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Abstract

Pauesia is a diverse genus within the Aphidiinae subfamily, comprising about 80 species across the Holarctic region.
Despite their diversity and distribution, a comprehensive modem revision of the species has yet to be undertaken. So far,
six species have been recorded in Serbia. Our study identified three species new to the Serbian fauna: Pauesia similis
Stary, 1966, P. juniperorum (Stary, 1960), and P. silvestris (Stary, 1960). Data on the location and tritrophic associations
of the collected material are provided, as well as an identification key for Pauesia females in Serbia. We present two new
trophic associations, both involving Pinus peuce Griseb. (Macedonian pine): P. similis and P. piceaecollis reared from
Cinara aphids.
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Introduction

Pauesia is a species-rich genus within the Aphidiinae subfamily, consisting of around 80 species distributed
across the Holarctic region (Yu et al., 2016). Nearly half of the species (33) have been described in Europe
over the past century.

Based on the shape of the ovipositor sheath, species are classified into three subgenera: Paraphidius Stary,
Pauesia Quilis s. str. and Pauesiella Sedlag and Stary (Davidian, 2015). With the few exceptions (such as
Pauesia antennata Mukeriji, 1950 that parasitizes Pterochloroides persicae Cholodkovsky on Prunus sp.),
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species of this genus are specialized parasitoids of Cinara aphids found on conifers, making them potential
biocontrol agents (Kfir et al., 1985; Kamanga-Thole et al., 2021; Sopow et al., 2021). However, despite its
high species number and wide distribution, a modern comprehensive revision of genus Pauesia has not yet
been conducted. This can be attributed to several factors, including high intraspecific variation in key
morphological traits, subtle interspecific morphological variations among multiple species, and the absence of
updated literature or revised species descriptions (personal observation).

In Serbia, no studies have focused exclusively on the genus Pauesia. To date, six species have been
recorded. Kavallieratos et al. (2016) reported Pauesia cupressobii (Stary, 1960), P. picta (Haliday, 1834), P.
pini (Haliday, 1834) and P. unilachni (Gahan, 1927), while Tomanovi¢ et al. (2021) documented P. anatolica
Michelena, Assael & Mendel, 2005 and P. piceaecollis (Stary, 1960). In this study, we present three
additional Pauesia species new to the Serbian fauna: P. similis Stary, 1966, P. juniperorum (Stary, 1960) and
P. silvestris (Stary, 1960). We also provide an identification key for Pauesia females found in Serbia (Table ).

Material and Methods

Specimens were collected during the period from 2013 to 2019, primarily from high mountain areas in Serbia.
All samples were reared from aphid colonies collected from conifer plants or as individual aphid mummies
found on plant needles. Live aphids were transferred to 70% ethanol and later identified to the species or
genus level. The samples were kept in plastic boxes with muslin covers for ventilation under laboratory
conditions (22-24°C, 18:6 LD photoperiod) until the parasitoids emerged. Once eclosed, the specimens were
transferred to 96% ethanol. Initial examinations were conducted using a ZEISS Discovery V8
stereomicroscope (Carl Zeiss Microlmaging GmbH, Géttingen, Germany). The specimens were then
dissected and slide-mounted in Berlese medium. Photographs of the dissected specimens were taken using
a Leica DM LS phase contrast microscope (Leica Microsystems GmbH, Wetzlar, Germany). The images
were stacked using Helicon Focus software (version 7.6.1; www.heliconsoft.com) and all the important
taxonomic characters (malar index, longitudinal eye diameter, tentoriocular line, intertentorial line, length and
width of the first and second flagellomere, length and width of pterostigma, length of R1 vein, length and
width of tergite | (petiole), length and width of ovipositor sheath) were measured using ImageJ software
(Schneider et al. 2012). Other descriptive characters included the number of antennal segments, shape of
the dorsal surface of the propodeum, shape of tergite | and ovipositor sheath, and specimen coloration.
Morphological terminology follows Sharkey and Wharton (1997). The species records before 2013 can be
found in Kavallieratos et al. (2004; 2016). The list of species documented in this study was primarily based on
sampling focused on identifying parasitoids of aphids that are exclusively found on conifer plants.

Results

List of tritrophic associations
*species new to Serbian fauna

Pauesia anatolica Michelena, Assael & Mendel, 2005
Material: Cinara cedri Mimeur on Cedrus sp., 1092 2, 83, Ni§, 27.09.2019, leg. OPO.

