wa | 26.23+0.57wa | 2835+x1.57wa | 26.60+1.10wb | 29.68 +3.48w a

aData are means + SE of three replicates using 35 parasitized host larva per replicate.

®Means in the same horizontal row and group (fatty acids or fatty acid classes) followed by the same let-
ter (w-x) and means in the same vertical column and group followed by the same letter (a-f) are not
significantly different from each other (Tukey HSD testi, P>0.05).

°SFAs, saturated fatty acids; UFAs, unsaturated fatty acids; and PUFAs, polyunsaturated fatty acids.

The lipid and fatty acid content of insects’ show inter- and intraspecific variation
(Downer, 1985) and defining the differences among insect species and different
developmental stages contribute to the literature about insect physiology because of
various metabolic functions (Ogg and Stanley-Samuelson, 1992; Ogg et al., 1993;
Cakmak et al., 2007). Although PHL and parasitoid larvae had almost the same lipid
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ratio, total fatty acids of parasitoid larvae were significantly higher than PHL according
to our previous data (Nurullahoglu et al., 2004; Uckan et al., 2009). In contrast, | found
in this study that both lipid and fatty acid values of A. galleriae larvae were considerably
lower than PHL in control groups. The reason for this difference might be attributed
to the use of different nutrients for host feeding, which was synthetic diet here versus
natural blackened comb in our former studies (Nurullahoglu et al., 2004; Uckan et
al., 2009). Considering all the results up to now, the significant difference in total fatty
acids between the hosts and the parasitoid may also be related to variances among
insect species. Another observation in this study was expressive increasing in lipid
and fatty acid ratios during the pupal stage relative to the larval stage especially at

1 mg/ml dose.

Table 3. 5-Aza-dC-related changes in fatty acid composition (%) of A. galleriae larvae °.

Fatty acids Control 0.1 mg/ml 0.5 mg/ml 0.75 mg/ml 1 mg/ml

C14v1 T T T T -

C15:o - - - - -

C15:1 - - - - -

Ciso 12.95 + 6.50w ab 16.26 £ 2.42wa 11.65+4.51wa | 20.67+0.85wa | 17.99+0.43w a

Cien 15.77 £ 0.84w a 11.02 £ 2.75w ab 773+496wa | 19.79+204wa | 16.60+1.10wa

Cirs

Ciao 592+ 1.15wabc | 5.38 +1.02w bed 2.62+1.84wa 5.31+060wb | 547 +0.58wb

Cin 59.12+567wd | 54.28+6.11we | 72.29+10.95wb | 46.94 + 0.56w c | 53.58 + 2.95w ¢

Cie 4.77 £1.79w be 9.26 + 1.08w abc 4.45+3.69wa 6.48 £ 2.50w b 6.04 £2.76w b

C183 T T T - T

Cono 0.20 £ 0.20w ¢ 0.19+0.19w d 0.54 £ 0.54w a - 0.31+0.31wd

Coo- 0.65 + 0.65w cd —

Coos -

Czu 4 - - - - -

Cuio -

C,oo 0.84 £0.84w c 0.18 £0.18w d 0.16 £+ 0.16w d

CZZ:G T T - T -

Cuio -

C,io 0.43 £0.43w ¢ 2.79 £ 2.79w bcd 0.71+£0.71wa 0.65 + 0.65w d -

Cuoz -

SFAs® 2034+434wa | 2480+552wa | 1553+6.07wa 2679 2378
1.03wa 0.3%9w a

UFAs 74.89+6.13wb 65.95 £4.52w b 80.03+7.10wb | 66.73+2.36wb | 70.18 £2.37wb

PUFAs 4.77 £1.79wa 9.26 £ 1.08wa 4.45+3.69w a 6.48 £ 2.50w ¢ 6.04 £2.76w c

aData are means + SE of three replicates using 35 third instars per replicate.

®Means in the same horizontal row and group (fatty acids or fatty acid classes) followed by the same
letter (w) and means in the same vertical column and group followed by the same letter (a-e) are not
significantly different from each other (Tukey HSD testi, P>0.05).

