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Fig. 11. Aberrations in male antenna morphology of European Stomaphis. A: Not properly developed segments of antennomeres IV—VI
of S. (P) graffii. B: Not fully separated antennomeres 11l and IV of S. (P) graffii. C: Not fully separated antennomeres I1I and IV of S. (P)
longirostris. D: Not fully separated antennomeres V and VI of S. (P) longirostris. E: Not fully separated antennomeres V and VI of S. (S.)
radicicola. F: Not fully separated antennomeres V and VI of S. (P) juglandis. — Abbreviations: f = frons, R = rhinarium, I-VI = anten-
nomere [-VI.

Fig. 12. Abberations in male leg morphology of European Stomaphis. A,B: Not properly developed hind tarsus (arrow) of S. (P) graffii.
C: Lack of separation of hind trochanter and femur, arrow indicates the absence of trochantro-femoral suture of S. (S.) wojciechowskii. —
Abbreviations: fe = femur, tb = tibia, cox = coxa, tr = trochanter.
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Summary
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S. (S.) wojciechowskii
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S. (P.) juglandis

Fig. 13. The proportion of aber-
rant males in particular species
of European Stomaphis.

® without aberrations
B Changes on: Antennae
M Changes on: Rostrum

® Changes on: Legs

Fig. 14. Development of external male genitalia on the example of S. (P) graffii. A: First instar larva with buds of parameres in form of
small protuberances. B: First instar larva (black arrow) in the moment before molting. White arrow indicates the second instar larva. C:
Second instar larva with elongated buds of parameres. D: Third instar larva. — Abbreviations: p = paramere buds, bp = basal part of phal-

lus buds with sclerotized arms consists of short proximal (solid arrow) and long distal (dotted arrow) part.

some males have been observed to move in search for
females. Very often several males keep close to an ovipa-
rous female, to such an extent that they climb onto her
dorsum. It is not known whether one female copulates
with more than one male, however, several adult males
sitting on a single oviparous female have been observed
(Fig. 15C). It is thus probable that a series of copula-
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tions may take place. A very interesting departure from
the typical mating position of a male has been observed
in S. (P) longirostris and S. (P) graffii, where the male
takes a position beneath the female (ventro-ventral) dur-
ing copulation and usually is completely hidden under
the abdomen of the oviparous female (cryptic sex). It is
suspected that this peculiarity might have developed as a
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Fig. 15. Mating behavior of European Stomaphis. A: Freshly born males of S (P) graffii on Acer pseudoplatanus aggregated in ant chamber
under the bark; above their mother — sexupara, attended by the ant Lasius brunneus. B: Feeding oviparous females (3 adults and 3 larvae)
accompanied by second instar larvae of males of S. (P) graffii. C: Dorso-ventral copulation of S. (S.) quercus on Betula pendula attended
by L. fuliginosus; visible rostrum of female moved aside during copulation; recently moulted male copulates during the presence of the
second male also sitting on the abdomen of female. D: Dorso-ventral copulation of S. (S.) quercus on Quercus robur; visible droplet of
honeydew, excreted by copulating female; clusters of eggs laid in the crevices of bark. E: Oviparous females of S. (S.) wojciechowskii on
Q. robur with clusters of laid eggs. F: Oviparous females of S. (P) graffii and clusters of eggs laid at the base of trunk of A. pseudoplatanus,
in ant chamber under the soil level; visible worker of L. fuliginosus attending the cluster of eggs.
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form of mate guarding behavior or avoidance of competi-
tion with other males. During the copulation, the female
either moves the rostrum aside, beyond the legs (S. (S.)
quercus) or it is feeding (S. (P) graffii), so in both cases
the very long rostrum does not disturb the copulation.

After the copulation the oviposition starts. A female
lays approximately 4—7 eggs, usually in clusters, ei-
ther in deep bark crevices, if it belongs to the species
that lives on the surface of the trunk (S. (S.) quercus Fig.
15D), or in the ant chambers built under the bark (S. (P)
graffii, S. (P) longirostris), or in the cork tissue of the
tree (S. (S.) wojciechowskii Fig. 15E). Sometimes big
clusters of eggs have been recorded at the base of the
trunk, inside the nest of ants (Fig. 15F) which take care
of them. The eggs are yellowish just after the oviposition,
and get darker during the consecutive days, to become
dark greenish or brownish.

