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Fig. 1. The map showing distributional range of F. pratensis in Thrace Region. All recorded colonies were
shown in the map. Localities with one or more colony deaths were shown in Fig. 2. Solid red circles
denote the localities where one or more colonies were recorded during the study.

Fig. 2. The map showing EOO and AOO of F. pratensis in Turkish Thrace. The white polygon shows the
borders of the obtained EOO and colored squares denote grids inside the EOO containing localities
with a colony record (AOO). Red squares show the localities where all recorded colonies died, yellow
squares show the localities where some of the colonies died and green squares show the localities
where no colony loss occurred.

DISCUSSION

A vulnerable species is one which has been categorized by the IUCN as likely
to become endangered unless the circumstances that are threatening its survival
and reproduction improve (IUCN, 2001). As revealed by current distributional data,
F. pratensis has a vulnerable status in Turkish Thrace pointing out the importance
of planning and implementation of active and urgent conservation strategies for the
species in the region. A successful conservation study should be based on a thorough
knowledge of the factors that cause the vulnerability of the species.
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Formica pratensis has a very restricted area of occupancy (AOQ) (280 km?) in
Turkish Thrace within the relatively large extent of occurrence (EOO). In other words,
the substantially larger EOO than AOO means that occurrences spread over a large
area (Fig. 2). The difference between the two areas of occupancies and the loss of
all earlier records of the colonies has indicated a clear tendency of declination of the
species in the region. As reported in IUCN (2017), a species with a smaller AOO is
likely to have a higher risk of extinction not only because of its smaller population
sizes but also because of the threats to its restricted habitat are likely to reduce its
habitat more rapidly to an area that cannot support a viable population.

When the present distributional data of F. pratensis in Turkish Thrace is considered,
the study area seems to potentially support two separate meta-populations, one
in the northern woodland parts and the second in the northern parts of the central
steppic area. The rarity of the species and the low number of suitable habitats in the
latter shows that the central steppe area is the weak point of the dispersal corridor
and can explain the non-existence of the species in the southern parts of the region.
Moreover, the number of colonies died during the study is higher outside the northern
woodland parts showing how the species is vulnerable to extinction here. As far as
we know, Turkish Thrace is the southeasternmost border of the range of the species
in Europe. As one moves from the core to the periphery of a species’ geographical
range, populations occupy less favorable habitats and exhibit lower and more variable
densities (Channel & Lomolino, 2000). Keeping in mind this conclusion, one may
expect a wide range of or a relatively better distribution in the neighboring Bulgaria
and Greece, but this is not the case. The mountainous southwestern parts of Bulgaria
is located to the north of Turkish Thrace and a few F. pratensis colonies were reported
in this region (Lapeva-Gjanova et al, 2010) but the picture is clearer for the western
parts of the country where more colonies were recorded. In Greece, although the
species was reported from only 3 localities in neighboring Greek Thrace, it is with a
more northern distribution and is rarely found in other parts of the country (Bracko
et al, 2016). Borowiec & Salata (2012) reported distributional range of F. pratensis
in Greece as Greek Macedonia to the west of Greek Thrace. On the other hand,
Borowiec & Salata (2018) recorded the species from Thessaly region of Greece.
These data shows that the species in the two neighboring countries is also rare and
more detailed studies are urgent.

The evaluation of the data about the possible threats on F. pratensis showed
that low representation of the species in the study region is an inevitable outcome
of activities mainly related with human actions leading to habitat fragmentation and
physical disturbances of colonies. It is also clear that the lack of public awareness
about the biological and ecological importance of the species also favors disturbance
and loss of the colonies. Bution et al (2010) reviewed the main risks that ants have
been facing to maintain their communities and he reported that habitat fragmentation
by human activities greatly influenced distributional patterns of ants which in turn led to
fluctuations in ecosystem dynamics. The researchers also proposed that ants could be
used as bioindicator organisms in monitoring of ecosystem dynamics and highlighted
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the importance of ants in conservation studies. Ants can be very sensitive to habitat
transformation and disturbance, and for this reason they have already been extensively
used as indicator species (Hoffmann & Andersen, 2003). Studies related with wood
ants reported that human agricultural activities, industrialization, recreation and habitat
fragmentation are, alone or in combination with each other, the main threats of wood
ant colonies (Robinson, 2001; Mabelis, 2007; Bernasconi, Maeder, Cherix, & Pamilo,
2005; Maki-Petays, Zakharov, Viljakainen, Corander, & Pamilo, 2005; Dekoninck et
al, 2010). For instance, Kiss & Kobori (2010) reported that the number of F. pratensis
mounds in Hoia forests in Romania was 50 in 2004 and decreased to 8 in 2010 due
to human destructions. A similar decrease was observed in Fanatele Clujului where
more than 100 mounds decreased to 15 in a relatively short time period of monitoring.

There are a number of factors which affect the habitat or niche requirements of
wood ants, including food supply, microclimate, competition from other ant species,
type of social organization of the colony and dispersal ability. As in the case of many
other ant species, red wood ants rely on honeydew as the primary sugar source
(Rosengren & Sundstrom, 1991). Therefore, availability of aphid bearing trees is one
of the important factors in selection of nest location. They also prefer sunny hotspots
to ensure temperature conditions for optimal brood development. Canopy close and
clearfelling in mature and old growth stands are among the reasons of declination
of wood ants in dense forests by reducing sunlight exposure and leading to loss of
ants’ primary food source and their orientation ability which is based on visual cues
(Rosengren & Pamilo, 1978). We recorded almost all nests in open forest areas,
meadows or along borders of agricultural fields all which provide optimum sunlight
conditions and vegetation with enough aphid source. However, such preference clearly
brings the species close to human activities which is the main cause of loss of some
of the existing colonies and prevention of dispersal. It is therefore a necessity to take
strict measurements for protection and facilitate dispersal and viability of the species in
the region. Red wood ants (Formica spp.) have been the targets of conservation action
in Europe mainly to preserve the essential services they provide to their ecosystem,
e.g. heavy predation on a wide range of insects including destructive ones, dispersing
seeds of many myrmechorous plants such as Viola spp., providing habitat in their
nests for a multitude of organisms (e.g. over 30 beetle species), and as an important
food source for birds (especially woodpeckers) and other animals (Mabelis, 2007).

The social structure of F. pratensis colonies in our study region can be considered
as another factor that may have played role in low level of spreading of the species
in the region. Formica pratensis can form polygyne colonies with several functional
queens which allow polydomy (Seifert, 1996), but monogyny is frequent (Rosengren,
Sundstrom, & Fortelius, 1993). We determined that all colonies in the study region
were monodomous colonies except one polydomous nest determined in Balaban
village with two interconnected colonies. Polydomy allows colonies to create new
nests without going through the high-risk bottleneck of single-queen nest foundation
(Robinson, 2014). Risk spreading is one of the ways used by polydomous systems for
survival. For instance, if local conditions change, the inhabitants of a nest that becomes
unsuitable can relocate to other more successful nests (McGlynn, 2012) or ants can
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isolate pathogens or parasites by cutting off contact with an infected nest (Ugelvig &
Cremer, 2012). Although single large monodomous nests promote homeostasis and
increase chances of survival, monodomy in our case can be a potential factor that
may affect dispersal of colonies negatively in the region. A colony of a species that
accepts many queens, like F. polyctena, has a lower probability of going extinct than
a colony of a species that accepts just one or only a few queens, like F. rufa (Mabelis,
1986). Moreover, a species which has many queens per nest can disperse by means
of budding, during which workers transport several queens from the mother nest to
newly built daughter nests. This is a much safer means of dispersal than trying to
colonize an area by means of flying queens (Rosengren & Pamilo, 1983; Rosengren
etal, 1993). The presence of multiple nests, i.e. 9 nests in Ahmetler village, in a single
locality is interesting since one can ask how these sympatric colonies achieved to
disperse while most others in other localities were not successful even though most
were very similar in terms of their ecological conditions. Although these individual
nests showed no sign of inter-nest traffic among each other proving monodomy, we
do not know precisely that they are individually founded colonies.

In conclusion, the available data on distribution of F. pratensis in Thrace region
points out the importance of protection of the species which can be achieved by
conservation and sustainable management of the biotopes in which they occur.
Formica pratensis, a keystone and vulnerable species, deserves to be a target species
to be monitored and conserved. The protection of the species is a challenging task
requiring involvement of not only scientists but also local people. The preparation of a
national red list of invertebrates, which are paid less attention compared to vertebrates
and plants in conservation studies, is urgently needed to reveal a more clear picture
of the biodiversity which in turn will lead to more robust and well planned conservation
studies for those species needing protection.
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ABSTRACT

In this study, the effects of phenolic compounds such as tannic acid and gallic acid, and heavy metals
such as iron, zinc, copper, nickel and cobalt on the last larval stage of the first generation of H. cunea
were investigated. The larvae were collected from mulberry and hazelnut trees in the district of Carsamba,
Samsun in 2016. 18 foods in total were prepared; two foods by adding 5% concentration of tannic acid
and gallic acid to the artificial diet (dry weight), 5 foods by preparing nickel, zinc, copper, cobalt and iron
solutions prepared at 8% concentrations, 10 foods by adding 8% concentrations of heavy metal solutions
to 5% concentrations of tannic acid and gallic acid separately, and a control diet. Compared to those
fed with control food, the consumption amount of the larvae whose diet contained iron, zinc and copper
decreased, whereas it increased in the ones fed with nickel and cobalt containing foods. Pupae weight
of the larvae fed with tannic acid and metals added(other than nickel) to it has decreased compared to
the larvae in control group. While the amount of pupa protein was the lowest in larvae fed with the food in
which both gallic acid and zinc used, it was highest in larvae fed with food containing gallic acid. The pupa
lipid amount of the larvae fed with foods supplemented with iron, zinc, copper and cobalt were lower than
the control group larvae. The longest development time was observed in the larvae in food groups where
iron was added to food alone and tannic acid and iron were added together. The results in this study have
shown that the addition of secondary compounds and heavy metals together to the artificial food content
may increase toxicity of compounds (synergism) or reduce it (antagonism).

Key words: Hyphantria cunea, artificial diet, secondary compound, heavy metals, feeding, synergistic effect.
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INTRODUCTION

Plants produce proteins and secondary compounds that are toxic or repellent
for herbivores or specialized morphological structures to protect themselves against
herbivore attacks (Usha Rani & Jyothsna, 2010; War, Paulraj, War, & Ignacimuthu,
2011a; b). Through secondary compounds they produce, plants influence host plant
preference of insects, thus their survival and reproduction success, which is direct
defense against herbivores, or by attracting species that are natural enemies of pests,
which is indirect defense mechanism against herbivores (Dudareva, Negre, Nagegowda,
& Orlova, 2006; Howe & Jander, 2008; Arimura, Matsui, & Takabayashi, 2009).