°SFAs, saturated fatty acids; UFAs, unsaturated fatty acids; and PUFAs, polyunsaturated fatty acids.
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Table 4. 5-Aza-dC-related changes in fatty acid composition (%) of A. galleriae pupae 2°.

Fatty acids Control 0.1 mg/ml 0.5 mg/ml 0.75 mg/ml 1 mg/ml
Ciys - - - - -

Ciso - - - 0.04 +0.04w a 0.01+0.01wa
C‘\51 - - - - -

Cieo 25.42+0.73wa | 26.33+0.30wa | 26.75+0.37wa | 26.32+0.52wb | 27.22+0.27wb
Cen 2230+ 1.00wab [ 21.77+065wb | 20.78+1.38wb | 2252+ 1.09wc | 20.39+0.43wc
Cirs 247+1.25wc | 2.14+1.08w cd - - -

Ciso 279+0.29wc | 246+0.14wcd | 3.08+0.34wc | 3.31+0.22wd 3.19+0.15wd
Cia 21.12+0.33wb | 21.30+0.29wb | 21.97 +0.50wb | 21.93+0.48wc | 22.16+0.12we
Co 20.37+1.26wb | 21.40+1.00wb | 21.22+0.40wb | 19.35+ 1.42we | 21.50 £ 0.56w e
Cias 0.03 £ 0.03wx ¢ 0.02+£0.02w ¢ 0.15+0.01yd 0.12+0.01xya | 0.11 +£0.00wxy a
Cooo 1.67 +1.64w c 3.1+ 1.56w d 5.50 + 0.44w e 5.96 £ 0.91w f 516 +0.43w f
Coo 3.55+1.81wc 1.33 £1.33w cd - - -

CZD 3 T - - - o

Coos 0.02 +0.02w ¢ 0.09 + 0.06w ¢ 0.22+0.09w d 0.14+0.10w a 0.05+0.01w a
Caio - - - - -

Cooo 0.21+0.02w ¢ 0.05 + 0.05w ¢ 0.16 +0.08w d 0.22+0.02w a 0.06 + 0.06w a
C,os - - - 0.08 +0.08w a -

Cyuo 0.05+0.02w ¢ - - - -

Coio - - 0.06 + 0.06w d -- -

Cyoz - - 0.10+0.10wd -- 0.15+0.08w a
SFAs® 30.14+243wa | 31.95+1.74wa | 3556+ 0.87wa | 35.85+0.78wa | 35.64 +0.23wa
UFAs 49.44 +3.65wb | 46.53 +1.47wb | 42.75+0.90wb | 44.45+0.61wb | 42.55+ 0.56w b
PUFAs 20.42+1.30wa | 21.52+1.02wc | 21.69+0.32wc | 19.69+ 1.38wc | 21.81+0.53wc

113

aData are means + SE of three replicates using 25 pupae per replicate.

®Means in the same horizontal row and group (fatty acids or fatty acid classes) followed by the same let-
ter (w-y) and means in the same vertical column and group followed by the same letter (a-f) are not
significantly different from each other (Tukey HSD testi, P>0.05).

°SFAs, saturated fatty acids; UFAs, unsaturated fatty acids; and PUFAs, polyunsaturated fatty acids.

Referring to Figs. 1 and 2, the reason of this accumulation for lipid and fatty acid
levels are seen to be different. Observable reduction in the percent of lipids at 1 mg/
ml dose for larvae compared to the control, while almost unchanged values for pupae
indicate that 5-Aza-dC affects the lipid levels of larvae much more than pupae at this
dose. Unlike lipids, total fatty acid values of pupae increased visibly at 1 mg/ml dose
according to the control. However, larvae had almost constant levels of fatty acids for
the same dose compared to pupae. In this case, it is plausible to assume that pupae
were more sensible than larvae.

Significant increasing of linolenic acid (C,, ,) ratio at 0.5 mg/ml dose with respect
to control and 0.1 mg/ml groups and destruction of eicosenoic acid (C,, ,) at doses
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>0.1 mg/ml support this assumption for parasitoid pupa. It is showed in a number
of studies that the changes in lipid and fatty acid milieu are closely correlated with
the physiological needs of insects and are influenced by environmental factors
such as pesticides and other chemicals (Stanley-Samuelson et al., 1988; Ogg and

Stanley-Samuelson, 1992; Sak et al., 2006).