4. Discussion

4.1. Taxonomic status of “Parastomaphis”

On the basis of the structure of the apical part of anten-
nomere VI (rounded apex in Stomaphis and nodulose
apex in Parastomaphis) of the viviparous generation,
PaSex (1953) subdivided the genus Stomaphis into two
subgenera: Stomaphis Walker and Parastomaphis, later
treated as separate genera (SzeLeGiEwicz 1978). Then
Parastomaphis was synonymized with Stomaphis by Re-
MAUDIERE (1997) and current aphid taxonomy retains this
taxon undivided as a single genus within the tribe Lach-
nini (NIETO NAFRIA & FAVRET 2011).

In the sexual generation there are even more signifi-
cant and meaningful features distinguishing the two sub-
genera than those mentioned by Pasek. The most impor-
tant is the division of the genital plate into two separate
subplates — characteristic for Parastompahis contrary
to the undivided genital plate in Stomaphis — as it has
a direct correlation with the observed ecological dif-
ference in the mode of copulation in this subgenus, i.e.
the cryptic sex. The subdivided genital plate correlates
with significantly longer parmeres of males of Para-
stomaphis, serving to strain both subplates of the female
during ventro-ventral copulation, also a unique behavior
not only among aphids but also among other insect taxa
(DEra et al. 2014). Moreover, in the sexual generation of
the subgenus Parastomaphis, similarly to the viviparous
generation, apical setae on the processus terminalis aris-
ing from nodulose bases and setae in males, distributed
over the antennae and legs, are much shorter than in the
representatives of the subgenus Stomaphis.

Our analysis of morphological features of the sexual
generation of the European representatives of this genus,
supported by biological data, leads to the conclusion that
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PASEK’s (1953) proposition of a separate subgenus Para-
stomaphis should be maintained. In general, morphologi-
cal features of viviparous females (fundatrices and fun-
datrigeniae) are repeated in oviparous females. Ventral
plates are present in subgenus Stomaphis, which seems
to be an apomorphic character, since no other Lachninae
possess ventral plates, versus their absence in subgenus
Parastomaphis (DEra & MROz 2012; DEPA & KANTURSKI
2014). Moreover, long rostrum, much longer than body,
is a synapomorphy of all species of the genus Stomaphis,
not observed in any other representative of Lachninae.

4.2. Reproductive strategy — guarding or

active searching?

In aphids, as in many other insect groups, male genita-
lia are highly complex, integrated suites of morphologi-
cal structures whose function often remains obscure. As
expected, comparative evidence shows that the genitalia
diversify much more rapidly in insect clades character-
ized by polyandrous mating systems than in taxa charac-
terized by monandry (CAYETANO et al. 2011). Among the
Aphididae species studied so far, the lachnines are char-
acterized by the most diverse male genitalia, especially
in the structure of parameres (WiEczorek et al. 2012).
The Lachninae, treated as a “basally positioned” lineage
in the evolution of Aphididae (OrTIZ-Rivas & MARTINEZ-
Torres 2010), differ from other aphids, as many species
may infest the same host plant while being specialized
for different feeding sites on the host plant, which plays a
more important role in their speciation than host specific-
ity (FAVRET & VOEGTLIN 2004). European representatives
of the genus Stomaphis are associated mostly with de-
ciduous trees, but are rarely recorded from the same host
plant (BLackmaN & Eastop 2014). Exceptions include S.
(S.) quercus and S. (S.) wojciechowskii, sharing Quercus
spp. as a host plant while occupying distinct ecological
niches on it — bark crevices on trunk versus basal part of
trunk in ant shelters constructed within bark crevices and
covered by soil (Depa et al. 2012). In this way, the dif-
ferentiation of the male genitalia, mostly the length and
shape of parameres, is more important during copulation
than in the species-specific selection. It corroborates our
observation of two types of copulation in the subgenera
Stomaphis and Parastomaphis: dorso-ventral or ventro-
ventral respectively. The East Palaearctic representatives
of the genus Sfomaphis are characterized by even more
diverse parameres than European ones (Sorin 1995,
2012; Wieczorek et al. 2012), however, their mating be-
havior has not been reported. Generally, relatively little
is known about copulatory behavior of aphids (FOsTER &
BenTON 1992; Kozrowski 1991; Daga 2002, 2003; DAGG
& ScHEURER 1998; Depa et al. 2014), but species with
more female-biased sex ratios are not expected to show
guarding behavior, whereas species with less female-bi-
ased sex ratios are expected to show guarding behavior
or copulate for a longer time than is necessary for ferti-