Pauesia cupressobii (Stary, 1960)

Paraphidius cupressobii Stary, 1960
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Material: Cinara juniperi (De Geer) on Juniperus communis L.: 429, 43 &, Bosilegrad, Jare$nik, alt. 1,230
m, 22.07.2013, leg. AP; 422, 243, Golija, Jose, alt. 939 m., 24.07.2016, leg. KK; 19, 1, Tutin, Draga,
alt. 1,183 m., 04.07.2018, leg. JC; 492, 383, Golija, put Odvraéenica-Raska, alt. 1,692 m., 05.07.2018,
leg. KK; 3922, 18, Golija, Lijeva Reka, alt. 988 m., 07.07.2018, leg. JC; 422, 183, Golija, put Odvraéenica—
Ragka, alt. 1692 m., 08.07.2018, leg. KK;1%, Kopaonik, Rudnica, alt. 571 m., 10.07.2018, leg. JC; 2922,
Kopaonik, Samokovska Reka, alt. 1,510 m., 10.07.2018, leg. KK; 433, Kopaonik, put Konaci-Kriva reka, alt.
1,401 m., 11.07.2018, leg. JC; 19, 18, Tara, Zaovinsko Jezero, alt. 914 m., 18.07.2018, leg. KK; 1, Tara,
Laziéi, alt. 974 m., 19.07.2018, leg. JC; 19, Zlatar, Aljinoviéi, alt. 1,199 m., 22.07.2018, leg. KK; 29 @, Zlatar,
Vodene Poljane, alt. 1,463 m., 22.07.2018, leg. JC; 829, 14, Stara Planina, Midzor, alt. 1,583 m.,
01.08.2018, leg. JC; 42 2, 933, Stara Planina, Babin Zub, alt. 1,327 m., 01.08.2018, leg. KK.

Pauesia juniperorum (Stary, 1960) *
Paraphidius juniperorum Stary, 1960

Material: Cinara juniperi on Juniperus communis: 49 @, 1, Golija, Muhovo, alt. 960 m., 25.07.2016, leg.
JC; 12,18, Tutin, Ponor, alt. 1,738 m., 06.07.2018, leg. KK; 29 ©, Kopaonik, Markov Kamen, alt. 1,684 m.,
12.07.2018, leg. JC.

Pauesia piceaecollis (Stary, 1960)

Material: Cinara brauni Bérner on Pinus sp.: 233, Kopaonik, Mure, alt. 806 m., 10.07.2018, leg. KK; Cinara
pilicornis (Hartig) on Picea abies: 622, 64, Stara Planina, MidZor, alt. 1,583 m., 01.08.2018, leg. KK;
Cinara sp. on Picea abies: 42 %, Tutin, Ponor, alt. 1,738 m., 06.07.2018, leg. JC; 22 Q, Tutin, Ponor, alt.
1,738 m., 06.07.2018, leg. JC; on Pinus nigra: 533, Kopaonik, Mure, alt. 806 m., 10.07.2018, leg. KK; 12,
18, Zlatar, Golo Brdo, alt. 1,596 m., 22.07.2018, leg. JC; 39 Q, 18, Zlatar, Vodene Poljane, alt. 1,463 m.,
22.07.2018, leg. KK; on Pinus peuce: 12, Tutin, Pogled, alt. 2,154 m., 05.07.2018, leg. JC.

Pauesia picta (Haliday, 1834)

Ichneumon aphidum (Curtis, 1837)
Aphidius varius (Curtis, 1837)
Aphidius varius (Smith, 1853)
Aphidius varius (Marshall, 1900)
Aphidius varius (Gaulle, 1908)

Material: Cinara costata (Zetterstedt) on Picea abies: 13, Golija, Jankov Kamen, alt. 1,833 m., 07.07.2018,
leg. KK; 19, Golija, put Odvraéenica-Raska, alt. 1,567 m., 08.07.2018, leg. JC; 12, Kopaonik, put Konaci-
Kriva Reka, alt. 1,440 m., 11.07.2018, leg. JC; 233, Kopaonik, Kriva Reka, alt. 1,161 m., 12.07.2018, leg.
KK; 399, 383, Tara, Zaovinsko Jezero, alt. 914 m., 18.07.2018, leg. JC; Cinara sp. on Picea abies: 12,
18, Stara Planina, MidZor, alt. 1,583 m., 01.08.2018, leg. KK; 392, Stara Planina, MidZor, alt. 1,583 m.,
01.08.2018, leg. JC; 19, 243, Stara Planina, Put za tri ¢uke, alt. 1,681 m., 03.08.2018, leg. KK.