Table 5. ANNOVAs of the differences among individual fatty acids for each testing group in A. galleria

and parasitized host larva (PHL).

Stages/PHL Statistics Control 0.1 mg/ml | 0.5 mg/ml 0.75 mg/ml 1 mg/ml

F 46.040 51.793 28.744 227.274 179.365
Parasitoid df 23,48 23,48 23,48 23,48 23,48
Larvae

P 0.000 0.000 0.000 0.000 0.000

F 156.255 250.982 641.544 381.268 2256.853
Parasitoid df 23,48 23,48 23,48 23,48 23,48
Pupae

P 0.000 0.000 0.000 0.000 0.000

F 100.140 175.941 393.183 575.438 22.849
PHL df 23,48 23,48 23,48 23,48 23,48

P 0.000 0.000 0.000 0.000 0.000

Table 6. ANNOVAs of the differences among fatty acid classes for each testing group in A. galleria and

parasitized host larva (PHL).

Stages/PHL Statistics Control 0.1 mg/ml 0.5 mg/ml 0.75 mg/ml 1.0 mg/ml

F 68.150 49.365 49.525 218.460 246.233
Parasitoid df 2,6 2,6 2,6 2,6 2,6
Larvae

P 0.000 0.000 0.000 0.000 0.000

F 31.263 75943 | 206.014 163.919 517.057
Parasitoid df 2,6 2,6 2,6 2,6 2,6
Pupae

P 0.001 0.000 0.000 0.000 0.000

F 7.175 19.007 9.311 45.188 1.141
PHL df 2,6 2,6 2,6 2,6 2,6

P 0.026 0.003 0.014 0.000 0.380

Table 7. ANNOVAs of 5-Aza-dC-related changes for fatty acid classes in A. galleria and parasitized host

larva (PHL).

Stages/PHL | Fatty acid classes F df P

SFAs 1.119 | 4,10 | 0.400
Parasitoid | ;ep¢ 1.457 | 4,10 | 0.286
Larvae

PUFAs 0.571 | 4,10 | 0.690

SFAs 3.325 | 4,10 | 0.056
Parasitoid | jrpq 2451 | 4,10 | 0.114
Pupae

PUFAs 0.855 | 4,10 | 0.522

SFAs 2.768 | 4,10 | 0.087
PHL UFAs 1.617 | 4,10 | 0.245

PUFAs 0.602 | 4,10 | 0.670
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A. galleriae and PHL lacked some of fatty acids including especially those of 20
carbons. Ogg et al. (1993) and Uscian et al. (1992) stated that C, components could
be missed while analyzing lipid samples on gas chromatography with flame ionization
detection. Therefore, using FID could be the reason for the absence of these fatty
acids in this study. Although | could not observe here, we had found C,, , C,,., C.. .,
C.s3 Coo2 Coror Cypyr @nd C,,  fatty acids in our previous studies (Nurullahoglu et al.,
2004; Uckan et al., 2009) for both host and parasitoid species. The most important
reason for these differences may be the use of synthetic diet to feed the host species
in this study, unlike our previous studies using natural blackened comb for nourishing
(Nurullahoglu et al., 2004; Ucgkan et al., 2009). Fatty acid composition of an insect
can reveal metabolic pathways and the differences in insect feeding can cause a
different distribution in the fatty acid content. Since the life of parasitoids depend on
host species, their fatty acid composition could be affected by the feeding conditions
of host indirectly. It seems that our data show fourteen different fatty acids for PHL in
all experimental groups but seven for parasitoid larvae are agree with this assumption.
It is known that accumulation or consumption of fatty acids could be examined in the
stress conditions (Hoch et al., 2002). On the other hand, re-occurrence of certain fatty
acids in the pupal stage suggests that the adverse effect of 5-Aza-dC on the larval
stage seems to be compensated.

