Bulletin of Insectology 72 (2): 233-240, 2019
ISSN 1721-8861 elSSN 2283-0332

The alate morph of Stomaphis wojciechowskii -
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Abstract

The first description of the hitherto unknown alate morph of the recently discovered giant aphid species Stomaphis wojciechowskii
Depa is presented, based on examination of specimens collected in the United Kingdom and Poland in 2018. A key for the deter-
mination of known alate morphs of the genus Stomaphis is provided. Morphological comparisons are made between the alate
morph of S. wojciechowskii and the closely-related, sympatric species Stomaphis quercus L., and we discuss how the observed
differences may have evolved as an adaptation of each species to the very different ecological niche occupied by their respective
ant hosts: S. wojciechowskii to Lasius brunneus (Latreille), and S. quercus to Lasius fuliginosus (Latreille).
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Introduction

The alate female is viewed as the original or primordial
morph of aphids, as it represents the body morphology
most typical of insects. It seems to be relatively resistant
to morphological changes and is regarded to have many
plesiomorphic features (Heie, 1980). In recently di-
verged groups of aphids it is difficult to distinguish
aphid species on the basis of alate females e. g. in the
Lachninae genus Essigella Del Guercio (Sorensen,
1994) and in many species of Aphis L. (Kim et al.,
2010). This is due to the fact that, while the apterous
female morph has adapted to exploit a variety of ecolog-
ical niches within its habitat, the main role of the alate
morph is dispersal and finding new and suitable re-
sources (Dixon, 1998). Therefore, two main morpholog-
ical traits characterize alate aphids: wings and a set of
well-developed sensory organs. In terms of aphid life
strategy, either these two traits need to function effec-
tively to overcome habitat resistance, or their inadequate
function needs to be balanced by a higher number of
alate offspring having more chances to successfully
penetrate the environment. Some aphid species produce
lots of alate females per colony, counting dozens and
even hundreds of individuals. In contrast, aphids of the
genus Stomaphis Walker build fairly small colonies and
also produce low numbers of alate females per colony
(Lorenz and Scheurer, 1998). For some species this
morph is still unknown (Blackman and Eastop, 2018).
Stomaphis are also very specialized aphids, large and
with very long mouthparts able to penetrate the thick
bark tissue of the tree trunks on which they feed. They
are also obligatorily myrmecophilous, depending on the
presence of ants and sometimes developing quite strict
interspecific relations (Depa et al., 2017). This is the
case of two sibling European species: Stomaphis quer-
cus L. and Stomaphis wojciechowskii Depa (Depa et al.,
2012), which show interesting ecological features: the
first is a Fagaceae-feeding species with an obligatory
relationship with the dominant ant species Lasius fuligi-

nosus (Latreille), while the latter is polyphagous on
Quercus robur, Tilia cordata and Alnus glutinosa and
has an obligatory relationship mostly with the submis-
sive ant species Lasius brunneus (Latreille). Until re-
cently S. wojciechowskii was believed to disperse only
by young larvae wandering on the surface of trunks,
perhaps from tree to tree or also by being carried by ant
workers. This mode of dispersal was considered to be an
adaptation to living with a very common and wide-
spread ant species, in contrast to S. quercus, whose
known alate morph was regarded as necessary in order
to find the sparsely distributed nests of L. fuliginosus
required for its survival.

However, ongoing field studies carried out in 2018 re-
sulted independently in the discovery of alate females of
S. wojciechowskii in the UK and in Poland. This finding
brought forth the need to revisit our existing knowledge
on the ecology of the two sibling Stomaphis species and
gave the opportunity to examine the influence of their
separate life modes on the morphological adaptations of
their respective alate morphs. Here we present the first
description of the alate morph of S. wojciechowskii with
a key for the identification of known alate morphs of the
genus Stomaphis, and we discuss how differences in
their morphology may have been influenced by their
different ant hosts and dispersal requirements.

Material and methods

The following 4 samples present the original discovery
of the alate morph of S. wojciechowskii (specimen de-
tails are presented as they appear on the microscope
slides, with additional comments added in parentheses
where necessary):

Stomaphis wojciechowskii (alate female); Kro$nice ad
Milicz, Poland; 51°28'41.8"N 17°21'10.5"E; 16.vi.2018;
under bark of Alnus glutinosa, leg. & det. L. Depa;
Voucher specimen K1.

