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2. Streszczenie

Drepanaphis Del Guercio, 1909 jest najliczniejszym rodzajem mszyc (Hemiptera,
Aphididae) w obrgbie podrodziny Drepanosiphinae, obejmujagcym 18 gatunkéw i 44
znane morfy. Wystepuje w Ameryce Pétnocnej, a jeden gatunek Drepanaphis acerifoliae
takze w Europie 1iAzji. Rosling zywicielskg stanowig drzewa zrodzaju Acer,
a w przypadku D. monelli — Aesculus glabra. Charakterystyczng cecha przedstawicieli
tego taksonu sg wyrostki na grzbietowej stronie odwtoka, ktore stanowig unikatowg ceche
diagnostyczng grupy.

Dotychczas rodzaj Drepanaphis byt weryfikowany wylacznie na podstawie cech

morfologicznych, bez uwzglednienia pokrewienstw opartych o dane molekularne.

Gloéwne cele pracy obejmowaly: okreslenie zasiggu wystepowania D. acerifoliae
i modelowanie jego niszy eckologicznej; rewizje taksonomiczng catego rodzaju
z uwzglednieniem analizy biogeograficzne;j i troficznej; a takze przeprowadzenie analizy

filogenetycznej z charakterystyka sktadu endosymbiontow.

Material do badan uwzgledniat preparaty mikroskopowe mszyc z kolekcji muzealnych

oraz §wiezy materiat pozyskany w trakcie badan terenowych w Stanach Zjednoczonych.

Zastosowano szereg metod badawczych, w tym: mikroskopi¢ $wietlng, elektronowa
mikroskopi¢ skaningowa (SEM) oraz sekwencjonowanie materialu genetycznego.

Podparto si¢ analizami statystycznymi 1 szeroko pojetymi analizami bioinformatycznymi.

W toku badah zweryfikowano blednie zidentyfikowane osobniki siedmiu gatunkow
1 wyznaczono nowy gatunek Drepanaphis robinsoni Malik, 2024. Analiza pordwnawcza
samic jajorodnych (amfigonicznych) pozwolita rozwigza¢ niejasnosci taksonomiczne
gatunkéw morfologicznie podobnych. Natomiast analizy molekularne potwierdzity, ze
rodzaj Drepanaphis jest monofiletyczny. W oparciu o specyficznos¢ zywicielska
1 rozmieszczenie geograficzne wyrozniono trzy grupy troficzne (grandidentatum,
saccharum, rubrum), wsparte wynikami analiz molekularnych. Bakterie Sodalis zostaty
stwierdzone u wszystkich badanych przedstawicieli rodzaju Drepanaphis; jednoczes$nie

wykazano, ze moga one petic rolg drugiego endosymbionta obligatoryjnego.

Uzyskane  wyniki  znaczaco  poszerzaja  zbiér  danych  molekularnych
i mikrobiologicznych dla podrodziny Drepanosiphinae. Sugeruje si¢, aby przyszie
badania filogenetyczne nad tg grupa uwzglednialy m.in. zaleznosci troficzne mszyc

obejmujgce zaréwno rosline zywicielska, jak 1 sktad endosymbiontow.



3. Summary

Drepanaphis Del Guercio, 1909 is the most numerous aphid (Hemiptera, Aphididae)
genus within the subfamily Drepanosiphinae, comprising 18 species and 44 known
morphs. It occurs in North America, with one species, Drepanaphis acerifoliae, also
found in Europe and Asia. Its host plants are trees of the genus Acer, and in the case of
D. monelli, Aesculus glabra. A characteristic feature of representatives of this taxon are
the dorsal tubercles on the abdomen, which constitute a unique diagnostic characteristic

of the group.

Until now, the genus Drepanaphis has been verified solely on the basis of morphological

characters, without considering relationships based on molecular data.

The main objectives of the work included: determining the distribution range of
D. acerifoliae and modeling its ecological niche; taxonomic revision of the entire genus,
taking into account biogeographic and trophic analyses; and conducting phylogenetic

analyses with characterization of the endosymbiont consortia.

The study material included microscopic slides of aphids from museum collections and

fresh material obtained during fieldwork in the United States.

A range of research methods was used, including light microscopy, scanning electron
microscopy (SEM), and sequencing of genetic material. The study was supported by

statistical analyses as well as broadly defined bioinformatic analyses.

During the course of the study, misidentified specimens of seven species were corrected,
and anew species, Drepanaphis robinsoni Malik, 2024, was described. Comparative
analysis of oviparous females resolved taxonomic ambiguities among morphologically
similar species. Molecular analyses confirmed that the genus Drepanaphis is
monophyletic. Based on host specificity and geographic distribution, three trophic groups
were distinguished (grandidentatum, saccharum, rubrum), the result supported by
molecular data. Sodalis bacteria were detected in all representatives of the genus

Drepanaphis, indicating that they may serve as a second obligate endosymbiont.

The obtained results significantly expand the molecular and microbiological data for the
Drepanosiphinae subfamily. It is suggested that future phylogenetic studies of this group
should consider, among other things, the trophic relationships of aphids, including both

the host plant and the composition of endosymbionts.



4. Wstep

Kompleksowe analizy morfologiczne i molekularne poszczegdlnych grup organizmow
stanowig podstawe wspolczesnej taksonomii. Dotyczy to réwniez mszyc —
wyspecjalizowanej grupy pluskwiakow, charakteryzujacej si¢ wysoka specyficznoscia

pokarmowg oraz ztozonymi przystosowaniami rozrodczymi.

Drepanosiphinae (Hemiptera, Aphididae) to morfologicznie i biogeograficznie
zrbéznicowana podrodzina mszyc, obejmujgca obecnie 42 gatunki nalezace do szesciu
rodzajow: Drepanaphis Del Guercio, 1909 (18 gatunkdéw); Drepanosiphoniella Davatchi,
Hille Ris Lambers & Remaudicre, 1957 (3 gatunki); Drepanosiphum Koch, 1855
(9 gatunkow); Megalosiphonaphis Sugimoto, 2024 (1 gatunek); Shenahweum Hottes
& Frison, 1931 (1 gatunek) oraz Yamatocallis Matsumura, 1917 (10 gatunkéw)
(Favret, 2025, Blackman i Eastop, 2025).

Mszyce ztej podrodziny wykazuja wysoka specyficznos¢ pokarmowa, zwigzane sa
przede wszystkim z gatunkami zrodzaju Acer (klon), wyjatkowo Aesculus
(kasztanowiec). Mszyce te zeruja na lisciach, zazwyczaj nie tworza kolonii i relacji
mutualistycznych  z mréwkami. Opisane dotychczas gatunki s3 jednodomne
1 holocykliczne, a w ich cyklu zyciowym wszystkie (z wyjatkiem Drepanosiphoniella)
samice pokolenia partenogenetycznego sa uskrzydlone (Blackman i Eastop, 2025).
Gatunki reprezentujace podrodzing Drepanosiphinae zwigzane s3 z odmiennymi
obszarami zoogeograficznymi. Rodzaj Drepanosiphum ma zasigg holarktyczny
(Wieczorek 1 1nni, 2016), podczas gdy Drepanosiphoniella wystgpuje gldéwnie w regionie
srodziemnomorskim (Wieczorek 1 inni, 2015). W azjatyckiej czesci Palearktyki rodzaj
Yamatocallis notowany jest w Indiach, Chinach, Korei iJaponii (Sugimoto, 2017),
natomiast Megalosiphonaphis zostat dotychczas stwierdzony wylacznie w Japonii
(Sugimoto, 2024). Rodzaje Shenahweum 1 Drepanaphis maja zasigg nearktyczny
(Wieczorek 1 inni, 2013, 2017).

Istotnym, cho¢ stabo dotad poznanym aspektem biologii Drepanosiphinae, sg ich relacje
symbiotyczne. Wigkszos¢ mszyc pozostaje w obligatoryjnej symbiozie z bakterig
Buchnera aphidicola, dostarczajaca aminokwasow egzogennych oraz witamin z grupy B,
ograniczonych w diecie ro$linnej (Xu i inni, 2021). Badania metagenomiczne wykazaty

jednak, ze w niektorych liniach mszyc relacja ta moze obejmowac¢ dodatkowe symbionty



bakteryjne, ktore kompensujg utracone funkcje metaboliczne Buchnera, prowadzac do
powstania zlozonych uktadéw symbioz wspotobligatoryjnych. Zjawisko to stwierdzono
rowniez u niektorych przedstawicieli Drepanosiphinae, jednak dotychczasowe badania
obejmowaty jedynie pojedyncze gatunki inie uwzglednialy najliczniejszego rodzaju

Drepanaphis (Jousselin i inni, 2016, 2024; Manzano-Marin i inni, 2023).

Dotychczasowe badania poswigcone podrodzinie Drepanosiphinae pozwolity
przeprowadzi¢ rewizje¢ 1 weryfikacje¢ taksonomiczng rodzajow Shenahweum (Wieczorek
1 inni, 2013), Drepanosiphoniella (Wieczorek 1 inni, 2015), Drepanosiphum (Wieczorek
1 inni, 2016), Yamatocallis (Sugimoto, 2017) oraz ustali¢ pokrewienstwa na poziomie
rodzajow reprezentujacych t¢ podrodzing (Wieczorek i inni, 2017). Na tym tle rodzaj
Drepanaphis pozostaje w szczegdlnosci stabo opracowany, a pozycja wielu gatunkéw

pozostaje niejasna.

Historia rodzaju sigga konca XIX wieku ibyta obarczona licznymi watpliwo$ciami
nomenklatorycznymi, ktére czeSciowo uporzadkowano dopiero w XX wieku. Pierwszy
gatunek zaliczany dzi§ do wymienionego rodzaju opisano jako Siphonophora acerifoliae
(Thomas, 1878), podczas gdy w 1909 r. Del Guercio ustanowit rodzaj Drepanaphis
(rownolegle Davis zaproponowal nazwe¢ Phymatosiphum, pdzniej uznang za mlodszy
synonim). Pierwsza polowa XX wieku przyniosta opisy kolejnych gatunkow
reprezentujacych rodzaj Drepanaphis: Davis (1909) opisat D. monelli, umieszczony
poczatkowo przez autora wrodzaju Phymatosiphum 1 przeniesiony nastepnie do
wlasciwego rodzaju przez Gillette (1910). Granovsky (1931) opisat D. keshenae, Miller
(1937) opisal D. sabrinae podczas gdy Smith (1941), opisat siedem kolejnych taksonoéw:
D. carolinensis, D. kanzensis, D. nigricans, D.parvus, D.rubrum oraz D. spicata.
W 1943 roku Smith 1 Knowlton opisali D. granovskyi i D. utahensis, jednocze$nie
uznajac D. rubrum za synonim D. parvus. Nastepnie Smith opisal D. tissoti (1944)
1 D. simpsoni (1959). Ostatni znany gatunek, D. pallida, zostat opisany przez Richardsa
w 1969 roku.

Rewizj¢ rodzaju przeprowadzili w 1968 Smith i Dillery. Opisali oni cztery nowe gatunki:
D. choanotricha, D. idahoensis, D. knowltoni i D. saccharini. Na podstawie szeregu cech
morfologicznych, do ktorych naleza: ksztalt istosunek dlugosci wyrostkow na
grzbietowe] czesci odwloka oraz jego pigmentacja, proporcje odpowiednich cztonow

czutka czy ksztalt syfonow uskrzydlonych samic pokolenia partenogenetycznego oraz



nimf, opracowali klucz do oznaczania wszystkich znanych wowczas morf. Natomiast
opisy morf pokolenia obuplciowego w przypadku wigkszosci gatunkéw byty nieznane,
co nie dawato pelnego wgladu w zréznicowanie gatunkéw omawianego rodzaju. Autorzy
przedstawili rowniez szczegdtowe opisy wygladu przyzyciowo, w tym cechy barwne, co
w przypadku gatunkéw podobnych morfologicznie i trudnych do pozyskania w terenie,
stanowi cenne zrodlo danych diagnostycznych. Na podstawie przeprowadzonych badan
porownawczych 17 znanych taksonow reprezentujacych rodzaj Drepananphis
podzielono na pi¢¢ morfologicznie podobnych grup gatunkéw. Podziat ten oparto przede
wszystkim  na  cechach  morfologicznych ~ dorostych  samic  pokolenia
partenogenetycznego, jednak autorzy wyraznie uwzgledniali takze cechy nimf, jako

element wspierajacy diagnoz¢ morfo-grup.

Grupa utahensis (D. utahensis, D. granovskyi, D. simpsoni) zostala wyrézniona na
podstawie uktadu szczecinek na glowie u samic partenogenetycznych. Grupa monelli
(D. monelli, D. keshenae, D. knowltoni, D. spicata) obejmuje gatunki morfologicznie
bardzo podobne, rozdzielane gléwnie na podstawie odmiennej rosliny zywicielskiej,
a udorostych uskrzydlonych samic typowe s3 intensywniejsza pigmentacja
1owoszczenie. Grupa acerifoliae (D. acerifoliae, D. carolinensis, D. sabrinae)
czeSciowo przypomina grupg monelli, ale wyrdznia si¢ proporcjami wyrostkow
grzbietowych odwloka, przy czym zwracano uwage na niejasnosci dotyczace cech
stadiow mtodocianych. Grupa parva (D. idahoensis, D. saccharini, D. parva) skupia
gatunki zblizone morfologicznie, rozdzielane glownie na podstawie roslin zywicielskich;
u dorostych uskrzydlonych samic wystepuja jasniejsze odnodza istabsza pigmentacja
odwloka. Za najbardziej wyspecjalizowang uznano grup¢ nigricans (D. nigricans,
D. tissoti, D. choanotricha), odrozniang zestawem cech dorostych samic
partenogenetycznych (m.in. proporcjami czlonow czutka), przy jednoczesnym
uwzglednianiu cech morfologicznych nimf. W tym podziale szczegdlng pozycje zajmuje
D. kanzensis, trudny do jednoznacznego przypisania, taczacy cechy zblizajace do grup
monelli 1 parva. Mimo to autorzy sklasyfikowali go do grupy monelli, uwzgledniajac

rowniez cechy nimf.

Od czasu tej rewizji nie przeprowadzono kompleksowego opracowania Drepanaphis,
mimo ze w kolejnych latach nastepowaly zmiany w statusie taksonomicznym niektorych
gatunkéw, Wwtym synonimizacje oparte cze¢sciowo na nieudokumentowanych
przestankach (Remaudiére i Remaudiere, 1997). Dodatkowo, w ostatnich dekadach

6



pojawily sie doniesienia o wystepowaniu Drepanaphis acerifoliae (Rycina 1) poza
rodzimym zasiggiem nearktycznym, m.in. w Europie, co wskazuje na potencjat
inwazyjny tego gatunku i wymaga poglebionej analizy jego rozmieszczenia (Lozzia

1 Binaghi, 1992; Barbagallo i Cocuzza, 2014; Petrovi¢-Obradovi¢ i inni, 2021).

Wspotczesnie, mimo ze badania morfologiczne nadal stanowia podstawe analiz
porownawczych, obserwuje si¢ intensywny rozwoj systematyki i filogenetyki, opartych
na danych molekularnych (Deng i inni, 2025). W badaniach nad bior6znorodno$cig oraz
relacjami pokrewienstwa taksonow coraz powszechniej wykorzystuje si¢ zestawy
markeréw molekularnych charakteryzujacych si¢ zréznicowanym tempem ewolucji.
Markery mitochondrialne, ze wzglegdu na stosunkowo szybkie tempo ewolucji,
haploidalny charakter dziedziczenia oraz brak rekombinacji, dostarczajg informacji
uzytecznej w rozdzielaniu blisko spokrewnionych linii ewolucyjnych oraz w analizach
relacji filogenetycznych na poziomie miedzygatunkowym i wewnatrzrodzajowym.
Z kolei markery jadrowe, zazwyczaj bardziej konserwatywne, umozliwiaja rekonstrukcje
glebszych relacji filogenetycznych (Springer 1 inni, 2001; Chan i inni, 2021; Lee 1 inni,
2022).

Badania filogenetyczne obejmujace Drepanosiphinae opublikowano w 2017 roku, jednak
ze wzgledu na ograniczong dostepnos¢ materiatu do badan molekularnych, uwzgledniaty
one jedynie niewielkg liczbe taksondéw, wtym dwa gatunki reprezentujace rodzaj

Drepanaphis (Wieczorek 1 inni, 2017).

Dotychczasowe badania nad rodzajem Drepanaphis mialy wigc charakter
fragmentaryczny 1ograniczaly si¢ niemal wylacznie do analiz morfologicznych,
przeprowadzonych ponad pot wieku temu. Brak aktualnej rewizji taksonomicznej,
niepetne opisy morf pokolenia obuplciowego oraz niemal catkowity brak danych
molekularnych istotnie ograniczaja mozliwos¢ weryfikacji obowigzujacego ujecia

systematycznego oraz rekonstrukcji relacji filogenetycznych w obrgbie rodzaju.

Dodatkowo, przedstawiciele rodzaju Drepanaphis nie byli dotychczas analizowani pod
katem sktadu zespotow endosymbiontéw bakteryjnych, co stanowi istotng luke w wiedzy
dotyczacej biologii 1 ekologii tej grupy mszyc. Wspotczesna systematyka owadow opiera
si¢ na podejSciu integracyjnym, laczacym rézne zrodta danych biologicznych, co
jednoznacznie wskazuje na potrzebe ponownego, kompleksowego opracowania rodzaju

Drepanaphis.



Rycina 1. Postaé przyzyciowa uskrzydlonej partenogenetycznej samicy gatunku typowego
Drepanaphis acerifoliae.

Zrédto: V. Charny, na podstawie licencji Creative Commons 3.0.
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5. Cele i hipotezy badawcze

Uwzgledniajac przedstawiony stan badan oraz zidentyfikowane ograniczenia poznawcze,
celem niniejszej rozprawy doktorskiej byto przeprowadzenie kompleksowej analizy
rodzaju Drepanaphis, ze szczegblnym uwzglednieniem jego zrdznicowania
morfologicznego, relacji filogenetycznych oraz wzorcéw rozmieszczenia i powigzan

troficznych.
Wyznaczono nastgpujace cele badawcze:

(1) okreslenie wzorcOw rozmieszczenia geograficznego Drepanaphis acerifoliae —
gatunku typowego rodzaju — w odniesieniu do naturalnego zasiegu roslin zywicielskich,
poprzez analiz¢ aktualnego wystepowania oraz modelowanie potencjalnego
rozmieszczenia w warunkach przesztych, wspoétczesnych i1 prognozowanych scenariuszy

zmian klimatu, w celu oceny jego potencjalu inwazyjnego (P1);

(2) przeprowadzenie rewizji taksonomicznej rodzaju Drepanaphis w oparciu o krytyczng
analize¢ okazow zdeponowanych w kolekcjach entomologicznych, w tym materiatu
typowego, obejmujacej  szczegotowa  analize¢  zmiennosci  morfologiczne)
1 morfometrycznej wszystkich dostepnych dorostych morf, wtym przedstawicieli
pokolenia obuplciowego, wraz z aktualizacja danych o rozmieszczeniu gatunkow
w Ameryce Pdéinocnej oraz weryfikacja zasadnosci podziatu rodzaju na morfologiczne

grupy gatunkow zaproponowane przez Smitha i Dillery’ego (1968) (P2);

(3) rekonstrukcje powiazan filogenetycznych w obrebie rodzaju Drepanaphis w oparciu
o sekwencje wybranych markero6w molekularnych, zuwzglednieniem mozliwo$ci
identyfikacji 1 charakterystyki zespotow endosymbiontéw bakteryjnych pozyskiwanych

rownolegle w trakcie analiz molekularnych (P3).
W pracy doktorskiej postawiono nastgpujace hipotezy badawcze:

H1. Drepanaphis acerifoliae wykazuje potencjal inwazyjny, przejawiajacy sie
mozliwo$cig zasiedlania obszar6w poza rodzimym zasi¢giem nearktycznym, ktorych
warunki klimatyczne oraz dostgpno$¢ roslin zywicielskich sa zblizone do warunkow

wystepujacych w jego naturalnym obszarze wystgpowania.

H2. Przedstawiciele rodzaju Drepanaphis charakteryzuja si¢ ograniczong zmienno$cig

cech morfometrycznych, przy jednoczesnym kluczowym znaczeniu cech



morfologicznych o charakterze jakosciowym, a uwzglednienie cech morfologicznych
samic jajorodnych isamcow dostarcza taksonomicznie uzytecznej informacji
umozliwiajacej weryfikacje zasadnosci podziatu rodzaju na morfologiczne grupy

gatunkoéw zaproponowane przez Smitha i Dillery’ego (1968).

H3. Rodzaj Drepanaphis stanowi klad monofiletyczny, a w jego obrebie mozliwe jest
wyroznienie grup gatunkow powigzanych zrozmieszczeniem geograficznym oraz

specjalizacja wzgledem roslin zywicielskich.
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6. Materialy i metody

Materiat do badan obejmowal mszyce z rodzaju Drepanaphis i uwzgledniat zar6wno
preparaty mikroskopowe z kolekcji muzealnych (siedmiu krajow), jak i §wiezy materiat

pozyskany w trakcie badan terenowych w USA.

W celu pozyskania materiatu do badan morfologicznych skontaktowano si¢ z kuratorami
swiatowych kolekcji entomologicznych, ktorych wykaz przedstawiono w Tabeli 1.
Materiat sukcesywnie gromadzono od poczatku roku 2022 do potowy 2023 poprzez
osobiste wizytacje w muzeach; w przypadkach, gdy bylo to niemozliwe, preparaty
mikroskopowe byly wypozyczane i analizowane w laboratoriach IBBiOS Uniwersytetu

Slaskiego w Katowicach.

Kluczowy etap pracy rewizyjnej to analiza materialu typowego, ktory w przypadku
mszyc z rodzaju Drepanaphis zdeponowany jest w Stanach Zjednoczonych, w kolekcji
entomologicznej the Smithsonian National Museum of Natural History (Washington
D.C.) oraz the Systematic Entomology Laboratory (Beltsville). Wizytacje w celu

weryfikacji dostepnych okazoéw nastapity we wrzesniu 1 pazdzierniku 2022.

Roéwnoczesnie przeprowadzano badania terenowe na wschodnim wybrzezu Stanow
Zjednoczonych, przy czym materiat gatunkéw wystepujacych w zachodniej czgsci USA

1 Europy pozyskano dzigki wspotpracy migdzynarodowe;.

Pozostaly dostepny material typowy zostal udostepniony przez Muzeum Historii
Naturalnej Champaign z Illinois, USA pod koniec 2023 roku. W kolekcji znajduje si¢
seria preparatow okazoéw typowych miedzy innymi dla gatunku D. acerifoliae (allotyp,
paratyp, lektotyp 1morfotyp) 1iD. keshenae, ktorych nie udalo si¢ wczesniej

zweryfikowac.

Pelng liste gatunkéw uwzglednionych w badaniach morfologicznych przedstawiono

w Tabeli 2.
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6.1 Zbior materialu do badan

6.1.1 Kolekcje muzealne

Tabela 1. Wykaz kolekcji muzealnych, z ktorych pozyskano preparaty mikroskopowe do badan

morfologicznych
Liczba zweryfikowanych
Kolekceja Nazwa instytucji
preparatow
DZUS Uniwersytet Slaski w Katowicach, 61
Polska
IECA Centrum Biologiczne Czeskiej 53
Akademii Nauk, Czechy
INHS Insect Collection Muzeum Historii Naturalnej 189
Champaign, Illinois, USA
MNHN Muzeum Historii Naturalnej, 72
Paryz, Francja
MZLU Muzeum Zoologiczne 35
Uniwersytetu w Lund, Szwecja
MZPW Muzeum Instytutu Zoologii 20
Polskiej Akademii Nauk,
Warszawa, Polska
NHMUK Muzeum Historii Naturalnej, 150
Londyn, Wielka Brytania
USNM Narodowe Muzeum Stanow 59
Zjednoczonych, Smithsonian
Institution, Waszyngton, USA
ZMUC Muzeum Historii Naturalnej, 25
Kopenhaga, Dania
Jensen Andrew Prywatna kolekcja 16
Favret Colin Prywatna kolekcja 19
Suma zweryfikowanych preparatéw 699

Zrodto: opracowanie wlasne.
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Tabela 2. Lista gatunkoéw zweryfikowanych w badaniach morfologicznych

Liczba Uskrzydlone Samice .
. . Liczba
Gatunek zweryfikowanych samice jajorodne Samce
. . . morf
preparatow dzieworodne (amfigoniczne)
Drepanaphis acerifoliae 173 412 5 3 420
(Thomas, 1878)
Drepanaphis carolinensis 39 82 3 3 88
Smith, 1941
Drepanaphis choanotricha 14 29 1 2 32
Smith & Dillery, 1968
Drepanaphis granovskyi 14 33 1 1 35
Smith & Knowlton, 1943
Drepanaphis idahoensis 10 14 1 - 15
Smith & Dillery, 1968
Drepanaphis kanzensis 29 54 4 3 61
Smith, 1941
Drepanaphis keshenae 17 26 2 3 31
Granovsky, 1931
Drepanaphis knowltoni 23 39 - 2 41
Smith & Dillery, 1968
Drepanaphis monelli 20 54 3 2 59
(Davis, 1909)
Drepanaphis nigricans 25 74 1 - 75
Smith, 1941
Drepanaphis parva Smith, 21 57 - 1 58
1941
Drepanaphis robinsoni 6 13 - - 13
Malik, 2024
Drepanaphis sabrinae 44 57 2 — 59
Miller, 1937
Drepanaphis saccharini 16 30 - - 30
Smith & Dillery, 1968
Drepanaphis simpsoni 15 20 3 3 26
Smith, 1959
13
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Drepanaphis spicata
Smith, 1941

Drepanaphis tissoti Smith,
1941

Drepanaphis utahensis
Smith & Knowlton, 1943

Drepanaphis sp.

Suma

13

71

141

699

6.1.2 Badania terenowe

25 1
20 1
&3 15
71 91
1168 134

Zrédto: opracowanie wlasne.

18

49

91

27

21

116

213

1420

Material do badan morfologicznych i molekularnych zebrano podczas wyjazdu

terenowego do Stanéw Zjednoczonych we wrzesniu i pazdzierniku 2022 roku. Wizyte

studyjng celowo zaplanowano jesienia,

w celu zgromadzenia morf pokolenia

obuplciowego, ktore wystepuja w tym okresie. Lacznie zebrano 172 osobniki pigciu

gatunkow, w tym dwa samce D. carolinensis, cztery samce D. kanzensis oraz mtodociane

stadia, ktorych nie udato si¢ zweryfikowaé. Samic jajorodnych nie zebrano. Badania

prowadzono w czterech roznych stanach: New Jersey, Maryland, Pensylwania, Péinocna

Karolina 1 Dystryktu Kolumbii.

Wykaz gatunkoéw zebranych podczas badan terenowych w USA przedstawia Tabela 3.

Tabela 3. Gatunki z rodzaju Drepanaphis pozyskane w trakcie badan terenowych w Stanach

Zjednoczonych w 2022 roku

Lokalizacja OS(I)‘ll)anill)(?’)w
Drepanaphis acerifoliae (Thomas, 1878) Karolina Potnocna, New Jersey, 27
Maryland
Drepanaphis carolinensis Smith, 1941 Karolina Poinocna, New Jersey 23
Drepanaphis kanzensis Smith, 1941 Karolina Potnocna, New Jersey 34
Drepanaphis robinsoni Malik, 2024 Dystrykt Kolumbii 1
Drepanaphis sabrinae Miller, 1937 Karolina Pénocna 87

Zrodlo: opracowanie wiasne.
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Materiat zostat odpowiednio zebrany do:

(a) 70% roztworu alkoholu etylowego wcelu przeprowadzenia badan

morfologicznych;

(b) 99% roztworu alkoholu etylowego wcelu przeprowadzenia badan

molekularnych.