Tannins, which are amassed in many plants especially in woody ones (Bernays,
Driver, & Bilgener, 1989; Peters & Constabel, 2002) against herbivory, demonstrate
their effects by binding many proteins. Their effects on majority of herbivores from
insects to mammals have been reported (Bernays et al,1989). Tannins have a variety
of biochemical activities ranging from beneficial antioxidants to harmful prooxidants
and toxins (Barbehenn & Constabel, 2011). Gallic acid is a phenolic substance with
low molecular weight. Gallic acid is synthesized by shikimic acid pathway directly,
not by phenylalanine pathway. It is known that this phytochemical has characteristics
of being antioxidant, antibacterial, anti-inflammatory, anti-mutagenic, and chemical
preservative (BiroSova, Mikulasova, & Vaverkova, 2005; Kim et al, 2006; Kang, Oh,
Kang, Hong, & Choi, 2008; Giftson, Jayanthi, & Nalini, 2009).

All metals, in spite of being naturally present on the earth’s crust and many of them
being necessary for cells (i.e., copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), zinc
(Zn)), are toxic at high concentrations for living organisms (Yang, Feng, He, & Stoffella,
2005). Elemental defense hypothesis asserts that excessive metal accumulation at
least affects some herbivores/pathogens in habitats negatively, and thus, acts as a
defense mechanism evolved in hyperaccumulators against some natural enemies
such as herbivores and pathogens. There are two different metabolic pathways which
the defenses are successful. One of them is that the excessive toxicity of plant tissues
containing metals (Boyd & Martens, 1994; Martens & Boyd, 1994), that is, consuming
plant material causes death. Another one is the repellent way, which means the less
consumption of plant tissue that has high levels of metals (Boyd & Martens, 1998).
The first difference between elemental defense and organic plant defenses is that
elemental defenses are acquired from soil, but not synthesized by plants. The second
difference is elements cannot be degraded chemically; therefore, herbivore defense
mechanism is blocked. The third one is that when metabolism considered, organic plant
mechanisms are more costly than elemental defenses for plants (Boyd, 1998). It was
shown in the previous studies that thrips were deterred by the cadmium and snails,
locusts and caterpillars were deterred by the zinc in Noccaea caerulescens (formely
Thilaspi caerulescens) (Pollard & Baker, 1997; Behmer et al, 2005; Jiang, Ma, Zhao,
& McGrath, 2005), aphids by the selenium in Brassica juncea (Hanson, Lindblom,
Loeffler, & Pilon-Smits, 2004), locusts by the arsenic in Pteris vittata (Rathinasabapathi
etal, 2007), and snails by the nickel in Streptanthus polygaloides (Boyd & Jhee, 2005).
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The fall webworm (Hyphantria cunea Drury), a native North American moth species,
has become an invasive pest in Europe and Asia (Tadi¢, 1963; Yang, Wang, Wei, Qu,
& Qiao, 2008).The fall webworm (Hyphantria cunea Drury) is a moth species native
to North America but an invasive pest in Europe and Asia (Tadi¢, 1963; Yang et al,
2008). H. cunea causes serious damage to agricultural and forest lands. The plants
that cause damage include fruit trees with economic importance such as hazelnuts,
plums and apples.

In this study, the purpose was to show the effect of some heavy metals combined
with secondary compounds on the last instar of first generation of H. cunea, which is
a polyphagous species, exotic to Turkey, and causes severe damages to agriculture
and forest areas in the north of Turkey.

MATERIALS AND METHODS

Obtaining the larvae

H. cunea larvae were collected during the field studies conducted at different times
in the borders of Carsamba district of the City of Samsun in Turkey in 2016.

Contents of artificial diet

To feed the larvae, the artificial diet developed by Yamamoto (1969) was used
as the control diet. The content of Yamamoto’s artificial diet is wheat germ, casein
as the protein, saccharose as the carbohydrate, torula yeast, vitamin mixture, salt
mixture, cholesterol, sorbic acid, methyl paraben, linseed oil, agar, and water. Diets
were prepared by adding the secondary compounds such as tannic acid (TA) and
gallic acid (GA), and heavy metals such as nickel (Ni), zinc (Zn), copper (Cu), cobalt
(Co), and iron (Fe) to the diet at specific concentration suitable for the purpose of this
research. Tannic acid and gallic acid were added into artificial diet at 5% concentration
of dry weight (1.036 g). We decided on these concentrations of secondary compounds
by reference to our previous work (Yanar, Topkara, & Gémeg, 2016). 5 diets were
provided by preparing nickel, zinc, copper, cobalt, and iron solutions. Stock solutions
were obtained by weighing 1.576 mg of heavy metals. 10 diets were prepared by
adding heavy metals solutions into tannic acid and gallic acid’s 5% concentrations.
In total 18 diets, one of which is control diet, were prepared (Table 1).

Feeding experiments

The last instar larvae were put in plastic cups one by one, 30 larvae in each cup,
then feeding experiment in which the larvae were fed every other day was started. In
these feeding experiments, new diet was weighed on 0.001 precision scale and given
to the larvae, and the remaining diets were dried in incubator, their dry weights were
measured. In addition, weight changes of the larvae were noted every other day, and
this process was continued until the larvae became pupae.
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Table 1. Diet types and diet contents.

Diet Types Diet Contents Diet Types Diet Contents

A Control Diet (CD) K CD+ 5% TA+ Zn solution
B CD+ 5% TA L CD+ 5% TA+ Cu solution
C CD+ 5% GA M CD+ 5% TA+ Ni solution

D CD+ Fe solution N CD+ 5% TA+ Co solution
E CD+ Zn solution (o} CD+ 5% GA+ Fe solution
F CD+ Cu solution P CD+ 5% GA+ Zn solution
G CD+ Ni solution R CD+ 5% GA+ Cu solution
H CD+ Co solution S CD+ 5% GA+ Ni solution
J CD+ 5% TA+ Fe solution T CD+ 5% GA+ Co solution

Pupal lipid and protein analysis

The pupae at the end of the feeding experiments were placed in incubator at 45°C
to dry. Then, in order to determine the lipid amount, they were kept in chloroform for 24
hours and this process was repeated three times. They were put into the incubator and
redried. When this process was finished, the weights of the pupae without lipid were
calculated (Simpson, 1983). The determination of nitrogen in pupae was carried out
with semi-micro Kjeldahl method and Kjeltec Auto 1030 analyzer (Tecator, Sweden)
(Kacar & inal, 2008). The nitrogen amounts calculated at the end of this process were
multiplied by 6.25 constant and the percentage of the protein amounts was found
(Monk, 1987). Each treatment was repeated three times.

Statistical analysis

In the study, whether total diet consumption amounts of H. cunea larvae, the pupal
weights, lipid and protein amounts of the pupae and their development times are
statistically different from each other or not were determined by ANOVA with Dunnett’s
post-hoc test. SPSS Statistics 21 was used for these tests.

RESULTS AND DISCUSSION

Total consumption amount

It was found that, when compared with the control group, adding tannic acid into
the diet reduced the total diet consumption amount, whereas gallic acid increased this
amount. Although tannic acid and gallic acid are phenolic compounds, their effects are
different. This result is similar to the affirmation that the ecological activities of phenolic
compounds depend on their chemical structures (Barbehenn & Constabel, 2011).
Tannins are astringent bitter polyphenols and therefore act as feeding repellents against
many pests (War et al, 2012). The reason why total diet consumption amount declines
might be due to direct repellent feature of tannic acid (Simpson & Raubenheimer,
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2001) (Table 2). In a study (Sorvari, Rantala, Rantala, Hakkarainen, & Eeva, 2007),
conducted between the local and translocated colonies of Formica aquilonia living in
a soil contaminated with heavy metal, the former showed higher heavy metal levels
than the latter, but the encapsulation response was similar between the two groups.
A study with Epirrita autumnata (van Ooik, Pausio, & Rantala, 2008) indicated that
moderate amount of Ni and Cu in the diet of moth larvae increased their encapsulation
rate, but a large amount of Cu caused the immune function to decrease. Dubovskiy,
Grizanova, Ershova, Rantala, & Glupov (2011) showed Galleria mellonella larvae fed a
low dose of nickel had significantly higher GST, phenoloxidase activity and encapsulation
responses than controls fed on a nickel-free diet. When iron was added to the diets of
Orchesella cincta, it caused a significant reduction in consumption, especially at high
concentrations (Nottrot, Joosse, & van Straalen, 1987). This shows that heavy metals
have different effects. In this study, iron, zinc, and copper added into diet have negative
effects on consumption.

Many insects can usually tolerate the great amounts of tannins (Barbehenn &
Constabel, 2011). The consumption amount of the larvae fed on the diet containing
tannic acid (B diet) was lower than that of control group. In the groups where tannic acid
and metals were put together, the consumption amount was seen to increase compared
to the groups in which only metals used. As a result, while tannic acid caused a decrease
in the consumption amount of the larvae (Hemming & Lindroth, 1995; Becker & Makkar,
1999; Hemming & Lindroth, 2000; Simpson & Raubenheimer, 2001), it increased the
consumption amount when used together with the metals. Gallic acid scavenges free
radicals due to its anti-inflammatory effect (Kim et al, 2006). Thus, it reduces the negative
effect of some metals. The consumption amount of the larvae fed on C diet containing
gallic acid was higher than that of control group. When this secondary compound used
together with metals, it caused an increase in the consumption amount of all the diet
groups (except S). As a result of this experiment it was determined that consumption
amounts of all the diet groups were statistically different than that of control group.

Pupal weight

While adding tannic acid into the diet decreased the weights of the pupae compared
to the control group, gallic acid addition increased the weights. In a study of Simpson
& Raubenheimer (2001) on Locusta migratoria, they found that in the pupae whose
grasshoppers had been fed on diet containing tannic acid, increase in the amount of
tannic acid caused a decrease in the pupal weight. Yanar et al (2016) found that the
pupal weights of H. cunea larvae fed on diet containing tannic acid were less than
the larvae which became pupae by feeding on other diet groups. Reduction in pupal
weight can affect the fecundity of their imagoes (Honek, 1993). Being heavier due to
feeding with the diet containing gallic acid can positively affect the fecundity.

In a study conducted by van Ooik, Rantala, & Saloniemi (2007), when the moths
of E. autumnata were fed on metal (sulphur, copper, nickel, cadmium, lead, iron and
zinc) contaminated leaves, their pupal weights went down compared with the ones
that fed on control leaves. In an study with Apis mellifera (Di, Hladun, Zhang, Liu,
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& Trumble, 2016), it was reported that pupal weights of larvae fed in artificial diets
containing different concentrations of copper decreased compared to the control
group. In our study, when iron, zinc, and copper added to the diet, pupal weights
were recorded to be decreased. Pupal weight of the larvae fed on B diet containing
tannic acid was lower than that of control group. Pupal weights of the groups whose
diet contained tannic acid and iron, copper, and nickel together were higher than the
groups where only these metals were used. It can be said that tannic acid increased
the effects of these metals by dominating them. On the other hand, when tannic acid
was used together with zinc and cobalt, pupal weights were lower than the groups
where only these metals were used. When gallic was used together with iron and
copper, it caused an increase in the pupal weight, whereas combining it with zinc
and nickel caused a decrease in the weight. It did not change the effect which cobalt
would cause itself. In accordance with these results, we can see three effects (positive,
negative, neutral) of gallic acid on pupal weight. The group containing cobalt (H group)
and the group in which gallic acid and cobalt used together (T group) were statistically
same as control group.