Pauesia pini (Haliday, 1834)

Pauesia (Paraphidius) planistipes (Nees, 1834)
Pauesia (Paraphidius) varia (Nees, 1834)

Pauesia (Paraphidius) panzerii (Rondani, 1848)
Pauesia (Paraphidius) lachnivorus (Ashmead, 1906)

Material: Cinara sp. on Pinus sylvestris: 15, Golija, Jankov Kamen, alt. 1,833 m., 08.07.2018, leg. JC.
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Pauesia silvestris (Stary, 1960) *

Paraphidius silvestris Stary, 1960

Material: Cinara sp. on Pinus sylvestris: 19, 14, Golija, put Odvraéenica—Novi Pazar, alt. 1,699 m.,
08.07.2018, leg. KK.

Pauesia similis Stary, 1966 *

Material: Cinara sp. on Picea abies: 1%, Kopaonik, put Konaci—Kriva Reka, alt. 1,440 m., 10.07.2018, leg.
JC; 19, Stara Planina, Arbinje, alt. 1,364 m., 02.08.2018, leg. KK; on Pinus peuce, 182, 93, Tutin,
Pogled, alt. 2,154 m., 05.07.2018, leg. JC.

Pauesia unilachni (Gahan, 1927)

Pauesia albuferensis Quilis, 1931
Pauesia praevisus (Gautier & Bonnamour, 1936)
Pauesia basilewskyi (Benoit, 1955)

Material: Cinara sp. on Picea abies: 19, Stara Planina, Arbinje, alt. 1,364 m., 02.08.2018, leg KK; on Pinus
sylvestris: 19, 13, Zlatar, Vodene Poljane, alt. 1,463 m., 22.07.2018, leg. JC.

Abbreviated names of the sample collectors: Jelisaveta Ckrki¢ (JC), Olivera Petrovié Obradovié (OPO),
Korana Koci¢ (KK), Andjeljko Petrovic (AP).

Table I. Key to the identification of female Pauesia species in Serbia

Ovipositor sheath wide and stout (Fig. 1a) 2.
Ovipositor sheath of other shapes (Fig. 1b-1d) 7.
Antennae with 23 antennomeres, pterostigma 2.3-2.4 times as long as wide. P. pini Haliday
Antennae with 18-21 antennomeres, pterostigma more elongated, 2.6-3.1 times as long as wide. 3.
Pterostigma 2.9-3.1 times as long as wide, tergite | stouter, 2.6-3.1 times as long as wide at spiracle level. 4.
Pterostigma 2.5-2.8 times as long as wide, tergite | more slender, 3.1-3.6 times as long as wide at spiracle level. 5.

Body brown, mesoscutum brown or brown with yellow lateral lobes, tergite | rugose at the basal half (Fig. 2a),
antennae with 19-20 antennomeres, parasitoid of Cinara aphids on Pinus and Picea.

Body generally light colored, mesoscutum yellow rufous to completely yellow, tergite | smooth at the basal half (Fig.
2b), antennae with 18-19 antennomeres, parasitoid of Cinara aphids on Juniperus.

P. piceaecollis Stary

P. cupressobii Stary

Antennae with 21 antennomeres, R1 vein longer than pterostigma (0.80-0.85 pterostigma/R1 ratio) (Fig. 2e), body
light brown to yellow.
Antennae with 19-20 antennomeres, R1 vein subequal to shorter than pterostigma (0.95-1.22 pterostigma/R1 ratio).

P. similis Stary
6.

Tergite | 3.2 times as long as wide at spiracle level, R1 vein shorter than pterostigma length (1.20-1.22 ratio),
propodeum with irregular lateral carinae (Fig. 2c), parasitoid of Cinara aphids on Juniperus.

Tergite | more elongated, 3.5 times as long as wide at spiracle level, R1 vein subequal to pterostigma length (0.95-1.0
ratio), propodeum with transverse carinae only (Fig. 2d), parasitoid of Cinara aphids on Pinus.

P. juniperorum Stary

P. silvestris Stary

First flagellomere (F1) 2.4-2.7 times as long as wide, ovipositor sheath very narrow (Fig. 1b)

First flagellomere (F1) 1.4-2.0 times as long as wide, ovipositor sheath stouter, curved upwards, narrowing towards
apex or parallel sided.