Materiat zebrany w trakcie badan terenowych zostal sfotografowany i wstepnie
oznaczony przy pomocy klucza Blackman 1 Eastop, 2025 pod mikroskopem
stereoskopowym Nikon DS-Fi2 camera (Nikon Corporation, Tokyo, Japan), a nastgpnie

przechowywany w lodowce w temperaturze —8 °C.

6.2 Modelowanie niszy ekologicznej dla D. acerifoliae

Dane o wystepowaniu Drepanaphis acerifoliae zebrano z piSmiennictwa, kolekcji
muzealnych oraz baz danych — Global Biodiversity Information Facility (GBIF;
https://www.gbif.org/) 1 iNaturalist (https://www.inaturalist.org/). Dodatkowe informacje
pozyskano dzigki wspotpracy z kuratorami muzeow, a cz¢s¢ okazow zweryfikowano
osobiscie. Usunigto rekordy bez lokalizacji oraz punkty potozone blizej niz 10 km.
Wszystkie stanowiska zapisano w uktadzie WGS84. Lacznie uzyskano 90 unikatowych
stanowisk w Ameryce Podinocnej 122 w Europie. Do modelowania wykorzystano
19 zmiennych bioklimatycznych z portalu WorldClim (https://www.worldclim.org/),
dane paleoklimatyczne oraz informacje o typach klimatu za klasyfikacja klimatow
Koppena-Geigera 1 eko-regionach. Modele potencjalnej niszy ekologicznej wykonano
w MaxEnt ver. 3.4.1 (P1). Wyniki przedstawiono jako mapy potencjalnego
rozmieszczenia gatunku w przesztosci, terazniejszo$ci 1 przyszto$ci, opracowane

w QGIS ver. 3.30.1.

6.3 Badania morfologiczne

6.3.1 Przygotowanie preparatow mikroskopowych do analiz morfologicznych
W celu dokfadnej weryfikacji taksonomicznej gatunkéw sporzadzono preparaty
mikroskopowe zebranych okazow zgodnie zmetodyka zawarta w opracowaniu

Kanturskiego i Wieczorek (2012). Obserwacje prowadzono pod mikroskopem swietlnym

Leica DM 3000 LED, a okazy mszyc zostaty sfotografowane przy uzyciu kamery Leica
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MC 190 HD (Leica Microsystems GmbH, Wetzlar, Germany). Wykonane preparaty
zostaly zdeponowane w kolekcji entomologicznej Instytutu Biologii, Biotechnologii

i Ochrony Srodowiska Uniwersytetu Slaskiego w Katowicach (DZUS).

6.3.2 Przygotowanie materialu do obserwacji w elektronowym mikroskopie

skaningowym (SEM)

Do obserwacji w elektronowym mikroskopie skaningowym (SEM) wykorzystano osiem
osobnikow D. acerifoliae, sze$¢ D. kanzenis 1 sze$¢ D. sabrinae. Metoda ta postuzyta do
zobrazowania struktur morfologicznych uskrzydlonych samic dzieworodnych, w tym
niewidocznych przy uzyciu mikroskopu $wietlnego do ktérych naleza sensilla czy
zakonczenia wyrostkow grzbietowych odwloka. Osobniki przeznaczone do analizy
przechowywano w 70% etanolu. Proces odwadniania przeprowadzono w kolejnych
roztworach etanolu o rosngcych stezeniach: 20 minut w 80%, 15 minut w 90%, 10 minut
w 96% oraz dwukrotnie po 10 minut w etanolu absolutnym. Calo$¢ wysuszono
w suszarce punktu krytycznego Leica EM CPD300 (Leica Microsystems, Wieden,
Austria). Probki umieszczano na aluminiowych podstawkach przy pomocy dwustronne;j
tasmy weglowej 1 pokrywano warstwg ztota o grubosci 30 nm w napylarce Safematic
CCU-010 HV (Safematic GmbH, Zizers, Szwajcaria, Echlin, 2009). Tak przygotowane
probki obserwowano w skaningowym mikroskopie elektronowym Hitachi SU8010
(Hitachi High-Technologies Corporation, Tokio, Japonia) przy napigciu 7,0 1 10,0 kV,

z wykorzystaniem detektora elektronow wtornych.
6.3.3 Analizy morfometryczne i morfologiczne

W analizach morfometrycznych zastosowano analiz¢ glownych sktadowych (PCA)
oparta na danych uzyskanych z pomiaréw posiadanych okazéw mszyc. Punktem wyjscia
byly zbiory danych (Tabele S1, S2 zawarte w publikacji P2) obejmujace zmienne
morfometryczne, wskazniki morfometryczne oraz jako$ciowe cechy morfologiczne dla
uskrzydlonych samic partenogenetycznych (52 cechy), samcow (51 cech) oraz samic
jajorodnych (46 cech). Zestawy danych (Tabele S3, S4, S5 zawarte w publikacji P2)
przetestowano za pomocg analizy korelacji wielokrotnej 1 ostatecznie wybrano zmienne
onajnizszych  wartosciach  redundancji. Dla 213  uskrzydlonych  samic
partenogenetycznych, 30 samcéw 1 43 samic jajorodnych (amfigonicznych) wybrano po
24 cechy (w roznych proporcjach zmiennych morfometrycznych, wspotczynnikéw

morfometrycznych i cech morfologicznych) (Tabele S1 1 S2 zawarte w publikacji P2).
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Przed analizg PCA kazda ceche przeliczono na $rednig zerowa i odchylenie standardowe
jednostkowe w zredukowanych zbiorach danych, dzigki czemu wszystkim nadano taka
samg wage. Nastepnie stworzono nowe, nieskorelowane zmienne (sktadowe gldwne),
ktore sag kombinacjami liniowymi oryginalnych zmiennych. W toku analizy wybrano
tylko te sktadowe, ktore wyjasniaja najwiecej wariancji (informacji). Otrzymane wyniki

wykorzystano do oceny zréznicowania morfologicznego badanych morf.

6.4 Wyznaczenie zasi¢egow wystepowania gatunkow z rodzaju Drepanaphis

Dane o wystepowaniu gatunku pozyskano z literatury naukowej, zbior6w muzealnych,
wlasnych badan terenowych w USA, obserwacji zserwisu iNaturalist oraz zbaz
réznorodno$ci  biologicznej (GBIF). Kuratorzy kolekcji udostepniali informacje
1 fotografie preparatow, a cze$¢ okazoéw zostala zbadana bezposrednio podczas wizyty
w muzeach. Dla wszystkich stanowisk gatunku okre$lono wspotrzedne geograficzne
(wspotrzedne w uktadzie WGS84), azasiggi roslin  zywicielskich wykorzystano
z dostepnych cyfrowych map zasiegéw roslin w oparciu o opracowanie Conservation
Biology Institute (http://databasin.org) (P2). Na tej podstawie utworzono mapy

rozmieszczenia gatunkdéw z wykorzystaniem QGIS.

6.5 Badania molekularne

Badania molekularne przeprowadzono w okresie maj 2023 - kwiecien 2024
w laboratoriach IBBiOS Uniwersytetu Slaskiego w Katowicach oraz czesciowo w Centre
de Biologie pour la Gestion des Populations (INRAE) w Montpellier we Francji, we

wspotpracy z dr Emmanuelle Jousselin.

Analizg objeto dziesie¢ gatunkdow z rodzaju Drepanaphis. Material obejmowal gatunki
pozyskane w trakcie badan terenowych w USA w2022, do ktorych naleza:

D. acerifoliae, D. carolinensis, D. kanzensis, D. robinsoni, D. sabrinae.

Ponadto w badaniach uwzgledniono takze D. granovskyi, D. monelli 1 D. utahensis
zebrane w USA w 2023 roku dzigki wspdtpracy z dr Williamem Pittem z Washington
State University, USA oraz z dr Andrew Jensenem z California Academy of Sciences,

USA.

Dodatkowo wykorzystano osobniki D. acerifoliae z Serbii zebrane w 2023 roku we

wspotpracy z dr Olivera Petrovic-Obradovic z University of Belgrade, Serbia.
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Osobnik D. simpsoni z 1976 roku zostat pozyskany z kolekcji MNHN w Paryzu, Francja.

6.5.1 Izolacja DNA, amplifikacja, elektroforeza i sekwencjonowanie materialu

genetycznego

Do izolacji DNA zastosowano zestaw DNeasy Blood & Tissue Kit (Qiagen, Niemcy),
postepujac zgodnie z zaleceniami producenta, z wyjatkiem wydluzenia etapu inkubacji
probek w buforze lizujacym do 24 godzin oraz zastosowania koncowej objetosci elucji

wynoszacej 80 uL.
W analizach wykorzystano dwie grupy markeréw molekularnych:

(a) fragmenty gendéw jadrowych obejmujace fragment o dlugosci 900 pz genu
czynnika elongacyjnego 1 alfa (EFla) oraz fragment o dlugosci 700 pz genu
dehydrogenazy 6-fosfoglukonianowej (PGD);

(b) fragmenty gendéw mitochondrialnych obejmujace gen kodujacy podjednostke
1 oksydazy cytochromowej COI (mtDNA) o dtugosci 700 pz oraz fragmenty
o dtugosci 780 pz genu cytochromu b (Cytb).

Zestaw starterOw uzytych w reakcjach PCR znajduje si¢ w publikacji (P3).

Reakcje PCR przeprowadzono przy uzyciu EURx Color OptiTaq PCR Master Mix (25
uL), odpowiednich starterow (po 1 uL) oraz 2 pL izolatu DNA jako matrycy, uzupelniajac
woda wolng od nukleaz do finalnej objetosci 50 uL. Reakcje PCR przeprowadzano
w termocyklerze Biometra TProfessional Basic Gradient. Profil termiczny PCR
obejmowal: wstepna denaturacj¢ w 94°C przez 60 s, nastgpnie 35 cykli: denaturacja
w 95°C przez 40 s, hybrydyzacja w 45°C przez 45 s oraz elongacja w 72°C przez 60 s,
ana koncu wydluzanie koncowe w 72°C przez 180 s. Rozdziat elektroforetyczny
produktéw mieszaniny poreakcyjnej przeprowadzono w zelu agarozowym (1%)
w buforze TBE zdodatkiem SimplySafe (EURX) ianalizowano przy uzyciu

transiluminatora ETX (Vilber Lourmat).

Produkty amplifikacji sekwencjonowano w obu kierunkach w firmie GenoMed
(Warszawa, Polska). Uzyskane sekwencje zdeponowano w bazie GenBank. Sposrod
gatunkéw, ktoérych nie udato si¢ pozyska¢ podczas badan terenowych, jedynie
Drepanaphis parva posiadat sekwencje dostepng w GenBank; zostala ona pobrana z bazy

1 wykorzystana w analizach.
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6.5.2 Analizy filogenetyczne

Otrzymane sekwencje porownano z danymi dostepnymi w bazie GenBank, a nastepnie
wyréownano metodg ClustalW zaimplementowang w programie MEGA. Analizy
filogenetyczne przeprowadzono dwiema metodami: najwigkszej wiarygodno$ci
(Maximum Likelihood, ML) w programie IQ-TREE oraz rekonstrukcja bayesowska
w programie MrBayes. Dla kazdego analizowanego zestawu sekwencji dobierano
optymalny model ewolucji, obejmujacy model substytucji nukleotydow oraz zatozenia
dotyczace zmiennosci tempa podstawien. Wyniki analiz zaprezentowano w formie

kladogramu zwizualizowanego w programie FigTree v1.4.4.
6.5.3 Charakterystyka endosymbiontéw

Do analizy bakteryjnych endosymbiontéw wykorzystano te same ekstrakty DNA, ktore
postuzyty do analizy filogenetycznej. Zamplifikowano fragment regionu V4 genu 16S
rRNA, aprodukty PCR zindeksowano i zsekwencjonowano w trybie paired-end na
platformie Illumina MiSeq. Kazda probke amplifikowano w dwoch replikatach
z kontrolami negatywnymi, umieszczajac replikaty na osobnych plytkach w celu
ograniczenia ryzyka kontaminacji. Produkty PCR oczyszczono, oznaczono ilo§ciowo
1 potaczono we wspolng biblioteke z probkami z innych projektow. Otrzymane odczyty
poddano standardowej obrobce bioinformatycznej (filtracja jakos$ci, scalanie odczytow,
przycinanie starterow, taczenie klastrow o wysokiej identycznosci) oraz przypisaniu
taksonomicznemu wzgledem bazy Silva. Usunigto rzadkie sekwencje (<0,5% odczytow
w probee) 1zachowano klastry obecne w obu replikatach, na podstawie ktérych

scharakteryzowano sktad endosymbiontow (Rycina 2).
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Rycina 2. Schemat procedury analizowania sktadu endosymbiontow w rodzaju Drepanaphis.

Zrodto: opracowanie wlasne. Schemat stworzony z uzyciem platformy BioRender
(https://app.biorender.com). Prawo do publikacji poswiadczone licencja.
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7. Omowienie wynikow prowadzonych badan

7.1 Publikacja 1: Modelowanie niszy ekologicznej dla D. acerifoliae

Malik, K., Bugaj-Nawrocka, A., Wieczorek, K. (2023). Distribution of Drepanaphis
acerifoliae — aphid pest of Acer trees — faced with global climate change. Folia Biologica

(Krakow), 71, 115—-130. https://doi.org/10.3409/fb 71-3.12
1F2023: 0,8

Punkty MNiSW: 100

Publikacja pt. ,,Distribution of Drepanaphis acerifoliae — aphid pest of Acer trees — faced
with global climate change” poswigcona jest modelowaniu niszy ekologicznej dla
gatunku typowego D. acerifoliae. Gatunek ten jako jedyny w rodzaju Drepanaphis
osiggnat wysoki stopien ekspansji nowych terenow obejmujacy Europe i Azjg, zatem
zweryfikowanie czynnikéw wplywajacych na jego rozmieszczenie uznano za kluczowe

w konteks$cie potencjalnej inwazyjnosci.

W badaniu wykorzystano modelowanie niszy ekologicznej oparte na dostgpnych danych
klimatycznych z przesztosci (ostatni interglacjal; maksimum lodowcowe; Srodkowy
holocen) z uwzglednieniem terazniejszych danych iprognoz na przysztos¢, w celu
okreslenia potencjalnego rozmieszczenia Drepanaphis acerifoliae. Model uzyskano
z wykorzystaniem zmiennych bioklimatycznych, ktore odzwierciedlajg temperatury
1 opady w roznych porach roku, przy czym najwigksze znaczenie dla przewidywan miata
srednia temperatura najcieplejszego kwartatu. Wskazuje to, Ze rozprzestrzenianie
D. acerifoliae  jest $ciSle zwigzane zcieptymi, umiarkowanymi warunkami

klimatycznymi 1 preferuje klimat umiarkowany wilgotny i1 kontynentalny.

W przeprowadzonych analizach uwzgledniono tereny z odmiennym typem ro$linnosci

1 zaobserwowano nastepujace powigzania:

e 69% populacji zasiedla lasy liSciaste i mieszane strefy umiarkowanej, 10% lasy
iglaste, a pozostate wystepuja w srodowiskach trawiastych, srodziemnomorskich

1 kserotermicznych.
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o Wystepuje wyrazna zalezno$¢ ekologiczno-troficzna gatunku od siedlisk lesnych,
w ktorych  wystepuja  gatunki  klonéow bedace kluczowymi  roslinami

zywicielskimi mszyc z rodzaju Drepanaphis.

W badaniach zostal wyznaczony obszar wystepowania D. acerifoliae: obecny naturalny
zasieg obejmuje wschodnig czgs¢ Ameryki Péinocnej, od Florydy po Kanade (Figure 2),
co pokrywa si¢ z rozmieszczeniem Acer saccharinum, A. rubrum i A. saccharum, ktore

stanowig rosliny zywicielskie gatunku.

Ponadto przeprowadzono modelowanie niszy ekologicznej dla omawianego gatunku.

Uzyskane rezultaty potwierdzily, ze:

e Najbardziej odpowiednie siedliska w USA wystepuja w stanach wschodnich

1 centralnych, natomiast na zachodzie w ograniczonym zakresie (Figure 4).

« W Europie potencjalne nisze gatunku obejmuja basen Morza Srodziemnego,
zachodnia i$rodkowa Europg¢ (Hiszpani¢, Wilochy, Francje, Niemcy, Wegry,
Batkany), a takze obszary stepowe i lasostepowe Ukrainy, Rosji i Kazachstanu

(Figure 5).

e Sprzyjajace warunki panujg w potnocnej Afryce oraz w Azji Zachodniej. Modele
paleoklimatyczne sugeruja, ze D. acerifoliae w przeszto$ci zasiedlal potnocno-
wschodnie rejony Ameryki Pétnocnej, migrujac na potudnie w okresie glacjalnym

1 rozszerzajac zasieg w holocenie (Figure 6, 7).

Modele prognozuja dalsze przesuwanie si¢ potencjalnych nisz ku potnocy, a zwlaszcza

w Kanadzie (Figure 8) oraz w Europie Srodkowej i Pétnocnej (Figure 5).

Dzigki przeprowadzonym analizom wyselekcjonowano takze glowne czynniki
ekologiczne wplywajace na rozprzestrzenienie D. acerifoliae. Naleza do nich:
temperatura najcieplejszego kwartatu, opady zimowe czy srednie opady roczne. Dane te
wskazuja, ze gatunek preferuje stabilne, umiarkowanie wilgotne $rodowiska lesne,

o stosunkowo niskiej zmiennos$ci termiczne;.

Jest to pierwsza praca, ktora analizuje przedstawiciela rodzaju Drepanaphis poza jego
naturalnym zasiegiem wystepowania. W jej ramach wyznaczono czynniki determinujgce
szerokg ekspansje tego gatunku. Zasigg D. acerifoliae jest $ciSle skorelowany

z wystepowaniem roslin zywicielskich (4. saccharinum, A. saccharum, A. rubrum), co
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ktadzie nacisk na istotno$¢ uwzgledniania ich podczas prowadzenia badan

monitoringowych.

W regionach, gdzie klony te zostaly wprowadzone sztucznie (np. w Europie czy Ameryce
Potudniowej), istnieje wysokie ryzyko kolonizacji przez D. acerifoliae, ktéry zostat juz
odnotowany w Europie. Analizy sugeruja, ze introdukcje te mogly mie¢ niezalezny

charakter, a bariery gorskie ograniczajg rozprzestrzenianie gatunku (Figure 9).

Model wskazat dodatkowo, ze terytoria, na ktérych D. acerifoliae moze si¢ pojawic
w najblizszej przysztosci, obejmuja Francje 1 Turcje. Istnieje takze potencjat do
zasiedlania obszarow, w ktorych uprawiany jest A. saccharinum, m.n. w Azji

Zachodniej, Afryce Polnocnej i Ameryce Potudniowe;.

Tym samym na podstawie uzyskanych wynikéw badan pozytywnie zweryfikowano
hipoteze H1: Drepanaphis acerifoliae wykazuje potencjat inwazyjny, przejawiajacy si¢
mozliwo$cig zasiedlania obszaré6w poza rodzimym zasi¢giem nearktycznym, ktorych
warunki klimatyczne oraz dostgpnos$¢ roslin zywicielskich sg zblizone do warunkow

wystepujacych w jego naturalnym obszarze wystepowania.

Warto podkresli¢, ze rozprzestrzenienie D. acerifoliae jest powigzane z dziatalnoscig
cztowieka, takg jak transport ro§lin ozdobnych czy handel. W warunkach europejskich
gatunek moze stanowi¢ potencjalne zagrozenie dla drzewostanéw miejskich, parkowych
1lesnych, szczeg6lnie tam, gdzie uprawia si¢ klony pdinocnoamerykanskie. Wyniki
modelowania niszy ekologicznej trafnie wskazaly obszary, na ktorych w ostatnim czasie
odnotowano nowe stanowiska badanego gatunku (Martynov 1 inni, 2025), co potwierdza

wiarygodno$¢ opracowanego modelu w §wietle aktualnych badan terenowych.

Wyniki pracy ukazuja, ze postgpujacy sukces ekologiczny idalsze drogi ekspansji
Drepanaphis acerifoliae sa zalezne przede wszystkim od rozprzestrzenienia jego roslin
zywicielskich, a zmiany klimatu promuja poszerzanie jego obszaru wystgpowania na
Swiecie, czego dowodzi pierwsze stwierdzenie tego gatunku z Azji (Japonia) (Sugimoto,

2024).
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7.2 Publikacja 2: Rewizja taksonomiczna mszyc zrodzaju Drepanaphis na
podstawie danych morfologicznych wraz z wyznaczeniem zasi¢ggow wystepowania

znanych gatunkow.

Malik, K., Bugaj-Nawrocka, A., Wieczorek, K. (2024). Taxonomic revision of the
Nearctic genus Drepanaphis Del Guercio (Hemiptera: Aphididae: Drepanosiphinae).
Insects, 15(7), 1-71. https://doi.org/10.3390/insects 15070553

1F2024: 2,9

Punkty MNiSW: 100

Materiaty uzupetniajace dostepne online:

https://www.mdpi.com/article/10.3390/insects15070553/s1

Supplementary file S1: Dane metryczne i cechy morfologiczne uskrzydlonych samic

partenogenetycznych z rodzaju Drepanaphis;

Supplementary file S2: Dane metryczne i cechy morfologiczne samcoéw oraz samic

jajorodnych z rodzaju Drepanaphis;

Supplementary file S3: Wyniki analiz statystycznych dla uskrzydlonych samic

partenogenetycznych z rodzaju Drepanaphis,

Supplementary file S4: Wyniki analiz statystycznych dla samcéw zrodzaju

Drepanaphis;

Supplementary file S5: Wyniki analiz statystycznych dla samic jajorodnych z rodzaju
Drepanaphis;

Supplementary file S6: Materiat porownawczy gatunkow z rodzaju Drepanaphis.

24


https://www.mdpi.com/article/10.3390/insects15070553/s1

Efektem publikacji pt. ,,Taxonomic Revision of the Nearctic Genus Drepanaphis Del
Guercio (Hemiptera, Aphididae: Drepanosiphinae)” jest kompleksowa rewizja

taksonomiczna rodzaju Drepanaphis.

Na potrzeby przeprowadzonej rewizji zweryfikowano 652 preparaty obejmujace 1382
osobnikéw, wtym 1055 uskrzydlonych samic partenogenetycznych, 61 samic
jajorodnych oraz 42 samcow. Efektem badan byta szczegdélowa redeskrypcja
uskrzydlonych samic pokolenia dzieworodnego 17 znanych gatunkow nalezacych do
rodzaju Drepanaphis oraz opis nowego dla nauki gatunku D. robinsoni Malik, 2024.
Ponadto, sporzadzono deskrypcje samic amfigonicznych 14 gatunkéw oraz deskrypcje
samcow trzech gatunkdéw Drepanaphis. Oprocz szczegdtowych opisow, praca dostarcza
rowniez ilustracje 44 znanych morf pokolenia partenogenetycznego i obuptciowego wraz

z oryginalnymi kluczami do ich identyfikacji.

W pracy zweryfikowano 1 zdefiniowano zestaw kluczowych cech diagnostycznych
rodzaju Drepanaphis, wykorzystujac technik¢ mikroskopii $wietlnej i skaningowe;j
mikroskopii elektronowej (SEM). Najwazniejsza z nich sg cztery pary wyrostkow na
grzbietowe] czesci odwloka (zwykle najwieksza jest trzecia para), przy czym ich uktad,
wielko$¢ 1 barwa mogg istotnie r6zni¢ si¢ migdzy gatunkami (Figure 1; Figure 6[G]).
Czulki sa 6-czlonowe, znajdluzszym ostatnim segmentem, na podstawie ktdrego
wystepuje 1 rynarium gtowne 1 od 4 do 11 rynariow dodatkowych (Figure 2; Figure 6[E]).
Na trzecim cztonie czutka znajdujg si¢ rynaria wtérne w zroznicowanej liczbie (Figure
6[D]). Odnoza pokryte sa nielicznymi, drobnymi szczecinkami, z ciemnymi lub jasnymi
udami (Figure 6[C]) 1 w przypadku niektorych gatunkdéw paskami na udach trzeciej pary
odndzy. Syfony maja ksztatt kolby lub sa cylindryczne z rozeta na koncach (Figure 6[J,
K]). Ogonek w ksztatcie kopuly z 46 dlugimi, cienkimi szczecinkami (Figure 6[L]).
Istotnym uzupelnieniem pracy byto takze szczegétowe przedstawienie po raz pierwszy
budowy genitaliow samcow (Figure 14), ktore dostarczylo dodatkowych cech

diagnostycznych.

Przeprowadzona analiza wielowymiarowa (PCA) oparta na danych morfologicznych
1 morfometrycznych, pozwolita wskazaé, ktore cechy najlepiej réznicuja taksony. U 213
uskrzydlonych samic partenogenetycznych reprezentujacych wszystkie gatunki
Drepanaphis wykazano, ze najwigcej informacji diagnostycznej niesie zestaw cech

zwigzanych z ubarwieniem przednich ud oraz uktadem wyrostkow na grzbietowej czesci
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odwtoka. Cechy te najsilniej porzadkuja zmienno$¢ w danych. Drugi najwazniejszy

zestaw cech obejmowal przepaski na udach tylnych odnézy oraz barwg syfonow.

Podobne wyniki uzyskano dla 30 samcow (12 gatunkow), gdzie kluczowe znaczenie
miaty ponownie barwa przednich ud, przepaski na udach tylnych odnézy oraz ubarwienie
czutkow, a w dalszej kolejnosci cechy takie jak wielko$¢ syfonow czy dobrze rozwiniete

wyrostki na grzbietowej czesci odwioka.

Z kolei dla 43 samic jajorodnych (14 gatunkéw) decydujaca okazata si¢ proporcja
ostatniego cztonu czutka (stosunek dlugosci jego czgsci koncowej do podstawy),

a w dalszej kolejnosci ubarwienie czutkdw, goleni pierwszej pary odnozy oraz syfonow.

Analizy wykazaly, ze w przypadku wszystkich badanych morf cechy jakos$ciowe (ksztalt
1 barwa struktur) sa bardziej rozstrzygajace niz same warto$ci metryczne, poniewaz
wartosci cech ilosciowych czesto si¢ naktadaja inie istnieje pojedynczy, uniwersalny
wskaznik pozwalajacy jednoznacznie rozdzieli¢ wszystkie gatunki. Do kluczowych cech
jakosciowych zaliczono: ksztalt i wielko$¢ wyrostkéw grzbietowych (Rycina 3[A]),
ksztalt pterostigmy (Rycina 3[B]), ksztatt i ubarwienie syfonéw (Rycina 3[C]), a takze

ubarwienie uda pierwszej pary odnézy (Rycina 3[D]).