35



Depa et al.: A review of the sexuales of the European Stomaphis

lization (DixoN 1998). However, in case of Stomaphis it
is very difficult to establish the male-female ratio, due
to their very cryptic life mode. In S. yanonis Takahashi
Takapa (2008) and in S. guercus (L.) Lor et al. (2012)
observed one to three males climbing onto the abdomen
of one ovipara, which was similar to our observations. It
is not known whether males compete for the female but
it is possible, due to limited space in ant chambers, in the
case of species having a cryptic mode of life. A similar
guarding behavior was observed in other lachnid males
(genera Lachnus Burmeister and Cinara Curtis), where
additionally oviparous females were marked with phero-
mones from the males’ hind tibiae and aedeagus (DacG
& ScHEURER 1998). Males of lachnids cannot retract
their aedeagus into the abdomen (DacG 2002), whereas
males of other aphid taxa retract their aedeagus into the
abdomen immediately after copulation and often do not
feature the striking postcopulatory courtship (e.g. Myzus
persicae (Sulzer) DoHerTY & HaLes 2002; Uroleucon
cirsii (L.) Dagc 2002). The studied species of the ge-
nus Stomaphis also have an enormous aedeagus, still not
retracted after copulation, and probably they also mark
oviparous females.

4.3. Hypothesis of evolution of male

dwarfism in Stomaphis

The most striking feature of the genus Stomaphis as a
whole is the strong sexual dimorphism, the extent of
which varies among aphids. In some cases males are
winged and do not differ significantly from winged vi-
viparous females (e.g. Lachnus roboris (L.) — WIECZOREK
et al. 2012). In some cases males can be wingless, but do
not differ in size from oviparous females (e.g. Lachnus
pallipes (Hartig) or Pterochloroides persicae (Cholodko-
vsky) — WiEczorek et al. 2012, 2013). Sometimes both
males and oviparous females are small and dwarfish, but
still able to feed (e.g. Anoecia corni (Fabricius) — WIE-
czoRrReK 2008) or remain arostrate (Eriosomatinae).

The case of sexual generation in the genus Stom-
aphis is significant due to the large body size of females
and the reduced size and morphology of males. This is a
typical case of so-called dwarfish males, where the body
length of males does not exceed 50% of the length of
oviparous females (Table 3), corresponding to a much
higher disparity in body volume (ca. 12%). Such a score
well matches the proportion typical for dwarfish males in
other animals (Ricci & MELONE 1998).

There are various explanations for the existence of
dwarfish males. According to a general concept, both a
sedentary life mode of females and a lack of competi-
tive behavior among males can promote male dwarfism
(VoLLraTH 1998). Moreover, in Stomaphis we observe a
significant amount of various aberrations of male mor-
phology. However, the presence of an aberrant, residual
and non-functional rostrum (lack of stylets) in some male
specimens (in ca. 17.33% of males) indicates the earlier
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Table 3. Proportion of the size of males versus oviparous females
of the European species of the genus Stomaphis.

male length /
female length

53.96%
44.98%

Stomaphis (Stomaphis) bratislavensis
Stomaphis (Parastomaphis) juglandis

Stomaphis (Stomaphis) radicicola 44.38%
Stomaphis (Parastomaphis) graffii 44.00%
Stomaphis (Parastomaphis) longirostris 40.89%
Stomaphis (Stomaphis) quercus 39.43%
Stomaphis (Stomaphis) wojciechowskii 37.98%

evolutionary condition when mouthparts were well-de-
veloped and certainly functional. The presence of such an
aberrant, residual condition, plesiomorphic in its nature,
indicates that the process of morpho-reduction of mouth-
parts took place quite recently in the evolutionary history
of Stomaphis. It should not be surprising, taking into ac-
count that this is a relatively young genus, with the only
known fossils coming from the Middle Miocene (ca. 15
mya) — S. eupetes Mamontova & Wegierek (WEGIEREK
& Mamontova 1993). Furthermore, lack of any residu-
al wings may indicate that the loss of wings preceded
the reduction of mouthparts. On the other hand, further
morphological changes, including not fully separated an-
tennomeres, coxae and trochanters, indicate an ongoing
process of further reduction of male body parts. It is pos-
sible that these aberrations could be caused by the lack
of feeding across multiple molts, however, there was not
enough nymph specimens for detailed analysis.

In our opinion we can observe two phenomena:
dwarfism, as a reduction of body size and reduction of
various morphological structures, which might also be
considered as a part of process of dwarfing. When con-
sidering the reasons for these phenomena a series of pos-
sible factors should be taken into account:

(1) Size. As a part of adaptation to feeding on tree
trunks, females of the genus Stomaphis developed ex-
tremely long mouthparts, which enabled them to probe
through the thick cork tissue of trees. This morphological
adaptation to feeding on tree trunks is a phenomenon well
documented even in fossil aphids, both in fossil S. eupetes
as well as in older and unrelated, extinct aphid taxa (WE-
GIEREK & GRIMALDI 2010; HoMAN & WEGIEREK 2011). This
has led to an increase of their size to the limits unseen in
other aphid genera, according to the tendency of correlat-
ing the body size with the size of mouthparts, depend-
ing on the feeding location (Dixon 1998). However, the
enlarged size of the mouthparts leads to difficulties with
escape behavior when in danger. Therefore, either finding
an appropriate shelter or some sort of mutualistic partners
providing protection against predators is required.