Pupal protein amount

It was found that when tannic acid was added to the diet, this reduced the pupal
protein amount compared to control group, whereas adding gallic acid into the diet
increased this amount. Simpson & Raubenheimer (2001) found that L. migratoria
feeding on diet containing tannic acid had higher pupal protein amount when compared
with the ones that were fed with the diet which did not contain this compound, thus
this finding is opposite of our data. Stored proteins that are transferred from larval to
imago stage can have important function in herbivore insects especially in the imagoes
due to limited nitrogen consumption (Hahn, 2005). Therefore, gallic acid in diets can
be advantageous for H. cunea to store protein.

It was found that when the heavy metals, except cobalt, were added into diet, pupal
protein amounts lessened compared to the ones in the control group. Even though
Ni, K, Ca, Zn, and Fe are important cofactors of functional proteins (Dadd, 1985), in
this study, pupal protein amounts of groups containing iron, zinc, and nickel (D, E,
and G) were less than that of control group.

Pupal protein amounts in all the groups whose diet contained tannic acid and
metals, except M group, were lower than the control. Negative effects of tannins in
insects may depend on high tannin concentration (Aerts, Barry, & McNabb, 1999).
Protein amounts of the groups whose diet contained both gallic acid and the metals
were lower than that of control group, except for T diet group. All the groups, except
G, H, and T diet groups, were statistically different than control group.

Pupal lipid amount

Storage function of insect’s fat body is essential for the survival of holometabolous
insects. Throughout the larval feeding stages, energy reserves are accumulated to be
used along metamorphosis as well as for new imagoes. Insects need to accumulate
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Table 2. Total diet consumption, pupal weight, pupal protein and lipid amount and development time of
H. cunea in the feeding experiment.

Diet Total diet Pupal weight Pupal protein Pupal lipid Development
types consumption (mg) (mg) amount (mg) amount (mg) time (day)
A 365.6+0.4 58.0+1.0 27.1+0.4 17.3+0.2 3.0x0.0
B 310.8+0.4 40.9+0.6 21.4+0.3 12.4+0.2 3.4+0.1
C 420.5+0.5 63.7+1.1 34.8+0.6 18.1£0.3 3.0+0.0
D 322.7+0.4 31.840.2 17.2+0.1 7.9+0.5 3.8+0.0
E 333.4+0.4 43.7+0.9 22.5+0.4 11.7+0.2 3.0+0.0
F 278.3x0.3 29.310.2 16.9+0.1 7.7£0.1 3.2+0.1
= G 375.7+0.5 63.2£1.0 25.8+0.4 17.5+0.2 2.8+0.1
o
;5, H 369.0+£0.5 60.9+1.0 27.6+0.4 15.740.2 3.3+0.1
S
e J 343.8+0.4 37.5+0.9 19.7+0.4 8.3+0.2 3.8+0.0
]
1: K 346.9+0.4 40.9+0.5 17.9+0.2 17.1£0.2 3.2+0.1
[
=]
g L 340.3+0.4 44.2+0.9 23.1+0.4 11.6+0.2 3.1+0.0
>
< M 381.0+0.5 65.0£1.0 30.0+0.4 20.3+0.2 3.2+0.1
N 388.1+0.5 42.5+0.9 24.1+0.5 9.4+0.2 3.3+0.1
(0] 373.8+0.5 39.5+0.9 18.3+0.4 17.910.2 3.2+0.1
P 383.4+0.4 34.0+0.9 15.5+0.4 13.7+0.2 3.2+0.1
R 356.5+0.5 42.6+0.9 20.0+0.4 16.6£0.2 2.8+0.0
S 346.7+0.4 41.2+0.9 18.9+0.4 16.4+0.2 3.0£0.0
T 389.6+0.5 60.2+1.0 27.6+0.4 21.740.2 2.9+0.0
df 269 269 269 269 269
F 4365.5 169.6 142.5 279.4 8.5
P < 0.001 <0.001 <0.001 <0.001 <0.001
B < 0.001
C <0.001 B < 0.001
D <0.001 C <0001 R
E <0.001 D < 0.001 D< 0'001 B <0.001
§ F <0.001 E <0.001 E< 0'001 D < 0.001
g G <0.001 F <0.001 F< 0'001 E < 0.001
< H < 0.001 G <0.001 J< 0‘001 F <0.001
Dunnet J < 0.001 J < 0.001 K <0.001 H < 0.001 D <0.001
test K <0.001 K <0.001 L <0.001 J <0.001 1<0.001
L <0.001 L <0.001 M<dOO1 L <0.001 :
M < 0.001 M < 0.001 N<0.001 M < 0.001
N < 0.001 N < 0.001 o< 0'001 N < 0.001
0 <0.001 0 <0.001 p< 0‘001 P <0.001
P <0.001 P <0.001 R<0.001 T <0.001
R <0.001 R <0.001 S< 0'001
S <0.001 S <0.001 :
T <0.001

*Statistically significant means according to Dunnet's Multiple Range Test (P<0.05)
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at least a small portion of stored nutrients in order to survive during metamorphosis
(Mirth & Riddiford, 2007). Lipids that are used at imago stage are met from the
lipids stored along growth phases before reaching imago (Giron & Casas, 2003).
While having lower lipid amount in pupae of the larvae due to feeding on the diet
(B) containing tannic acid can be disadvantageous for species, having higher lipid
amount as a result of feeding on diet containing gallic acid (C) can be advantageous.

Adding iron, zinc, copper, and cobalt into diet caused a decline in pupal lipid amount. The
level of nutrient reserves accumulated in insect fat body regulates some important points
in the life of insects such as insect growth rate, timing of metamorphosis, and egg growth
(Mirth & Riddiford, 2007). In the diet groups where metals and secondary compounds are
used together, except N and S, increase in the lipid amount due to secondary compounds
is important with respect to this matter. Lipid amounts of the groups, except C, G, K, O, R,
and S diets, were found to be statistically different than that of control group.

Development time

Behavior, growth, and development of some insects are affected by plant flavonoids
(Simmonds, 2001, 2003; Simmonds & Stevenson, 2001). It was found that in the group
fed with tannic acid containing diet (B), development time was longer than that of
control group, whereas this period did not change in the group whose diet contained
gallic acid (C). Sublethal doses of metals cause the growth rate of herbivores to
decrease (Williams, 1999), thus prolonging the development time. It was seen that
when iron, copper, and cobalt were added into the diet, it took longer for the larvae to
develop compared to the ones in the control group. Boyd & Moar (1999) found that
nickel concentrations in the leaves up to 93 mg/g prolonged reaching pupae stage in
Spodoptera exigua larvae. In our study, development time of the group whose diet
contained nickel was shorter than that of control group.

A study carried out by Jhee, Boyd, & Eubanks (2006) showed that when the amount
of tannic acid and nickel added to artificial diet increased, the survival percentage
and the percentage of becoming pupae in Plutella xylostella larvae went down. In
our study, when tannic acid and nickel used together, development time was found
to be prolonger compared to the group in whose diet only nickel is used. This finding
shows that the synergistic effect is different. In the groups where iron and zinc are
used together with gallic acid development time was slower than that of control group.
Extension in development time causes an increase in the possibility of encountering
with natural enemies while feeding or looking for food (Bernays, 1997), or with the
extension in growth and feeding the risk of preying/parasitism increases (Moran &
Hamilton, 1980; Loader & Damman, 1991; Benrey & Denno, 1997), and these are
true for this species, as for many others. Of all the diet groups, D and J groups were
found to be statistically different from the control group.

Since plants provide the basis of many terrestrial food chains, secondary
compounds and metals in plants play important roles for the livings at higher levels
of food chain. These compounds can be repellent or toxic against the herbivores.

When secondary compounds and heavy metals are used together, they show
different effects on larvae. When these compounds are combined, these combinations
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can cause a more complex influence on an herbivore. Since compounds can interact
and affect each other, their combined effect becomes different than their individual
effect. Findings in our study prove that the interaction can increase the toxicity of such
combined compounds (synergism), or decrease it (antagonism).
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INTRODUCTION

The family Attelabidae Billberg, 1820, comprises a group of curculionoid beetles
of about 2500 described species in 150 genera worldwide (Skuhrovec & Kresl, 2014).
Some authors consider Rhynchitidae Gistel, 1856 as a distinct family (Legalov, 2003,
2007, 2018; Alonso-Zarazaga, 2011) whereas others treat it as belonging to Attelabidae
as subfamily (Kuschel, 1995; Oberprieler, Marvaldi, & Anderson, 2007; Bouchard, et
al., 2011; Skuhrovec & Kresl 2014; Alonso-Zarazaga et al, 2017). We follow here the
taxonomic arrangement by Alonso-Zarazaga et al (2017).

Attelabidae, commonly named leaf-rolling weevils, morphologically differ from
other Curculionoidea mainly in their straight antennae with relatively short scape,
and ventrites with similar form and structure in combination with non-geniculate
antennae (Legalov, 2004, 2018; Urban, 2012a; Riedel, 2014). They are found in all
zoogeographic regions, excluding New Zealand and Pacific islands, with the notable
exception of a single species occurring in New Caledonia (Riedel, 2014). In addition
to those making various leaf rolls for their larvae, other species damage fruits or
vegetative parts of plants inside which their larvae will develop (Legalov, 2007).
Females of leaf-rollers show sophisticated behaviour in caring for offsprings. Their
are laying eggs in self-made “nests” inside rolled up leaves in the form of compact,
thimble-shaped leaf rolls, that often remain hanging on the tree by a narrow strip of
leaf tissue, rolls where larvae develop. Other members of this weevil family deposit
eggs in fruit and buds. In general, these beetles are too scarce to cause serious
damage to trees (Craighead, 1950; Urban, 2012b), but some are important pests in
agriculture, fruit growing and viticulture. Also, species developing in young shoots or
leaf rolls can be occasionally harmful (Urban, 2012a, b; Riedel 2014).

Adults of the subfamily Attelabinae are characterized by claws connate, mandibles
without teeth on external edge, tibiae serrate on inner margin and with obvious mucro
on outer apex, ventrites 1-4 fused, rostrum short, body usually glabrous or with appressed
setae (Legalov, 2007, 2018). Almost all Attelabinae roll leaves in order to provide
protection and food for their larvae (Zuppa, Osella, & Biondi, 1994; Legalov, 2005).