Stomaphis wojciechowskii (alate female); Kro$nice ad



Milicz, Poland; 51°28'41.8"N 17°21'10.5"E; 16.vi.2018;
under bark of Alnus glutinosa, leg. & det. L. Depa;
Voucher specimen K2.

Stomaphis wojciechowskii (alate female); Monks
Wood NNR, Sawtry, Cambs., UK; 52°24'8.9"N
0°14'56.5"W; 20.vi.2018; from trunk of Quercus robur,
leg. J.F. Hodgson, det. L. Depa; Voucher specimen 226.

Stomaphis wojciechowskii (alate female); Monks
Wood NNR, Sawtry, Cambs., UK; 52°24'30.7"N
0°14'45.0"W; 25.vi.2018; from trunk of Quercus robur,
leg. J.F. Hodgson, det. L. Depa; Voucher specimen 246.

For morphological analysis and taxonomic compari-
sons also the following material deposited in the ento-
mological collection of the Department of Zoology
of the University of Silesia in Katowice (DZUS) was
studied:

Stomaphis quercus (L.) (alate female); Lomna ad
Warszawa, Poland; 10.vi.1976; Betula sp., slide no.
R3800, 5677; leg. E. Kierych, det. H. Szelegiewicz;
voucher specimen Szl. (authors’ note: reidentified as
Stomaphis wojciechowskii, this study)

Stomaphis quercus (L.) (alate female); Lomna ad
Warszawa, Poland; 10.vi.1976; Betula sp., microscopic
slide no. R3796, 5677; leg. E. Kierych, det. H.
Szelegiewicz; voucher specimen Sz2. (authors’ note:
reidentified as Stomaphis wojciechowskii, this study)

Stomaphis quercus (L.) (alate female); Lomna ad
Warszawa, Poland; 10.vi.1976; Betula sp., microscopic
slide no. R3800, 5677; leg. E. Kierych, det. H.
Szelegiewicz; voucher specimen Sz3. (authors’ note:
reidentified as Stomaphis wojciechowskii, this study)

Stomaphis quercus (L.) (alate female); Ztoty Potok,
district Czestochowa, Poland; 06.vii.1988; Betula ver-
rucosa; leg. R. Hataj & J. Gorczyca, det. A. Czylok;
voucher specimen KZ1.

Stomaphis quercus (L.) (alate female); Ztoty Potok,
district Czestochowa, Poland; 06.vii.1988; Betula ver-
rucosa; leg. R. Hataj & J. Gorczyca, det. A. Czylok;
Voucher specimen KZ2.

Stomaphis sp. (alate female); Oborniki Slaskie, Po-
land; 13.vii.2016; Quercus robur; leg. M. Kanturski;
Voucher specimen KZ3.

Stomaphis quercus (L.) (alate female); Zalesie near
Janow, district Czestochowa, Poland; 26.vii.1990; Salix
alba; leg. R. Hataj, det. A. Czylok; Voucher specimen
KZ5.

Stomaphis sp. (alate female); Borne Sulinowo, Poland;
53°35'12.9"N 16°32'53.1" E; 30.vi.2012; trunk of Popu-
lus nigra, with Lasius fuliginosus, not feeding; leg. L.
Depa; Voucher specimen KZ6. (authors’ note: reidenti-
fied as Stomaphis wojciechowskii, this study)

Stomaphis betulae (Mamontova) (alate female); Sur,
distr. Bratislava, CSRS; 14.vi.1988; Quercus sessilis;
leg. W. Wojciechowski, det. A. Czylok; Voucher spec-
imen KZ4 (authors’ note: Stomaphis betulae is a syno-
nym of S. quercus (Depa et al., 2012); Quercus sessilis
is a synonym of Quercus petraea).

Stomaphis betulae (Mamontova) (alate female); Sur,
distr. Bratislava, CSRS; 04.vi.1989; Quercus petraea;
leg. & det. A. Czylok; Voucher specimen KZ7.

Stomaphis cupressi caucasica Mamontova, from the
type series, DZUS, 7699, 28.vi.1980, Soloniki, 226 km
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na Suchulij, Kiparis (Cupressus), coll. Mamontova. (1
adult alata, 1 adult aptera).

Stomaphis yanonis Takahashi, DZUS, 28.vi.1978,
host: Zelkova, Japan: Kuratayama, Ise. Mie-pref., coll.
M. Sorin (1 adult alata).