(2) Mutualism with ants. Finding a mutualistic part-
ner was a necessary part of adaptation to feeding on tree
trunks by Stomaphis. All known species belonging to
this genus are obligate myrmecophilous and cannot sur-
vive without ant attendance (LoRENZ & SCHEURER 1998;
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Fig. 16. The probable course of development of male dwarfism in the genus Stomaphis. Boxes = ecological traits, blue ellipses = morpho-

logical traits, orange elipses = morphological processes; green arrows = favorable changes, red arrows = unfavorable changes.

MaTsuURA & YasHIRO 2006). Ants, providing shelter and
protection from enemies, allowed aphids to broaden their
ecological niche to underground parts of trees, very deep
bark crevices covered by soil and even ant chambers
built inside cork tissue (Lo et al. 2012).

(3) Dispersal abilities. Species of this genus rarely
feed on younger trees. They usually feed on older trees,
with thicker bark, where ants can build their tunnels in
bark crevices at the base of the trunk as well as under
the soil, or finally build their chambers in the bark (Depa
et al. 2012). This has led to limiting the movement pos-
sibilities of these aphids either inside ant nests or outside.
Moreover, apart from big size and poor flight abilities
(Taxkapa 2008) they also depend on the presence and
quick finding of an appropriate ant species.

The above mentioned factors (1)—(3) resulted in two
successive phenomena strictly connected with the pro-
cess of male dwarfing (Fig. 16): The first phenomenon
is a sedentary life mode of females, which significantly
increased the necessity of active searching for females
by males during the mating period. Being the first step of
the process leading to male dwarfism, it could rely on de-
creasing the sizes of males by reducing feeding, in order
to promote dispersal abilities, through the lower mass of
body (see also the “gravity hypothesis” of male dwarf-
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ism by Mova-LAraro et al. 2002). If females left the ant
nest, they had to find a new nest after mating, to increase
the chances of fundatrices survival in spring. Thus, the
promoted strategy was not to leave the ant nest and wait
to be found by males instead. We do not share Dixon et
al.’s (1998) point of view that the mouthpart reduction
in males of Stomaphis is an adaptation allowing for mat-
ing, since the long rostrum would disturb copulation. As
observed in many species of Stomaphis, the female may
change the position of the rostrum during copulation, and
we believe that the male could potentially do the same
(DEpa et al. 2014). If the reduction of mouthparts and
body size promoted a more effective dispersal of males,
by decreasing their body weight, it simultaneously de-
creased their attractiveness to ants, as their honeydew
production was significantly diminished or even stopped.
And that certainly influenced their ability to penetrate the
ant nest in search for females, by increased aggressive-
ness and predatory behavior of ants towards males.

As a result of the sedentary life mode of females,
simultaneously with the morphological reductions, the
second phenomenon took place: the co-occurrence of
males and females within the same ant nests, with no
possibility of an escape for females. This resulted in their
copulation within the ant nest with males that did not un-
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dertake the search for a mate. This probably increased
competition among males and might have influenced the
development of the ventro-ventral copulation type in the
subgenus Parastomaphis (Depa et al. 2014). Local mate
competition was also observed in Uroleucon cirsii (DAGG
& VipaL 2004), however this species copulate in dorso-
ventral position, typical for other aphids.

At some point the second way of reproduction — cop-
ulation with indoor males rather than with those arriving
from other colonies — began to be promoted by natural
selection, probably through a lower mortality of males.
Females fertilized by the indoor males had a better re-
productive success than the females which were not fer-
tilized at all in the case when no male could get into the
ant nest. The limited competition among males within the
colony promoted the tendencies involving the decreas-
ing body size and further reduction of mouthparts. The
safe environment of the ant nest led to the reduction of
siphunculi. No need of active searching for females de-
creased the number of secondary rhinaria (as it happens
e. g. in Cinara spp.: Eastop 1972). The same process led
to the reduction of pseudosensoria on tibiae of oviparous
females which did not need to attract males. Perhaps the
presence of oviparous females simultaneously with still
subadult males led to neoteny, by retaining the larval ap-
pearance and e.g. undeveloped wings, which were in fact
not necessary. Similar tendencies may be observed also
in the under-bark living beetles of the genus Ozopemon
(Curculionidae) (JorpaL et al. 2002).