A. B.

0.1 mm
. ]

0.1mm

0.2 mm

Rycina 3. Morfologiczne cechy diagnostyczne gatunkoéw z rodzaju Drepanaphis.
Zrodto: opracowanie wlasne. Rycina stworzona przy wykorzystaniu programu PhotoScape X.
A. Wyrostki na grzbietowej czesci odwtoka; B. Ksztalt i ubarwienie pterostigmy; C. Ksztalt

1 wielkos¢ syfonow; D. Ubarwienie uda pierwszej pary odnozy.
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Przeprowadzone analizy wskazaly, ze przedstawiciele rodzaju Drepanaphis
charakteryzuja si¢ ograniczong zmienno$cig cech morfometrycznych, przy jednoczesnym
kluczowym znaczeniu cech morfologicznych o charakterze jakosciowym, co potwierdza

zalozenia hipotezy (H2).

W toku rewizji zidentyfikowano bledne oznaczenia materiatu dla siedmiu gatunkow
(D. acerifoliae, D. carolinensis, D. choanotricha, D. kanzensis, D. sabrinae, D. parva,
D. tissoti). Szczegbélnie wazne bylo rozpoznanie grupy osobnikow odbiegajacych
uktadem wyrostkow grzbietowych od typowego wzorca wsrdd okazéw oznaczonych
pierwotnie jako D. choanotricha i D. parva. Analizy statystyczne potwierdzity ich
odrgbno$¢ morfologiczna, co umozliwito opisanie nowego gatunku, D. robinsoni,
wczesniej blednie klasyfikowanego w obrebie tych taksonow. Analizy genetyczne

w dalszym etapie badan potwierdzity jego odrgbng tozsamos¢ gatunkowa.

Analizy statystyczne pozwolitly rdwniez rozwigza¢ problem taksonomiczny dotyczacy
D. nigricans 1 D. tissoti, traktowanych jako tozsame gatunki (Remaudiére i Remaudicre
1997). Wyniki niniejszej pracy wskazuja, ze s3 to gatunki odrgbne, a kluczowa cecha
diagnostyczng okazata si¢ liczba dodatkowych rynariow na podstawie ostatniego cztonu
czutka: u D. nigricans wynosi 4, natomiast u D. tissoti 5-11. Dodatkowo stwierdzono
réznice w liczbie pseudosensoriow na goleni trzeciej pary odnozy (u D. nigricans 62,
u D. tissoti 30-31) oraz w barwie syfondw u samic jajorodnych. Wyniki analizy PCA
potwierdzity status gatunkowy D. fissoti 1jednoczesnie wsparty synonimizacje¢ dwoch

innych gatunkow: D. pallida i D. simpsoni.

Wyniki analizy PCA (Figure 38) w duzej mierze wspieraja podzial gatunkow Smith’a
1 Dillery’ego na grupy morfologiczne, wskazujac jednak na konieczno$¢ wylaczenia

z tych grup dwoch gatunkow — D. kanzensis 1 D. sabrinae.

Grupa ,,acerifoliae” obejmuje gatunki z czterema parami wyrostkOw grzbietowych
u uskrzydlonych samic partenogenetycznych (pierwotnie: D. acerifoliae, D. carolinensis,
D. sabrinae). Drepanaphis sabrinae wyroznia si¢ jednak nietypowym uktadem
wyrostkéw (I 1 111 para tej samej dtugosci) oraz wigksza liczbg rynariow dodatkowych
(5-6), a jego pozycja w analizach PCA sugeruje charakter posredni migdzy pozostatymi

gatunkami tej grupy.
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Gatunki z grupy ,,monelli” maja widoczng gtéwnie trzecig par¢ wyrostkow i ciemne pregi
na udach trzeciej pary odndzy (D. keshenae, D. knowltoni, D. monelli, D. spicata). Cho¢
Smith 1 Dillery (1968) wiaczali tu takze D. kanzensis, analizy morfologiczne i PCA
wskazujg na jego odrebnos$¢ (m.in. jasne udo przedniej pary odnozy i jasniejsze syfony),
dlatego zaproponowano, aby nie przypisywa¢ go do zadnej grupy, podobnie jak

D. sabrinae.

Pozostate grupy sa zgodne z wcze$niejszym podziatem: ,,nigricans” (D. choanotricha,
D. nigricans, D. tissoti) wyrdznia si¢ bardzo dlugimi czutkami, ,,parva” (D. idahoensis,
D. parva, D. robinsoni, D. saccharini) jasno ubarwionymi przednimi udami,
a ,utahensis” (D. granovskyi, D. simpsoni, D. utahensis) dwiema parami szczecinek

czolowych na glowie.

Ponadto, wiaczenie do analiz cech morfologicznych samic amfigonicznych i1 samcow
(Figures 39-41) dostarcza dodatkowych informacji umozliwiajacych weryfikacje
zasadnosci podziatu rodzaju na morfologiczne grupy gatunkéw zaproponowane przez

Smith’a i Dillery’ego (1968), jednoznacznie wspierajac hipoteze (H2).

Wazna czg¢$cig pracy byta rowniez analiza biogeograficzna i troficzna. Wszystkie gatunki
rodzaju Drepanaphis stwierdzono w Stanach Zjednoczonych, a okoto polowe takze
w Kanadzie (D. acerifoliae, D. carolinensis, D. kanzensis, D. knowltoni, D. monelli,
D. parva, D. saccharini, D. simpsoni, D. spicata). W USA wyrdzniono wzorce
rozmieszczenia: w zachodniej czgsci notowane sa m.in. D. granovskyi, D. idahoensis,
D. utahensis zwigzane z Acer grandidentatum, cze$¢ gatunkdw wystepuje zardGwno na
zachodzie, jak i na wschodzie (np. D. acerifoliae, D. knowltoni, D. spicata), a pozostate
zasiedlaja gtownie wschodnia cze$¢ kraju, co odpowiada rozmieszczeniu roslin
zywicielskich i moze wskazywac, ze rodzaj Drepanaphis wyewoluowat we wschodniej

cze$ci Ameryki Potnocnej wraz z dywersyfikacja i rozprzestrzenianiem si¢ klonow.

Rewizja pozwolila tez poszerzy¢ wiedze o roslinach zywicielskich omawianej grupy
mszyc. Potwierdzono, ze przedstawiciele rodzaju Drepanaphis sa zasadniczo zwigzani
z klonami (Acer), przy czym D. monelli pozostaje jedynym gatunkiem zerujacym na
kasztanowcu gltadkim Aesculus glabra. Jednocze$nie wykazano, ze spektrum zywicieli
czgsci gatunkéw jest szersze niz dotad zaktadano, rowniez u taksonéw wczesniej
uznawanych za monofagiczne. W kolekcji entomologicznej w Illinois (USA)

potwierdzono okazy D. monelli z A. saccharum 1A. saccharinum (po weryfikacji
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wykluczono biedne etykietowanie). Drepanaphis kanzensis jest zwiazany gldwnie
z A. saccharum (potwierdzone badaniami terenowymi), ale odnotowano go takze na
A. rubrum 1A. saccharinum, przy czym pokolenie obupiciowe obserwowano na
A. saccharinum. Wykazano rowniez duze rdéznice w czgstosci wystepowania gatunkow:
od bardzo pospolitych (np. D. acerifoliae) po bardzo rzadkie, znane z nielicznych

stanowisk (np. D. choanotricha i D. robinsoni).

Opublikowana rewizja stanowi najbardziej aktualne zrédto informacji dotyczace
morfologicznej réznorodnosci gatunkéw w rodzaju Drepanaphis. Po raz pierwszy
opracowano w niej szczegoétowe opisy samic jajorodnych z pokolenia obuplciowego,
ktérych cechy przyczynily si¢ rozwigzania tozsamosci gatunkowej taksonow
problematycznych. Na podstawie cech samic z pokolenia partenogenetycznego opisano
nowy gatunek D. robinsoni. Przeprowadzone analizy statystyczne wsparly podziat
rodzaju na grupy morfologiczne. Przedstawiono aktualny zasieg wystepowania rodzaju
Drepanaphis w Ameryce Péinocnej, a analiza troficzna wykazata szersze spektrum ro$lin
zywicielskich niz dotychczas wykazywano, co moze ukierunkowaé przyszte badania
terenowe, dotyczace w szczego6lnosci zebrania przedstawicieli pokolenia obuptciowego

gatunkow, dla ktorych morfy te nadal pozostaja nieznane.
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7.3 Publikacja 3: Analiza filogenetyczna rodzaju Drepanaphis w oparciu o dane

molekularne wraz z charakterystyka konsorcjow endosymbiotycznych.

Malik, K*., Jousselin, E., Clamens, A.-L., Sugimoto, S., Wieczorek, K. (2025).
Molecular phylogeny of the Acer-feeding aphid subfamily Drepanosiphinae (Insecta:
Hemiptera: Aphididae) and the evolution of its endosymbiotic consortia. Zoological

Letters, 11, 9, https://doi.org/10.1186/s40851-025-00255-2
1F2025: 2,6

Punkty MNiSW: 140

* autorka korespondencyjna

Trzecia publikacja zcyklu, pt. ,,Molecular phylogeny of the Acer-feeding aphid
subfamily Drepanosiphinae (Insecta: Hemiptera: Aphididae) and the evolution of its
endosymbiotic consortia”, poswiecona jest filogenezie podrodziny Drepanosiphinae
w ktorej szczegdlng uwage poswigcono pokrewienstwom wsrdéd gatunkow w rodzaju
Drepanaphis,  atakze  konsorcjom  endosymbiotycznym  zidentyfikowanym

u przedstawicieli catej podrodziny.

W pracy przeprowadzono analize filogenetyczng oparta na mitochondrialnych markerach
molekularnych (COI, Cytb), obejmujacag 10 (sposroéd 18 znanych) gatunkow z rodzaju
Drepanaphis, oraz analiz¢ filogenetyczng oparta na jadrowych markerach molekularnych

(EF-1a, PGD) obejmujacg 7 gatunkow omawianego rodzaju.

Analizy filogenetyczne oparte na potaczonym zestawie markerow mitochondrialnych
1jadrowych, przeprowadzone z wykorzystaniem metody najwigkszej wiarygodnoS$ci
(Maximum Likelihood, ML) oraz interferencji bayesowskiej (BI), wykazaty zasadniczo
podobng topologi¢ w obrgbie grupy, zdrobnymi réznicami pomiedzy wynikami

uzyskanymi dla poszczegdlnych typéw markerdw.

Wyniki $wiadcza otym, ze rodzaj Drepanaphis tworzy dobrze wsparty klad
monofiletyczny w obrebie podrodziny Drepanosiphinae, siostrzany wzgledem rodzaju
Drepanosiphum.  Topologia kladogramoéw  uzyskana na podstawie genow
mitochondrialnych (COI, Cytb) byla zgodna z topologia uzyskang z petnego zestawu
markerow molekularnych (Rycina 4). Natomiast geny jadrowe (EF-1a, PGD) zostaty
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zsekwencjonowane dla mniejszej liczby taksonéw niz mitochondrialne, a sekwencji nie
uzyskano dla: D. granovskyi, D. parva, D. simpsoni, dlatego zaobserwowano pewne

rozbieznos$ci w sposobie grupowania gatunkow.

W analizach opartych wylacznie na markerach jadrowych D. monelli zajmowat pozycje
pomiedzy D. carolinensis 1 D. sabrinae, tworzacymi wspolny klad siostrzany wzgledem
D. kanzensis. W analizach z wykorzystaniem wszystkich markerow molekularnych
D. monelli stanowit lini¢ siostrzang wzgledem D. kanzensis, a te dwa taksony tworzg klad

siostrzany wzgledem D. carolinensis i D. sabrinae.

W oparciu o polaczone dane wykorzystanych marker6w molekularnych w rodzaju

Drepanaphis mozemy wyr6zni¢ trzy klady obejmujgce nastepujace gatunki:
1. D. granovskyii D. utahensis;
2. D. acerifoliae, D. parva, D. robinsoni;

3. D. kanzensis, D. monelli, D. simpsoni, D. carolinensis 1 D. sabrinae.

10010.82 Drepanosiphum platanocidis ACOE3702 Al
| E Drepanosiphum oregonense GB ngllna
10001 Drepanosiphum platanoidis GB ZYWICIGlSKa
L Drepanosiphum aceris GB
v Drepanaphis parva GB ---- - Acer rubrum
;' Drepanaphis robinsoni KM13 -~ - -- Acer rubrum
10041 Drepanaphis acerifoliae KM01
Drepanaphis acerifoliae KM03 Acer rubrum.
e~ Drepanaphis acerifoliae KM02 1arir
Drepanaphis acerifoliae KM20 Acer saccharum
— 20005 Drepanaphis acerifoliae KM23
1001 Drepanaphis carolinensis KM10
—[Drspanaphis carolinensis KM11 = =~~~ Acer saccharum
Drepanaphis carolinensis KM12
1001 -
Drepanaphis sabrinae KMO7
—I Drepanaphis sabrinae KM08 ~ - -~ - -~ -~ -« - - - -~ Acer saccharum
10or Drepanaphis sabrinae KM09
1o - Drepanaphis monelli KM25 ==~ ~-~-~~------- Aesculus glabra
10014 [ Drepanaphis simpsoni KM26 -~~~ -~ Acer saccharum
90/0.99 Drepanaphis kanzensis KM04
[I D his k iSKMO5 I ———————--- Acer saccharum

| Drepanaphis kanzensis KOG

Drepanaphis utahensis KM14
Drepanaphis utahensis KM17 A ; e,
—| I Drepanaphis utahensisKM18 | ooy grandcanm 2
10001 Drepanaphis utahensis KM16 | >

Drepanaphis granovskyi KM24 ----- Acer grandidentatum i I P
{

Rycina 4. Kladogram uzyskany na podstawie tacznej analizy genéw mitochondrialnych
i jadrowych, z uwzglednieniem roslin zywicielskich analizowanych gatunkow mszyc z rodzaju
Drepanaphis.

Zrodto: opracowanie whasne. Na podstawie: Malik i inni, 2025 (P3), zmodyfikowano.
Przedstawiona topologia odpowiada kladogramowi uzyskanemu w analizie bayesowskiej,
opartej na czterech markerach molekularnych (COI, Cytb, EF-1a, PGD). Wartosci przy weztach
0znaczajg poziom wsparcia bootstrapowego z analizy metoda najwigkszej wiarygodnosci (ML)
oraz prawdopodobienstwo a posteriori z analizy bayesowskiej (BI) dla wegztow zgodnych (P3).
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Badania filogenetyczne pozwolily na zweryfikowanie, jak ksztaltuja si¢ relacje migdzy
gatunkami w rodzaju Drepanaphis, auzyskane wyniki skonfrontowano z danymi
morfologicznymi, rozmieszczeniem i roslinami zywicielskimi. Przeprowadzona analiza
filogenetyczna cze$ciowo potwierdzita ugrupowania gatunkéw wyodrebnionych na
podstawie zestawu danych morfologicznych proponowane przez Smith i Dillery (1968)

oraz Malik i inni, 2024 (P2).

Gatunki z grupy ,.acerifoliae” (D. acerifoliae 1 D. carolinensis) wedhug podzialu
bazujacego na sekwencjach genetycznych nie tworza wspolnego kladu siostrzanego, jak
wskazaty przeprowadzone analizy morfologiczne (P2), lecz nalezg do dwéch réznych

kladow (w ktérych mozemy wyznaczy¢ odmienng rosline zywicielska):

W analizach filogenetycznych D. acerifoliae tworzy klad siostrzany z D. parva

1 D. robinsoni zerujacymi na A. rubrum.

Natomiast D. carolinensis stanowi klad siostrzany wzgledem D. sabrinae, zwigzanym

troficznie z 4. saccharum.

W grupie ,,utahensis” wyraznie wyroznia si¢ klad D. granovskyi 1 D. utahensis, dwoch
gatunkéw monofagicznych zerujacych na Acer grandidentatum, ktore wystepuja na
zachodzie USA. Drepanaphis simpsoni roOwniez nalezy do morfologicznej grupy
Hutahensis”, jednak jako gatunek zwiazany z Acer saccharum tworzy odrebny,
wschodnioamerykanski klad, co wskazuje na wptyw zaréwno specjalizacji zywicielskie;j,

jak 11zolacji geograficznej na proces specjacji.

Nowy podzial, wyznaczony w oparciu o dane molekularne oraz powigzania troficzne,
obejmuje nastepujace trzy grupy: rubrum, grandidentatum isaccharum —
w konfrontacji do wyznaczonych w przeprowadzonych badaniach morfologicznych

pigciu grup (Tabela 4).

W $wietle uzyskanych wynikéw, zasadne jest wiec przyjecie hipotezy (H3),
zaktadajacej, ze rodzaj Drepanaphis stanowi klad monofiletyczny, a w jego obrebie
mozliwe jest wyrdznienie grup gatunkOw powigzanych z rozmieszczeniem

geograficznym oraz specjalizacja wzgledem ro$lin zywicielskich.
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Tabela 4. Podzial na grupy gatunkow w rodzaju Drepanaphis

Zrédlo | gnith i Dillery Malik i inni, 2024 Malik i inni, 2025
1968 (P2) (P3)
Grupa
Grupa acerifoliae Grupa rubrum
D. acerifoliae D. acerifoliae D. acerifoliae
D. carolinensis D. carolinensis D. parva
D. sabrinae* D. robinsoni
Grupa monelli
D. monelli D. monelli
D. kanzensis* D. keshenae
D. keshenae D. knowltoni
D. knowltoni D. spicata
2 D. spicata
D) g
Eﬂ Grupa nigricans g Grupa saccharum
E g
g D. nigricans D. nigricans >, D. carolinensis
.
§ D. tissoti D. tissoti 5 D. sabrinae
B
o D. choanotricha D. choanotricha D. simpsoni
Grupa parva D. monelli
D. kanzensis
D. parva D. parva

D. idahoensis

D. saccharini

D. idahoensis
D. saccharini

D. robinsoni

Grupa utahensis

D. granovskyi
D. simpsoni

D. utahensis

D. granovskyi
D. simpsoni

D. utahensis

Grupa grandidentatum

D. granovskyi

D. utahensis

Zrédlo: opracowanie wlasne. Gatunki niesklasyfikowane do Zadnej z grup w podziale Malik i

inni, 2024: D. kanzensis*, D. sabrinae*.
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Istotny aspekt badan molekularnych stanowila takze charakterystyka konsorcjow
endosybiotycznych podrodziny Drepanosiphinae, wtym w rodzaju Drepanaphis.
Sekwencjonowanie fragmentu genu bakteryjnego 16S rDNA umozliwilo uzyskanie
srednio 15 098 odczytéw sekwencyjnych na probke (o dtugosci 251 pz), co pozwolito na

szczegotowe zbadanie roznorodnosci mikrobioty mszyec.

U 22 badanych osobnikéw, nalezacych do 10 gatunkow, endosymbiont obligatoryjny
Buchnera aphidicola zostat stwierdzony we wszystkich badanych gatunkach
1 osobnikach, podobnie jak endosymbiont fakultatywny Sodalis, jednak proporcje co do
ich wzajemne;j liczebnosci r6znig si¢ miedzy probkami (Rycina 5). Wolbachia zostata
wykryta ul3 osobnikéw, apozostale symbionty zostaly zidentyfikowane
w pojedynczych probkach. Badania nie wykazaly réznic w sktadzie endosymbiontow
w populacjach D. acerifoliae z USA i Europy. U osobnika D. simpsoni zostal ponadto
stwierdzony duzy procent bakterii kontaminacyjnych, co moze by¢ wynikiem wieku

probki (1976 rok).

Wyniki analiz mikrobiologicznych w obrebie calej podrodziny ujawnilty przede
wszystkim, ze rodzaj Drepanaphis odznacza si¢ wystepowaniem endosymbionta Sodalis
u wszystkich analizowanych osobnikéw. Moze to §wiadczy¢ o tym, ze Sodalis w rodzaju
Drepanaphis pelni funkcje drugiego endosymbionta obligatoryjnego, przejmujac tym

samym cze$¢ funkcji metabolicznych od Buchnera aphidicola.

Podobna tendencje w wystepowaniu tego endosymbionta odnotowano w rodzajach
Drepanosiphum 1 Drepanosiphoniella, natomiast nie zaobserwowano jej w azjatyckim

rodzaju Yamatocallis.

Nalezy przy tym zaznaczy¢, ze ze wzgledu na ograniczong dostgpno$¢ materiatu badania
molekularne objely jedynie okoto polowe (56%) obecnie znanych gatunkéow, co
skutkowato brakiem materiatu poréwnawczego dla cze$ci grup (np. ,,nigricans”).
W zwiazku z tym formutowane wnioski nie dajg pelnego obrazu pokrewienstw pomigdzy
gatunkami z rodzaju Drepanaphis ikonieczne sga dalsze analizy obejmujace szerszy

zestaw gatunkow.
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Rycina 5. Wynik sekwencjonowania NGS fragmentu genu 16S rDNA.

Zrédto: opracowanie wiasne przy wykorzystaniu programu Excel. Na podstawie: Malik i inni,
2025 (P3), zmodyfikowano. O$ X przedstawia procentowy udziat odczytéw przypisanych do
poszczegblnych endosymbiontow w kazdej probee, 0§ Y osobniki poszczegolnych gatunkow.
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8. Whnioski

Na podstawie przeprowadzonych badan wyciagnieto nastepujace wnioski:

1.

10.

Modelowanie niszy ekologicznej wykazalo, ze najbardziej sprzyjajace warunki dla
D. acerifoliae poza naturalnym zasiggiem jego wystepowania zlokalizowane sg
w krajach basenu Morza Sroédziemnego.

Temperatura najcieplejszego kwartalu, opady zimowe oraz $rednie opady roczne
stanowig gldwne czynniki ekologiczne wptywajace na ekspansj¢ D. acerifoliae na
Swiecie.

Modele uwzgledniajace potencjalne przyszie zmiany klimatu wskazuja, ze
D. acerifoliae moze znajdowa¢ dogodne nisze siedliskowe na poétnoc od obecnego
zasiegu, przy czym wptyw zmian klimatu bedzie szczeg6lnie widoczny na drogi
jego ekspansji w Europie Srodkowej i Wschodniej oraz w azjatyckiej czesci Rosji.
Gatunki w rodzaju Drepanaphis charakteryzuja si¢ niewielkg zmiennoscia cech
morfometrycznych, dlatego jakosciowe cechy morfologiczne okazaly sie¢

kluczowe w klasyfikacji.

. Na podstawie przeprowadzonych analiz morfometrycznych i morfologicznych

opisano nowy dla nauki gatunek D. robinsoni, co zostato rdwniez potwierdzone
przez analizy molekularne.

Cechy morf zpokolenia obupiciowego sa morfologicznie informatywne
1 rozstrzygajace w przypadku gatunkéw, ktérych pozycja taksonomiczna byla
watpliwa (D. nigricans, D. tisotti).

Najwigce] znanych stanowisk gatunkow zrodzaju Drepanaphis wystepuje na
wschodnim wybrzezu Ameryki Polnocnej, co pokrywa si¢ z naturalnym zasiggiem
ich roslin zywicielskich.

Rodzaj Drepanaphis stanowi klad monofiletyczny.

W rodzaju Drepanaphis gatunki zerujace na tych samych (lub blisko
spokrewnionych) roslinach zywicielskich sg zwykle blisko spokrewnione. Na tej
podstawie zaproponowano nowy podziat na grupy gatunkéw: rubrum, saccharum,
grandidentatum.

U przedstawicieli rodzaju Drepanaphis bakterie z rodzaju Sodalis petnig role

drugiego endosymbionta obligatoryjnego.
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naukowy.

Kuskova K., Dajdok Z., Hejda M., Kapusta P., Kanka R., Kollar J., Kubackova
L., Kutlvasr J., Lucanova A., Malik K., Palaj A., Pergl J., Perglova I., Pysek
P., Sadlo J., Stanek M., Stefanowicz A., Sutowicz S., Tokarska-Guzik B., Vitkova
M., Wiatrowska B. Impact of alien and native woody plants on vegetation and soil.
02-05.09.2025. 17th International Conference on the Ecology and Management
of Alien Plant Invasions 2025 (EMAPI), Christchurch, Nowa Zelandia, poster

naukowy.

Stanek M., Kapusta P., Stefanowicz A. M., Tokarska-Guzik B., Dajdok
Z., Wiatrowska B., Malik K., Vitkova M., Hejda M., Kutlvasr J., Kuskova
K., Lucanové A., Moravcova L., Perglova 1., PySek P., Sadlo J., Kanka R., Kollar
J., Kubackova L., Palaj A., Pergl J. Czy obce gatunki drzewiaste wptywaja na
wlasciwosci chemiczne gleby inaczej niz gatunki rodzime? 29.06-04.07.2025.
»,Natura zmian... z botanika w przysztos¢” LX Zjazd Polskiego Towarzystwa
Botanicznego, Katowice, Polska, wspotautor prezentacji.

Malik K., Wieczorek K. Konsorcja endosymbiotyczne i filogeneza mszyc
zrodzaju Drepanaphis (Hemiptera, Aphididae, Drepanosiphinae). 19—
20.05.2025. XXVII Ogoélnopolska Konferencja Hemipterologiczna, prezentacja
ustna.

Pergl J., Vitkova M., Hejda M., Kuskova K., Kutlvasr J., Moravcova L., Perglova
L., Pysek P., Sadlo J., Stanek M., Dajdok Z., Kapusta P., Malik K., Stefanowicz
A., Sutowicz S., Tokarska-Guzik B., Wiatrowska B., Kanka R., Kollar
J., Kubackova L., Palaj A. Do alien and native woody species differ in their impact
on vegetation and soil? 03-06.09.2024. 13th International Conference on
Biological Invasions NEOBIOTA, poster naukowy.

Malik K., Wieczorek K. Nearktyczny rodzaj Drepanaphis Del Guercio
(Hemiptera, Aphididae) — przeglad morf pokolenia obuptciowego. 15-17.09.2023.
Nadzwyczajny Zjazd Polskiego Towarzystwa Entomologicznego z okazji
jubileuszu 100-lecia i Konferencja Naukowa ,,Nowe horyzonty entomologii”,
Karkonoski Park Narodowy, Jelenia Géra-Sobieszow, Polska, poster naukowy.

Malik K., Bugaj-Nawrocka A., Wieczorek K. Taxonomical study of the genus
Drepanaphis Del Guercio (Hemiptera, Aphididae: Drepanosiphinae) based on
morphological analysis. 25.06-01.07.2023. 9th European Hemiptera Congress,
Kurdéjov, Czechy, poster naukowy.
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8. Malik K., Bugaj-Nawrocka A., Wieczorek K. Analysis of the distribution of the
genus Drepanaphis Del Guercio, 1909 based on museum data. 11-17.09.2022. XI
International Anniversary Symposium on Aphids, Targanice, Polska, poster

naukowy.
9. Malik K. Drepanaphis acerifoliae — can the Nearctic aphid take over Europe? 11—

17.09.2022. XI International Anniversary Symposium on Aphids, Targanice,
Polska, prezentacja ustna.

10.3 Staze i szkolenia

1. Weryfikacja okazoéw mszyc zrodzaju Drepanaphis Del Guercio (Hemiptera,
Aphididae: Drepanosiphinae) zdeponowanego w kolekcji Muzeum Historii
Naturalnej w Paryzu. 19.11-22.11.2024, Francja.

2. Szkolenie bioinformatyczne z zakresu analizy filogenetycznej. 20-26.10.2024,
Uniwersytet w Bergen, Norwegia. Finansowanie w ramach konkursu Mobilno$¢
studentoéw i doktorantéw US w ramach projektu HarSval.