Also the following material from Museum National
d’Histoire Naturelle (MNHN) in Paris was studied:

Stomaphis japonica Takahashi, MNHN(EH)14566,
7.x.1974, host: Quercus acutissima, Japan: Ise. Mie,
coll. det. M. Sorin. (2 adult alatae, 1 larva)

Stomaphis japonica Takahashi, MNHN(EH)14565,
7.x.1974, host: Quercus acutissima, Japan: Ise. Mie,
coll. det. M. Sorin. (2 adult alatae, 1 larva)

Stomaphis japonica Takahashi, MNHN(EH)14564,
31.x.1968, host: Quercus acutissima, Japan: Mt.
Shinaji., Naiku-shrine, Ise. Mie, coll. det. M. Sorin. (2
adult alatae, 2 nymphs)

Stomaphis japonica Takahashi, MNHN(EH)14559,
16.x.1959, host: Quercus acutissima, Japan: Higashi-
yama, Osaka, coll. det. M. Sorin. (1 adult alata)

Stomaphis fagi  Takahashi, MNHN(EH)14532,
27.vi.1959, host: Fagus, Japan: Oda, litaka, Mie pref.,
coll. M. Sorin. (1 adult alata, 2 adult apterae, 1 larva)

Stomaphis fagi  Takahashi, MNHN(EH)14537,
31.vi.1967, host: Fagus, Japan: Kawakami, Mie pref.,
coll. M. Sorin. (1 adult alata, 3 adult apterae)

Stomaphis yanonis Takahashi, MNHN(EH)14639,
29.vi.1989, host: Celtis sinensis japonica, Japan:
Karatayama, Ise. Mie, coll. det. M. Sorin. (1 adult alata,
1 adult aptera)

Stomaphis aceris Takahashi, MNHN(EH)14515,
09.vi.1961, host: Fagus, Japan: Mt. Yoshino, Nara pref.,
coll. M. Sorin. (1 adult alata, 2 adult apterae)

Stomaphis juglandis Petrovic, paratype,
MNHN(EH)23632, 1797(016727); Juglans regia,
13.x.1996, Yugoslavia, Ilinci, Sid, leg. D. Serinié. (1
adult alata)

Stomaphis graffii Cholodkovsky, MNHN(EH)23623,
11396; Cupressus macrocarpa (lambertiana), Ile d’yeu,
Vendée, 15.xi.1973, leg. & det. G. Remaudiére. (1 adult
alata)

Stomaphis graffii Cholodkovsky, MNHN(EH)23624,
11396; Cupressus macrocarpa (lambertiana), Ile d’yeu,
Vendée, 15.xi.1973, leg. & det. G. Remaudiére. (2 adult
alatae)

Additionally, the following slides from the collection
of British Museum of Natural History (BMNH) were
examined:

Stomaphis acquerinoi sp. n. Binazzi, paratipi, Fon.
Acquerino, 20.vi.2001, St/21, 4. (1 adult alata) (author’s
note: Binazzi, paratype)

Stomaphis acquerinoi Binazzi., A.B. det., BMNH(E)
2004-23; Acer pseudoplatanus, Acquerino PT. 1., A.B.
leg., 08.ix.2002. (2 al. viv.) (authors’ note: Binazzi, par-
atype)

The collected material was preserved and mounted af-
ter Wojciechowski et al. (2016). The measurements
were made according to Depa and Kanturski (2014),
Depa et al. (2015). The slides were examined using a
Nikon Ni—U light microscope and photographed with a
Nikon DS-Fi2 camera. Measurements are given in mm
(table 1).



Table 1. Morphometric data (mm) of the studied species.