The fatty acids have a variety of function such as sources of energy in the form
of triacylglycerols and are structural components of membranes in insects (Downer,
1985). The distribution of fatty acids alters greatly based on different factors such as
nutrition and development (Ogg and Stanley-Samuelson, 1992; Bozkus, 2003; Cakmak
et al., 2007). We had shown before that each developmental stage of A. galleriae
had a different fatty acid distribution (Nurullahoglu et al., 2004; Uckan et al., 2009).
The results of this study support this statement because of the differences of larval
and pupal fatty acids. There are also a lot of studies showing insects having different
fatty acids in different stages and sexes (Ogg and Stanley-Samuelson, 1992; Bashan
et al., 2002; Bozkus, 2003; Cakmak et al., 2007). Having various functions, the rate
of fatty acids would be expected to fluctuate according to physiological needs of an
insect. In earlier studies we have found that all stages and sexes of A. galleriae and
PHL contained 10-24 carbon fatty acids (Nurullahoglu et al., 2004; Ugkan et al., 2009).
Similarly, | detected 14-24 carbon fatty acids for same stages in this study. It is known
that carbon number within this range is characteristic for parasitic hymenopteran
species (Thompson and Barlow, 1974). Our early results (Nurullahoglu et al., 2004;
Ucgkan et al., 2009) and current findings, which were showing the major proportion
of fatty acids was palmitic, palmitoleic, stearic, oleic, and linoleic acids, were also in
agreement with those reported for other parasitoid species (Bracken and Barlow, 1967;
Thompson and Barlow, 1974). All these data support the generalization about insects
that the major fatty acid component is usually C, and C,; saturated and unsaturated
fatty acids (Candy and Kilby, 1975). | found that the most abundant fatty acid of PHL
was palmitic acid (C, ) in all control and experimental groups (except for 0.5 mg/ml

dose). In contrast, palmitoleic acid (C,,,) was the major fatty acid in abundance in A.
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grisella larvae (both parasitized and nonparasitized) according to our previous data
(Nurullahoglu et al., 2004). Using a synthetic diet instead of natural blackened comb
for feeding the host insect might be the reason of this difference. Moreover, oleic
acid (C,,,) was considerably the most abundant fatty acid in all stages/sexes of A.
galleriae even if the parasitoid was grown in different host insects (Nurullahoglu et al.,
2004; Ucgkan et al., 2009). In this study, | also showed that oleic acid constituted the
major proportion of fatty acids in the larval stage of A. galleriae unlike to pupal stage
containing palmitic acid at the highest rate. This difference between larva and pupa
may result from the use of 5-Aza-dC and synthetic nutrients simultaneously. More
definitive conclusions on this subject can be obtained by the use of natural blackened
comb and synthetic diet at the same experimental design.

The host-parasitoid interaction is an ideal model for studying how chemicals
affect the life of an organism depending on another one. Aside from the effects of
development, it is known that fatty acid compositions of whole insect change in
response to the change in dietary conditions (Stanley-Samuelson et al., 1988). Certain
of the parasitoid wasps appear to match their fatty acid profiles almost the same of
the host (Nurullahoglu et al., 2004; Ugkan et al., 2009). Thus, chemicals could cause
changes in the metabolite composition of the parasitoid species indirectly through
host physiology (Sak et al., 2006). Eicosenoic acid (C,,,), one of the six dominant
fatty acid determined in PHL constituted above 4% of the fatty acid composition in
control groups. However, the ratio of this acid fell below 4% at 0.1 mg/ml dose and
could not be detected at higher doses of 5-Aza-dC. Similarly, eicosenoic acid did not
be observed in both control and experimental groups except for 0.1 mg/ml doses for
parasitoid larvae feeding with host sources. Thus, the results showed that 5-Aza-dC
caused a prominent reduction in the ratio of eicosenoic acid in the larval stage of
parasitoid species. Moreover, arachidic acid (C,, ) arose to the fifth most dominant
fatty acid level at all doses of 5-Aza-dC instead of eicosenoic acid in both PHL and
parasitoid pupae. At the same time, the ratio of eicosenoic acid down to a very low
value, such as 1%, at 0.1 mg/ml dose in pupae and could not be detected at higher
doses of 5-Aza-dC as in PHL. It seems that the negative effects of 5-Aza-dC also
continued in the later developmental stages of A. galleriae. The situation of reduction
and then total destruction of eicosenoic acid may be attributed to the 5-Aza-dC-induced
adverse effect in diet quality resulting in an intervention of adequate food supply from
the host (Uckan and Ergin, 2002; Uckan et al., 2007). The changes in the value of
eicosenoic acid mentioned above and the considerable rising of arachidic acid in PHL
and parasitoid pupae may indicate that fatty acid composition could be rearranged
during different developmental stages of an insect as a result of chemical-induced
stress. It is known that insect lipids and fatty acids are affected by a number of
neuroendocrinological, physiological and environmental influences, which are closely
interrelated (Downer, 1985) and insects are able to modify their fatty acid compositions
to suit the physiological requirements for overcoming the stress conditions.