Adults of the large subfamily Rhynchitinae are characterized by rostrum long,
mandibles with teeth at external edge and absence of labrum, claws free from
base, tibiae not serrate on inner margin and lacking obvious mucro on outer apex,
distinct elytral epipleura, only ventrites 1 and 2 fused, body usually with erect and/or
adpressed setae (Bright, 1993; Legalov, 2007, 2018; Riedel, Santos Rolo, Cecilia,
& van de Camp, 2012). These beetles lay their eggs in young buds, fruits, or seeds
of trees which are then destroyed by the larvae. Some species feed on blossoms
or foliage, and some others skillfully cut leaves to build an apparatus called “cradle”
for breeding (Sawada, 1993). A peculiar behaviour is shown by a few species (e.g.,
Lasiorhynchites sericeus (Herbst, 1797), members of Pterocolus Say) which enter
the leaf rolls of Attelabus spp., destroying the Attelabus egg, and then oviposit his
own egg inside the roll (Bright, 1993).
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Iran forms a large part of the Iranian plateau and covers an area of 1,623,779 km?,
Climatologically, Iran is a predominantly arid and semi-arid country, but the northern
slopes of the Alburz ranges and the Caspian lowland receive from 800 to 2000 mm
annual rainfall, making them the most humid parts of the country. The Dasht-e Kavir and
Dasht-e Lut deserts are the driest areas with an annual precipitation of less than 150
mm. The highlands receive from 250 to 800 mm (Zehzad, Kiabi, & Madjnoonian, 2002).

The aim of this work is to update the catalogue of Iranian Attelabidae which was
published by Legalov, Ghahari, Arzanov, Yu (2010).

MATERIAL AND METHODS

The published data on the distribution of the family Attelabidae in Iran are
summarized by province. Subfamilies, tribes, genera and species are listed
alphabetically. The following data are included in the catalogue for each species:
valid name, published Iranian records by province in alphabetical order with relevant
references in chronological order, precise data of newly studied materials, general
distribution by country at a world scale, comments when appropriate, published
host plants in Iran when available. Taxonomy and nomenclature are according to
Alonso-Zarazaga et al (2017), distribution data were taken from Alonso-Zarazaga
(2011) and Alonso-Zarazaga et al (2017). When accurate data about local distribution in
Iran are lacking in a quoted reference, the mere mention “Iran” is used. The provinces
of Iran are shown in Fig. 1.
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Fig. 1. Map of Iran with provincial boundaries.
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RESULTS

Totally 30 species of Attelabidae within two subfamilies, Attelabinae (3 species)
and Rhynchitinae (27 species), comprising 12 genera Aletinus (2 species), Attelabus
(3), Byctiscus (2), Deporaus (2), Eurostauletes (1), Involvulus (4), Lasiorhynchites
(1), Mecorhis (2), Neocoenorrhinus (3), Rhynchites (7), Tatianaerhynchites (1) and
Temnocerus (2) are listed as the fauna of Iran. Temnocerus coeruleus (Fabricius,
1798) and Mecorhis (Pseudomechoris) aethiops Bach, 1854 (both Rhynchitinae) are
new records for Iran. The list of species is given below alphabetically with distribution
data and host plants in Iran.

Family Attelabidae Billberg, 1820
Subfamily Attelabinae Billberg, 1820
Tribe Attelabini Billberg, 1820
Genus Attelabus Linnaeus, 1758

Attelabus chalybaeus K. Daniel & J. Daniel, 1898

Distribution in Iran: East Azarbaijan (Radjabi, 1991; Modarres Awal, 1997, 2012),
Mazandaran (Hoffmann, 1968, as Afttelabus cyanellus Voss, 1925; Legalov et al,
2010), Northern provinces (Farahbakhsh, 1961; Modarres Awal, 1997).

General distribution: Azerbaijan, Iran, Turkmenistan.

Comments: Itis clear that the indication by Hoffmann (1968) of A. cyanellus Voss,
1925 from Iran (Mazandaran province) was due to a misidentification with the similar
A. chalybaeus. In both revisions by Legalov (2003, 2007) and by Alonso-Zarazaga et
al (2017), A. cyanellus is reported only from the East of Palaearctic (China, Mongolia,
East Siberia, Far East of Russia), whereas only A. chalybaeus is recorded from
Mazandaran (Legalov et al, 2010).

Host plants in Iran: Crataegus aronia (L.) DC. (Rosaceae) (Farahbakhsh 1961;
Modarres Awal, 1997, 2012), Malus (Rosaceae) (Radjabi, 1991; Modarres Awal, 1997,
2012); occasionally on Quercus spp. (Fagaceae) (Hoffmann, 1968, as A. chalybaeus).

Attelabus nitens (Scopoli, 1763)

Distribution in Iran: East Azarbaijan (Borumand, 1998; Sadaghian, Nikdel, &
Dordaei, 2000; Kamangar & Abaii, 2002; Nikdel, Sadaghian, & Dordaei, 2002; Legalov
et al, 2010; Modarres Awal, 2012), Mazandaran (Hoffmann, 1968), Northern and
northwestern provinces (Farahbakhsh 1961; Modarres Awal, 1997, 2012 both as
Attelabus curculionoides (Linnaeus, 1767)).

General distribution: Albania, Armenia, Austria, Azerbaijan, Belgium, Bosnia
Herzegovina, Bulgaria, Belarus, Croatia, Czech Republic, Denmark, Estonia, Finland,
France, Georgia, Germany, Great Britain, Greece, Hungary, Iran, Israel, Italy, Latvia,
Lithuania, Luxembourg, Macedonia, Moldavia, Montenegro, the Netherlands, Poland,
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Portugal, Romania, European part of Russia, Serbia, Slovakia, Slovenia, Spain,
Sweden, Switzerland, Syria, Turkey, Turkmenistan, Ukraine.

Host plants in Iran: Acer sp. (Sapindaceae), Alnus sp. (Betulaceae), Castanea
sativa Mill. (Fagaceae), Salix sp. (Salicaceae) (Farahbakhsh, 1961; Modarres Awal
1997, 2012), Quercus spp. (Fagaceae) (Farahbakhsh 1961; Hoffmann 1968; Modarres
Awal 1997, 2012; Nikdel et al, 2002).

Attelabus sulcifrons (Argod-Vallon, 1895)
Distribution in Iran: West Azarbaijan (Samin, Hava, & Kubisz, 2016).

General distribution: Armenia, Bulgaria, Georgia, Greece, Macedonia, Syria, Turkey
(Alonso-Zarazaga et al, 2017), Iran (Samin et al, 2016).

Subfamily Rhynchitinae Gistel, 1848

Tribe Auletini Desbrochers des Loges, 1908
Genus Aletinus Desbrochers des Loges, 1908
Subgenus Heterauletes Voss, 1933

Aletinus (Heterauletes) akinini (Faust, 1885)
Distribution in Iran: Mazandaran (Samin et al, 2016).

General distribution: Afghanistan, China, Iran, Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan, Uzbekistan.

Aletinus (Heterauletes) constrictus (Reitter, 1891)
Distribution in Iran: Markazi (Samin et al, 2016).

General distribution: Armenia, Azerbaijan, Georgia, Iran, Turkey, Turkmenistan,
Uzbekistan.

Genus Eurostauletes Voss, 1933

Eurostauletes procerus (Reitter, 1901)
Distribution in Iran: Southern Khorasan (Samin et al, 2016).

General distribution: Afghanistan, Iran, Kyrgyzstan, Tajikistan, Turkmenistan,
Uzbekistan.

Tribe Byctiscini Voss, 1923
Genus Byctiscus Thomson, 1859

Byctiscus betulae (Linnaeus, 1758)
Distribution in Iran: East Azarbaijan (Radjabi, 1991; Modarres Awal 1997,

2012), Markazi, Tehran, Zanjan (Modarres Awal, 1997, 2012), Northern provinces
(Farahbakhsh 1961; Modarres Awal, 1997, 2012).
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General distribution: Armenia, Austria, Azerbaijan, Belgium, Bosnia Herzegovina,
Bulgaria, Belarus, China, Croatia, Czech Republic, Denmark, Estonia, Finland, France,
Georgia, Germany, Great Britain, Greece, Hungary, Iran, Israel, Italy, Kazakhstan,
Korea, Latvia, Lithuania, Luxembourg, Macedonia, Moldavia, Montenegro, the
Netherlands, Norway, Poland, Portugal, Romania, Russia, Serbia, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Syria, Turkey, Turkmenistan, Ukraine.

Host plants in Iran: Cydonia, Malus domestica (Borkh.), Pirus, Prunus, Rosa,
Sorbus (Rosaceae) (Radjabi, 1991; Modarres Awal, 1997, 2012), Betula (Betulaceae),
Carpinus (Betulaceae), Castanea (Fagaceae), Fagus (Fagaceae), Populus and
Salix (Salicaceae), Tilia (Tiliaceae), Ulmus glabra Huds. (UImaceae), Vitis (Vitaceae)
(Modarres Awal 1997, 2012).

Byctiscus populi (Linnaeus, 1758)

Distribution in Iran: Iran (no locality cited) (Legalov, 2007; Legalov et al, 2010;
Alonso-Zarazaga, 2011; Alonso-Zarazaga et al, 2017).

General distribution: Austria, Belgium, Bosnia Herzegovina, Bulgaria, Belarus,
China, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Georgia,
Germany, Great Britain, Greece, Hungary, Iran, ltaly, Japan, Kazakhstan, Kyrgyzstan,
Latvia, Lithuania, Luxembourg, Macedonia, Moldavia, Mongolia, the Netherlands,
Norway, Poland, Romania, Russia, Serbia, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Tajikistan, Turkey, Ukraine, Uzbekistan.

Tribe Deporaini Voss, 1929
Genus Deporaus Samuelle, 1819
Subgenus Deporaus Samouelle, 1819

Deporaus (Deporaus) betulae (Linnaeus, 1758)
Distribution in Iran: Mazandaran (Sakenin et al, 2018).

General distribution: Algeria, Austria, Azerbaijan, Belgium, Bosnia Herzegovina,
Bulgaria, Belarus, China, Croatia, Czech Republic, Denmark, Estonia, Finland,
France, Georgia, Germany, Great Britain, Greece, Hungary, Iran, Ireland, Italy, Japan,
Kazakhstan, Latvia, Liechtenstein, Lithuania, Luxembourg, Macedonia, Moldavia,
Mongolia, the Netherlands, North Korea, Norway, Poland, Romania, Russia, Serbia,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine.

Deporaus (Deporaus) podager Desbrochers des Loges, 1889

Distribution in Iran: Iran (no locality cited) (Legalov 2007; Legalov et al, 2010;
Alonso-Zarazaga 2011).

General distribution: Iran, Turkey, Syria.
Tribe Rhynchitini Gistel, 1848

Genus Involvulus Schrank, 1798
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Subgenus Involvulus Schrank, 1798

Involvulus (Involvulus) cupreus (Linnaeus, 1758)

Distribution in Iran: Tehran and probably other Northern provinces (Farahbakhsh
1961, Radjabi 1991; Modarres Awal 1997, 2012 as Rhynchites cupreus), Iran (no
locality cited) (Legalov, 2007; Legalov et al, 2010).