3. Weryfikacja okazéw mszyc zrodzaju Drepanaphis Del Guercio (Hemiptera,
Aphididae: Drepanosiphinae) zdeponowanego w kolekcji Muzeum Historii
Naturalnej w Londynie. 24-27.09.2024, Wielka Brytania.

4. Staz naukowy w laboratorium UMR CBGP, Centre de Biologie pour la Gestion
des Populations. Montpellier sur Lez cedex (INRAE). 18-25.05.2024, Francja.

5. Staz naukowy w laboratarium UMR CBGP, Centre de Biologie pour la Gestion
des Populations. Montpellier sur Lez cedex (INRAE). 16-21.04.2023, Francja.

6. Staz naukowy w Stanach Zjednoczonych, w kolekcji entomologicznej the
Smithsonian National Museum of Natural History (Washington D.C.) oraz the
Systematic Entomology Laboratory (Beltsville) w ramach konkursu PROM
programu Narodowej Agencji Wymiany Akademickiej (NAWA) —
miedzynarodowa wymiana stypendialna doktorantéw i kadry akademickiej US,
15.09-14.10.2022, USA.

7. Werytikacja okazéw mszyc zrodzaju Drepanaphis Del Guercio (Hemiptera,
Aphididae: Drepanosiphinae) zdeponowanego w kolekcji Lund Museum
of Zoology (MZLU), 17.05-24.05.2022, Szwecja.

10. 4 Projekty badawcze

Beneficjentka stypendium naukowego w projekcie (Weave-UNISONO:
2022/04/Y/NZ8/00057) pt.: Impact of alien and native woody plants on vegetation and
soil (IMPAWOS): two sides of the same coin? Udziat w projekcie w roli stypendysty na
okres 24 miesigcy (wrzesien 2022 — pazdziernik 2025).
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10.5 Nagrody i wyrdznienia

1.

Zajecie I miejsca w konkursie na najlepszy poster dla mlodych naukowcow
podczas 54. Walnego Zjazdu Polskiego Towarzystwa Entomologicznego oraz
Konferencji Naukowej PTEnt w Lublinie 11-14.09.2025, poster naukowy pt.:
Filogeneza molekularna i charakterystyka konsorcjow endosymbiotycznych
mszyc z rodzaju Drepanaphis (Hemiptera, Aphididae, Drepanosiphinae).

Stypendium projakosciowe na rok akademicki 2024/2025, Szkota Doktorska,

Uniwersytet Slaski w Katowicach.
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11. Prace naukowe wchodzace w sklad cyklu stanowiacego podstawe

rozprawy doktorskiej
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The genus Drepanaphis del Guercio currently includes 16 species, all of which are found in North Ameri-
ca. Representatives of this genus are narrow oligophages associated mainly with plants of the genus Acer:
Previous studies have focused only on the morphology of selected species, while not considering their
geographical distribution. Among all species, the painted maple aphid Drepanaphis acerifoliae deserves
particular attention, because it represents the broadest range in North America and is the only species of
this genus to be found outside of its natural range, i.e. in Europe. Thanks to suitable niche modelling based
on a maximum entropy model, we were able to present maps with the potential distribution of D. acerifoliae
in its natural range. In North America, its distribution coincides with the natural range of the host plants
(native to the eastern part), as well as the areas where they are planted (the western part). An extrapolation
of these results to the area of Europe allowed for the designation of places where the aphids can find su-
itable climatic conditions for developing and expanding their spatial distribution. The model indicated the
Mediterranean basin, almost all of Italy, excluding mountainous areas, Spain, Portugal, France, Belgium,
the Netherlands, the western part of Germany, the southeast and central part of Great Britain, Hungary and
the Balkan Peninsula. In a more continental view, the model pointed to areas stretching from the middle
of eastern Ukraine, including Crimea, through Russia, to northern parts of Kazakhstan along the border
with Russia. Additionally, the impact of climate change on the spread of the species within the next 80
years was analysed, both in North America and Europe. Models considering the potential future climate
changes indicate that D. acerifoliae may find suitable niches further north of its current ranges. In North
America, this is mostly areas of eastern Canada, while in Europe it includes the central and eastern part
and the Asian part of Russia.

Key words: ecological niche modelling, climate change simulations, maple, biological control, pest risk.
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and Environmental Protection, Faculty of Natural Sciences, University of Silesia in Katowice, Poland.
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The Acer genus, also known as the maple, is a di-
verse taxon of trees found mainly in the northern
hemisphere (Grimm et al. 2007). Trees of this ge-
nus reach a height of 42 m and are characterised by
oppositely arranged leaves, as well as open, irregu-
lar crowns, and a long or short trunk (Geyer et al.
2010). The ancestor of this group of plants probably
came from eastern Asia, where as many as 130 out
of approximately 150 known species originated (Li

et al. 2019; Areces-Berazain et al. 2020). Other spe-
cies are present in Europe, western Asia and North
America (Li et al. 2019). A reconstruction of the
evolutionary unfolding of the Acer species showed
that in North America, the species in the western and
eastern parts probably had two independent sources
of migration (Renner et al. 2008; Areces-Berazain
et al. 2021). The current Acer classification divides
the group into 18 sections, some of which are also
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subdivided into series (Davis 2021). Phylogenetic
analyses indicate that most sections of the Acer are
monophyletic, but the relationship between the sec-
tions is still unclear (Li et al. 2019). Maples stand
out owing to their variety of growth habits, cold re-
sistance and adaptability. That is why they are often
chosen for planting in urban spaces, and they some-
times do very well in such environments (i.e. Uhrin
etal.2018; McDermot et al. 2020). For example, the
silver maple (Acer saccharinum L.), which occurs
mainly in North America, is one of the fastest grow-
ing deciduous trees in the eastern and mid-western
forests, it competes well with other plants and its
seeds germinate rapidly (Geyer ef al. 2010). The
sugar maple (Acer saccharum Marsh.), which is also
abundant in North America, is a source of the popu-
lar maple syrup and is one of the most important tree
species in this region (Minorsky 2003).

Because of the valuable nutritional properties of
the sweet phloem sap, maples are often attacked
by various groups of insects, including aphids. The
aphid genera that are specific to Acer spp. are mainly
from the subfamilies Chaitophorinae and Drepa-
nosiphinae (Blackman & Eastop 2022). The subfam-
ily Drepanosiphinae includes five genera and 37 spe-
cies related to different geographic regions (Remau-
diére & Remaudicre 1997; Favret 2022). Drepanaphis
del Guercio, 1909 is the most speciose genus in this
subfamily, represented by 16 species that are distrib-
uted in its natural range in North and Central Amer-
ica. This genus consists of monoecious, holocyclic
species whose sexual generations develop in the au-

tumn. All species of the genus Drepanaphis are as-
sociated with different Acer spp., except D. monelli
(Davis, 1909) which feeds on Aesculus spp. (Smith
& Dillery 1968; Blackman & Eastop 2022).

The most common species in this genus, the painted
maple aphid D. acerifoliae (Thomas, 1878) (Fig. 1),
has also been recorded in Europe. Its occurrence has
been reported in Italy (Lozzia & Binaghi 1992; Co-
lombo et al. 1996; Barbagallo et al. 2008; Barba-
gallo & Cocuzza 2014), Spain (Perez Hidalgo et al.
2008), Hungary (Ripka 2010) and Serbia (Petrovi¢-
Obradovic¢ et al. 2018, 2021). Drepanaphis acerifo-
liae is the only species to be associated with more
than one species of the genus Acer: A. saccharinum,
A. saccharum and A. rubrum L. (Smith & Dillery
1968; Blackman & Eastop 2022). However, in Eu-
rope, this species has been found exclusively on
A. saccharinum (Petrovi¢-Obradovi¢ 2021), which
was introduced to the area by Sir Charles Wager in
1725. Acer saccharinum spread quickly as an orna-
mental species (Harris 1991) and was naturalised,
i.e. in Belgium (Ronse 2011), France (Tison & de
Foucault 2014), Germany (Aas et al. 2010) and the
British Isles (Stace 2010).

Since maples also occur naturally in Europe, par-
ticularly from the same section as A. saccharum, and con-
sidering the fact that D. acerifoliae is an oligopha-
gous species with the potential to change its host,
we cannot exclude the risk that it may also feed
on other Acer species. This provides an additional
justification for interest in the invasive potential of
this species. In its natural range, the painted maple

Fig. 1. Drepanaphis acerifoliae (Thomas, 1878). Alate viviparous 9. (a) Live specimen. Image copyright V. Charny, under the Creative
Commons 3.0 Licence; and (b) lateral general view. The lateral view reveals the long, finger-like dorsal abdominal tubercles that are

characteristic of the Drepanaphis species (indicated by arrows).
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aphid is considered to be a common pest of maples
growing in urban areas. Infestations result in die-
back and aesthetic damage, i.e. leaf discolouration
and premature leaf drop. Severe infestations can also
lead to the production of large amounts of honey-
dew, which covers the leaves and the surfaces and
objects (i.e. cars) beneath the trees. It also facilitates
the production of sooty mould fungi, which can in-
jure plants (Dreistadt & Flint 1995). The problems
with invasive species are becoming more and more
noticeable in the context of climate change. For
many insect species, increased levels of atmospheric
greenhouse gases and a higher temperature may in-
crease the probability of their spreading to new habi-
tats (i.e. Dukes & Mooney 1999; Bergant et al. 2005;
Bale and Hayward 2010). Global climate change can
significantly impact the species’ survival, reproduc-
tion, spread and population dynamics. It can also
modify the relationships between the environment,
pests and their natural enemies (Prakash ez al. 2014).

Due to the pest status that this aphid has in its natu-
ral range and its expansion in Europe, we decided:
(D to evaluate the range of D. acerifoliae in relation
to the natural range of its host plants; (II) to predict
the potential current distribution of D. acerifoliae in
its natural range and additionally in Europe, from
which it is already listed; (III) to predict the poten-
tial past distribution of D. acerifoliae, to determine
where its place of origin could potentially be, and
whether it is consistent with the assumption of the
evolutionary unfolding of the Acer species; and (IV)
to indicate areas potentially at risk of invasion by
this species on a global scale, significantly beyond
its Nearctic range, using modelling for future cli-
mate scenarios.

Materials and Methods

Occurrence data

The occurrence data was obtained from the scien-
tific literature, as well as specimens studied in mu-
seum collections and biodiversity databases. The
search was based on keywords, i.e. the name of the
species and its synonyms. Museum curators were
asked to provide information about their collections.
Photographs of the preparations were provided from
the collections in which specimens of the discussed
species were identified. Some of them were also ex-
amined in the collections during a personal stay. We
excluded the records with unspecified or unknown

localities. The Geographic Distance Matrix Genera-
tor 1.2.3 was used to calculate the geographic dis-
tance between each pair of localities (Boria et al.
2014; Ersts 2016). To reduce the inherent geographic
biases (the effect of spatial autocorrelation) associ-
ated with the collecting methods, we removed points
closer to each other than 10 km. Overall, 90 unique
occurrence localities were compiled for the repre-
sentatives of D. acerifoliae in North America and
22 in Europe. All the localities were georeferenced
using Google Earth 7.3.2.5776 (Google Inc. 2022;
http://www.google.com/earth/index.html) (coordinates
were collected in decimal degrees, datum: WGS84).
Details of the occurrence localities used during the
modelling process are available in Supplementary
Material 1 (SM.01).

Environmental predictors, climate classification
and terrestrial ecoregions

We used 19 current bioclimatic variables obtained
from the WorldClim 2.0 dataset (SM.02) (Fick
& Hijmans 2017; http://www.worldclim.org) and
downscaled the paleoclimate data for the Last In-
terglacial (LIG; ~120,000—140,000 years ago), the
Last Glacial Maximum (LGM; between 26,500 and
19,000-20,000 years ago) and the Mid-Holocene
(about 6,000 years ago) from the WorldClim 1.4
dataset (Hijmans ez al. 2005). The influence of pos-
sible global climate change on the potential distri-
bution of D. acerifoliae was estimated for four dif-
ferent periods (2021-2040, 2041-2060, 2061-2080
and 2081-2100) and for four future representative
shared socioeconomic pathways (SSPs) (SSP1-2.6,
SSP2-4.5, SSP3-7.0 and SSP5-8.5). The mean values
of the modelling results for the three future climate
scenarios were obtained from the Coupled Model In-
tercomparison Project Phase 6 (CMIP6): ACCESS-
ESM1-5, CNRM-ESM2-1 and MIROC-ES2L.

Since only climate variables were used in the
modelling, to help in understanding which types of
climate are most favourable for the occurrence of
D. acerifoliae, we used the Koppen-Geiger climate
classification system (Peel ef al. 2007). The places
where representatives of the species occurred were
plotted on a raster with the climate classification
data, and the raw data was obtained. Using SAGA
GIS, the resulting rasters from MaxEnt were plotted
on a raster of the Koppen-Geiger climate classifica-
tion.

The natural range outlines for the major host plants
were taken from http://databasin.org (Fig. 2) (Conserva-
tion Biology Institute (CBI) 2023; the maps are a digital
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representation of the tree species range maps from the
Atlas of the United States Trees by Little (1971)).

To determine which main plant communities
D. acerifoliae is associated with, we used terrestrial
ecoregions which were based on Olson and Diner-
stein (2002), Bailey (1995) and Wiken (1986), modi-
fied by The Nature Conservancy (TNC — an Ameri-
can charitable environmental organisation). This bi-
ogeographic regionalisation contains 814 terrestrial
ecoregions classified into 14 different biomes.

We used SAGA GIS 7.8.2 (Conrad et al. 2015;
SAGA Development Team 2022) to extract raw en-
vironmental data from all raster layers of the spe-
cies occurrence records. We performed a Spearman
rank correlation test in the Excel (ver. 2207) add-in
program Analysis ToolPak (Microsoft Corporation
2022), to minimise the number of variables by dis-
carding those that were highly correlated (r > 0.75)
(SM.02).

Ecological niche modelling

We used MaxEnt (version 3.4.1; http://www.
cs.princeton.edu/~schapire/maxent) to model the
D. acerifoliae niches and distribution. MaxEnt is
amachine learning software based on a maximum en-
tropy algorithm (Phillips ef al. 2006). As the default

settings in MaxEnt may not produce the best predic-
tions (Merow et al. 2014; Kumar et al. 2014; Samy
et al. 2016; Bugaj-Nawrocka et al. 2021), a different
combination of feature types (auto features; or linear,
quadratic and product features together (LQP)) and
regularisation multiplier values (ranging from 0.5 to
1.75) were used (SM.03).

If the models resulted in biologically nonsensi-
cal curves (i.e., highly jagged or multimodal), they
were removed or were ranked low. It was difficult
to distinguish environmentally-unsuitable areas
from those that were under-sampled. Therefore, to
deal with the likelihood that certain areas had fewer
records and that some places were poorly sampled,
we decided to use a method that gave meaning to
the records with few neighbours in the geographic
space. To weigh the selection of the background
points, to account for the sampling intensity and any
potential sampling bias, a bias file was implemented
in the MaxEnt modelling. A bias grid file was cre-
ated in SAGA GIS, and all the distribution records of
D. acerifoliae were weighted by a Gaussian kernel
with a standard deviation (SD) of 200 km (using the
kernel density estimation). A range of 200 km was
chosen, because we assumed that this aphid could
easily spread by several kilometres a year, sometimes
with short periods of irregular spreads. However, tak-

Map legend

known distribution of
. Drepanaphis acerifolice

I distribution range of
o Acer soccharinum

distribution range of
Acer rubrum

distribution range af
Acer saccharum

Fig. 2. Known distribution of Drepanaphis acerifoliae (Thomas, 1878) in North America (red dots), with the distribution ranges of its

host plants.
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ing into account the years from which most of that
reports came from (the 1930s to 1960s), we assumed
that over 60 years, a representative of this species
could have travelled 200 km or more in its natural
habitat. This was confirmed by the data collected
in Europe, where within a few years, D. acerifoliae
spread several hundred kilometres from the place of
its first finding. The resulting grid was then scaled to
have a minimum value of 1 and a maximum value of
20 (using grid normalisation) (see Elith et al. 2010;
Syfert et al. 2013). A ten-fold cross-validation was
performed, so all of the data was used for the valida-
tion, thus making better use of small data sets (Phillips
et al. 2006; Phillips & Dudik 2008). The logistic out-
put of MaxEnt with prediction values from 0 (unsuit-
able habitat) to 1 (optimal habitat) was selected.

We used the sample size corrected Akaike’s infor-
mation criterion (AICc and AAICc) (measures of the
relative quality of models for a given dataset; calculat-
ed using ENMTools (Warren et al. 2010)), the area un-
der the receiver operating characteristic (ROC) curve
(AUC) (the performance of the model and the weight
of the omission and commission errors) and the partial
area under the ROC curve (pAUC) (calculated using
Niche Analyst 3.0 (Qiao et al. 2015)) for the evalua-
tion of the models (SM.03).

The models were used to predict suitable niches
in present, past and future conditions. The resulting
maps for the potential past and present distribution
were prepared on a continental scale, where a spatial
resolution of 30 arc seconds (~1 km?) was selected.
A global scale was used for the potential future dis-
tribution with a spatial resolution of 60 arc seconds
(~2 km?) (downloaded from WorldClim; 30 arc sec-

onds spatial resolution grids were interpolated to
a 60 arc seconds spatial resolution). All of the maps
were prepared in QGIS 3.26.0 (QGIS Development
Team 2022; http://www.qgis.org) using the WGS84
datum and EPSG: 4326 or 3857 (Web Mercator).

Results

Evaluation of the models and importance of the
environmental predictors

In this study, we analysed the results from three pre-
diction periods: past (LIG, LGM and Mid-Holocene),
present and future (four time periods and four SSPs
(SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5)). The
training and test AUC values differed from random for
all of the models. The setting selection for the mod-
el was mainly chosen based on the results of pAUC,
AICc and AAICc (SM.03). We observed higher values
of pAUC, AICc and AAICc when we used the auto
features, regardless of the number of iterations. The
regularisation multiplier settings were also analysed,
and we found that a default value of 1 worked fine.
For the maximum number of iterations, the best results
were obtained with the value of 750 (SM.03).

A jackknife test (refer to SM.04 for more details and
MaxEnt outputs) showed that the mean temperature
of the warmest quarter (Bio10) was the environmental
variable that was the most informative by itself, and it
had a significant amount of information that was not
contained in the other variables (Fig. 3). The warmest
quarter in North America and Europe mostly covered
June to August. For humid subtropical climates and
subtropical highland climates, in the hottest months
the mean temperature is about 26.5°C; while for con-

Jackknife of AUC for D_acerifoliae

Bio04

Bio10

Bio12
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| with all variables =

Fig. 3. Results of a jackknife test of the variable importance using AUC on the test data for Drepanaphis acerifoliae (Thomas, 1878).
The jackknife test, in blue bars, shows the individual environmental variable importance relative to the red bar that shows all environ-
mental variables. The light blue bar represents the Area Under the Curve (AUC) when a specific variable is excluded from the model.
It demonstrates the information that the variable carries which is not present in other variables. A lower bar indicates that the variable
is more informative by itself. The values shown are averages over replicate runs.
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tinental climates it is about 22°C (and below). The
mean temperature in the places where D. acerifoli-
ae has been found is 21.8°C (min. 14.9°C in Mount
Mitchell, North Carolina, USA; and max. 27.3°C in
Lake Placid, Florida, USA). The precipitation dur-
ing the coldest quarter (Bio19) was also significant,
and the average rainfall for the studied areas from
December to February was 238 mm (min. 55 mm
in Winnipeg, Manitoba, Canada; and max. 540 mm
in Corvallis, Oregon, USA). The mean precipitation
seasonality (Biol5), a measure of the variation in the
monthly precipitation totals over the year, fluctuated
by around 24%. The most considerable fluctuations
were recorded in Los Angeles, California, USA; and
the smallest were recorded in Boston, Massachusetts,
USA. The mean values for the variable annual pre-
cipitation (Biol2) were around 1040 mm/m?/year
(min. 211 mm in Yakima, Washington, USA; and
max. 1801 mm in Mount Mitchell, North Carolina,
USA). The temperature seasonality (Bio04) had
a minor significance among the selected variables,
but still was important for the models. It is calcu-
lated as the standard deviation of the weekly mean
temperatures and expressed as a percentage of the
mean of those temperatures. In the case of our re-
search, it fluctuated around 8.6%, which means that

the standard deviation of the weekly mean tempera-
tures in the occurrence places was relatively small.

Potential species distributions and localities vul-
nerable to potential invasion

All the resulting maps show the median of the
output grid of ten model replicates. For the present
period in North America (Fig. 4) — the native range
of D. acerifoliae — the results suggest that the most
suitable areas for this species are located mainly in
the areas where it is already present. In the United
States, these include all eastern states to the border
of the eastern half of Wisconsin and lowa, the whole
of Missouri, part of Kansas, and the eastern halves
of Oklahoma and Texas. Conversely, in the west of
the United States there are fewer favourable areas,
mainly limited to Washington without the area of
the Cascade Range, the west coast of Oregon to the
border with the Cascade Range, California without
the Sierra Nevada and the Mojave Desert, the Snake
River Plain in Idaho, regions of Great Salt Lake and
the western parts of the Wasatch Mountains in Utah,
and the central part of Arizona within the Arizona
transition zone. In Canada, these areas are the Great
Lakes regions, the most southern areas of Ontario in-
cluding Ottawa, the southern regions near Montreal

Fig. 4. Model result of a potentially suitable ecological niche for Drepanaphis acerifoliae (Thomas, 1878) in North America at present.
Red dots represent the currently-known sites of the occurrence of the species. The colour scale shows the probability of a suitable
ecological niche. Black lines represent the current national boundaries and the internal divisions into states.
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in Quebec, and almost the entire area of New Brun-
swick. By contrast, the southernmost areas in North
America are located in Mexico, along the Sierra
Madre Occidental range.

In Europe (Fig. 5), the model indicated the Medi-
terranean basin as the main area with a suitable eco-
logical niche. It also indicated almost all of Italy,
excluding the mountainous areas in the north of
the country, Spain, Portugal, France, Belgium, the
Netherlands, the west part of Germany, the southeast
and central parts of Great Britain, Hungary and the
Balkan Peninsula. In all of the aforementioned areas,
mountainous areas were shown to be unfavourable.
From a more continental standpoint, the model also
pointed to areas stretching from the middle of east-
ern Ukraine, including Crimea, through Russia (the
oblasts: Belgorod, Voronezh, Rostov, Krasnodar,
Volgograd, Saratov and Orenburg), to northern parts
of Kazakhstan along the border with Russia. They
also included the territories of Georgia and Azerbai-
jan.

In West Asia, the model suggested almost the en-
tire territory of Tiirkiye, Iran (excluding desert ar-
eas), northern parts of Iraq, the north and west coasts
of Syria, Lebanon, Israel, Palestine and western Jor-

J'”

dan. It also indicated the northern part of the African
countries lying on the Mediterranean Sea — Morocco,
Algeria, Tunisia, Libya and Egypt (Fig. 5).

The results obtained for the last interglacial pe-
riod (~ 120,000-140,000 years ago) (Fig. 6) largely
pointed to the northern part of the east coast as the
area potentially most suitable for the development
of aphids (based on the conditions that are favour-
able for these insects at present). The results for later
periods showed that the conditions prevailing dur-
ing the last glacial maximum may have forced the
aphids to migrate south (Fig. 7). In turn, the condi-
tions during the Mid-Holocene favoured the further
spread of D. acerifoliae (Fig. 8).

The results for potential future climate changes in-
dicated that D. acerifoliae may find suitable niches
further north of its current ranges (SM.05). In North
America, areas of eastern Canada including Ontario,
Quebec, New Brunswick, Nova Scotia and New-
foundland will be the most vulnerable. In the sce-
narios for higher CO, concentrations (SSP3-7.0 and
SSP5-8.5), areas of British Columbia in the west of
Canada will also be exposed. Climate changes may
primarily affect the occurrence of D. acerifoliae in
central and eastern Europe and in the Asian part of

Fig. 5. Model result of a potentially suitable ecological niche for Drepanaphis acerifoliae (Thomas, 1878) in Europe, and partly for
Africa and Asia at present. Red dots represent the currently known sites of the occurrence of the species. The colour scale shows the
probability of a suitable ecological niche. Black lines represent the current national boundaries.
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Fig. 6. Model result of the potentially suitable ecological niches for Drepanaphis acerifoliae (Thomas, 1878) in North America during
the last interglacial period. The colour scale shows the probability of a suitable ecological niche. Black lines represent the current
national boundaries.

Fig. 7. Model result of the potentially suitable ecological niches for Drepanaphis acerifoliae (Thomas, 1878) in North America during
the last glacial maximum. The colour scale shows the probability of a suitable ecological niche. Brighter areas mark the boundary of
the continental land during the last glacial maximum (between 26,500 and 19,000-20,000 years ago). Black lines represent the current
national boundaries.
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Fig. 8. Model result of the potentially suitable ecological niches for Drepanaphis acerifoliae (Thomas, 1878) in North America during
the Mid-Holocene period. The colour scale shows the probability of a suitable ecological niche. Black lines represent the current

national boundaries.

Russia. The maps also showed a clear shift in the suit-
able niche to the territories of Great Britain, Germany,
Denmark, Poland, the Czech Republic, Slovakia,
Ukraine, Belarus, Lithuania, Latvia, Estonia, Finland
and the south of Sweden.

Climatic preferences and terrestrial ecoregions

The present potentially-suitable ecological niches of
D. acerifoliae were compared with the Koppen-Gei-
ger climate classification, to determine the possible
climatic preferences of the species (SM.04 — Fig. 3).
An analysis of the climate types of the known loca-
tions indicated that the representatives of D. acerifo-
liae prefer a temperate (humid subtropical) and conti-
nental climate (hot summer and warm summer humid
continental). A humid subtropical climate (Cfa) is
characterised by a mean temperature during the cold-
est month above 0°C (32°F), with at least one month
when the mean temperature is above 22°C (71.6°F)
and about four months above 10°C (50°F). Such cli-
matic conditions prevail in the southeastern part of the
United States.

A hot summer humid continental climate (Dfa)
has the coldest month with temperatures below 0°C
(32°F), but at least one month with the mean tem-

perature above 22°C (71.6°F) and about four months
above 10°C (50°F). Within North America, this cli-
mate includes the central and eastern United States.
In the warm summer subtype (Dfb), the average
temperatures in the warmest month are below 22°C
(71°F), and the winters are cold, with temperatures
usually well below -3°C (27°F). This subtype cov-
ers areas from about 42°N to 50°N latitude in North
America, but it can be found further west in the Ca-
nadian Prairie Provinces and below 40°N in the high
Appalachians. It is also found in much of Central
and Eastern Europe, southern and central parts of
Scandinavia, all the Baltic States, and parts of Ro-
mania, Bosnia and Herzegovina, and Tiirkiye. For
all the climate types mentioned above, there is no
significant precipitation difference between the sea-
sons.

Among all the individuals of D. acerifoliae we ex-
amined, 69% inhabited a temperate broadleaf and
mixed biome. Other inhabited areas include temper-
ate coniferous forests (10%), temperate grasslands,
savannas and shrublands (10%), Mediterranean for-
ests, woodlands and scrub (6%), and last of all de-
serts and xeric shrublands (3%) as well as boreal for-
ests/taiga (2%) (SM.04 — Fig. 4). As can be seen, this
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species is strongly associated with temperate forest
areas where, above all, the Acer species with which
this species is associated occur in their natural state.