As males of the genus Stomaphis are arostrate, con-
sequently the retort-shaped organs, stylets, pharyngeal
duct, pharyngeal valve, gustatory organs, salivary glands,
and the salivary pump are not present in them (PONSEN
1997). The complicated filter system which is present in
all investigated species of the Lachninae (PonseN 1981)
is absent from the degenerated midgut as well as the
mycetome (Ponsen 2006). In this way, males are less at-
tractive for ants, as they do not produce honeydew. This
would partly explain their behavior of staying close to ei-
ther their mothers after birth or climbing onto oviparous
females before copulation. The presence of honeydew
producing females could mask the presence of males or
some influence of female pheromones may be a factor
preventing ants from eating males. Aphids, especially
larvae, are often treated as a source of proteins and eaten
by ants that keep them in their nests (PonTIN 1978).

This is only true if in the first stage of evolution of the
common ancestor of Stomaphis both, alate and apterous
males existed, as it happens for example, in the Cinara
cembrae (Cholodkovsky), where single species has both
alate and apterous males (PINTERA 1966), or in not related
species Chaitophorus populeti (Panzer), where both alate
and apterous males occur (WEGIEREK 2000). In that situa-
tion, when mouthpart reduction co-occurred in both male
morphs, apterous males remaining in colony had better
chances of survival than dispersing alate males, which
had higher mortality and lower fecundity.

This way, the developmental line of apterous males
with reduced mouthparts was supported by selective fac-
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tors (higher fecundity) and with sedentary life mode of
large females, continues with further reduction of mor-
phological structures.

The observed male dwarfism concurs well with the
theories presented by VoLLrRATH (1998). A considerable
number of interdependent phenomena connected with
feeding adaptations and relations with their mutualistic
partners show the whole complexity of ecological factors
influencing the development of male dwarfism in aphids,
as presented in Fig. 16. Similar problems with clarifica-
tion of influence of various factors leading to male dwarf-
ism were encountered also in other groups of invertebrates
e.g. spiders from the family Lycosidae (Locunov 2011) or
in spionid polychaetes (VORTSEPNEVA et al. 2008).

In the case of Stomaphis, we can observe not only
dwarfism, but a high ratio of various aberrations, includ-
ing a reduction of the number of antennomere. Inter-
estingly, we do not find remnants of wings, but we can
observe the remnants of mouthparts. This supports the
thesis that apterous males could have represented the
first stage of their dwarfing, and the loss of mouthparts
has been more recent and contemporary to the develop-
ment of the whole genus Stomaphis, as, unlike Lachnus,
all species of this genus have dwarfish males. The next
evolutionary step could be similar to that of 7Trama von
Heyden (BLackman et al. 2001), with permanent parthe-
nogenesis and only occasional occurrence of males, or
of Tuberolachnus salignus (Gmelin), in which no sexual
generation has ever been recorded.

In two of the European species of Stomaphis we ob-
serve permanent parthenogenesis. Both live in warm,
Mediterranean climate (S. acquerinoi Binazzi — Italy, S.
cupressi Pintera — Western and Eastern Mediterranean
region) (NIETO NAFRriA et al. 2002; BiNnazzi & PENNACCHIO
2002). It is interesting, whether permanent elimination of
males is the result of a warmer climate (as in the Lach-
ninae Pterochloroides persicae — WIECZOREK et al. 2013)
or the result of ongoing reduction of male morphology.
If the suspected high rate of inbreeding in Stomaphis
does not disturb its ecological fitness, the total elimina-
tion of the sexual generation may have no influence on
its survival. The anholocycle is frequent in the Lachninae
(Tuberolachnus Mordvilko, Pterochloroides Mordvilko,
Trama) so it may also refer to Stomaphis. It may be an
intermediate stage between the condition where both
winged and wingless males exist in various species be-
longing to a single genus (Lachnus) and the condition
where males are reduced in size and appear sporadically
(Trama) (BLackMaN et al. 2001), and may further lead to
permanent parthenogenesis.

The presented hypothesis of the course of evolution
of the male dwarfism in Stomaphis requires further in-
vestigations and needs to be supported by more evidence.
The following questions need to be answered: 1. What is
the sex ratio in sexual generation of Stomaphis? 2. What
are the dispersal abilities of Stomaphis males? 3. How
ant workers treat males inside and outside the nest (with
or without females)? 4. What is the rate of inbreeding in
Stomaphis (how often sib-mating occurs)? 5. What is the
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ratio of aberrant male nymphs among freshly born indi-
viduals?
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