S. wojciechowskii n =8

S. quercusn=16

min max mean min max mean
BL 421 5.95 5.01 4.29 4.37 4.32
SiphScL 0.45 0.58 0.52 0.45 0.54 0.51
Ant I 0.15 0.22 0.19 0.18 0.21 0.19
Ant II 0.13 0.15 0.14 0.14 0.14 0.14
Ant 111 0.51 0.63 0.57 0.63 0.71 0.67
Ant IV 0.27 0.38 0.32 0.32 0.37 0.35
Ant V 0.29 0.35 0.32 0.31 0.35 0.32
Ant VI 0.41 0.50 0.44 0.46 0.50 0.48
VIb 0.07 0.08 0.07 0.07 0.08 0.08
VIa 0.31 0.41 0.35 0.38 0.40 0.39
RS IV+V 0.59 0.68 0.63 0.59 0.64 0.62
RS III 0.59 0.71 0.64 0.67 0.77 0.70
HT2 0.31 0.34 0.33 0.30 0.36 0.34
HT1 0.10 0.11 0.11 0.09 0.12 0.11
MT2 0.24 0.26 0.25 0.24 0.26 0.25
MT1 0.09 0.10 0.10 0.09 0.11 0.10
RhIII 9.00 12.00 10.56 12.00 15.00 13.38
RhIV 3.00 6.00 4.63 4.00 6.00 4.75
RL 9.19 11.73 10.25 10.21 11.53 10.81
RL/BL 1.81 2.46 2.12 2.38 2.51 2.45
Ant VI/IV 1.29 1.52 1.38 1.24 1.56 1.39
RSAV+V)/II 0.91 1.02 0.98 0.82 0.94 0.90
HT2/HT1 2.88 3.40 3.08 2.94 3.27 3.04
AntL/BL 0.36 0.45 0.40 0.49 0.52 0.50
HT2/MT2 1.24 1.39 1.32 1.31 1.36 1.34
AntL 1.77 2.17 1.98 2.09 2.23 2.14
AntIIl/V 1.60 1.88 1.77 1.96 2.21 2.08
FwL 3.60 4.47 3.90 3.95 4.10 4.00
FwL/BL 0.67 0.86 0.78 0.92 0.94 0.93

Abbreviations (partly after Blackman and Eastop, 2018): BL- body length (from the anterior margin of the head to the
end of the cauda); AntL- length of antenna; Ant I, II, III, IV, V, VI- antennomeres I, II, III, IV, V, VI or their
lengths; VIa- basal part of last antennomere or its length; VIb- processus terminalis of last antennomere or its length;
RL- length of rostrum; RS IV+V- apical segment of rostrum (IV + V) or its length; RS III- III segment of rostrum
III; HT1- first segment of hind tarsus or its length, HT2- second segment of hind tarsus or its length; MT1- first seg-
ment of middle tarsus or its length; MT2- second segment of middle tarsus or its length; SiphScl- siphuncular
sclerite or its length; FwL- length of forewing; RhIII- number of secondary rhinaria on Ant III; RhIV- number of

secondary rhinaria on Ant IV.

Results

The specimens collected in the UK were found at dusk
and during night-time hours - specimen 226 was found
at about 03:00 on 20.vi.2018, specimen 246 was found
at about 21:30 on 25.vi.2018. The third specimen, ob-
served but not collected, was found at about 18:30 on
02.vii.2018. Also ant workers of L. brunneus were very
active at dusk and during the night hours. Polish speci-
mens were, on the other hand, collected around midday,
at about 12:30, but the specimens were collected direct-
ly from the colony, after removal of bark. It seems,
therefore, that alate females of this species may have a
crepuscular or nocturnal mode of life and may under-
take their dispersal flights at night.

Description of alate female of S. wojciechowskii
All measurements and ratios are presented in table 1.

Body in life white-greyish to dark brown (figure 1).
Head sclerotized, dark and smooth, without frontal tu-
bercles, with median suture clearly visible; covered
sparsely with short, pointed setae. Compound eyes well
developed, with triommatidium. Antennae dark brown
over entire length. Antennomeres III and IV with sec-
ondary rhinaria, often unequal in their diameter, placed
in a row along entire length of the segments. Clypeus
massive, comparable in volume to head, covered with
many short setae. Rostrum much longer than body, cov-
ered with short setae which on segment II arise from
small scleroites; in living specimens at rest it is posi-
tioned beneath the body and the apical part beyond the
abdomen is slightly elevated (figures 2 and 3).
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Figure 1. Living specimen (226) of alate female of S.
wojciechowskii in the UK.

Figure 3. Alate female of S. wojciechowskii (specimen

K1) collected in Poland. Scale bar 2 mm.
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Figure 2. Alate female of S. wojciechowskii (specimen
226) collected in the UK. Scale bar 2 mm.

Thorax heavily sclerotized. Forewing with very dark
pigmentation of veins and their borders, especially on
proximal cubital vein. Media of forewing with one fork.
Radial sector elongated. About 12 - 18 circular sensoria
situated at the anterior margin of the wing base.
Hindwings small, with reduced venation and weaker
pigmentation. Legs dark, with distal parts of tibiae
slightly brighter, covered with short pointed setae, cov-
ered with many long and thin setae, some of them being
more than 2 times longer than diameter of the tibia.