Unsaturated fatty acids constituted the major proportion of fatty acids except for
one case, whereas PUFAs were the smallest in all stages/PHL regardless of 5-Aza-dC
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treatment. Our results are fully consistent with our previous study (Nurullahoglu et
al., 2004) concerning fatty acid classes. On the other hand, SFAs were the most
dominant fatty acids in parasitoid larva, pupa, and PHL in A. galleriae-G. mellonella
(Ucgkan et al., 2009) system. This difference can be attributed to the use of different
insect species as a host and may be related to variance among insect species. Unlike
to single fatty acids, 5-Aza-dC did not cause significant changes in the percent of
different fatty acid classes for all stages/PHL. In the matter of lipid metabolism at this
point, it is not possible to state that 5-Aza-dC causing irreversible adverse effect on
insects examined here. Poirier et al. (2014) demonstrated that 5-AzaC selectively and
strongly reduced the expression of key genes that regulate lipid metabolism unlike
5-Aza-dC. Thus, insignificant changes in the ratio of total lipid, total fatty acids, and
fatty acid classes might be resulted from inefficiency of 5-Aza-dC on special genes
controlling the lipid metabolism. When evaluating the issue from another angle, the
crucial changes in the ratio of linolenic, lignoceric, eicosenoic, and arachidic acids
indicate the effectiveness of 5-Aza-dC on lipid metabolism of A. galleriae and PHL.
However, insignificant differences in fatty acid classes bring to mind that these
insects may be changing the synthesis and the degradation pathways in metabolism
in order to protect the total fatty acid composition in body content. The author is
currently evaluating the effect of 5-Aza-dC on the lipid and fatty acids of A. galleriae
adults and on the biological parameters of A. grisella. The findings of how 5-Aza-dC
affects the lipid and fatty acid content of parasitoid adults will make this assumption
more reasonable. Besides, considering the effects of the drug on DNA, the results
obtained from this study requires a more global perspective of metabolism eliminating
the harmful effects of 5-Aza-dC in A. galleriae and A. grisella; thus it is necessary to
integrate the possible effects of 5-Aza-dC on protein, carbohydrate, and also other
substrate levels and to recognize how one metabolite impinges upon another.
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ABSTRACT

The use of synthetic insecticides to control vector mosquitoes has caused physiological resistance
and adverse environmental effects in addition to high operational cost. The use of herbal products is one
of the best alternatives for mosquito control. The present study was to screen the larvicidal and pupicidal
potential of Afromomum melegueta leaf and seed extracts against larvae and pupae of Anopheles
species in the laboratory at ambient temperature of 28+2°C and relative humidity of 75+5%. The extracts
of the plant parts were extracted with methanol and they were prepared at concentrations of 0.1, 0.2, 0.3,
0.4 and 0.5. The larvae and pupae of Anopheles species were exposed to these concentrations of the
plant extracts for 24 hours and mortality was recorded. At all levels of concentrations, larval and pupal
mortalities of this insect increased with increase in the concentrations irrespective of the type of plant
parts extract used. However, seed extract of A. melegueta showed more insecticidal effect on both the
larvae and pupae of Anopheles species at rate 0.1% but its effect was not significantly (p>0.05) different
from extract of A. melegueta at 0.2%, 0.3%, 0.4% to 0.5% concentrations. It was observed that the larvae
of Anopheles species were more susceptible to the extracts of the plant parts tested. All the plant parts
extracts used in this work showed high effectiveness to larval and pupal mortalities and could therefore
be used to reduce occurrence of malaria incidence. Their adoption might prove to be an effective and
eco-friendly herbal insecticides in ensuring maximum safety in any ecological condition.