Discussion

In our study, we predicted possible suitable eco-
logical niches and the climate change impact on the
global distribution of D. acerifoliae. We managed to
obtain 90 occurrence points for this purpose. On the
scale on which the modelling was carried out (con-
tinents and the whole world), this amount may be
insufficient to consider these results as final. Never-
theless, the research conducted on the impact of the
number of samples on the quality of models shows
that when using the algorithm implemented in Max-
Ent (which uses regularisation to avoid over-fitting),
such research attempts should not be rejected. Re-
search also shows that the data quality is often more
important than the quantity (Wisz et al. 2008; Mateo
et al.2010; Stea et al. 2019). In order to conduct our
research as well as possible, we additionally used
a bias file and tested various settings of the MaxEnt
software, as recommended by the authors of other
studies (Elith et al. 2010; Merow et al. 2013; Mo-
rales et al. 2017). Because many species are known
from relatively few records, our results highlight the
need to develop databases of specimen occurrenc-
es in museums or herbaria, and to raise awareness
among field researchers of the importance of sharing
data in open repositories.

In North America, the distribution of D. acerifoliae
coincides with the natural range of the host plants
(which are native to the eastern part of the conti-
nent; Fig. 2) and the areas where they are planted
(like the western part; Fig. 2). As the pest is direct-
ly dependent on its host, the model’s prediction of
a potential ecological niche also implies favourable
climatic conditions for the host plants (Fig. 4). In
Europe, the climatic conditions seem very suitable,
and the settleable area is extensive. Europe has been
a place where trade exchanges have taken place
for centuries, and as a result, it has been exposed
to the introduction of alien species that would not
normally have had such an opportunity without hu-
man participation (DAISIE 2009; Keller et al. 2011).
For example, the introduced A. saccharinum has be-
come a plant host for the parasitic European mistle-
toe Viscum album L., contributing to the spread of
this species throughout Europe (Kotodziejek et al.
2013; Varga et al. 2014). The spread of this species
outside cities and parks entails, among other things,
the threat of new pests. There are already reports

about the presence of the gall mite species Vasates
quadripedes Shimer, 1869, which is native to North
America and forms pouch galls on maple leaves. It has
spread across Europe and attacks only A. saccharinum
(Bruun & Soika 2013). The same scenario is pos-
sible for D. acerifoliae, as has been shown by the
introduction of other American aphids — Prociphilus
fraxinifolii (Riley, 1879), a pest of ash trees (Fraxinus
spp.); Myzocallis (Lineomyzocallis) walshii (Monell,
1879), associated with the red oak Quercus rubra (L.);
and Appendiseta robiniae (Gillette, 1907), a pest
of Robinia pseudoacacia L. Those are examples
of alien species that have been able to occupy the
whole of Europe in less than two decades, after the
first record of their presence in the continent (Mier
Durante & Nieto Nafria 1997; Petrovi¢ 1998; Ripka
et al. 1998; Osiadacz & Wieczorek 2006; Havelka &
Stary 2007; Barbagallo et al. 2008; Borowiak-Sob-
kowiak, Durak & Wilkaniec 2008; Tasheva-Terzieva
2008; Piron 2009; Modic 2010; Petrovi¢-Obradovié
et al. 2010; Caliskan et al. 2012; Halaj et al. 2016;
Wojciechowski et al. 2016; Orlova-Bienkowskaja &
Bienkowski 2021). Their spread is especially likely
when the foreign host plant is expansive, as in the
case of the red oak, which is treated as one of the
most frequent invasive trees from North America
in temperate European forests (Chmura 2020). We
described a similar scenario for species represent-
ing the genus Eulachnus, except that these taxa are
native to Europe and are invasive in North America
and Africa (Kanturski et al. 2016).

Since all the Acer species that are host plants for
D. acerifoliae are native to eastern North America
(A. saccharinum, A. saccharum and A. rubrum), the
model obtained for the last interglacial period seems
to be consistent with our assumption that the place
of origin for this species may be in the region of the
northeast United States, or around the Great Lakes.
However, a question remains about whether the pres-
ence of this species in the west of North America is
the result of its independent migration or the effect
of human interference, as in the case of its presence
in Europe. We are inclined to suspect the latter, as
the natural range of the host plants does not extend
to western areas. Instead, they are plantings, and be-
cause the local climatic conditions in the west are
similar to those in the east of North America, there
was no problem with adapting for both plants and
aphids. From the history of Acer spreading around
the world, it can be concluded that there are two
groups of D. acerifoliae host plants. Renner et al.
(2008) tried to reconstruct the evolutionary unfold-
ing of the Acer species (North American/Asian dis-
junctions) based on combined data from up to seven
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chloroplast loci and relaxed-clock rooting. They
established that the North American taxa probably
started to split from their Asian sister taxa at about
40 Ma, and kept up the rate of this speciation about
once per 5 Ma. Areces-Berazain et al. (2021) esti-
mated the divergence times between the New World
and Old World lineages to be 15 Ma earlier. Acer
species appeared first on the west coast of North
America, and migrations from the Eastern Palearctic
region to the Nearctic have occurred at least seven
times — starting from the early Eocene (4. glabrum
Torr. lineage) to the early Miocene (A. rubrum L. +
A. saccharinum L.). The ancestor of the sugar ma-
ple species (series Saccharodendron) known from
eastern North America probably reached from Eu-
rope via Iceland-Greenland by the beginning of the
Miocene (Areces-Berazain et al. 2021). Therefore,
A. rubrum and A. saccharinum represent the Rubra
section, and A. saccharum with its subspecies repre-
sent the Acer section. In Europe, the Acer section is
represented by A. garnatense, A. monspessulanum,
A. opalus, A. pseudoplatanus and A. sempervirens. If
D. acerifoliae has evolved along with the host plant,
there may be biological indications for it to adapt to
feeding on other species of the Acer section in Europe.

1992/1997/200°

G 0

Our model for the current period indicates areas
where D. acerifoliae has already been recorded,
such as Milan, Nola, Calendasco, Como and Car-
lazzo in Italy (Lozzia & Binaghi 1992; Colombo
et al. 1996; Barbagallo et al. 2008; Barbagallo &
Cocuzza 2014), Lleida and Leon in Spain (Perez Hi-
dalgo et al. 2008), Budapest and Cegléd in Hungary
(Ripka 2010), and Novi Sad and Belgrade in Serbia
(Petrovi¢-Obradovi¢ et al. 2018, 2021). However,
the introduction in Italy and Spain could have oc-
curred in two independent ways, as the map clearly
shows that mountainous areas may constitute a natu-
ral barrier to species dispersion (Fig. 9). France is
a potential area where the species can be expected
to be present already, or will occur soon. The pres-
ence of mountainous areas limits both of the roads
from Italy and Spain. Nevertheless, both now and
in the future, the area of France is one of the most
favourable for the occurrence of the aphid. We there-
fore recommend that appropriate French institutions
and researchers scan planted 4. saccharinum for the
presence of D. acerifoliae.

In general, the coastal region of the entire Mediter-
ranean Sea seems to have favourable climatic con-
ditions for D. acerifoliae, which means that when

2019/2020

Fig. 9. Known places of the occurrence of Drepanaphis acerifoliae (Thomas, 1878) in Europe (red dots) with the year of its identifica-
tion. The arrows indicate the possible directions of the spread of the species in Europe. The direction from Italy to Spain is marked
with a question mark, because the mountainous areas present on the path may have constituted a geographical barrier. Black lines

represent the current national boundaries.
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a host plant is found, the species may be present not
only in Europe but also in northern Morocco, Alge-
ria, Tunisia, Libya and Egypt. In addition, the model
shows suitable climatic conditions in the Middle
East, particularly in Israel, Palestine, Lebanon, Syria
and Tiirkiye. It is also highly recommended to moni-
tor the presence of D. acerifoliae throughout the Bal-
kan Peninsula, because the model shows the most
suitable climatic conditions there — the presence of
the host plants there may guarantee the dispersion
in this part of Europe and will also open the way
east to Tirkiye. Moreover, this species is already
present in Serbia (Petrovi¢-Obradovi¢ er al. 2018,
2021). Interestingly, the best climatic conditions
extend from the middle of eastern Ukraine through
Russia to Kazakhstan. They also include the territo-
ries of Georgia, Azerbaijan, and Iran. It is therefore
worthwhile for local biodiversity control services
to pay attention to the planting of A. saccharinum,
because it may introduce the aphid and lead to its
rapid dispersion. This is perhaps not the most real-
istic scenario due to the presence of the Ural range,
which is a good geographical barrier, but the future
introduction to this area could also present a threat of
the spread of this species to East Asia.

Our models under future climate conditions indicat-
ed that suitable areas for D. acerifoliae in the northern
hemisphere can be projected to expand northward.
This phenomenon appears to be common for many
other insect species — not only introduced ones. Many
studies have shown that over the past decades, spe-
cies inhabiting Europe and/or North America are in-
creasingly moving northward, expanding their range
in that direction (e.g. Régniere et al. 2012; Delava
et al. 2014; Klementova & Svitok 2014; Kistner 2017;
Félt-Nardmann et al. 2018; Rimsaité et al. 2022). On
the other hand, 4. saccharinum is also grown in tem-
perate parts of the southern hemisphere such as Ar-
gentina, Brazil and Uruguay (D1 lorio & Farina 2009;
www.gbif.org). Our results of the impact of climate
change on the spread of D. acerifoliae show the re-
sults for South America and include the abovenamed
countries and Paraguay. Thus, those countries should
also control the condition of aphid species and react
to the possible introduction of D. acerifoliae, even if
it seems that the current conditions in the southern
hemisphere may be too demanding.

The spreading of D. acerifoliae in future may be
limited by the lack of planting 4. saccharinum in Eu-
rope and Asia. However, there is a risk that this aphid
will change or expand its host plants over time. Due
to the climatic conditions, there is also a chance of
phenological asynchrony between the host and the

insect (van Asch & Visser 2007). Another worry-
ing phenomenon is that many invasive insects have
a wider range of thermal tolerance, beyond their
natural niche (Jarosik ez al. 2015). Natural methods
of biological control by using predators may also be
a solution, but unfortunately, only a few are known
for D. acerifoliae. Pérez Hidalgo et al. (2008) men-
tioned predation by Adalia bipunctata (Linnaeus,
1758), Anthocoris pilosus (Jakovlev, 1877) and Pas-
ser domesticus (Linnaeus, 1758). As previous authors
have also mentioned, we still need to gain a better
understanding of the biology of D. acerifoliae and
the factors influencing the dynamics of its popula-
tion. Additionally, as many indigenous natural en-
emies as possible should be identified in order to
implement a sustainable conservation scenario.
Nevertheless, prevention is crucial, as global trade
presents the main risk of introducing and spreading
this invasive insect species.
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Simple Summary: This study explores the aphid genus Drepanaphis, focusing on its diverse species
and their relationships with host plants across North America. The research includes a comprehensive
taxonomic revision, identifying 18 species with the addition of Drepanaphis robinsoni sp. nov. Detailed
descriptions and illustrations cover 44 morphs, including alate viviparous females, oviparous females
and males, accompanied by new identification keys. For the first time, sexual morphs of 15 species,
particularly oviparous females, are documented. Current range maps for all species and microscopy
images of key morphological features contribute to a more comprehensive understanding of this
genus, which has received limited study in the past.

Abstract: The Nearctic aphid genus Drepanaphis Del Guercio, 1909, the largest within the subfamily
Drepanosiphinae (Hemiptera: Aphididae), is characterised by distinctive dorsal abdominal tubercles.
This study presents a comprehensive taxonomic revision of the genus, expanding the recognised
species to 18, including the newly described Drepanaphis robinsoni Malik sp. nov. Detailed descriptions
and figures for 44 morphs, encompassing alate viviparous females, oviparous females and males,
are provided, with new identification keys for all known species and morphs. The sexual morphs
of 15 species, particularly oviparous females, are documented for the first time. Morphometric
and principal component analyses (PCA) are employed to distinguish the studied taxa. This study
identifies and corrects numerous misidentifications in museum collections, previously labelled as
D. acerifoliae, D. choanotricha, D. kanzensis, D. knowltoni, D. parva, D. sabrinae or D. tissoti. Furthermore,
it revalidates the distinct status of D. nigricans and D. tissoti, which had been synonymised in earlier
works. Current range maps for all species and images of key morphological features obtained through
light and scanning electron microscopy are also presented, providing a more complete understanding
of this understudied genus.

Keywords: Acer; aphids; North America; SEM; sexual morphs

1. Introduction

Aphids (Hemiptera: Aphididae) are a diverse group of insects, encompassing around
5600 species divided into 24 subfamilies [1]. They are widespread in temperate regions,
with some species exhibiting seasonal alternation between unrelated groups of host plants,
including angiosperms, gymnosperms and herbaceous plants [2]. Their life cycles, involv-
ing both sexual and asexual reproduction driven by adaptive radiation, contribute to their
variable phenotypic features [3]. This great diversity makes aphids a fascinating research
model with a complex role in ecosystems. On the one hand, aphids produce honeydew and
engage in mutualistic relationships with ants [4]. They also contribute to bioaccumulating
chemical elements from plants and contaminated soil [5]. However, they are significant
crop and ornamental plant pests, causing damage through direct feeding or the transfer of
plant pathogens [6].
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The subfamily Drepanosiphinae is a widely distributed group of aphids, currently
containing 40 species belonging to five genera. Research on the systematics of Drepanosiphi-
nae has mainly focused on the external morphology and molecular biology of the gen-
era Drepanosiphoniella Davatchi, Hille Ris Lambers and Remaudiére, 1957 [7]; Drepanosi-
phum Koch, 1855 [8]; Yamatocallis Matsumura, 1917 [9]; and Shenahweum Hottes & Frison,
1931 [10-15]. The genus Drepanaphis Del Guercio, 1909 [16], is the most numerous genus
within the subfamily, here revised to include 18 species with 44 known morphs. Species
from this genus are characterised by distinct dorsal tubercles on the abdominal segments,
very long antennae and reduced legs chaetotaxy. All Drepanaphis species are regarded as
Nearctic, with D. acerifoline (Thomas, 1878) [17] also introduced to Europe [18]. Most species
in this genus are similar in the body size and wax arrangement of the dominant morph,
alate viviparous females, making them difficult to distinguish. Species of this genus are
mostly monophagous, feeding primarily on different maple trees (Acer spp.), although
some are oligophagous. Exceptionally, the host plant of D. monelli (Davis, 1909) [19] is
buckeye (Aesculus glabra).

Thomas described the first species of the current genus Drepanaphis in 1878 as Siphonophora
acerifoliae [17]. At the end of the description of the new species, he included the following
sentence: “It is possible that this Aphis should be placed in Drepanosiphum, or a new
genus be formed for its reception”. Just a year later, in 1879, Monell classified S. acerifoliae
in the genus Drepanosiphum, changing the species name to Drepanosiphum acerifolii. For
years, most researchers hesitated to determine whether this species also belonged to the
genus Drepanosiphum. Finally, on 15 September 1909, Del Guercio [16], in “Revista di
Patologia Vegetale”, proposed a new genus for S. acerifoline—Drepanaphis. At the same
time, in September 1909, Davis proposed the genus Phymatosiphum for the same species in
the “Annals of the Entomological Society of America”. Davis referred to the suggestions
of H. Schouteden and H. F. Wilson that this was not a representative of Drepanosiphum.
Interestingly, Del Guercio described the new genus from material he received from Davis
himself. His footnote at the end of the article proves this: “Gli insetti esaminati ed in base
ai quali ho stabilito il genere indicato mi sono stati spediti gentilmente dal chiaro collega
J.J. Davis, al quale porgo anche in questa occasione sentiti ringraziamenti.” [transl. “The
insects examined and on the basis of which I established the indicated genus were kindly
sent to me by my good colleague J. J. Davis, to whom I also offer heartfelt thanks on this
occasion.”]. Therefore, if Davis had not shared the material mentioned with Del Guercio,
we would probably now be discussing the genus Phymatosiphum. Nevertheless, according
to the International Code of Zoological Nomenclature (ICZN), Art. 21.3, Del Guercio was
the first to describe the genus because its publication date is specified to the day.

Once the systematic position of this genus was established, new species were sub-
sequently described. Davis described Phymatosiphum monelli (1909) [19], which Gillette
synonymised as Drepanaphis monelli (1910) [20]. In 1931, Granovsky [21] described D. kesh-
enae; in 1937, Miller [22] proposed D. sabrinae. In 1941, Smith [23] described D. carolinensis,
D. kanzensis, D. nigricans, D. parvus, D. rubrum and D. spicata. However, in 1943, Smith
and Knowlton [24] described two more species—D. granovskyi and D. utahensis—and at
the same time concluded that D. rubrum is a synonym of D. parvus. Smith described two
additional species—D. tissoti in 1944 [25] and D. simpsoni in 1959 [26]. Then, in 1968, Smith
and Dillery [27] carried out the first revision of the genus Drepanaphis, describing four more
new species—D. choanotricha, D. idahoensis, D. knowltoni and D. saccharini. The last species,
described by Richards in 1969, was D. pallida [28].

As already mentioned, this genus was revised by Smith and Dillery in 1968 [27], and
since then, this has been the most reliable source of information about the Drepanaphis
species. The publication provided important information about the morphology of winged
viviparous females, but little attention was given to the descriptions of oviparous females
and males. The authors primarily studied interspecific relationships and categorised mor-
phological groups to represent differences between species within a genus. However, they
focused extensively on the features of the nymphs without considering the morphological



Insects 2024, 15, 553

3 of 67

characteristics of the adults. Due to the high similarity of winged forms and the lack of
distinct morphological characters between species, the species identity of D. nigricans and
D. tissoti has been questioned, as has that of D. pallida and D. simpsoni [29].

Therefore, the aim of this study is to perform a comprehensive revision of the genus
Drepanaphis that considers the variability in species across different regions of North Amer-
ica. This study seeks to document the sexual morphs of 15 species for the first time,
including the description of all oviparous females, and to provide comprehensive identifi-
cation keys for all known species and morphs. A principal components analysis (PCA) is
utilised to elucidate relationships among species within the various morphological groups
identified in the genus, clarifying the status of the most similar species. Additionally, by
examining museum specimens, a new species is described, Drepanaphis robinsoni sp. nov.,
which was previously confused with two other species. It also aims to correct numerous
misidentifications of specimens previously mislabelled. Lastly, this study intends to present
updated range maps for all species and provide images of key morphological features
using light and scanning electron microscopy, thereby contributing to a more complete
understanding of this historically understudied genus.

2. Materials and Methods
2.1. Study Material and Light Microscopy

A total of 652 microscopic slides and 1382 individuals were examined (1055 alate
viviparous females, 61 oviparous females, 42 males and 223 undetermined specimens).
Freshly collected samples were preserved in 70% ethanol. Insects were slide mounted using
the method of Wieczorek [30]; examined using light microscopes: a Nikon Ni-U, equipped
with a phase contrast system and a Leica DM 3000 LED; and photographed using a Leica
MC 190 HD camera (Leica Microsystems GmbH, Wetzlar, Germany). The measurements
were taken according to Ilharco and van Harten [31] and are given in millimetres. Voucher
specimens were deposited in the entomological collection of the University of Silesia in
Katowice, Poland (DZUS). Actual host plant names are given according to the WFO Plant
List [32]. Final figure processing was performed using Photoscape X 4.2 (photoscape.org,
accessed on 20 June 2024). The drawings were prepared manually and then scanned
and processed in Photoscape. The dimensions are the average value of several/dozen
measurements of individual appendages.

The following abbreviations (in the descriptions, re-descriptions, tables and Supple-
mentary Materials) were used: ABD—abdominal tergite or tergites; ANT—antennae or
their lengths; ANT I-VI—antennal segments from I to VI or their lengths (ratios between an-
tennal segments are given as “III/IV”); BASE—basal part of the last antennal segment or its
length; BL—body length; DAT—dorsal abdominal tubercles; FEMUR I—fore femur length;
FEMUR II—middle femur length; FEMUR III—hind femur length; HW—head width across
compound eyes; HT Il—second segment of hind tarsus or its length; PT—processus ter-
minalis of the last antennal segment or its length; SIPH—siphunculi sclerite width; TIBIA
[II—hind tibia length; URS—ultimate segments of rostrum (IV + V) or their lengths.

The material studied was loaned from the following depositories: Biologické centrum
IECA—The Biology Centre of the Czech Academy of Sciences; INHS Insect Collection—Illinois
Natural History Survey Champaign, Illinois; MNHN—Muséum national d'Histoire naturelle,
Paris, France; MZLU—Museum of Zoology, Lund University, Sweden; MZPW—Museum of
the Zoological Institute of the Polish Academy of Sciences, Warsaw; NHMUK—Natural
History Museum, London, United Kingdom; USNM—United States National Museum,
Smithsonian Institution, Washington, DC, United States; ZMUC—Zoological Museum,
University of Copenhagen, Copenhagen, Denmark; A. Jensen’s private collection.

The holotype of the new species is deposited at the NHMUK. Paratypes will be
deposited at the NHMUK and DZUS.

Quoting the labels of the specimens, a double slash (//) is used to divide data on
different labels. Notes and information about the collection are in square brackets [ ].
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2.2. Scanning Electron Microscopy

Specimens for scanning electron microscopy (SEM) analysis (five individuals) were
preserved in 70% ethanol. The samples were dehydrated using serial baths of 80%, 90% and
96% ethanol—20 min for 80% ethanol, 15 min for 90% ethanol, 10 min for 96% ethanol and
two baths of absolute alcohol for 10 min each. Dehydrated samples were dried using a Leica
EM CPD300 automated critical point dryer (Leica Microsystems, Vienna, Austria). Dry
samples were mounted on aluminium stubs with double-sided adhesive carbon tape and
sputter coated with a 30 nm gold layer in a Safematic CCU-010 high-vacuum sputter coater
(Safematic GmbH, Zizers, Switzerland). The specimens were imaged with Hitachi SU8010
(Hitachi High-Technologies Corporation, Tokyo, Japan) and Phenom XL (Phenom-World
B.V., Eindhoven, The Netherlands) field emission scanning electron microscopes. Final
figure processing was performed using Photoscape X 4.2 (photoscape.org, accessed on
20 June 2024).

2.3. Statistical Analysis

A principal components analysis (PCA) was conducted based on the data recorded
from individual specimens. Data sets (Tables S1 and S2) with morphometric variables, mor-
phometric ratios and morphological characters for alate viviparous females (52 characters),
males (51 characters) and oviparous females (46 characters) were tested with multiple cor-
relation analysis, and the variables with the lowest redundancy values were finally selected.
Six morphometric variables, ten morphometric ratios and eight morphological characters
were selected for the 213 alate viviparous females of the genus Drepanaphis (see Table S3 for
details). For the 30 males (see Table S4 for more information), four morphometric variables,
11/12 morphometric ratios and nine morphological characters were selected. In turn, for
the 43 oviparous females (see Table S4 for more information), five morphometric variables,
13 morphometric ratios and six morphological characters were selected (all variables are
listed in Tables S1 and S2). Before the PCA, each character was converted to zero mean and
unit standard deviation within reduced data sets, so the same weight was given to all of
them. The PAST software ver. 4.13 [33] was used for multivariate analyses. Since we have
already analysed distinctiveness at the generic level with representatives of Drepanaphis
and the closely related genera Drepanosiphum and Drepanosiphoniella, we will not repeat it
here and will refer to the previous publication [12].

2.4. Occurrence Data and Preparation of Maps

The occurrence data were obtained from the scientific literature, specimens stud-
ied in museum collections, fieldwork in the USA in September 2022, iNaturalist (www.
inaturalist.org, accessed on 12 June 2024) [34] and biodiversity databases (GBIF Occurrence
Download [35], https://doi.org/10.15468 /dl.nsv6vq, accessed on 12 June 2024). Museum
curators were asked to provide information about their collections (photographs of the
preparations were provided). Some specimens were also examined in the collections during
the personal stay of the first author. Databases were searched based on keywords, i.e., the
name of the species and its synonyms. All records with unspecified or unknown localities
were excluded.

Alllocalities of the studied species were georeferenced using Google Earth ver. 10.38.0.0
(Google Inc. [36], Mountain View, CA, USA) (geographical projection, decimal degrees,
datum: WGS84). The ranges of host plants were based on data obtained from http:
/ /databasin.org, accessed on 12 June 2024 (Conservation Biology Institute (CBI) [37];
the maps are a digital representation of the tree species range maps from the Atlas of the
United States Trees by Little [38]). Maps were prepared using Quantum GIS ver. 3.30.1
(QGIS Development Team [39]) using the WGS84 datum and EPSG: 4326 or 3857 (Web
Mercator). The data on the distribution of individual species will be published in the GBIF.
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3. Results
3.1. Taxonomy

Genus Drepanaphis Del Guercio, 1909

Type species Siphonophora acerifoliae Thomas, 1878, by original designation.

Diagnosis: Dominant morph is alate viviparous female, characterised by distinct dorsal
abdominal tubercles, variably developed on ABD I-IV (Figure 1). Oviparous females
apterous, males alate. All morphs with rounded secondary rhinaria on ANT III. Primary
and accessory rhinaria on BASE ciliated (Figure 2). Pterostigma distinct, darkly pigmented,
with small area inside without pigmentation or palely pigmented, large area inside without
pigmentation (Figure 3). Fore femora pale, dark or darker dorsally (Figure 4). Siphunculi
tubular or flask-shaped (Figure 5), placed on ABD VI, swollen at base, without subapical
reticulation. Almost all species are associated with species of Acer, except for D. monelli,
which is found on species of Aesculus. They usually do not form dense colonies and are not
attended by ants.

1 mm

1mm

(Ml)ﬁ (N) (O)W

1 mm

(R)

1mm 1mm

Figure 1. Lateral arrangement of dorsal abdominal tubercles of alate viviparous females of the
genus Drepanaphis: (A) D. acerifoliae, (B) D. carolinensis, (C) D. choanotricha, (D) D. granovskyi, (E) D.
idahoensis, (F) D. kanzensis, (G) D. keshenae, (H) D. knowltoni, (I) D. monelli, (J) D. nigricans, (K) D. parva,
(L) D. robinsoni sp. nov., (M) D. sabrinae, (N) D. saccharini, (O) D. simpsoni, (P) D. spicata, (Q) D. tissoti,
(R) D. utahensis.

71:7750680433
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(A)

—

Figure 2. Antennal segment VI base with primary rhinarium (bigger) and accessory rhinaria (smaller)
of alate viviparous females of the genus Drepanaphis: (A) D. acerifoliae, (B) D. choanotricha, (C) D.
sabrinae, (D) D. tissoti.