General distribution: Algeria, Austria, Belgium, Bulgaria, Belarus, China, Croatia,
Czech Republic, Denmark, Estonia, Finland, France, Germany, Great Britain, Hungary,
Iran, Italy, Japan, Kazakhstan, Latvia, Lithuania, Luxembourg, Macedonia, Moldavia,
Mongolia, the Netherlands, North Korea, Norway, Poland, Portugal, Romania, Russia,
Slovakia, Slovenia, South Korea, Spain, Sweden, Switzerland, Turkey, Ukraine.

Host plants in Iran: Cultivated Rosaceae of the genera Malus and Prunus
(Farahbakhsh, 1961; Modarres Awal, 1997, 2012).

Subgenus Teretriorhynchites Voss, 1938

Involvulus (Teretriorhynchites) icosandriae icosandriae (Scopoli, 1763)

Distribution in Iran: Mazandaran (Hoffmann, 1968 as Rhynchites coeruleus
(DeGeer, 1775)), Iran (no locality cited) (Erol, 1994; Legalov et al, 2010 as /.
(Teretriorhynchites) coeruleus coeruleus).

General distribution: Austria, Azerbaijan, Belgium, Bosnia Herzegovina, Bulgaria,
Belarus, Croatia, Czech Republic, Denmark, Estonia, France, Georgia, Germany,
Great Britain, Hungary, Iran, Italy, Kazakhstan, Latvia, Lithuania, Luxembourg,
Moldavia, the Netherlands, Poland, Romania, European Russia, Serbia, Slovakia,
Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine.

Involvulus (Teretriorhynchites) icosandriae iranensis Legalov, 2004

Distribution in Iran: Mazandaran (Legalov 2004, Legalov et al, 2010 as
Teretriorhynchites (Teretriorhynchites) caeruleus iranensis), Iran (no locality cited)
(Alonso-Zarazaga 2011 as . (Teretriorhynchites) coeruleus iranensis).

General distribution: Iran.

Involvulus (Teretriorhynchites) pubescens (Fabricius, 1775)

Distribution in Iran: Iran (no locality cited) (Modarres Awal 1997, 2012 as Rhynchites
pubescens; Legalov, 2007; Legalov et al, 2010 as Teretriorhynchites (Aphlorhynchites)
pubescens).

New material examined: East Azarbaijan province, Sarab, 1800 m, 37°56’'N 47°23'E, 3 exx, leg. Pad.
Mal., 25.05.1999 (Biondi personal collection).

General distribution: Armenia, Austria, Belgium, Bosnia Herzegovina, Bulgaria,
Belarus, Croatia, Czech Republic, Denmark, France, Georgia, Germany, Hungary,
Iran, Italy, Kazakhstan, Kyrgyzstan, Latvia, Moldavia, Poland, Portugal, Romania,
Russia, Slovakia, Slovenia, Spain, Switzerland, Turkey, Ukraine.



232
GHAHARI, H., COLONNELLI E.

Genus Lasiorhynchites Jekel, 1860
Subgenus Lasiorhynchites Jekel, 1860

Lasiorhynchites (Lasiorhynchites) cavifrons (Gyllenhal, 1833)
Distribution in Iran: Guilan (Sakenin et al, 2018).

General distribution: Albania, Algeria, Armenia, Austria, Azerbaijan, Belgium,
Bulgaria, Croatia, Czech Republic, Denmark, France, Georgia, Germany, Great Britain,
Greece, Hungary, Iran, Italy, Luxembourg, Macedonia, Moldavia, the Netherlands,
Poland, Romania, Slovakia, Slovenia, Spain, European Russia, Sweden, Switzerland,
Turkey, Ukraine.

Host plants in Iran: Quercus petraeca (Matt.) (Fagaceae) (Sakenin et al, 2018).
Genus Mecorhis Billberg, 1820
Subgenus Mecorhis Billberg, 1820

Mecorhis (Mecorhis) ungarica (Herbst, 1783)

Distribution in Iran: Iran (no locality cited) (Farahbakhsh, 1961 as Rhynchites
hungaricus; Erol, 1994 as Involvulus hungaricus); Modarres Awal, 1997, 2012 as
Rhynchites (Homalorhychites) hungaricus; Legalov et al, 2010).

General distribution: Albania, Armenia, Austria, Azerbaijan, Bosnia Herzegovina,
Bulgaria, Belarus, Croatia, Czech Republic, Georgia, Germany, Greece, Hungary, Iran,
Iraq, Israel, Italy, Kazakhstan, Macedonia, Moldavia, Poland, Russia (South European
Territory, West Siberia), Slovakia, Slovenia, Syria, Turkey, Ukraine.

Host plants in Iran: Rosa canina L. (Rosaceae) (Farahbakhsh 1961; Modarres
Awal 1997, 2012).

Subgenus Pseudomechoris Legalov, 2003

Mecorhis (Pseudomechoris) aethiops Bach, 1854

Material examined: Lorestan province, Shool-Abad, 33°18'N 49°19'E, 1 ex, leg., H. Ghahari, det. E.
Colonelli, August 2009. New record for Iran.

General distribution: Albania, Armenia, Austria, Azerbaijan, Bosnia Herzegovina,
Bulgaria, Croatia, Czech Republic, France, Germany, Hungary, Iran, Italy, Macedonia,
Moldavia, Poland, Romania, Russia (Central European Territory, South European
Territory), Slovakia, Slovenia, Switzerland, Turkey, Ukraine.

Genus Neocoenorrhinus Voss, 1952
Subgenus Neocoenorhinidius Legalov, 2003

Neocoenorrhinus (Neocoenirhinidius) pauxillus (Germar, 1823)

Distribution in Iran: Mazandaran (Hoffmann 1968 as Rhynchites pauxillus), Razavi
Khorasan (Legalov et al, 2010), Iran (no locality cited) (Winkler 1930; Voss 1933;
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Ter-Minassian, 1950 all as Coenorrhinus (Coenorrhinus) pauxillus; Modarres Awal
1997, 2012 as Rhynchites pauxillus).

General distribution: Armenia, Austria, Azerbaijan, Belgium, Bosnia Herzegovina,
Bulgaria, Croatia, Czech Republic, Denmark, Estonia, France, Georgia, Germany,
Great Britain, Greece, Hungary, Iran, Italy, Kazakhstan, Latvia, Liechtenstein,
Lithuania, Luxembourg, Moldavia, Montenegro, the Netherlands, Poland, Romania,
Russia, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Turkmenistan,
Ukraine, Oriental region.

Host plants in Iran: Several Rosaceae of the genera Malus, Pirus, Prunus, Mespilus,
and Crataegus (Modarres Awal, 1997, 2012).

Neocoenorrhinus (Neocoenorhinidius) pseudocribrum pseudocribrum
Legalov, 2002

Distribution in Iran: Fars (Legalov & Fremuth, 2002; Legalov et al, 2010).
General distribution: Azerbaijan, Iran, Turkey.

Subgenus Schoenitemnus Legalov, 2003

Neocoenorrhinus (Schoenitemnus) minutus (Herbst, 1797)

Distribution in Iran: Razavi Khorasan (Legalov et al, 2010 as Schoenitemnus
minutus).

General distribution: Algeria, Austria, Azerbaijan, Belgium, Bosnia Herzegovina,
Bulgaria, Belarus, Croatia, Czech Republic, Denmark, Estonia, France, Georgia,
Germany, Great Britain, Greece, Hungary, Iran, Italy, Lithuania, Luxembourg, Macedonia,
Moldavia, Montenegro, the Netherlands, Norway, Poland, Portugal, Romania, European
Russia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine.

Genus Rhynchites Schneider, 1791
Subgenus Epirhynchites Voss, 1969

Rhynchites (Epirhynchites) auratus (Scopoli, 1763)

Distribution in Iran: Alborz (Borumand, 1959; Behdad, 1991; Sanaei & Seiedy
2017), East Azarbaijan, Sistan & Baluchestan (Borumand, 1998; Legalov et al, 2010 as
Epirhynchites (Tshernyshevinius) auratus; Modarres, Awal 2012), Fars (Farahbakhsh
1961; Modarres Awal, 1997, 2012 as R. auratus ferganensis Nevskii, 1928; Borumand,
1998; Legalov et al, 2010), Hamadan (Modarres Awal, 1997, 2012, Radjabi, 1991),
Isfahan, Zanjan, central and northern provinces (Modarres Awal 1997, 2012), Kerman
(Behdad, 1991; Radjabi, 1991; Modarres Awal, 1997, 2012 as R. auratus ferganensis;
Borumand, 1998; Legalov et al, 2010), Kordestan (Khanizad, Mansour, & Karimi, 2012),
Markazi (Kolyaee, Dezianian, & Akbarzadeh Shoukat, 2004), Mazandaran (Borumand,
1998; Legalov et al, 2010 as E. (Tshernyshevinius) auratus), Qazvin (Farahbakhsh 1961;
Behdad 1991; Radjabi, 1991), Razavi Khorasan (Radjabi, 1991; Modarres Awal, 1997,
2012; Kolyaee et al, 2004), Semnan (Dezianian, 2004, 2005), Tehran (Farahbakhsh,
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1961; Behdad, 1991; Radjabi, 1991; Modarres Awal, 1997, 2012 as R. auratus
ferganensis; Borumand,1998; Kolyaee et al, 2004; Legalov et al, 2010), West Azarbaijan
(Kolyaee et al, 2004; Legalov et al, 2010), Iran (no locality cited) (Ter-Minassian, 1950;
Erol 1994; Esmailii, Mirkarimi, Azmayesh Fard, 2006; Esmailii, 2011).

New material examined: Lorestan province, SE of Harsin, 1875 m, 19, leg. G. Sama, det. E. Colonnelli,
10.v.2008 (Colonnelli personal collection); Guilan province, Tootakabon Barehsar Road Views, 1125 m,
36°48'5.89”N 49°38'5.86"E, 1%, leg. Jaroslav Dalihod, det. E. Colonnelli, 3.vi.2015 (Biondi personal
collection); Mazandaran province, Mt. Elburz, Valiabad, 2100 m, 36°14'N 51°18’E, 1J, leg. Pad. Mal.,
det. S. Biondi, 21.05.1999 (Biondi, personal collection).

General distribution: Afghanistan, Armenia, Austria, Azerbaijan, Belgium, Bosnia
Herzegovina, Bulgaria, Belarus, China, Croatia, Czech Republic, Estonia, France,
Georgia, Germany, Greece, Hungary, Iran, Iraq, Italy, Kazakhstan, Kyrgyzstan,
Latvia, Lithuania, Luxembourg, Macedonia, Moldavia, the Netherlands, Poland,
Portugal, Romania, Russia, Slovakia, Slovenia, Spain, Switzerland, Tajikistan, Turkey,
Turkmenistan, Ukraine, Uzbekistan.

Host plants in Iran: Cultivated and wild Rosaceae of the genera Prunus
(Farahbakhsh, 1961; Radjabi, 1991; Modarres Awal, 1997; Esmailii et al, 2006;
Esmailii, 2011) and Malus (Radjabi, 1991; Modarres Awal, 1997).