Abdomen membranous, wholly covered with short,
pointed setae. On abdominal sternites II - VII single
darker, oval sclerotic plates along the middle axis of the
body. Genital plate oval, sclerotic, merged in the middle
with last ventral plate and covered with pointed setae.
Dorsal sclerotization absent except for small scleroites
scattered spinally on abdominal tergites IV - VII. Reni-
form spiracles placed at the posterior end of small scle-
roites. Siphunculi in form of round pores on the apex of
flat, indistinctly conical sclerotic plates with irregular
margins. Cauda short, semicircular, covered with long-
er, pointed setae, similar to those occurring on anal plate
and abdominal tergite VIII, which is sclerotized.

Diagnosis
The alate female of S. wojciechowskii differs predom-
inantly from that of its most closely related species,
S. quercus, in the following ways:
- number of secondary rhinaria on antennomere III is
12 or less, while in S. quercus it is 12 or more;
- antennae shorter than 0.45 x body length while in
S. quercus they are more than 0.49 x body length;
- ratios of antennomeres III to V less than 1.95 while
in S. quercus it is more than 1.95.



Key to identification of known alate morphs of the genus Stomaphis
based on material studied and original descriptions

1 - Genital plate divided into two separate, sclerotic plates; ventral sclerotic patches absent . . Stomaphis (Parastomaphis) . . 2
-- - Genital plate as a single, more or less sclerotized plate; at least 5 ventral sclerotic patches present . .................. 6
2 - More than 30 secondary rhinaria on antennomere III . . . .
-- - Less than 30 secondary rhinaria on antennomere III . . . . .
3 - Less than 35 secondary rhinaria on antennomere III . . . . .
-- - 34 or more secondary rhinaria on antennomere III . . . . ..

..................................... S. (P.) acquerinoi
....................................... S. (P.) juglandis
4 - Ratio of hind tarsus IT to middle tarsus IT more than 1.45; 24 - 27 secondary rhinaria on antennomere III . . S. (P.) knechteli
-- - Ratio of hind tarsus II to middle tarsus II 1.45 or less; less than 28 secondary rhinaria on antennomere Il . ........... 5
5 - Antennomere III with 6 - 17 secondary rhinaria . . . .....
-- - Antennomere III with 17 - 20 secondary rhinaria . . . . . ..

....................................... S. (P.) cupressi
.................................... S. (P.) longirostris

-- - Antennomere III with 18 - 27 secondary rhinaria . . . ... ...........cooriuirar i, S. (P.) graffii

6 - Ratio of antennomere III to hind tarsus Il less than 1.25 ... ... ... ... ... 7
-- - Ratio of antennomere III to hind tarsus Il more than 1.25 .. .. ... .. .. . . . . 8
7 - Antennomere VI/antennomere V lessthan 1.30 .. ... ... S. aceris
-- - Antennomere VI/antennomere V-more than 1.40 . . . ... ... ..o S. fagi
8 - Five ventral sclerotic patches present on abdominal sternites III-VII. .. ... o o 9
-- - Atleast traces of sclerotisation present also on abdominal sternite IT. . . ........ ... .. .. o i il 10

9 - Antennomere III about twice as long as antennomere I'V; antennomere VI at most as long as antennomere V . . . S. malloti
-- - Antennomere III more than twice as long (ca. 2.3) as antennomere I'V, antennomere VI longer than V . . S. liquidambarus
10 - Six ventral patches present - first one crescent-shaped, broken into smaller scleroites. Media of wing with one fork, all

wing veins broadly pigmented . . . ... ... e S. yanonis
-- - Six fully developed ventral patches present; media of wing usually with two forks, at most weakly pigmented . . ... .. 11
11 - Antennomere III with about 40 secondary rhinaria of various diameters, arranged ina few rows .. .......... S. ulmicola
-- - Antennomere III with at most 20 secondary rhinaria, usually large, arranged in a singlerow . ..................... 12
12 - Antennomere III more than 2.15 times the length of antennomere IV . ........... ... ... ... ... ... S. japonica
-- - Antennomere III less than 2.15 times the length of antennomere IV .. ....... ... ... . i i, 13

13 - Mean number of secondary rhinaria per antenna at least 17; antennomere III more than 1.95 times the length of

............................................ S. quercus
-- - Mean number of secondary rhinaria per antenna at most 16.5; antennomere III less than 1.95 times the length of

..................................... S. wojciechowskii

antennomere V . ... ...

antennomere V . ... ...