Shared morphological characters of alate viviparous females of the genus Drepanaphis

Body slender, pale, with various pigmentation patterns on legs. Head separated from
pronotum, abdominal segments not separated from one another. Head with little-developed
antennal tubercles, with postero-dorsal, latero-dorsal and fronto-orbital setae (Figure 6A).
Compound eyes with numerous ommatidia and well-developed triommatidia (Figure 6A).
Rostrum ends between fore and middle coxae. Ultimate rostral segments with two pairs of
primary setae and four to seven pairs of accessory setae, variable within species (Figure 6B).
Antennae six-segmented. Antennal segment II shortest; antennal segments IV and V similar
in length; processus terminalis longest. Antennae covered with pointed, short, colourless
setae. On ANT I-II 0.01-0.02 mm long (on ANT I more abundant on apical part of segment);
on ANT III-VI 0.005-0.01 mm long. ANT I with 8-12 setae, ANT II with 2-5 setae, ANT III
with 40-50 setae, ANT IV with 12-18 setae, ANT V with 7-9 setae, BASE with 2-3 setae (type
I trichoid sensilla), PT with 2 subapical and 1 apical setae (type II trichoid sensilla). ANT
III with 2-22 rounded secondary rhinaria (small multiporous placoid sensilla; Figure 6D).
Apical part of antennal segment V with one primary rhinarium (big multiporous placoid
sensillum; Figure 6F). Base of antennal segment VI with 1 primary (major) rhinarium (big
multiporous placoid sensillum) and 4-11 accessory rhinaria (small multiporous placoid
sensilla) adhering to primary rhinarium, number of which may vary between species.
Above and below major rhinarium, additional primary rhinaria present (Figure 6E). All
rhinaria with ciliated cuticle edges (Figure 6D-F). Fore wings with radius strongly curved,
media twice branched. Hind wings with media present. Dorsal abdominal tubercles
(Figure 6G) with trichoid sensilla type I at ends (Figure 6H). Dorsal setae pointed, blunt
or forked. Siphunculi flask-shaped or tubular (Figure 6]). Apex of siphunculi with well-
developed, strong flange and well-developed operculum on siphuncular pore (Figure 6K).
Fore femora dark dorsally or pale, hind femora pale, smudged or with dark stripes on distal
parts. Legs covered by not numerous, 0.01-0.05 mm long, fine setae with pointed apices.
Femora with smaller amount of setae, and tibiae with more abundant setae, especially at

72:1156369153
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end (Figure 6C). First tarsal segments 4:4:4, empodial setae spatulate (Figure 6I). Cauda
knobbed, with 4-6 long, fine and pointed setae (Figure 6L). Anal plate and genital plate

covered by numerous fine and pointed setae.

(A) (B) (C)
' c 2 ’ 3 E
(D) (E) )
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= SIS e 3
¥ 1K) W
£ . E| |5 = .
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Figure 3. Pterostigma of the fore wing of alate viviparous females of the genus Drepanaphis: (A) D.
acerifoliae, (B) D. carolinensis, (C) D. choanotricha, (D) D. granovskyi, (E) D. idahoensis, (F) D. kanzensis,
(G) D. keshenae, (H) D. knowltoni, (I) D. monelli, (J) D. nigricans, (K) D. parva, (L) D. robinsoni sp. nov.,
(M) D. sabrinae, (N) D. saccharini, (O) D. simpsoni, (P) D. spicata, (Q) D. tissoti, (R) D. utahensis.

73:1328190324
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(A) (B) (C)

0.2 mm

0.2 mm

Figure 4. Fore femora of alate viviparous females of the genus Drepanaphis: (A) D. acerifoliae, (B) D.
carolinensis, (C) D. choanotricha, (D) D. granovskyi, (E) D. idahoensis, (F) D. kanzensis, (G) D. keshenae,
(H) D. knowltoni, (I) D. monelli, (J) D. nigricans, (K) D. parva, (L) D. robinsoni sp. nov., (M) D. sabrinae,
(N) D. saccharini, (O) D. simpsoni, (P) D. spicata, (Q) D. tissoti, (R) D. utahensis.

74:4295499911
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Figure 5. Siphunculi of alate viviparous females of the genus Drepanaphis: (A) flask-shaped in
D. acerifoliae, (B) flask-shaped in D. carolinensis, (C) flask-shaped in D. choanotricha, (D) tubular in
D. granovskyi, (E) flask-shaped in D. idahoensis, (F) flask-shaped in D. kanzensis, (G) flask-shaped
in D. keshenae, (H) flask-shaped in D. knowltoni, (I) tubular in D. monelli, (J) flask-shaped in D.
nigricans, (K) flask-shaped in D. parva, (L) flask-shaped in D. robinsoni sp. nov., (M) tubular in D.
sabrinae, (N) flask-shaped in D. saccharini, (O) tubular in D. simpsoni, (P) flask-shaped in D. spicata,
(Q) flask-shaped in D. tissoti, (R) tubular in D. utahensis.

Shared morphological characters of oviparous females of the genus Drepanaphis

Body pear-shaped or oval with elongated end of abdomen. Dorsal abdominal tubercles
absent. ANT III without or with single, small, rounded secondary rhinaria. BASE with
1 rounded primary rhinarium with ciliated edge and 6-7 very small accessory rhinaria,
adhering to primary rhinarium. Dorsal setae arranged in marginal, pleural and spinal rows.
ABD I-VI with blunt setae distributed on well-developed sclerites. ABD VII-VIII with
pointed setae. Hind tibiae with rounded pseudosensoria, mostly arranged along almost
their entire lengths. Cauda knobbed with numerous setae.

Shared morphological characters of alate males of the genus Drepanaphis

General characters like in alate viviparous females. ANT III-V with numerous, small,
rounded secondary rhinaria. BASE with 1 rounded primary rhinarium with ciliated edge
and 4-5 very small accessory rhinaria, adhering to primary rhinarium. Abdomen with
well-developed dorsal sclerotisation, especially on ABD IV-V. Dorsal abdominal tubercles
smaller and less visible than in alate viviparous females. In some species inconspicuous.
Cauda more or less knobbed, with five long, fine, pointed setae. Genitalia dusky, except for
D. granovskyi, with genitalia distinctly darkly pigmented. In all known males parameres
large, lobate, except D. simpsoni, with parameres much smaller and elongated. Parameres
and basal part of phallus covered with numerous short setae. Distal part of sclerotised
arms rather long and thin, whereas proximal part shorter and wider.
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Figure 6. Scanning electron microscopy (SEM) of the most important generic features of the genus
Drepanaphis on the basis of the type species D. acerifoliae: (A) dorsal view of head showing compound
eyes (e), little-developed antennal tubercles (at), fronto-orbital setae (f-0), postero-dorsal head setae
(p-d) and latero-dorsal head setae (I-d); (B) ultimate rostral segments with trichoid sensilla (solid
arrow), apex of rostrum with basiconic sensilla (dotted arrow); (C) ultrastructure of fore femora;
(D) ANT III with secondary rounded and ciliated rhinaria; (E) ANT VI sensilla, big multiporous
placoid sensillum: primary rhinarium (solid arrow) and sunken coeloconic sensilla: accessory rhinaria
(dotted arrow); (F) apical part of ANT V with big multiporous placoid sensillum; (G) arrangement of
dorsal tubercles on abdomen; (H) basiconic sensilla at the end of tubercles; (I) hind tarsus with short
first segment (HT I) and longer second segment (HT II) with claws; (J) lateral side of end of abdomen
with siphunculus (SIPH); (K) apical part of siphunculus with wide flange; (L) dorsal side of end of
abdomen with knobbed cauda.

76:6733056838
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3.2. Keys to Species of the Genus Drepanaphis
3.2.1. Key to the Identification of Alate Viviparous Females of the Genus Drepanaphis

1.

10.

11.

12.

13.

Femur I pigmented for its full length, especially dorsally (Figure 4A,B,G-1,M,P)

w2
Femur I pale, slightly pigmented basally (Figure 4C-FJ-LN,O,QR) ...............
Wing veins distinctly bordered (Figure 7A) .. ...... oo 3
Wing veins clear (Figure 7B). . ... ...... ... 4

Conspicuous four pairs of dorsal abdominal tubercles. ABD I pale at base and darker
at tips, ABD I pale, ABD III-IV dark brown; third pairs of tubercles biggest (Figure 1A)
eeeeeeeeee e e Diacerifoliae

Conspicuous one pair of dark brown dorsal abdominal tubercles on tergite III (Figure 1G)

..D. keshenae
Conspicuous four pairs of dorsal abdominal tubercles. .................................5
Conspicuous one pair of dorsal abdominal tubercles on tergite III. . ...................6

First and second pair of dorsal abdominal tubercles equal, third pair biggest, fourth
pair smallest (F1gure 1B) BASE with 4 accessory rhinaria; ANT Il with 9-15 secondary
rhinaria . ...D. carolinensis

Second and third pairs of dorsal abdominal tubercles equal, first and fourth pairs smallest
(Figure 1M) BASE with 5-6 accessory rhinaria (Flgure 2C) ANT III with 6-10 secondary

rhinaria. . e . ...D. sabrinae
Fore femora > 0.8 mm long, frontal setae 0.09-0.12 mm long. . ................D. spicata
Fore femora < 0.8 mm long, frontal setae > 0.09 mmlong................................7
Fore femora dark (Figure 4I), BASE always with four accessory rhinaria, on Aesculus
glabra. . ... e e WD o monelli
Fore femora darker dorsally (Figure 4H), BASE with four or five accessory rhinaria, on
Acer grandidentatum. . .................. ... oee e Dl knowltoni
Wing veins diffusely bordered (Figure 7C).............. oo il 9
Wing veins clear (Figure 7B). . ...... ..o i 10

BL > 1.85 mm long, body with brown dorsal sclerotisation; SIPH shaded or dark
(Figure 5K) .. ...D. parva

BL <1.85 mm long; body without brown dorsal sclerotisation; SIPH pale (Figure 5L)
e ..D. robinsoni sp. nov.

Two pairs of frontal setae...................oo LI
One pair of frontal setae. ... W13

Conspicuous one pair of dorsal abdominal tubercles on tergite III (Figure 1IR) ......
....D. utahensis

Conspicuous more than one pair of dorsal abdominal tubercles. . ......................12
Entire body pale, DAT I-1II short, first pair larger than second and third (Figure 1D)
...D. granovskyi
DAT I biggest, darker than others (Figure 10).................................D. simpsoni

Pterostigma distinct, darkly pigmented, with small area inside without pigmentation;
SIPH completely dark; dorsal setaeblunt. .....................oo L 14

Pterostigma palely pigmented with large area inside without pigmentation, SIPH
shaded or pale, dorsal setae pointed. ................cooii 17
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14.

BASE with more than four accessory rhinaria. . .............o. oo

BASE with four accessory rhinaria. . ... ..ot

15
16

15.  ANT III with 2-5 secondary rhinaria, frontal setae 0.06-0.08 mm long, dorsal setae
0.03-0.05mmlong ..............cocoiii iDL choanotricha

- ANT III with 8-14 secondary rhinaria, frontal setae 0.05-0.06 mm long, dorsal setae
0.01-0.02mmlong. ........c.coiiiiii i e D iSSOE

16. ANT III with 6-9 secondary rhinaria, dorsal setae 0.02-0.04 mm long. . .. .. D. idahoensis
- ANT Il with 12-18 secondary rhinaria, dorsal setae 0.01-0.02 mm long. . .D. nigricans
17.  Conspicuous four pairs of dorsal abdominal tubercles (Figure IN)......... D. saccharini
- Conspicuous three pairs of dorsal abdominal tubercles, on ABD III biggest, on DAT II

and IV very small (Figure 1F)......................... ... ... .......D. kanzensis

3.2.2. Key to the Identification of Known Oviparous Females of the Genus Drepanaphis

1. BASE with more than four accessory rhinaria. ................coooiiin 2
- BASE with four accessory rhinaria. .............oocoo i 4

2. ANT segment ratio PT/BASE < 12; >70 pseudosensoria on hind tibiae; legs and anten-
nae very dark, siphunculi tubular....................... ... .............D. sabrinae

- ANT segment ratio PT/BASE > 12, siphunculi flask-shaped...........................3
3. ANTII> 0.9 mm long; > 30 pseudosensoria; SIPH/BL 0.07-0.09. . ..............D. tissoti
- ANTIII < 0.9 mm long; < 30 pseudosensoria; SIPH/BL0.12. . ... ..........D. choanotricha

10.

11.

12.

13.

Two pairs of frontal setae. ..........cooooiiiiii i
One pair of frontal setae. . ...t
ANT III < 0.05 mm long; dorsal setae evidently forked....................
ANTIHI > 0.05mmIong. . ... oo e
URS/ANTHI < 0.13mmlong. . ....o.ooviniiiiiii i
URS/ANTIII > 013 mmlong. . ....o.oovviiiiiiii i
Legsand SIPH dark. . .........o i
Legsand SIPH pale. . .......coooii i
SIPH/BL > 0.09; HTII/ANT VI<O0.1.. ... ooiiiiii e
SIPH/BL <0.09; HTII/ANT VI> 0.1 .. oot ooti et

URS/BASE <0.07 ..ccovveeen e

ANT >2.6 mmlong; SIPH>02mmlong ..............c..ccoiii i
ANT <2.6 mmlong; SIPH<0.2mmlong..............cooiiiiiiii
ANT segmentratio PT/BASE>12 .. ... ...t
ANT segment ratio PT/BASE < 12 .. ... ..ot
SIPH/BL < 0.08; URS < 0.09 .....cooiiiiiiiii i
SIPH/BL>0.08; URS>0.00 .. ..ottt
ANT segment ratio VI/III < 1; 22-23 pseudosensoria..................o....
ANT segment ratio VI/III > 1; 59-71 pseudosensoria .. ....................

5
7
.D. granovskyi
6

...D. utahensis

.....D. simpsoni

.8
A1

......D. monelli

9

..D. carolinensis

10

..D. acerifoliae

....D. keshenae

..D. nigricans
12
..D. kanzensis
13
.D. idahoensis

.....D. spicata
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3.2.3. Key to the Identification of Known Alate Males of the Genus Drepanaphis

1.

10.

Femur I pigmented for its entire length, two pairs of frontal setae, dorsal abdominal

tubercles INCONSPICUOUS . . ... v v veve i e e e e e ee oz oD granovskyi
Femur I pigmented dorsally . . a2
Femur I pale, slightly plgmented basally P
Wing veins distinctly bordered, conspicuous one pair of dorsal abdominal tubercles on
tergite I . . ... oo )3
Wing veinsclear........... ...
Hind tibiae with dark area in apical part; PT/BASE <0.09 ... ................D. acerifoliae
Hind tibiae pale; PT/BASE>0.09 ..............cocoiiiii oo wen . .D. keshenae
Dorsal abdominal tubercles inconspicuous, BL2.8 mmlong ..................D. spicata
Conspicuous one pair of dorsal abdominal tubercles on tergite Il .....................5
URS/ANTIHI> 012 .. coiiiiiiii iDL monelli
URS/ANTIIT <012 0o it 1B
ANT III with > 80 rhinaria, hind tibiae < 1.2 mm long; SIPH < 0.25 . ... .. D. carolinensis
ANT III with < 80 rhinaria, hind tibiae > 1.2 mm long; SIPH > 0.25 ... ... ...D. knowltoni
Conspicuous more than one pair of dorsal abdominal tubercles, wing veins diffusely
bordered, body with brown dorsal sclerotisation ...............................D. parva
Wing veins clear. . ... 08
Dorsal abdominal tubercles inconspicuous, two pairs of frontal setae..................9
Conspicuous one pair of dorsal abdominal tubercles on tergite III. . ...................10
ANT segment ratio PT/BASE < 6; SIPH/BL < 0.09...........................D. simpsoni
ANT segment ratio PT/BASE > 6; SIPH/BL > 0.09...........................D. utahensis
ANT segment ratio PT/BASE > 6; SIPH pale.................................D. kanzensis
ANT segment ratio PT/BASE < 6; SIPH dark...............................D. choanotricha

3.3. Checklist of Species in the Genus Drepanaphis

Family: Aphididae Latreille, 1802

Subfamily: Drepanosiphinae Herrich-Schaeffer, 1857

Genus: Drepanaphis Del Guercio, 1909

Drepanaphis Del Guercio, 1909: 4: 49

= Phymatosiphum Davis, 1909: 2: 196

= Drepanphis Takahashi, 1923: 4: 66 (subsequent misspelling)

O 0 NI ON Ul s LN =

. Drepanaphis acerifoliae (Thomas, 1878)

. Drepanaphis carolinensis Smith, 1941

. Drepanaphis choanotricha Smith & Dillery, 1968

. Drepanaphis granovskyi Smith & Knowlton, 1943
. Drepanaphis idahoensis Smith & Dillery, 1968

. Drepanaphis kanzensis Smith, 1941

. Drepanaphis keshenae Granovsky, 1931

. Drepanaphis knowltoni Smith & Dillery, 1968

. Drepanaphis monelli (Davis, 1909)

10. Drepanaphis nigricans Smith, 1941

11. Drepanaphis parva Smith, 1941

12. Drepanaphis robinsoni Malik sp. nov.

13. Drepanaphis sabrinae Miller, 1937

14. Drepanaphis saccharini Smith & Dillery, 1968
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15. Drepanaphis simpsoni Smith, 1959

16. Drepanaphis spicata Smith, 1941

17. Drepanaphis tissoti Smith, 1941 stat. rev.

18. Drepanaphis utahensis Smith & Knowlton, 1943

(A)

0.5 mm

(B)

(C)

Figure 7. Wing pigmentation: (A) wing veins distinctly bordered in D. acerifoliae, (B) wing veins clear
in D. carolinensis, (C) wing veins diffusely bordered in D. parva.
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3.4. Review of Species

3.4.1. Drepanaphis acerifoliae (Thomas, 1878)

Type species Siphonophora acerifoliae Thomas, 1878 by original designation
Type species Siphonophora acerifoliae Thomas, 1878 by original designation
= Siphonophora acerifoline Thomas, 1878: 1(2): 4 [17]
= Siphonophora acericola Thomas, 1878: 1(2): plate 1 (subsequent misspelling) [17]
= Drepanosiphum acerifolii Monell, 1879: 5(1): 27 [40]
= Drepanosiphum acerifoliae Davidson, 1909: 2(4): 303 [41]

Drepanaphis acerifoliae Del Guercio, 1909: 2 4(4): 50 [16]

= Drepanaphis acerifolii Davis, 1910: 3(5): 419 (subsequent misspelling) [42]
= Drepanaphis allegheneyensis Miller, 1936: 68: 81 [43]
Figures 1A, 2A, 3A, 4A, 5A, 7A, 8A, 9A, 10A, 11A, 11A, 12A, 13A, 14A and 15; Tables 1-3

Table 1. Measurements (in mm) of alate viviparous females of Drepanaphis (part 1).

D. acerifo- D. caroli- D. choan- D. gra- D. ida- D. D. D. knowl- D.
Character liae nensis otricha novskyi hoensis kanzensis  keshenae toni monelli
n=26 n=16 n=13 n=13 n=10 n=17 n=11 n=24 n=11

BL 1.55-2.68 1.57-2.5 1.15-1.63  1.37-221  1.41-2.19  1.24-2.83  1.05-2.43 1.4-2.46 1.58-2.46
HW 0.28-0.4 0.28-0.39 0.2-0.27 0.21-0.31 0.22-0.3 0.2-0.38 0.25-0.35  0.25-0.35  0.28-0.35
ANTI-VI ~ 3.19-529  3.02-4.11 2.04-4.1 1.77-294  3.17-4.68 3.26-4.7 3-4.75 3.54-4.8 3.34-4.76
ANT I 0.71-1.11  0.75-1.01  0.56-0.76  0.53-0.77  0.82-1.03  0.77-1.17 0.7-1.1 0.68-1.16 0.83-1.1
ANT IV 0.47-0.90  0.53-0.73 0.36-0.6 0.32-0.52  0.65-0.79 0.51-0.9 0.45-0.86 0.49-0.8 0.67-0.8
ANTV 0.5-0.87 0.53-0.7 0.41-0.57  0.32-0.53  0.62-0.92  0.51-0.87 0.47-0.85  0.49-0.85 0.66-0.8
ANT VI 1.06-1.76  0.71-1.36  1.35-2.11  0.44-1.03  0.83-1.88 0.97-2 1.04-1.8 1.3-2.1 0.97-2.06
BASE 0.11-0.16  0.13-0.18  0.11-0.14  0.08-0.14 0.12-0.17  0.12-0.19 0.1-0.15 0.11-0.17  0.14-0.16
PT 094-161  0.53-1.21  1.21-1.99 0.35-0.9 0.70-1.72  0.82-1.84 093-1.66  1.16-1.94  0.83-1.92
feil;[}{R ! 0.51-0.85  0.54-0.72  0.31-0.54  0.34-059 054079 053-0.78 047-0.79  0.48-0.87  0.62-0.77
xljv]i\i/t[}?R I 0.11-0.18 0.1-0.15 0.05-0.08  0.09-0.15 0.1-0.13 0.09-0.37 0.1-0.15 0.1-0.16 0.1-0.16
EIEMUR 0.42-0.76  0.43-0.65 0.31-048  0.31-0.54 0.49-0.7 0.45-0.80  0.37-0.66 0.41-0.8 0.52-0.7
TIBIA III 0.84-1.54  096-1.28  0.71-0.99 0.65-1.1 1.1-1.40 1-1.5 0.9-1.40 1-1.69 1.2-14

HTII 0.07-0.14  0.09-0.14  0.08-0.09  0.07-0.12  0.08-0.12 0.1-0.13 0.08-0.12  0.09-0.12  0.09-0.11
URS 0.09-0.11  0.09-0.10 0.09-0.1 0.07-0.09  0.08-0.10 0.08-0.1 0.08-0.09 0.07-0.1 0.1-0.12
SIPH 0.17-0.38  0.16-0.26  0.12-0.19  0.13-024  0.18-028  0.15-0.26 0.14-0.3 0.2-0.39 0.21-0.3
CAUDA 0.08-0.13  0.09-0.17  0.04-0.08  0.09-0.14 0.09-0.12  0.09-0.18  0.07-0.13  0.07-0.13  0.09-0.18

Material examined: Paratype. Siphonophora acerifoliae Thomas, 757, Ft. Dodge, lowa,
Dubuque, Iowa, Peoria, Ill. Sept. I, 1887, SI. 7169, Ill. Nat.Hist. Sur.//Aphididae,
Drepanaphis acerifoliae Thomas, See slide by Davis, Det. F. C. Hottes, Ill. Nat. Hist.
Sur./ /PARATYPE, Siphonophora acerifoliae Thomas/ /INHS Insect Collection 1058753—15
alate viv. fem. [INHS]. Lectotype. Aphididae, Drepanaphis acerifoliae (Thomas), aceri-
folae, Ft. Dodge + Dubuque, Iowa, also Peoria, I11., 757, Sept. 1, 1897, Det. E.C. Hottes,
INI. Nat. Hist Sur. "28, SI 7168/ / Lecto-type, Siphonophora acerifoliae Thomas, Viviparous
Q2?/ /INHS, Insect Collection 457903—five alate viv. fem. [INHS].

Additional material examined—Table S6.

Alate viviparous female—re-description (n = 26)
Colour. In life: Head and thorax brown to dark brown with white wax stripes. Eyes
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red. Antennae pale with dark apices of ANT III-V. Fore femora darker than middle and
hind femora, dark brown dorsally. Middle and hind femora pale brown to brown. Tibiae
pale brown. Wing veins dark bordered, pterostigma dark brown. Abdomen covered by
white wax dots. Tergites I-V brown, tergites I-1I slightly lighter than tergites III-V. Tergites
VI-VIII fully covered by wax. Siphunculi dark (Figure 8A).

Table 2. Measurements (in mm) of oviparous females of Drepanaphis.

Drepanaphis

Character acerifoliae Lis h icha kyi idah ki keshenae monelli nigricans sabrinae simpsoni spicata tissoti utahensis

n=6 n=8§ n=2 n=1 n=1 n=5 n=2 n=5 n=1 n=2 n=3 n=1 n=1 n=5
BL 2.74-3.08 1.82-2.81 1.77-2 215 212 244-332 222-23 1.99-2.7 214 242-2.44 2.78-2.85 287 243 2.64-3.24
HW 0.36-0.41 0.29-0.38 0.28-0.3 03 - 0.31-0.4 0.3-0.36 0.28-0.38 0.31 0.35-0.36 0.35-0.38 - 0.3 0.3-0.4
ANT [-VI 2.65-3.1 247-2.75 3.29-3.41 1.92-1.96 2.6-2.63 2.17-3.61 1.61-2.55 1.38-1.83 3.62-3.67 3.24-3.37 211-3.3 3.44 3.87-3.92 2.56-3.24
ANT III 0.59-0.7 0.52-0.64 0.61-0.68 0.41-0.44 0.73-0.74 0.7-0.84 0.49-0.51 0.62-0.8 0.71-0.72 0.74-0.8 0.72-0.78 0.86-0.87 091 0.52-0.74
ANT IV 0.42-0.53 0.42-0.46 0.41-0.45 0.32-0.33 0.5-0.51 0.51-0.62 0.36-0.42 0.49-0.6 0.47-0.5 0.51-0.58 0.54-0.61 0.66-0.68 0.57-0.58 0.46-0.52
ANTV 0.46-0.58 0.43-0.49 0.47-0.49 0.35 0.58 0.56-0.61 0.41-0.45 0.57-0.64 0.6 0.55-0.59 0.51-0.67 0.66-0.7 0.6 0.5-0.55
ANT VI 0.88-1.2 0.86-1.05 1.59-1.72 0.66-0.75 0.64-0.67 1.18-1.52 0.89-1.06 117-1.7 1.65-1.74 1.2-131 0.71-1.31 1.02 1.62-1.66 09-1.16
BASE 0.12-0.14 0.13-0.15 0.12 0.11 0.12-0.13 0.13-0.15 0.11-0.12 0.13-0.16 0.12-0.13 0.14-0.16 0.12-0.14 0.13 0.12 0.12-0.14
PT 0.75-1.08 0.72-0.91 147-1.6 0.55-0.64 0.51-0.55 1.04-1.39 0.78-0.94 1.01-1.55 1.53-1.61 1.06-1.15 0.57-1.19 0.89 1.5-1.54 0.77-1.02
URS 0.1-0.11 0.09-0.1 0.09-0.1 0.08 0.1 0.08-0.09 0.08-0.12 0.11-0.12 0.1 0.12 0.08-0.09 0.1 0.08 0.09-0.1
E]IEMUR 0.59-0.65 0.46-0.6 0.5-0.54 0.42-0.45 0.53-0.55 0.64-0.72 0.51-0.52 0.55-0.72 0.55-0.59 0.58-0.59 0.61-0.62 0.68-0.73 0.56-0.57 0.53-0.64
TIBIA IIT 1.08-1.26 0.91-1.12 0.9-0.95 0.84 1.08-1.09 1.21-1.38 1-.1.03 1.1-1.37 11 1.12-1.15 1.12-1.16 1.39-1.41 1.02 1.03-1.23
HTII 0.12-0.13 0.1-0.13 0.09-0.1 0.09 0.09-0.1 0.1-0.13 0.11-0.12 0.11-0.12 0.1 0.11-0.12 0.11-0.12 0.11-0.12 0.09-0.1 0.11-0.12
SIPH 0.2-0.25 0.13-0.19 0.21-0.24 0.17-0.2 0.17-0.19 0.17-0.19 0.14-0.17 0.2-0.27 0.18-0.19 0.2-0.24 0.15-0.18 0.23-0.27 0.18-0.21 0.14-0.21

Table 3. Measurements (in mm) of males of Drepanaphis.
Drepanaphis
Character acerifoliae carolinensis choanotricha g kyi k keshena k I monelli parva simpsoni spicata utahensis
n=3 n=3 n=1 n=1 n=3 n=4 n=2 n=4 n=1 n=3 n=1 n=4

BL 2.09-2.21 1.75-2.26 144 1.82 1.85-2.44 1.67-2.11 2.01-2.1 1.96-2.16 248 1.62-2.19 2.82 1.7-2.47
HW 0.33-0.38 0.33-0.37 0.24 0.28 0.33-0.37 0.33-0.34 0.28-0.34 0.3-0.35 - 0.28-0.36 0.38 0.27-0.35
ANT I-VI 2.33-3.5 2.82-3.51 3.37-3.4 1.74-1.75 3.04-3.89 3.37-3.81 3.45-3.97 3.73-4.28 4.54-4.79 2.39-3.04 4.97-5.48 2.74-3.2
ANT IIT 0.72-0.94 0.73-1 0.69-0.71 0.71-0.73 0.86-1.05 0.77-1.05 0.92-1.0 0.96-1.02 1.12-1.1 0.66-0.87 1.27-1.29 0.75-0.82
ANT IV 0.59-0.64 0.5-0.67 0.43-0.44 0.41-0.42 0.53-0.71 0.53-0.64 0.6-0.64 0.66-0.78 0.79-0.81 0.47-0.63 0.98-1.0 0.46-0.62
ANTV 0.55-0.65 0.42-0.61 0.41-0.43 0.37-0.38 0.48-0.66 0.51-0.6 0.63-0.65 0.63-0.75 0.8-0.82 0.37-0.49 0.94 0.47-0.58
ANT VI 121 1.01-1.08 1.67-1.73 - 0.96-1.73 1.28-1.49 1.03-1.64 1.3-1.68 1.65-1.88 0.73-0.9 1.57-2.04 0.9-1.14
BASE 0.13-0.14 0.12-0.15 0.12 0.1-0.11 0.12-0.13 0.11-0.13 0.13-0.14 0.13-0.16 0.13 0.11-0.14 0.15 0.12-0.14
PT 1.08 0.88-0.95 1.55-1.61 - 0.83-1.61 1.17-1.36 0.89-1.51 1.15-1.55 1.52-1.75 0.62-0.76 1.42-1.89 0.78-1.0
URS 0.09 0.08-0.09 0.09 0.08 0.08 0.09-0.13 0.09-0.1 0.11-0.12 0.09 0.08-0.09 0.11 0.09
FEMUR III 0.55-0.63 0.46-0.63 0.41-0.44 - 0.56-0.7 0.49-0.65 0.58-0.65 0.63-0.67 0.73-0.74 0.43-0.59 0.82 0.48-0.64
TIBIA III 1.14-1.28 1.01-1.2 0.83-0.85 - 1.1-1.35 1.01-1.32 1.24-1.37 1.23-1.41 152 0.81-1.09 1.75 1.06-1.27
HTII 0.09-0.12 0.1-0.12 0.09 - 0.1-0.12 0.1-0.11 0.1-0.11 0.1-0.12 0.12 0.1-0.11 0.12 0.1-0.12
SIPH 0.23-0.27 0.16-0.23 0.17 0.16-0.17 0.19-0.23 0.17-0.28 0.25-0.26 0.25-0.28 0.19-0.23 0.15-0.16 0.39-0.4 0.17-0.23

Pigmentation of mounted specimens: Head and pronotum brown, rest of thorax dark
brown (Figure 9A). ANT I-1I brown, ANT III-VI pale brown with darker apices on ANT
III-V and dark area with primary rhinarium on ANT VI. Pterostigma distinct, darkly
pigmented, with small area inside without pigmentation (Figure 3A). Wing veins brown
bordered (Figure 7A). Abdomen pale brown, marginal sclerites dark brown. DAT I pale at
base, darker at tips; DAT II pale; DAT IlII-IV dark brown (Figure 1A). Siphunculi brown to
dark brown; cauda, subgenital and anal plate pale. Fore femora darker dorsally (Figure 4A).
Middle and hind femora brown with dark brown smudge. Tibiae brown with darker distal
parts. Tarsi dark brown.
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PERESES

Figure 8. Live specimens of the genus Drepanaphis: (A) D. acerifoliae, (B) D. carolinensis, (C) D.
keshenae. Image copyright V. Charny, under a Creative Commons 3.0 License.
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Figure 9. Alate viviparous females of the genus Drepanaphis: (A) D. acerifoliae, (B) D. carolinensis,
(C) D. choanotricha, (D) D. granovskyi, (E) D. idahoensis, (F) D. kanzensis.