Rhynchites (Epirhynchites) giganteus Schoenherr, 1832

Distribution in Iran: Mazandaran (Hoffmann, 1968 as Rhynchites versicolor),
Northern provinces (Farahbakhsh, 1961 as Rhynchites giganteus Krynicki, 1832;
Modarres Awal 1997, 2012), Iran (no locality cited) (Radjabi, 1991; Erol, 1994;
Modarres Awal, 1997, 2012 as Rhynchites versicolor Costa, 1839; Legalov, 2007,
Legalov et al, 2010 as Epirhynchites (Pyrorhynchites) giganteus (Krynicky, 1832)).

New material examined: East Azarbaijan province, Kaleibar, 1600/1700 m, 38°52'N 47°0’E, 1J, leg.
Pad. Mal., det. S. Biondi, 26.05.1999 (Biondi, personal collection).

General distribution: Armenia, Austria, Azerbaijan, Bulgaria, China, Croatia, Czech
Republic, France, Georgia, Greece, Hungary, Iran, Italy, Kazakhstan, Moldavia,
Romania, European Russia, Slovakia, Slovenia, Turkey, Ukraine, Uzbekistan.

Comments: The indications of Rhynchites (Epirhynchites) heros (Roelofs, 1874)
from Iran are erroneous (Biondi, personal communication), and indeed this eastern
Palaearctic species is not quoted for Iran by Alonso-Zarazaga et al (2017). Most
probably, the Iranian records of R. heros for Alborz (Borumand, 1959; Farahbakhsh
1961; Behdad 1991; Radjabi 1991), Mazandaran, Tehran (Radjabi 1991; Modarres
Awal 1997, 2012), and for Iran (Esmailii, 2011) on the cultivated Rosaceae of the
genus Prunus (Farahbakhsh 1961; Radjabi 1991; Modarres Awal 1997, 2012; Esmailii,
2011) belong to the closely related R. giganteus, instead.

Host plants in Iran: Cultivated Rosaceae of the genera Malus, Pirus and Prunus
(Farahbakhsh, 1961; Radjabi, 1991; Modarres Awal, 1997, 2012) and Crataegus
(Farahbakhsh, 1961; Modarres Awal, 1997, 2012).
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Rhynchites (Epirhynchites) lopatini Ter-Minassian, 1968
Distribution in Iran: Yazd (Zare Khormizi, Heidari Latibari, Khandehroo, Moravvej,
Sadeghi Namaghi 2016).

General distribution: Iran (zare Khormizi, Heidari Latibari, Khandehroo, Moravvej,
& Sadeghi Namaghi, 2016), Turkmenistan, Uzbekistan (Alonso-Zarazaga et al, 2017).

Rhynchites (Epirhynchites) smyrnensis (Desbrochers des Loges, 1869)

Distribution in Iran: Tehran (Radjabi, 1991; Modarres Awal, 1997, 2012), Iran
(no locality cited) (Erol, 1994; Legalov et al, 2010 as Epirhynchites (Colonnellinius)
smyrnensis; Avgin & Colonnelli, 2011; Esmailii, 2011).

New material examined: Fars province, 7 Km E of Dasht-e Arzhan, 2050 m, 19, leg. D. Baiocchi,
det. E. Colonnelli, 8.05.2016 (Colonnelli, personal collection); Markazi province, 35km E Borujerd - Ghale
Samurkhan env., 2160 m, 1 ex, leg. J. Simandl, det. S. Biondi, 3.06.2016 (Biondi, personal collection).

General distribution: Greece, Iran, Israel, Jordan, Syria, Turkey, Turkmenistan.

Host plants in Iran: Cultivated Rosaceae of the genus Malus and Prunus (Modarres
Awal 1997, 2012; Esmailii, 2011).

Rhynchites (Epirhynchites) zaitzevi Kieseritzky, 1926

Distribution in Iran: Golestan (Ghahari & Colonnelli 2012), Lorestan (Kieseritzky
1926 as Rhynchites (Epirhynchites) zaitzevi Kieseritzky, 1926; Legalov et al, 2010
as Epirhynchites (Tshernyshevinius) zaitzevi, Iran (no locality cited) (Winkler, 1930;
Ter-Minassian 1950; Farahbakhsh 1961; Balachowsky, 1963; Modarres Awal 1997,
2012; Legalov, 2007).

New material examined: Kuhgiloyeh & Boyerahmad province, Sisakht, 14, 12, leg. D. Baiocchi,
det. E. Colonnelli, 14.05.2013; Kordestan province, Kamiaran, 17, leg. D. Baiocchi, det. E. Colonnelli,
23.06.2012 (Colonnelli, personal collection); Mazandaran province, 45km N Firuz-Kuh - Do-Ab, 13,299,
leg. F. Pavel, det. S. Biondi, 14.05.2005 (Biondi, personal collection).

General distribution: Iran.

Host plants in Iran: Prunus dulcis (Mill.) D.A. Webb (Rosaceae) (Farahbakhsh
1961; Radjabi, 1991; Modarres Awal, 1997, 2012).

Subgenus Rhynchites D.H. Schneider, 1791

Rhynchites (Rhynchites) bacchus (Linnaeus, 1758)

Distribution in Iran: Alborz (Farahbakhsh, 1961), Lorestan (Legalov et al, 2010),
Tehran and other Northern provinces (Modarres Awal, 1997, 2012), Iran (no locality
cited) (Erol, 1994).

New material examined: East Azarbaijan province, Kaleibar, 1600/1700 m, 38°52’N 47°0’E, leg. Pad.
Mal., det. S. Biondi, 1, 26.05.1999; Guilan province, Mt. Talesh - Khalkhal, 1600 m, 37°51'N 48°36’E,
19, leg. Pad. Mal., det. S. Biondi, 24.05.1999 (both S. Biondi, personal collection).

General distribution: Albania, Algeria, Armenia, Austria, Azerbaijan, Belgium, Bosnia
Herzegovina, Bulgaria, Belarus, China, Croatia, Czech Republic, France, Georgia,
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Germany, Greece, Hungary, Iran, Israel, Italy, Kazakhstan, Lithuania, Luxembourg,
Macedonia, Moldavia, Montenegro, the Netherlands, Norway, Poland, Portugal,
Romania, Russia, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey,
Turkmenistan, Ukraine, Uzbekistan.

Host plants in Iran: Cultivated Rosaceae of the genera Malus, Pirus, Prunus, and
occasionally on Laurus (Lauraceae) (Farahbakhsh, 1961; Modarres Awal, 1997,
2012). This leaf-roller is a very important pest of cultivations of several fruits all over
the world, since adults and larvae feed within plant tissues such as buds, flowers and
soft fruits (Korotyaev, 1984; Ulusoy, Vatansever, & Uygun, 1999).

Rhynchites (Rhynchites) lenaeus Faust, 1891
Distribution in Iran: West Azarbaijan (Sakenin et al, 2018).

General distribution: Armenia, Azerbaijan, Bulgaria, Georgia, Greece,
Israel, Macedonia, Russia (South European Territory), Slovakia, Syria, Turkey
(Alonso-Zarazaga et al, 2017), Iran (Sakenin et al, 2018).

Host plants in Iran: Prunus (Rosaceae) (Sakenin et al, 2018).
Genus Tatianaerhynchites Legalov, 2002

Tatianaerhynchites aequatus (Linnaeus, 1767)

Distribution in Iran: Ardabil, East Azarbaijan, Fars (Borumand, 1998 as
Caenorrhinus aequatus; Legalov et al, 2010; Modarres Awal, 2012 as Rhynchites
aequatus), Golestan (Legalov, 2002; Ghahari & Colonelli, 2012), Northern Khorasan
(Hoffmann, 1968), Razavi Khorasan, Mazandaran (Legalov et al, 2010), West
Azarbaijan (Akbarzadeh Shoukat, 2002, 2004 as Coenorhinus aequatus; Legalov et
al, 2010), Iran (no locality cited) (Modarres Awal, 1997 as R. aequatus).

General distribution: Albania, Armenia, Austria, Azerbaijan, Belgium, Bosnia Herzegovina,
Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Georgia,
Germany, Great Britain, Greece, Hungary, Iran, Israel, ltaly, Jordan, Kazakhstan, Latvia,
Liechtenstein, Lithuania, Luxembourg, Macedonia, Moldavia, Montenegro, the Netherlands,
Norway, Poland, Portugal, Romania, European Russia, Serbia, Slovakia, Slovenia, Spain,
Sweden, Switzerland, Syria, Turkey, Turkmenistan, Ukraine.

Host plants in Iran: Colutea sp. (Fabaceae) (Hoffmann, 1968), most probably
accidentally.

Comments: Tatianaerhynchites aequatus is one of the most important pests of apple,
Malus domestica, orchards at Orumieh (West Azarbaijan) (Akbarzadeh Shoukat, 2002,
2004).

Genus Temnocerus Thunberg, 1815

Temnocerus coeruleus Fabricius, 1798

Material examined: Golestan province, Minudasht, Tuska-Chal, 37°12’6”N 55°32’0"E, 1 ex, leg. Z.
Karimian, det. E. Colonelli, June 2003. New record for Iran.
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General distribution: Algeria, Andorra, Austria, Azerbaijan, Belgium, Bosnia
Herzegovina, Bulgaria, Belarus, Croatia, Czech Republic, Denmark, Estonia, Finland,
France, Georgia, Germany, Great Britain, Greece, Hungary, Ireland, Italy, Kazakhstan,
Kyrgyzstan, Latvia, Lithuania, Luxembourg, Moldavia, the Netherlands, Norway,
Poland, Portugal, Romania, Russia, Serbia, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Turkey, Ukraine.

Temnocerus nanus (Paykull, 1792)
Distribution in Iran: Semnan (Samin et al, 2016).

General distribution: Algeria, Andorra, Austria, Belarus, Belgium, Bosnia-Herzegovina,
Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Italy, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Luxembourg,
Mongolia, the Netherlands, Norway, Poland, Portugal, Romania, Russia, Slovenia,
Spain, Sweden, Switzerland, Turkey, Turkmenistan, Ukraine (Alonso-Zarazaga et al,
2017), Iran (Samin et al, 2016).

DISCUSSION

The fauna of Iranian Attelabidae is rather diverse with 30 recorded species in
12 genera, of which Rhynchites with seven species is the richest (Fig. 2). Modarres
Awal (1997) reporded Pselactus spadix spadix (Herbst, 1795) (Cossoninae) on
Populus as Rhynchites culinaris (Germar, 1819) by evident mistake of the genus
name. Subsequently, the same author (Modarres Awal 2012) recorded again the
same Pselactus species with the same habitat under its synonym name of Rhyncolus
culinaris whose authorship was incorrectly attributed to Dejean (1821). Rhynchites
(Epirhynchites) zaitzevi (Kieseritzky, 1926) and Involvulus (Teretriorhynchites)
icosandriae iranensis Legalov, 2004 are so far the only Attelabidae endemic to Iran.