Key words: Afromomum melegueta, Anopheles, concentrations, larvicidal, pupicidal.

INTRODUCTION

Malaria remains one of the most prevalent diseases in the tropical world and Nigeria
alone accounts for over 40 percent of the estimated total malaria death globally.
Mosquito-borne diseases have an economic impact, including loss in commercial
and labour outputs, particularly in countries with tropical and subtropical climates
(Srinivasan et al., 2014).
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Anopheles stephensi Liston is one of the primary vectors of malaria in many
tropical and subtropical countries. Mosquitoes in the larval stage are attractive targets
for pesticides because mosquitoes breed in water, and thus, it is easy to deal with
them in this habitat. An obvious method for the control of mosquito borne diseases
is the use of insecticides, and many synthetic agents have been developed and
employed in the field with considerable success. The use of conventional pesticides
in the water sources for mosquito control introduces many risks to people and the
environment. It has also provoked undesirable effects, including toxicity to non-target
organisms, and fostered environmental and human health concerns (Muthusamy et
al., 2014). These problems have necessitated the need for search and development
of alternative strategies using eco-friendly, environmentally safe, biodegradable and
low cost natural products.

In recent years, natural products of plant origin with insecticidal properties have been
tried in the recent pest control of variety of insect pests and vectors around the world.

Aframomum melegueta (Zingberaceae) K. Schum., known as Alligator pepper, is
an herbaceous tropical perennial West Africa spice plant which imparts a pungent
peppery flavor with hints of citrus and used mainly as food, in brewing, and in both
veterinary and traditional medicine (Igwe et al., 1999). It is believed to have purgative
and hemostatic properties and also to be very effective against schistomiasis (Alaje
et al., 2014). Various authors had reported the potential of A. melegueta for the
management of stored products’ insect pests (Ofuya, 1990; Adedire and Lajide, 1999;
Adeyemo et al., 2014; Onekutu et al., 2015; Adesina et al., 2015). However, there
appears to be dearth of information on the empirical utilization of A. melegueta for
the control of malaria vector.

Therefore this study was conceived to determine the insecticidal effect of A.
melegueta leaf and seed extracts on larvae and pupae of Anopheles mosquito as
potential bio-insecticide in the integrated management of malaria vectors.

MATERIALS AND METHODS

Collection and rearing of mosquito larva and pupa

Mosquitoes’ baits in opaque coloured shallow containers with a large surface area
were established in the Hatchery Laboratory, Department of Environmental Biology
and Fisheries, Adekunle Ajasin University Akungba Akoko, Ondo State, Nigeria. The
opaque coloured container was filled with rain water in order to mimic mosquito’s
natural breeding environment and also to attract adult mosquitoes for oviposition.
Small quantity of industrial yeast was sprinkled on the water surface and allowed to
decompose slowly to nourish the developing larva. Wild mosquitoes were allowed
to freely visit the bait and to lay eggs. Thereafter, the containers bearing mosquitoes
larvae and pupae were transferred to the laboratory, identified and maintained at
temperature of 28 + 2 °C and 75 = 5 % relative humidity.
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Collection of plant materials and preparation

Fresh leaves and seeds of A. melegueta were obtained free of pesticides from
Kowode market in lkare Akoko, Ondo State, Nigeria and authenticated at the
Department of Plant Science and Biotechnology, Adekunle Ajasin University, Akungba
Akoko, Ondo State. The plant materials were rinsed in clean water to remove dirt and
air dried in a well ventilated laboratory and ground into very fine powder using an
electric blender. The powder was further sieved to pass through 1mm? perforations,
and packed in plastic containers with tight lids and then stored in a refrigerator at 4
°C prior to use.