83:3831474622
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Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of
postero-dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.04-0.05 mm long
with pointed apices, one pair of pointed frontal setae on ventral side 0.09-0.1 mm long.
ANT/BL 1.57-2.26; ANT/HW 9.23-13.74; PT/BASE 6.93-12.02. ANT III with 9-14 sec-
ondary rhinaria, BASE with 4 accessory rhinaria (Figure 2A), URS with 4-8 accessory setae
(Figure 10A). Other ratios: ANT IV/ANT III 0.64-0.85; ANT V/ANT III 0.64-0.83; ANT
VI/ANT III 1.12-1.74; URS/ANT III 0.08-0.13; URS/BASE 0.59-0.88; URS/SIPH 0.25-0.52;
HT II/ANT III 0.09-0.14; HT II/BASE 0.62-0.9; TIBIA III/BL 0.49-0.73; SIPH/BL 0.1-0.15;
SIPH/CAUDA 1.5-2.9. Dorsal abdominal segments with four pairs of distinct tubercles.
DAT10.14-0.28 mm long, DAT II 0.07-0.14 mm long. DAT III largest, 0.23-0.37 mm long
(Figure 11A). DAT IV smallest, 0.04-0.06 mm long. Pointed setae at ends of tubercles,
0.02-0.03 mm long. Dorsal setae with pointed apices, 0.04-0.06 mm long, on small sclerites
on ABD I-V. Marginal sclerites with 3-10 setae. Siphunculi flask-shaped (Figure 5A).

Figure 10. Ultimate rostral segments with trichoid sensilla of selected species of the genus
Drepanaphis: (A) D. acerifoliae, (B) D. monelli, (C) D. utahensis.

Oviparous female—re-description (n = 6)

Colour. In life: Head, thorax and abdomen reddish brown. Last segments of abdomen
slightly darker. Marginal sclerites dark brown. Eyes red. Antennae dark brown. Siphunculi
dark with lighter area on bases. Femora dark dorsally [10].

Pigmentation of mounted specimens: Head brown, pronotum pale brown. ANT brown to
dark brown with darker apices of segments. Cauda, subgenital and anal plate pale. Femora,
tarsi and siphunculi brown. Tibiae dark brown with darker knee areas and distal parts.
Abdominal sclerites brown (Figure 12A).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, 0.1-0.12 mm
long; one pair of latero-dorsal setae, one pair of postero-dorsal setae, 0.05-0.06 mm long
with blunt apices on dorsal side; one pair of pointed frontal setae on ventral side, 0.1 mm
long. ANT/BL 0.93-1.04. Other ratios: ANT VI/ANT III 1.28-1.83; PT/BASE 5.77-9.0;
SIPH/BL 0.07-0.08; FEMUR III/BL 0.2-0.22; TIBIA III/BL 0.37-0.43; HT II/ANT VI
0.11-0.14; URS/ANT III 0.14-0.17; URS/BASE 0.71-0.92; URS/SIPH 0.44-0.5. ANT III
without secondary rhinaria. URS with 4-8 accessory setae. Hind tibiae with 50-110 pseu-
dosensoriae distributed along almost their entire lengths. Dorsal setae 0.07-0.14 mm long.
Pleural and spinal setae on ABD I-V, placed on small dark sclerites. Marginal sclerites on
ABD I-V bigger. Siphunculi tubular.

Alate male—re-description (n = 3)

Colour. In life: Head and thorax brown to dark brown with white wax stripes. Eyes red.
Antennae pale with dark apices of segments. Wing veins dark brown bordered. Abdomen
covered by white wax dots. ABD I-II and VI-VII more intensively covered by wax. Siphun-
culi dark. Femora pale brown. Tibiae pale brown with darker knee areas.

Pigmentation of mounted specimens: Head brown, thorax dark brown. Abdomen pale
with brown spinal and marginal sclerites. ANT dark brown with darker apices of segments.
ANT III slightly lighter at base. Wing veins brown bordered. Pterostigma distinct, darkly
pigmented, with small area inside without pigmentation. Dorsal abdominal tubercles and
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siphunculi dark brown. Cauda and anal plate pale. Fore femora brown, darker dorsally.
Middle and hind femora brown with dark brown smudge. Tibiae brown with darker knee

areas and distal parts.

(A)

Tarsi brown (Figure 13A).
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Figure 11. Shape of the third pair of dorsal abdominal tubercles of alate viviparous females of the
genus Drepanaphis: (A) D. acerifoliae, (B) D. carolinensis, (C) D. choanotricha, (D) D. granovskyi, (E) D.
idahoensis, (F) D. kanzensis, (G) D. keshenae, (H) D. knowltoni, (I) D. monelli, (J) D. nigricans, (K) D. parva,
(L) D. robinsoni sp. nov., (M) D. sabrinae, (N) D. saccharini, (O) D. simpsoni, (P) D. spicata, (Q) D. tissoti,

(R) D. utahensis.
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Figure 12. Oviparous females of the genus Drepanaphis: (A) D. acerifoliae, (B) D. carolinensis, (C) D.

choanotricha, (D) D. granovskyi, (E) D. idahoensis, (F) D. kanzensis.
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Figure 13. Alate males of the genus Drepanaphis: (A) D. acerifoline, (B) D. carolinensis, (C) D.
choanotricha, (D) D. granovskyi, (E) D. kanzensis, (F) D. keshenae.
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Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.05 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.07 mm long. ANT/BL 1.58.
Other ratios: ANT VI/ANT III 1.4; PT/BASE 8.3; SIPH/BL 0.1-0.13; FEMUR 1II/BL
0.26-0.3; TIBIA III/BL 0.54-0.61; URS/ANT III 0.1-0.13; URS/SIPH 0.33-0.39. ANT III
with 80-100 rhinaria, ANT IV with 38-50 rhinaria, ANT V with 17-21 rhinaria. URS with
6-8 accessory setae. DAT I inconspicuous or very small, 0.05-0.07 mm long. DAT III
distinct, 0.15-0.18 mm long with setae 0.03 mm long at end. Dorsal setae 0.03-0.05 mm long,
on small sclerites, bigger on ABD II-V. ABD IV-V with two spinal sclerites, each with two
setae 0.03-0.04 mm long. Marginal sclerites with 3-10 setae 0.03-0.05 mm long. Siphunculi
flask-shaped. Genitalia with basal part of phallus elongated, with broadly rounded apices

(Figure 14A).
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Figure 14. Genitalia of the known males of the genus Drepanaphis: (A) D. acerifoliae, (B) D. carolinensis,
(C) D. choanotricha, (D) D. granovskyi, (E) D. kanzensis, (F) D. keshenae, (G) D. knowltoni, (H) D. monelli,
(I) D. parva, (J) D. simpsoni, (K) D. spicata, (L) D. utahensis.
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Remarks: The locus typicus is not designated since the type slides bear three locality

names—Fort Dodge and Dubuque in Iowa and Peoria in Illinois (after Hottes and Fri-
son [10], as well as Smith and Dillery [27]).

Host plants: Acer rubrum, Acer saccharinum, Acer saccharum, also found on plantings of Acer

platanoides (in North America), occasionally on Acer nigrum.

Distribution: Canada: British Columbia (North Vancouver”); Manitoba (Winnipeg); New

Brunswick (Middle Kouchibouguact, Rothesayt); Ontario (Front of Yongef, Hamilton", Havelock-
Belmont-Methuen”, Leamington, London, North Perth, Perth Southt, Puslinch”, Smith-Ennismore-
Lakefieldf); Quebec (Orsainville in Quebec City, Shawinigan (Lac Wapizagonke)f). USA: Cal-
ifornia (Berkeley, Lodi, Palo Alto (vicinity of Stanford University), San Jose); Colorado

(Boulder, Denver, Fort Collins, Greeley); Connecticut (Hamden, Hartford, New Haven);
Florida (Gainesville, Highlands Hammock State Park, Lake Placid); Idaho (Eagle); Illi-
nois (Albion, Alma*, Alton, Augerville, Bloomfield Precinct*, Cairo, Carbondale, Catlin,
Danville, Dixon Springs, Edwardsville, Elizabethtown, Fairmount Township, Golconda,
Grayville, Havana, Herod, Kankakee, Le Roy, Macomb, MURShall, Mattoon, Metropolis,
Mount Carmel, Mount Carroll, Mount Pulaski*, Newton, Normal, Oregon, Pekin, Peoria,
vicinity of Perry*, Rock Island, Quincy, Shawneetown, Starved Rock State Park, Springfield,
Tonti, Urbana); lowa (Dubuque, Fort Dodge); Kansas (Maple Hill*); Maine (Orono); Mary-
land (Beltsville, Laurelt); Minnesota (Saint James); Missouri (Columbia, Crane, Kansas

City, Saint Louis, Steelville); Nebraska (Ashland, Lincoln, Weeping Water); North Car-
olina (Alamance, Tunnel Bypass Trail near Bryson City, Burlington, Chapel Hill, Cherokee,
Franklin, Great Smoky Mountains National Park, Greensboro, Raleigh, Reidsville, Roaring

Gap, Roxboro, Wilkesboro); Ohio (Columbus, Ostrander); Oregon (Corvallis); Pennsyl-
vania (Bryn Athyn, Chambersburg, Houserville, Lancaster, Loganville, Miquon, New

Bloomfield, Philipsburg, Pittsburgh, State College); South Carolina (Easley, Hardeeville);
Tennessee (Cosby Horse Trail near Cosby); Utah (Bountiful, East Canyon Cashe Co., Logan,
Payson, Provo, Salt Lake City); Virginia (Chatham); Washington (Yakima); Washington,
D.C.; West Virginia (Martinsburg”); Wisconsin (Montello*, Shields in Marquette County).
Europe: Hungary (Cegléd, Gazdagrét, Pesterzsébet, Taban, Torokvész); Italy (Calendasco,
Carlazzo, Milan (Bosco in Citta, Sempione Parc), Nola); Serbia (Belgrade (Banjica, New

Belgrade, Vréin, Zemun near Danube), Novi Sad (Bistrica, Novo Naselje)); Spain (Astorga,
Leon, Lleida) (Figure 15) ([10,17,21,23,24,27,41,44-57]; Centre for Biodiversity Genomics—
Canadian Specimens [1]; Illinois Natural History Survey Insect Collection [*]; International

Barcode of Life project iIBOL) ["]; Natural History Museum of Denmark Entomology

Collection [“]; new record in this publication [1]).

Additional distribution from iNaturalist (www.inaturalist.org, accessed on 12 June 2024):
Canada: Ontario (LaSalle, Ottawa); Quebec (Dorval Island). USA: Alabama (Fort Payne,
Hoover); California (Albany); Florida (Parkland); Georgia (Cashes Valley, Kennesaw,
LaFayette); Illinois (New Lenox); Indiana (Zionsville); lowa (Cedar Rapids); Kentucky

(eastern outskirts of Louisville); Massachusetts (Williamstown); North Carolina (vicinity of

Barnardsville, Charlotte, Durham); Ohio (Rest Area Southbound Wapakoneta); Pennsyl-
vania (Bethel Park, Buckingham Springs, vicinity of Strickersville, Villanova University);
Virginia (Dulles, Far Hills, Forest Lakes, Holly Knoll Cir near Great Falls, Great Falls Park,
Herndon, Woodbridge); Wisconsin (Cross Plains). Europe: Spain (Santiago de Compostela).
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Figure 15. Known distribution of Drepanaphis acerifoliae in North America, with distribution ranges of
its host plants.

3.4.2. Drepanaphis carolinensis Smith, 1941

Drepanaphis carolinensis Smith, 1941: 57(2): 228, 231 [23]

Figures 1B, 3B, 4B, 5B, 7B, 8B, 9B, 11B, 12B, 13B, 14B and 16; Tables 1-3

Material examined: Holotype. Drepanaphis carolinensis Smith, Holotype Type No
55834. D.D.N.N.M.//N.C, Aphids, Host Acer, Raleigh, N.C. 193. Date 4-28-40. C.F.
Smith—six alate viv. fem. (USNM) Paratype. Drepanaphis carolinensis Smith//N. C.
Aphids, Host Maple, Raleigh, N.C. Date 4-26-40, 193, C. F. Smith//INHS, Insect Collec-
tion 1,058,855—four alate viv. fem. Paratype. Drepanaphis carolinensis Smith//N. C.
Aphids, Host Acer, Raleigh, N.C. Date 4-30-40, 193, C. F. Smith/ /INHS, Insect Collection
1,058,858—four alate viv. fem. Paratype. Drepanaphis carolinensis Smith//N. C. Aphids,
Host Sugar Maple, Milburnie, NC, Date 21 May 1940, C. F. Smith//INHS, Insect Collection
1,058,859—three alate viv. fem. Paratype. Drepanaphis carolinensis Smith//N. C. Aphids,
Host Acer, Raleigh, N.C. Date 4-30-40, 193, C. E. Smith (IECA).

Additional material examined—Table Sé6.

Alate viviparous female—re-description (n = 16)

Colour. In life: Head, thorax and abdomen reddish brown. Head and pronotum with
longitudinal white wax stripes. Abdomen covered by white wax dots, more intensively on
ABD I-II and VI-VIIL Eyes red, antennal segments pale with dark apices. Wings clear with
small area of dark brown pigmentation at end, radius veins brown. Pterostigma brown.
Femora and siphunculi dark. Tibiae pale. DAT dark brown (Figure 8B).

Pigmentation of mounted specimens: Head, pronotum, ANT I-II brown. Rest of thorax
dark brown (Figure 9B). ANT III-VI pale brown with darker apices on ANT III-V and
dark area with primary rhinarium on ANT VI. Wings clear with small area of dark brown
pigmentation at end, radius veins dark brown (Figure 7B). Pterostigma distinct, darkly
pigmented, with small area inside without pigmentation (Figure 3B). Abdomen pale brown,
marginal sclerites dark brown. DAT (Figure 1B) and siphunculi dark brown. Cauda, sub-
genital and anal plate pale. Fore femora brown darker dorsally (Figure 4B). Middle and
hind femora brown with darker smudge. Hind femora with darker stripes at margins.

90:8645325409
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Tibiae brown with darker knee areas and distal parts. Tarsi brown.

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.04 mm long with pointed
apices; one pair of pointed frontal setae on ventral side 0.07-0.08 mm long. ANT/BL
1.44-2.07; ANT/HW 9.3-13.25; PT/BASE 5.56-8.1. ANT III with 9-15 secondary rhinaria,
BASE with 4 accessory rhinaria, URS with 4-8 accessory setae. Other ratios: ANT IV/ANT
111 0.64-0.82; ANT V/ANT III 0.62-0.75; ANT VI/ANT III 1.02-1.6; URS/ANT III 0.09-0.12;
URS/BASE 0.56-0.71; URS/SIHP 0.38-0.56; HT II/ANT III 0.11-0.14; HT II/BASE 0.6-0.89;
TIBIA III/BL 0.5-0.66; SIPH/BL 0.08-0.14; SIPH/CAUDA 1.33-2.63. DAT with four pairs of
distinct tubercles. DAT I 0.13-0.16 mm long, slightly larger than DAT II 0.1-0.13 mm long.
DAT 1II largest, 0.23-0.32 mm long (Figure 11B). DAT IV smallest, 0.06-0.1 mm long. Dorsal
setae with pointed apices, 0.02-0.04 mm long, on small sclerites on ABD I-V. Marginal
sclerites with 3-6 setae. Siphunculi flask-shaped (Figure 5B).

Oviparous female—description (n = 8)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head and thorax brown, abdomen pale. ANT I-II
brown. ANT III-VI pale brown with darker apices on ANT III-V. Siphunculi, subgenital,
anal plate and cauda brown. Fore, middle and hind femora dark brown. Tibiae pale
brown with darker knee areas and distal parts. Tarsi pale brown. Dorsal sclerites brown
(Figure 12B).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, 0.07-0.1 mm
long; one pair of postero-dorsal setae, 0.05-0.06 mm long; one pair of latero-dorsal setae,
0.03-0.04 mm long with blunt apices on dorsal side; one pair of pointed frontal setae on
ventral side, 0.09-0.1 mm long. ANT/BL 0.94-1.42. Other ratios: ANT VI/ANT III 1.5-2.0;
PT/BASE 5.14-7.0; SIPH/BL 0.06-0.08; FEMUR III/BL 0.2-0.26; TIBIA III/BL 0.38-0.5; HT
II/ANT VI 0.1-0.14; URS/ANT III 0.14-0.17; URS/BASE 0.64-0.71; URS/SIPH 0.5-0.64.
ANT III with one or without secondary rhinaria. URS with 4-8 accessory setae. Hind
tibiae with 27-54 pseudosensoria distributed along almost their entire length. Dorsal setae
0.04-0.1 mm long. Marginal sclerites on ABD I-V distinct. Siphunculi tubular.

Alate male—re-description (n = 3)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, ANT I-1I, IV-VI brown; ANT III light brown
with darker apices. Thorax, DAT and siphunculi dark brown. Abdominal sclerotisation
dark brown. Wings clear with small area of dark brown pigmentation at end, radius veins
brown. Pterostigma distinct, darkly pigmented, with small area inside without pigmen-
tation. Cauda and anal plate pale. Fore femora brown darker dorsally. Middle and hind
femora brown with darker smudge. Hind femora with darker stripes at margins. Tibiae
brown with darker knee areas and distal parts. Tarsi brown (Figure 13B).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae, 0.02-0.03 mm long on dorsal side; one pair of
frontal setae on ventral side, 0.05 mm long. ANT/BL 1.53-1.55. Other ratios: ANT VI/ANT
111 1.08-1.42; PT/BASE 6.64-7.67; SIPH/BL 0.09-0.1; FEMUR III/BL 0.25-0.3; TIBIA III/BL
0.53-0.63; URS/ANT III 0.09-0.1; URS/SIPH 0.45-0.5. ANT III with 69-102 rhinaria, ANT
IV with 43-56 rhinaria, ANT V with 25-38 rhinaria. URS with 4-6 accessory setae. DAT I
and II inconspicuous or very small, 0.03-0.04 mm long. DAT III distinct, 0.1-0.15 mm long;
DAT IV on spinal sclerites, 0.04-0.05 mm long. Dorsal setae on abdomen with pointed
apices, 0.02-0.03 mm long, on small sclerites. Spinal sclerites on ABD V with 4-5 setae,
0.03-0.04 mm long. Marginal sclerites with 3—6 setae. Siphunculi flask-shaped. Genitalia
with basal part of phallus short, hook-shaped (Figure 14B).

Host plants: Acer saccharum, occasionally on Acer nigrum and Acer rubrum.

Distribution: Canada: Ontario (Algonquin Provincial Park”, Bon Echo Provincial Park”,
Guelph (Clairfields)", Ottawa", Owen Sound”). USA: Florida (Waccasassa River in Levy
County); Illinois (Arlington Heights*, Palatine*, Urbana*); Maine (Orono); Massachusetts
(Ambherst, Taunton); Minnesota (Walsh); Michigan (Albion); New Jersey (Rahwayt); North
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Carolina (Chapel Hill, Greensboro, Moravian Falls, Raleigh—locus typicus); Ohio (Colum-
bus); Pennsylvania (Harrisburg, State College); Tennessee (Gatlinburg”, Great Smoky
Mountains National Park); Washington, D.C.; Wisconsin (Saint Croix Falls) (Figure 16)
([23,24,27,58]; Illinois Natural History Survey Insect Collection [*]; International Barcode of
Life project iIBOL) [*]; new record in this publication [1]).

Additional distribution from iNaturalist (www.inaturalist.org, accessed on 12 June 2024):
USA: Alabama (Birmingham Botanical Gardens); Arkansas (Jonesboro); Illinois (Bloom-
ington); Indiana (South Bend); Maryland (North Bethesda); Massachusetts (Groton); New
Hampshire (Dixville); New York (Onondaga); North Carolina (Durham (Trinity Park));
Vermont (Essex Junction); Virginia (Williamsburg (York River State Park)).

known distribution of
0. earolinensis (literature)

i known distribution of
- D. carofinensis (iNaturalist)

distribution range of
Acer sacchorum

| distribution range of
| Acer nigrom

| distribution range of
Acer rubrum

_I inland continuaus lines represent
= S
= | country/fstates boundaries

Figure 16. Known distribution of Drepanaphis carolinensis in North America, with distribution ranges
of its host plants.

3.4.3. Drepanaphis choanotricha Smith & Dillery, 1968

Drepanaphis choanotricha Smith & Dillery, 1968: 61(1): 186, 190 [27]

Figures 1C, 2B, 3C, 4C, 5C, 9C, 11C, 12C, 13C, 14C and 17; Tables 1-3

Material examined: Holotype. Drepanaphis choanotricha Smith & Dillery Det. Smith
& Dillery, 60-1060 Southern sugar maple, Paratype (blue)//Umstead PK. Raleigh, N. C.
9e11e60, Holotype Red, CFS—two alate viv. fem. [USNM] Paratype. Drepanaphis choan-
otricha Smith & Dillery Det. Smith & Dillery, 60-1060 Southern Sugar maple//Umstead PK.
Raleigh, N. C. 9¢11e60, Paratype//INHS, Insect Collection 1058862—four alate viv. fem.
Paratype. Drepanaphis choanotricha Smith & Dillery, paratype, BM 1984-340, Det: Smith
& Dillery//N.U.S.A, P1. Southern Sugar maple, Loc. Umstead Pk, Raleigh, N.C., Date
I1.IX.1960, Leg. C. E. Smith, 60.1060/ /NHMUK 014314711—three alate viv. fem. Paratype.
Drepanaphis choanotricha Smith & Dillery Det. Smith & Dillery, 60-1060 Southern Sugar
maple//Umstead PK. Raleigh, N. C. 9e11e60, Paratype//08107/ /Museum Paris MNHN
25145—three alate viv. fem.

Additional material examined—Table S6.

Alate viviparous female-re-description (n = 13)

Colour. In life: Black with pale legs. Head bearing three longitudinal and one anterior
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transverse white wax stripes. Pronotum with two or three medial longitudinal stripes.
Mesonotum with one pair of latero-anterior and one pair of medio-posterior wax dots.
Metanotum with one pair of lateral wax dots. Abdomen with rows of white wax dots,
denser at posterior end [27].

Pigmentation of mounted specimens: Head, ANT I, II, thorax dorsal abdominal tubercles
and siphunculi dark brown (Figures 1C and 9C). ANT III-VI pale brown with darker apices
on ANT III-V and dark area with primary rhinarium on ANT VI. Wings clear, with dark
brown pigmentation of end of veins, radius veins brown. Pterostigma distinct, darkly
pigmented, oval with small area inside without pigmentation (Figure 3C). Abdomen pale,
dorsal sclerotisation brown. Cauda, subgenital and anal plate pale. Fore femora pale brown
(Figure 4C).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.05 mm long with blunt
apices; one pair of pointed frontal setae on ventral side, 0.06-0.08 mm long. ANT/BL
1.79-3.35; ANT/HW 11.73-19.99; PT/BASE 9.04-16.31. ANT III with 2-5 secondary rhi-
naria, BASE with 5-6 accessory rhinaria (Figure 2B). URS with 6-10 accessory setae. Other
ratios: ANT IV/ANT III 0.61-0.99; ANT V/ANT III 0.67-0.83; ANT VI/ANT III 1.81-3.48;
URS/ANTII10.12-0.16; URS/BASE 0.69-0.86; URS/SIPH 0.5-0.76; HT I/ ANT 111 0.11-0.15;
HT II/BASE 0.58-0.79; TIBIA III/BL 0.57-0.74; SIPH/BL 0.1-0.15; SIPH/CAUDA 2.06-4.02.
DAT II-1V clearly visible, DAT I inconspicuous. DAT II 0.04-0.06 mm long, DAT III
0.13-0.24 mm long (Figure 11C). DAT IV smallest, 0.01-0.03 mm long. Setae at ends of
tubercles 0.03-0.04 mm long with blunt apices. Marginal sclerites with 2—4 blunt setae
0.02-0.04 mm long. Distinct spinal setae 0.04-0.05 mm long with blunt apices on small
sclerites. Siphunculi flask-shaped (Figure 5C).