Number of species
o 4N W s OO N ®

Genera of Iranian Attelabidae

Fig. 2. Species diversity of the Iranian Attelabidae.

Among the countries adjacent to Iran (Fig. 3), apparently only the fauna of Turkey
with 39 recorded species has been studied rather well. Since we have not any
comprehensive study on Iranian Attelabidae fauna besides the faunistic and literature
records quoted in this article, we expect that field work, in such a diverse country
like Iran, may result in a substantial increase of the number of species in the future.
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Number of species

Adjacent countries of Iran

Fig. 3. Comparison of species diversity of Attelabidae in Iran with neighbouring countries.
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ABSTRACT

A new species of Cerdistus was collected from Minnawarra in South Australia. Herein we describe
Cerdistus londti sp. nov., with the addition of SEM images. Specimens of this species from two localities in
South Australia were keyed out and we also include DNA (COl) barcodes for comparison to other species
belonging to the Cerdistus/Neoitamus complex in Australia.
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INTRODUCTION

The genus Cerdistus (Diptera: Asilidae, Asilinae) as it is currently taxonomically
delimited, was described in 1849 by Loew and has a worldwide distribution. The
genus is very diverse and widespread in Australia. The name Cerdistus is adopted
as a convenience being used in a liberal sense, not in a confined one as Loew used
it, since some Australian species have also been described in the genus Neoitamus
(White, 1917; Hardy, 1926). The genus Cerdistus, in Australia, was first taxonomically
treated as a group by G.H. Hardy in 1926 and contained 17 species. Nine years later
an additional nine species were recognized (Hardy, 1935). In his Asilid catalogue of
the Australasian/Oceanian region Daniels (1989) listed 33 valid species of the genus
Cerdistus and five in the genus Neoitamus as occurring in Australia. Since that time
a further five species have been described:Cerdistus judyjanei Lavigne (Lavigne,
2010), C. hudsoni Lavigne (Lavigne, 2011), C. weylandi Lavigne & McAllister (Lavigne
& McAllister, 2011), C. mcarthuri Lavigne & McAllister (Lavigne & McAllister, 2012)
and C. ascanii Lavigne & Stevens (Lavigne & Stevens, 2017a).

During a survey of insects in Minnawarra, South Australia in 2006, as part of the
long term Minnawarra Biodiversity Project, several specimens of an undescribed
species of Cerdistus were collected. These specimens were found to be conspecific
with two males previously collected in the Adelaide Hills and one on Mt Lofty, also
undescribed. Herein we describe the new species as Cerdistus londti sp. nov., which
increases the number of Cerdistus known from Australia to 39 species.

MATERIAL AND METHODS

Collection details

Malaise traps were set up in an area dominated by Stringybark (Xanthorrhes sp.)
near a swamp at Minnawarra, 2.63 km west of Spring Mount (35°26’11”S 138°30°42"E).
Specimens of Cerdistus londti sp. nov. were collected in the traps during the period,
21.12.2004 to 05.01.2005. Specimens of the new species originally keyed out in an
unpublished key to an undescribed species in the genus Cerdistus. Amale and female
recovered from ethanol in the traps was taken to University of Gazi, Ankara, Turkey
and SEM photographs were taken of the specimens.

Three specimens of the new Cerdistus from two South Australian locations from
Minnawarra and Bugle Ranges (SA) were compared to eight closely related Cerdistus
species (mcarthuri, hudsoni, judyjanei, weylandi, vittipes, ascanii, margitis), two
Neoitamus species (maculatoides, socius), and Neocerdistus acutangulatus.

All specimens were analysed by the Canadian Centre of DNA Barcoding, Guelph,
Canada using the ‘barcode region’ of the cytochrome c oxidase | (COI) gene (Hebert,
Ratnasingham, & deWaard, 2003; Ratnasingham & Hebert, 2007), which has shown
to be an ideal addition to taxonomic studies (Porco et al, 2012; Stevens & D’Haese,
2016; D’'Haese, Stevens, & Weiner, 2017; Lavigne & Stevens, 2017b). Mitochondrial
DNA was extracted from a single leg from each specimen and amplified following
standard procedures published elsewhere (Hajibabaei, Janzen, Burns, Hallwachs,
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& Hebert, 2006). Sequences were aligned using SEQUENCHER (Gene Codes ver.
5.1) sequence editor and PAUP* ver. 4.0b10 (Swofford, 2002) was used to calculate
sequence divergence values (uncorrected patristic distance using all 3 codon
positions) and generate a Neighbor-Joining phylogram (using p-distance) among the
haplotypes. Sequences for all species are archived and available in the BOLD public
data portal (http://www.boldsystems.org/index.php/databases) in the MSAR (Australian
Robberflies) project, together with images and metadata (Table 1).

RESULTS AND DISCUSSION

Cerdistus londti sp. nov. is a striking species, when observed in the wild, due to its
bright orange and complex genitalia. It readily stands out when resting on perching sites.

Diagnosis
Brownish species with grey pleura; scape and pedicel of antennae orange; thorax with
long, strong dorsocentral bristles; femora darkened dorsally; genitalia compact, orange.

Description
Cerdistus londti sp. nov. (Figs. 1, 2)
Holotype Male: Body length: 12.5 mm. (Range for species: 12 - 13 mm).

Head: Face golden tomentose, flat. Mystax contains 16-20 slender slightly curved
white setae, few black setae above. Facial cover Y4. Ocellar tubercle with single short
seta beneath each lateral ocellus (Fig. 3). Bristles on occiput black, strongly curved;
occiput grey tomentose with dense white slender hairs. Palpus one segmented, shining
black, with white abundant setae (Fig. 4). Proboscis shining black, with abundance
of microtrichia below (Fig. 5).

Antennae: Basal segment (scape) black (Fig. 3), 2 segment (pedicel) reddish
brown, scape 1/3rd longer than pedicel, 3 segment linear twice length of pedicel; 4"
micro-segment 1/9th length of 3@ segment, style narrow, elongate, 0.83 times length
of 3 segment, tip bare lacking apical spine (Fig. 6). Beard white.

Figs. 1-2. Holotype of Cerdistus londti sp. nov. 1. Lateral view of holotype male C. londti sp. nov. (SAMA
Database No. 29-001066). Photo: G. Weber & R. Lavigne. 2. Dorsal view of holotype male C. londlti
sp. nov. (SAMA Database No. 29-001610). Photo: G. Weber & R. Lavigne.
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Figs. 3-6. Head of C. londti sp. nov. 3. SEM of ocellar tubercle of C. londti sp. nov. showing structure and
location of setae plus illustrating bare area on inner surface of scape. 4. SEM of one segmented palp
showing abundance of apical setae. 5. SEM of underside of proboscis showing abundance of micro-
trichia and bare tip. 6. SEM of style illustrating bare tip.

Thorax: Greyish-brown tomentose dorsally and grey tomentose laterally with dark
brown bare areas dorsally (Fig. 2). Postsutural area of scutum with dorsocentro bristles.
Humerus greyish brown tomentose with patch of white setae/hair. Anepisternum
grey tomentose with few white hairs on both anterior and dorsal margins (Fig. 7).
Anepimeron with white hairs on dorsal margin. Dorsocentral bristles long, black
extending anteriorly to just beyond the transverse suture. Scutellar disk, grey
tomentose with 2 marginal white bristles (Fig. 8); and scattered medium length white
hairs on disk. Mesonotal bristles stout, black: 2 black presutural bristles, 1 supra-alar
bristle (1 white, 1 black), 1 white post-alar bristle. Anatergite grey tomentose only
without patch of setae. Katatergite (metapleural) bristles 10-12, cream colored,
extremely long (Fig. 9). Metanepisternum (hypopleural) bristles stout, 2-4, white.

Wings: Multiple cells filled with microtrichae especially apically (Fig. 10), Discal
cell bare, x-vein almost in middle of discal cell (Fig. 11). Sensory pegs/microtrichia at
junction of base of wing with thorax (Fig. 12). Halteres light brown.



247
Description of a New Species of Australian Cerdistus

VALY

Figs. 7-9. Thorax of C. londti sp. nov. 7. SEM of anepisternum showing white hairs on dorsal and
lateral margins amongst microtrichia. 8. SEM of scutellum showing two striated marginal setae and
scattered hairs. 9. SEM of katatergite with 8 metaplural setae.
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Figs. 10-12. Wing of C. londti sp. nov. 10. SEM of apex of wing illustrating the dense cover of microtrichia.
11. SEM of position of discal cross-vein on wing and the absence of microtrichia in the discal cell.
12. SEM of patch of sensory pegs/microtrichia at junction of base of wing with thorax.
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Legs: Legs bare of tomentum, shining; bristles primarily white, except those at apex
of tibiae and on tarsi, black. Femora bicolored, dark brown on anterior surface, light
brownish orange posteriorly, covered dorsally with dense tiny black setae, apex bare
(Fig. 13), tibia orange, darkened at apex, with light brown setae; first tarsal segment
bicolored, orange basally. Claws black with brown base, covered with microtrichia
(Fig. 14); pulvilli cream coloured; empodia short, brown, 2/3 length of claws.

o i '

Figs. 13-14. Leg of C. londti sp. nov. 13. SEM showing bare area at apex of femur. 14. SEM showing the
microtrichia covering the claw.

Abdomen: Tergites yellowish grey pollinose. Two to three exceptionally long white
setae dorsolaterally on tergite 1 (Fig. 15). Row of setae on apical margin of tergites
2-5. Sternites yellowish-grey pollinose, with sparsely scattered white hairs; Two parallel
diagonal rows of bare spots on sternites 5-6 (Fig. 16).

Terminalia (Figs. 2- 4 - paratype SAMA 29-001601): Orange without pubescence.
Lower margin of epandria extended forward into inwardly curved digits (Figs. 17-19).
Epandrium with double row of long black curved setae on dorsal surface, otherwise
bare. Hypandrium rectangular with backward directed black setae (Fig. 18). Gonocoxite
2 length of epandria with patch of long black slender downwardly directed setae.
Gonostylus orange, triangular with sharp apex (Fig. 20). Aedeagus elongate, darkened
at apex, opening of aedaegus with subapical paired protrusions (Fig. 21). Cerci, black,
with short white hair apically.

—
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Figs. 15-16. Abdomen of C. londti sp. nov. 15. SEM showing the exceptionally long white setae dorso-
laterally on tergite 1. 16. SEM showing the two parallel diagonal rows of bare spots on sternites 5-6.
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Figs. 17-19. Male genitalia of C. londti sp. nov. 17. Close-up of lateral view of genitalia of C. londfti sp.
nov. showing structure of epandria with crossing tips. Photo: G. Weber & R. Lavigne. 18. SEM of male
terminalia of C. londti sp. nov. illustrating shape of hypandrium and gonocoxite, epand, epandrium;
gonoc, gonocoxite; gnc, gonostylus; hyp, hypandrium; trg8, tergite 8; st8 sternite 8. 19. Partially dissect-
ed male terminalia of C. londli sp. nov. showing shape of hypandrium and gonocoxite (SAMA Database
29-001560). Photo: A. McArthur & R. Lavigne.
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Figs. 20-21. Male genitalia of C. londti sp. nov. 20. SEM showing the setae on the outer surface of the
gonostylus. 21. SEM of the opening of the aedeagus with paired protrusions subapically.