Taxonomic comments

The original discovery of alate females inside the nest
of L. brunneus in a colony with typical S. wojciechowskii
allowed us to affirm that the two females K1 and K2 are
definitely S. wojciechowskii. Furthermore, the discovery
of two alate females in the UK, within the same small
patch of woodland where S. wojciechowskii was also
known to be present, gave strong reason to believe that
the collected alate females are also S. wojciechowskii.
After mounting, however, both seemed slightly different
from each other, as the specimens collected in the UK
were more robust and more heavily pigmented than the
specimens collected in Poland (figures 2 and 3). De-
tailed morphological and comparative analysis of all of
the specimens of alate females of S. quercus deposited
in the collection of Department of Zoology of the Uni-
versity of Silesia in Katowice gave surprising results.
Firstly, specimens from both Poland and the UK, de-
spite size differences, were morphologically congruent
with each other in terms of morphometric ratios. Fur-
thermore, four out of 10 specimens (voucher specimens:
KZ6, Sz1, Sz2, Sz3) in the University of Silesia collec-
tion, previously determined as S. quercus, were in fact
more similar to S. wojciechowskii. Unfortunately, many
specimens were poorly collected and mounted, with
parts of rostra, antennae and wings missing. Neverthe-

less, it was possible to find features allowing discrimi-
nation between the specimens into two groups, of which
one comprised all of the specimens originally deter-
mined to be S. wojciechowskii. These clusters are pre-
sented in figure 4, using the morphological discrimi-
nants also applied in the key to determination. Figure 5
shows the forewing length/body length ratio plotted
against antenna length/body length ratio, which also
clearly distinguishes the two species. It seems now that
alate females of S. wojciechowskii have been collected
for a longer time, but were not distinguished from fe-
males of S. quercus.

Discussion

Alate females of S. wojciechowskii were searched for
since the first distinction of this species from S. quercus
in 2012, and by 2017 they were regarded as non-existent.
The divergence of S. quercus and S. wojciechowskii was
considered to be triggered by ant-aphid mutualism, with
adaptation of both sibling species to the life mode of
two distinct ant species, L. fuliginosus and L. brunneus
(Depa et al., 2017). The alate dispersal morph in
S. wojciechowskii was regarded to be unessential in a
situation in which the aphid has several possible host
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Figure 4. Morphological features distinguishing alate
females of S. wojciechowskii and S. quercus.
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Figure 5. Morphological features distinguishing alate
females of S. wojciechowskii and S. quercus.

plants and its ant host is very common in the environ-
ment. The assessed mode of dispersal was based on ob-
servations of larvae wandering on trunk surfaces, most
probably in search for an ant host worker which might
serve as a means of transportation to another ant nest.
The results of this study however, show in fact the oppo-
site situation, where the alate morph of S. wojciechowskii
does exist, albeit that it appears to be extremely rare and
has previously been unrecognized and misidentified as
the alate female morph of S. quercus. This discovery
provides important new information about the methods
of dispersal of S. wojciechowskii and the influence of its
mutualism with ants on the biology of this species, and
a closer analysis of the morphological features of alate
morphs of both species allows us to draw some im-
portant conclusions on their morphological adaptations,
and their mutualism with ants.

The development of alate morphs is generally viewed
as a response to overcrowding, changes in the nutrition-
al quality of the host plant, photoperiod or predation
(Dixon, 1998; Miiller et al., 2001; Mehrparvar et al.,
2013 and references therein). All of the specimens of
S. quercus and S. wojciechowskii studied were collected
in early summer (June or July), so overcrowding at such
an early stage in the annual cycle seems unlikely to act
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as a cue for wing development. Both species live on
large deciduous trees, principally Quercus spp., where
food is abundant and seasonal variation in quality is
predictable. As neither species host alternates, any de-
crease in host plant quality in early summer would also
be unlikely to act as a cue for dispersal, and the cost to
the colony in a decrease in fecundity amongst alate fe-
males would seem to make it beneficial to delay invest-
ing in winged morphs until later in the season when the
colony size is approaching its peak as a result of succes-
sive generations of parthenogenetic reproduction. The
impact of predation on S. wojciechowskii is unknown,
but is expected to be low, as the feeding aphids are
normally protected within ant-guarded shelters. Depend-
ing on species, the physiological trigger for wing devel-
opment in aphids typically occurs either within the em-
bryo shortly before birth, or during the early post-natal
development of the nymph (i.e. first instar) (Dixon,
1998), so in the case of S. wojciechowskii, the emer-
gence of alate females in late June 2018 suggests that
their development was likely to have been triggered on-
ly a short time earlier, in early or mid June. The ant
L. brunneus undertakes its mating flights in June or ear-
ly July (Collingwood, 1979), i.e. coincident with the ap-
pearance of alate aphids. At Monks Wood (UK),
swarms of L. brunneus ants, comprising many hundreds
of individuals (winged and unwinged), were encoun-
tered around the base and lower trunk of aphid-bearing
trees during the late evening and night-time hours, for
about a week-long period from 8 - 14 June 2018. It is
possible therefore that wing development and dispersal
of the host ants acts as a cue for wing development and
dispersal of their symbiont aphids. More likely perhaps,
is that the ants and aphids are both responding to the
same cue, possibly either photoperiod (short nights) or
high night-time temperatures. In either case, dispersal of
aphids when ant activity is at its peak can only increase
their chances of finding a new ant colony.