P. unilachni Gahan
8.

First flagellomere (F1) 1.7-2.0 times as long as wide, ovipositor sheath long, stout, curved upwards, parallel sided,
blunt at apex (Fig. 2c), parasitoid of Cinara aphids on Picea

First flagellomere (F1) very short, 1.4-1.5 times as long as wide, ovipositor sheath curved, narrowing towards the apex
(Fig. 2d), specialized parasitoid of cedar aphid Cinara cedri on Cedrus

P. picta Haliday

P. anatolica Michelena,

Assael & Mendel




Pauesia In Serbia: Three Species New to Serbian Fauna with Identification Key

100pm

100pm 100pm

Figure 1. Different types of ovipositor sheaths: a — P. cupressobii, b — P. unilachni, c — P. picta, d - P. anatolica.
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Figure 2. Tergite |, dorsal view: a — P. piceaecollis, b — P. cupressobii; propodeum, dorsal view:
¢ — P. juniperorum, d - P. silvestris; forewing, e — P. similis.
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Discussion

The first revision of the genus (under the name Paraphidius) was conducted by Stary in 1960 (Stary, 1960).
In this study, the author emphasized the need for further revision and anticipated that many new species
would be identified as more material was collected. As already highlighted, despite over 40 new species
being described since then, a comprehensive modern revision is still lacking after 60 years.

Following extensive sampling focused exclusively on aphid parasitoids found on conifer plants, three new
species previously unreported in the Serbian fauna have been identified, P. silvestris, P. juniperorum, and P.
similis. Additionally, we report two new trophic associations, both involving Pinus peuce Griseb. (Macedonian
pine), a Balkan endemic and tertiary relic species (Stojici¢ et al., 2024): P. similis and P. piceaecollis, both
reared from Cinara aphids. Specimens of P. juniperorum and P. cupressobii were exclusively found
parasitizing Cinara aphids on Juniperus, demonstrating a strong specialization towards the subgenus
Cupressobium. Moreover, P. picta was reared solely from aphids found on Picea abies (C. costata and
Cinara sp.). Specimens of P. anatolica were collected from Cedrus trees cultivated for ornamental purposes
in urban environments. This parasitoid species specializes in attacking aphids belonging to the subgenus
Cedrobium and was reared from Cinara cedri. Interestingly, although multiple samples of aphid colonies from
Abies alba were collected, no parasitoids emerged.

Preliminary molecular analysis of the barcoding region (COI) revealed two additional Pauesia species in
Serbian fauna (unpublished results). These species were reared from Cinara sp. on Pinus sylvestris and
Picea abies and are currently identified only to the genus level. Further sampling efforts to obtain additional
material, along with the integration of molecular analysis, are needed to accurately assess the true diversity
of Pauesia in Serbia.
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PAUESIA QUILIS, 1931 (HYMENOPTERA, BRACONIDAE; APHIDIINAE) Y
CPBWJW: TPU HOBE BPCTE 3A ®AYHY CPBUJE U KIbYY 3A
WOEHTUOWKALINIY BPCTA

KoPAHA KoUW®, JENMMCABETA YKPKR, AHBEIBLKO MNETPOBUT 1 XKETBKO TOMAHOBUR

3Boa

Pauesia je jepaH op Behux pogoBa yHyTap notdamunuje Aphidiinae, n obyxeata oko 80 BpcTa
pacnpoCTPakbEHNX LWNPOM XOMapPKTUYKOT pervoHa. YNpKoc TakBoM AMBE3NTETY U AUCTPUOYLMju, caBpemMeHa
ceeobyxeaTHa peBuanja poga He noctoju. Y Cpbujn je TpeHyTHO 3abenexeHo LeCT BpCTa OBOr poja.
PesyntaTtu Hawe CTyauje OTKpuBajy Tpu BpCTe HoBe 3a hayHy Cpbuje: Pauesia similis Stary, 1966, Pauesia
juniperorum (Stary, 1960) n Pauesia silvestris (Stary, 1960). Y oBoj cTyauju cy npeacTaBrbeHN 1 nogaum o
nokauujama cakynrbaka M TpUTpPOhUYKE acoumjauMje aHanuavpaHor matepujana M gaT je Kbydy 3a
naeHTUuKaLpjy xeHku poga Pauesia koje cy 3abenexere y Cpouju.
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