Methanol extracts of A. melegueta were carried out using cold extraction method.
About 150g of A. melegueta leaf and seed powders were soaked separately in an
extraction bottle containing 99.5% methanol for 72 hours. The mixture was stirred
occasionally with a glass rod and the resulting mixture was filtered using a double
layer of Whatman No. 1 filter paper and the solvent was evaporated using a rotary
evaporator at 30 to 40 °C with rotary speed of 3 to 6 rpm (Udo, 2011). The resulting
materials were air dried in order to remove traces of solvents. The crude extracts were
kept in a labeled amber specimen bottle and preserved in the refrigerator till further use.

Effect of A. melegueta extracts on larvae and pupae of Anopheles mosquito

Larvicidal and pupacidal activities of the plant extracts were carried out at different
concentrations by preparing the required stock solutions following the standard
procedure (WHO, 1996). The desired concentrations were achieved by adding 1.0
Mg of the crude extract from leaves of as well as seeds to 100 ml of distilled water.
From this, five concentrations of 0.1, 0.2, 0.3, 0.4 and 0.5% of the plant extracts were
prepared. The treatments were separately added to 2.5 of water inside a bowl and
yeast powder was added in order to provide source of food for the introduced larvae.
Twenty larvae and pupae of Anopheles species were separately introduced into the
treated water and untreated water was set as control. Each treatment was replicated
three times. Mortality was observed over 24 hours after the introduction of larvae and
pupae to notice recovery; a recovery time of 5 min was allowed. The larval mortality in
treatments was corrected for the controls. Larvae and pupae were counted as dead
when they were not coming to the surface for respiration and were insensitive to probe.

Phytochemical screening of A. melegueta leaves and seeds

Qualitative phytochemical constituents screening was carried out on the methanol
extracts using standard laboratory procedures as described by Harborne (1973);
Trease and Evans (1985); Sofowora (1993).

Analysis of data

Data collected were subjected to analysis of variance (ANOVA) using statistical
package for social sciences (SPSS) 16.0 software (SPSS, inc., 2007) and significant
treatment means were separated using the new Duncan’s Multiple Range Test at 5%
probability level.
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RESULTS

Effects of A. melegueta on Anopheles species

Table 1 presented the mean percentage mortality of larvae and pupae of Anopheles
species at 24 hours after exposure to different concentration levels of A. melegueta.
The result indicated that mortality of Anopheles specie larvae and pupae is directly
proportional to increase in the A.melegueta products concentration levels.

At 0.1% A. melegueta leaves extract caused 40% larval mortality and 35.37%
pupal mortality while the seed extract caused 65.37% larvae mortality and 50%
pupae mortality and at 0.2% leaves extracts of A. melegueta caused 70% larval
mortality of mosquito and 60% pupal mortality while the seed extracts recorded 80%
larval and 70% pupal mortality respectively. The developmental stages of Anopheles
species exposed to 0.3% A. melegueta leaves extracts caused 90% larval mortality
and 85.37% pupal mortality while the seed extracts caused 100% larval mortality and
95.37% pupal mortality; while the plant products evoked 100% mortalities on both larvae
and pupae when exposed to 0.4% A. melegueta (Table 1), no mortality was observed
in the control treatment.

Treatment means showed that the leaves and seeds extracts had significant
difference on the larval and pupal mortalities compared to the control when applied
0.1% concentration and non-significant treatment means was observed on the
developmental stages of Anopheles species exposed to both leaves and seeds

extracts at 0.2-0.4% when compared statistically (Table 1).

Phytochemicals screening of A. melegueta

Table 2 presented the result of the phytochemical screening of leaves and seeds
of A. melegueta methanol extracts. The phytochemicals of A. melegueta products
revealed the presence of Alkaloids, Saponins, Tannins, Flavonoids and Cardiac
glycosides and these may be responsible for the high insecticidal property for the
control of mosquitoes.

Table 1. Percentage mortality of Anopheles species at 24 hours post treatment

Developmental stages

Extract
Larvae (0.1%) | Pupae (0.1%) | Larvae (0.2%) | Pupae (0.2%) | Larvae (0.3%) | Pupae (0.3%) | Larvae (0.4%) | Pupae (0.4%)

Leaf 40.00+0.9° 35.370.3° 70.00+0.9° 60.00+0.9° 90.00£0.93° [ 85.37+0.33° | 100.00£0.00° | 100.00+0.00°
Seed 65.370.3° 50.00£0.3% 80.00+0.9° 70.000.9° 100.00£0.0° | 95.37£0.33° | 100.00+£0.00* | 100.00+0.00°
Control | 0.00+0.00* 0.00£0.00* 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00° 0.00+0.00°

Each value is a mean +* standard error of three replicates. Mean followed by the same letter along the
column are not significantly different (p>0.05) using Duncan’s Multiple Range Test.