The dispersal requirements of S. quercus may be more
demanding than those of S. wojciechowskii as, although
L. fuliginosus is a common ant species in areas where
S. quercus occurs, its nests are scattered over considera-
ble distances. This may be mitigated to some extent,
however, by the tendency of L. fuliginosus to forage at
distances of up to 35 meters on the ground and 25 me-
ters on trees from its nest (Seifert, 2018), potentially in-
creasing the ‘target size’ that S. quercus has to locate
and engage with, whereas L. brunneus has a much more
restricted foraging area, seldom straying from its nest
site. This study has shown that the alate female of
S. quercus has relatively longer wings and a smaller
body than S. wojciechowskii, giving it a smaller mass
load per wing. It is therefore potentially capable of mak-
ing longer flight distances in search of a new ant/tree
host, as would seem to be required, but this is predicated
on the assumption that it is actually capable of flight.
Previous studies have reported that alate females of
S. quercus cannot fly (Goidanich, 1959; Lorenz and
Scheurer, 1998), which Goidanich attributed to the
small wings being unable to support such a large body
in flight. It is unclear whether these assessments were
based on empirical tests, assumptions based on the



observed wing size/body size ratio, or simply that no
flight activity was observed. If S. quercus is not capable
of flight however, then the same is presumably true of
S. wojciechowskii also, in view of its higher wing load-
ing. Nevertheless, airborne dispersal, in the form of
wind-assisted flights, extended by rapid beating of its
wings, should theoretically be possible, particularly if
the alatae take off from the treetops in the manner sug-
gested by Takada (2008) for S. japonica and by Depa
(2013) for S. graffii. The flight behaviour of the large
orthopteran species Tettigonia viridissima (L.) may
serve as an analogue; despite its large body size it is ca-
pable of reaching distances of several metres by climb-
ing up to a high point on its host plant and launching
itself from the top (JH, personal observations). With its
much smaller body size and much taller launch plat-
form, even the relatively brachypterous alataec of
S. quercus and S. wojciechowskii may be capable of
achieving much greater distances by adopting similar
behaviour, a conclusion that would appear to be support-
ed by the occurrence of colonies of S. wojciechowskii on
oak trees at considerable distances from the next nearest
colony at sites in the UK.

Phylogenetic interspecific comparisons of winged
Tuberculatus Mordvilko aphids (Yao and Katagiri,
2011; Yao, 2012) show that ant-attended species have a
significantly higher wing loading (which they define as
the ratio of body volume to wing area) and reduced
flight muscle development than non-attended species,
resulting in a reduction in their flight (and hence disper-
sal) ability. This is mitigated by a larger body volume
(producing more honeydew) and higher fecundity in
ant-attended species compared to non-attended species.
In the case of S. quercus and S. wojciechowskii, both
species are obligatorily myrmecophilous, but each oc-
cupies a different ecological niche on its principal host
tree (Quercus spp.): S. quercus feeds openly on the
trunk surface, where its ant host L. fuliginosus also
feeds, whereas S. wojciechowskii lives a much more
confined life hidden beneath ant shelters in bark crevic-
es or in ant chambers within or beneath the bark of
trees, as its ant host L. brunneus nests in the interior of
old trees. It is possible therefore that the smaller fore-
wing length/body length ratio (higher wing loading) of
S. wojciechowskii, compared to S. quercus, is an adapta-
tion of the former to the very much more confined envi-
ronment imposed by its reclusive ant host.