Material examined: Holotype Male, S AUST: Mt Lofty/ 34°59’S 138°43’E/ 29 Dec 1973-6th Jan 1974/
10th Aust. Boy Scout Jamboree. 2™ label: Acc. No.: SAMA Database No./ 29-001066.

Paratypes Male, S AUST: Quinyambie Stn./ Coonanna Bore/ 29°50'50"S 140°46’55"E/
25.10.2008-01.11.2008/at Light / Camp/ Waterhouse Svy. 2™ label: Acc. No.: SAMA Database No.
29-002568. Male, S AUST: Bugle Ranges, 8 km S, Mt Barker/ 35°07°40"S 138°51’40"E/ 02/12/94/
insect net/ Malllee scrub R.J. Lavigne 2" label: Acc. No.: SAMA Database No. 29-000321. Male, S
AUST: Bugle Ranges, 8 km S, Mt Barker/ 35°07°40”S 138°51’40"E/ 01/02/02/ aluminum pan trap/ R.J.
Lavigne 2™ label: Acc. No.: SAMA Database No. 29-001156. Male, S AUST: 2.63 km W Spring Mount/
Minnawarra/ 35°26°11”S 138°30”42"E/ 21.12.2005-04.01.2006/ malaise trap/ “Stringybark, Xanthorrhes:
above swamp/ Museum SEG Svy/ MIN002. 2™ |abel: Acc. No.: SAMA Database No. 29-001560; female:
same data, except SAMA Database No. 29-001561 and SAMA Database No. 29-001564. Three males,
same data except SAMA Database No. 29-001562, SAMA Database No. 29-001563 & SAMA Database
No. 29-001565. Two males, S AUST: 2.29 km SW Spring Mount/ Minnawarra/ 35°27°01”S 138°31"09°'E/
21.12.2005-04.01.2006/ malaise trap/ “Stringybark, Bursaria spinosa, grasses”/ Museum SEG Svy/
MINOO8. 2™ label: Acc. No.: SAMA Database No. 29-001566 & SAMA Database No. 29-001567; Male,
S AUST: 1.8 km NW Spring Mount/ Minnawarra/ 35°25'56"S 138°31"26’E/ 21.12.2005-04.01.2006/
malaise trap/ “Stringybark, Xanthorrhes, grasses on stony hilltop”/ Museum SEG Svy/ MIN0Q9. 2" |abel:
Acc. No.: SAMA Database No. 29-001568. Male (8), S AUST: 1.96km NW Spring Mount, Minnawarra/
35°25'46"S 138°31'26"E/ 21.12.2005-04.01.2006/ malaise trap/ “Stringybark, low shrubs, grasses™/
Museum SEG Svy/ MIN004. 2™ |abel: Acc. No.: SAMA Database No. 29-001570. Males (7), same data
as 29-001570 except SAMA Database No. 29-001601, SAMA Database No. 29-001603, SAMA Database
No. 29-001607, SAMA Database No. 29-001608, SAMA Database No. 29-001610, SAMA Database No.
29-001611, SAMA Database No. 29-001613. Female, S AUST: 1.96km NW Spring Mount, Minnawarra/
35°25'46"S 138°31'26"E/ 21.12.2005-04.01.2006/ malaise trap/ “Stringybark, low shrubs, grasses™/
Museum SEG Svy/ MINO04. 2™ label: Acc. No.: SAMA Database No. 29-001569. Females (13) same
data as 29-001569 except SAMA Database No. 29-001571, SAMA Database No. 29-001572, SAMA
Database No. 29-001573, SAMA Database No. 29-001602, SAMA Database No. 29-001604, SAMA
Database No. 29-001605, SAMA Database No. 29-001606, SAMA Database No. 29-001609, SAMA
Database No. 29-001612, SAMA Database No. 29-001614, SAMA Database No. 29-001615, SAMA
Database No. 29-001616, SAMA Database No. 29-001617.

Female: Similar to male, except all post ocular bristles white; abdomen 7
segmented; Ovipositor: shining brown, tip with multiple setae (Fig. 22). Tip of ovipositor
with multiple hairs (Fig. 23).
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Figs. 22-23. Ovipositor of female C. londti sp. nov. 22. Lateral view of female C. londti sp. nov.
ovipositor (SAMADatabase No.29-001569). Photo: G. Weber &RR. Lavigne. 23. SEM of tip of ovipositor of
C. londti sp. nov. female.

Brief comments on microtrichia

Microtrichia occur on all parts of the body of Cerdistus londti and are typically
minute scattered curved unsocketed hairlike structures as opposed to macrosetae
which are longer, broader, striated, socketed and often confined to veins (Fig. 24).
Additionally, modified minute spine-like or amorhous structures are seen at points of
articulation, such as at leg junctions (Fig. 25). An unusual feather shaped microtrichia
was found only on the female C. londti above insertion point of hind wing (Fig. 26).
We are unable to ascertain its function.

I
e

Figs. 24-25. Microtrichia and macrotrichia. 24. SEM illustrating the difference between microtrichia and
macrotrichia. 25. SEM illustrating the modified minute spine-like or amorhous structures seen at
points of articulation at coxal junction with thorax.
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Fig. 26. SEM of patch of unusual feather shaped microtrichia found beneath the post alar wall on female
thorax; insert shows location.

Etymology

This species, Cerdistus londti, is named in honour of Dr. Jason Londt in recognition
of his over forty years of work on Afrotropical Asilidae. He has published many excellent
papers describing some 45 new genera and more than 580 new species.

Depository
The holotype and 32 paratypes of C. londti sp. nov. are deposited in the South
Australia Museum (SAMA) Entomology Collection in Adelaide.

Distribution

Thus far, Cerdistus londti sp. nov. has been collected only in four locations in
southern South Australia, three from a limited area near Kangaroo Island: Minnawarra
Conservation Park, Mt Lofty Conservation Park, Bugle Ranges and the fourth from
Coonanna Bore, 435 miles northeast of Kangaroo Island close to the New South
Wales border. The vegetation, Malee scrub, is common to all locations.

Molecular (DNA) barcode

The three specimens of Cerdistus londti sp. nov. were compared with other
species that belong to the Cerdistus/Neoitamus complex in Australia (Table 1). The
neighbor-joining tree and minimal sequence divergence (0-0.7%) supports the close
intraspecific relationship among the three specimens of C. londti sp. nov. (a, b, c)
and indicate that they all represent a single species (Fig. 27). Sequence divergence
between species reveal divergences between 10.1% (C. weylandi and N. maculoides)
t0 19.4% (C. vittipes and N. socius) (Table 1). Sequence divergence of between 14.3%
between C. londti sp. nov. and its nearest neighbours C. weylandi and adds further
support to the species diagnosis of C. londti sp. nov. (Fig. 27).
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Table 1. Collection data for each Cerdistus/Neoitamus species, and Neocerdistus as outgroup, selected

for sequencing. Species relates to those used in Fig. 27. All sequences can be obtained using the
‘code’ in the BOLD public data portal (http://www.boldsystems.org/index.php/databases).

Species Code BOLD sequence | Collection Location GPS
code date
. . Vivonne Bay, heathlands W of Point | 35.993°S,
Neoitamus maculatoides MS_CER_N101c MSAC1459-14 23.03.2008 Ellen, KI, SA 137.183°E
Neoitamus socius MS_CER_29-002880 | MSAC1285-14 07.07.1995 Czech Republic, Southern Moravia 33631?56‘!\:5
Cerdistus vittipes MS_CER_29-001079 | MSAC1258-14 09.10.1991 W Eyre Pen, Lake Newland CP, SA :15244260735
Cerdistus weylandi MS_CER_20-001839 | MSAC1266-14 | 18.05.2005 | Monarto Zoological Park, SA e
Cerdistus mcarthuri MS_CER_29-001857 | MSAC1268-14 01.12.2000 Gluepot Reserve, SA ?397353%
Cerdistus judyjanei MS_CER_29-002573 | MSAC1278-14 25.10.2008 Coonanna Bore, Quinyambie Stn., SA ?A?OS;ZTSE
Cerdistus hudsoni MS_CER_29-003368 | MSAC1286-14 27.11.2007 Perth, Kensington Bushland, WA ?115988833?5
C. ascanii MS_CER_NO048c MSAC1390-14 27.01.2008 Belair National Park, SA ?58061506"%
Cerdistus margitis MS_CER_29-001712 | MSAC1262-14 22.10.1996 Cheesman Peak, SA ?;03;137?5
Cerdistus armatus MS_CER_29-002500 | MSAC1276-14 13.01.1971 Coorong Nat. Pk., SA ?ggoggo"?f
Cerdistus londlti sp. nov. MS_CER_N009a MSAC1316-14 12.02.1994 Bugle Ranges, SA :132818580335
Cerdistus londtisp.nov. | MS_CER_N009b MSAC1317-14 | 21.12.2005 | Minnawarra, SA ey
Cerdistus londti sp. nov. MS_CER_N009c MSAC1318-14 21.12.2005 Minnawarra, SA :1338452294"?5
Neocerdistus acutangulatus | MS_CER_29-001955 | MSAC1270-14 23.03.1993 ILLamurta Spr CP, NT fg;g;egsE
C. mearthurl C. hudsoni C. judyjonei C. margitis N. soclus N. maculoldes C. landl €. londti sp. nov. €. armatus C ascanii C vittipes
C. mearthuri c b a
C. hudsoni 0.108
C. judyjanel 0.169 0.156
C. margitis 0.227 0.205 0.180
N. socius 0.141 0170 0.179 0.155
N. maculoides  [0.155 0.194 0.178 0.165 0177
C. weylandi 0.138 0175 0.158 0182 0170 0101
Clondt  ©[0165 0.186 0.151 0174 0165 0145 0.143
bl0.165 0.186 0.151 0.174 0165 0145 0.143 0.000
P-NV- lose 0184 0M8 0177 Q165 0150 015|007 0007
C.armatus 0.161 0.159 0.183 0192 0174 Q155 0.157 0143 0143 0147
C. ascanil 0.170 0183 0.164 0.170 0192 0152 0.157 0M5  0M5 0147 | 0150
C. vittipes 0.175 0192 0.191 0.182 0194 0157 0.170 0165 0165 0165 | 0162 0.125
N. acutangulatus [0.177 0.169 0.161 0.157 0184 0150 0.150 0157 0157 0162 | 0133 0108 0130
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Fig. 27. Neighbor-Joining tree and sequence divergence (uncorrected P-distance) for Cerdistus/ Neoitamus
complex compared to C. londti sp. nov.
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