DISCUSSION

Adverse environmental effects and the need to maintain a sustainable environment
have created the need for environmental-safe, degradable and target specific
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insecticides (Ezeonu et al., 2001). Extracts or essential oils from plants may be
alternative sources of malaria vectors’ control agents, since they constitute a rich
source of bioactive compounds that are biodegradable into non-toxic products and are
potentially suitable for use in control of mosquito larvae (Amer and Mehlhorn, 2006).
Table 2. Phytochemicals in methanol and aqueous extract of A. melegueta leaf and seeds.

Phytochemicals Methanol extract of A. melegueta leaf | Methanol extract of A. melegueta seed
Alkaloids + +
Saponins + +
Tannins + +

Pholobatanins

Anthraquinines

Flavonoids + +

Cardiac glycosides + +
KEY: - Absent, + Present

The results from this study showed that the extracts of A. melegueta evoked high
mortality of developmental stages of Anopheles mosquito compared to control. This
confirmed earlier studies that reported the insecticidal activities of the plant against
stored products’ insect infestation management (Ofuya, 1990; Adedire and Lajide,
1999; Adeyemo et al., 2014; Onekutu et al., 2015; Adesina et al., 2015). Also the result
from this investigation are in accordance with the findings of Raji and Akinkurolere
(2010); Akinkurolere et al., (2011); Ghosh et al. (2012); Yousaf and Zuharah, (2015);
lleke et al., (2014); Dinesh et al., (2015) who reported the toxicity of some indigenous
plants extracts on developmental stages of mosquitoes. However, at all the levels
of concentration, larvae of Anopheles mosquito were more susceptible to the plant
extracts than pupae. Also the seed extract exerted higher larvicidal activity compared
to its effects on the pupal stage. This suggests that the bioactive constituents of
the plant materials may be more available in the seeds which may be responsible
for the higher mortality observed throughout the period of exposure (Ashamo and
Akinnawonu, 2012; lleke et al., 2014).

The active constituents in the plant materials appear to be responsible for their
insecticidal properties against Anopheles mosquito (lleke et al., 2014). Botanical
source of insecticides have been noted to have a considerable effect on the normal
respiration of insects as many of them have a knack to block the respiratory organ,
i.e. spiracles of insect. Therefore, since the larvae of this insect depend solely on their
spiracles for breathing, blockage of the spiracles by these plant extracts could lead
to asphyxiation and subsequent death of the larvae (Akinkurolere et al., 2011; lleke
et al., 2014; lleke and Olotuah, 2012; lleke and Oni, 2011; Ogungbite et al., 2014).
Therefore, the ability of the tested plant to exert high mortality could be linked to the
phytochemical constituents present in the plant parts tested.

The high larval mortality recorded in comparison to pupae could also be related to
the larval active feeding activity since pupal stage is a resting (inactive) stage of the
insect developmental cycle and do not feed. In this study, the larvicidal and pupacidal
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effects of A. melegueta leaf and seed extracts on Anopheles could be as a result
of respiratory, contact and stomach poisoning. These findings support the result of
lleke et al., 2014; Al-Dakhil and Morsy, 1999; Amusan and Okorie, 2002; Nathan
et al., 2005; as well as Akinkurolere et al., 2011 in which plant extracts were found
effective against mosquito larvae and pupae. lleke and Ogunbite (2015) opined that
phytochemicals present in most plants can disrupt growth and reduce larval survival
as well as disruption of life cycle of insects.

CONCLUSION

The study revealed the effectiveness of A. melegueta extracts in the reduction
of the larval and pupal stages of Anopheles mosquito and therefore A. melegueta
based compounds can play an important role in the interruption of the transmission
of mosquito-borne diseases at the individual, as well as at the community level in
ensuring maximum safety in any ecological condition.
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