Only three out of 113 adult aphids counted at Monks
Wood in June and July 2018 were alate (< 3%), while in
Poland only 2 alate individuals have been observed in
the seven years of fieldwork since the species was first
described in 2012, suggesting a likely proportion there
of much less than 1%. Ant attendance has been shown
to have a negative effect on alate development through
the operation of various processes, both physical and
chemical. Ants may control colony size by culling and
so prevent overcrowding (Miiller et al., 2001), they can
bite off the wings of alate aphids (Kiinkel, 1973), and
they can secrete chemicals that inhibit wing develop-
ment (Kleinjan and Mittler, 1975). Semiochemicals se-
creted by ants also have a tranquilising effect on apter-
ous aphids, reducing tactile contact and so decreasing

the perception of overcrowding that might otherwise
lead to the production of alate dispersers (Oliver et al.,
2007). Any one or more of these factors may explain
why the proportion of alate morphs amongst the obliga-
torily myrmecophilous S. wojciechowskii is so low.

Goidanich (1959) reported that in populations of
S. quercus attended by L. fuliginosus, apterous and alate
females emerged from mid-June until early July and
were the first generation produced by the fundatrices
(i.e. fundatrigeniae), but no details of the proportion of
alatae were provided. In the case of Betula-feeding pop-
ulations in Germany, Lorenz and Scheurer (1998) re-
ported that alate females occur in both the first and sec-
ond viviparous generations (June to early August), with
15% of adults in the second generation being alate. In
Sardinia however, where S. quercus lives exclusively
with L. brunneus on cork oak (Quercus suber), the alate
female morph appears to be extremely rare, with only
one recorded amongst a sample of 109 individuals that
were collected by Loi et al. (2012), a proportion similar
to that seen in S. wojciechowskii - L. brunneus popula-
tions. Stomaphis quercus in Sardinia also shares mor-
phological characteristics with S. wojciechowskii, in-
cluding pale body colour and a waxy covering, both of
which are typical adaptations to living in concealed or
underground environments (Depa et al., 2017).

The ant L. fuliginosus emits the chemical dendro-
lasine, which is produced by the mandibular glands and
has a deterrent influence on other ant species
(Czechowski et al., 2012). This substance, giving the
colony of ants a very specific odour, may serve as a
chemical cue marking the presence of an ant colony and
may be recognized by aphids with the help of chemore-
ceptors in their secondary rhinaria. Therefore, a higher
number of these structures on the antennae of alate fe-
males of S. quercus than on S. wojciechowskii may not
be surprising, particularly if the former potentially faces
a greater challenge in locating its host ant species. The
longer antennomere III in S. quercus, compared to
S. wojciechowskii, may be an adaptation enabling it to
accommodate the higher number of secondary rhinaria.

The hypothesis presented here is that the differences
in wing loading and the number of secondary rhinaria
between S. quercus and S. wojciechowskii may both be
examples of their adaptation to the distinct and very
specialized life modes of their respective ant hosts and
to the different challenges that each face in dispersal. It
is very difficult to place these results within the broader
context of the morphological features of other species of
Stomaphis, as we know very little about their life modes
and associations with particular host plant and ant spe-
cies. Some of the most common representatives of the
subgenus Parastomaphis Pasek have a relatively high
number of secondary rhinaria (15-35 per single anten-
nomere III) and yet some of them are fairly oli-
gophagous on their respective host plant genera (Acer or
Salicaceae, including Populus and Salix), while others
appear to be monophagous on Juglans or Cupressus.
They also do not show ant host specificity; while most
are reliant on mutualism with L. brunneus, mutualism
with Lasius umbratus (Nylander), L. fuliginosus or even
Myrmica Latreille spp. is not uncommon.
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The observed differences between S. quercus and
S. wojciechowskii may be quite rare, as this sort of strict
interspecific connection is very rarely seen in ant-aphid
mutualism. However, it shows that mutualism may be an
important selective factor in aphid evolution and to some
extent may influence morphological adaptations in
aphids. An important area for further investigation would
be to examine the alate morph of S. quercus from Sar-
dinia, which we anticipate would show a closer morpho-
logical similarity in regard to wing loading and second-
ary rhinaria to S. wojciechowskii attended by L. brun-
neus, than to other European populations of S. quercus
attended by L. fuliginosus.
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