Oviparous female—description (n = 2)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax and coxa brown. ANT I, II and si-
phunculi dark brown. ANT III-VI pale brown with darker apices on ANT III-V. Abdomen
pale. Dorsal sclerotisation brown. Fore, middle and hind femora; tarsi subgenital; anal
plate; and cauda pale brown (Figure 12C).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, 0.1-0.12 mm long;
one pair of postero-dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.06-0.08 mm
long with blunt apices; one pair of pointed frontal setae on ventral side, 0.1 mm long.
ANT/BL 1.67-1.93. Other ratios: ANT VI/ANT III 2.34-2.7; PT/BASE 12.25-13.3; SIPH/BL
0.12; FEMUR III/BL 0.27-0.29; TIBIA III/BL 0.48-0.51; HT II/ ANT VI 0.05-0.06; URS/ANT
III 0.13-0.16; URS/BASE 0.75-0.83; URS/SIPH 0.38-0.48. ANT III without secondary
rhinaria. URS with 6-7 accessory setae. Hind tibiae with 23-29 pseudosensoria, more
abundant in distal parts of tibiae. Dorsal setae 0.1-0.13 mm long. ABD I-VI with setae on
small dark sclerites. ABD I-V with marginal sclerites. Siphunculi flask-shaped.

Alate male—re-description (n =1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, ANT I, II, thorax, coxa, dorsal abdominal
tubercles and siphunculi dark brown. ANT III-VI pale brown with darker apices on ANT
III-V. Wings clear with distinct area of dark brown pigmentation at end, radius veins brown.
Pterostigma distinct, darkly pigmented, with small area inside without pigmentation. Ab-
domen pale, dorsal sclerotisation brown. Cauda and anal plate brown. Fore, middle, hind
femora and tarsi pale brown (Figure 13C).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.04 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.07-0.08 mm long. ANT/BL
2.34-2.36. Other ratios: ANT VI/ANT III 2.35-2.51; PT/BASE 12.9-13.4; SIPH/BL 0.12;
FEMUR III/BL 0.28-0.31; TIBIA III/BL 0.58-0.59; URS/ANT III 0.13; URS/SIPH 0.53. ANT
III with 43—-44 rhinaria, ANT IV with 21-23 rhinaria, ANT V with 16-18 rhinaria. BASE
with seven very small accessory rhinaria. URS with six accessory setae. DAT III 0.05 mm
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long with pointed setae 0.02 mm long at end. Dorsal setae 0.02-0.04 mm long with pointed
apices. Spinal sclerites on ABD IV with two setae, ABD V with one seta. Marginal sclerites
with 3-6 setae, spinal setae on small sclerites. Siphunculi flask-shaped. Genitalia with basal
part of phallus elongated, robust, with pilled inner edges (Figure 14C).

Host plant: Acer saccharum.

Distribution: USA: Illinois (Starved Rock State Park); North Carolina (Raleigh (William
B. Umstead State Park)—locus typicus); Tennessee (along Low Gap Trail in Great Smoky
Mountains National Park*) (Figure 17) ([27]; Illinois Natural History Survey Insect Collec-
tion [*]).

known distribution of
D. choanetricha (literature)

distribution range of

| Acer soccharum

— inland continuous lines represent
~"1  country/states boundaries

Figure 17. Known distribution of Drepanaphis choanotricha in North America, with distribution ranges
of its host plants.

3.4.4. Drepanaphis granovskyi Smith & Knowlton, 1943

Drepanaphis granovskyi Smith & Knowlton, 1943: 59(2): 172, 173 [24]

Figures 1D, 3D, 4D, 5D, 9D, 11D, 12D, 13D, 14D and 18; Tables 1, 3 and 4

Material examined: Type. Drepanaphis granovskyi S-K//Mt. Acer grandidentatum,
Liberty, Ut., Aug. 13, 1942, GF. Knowlton—three alate viv. fem. (USNM) Paratype.
Drepanaphis granovskyi S-K/ /Mt. Acer grandidentatum, Spanish Fork, Ut., Aug. 10, 1942,
Whitish freen, C F Knowlton/ /INHS, Insect Collection 1058866—three alate viv. fem.
Additional material examined—Table S6.

Alate viviparous female—re-description (n = 13)

Colour. In life: Pale white, appendages clear; without conspicuous wax [27].
Pigmentation of mounted specimens: Head, thorax, ANT pale brown (Figure 9D). Wings
clear with palely pigmented pterostigma, with large area inside without pigmentation
(Figure 3D). Abdomen, dorsal abdominal tubercles (Figure 1D) and siphunculi pale. Fore
femora pale brown (Figure 4D).

Morphometric characters: Head setae: two pairs of pointed fronto-orbital setae, 0.02-0.05 mm
long; one pair of postero-dorsal setae, one pair of latero-dorsal setae on dorsal side,
0.01-0.02 mm long with pointed apices; two pairs of pointed frontal setae on ventral
side, 0.02-0.05 mm long. ANT/BL 1.23-1.47; ANT/HW 8.19-10.79; PT/BASE 3.48-8.08.
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ANT III with 9-13 secondary rhinaria, BASE with 4 accessory rhinaria. URS with 4-6 ac-
cessory setae. Other ratios: ANT IV/ANT III 0.55-0.72; ANT V/ANT III 0.5-0.75; ANT
VI/ANT III 0.81-1.51; URS/ANT III 0.1-0.14; URS/BASE 0.57-0.96; URS/SIPH 0.33-0.54;
HT II/ANT II1 0.11-0.18; HT II/BASE 0.82-1.0; TIBIA III/BL 0.46-0.54; SIPH/BL 0.08-0.12;
SIPH/CAUDA 1.17-2.62. Dorsal abdominal segments with distinct three pairs of tubercles.
DAT I biggest, 0.09-0.12 mm long; DAT II 0.04-0.06 mm long; DAT III 0.03-0.06 mm long.
DAT IV inconspicuous (Figures 1D and 11D). Setae at ends of tubercles, 0.02—-0.03 mm
long. Abdominal dorsal setae 0.02-0.04 mm long with pointed apices. Siphunculi tubular
(Figure 5D).

Oviparous female—description (n = 1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Body in general pale brown or with slightly darker
hind tibiae and slightly lighter abdomen (Figure 12D).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, 0.07-0.09 mm long;
one pair of postero-dorsal setae, 0.09 mm long; one pair of latero-dorsal setae, 0.05-0.06 mm
long on dorsal side with forked apices. Two pairs of pointed frontal setae on ventral side,
0.04-0.06 mm long. ANT/BL 0.89-0.91. Other ratios: ANT VI/ANT III 1.5-1.83; PT/BASE
5.0-5.82; SIPH/BL 0.08-0.093; FEMUR III/BL 0.2-0.21; TIBIA III/BL 0.39; URS/ANT III
0.19; URS/BASE 0.73; URS/SIPH 0.4. ANT III without secondary rhinaria. URS with four
accessory setae. Hind tibiae with 42-45 pseudosensoria, more abundant in middle part and
on ends of tibiae. Dorsal setae 0.08-0.11 mm long with forked apices. Siphunculi tubular.
Alate male—description (n = 1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax, ANT I dark brown. Pronotum, ANT
II, III pale brown; ANT IV-VI brown. Wings clear, pterostigma distinct, darkly pigmented,
with small area inside without pigmentation. Abdomen pale, spinal sclerites and siphun-
culi dark brown. Cauda and anal plate dark brown. Fore femora brown (Figure 13D).
Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, two pairs of frontal setae on
ventral side, 0.02-0.04 mm long with pointed apices. ANT/BL 0.96. Other ratios: SIPH/BL
0.09; URS/SIPH 0.47. ANT III with 66—-68 rhinaria, ANT IV with 34-35 rhinaria, ANT V
with 19-20 rhinaria. URS with four accessory setae. DAT absent. Dorsal setae 0.02-0.03 mm
long with pointed apices. Spinal sclerites on ABD II-V with two pointed setae 0.02 mm long.
Marginal sclerites with 1-3 setae, most distinct on ABD IV. Siphunculi tubular. Genitalia
with basal part of phallus short, robust, rectangular (Figure 14D).

Host plant: Acer grandidentatum.

Distribution: USA: Idaho (Birch Creek (Cub River Canyon), Franklin, Mink Creek, Straw-
berry Creek); Utah (Avon Canyon, Beaver Canyon, Big Cottonwood Canyon, Blacksmith
Fork Canyon, Bountiful, Brigham Canyon, East Canyon (Cache County), Eden, Farmington
Canyon, Green Canyon, Heber, Liberty—Ilocus typicus, Logan Canyon, Mantua, Mount
Nebo, North Ogden, Richmond, Rolapp, Sardine Canyon, Wellsville Canyon, Willow Creek)
(Figure 18) [24,27].
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Figure 18. Known distribution of Drepanaphis granovskyi in North America, with distribution ranges

of its host plants.

3.4.5. Drepanaphis idahoensis Smith & Dillery, 1968

Drepanaphis idahoensis Smith & Dillery, 1968: 61(1): 186, 193 [27]

Figures 1E, 3E, 4E, 5E, 9E, 11E, 12E and 19; Tables 1 and 2

Material examined: Holotype. Drepanaphis idahoensis Smith & Dillery Det. Smith &
Dillery, 60-887, Acer grandidentatum, Paratype (blue)//Cub River Cany, Ida., 861660, Al
dK transverse area between cornicles, Holotype (red) K-S—two alate viv. fem. (USNM)
Paratype. Drepanaphis idahoensis Smith & Dillery Det. Smith & Dillery, 60-887, Acer
grandidentatum, Paratype//Cub River Cany, Ida., 816660, Al. dK transverse area between
cornicles/ /Museum Paris MNHN 25147—two alate viv. fem.

Additional material examined—Table Sé.

Alate viviparous female—re-description (n = 10)

Colour. In life: Body entirely frosted with white wax except for dark, U-shaped line more
or less connecting DAT III to siphunculi. Legs pale [27].

Pigmentation of mounted specimens: Head, thorax, ANT I brown (Figure 9E). ANT
II-VI pale brown with slightly darker apices on ANT III-V and dark area with primary
rhinarium on ANT VI. Wings clear with distinct area of dark brown pigmentation at end of
veins. Pterostigma distinct, darkly pigmented, with small area inside without pigmentation
(Figure 3E). Abdomen pale with brown abdominal sclerites. Dorsal abdominal tubercles
(Figure 1E) and siphunculi dark brown. Cauda, subgenital and anal plate pale. Fore femora
pale brown (Figure 4E).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.03 mm long with blunt
apices; one pair of pointed frontal setae on ventral side, 0.05-0.06 mm long. ANT/BL
1.8-2.54; ANT/HW 11.65-20.98; PT/BASE 5.31-11.99. ANT III with 6-9 secondary rhinaria,
BASE with 4 accessory rhinaria. URS with 6-8 accessory setae. Other ratios: ANT IV/ANT
1110.70-0.85; ANT V/ANT I11 0.68-0.99; ANT VI/ANT III 0.83-2.02; URS/ANT I11 0.09-0.11;
URS/BASE 0.58-0.75; URS/SIPH 0.34-0.49; HT II/ ANT III 0.08-0.12; HT II/BASE 0.6-0.86;
TIBIA III/BL 0.6-0.81; SIPH/BL 0.11-0.16; SIPH/CAUDA 1.7-2.45. DAT 1 0.03-0.06 mm
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long; DAT 1I 0.05-0.1 mm long; DAT III biggest, 0.18-0.26 mm long. DAT IV inconspicuous
(Figure 11E). Dorsal setae 0.02-0.03 mm long with blunt apices, on ABD I-V on small
sclerites. Marginal sclerites with 2—4 blunt setae. Siphunculi flask-shaped (Figure 5E).
Oviparous female—description (n = 1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Body in general pale brown or yellowish with
slightly lighter abdomen (Figure 12E).

Morphometric characters: Head setae: two pairs of blunt fronto-orbital setae, 0.09-0.1 mm
long; one pair of blunt postero-dorsal setae, 0.08 mm long; one pair of blunt latero-dorsal
setae on dorsal side, 0.04 mm long; one pair of pointed frontal setae on ventral side,
0.07 mm long. ANT/BL 1.23-1.24. Other ratios: ANT VI/ANT III 0.86-0.92; PT/BASE
3.92-4.58; SIPH/BL 0.08-0.09; FEMUR III/BL 0.25-0.26; TIBIA III/BL 0.51; HT II/ANT VI
0.13-0.16; URS/ANT III 0.14; URS/BASE 0.77; URS/SIPH 0.53. ANT III without secondary
rhinaria. URS with eight accessory setae. Hind tibiae with 22-23 pseudosensoria abundant,
distributed in central part of tibiae. Dorsal setae 0.08-0.11 mm long. Siphunculi tubular.
Male: Unknown.

Remarks: Some specimens from Lawrence in Kansas come from the collection of the J.B.
Wallis/R.E. Roughley Museum of Entomology, Canada, and the Museum of Zoology, Lund
University, Sweden. However, we did not have the opportunity to verify the slides and
confirm whether they are indeed individuals representing this species. Moreover, Acer
nigrum is listed as a host plant on those slides.

Host plant: Acer grandidentatum, occasionally found on Acer negundo and Acer saccharum.
Distribution: USA: Idaho (Cub River Canyon—locus typicus, Franklin, Stanley (between
Thompson Creek and Tennell Creek”’)); Oregon (Corvallis (Benton County)); Utah (Cub
River Canyon, Hobble Creek Canyon, Providence, Salt Lake City, Vivian Park in Provo
Canyon); Washington (Pullman (Whitman County)) (Figure 19) ([27]; NMNH Extant
Specimen Records (USNM, US) [""]).

known distribution of
0. idahoensis (literature)

distribution range of
Acer grandidentatum

1 | country/states boundaries

— inland continuous lines represent

Figure 19. Known distribution of Drepanaphis idahoensis in North America, with distribution ranges
of its host plants.
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3.4.6. Drepanaphis kanzensis Smith, 1941

Drepanaphis kanzensis Smith, 1941: 72(2): 228, 232 [23]

= Drepanaphis kansensis Leonard, 1959: 32(1): 12 [59]

Figures 1F, 3E 4F, 5E, 9F, 11F, 12F, 13E, 14E and 20; Tables 1-3

Material examined: Drepanaphis kanzensis Smith Holotype Type No 55838. D.D.N.N.M./ /Ka.
Aphids, Host Sugar maple, Ft. Scott, Date 6-17 1940, C.F. Smith. Type—five alate viv. fem.
(USNM) Paracotype. Drepanaphis kanzensis C. F. Smith//Ka. Aphids, Host Sugar maple,
Ft. Scott, Ka, Date 6-17-40, C.F. Smith//08109/ /Museum Paris MNHN 25148—five alate
viv. fem.

Additional material examined—Table Sé6.

Alate viviparous female—re-description (n = 17)

Colour. In life: Head, thorax and abdomen covered by white wax. ANT and legs pale,
eyes red. Dorsal abdominal tubercles dark brown. Wings clear with pale pterostigma.
Pigmentation of mounted specimens: Head and pronotum brown, rest of thorax dark
brown (Figure 9F). ANT I-II brown, ANT III-VI pale brown with darker apices on ANT
III-V and dark area with primary rhinarium on ANT VI. Wings clear with palely pig-
mented pterostigma, with large area inside without pigmentation (Figure 3F). Abdomen
pale with brown sclerites. Dorsal abdominal tubercles dark brown (Figure 1F). Siphunculi
pale brown with darker smudge. Cauda, subgenital and anal plate pale. Fore femora pale
brown (Figure 4F).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.05 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.08-0.09 mm long. ANT/BL
1.44-2.56; ANT/HW 9.35-14.43; PT/BASE 5.6-12.98. ANT III with 10-15 secondary rhi-
naria, BASE with 4 accessory rhinaria. URS with 6-8 accessory setae. Other ratios: ANT
IV/ANT II1 0.6-0.8; ANT V/ANT III 0.59-0.84; ANT VI/ANT III 0.76-1.086; URS/ANT
111 0.087-0.108; URS/BASE 0.56-0.68; URS/SIPH 0.38-0.63; HT II/ ANT III 0.16-0.24; HT
II/BASE 0.59-0.87; TIBIA III/BL 0.52-0.73; SIPH/BL 0.084-0.137; SIPH/CAUDA 0.94-2.33.
Dorsal abdominal segments with distinct three pairs of tubercles. DAT I inconspicuous.
DAT II 0.09-0.11 mm long, DAT III biggest 0.2-0.28 mm long (Figure 11F), DAT IV smallest
0.05-0.06 mm long. Pointed setae at end of tubercles 0.03-0.04 mm long. Dorsal setae
0.04-0.05 mm long with pointed apices, on small sclerites. Marginal sclerites with 2-5 se-
tae. ABD VIII with two spinal sclerites, each with two setae. Siphunculi flask-shaped
(Figure 5F).

Oviparous female—description (n = 5)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax, ANT pale brown. ANT with darker
apices on ANT III-V. Abdomen and siphunculi pale. Dorsal sclerotisation pale brown.
Femora, tibiae pale brown. Tibiae with slightly darker apical areas. Tarsi brown (Figure 12F).
Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.07-0.1 mm long with blunt
apices; one pair of pointed frontal setae on ventral side, 0.1 mm long. ANT/BL 0.75-1.4;
PT/BASE 7.43-10.66. Other ratios: ANT VI/ANT III 1.51-2.17; SIPH/BL 0.05-0.07; FEMUR
I1I/BL 0.21-0.28; TIBIA III/BL 0.38-0.52; HT II/ ANT VI 0.07-0.1; URS/ANT III 0.098-0.13;
URS/BASE 0.62-0.69; URS/SIPH 0.44-0.53. ANT III without secondary rhinaria. URS with
eight accessory setae. Hind tibiae with 41-67 pseudosensoria distributed in central part of
tibiae. Dorsal setae 0.09-0.13 mm long. Siphunculi tubular.

Alate male—description (n = 3)

Colour. In life: Unknown.

Pigmentation of mounted specimens: ANT pale with darker apices on ANT III-V and dark
area with primary rhinarium on ANT VI. Wings clear with palely pigmented pterostigma,
with large area inside without pigmentation. Abdomen pale with brown to dark brown
sclerotisation. Siphunculi pale; cauda and anal plate brown. Legs pale, tibiae with slightly
darker apical parts (Figure 13E).
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Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.04 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.05-0.06 mm long. ANT/BL
1.45-2.36. Other ratios: ANT VI/ANT III 0.92-1.5; PT/BASE 6.38-10.0; SIPH/BL 0.09-0.11;
FEMUR III/BL 0.28-0.33; TIBIA III/BL 0.54-0.67; URS/ANT III 0.08-0.09; URS/SIPH
0.35-0.42. ANT III with 94-127 rhinaria, ANT IV with 38-62 rhinaria, ANT V with 18-32 rhi-
naria. URS with six accessory setae. DAT III 0.13-0.15 mm long with pointed setae 0.03 mm
long at end. DAT [, II and III inconspicuous. Dorsal setae 0.03-0.04 mm long with pointed
apices. Spinal sclerites with two setae on ABD I, V, VI, VII, ABD VIII with four setae.
Marginal sclerites with 3—4 setae. Siphunculi tubular. Genitalia with basal part of phallus
elongated, triangular (Figure 14E).

Remarks: One slide with two individuals, previously misidentified as Drepanaphis kanzensis
from the NHMUK collection (BM 1958-454; NHMUK 014314720) is correctly identified as
Drepanaphis idahoensis. The material was collected in Hobble Creek Canyon, Utah, USA,
from Acer grandidentatum.

Host plant: Acer rubrum, Acer saccharum.

Distribution: Canada: New Brunswick (Fredericton); Ontario (Brockville®, Guelph®, Ot-
tawa, Puslinch, Toronto®, Unionville); Quebec (Orsainville (Zoo), Sainte-Foy). USA: Kansas
(Fort Scott—locus typicus, Hiawatha); Maine (Presque Isle); Michigan (East Lansing); Mis-
souri (Butler, Columbia); New Jersey (Rahwayt); New York (Geneva, Lockport”, Niagara
County); Ohio (Columbus); Pennsylvania (State College (Botany Bldg.)); Wisconsin (Stur-
geon Bay); Washington DC (Figure 20) ([23,24,27,58]; International Nucleotide Sequence
Database Collaboration [°]; Natural History Museum of Denmark Entomology Collection
[“]; new record in this publication [1]).

. known distribution of
D, kanzensis (literature)

distribution range of
_ Acer saccharusm

distribution range of
| Acer rubrum

[ inland continuows lines represent
"“""‘r country/states boundaries

Figure 20. Known distribution of Drepanaphis kanzensis in North America, with distribution ranges of
its host plants.

3.4.7. Drepanaphis keshenae Granovsky, 1931

Drepanaphis keshenae Granovsky, 1931: 19: 246, 248 [21]
Figures 1G, 3G, 4G, 5G, 8C, 11G, 13F, 14F, 21A, 22A and 23; Tables 1-3

99:1934565959
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Material examined: Lectotype. APHIDIDAE. Drepanaphis keshenae Granovskyi, Det. Gra-
novsky 1929, S1. 7617, Det. F. C. Hottes, 29, ILL. NAT. HIST. SUR, lectotype/ /Elizabethtown
I11., VI-20-1929, coll. Frison + Hottes. On Acer saccharum. ILL. NAT. HIST. SUR./ /INHS,
Insect Collection 459,587—three alate viv. fem.

Additional material examined—Table S6.

Alate viviparous female—re-description (n = 11)

Colour. In life: Head and thorax covered with white wax. Antennae pale with dark apices
of segments. Eyes red. Abdomen covered with white wax, apart from ABD V with distinct
black dorsal tubercles. Fore femora dark; middle and hind femora, tibiae and tarsi pale
brown. Wing veins distinctly brown bordered. Siphunculi dark (Figure 8C).
Pigmentation of mounted specimens: Head, thorax, ANT I brown (Figure 21A). ANT
II-VI pale brown to brown with darker apices on ANT III-V. Wing veins distinctly brown
bordered. Pterostigma distinct, darkly pigmented, with small area inside without pigmen-
tation (Figure 3G). Abdomen pale with brown sclerotisation. DAT dark brown (Figure 1G).
Siphunculi pale brown to brown. Cauda, subgenital and anal plate pale. Fore femora
darker dorsally (Figure 4G). Middle and hind femora, tibiae and tarsi pale brown to brown.
Hind femora with brown smudge.

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.04 mm long with pointed
apices; one pair of pointed frontal setae on ventral side 0.07 mm long. ANT/BL 1.5-3.12;
PT/BASE 7.2-13.82. ANT III with 10-16 secondary rhinaria, BASE with 4 accessory rhinaria.
URS with 6-8 accessory setae. Other ratios: ANT IV/ANT III 0.56-0.79; ANT V/ANT
III 0.61-0.81; ANT VI/ANT III 0.99-2.15; URS/ANT III 0.09-0.13; URS/BASE 0.61-0.9;
URS/SIPH 0.33-0.64; HT II/ANT III 0.08-0.13; HT II/BASE 0.62-1.00; TIBIA III/BL
0.53-0.82; SIPH/BL 0.096-0.15; SIPH/CAUDA 1.75-3.38. DAT III distinct, 0.24-0.47 mm
long (Figure 11G) with pointed setae, 0.02-0.03 mm long at ends. DAT II 0.04 mm long or
inconspicuous. DAT I and IV inconspicuous. Dorsal setae 0.02-0.03 mm long, with pointed
apices, on ABD I-V on small sclerites. Siphunculi flask-shaped (Figure 5G).

Oviparous female—description (n = 2)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax, ANT brown. ANT with darker apices
on ANT III-V. Abdomen pale with brown sclerotisation. Siphunculi dark brown. Legs
brown, tibiae with slightly darker apical parts (Figure 22A).

Morphometric characters: Head setae: two pairs of blunt fronto-orbital setae 0.09 mm
long, one pair of blunt postero-dorsal setae 0.08 mm long, one pair of blunt latero-dorsal
setae 0.05 mm long on dorsal side, one pair of pointed frontal setae 0.08 mm long on
ventral side. ANT/BL 1.04-1.15. Other ratios: ANT VI/ANT III 1.78-2.08; PT/BASE
7.09-7.83; SIPH/BL 0.06-0.07; FEMUR 111/BL 0.22-0.23; TIBIA I1I/BL 0.44-0.46; HT II/ ANT
VI10.11-0.13; URS/ANT III 0.16-0.24; URS/BASE 0.73-1.1; URS/SIPH 0.48-0.86. ANT III
without secondary rhinaria. URS with 6-8 accessory setae. Hind tibiae with 5667 pseu-
dosensoria distributed along almost their entire lengths. Dorsal setae 0.7-0.11 mm long.
Siphunculi tubular, 0.14 mm long.

Alate male—description (n = 4)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax, ANT I, II, IV, V, VI brown. ANT III
pale brown with darker apices of segments. Wing veins brown bordered. Pterostigma
distinct, darkly pigmented, with small area inside without pigmentation. Abdomen pale
with brown sclerites. Dorsal abdominal tubercles dark brown. Siphunculi, cauda and anal
plate brown. Fore femora brown, darker dorsally. Middle and hind femora, tibiae and tarsi
brown. Hind femora with brown smudge (Figure 13F).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.03 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.07 mm long. ANT/BL 1.74-2.2.
Other ratios: ANT VI/ANT III 1.22-1.93; PT/BASE 9.2-11.1; SIPH/BL 0.1-0.14; FEMUR
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III/BL 0.3-0.31; TIBIA III/BL 0.59-0.64; URS/ANT III 0.1-0.17; URS/SIPH 0.42-0.76. ANT
III with 71-101 rhinaria, ANT IV with 29-46 rhinaria, ANT V with 25-31 rhinaria. URS
with six accessory setae. DAT III 0.08-0.24 mm long with pointed setae 0.02-0.03 mm long
at end. Dorsal setae 0.02-0.03 mm long with pointed apices. Siphunculi tubular. Genitalia
with basal part of phallus elongated, finger-like (Figure 14F).

Remarks: Smith and Dillery [27] claimed they could not locate any of the slides from
Keshena, Wisconsin. Therefore, they suggested Elizabethtown, Illinois, as locus typicus.
Additionally, there is a slide no. 95/58 (Biologické centrum AV CR) from Logan, Utah,
dated 16.09.1962, from Acer grandidentatum, but it is dark and unverifiable.

Host plant: Acer saccharum.

Distribution: USA: Alabama (Aldridge Gardens in Hoover, Old Rocky Ridge (Jefferson
County)); Florida (High Springs, Waccasassa River (Levy County)); lllinois (Bell Smith
Springs Scenic Area, Dixon Springs, Eddyville (Bell Smith Springs National Natural Land-
mark), Elizabethtown); North Carolina (Raleigh); Ohio (Hocking County); Wisconsin
(Keshena) (Figure 23) [23,27].
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Figure 21. Alate viviparous females of the genus Drepanaphis: (A) D. keshenae, (B) D. knowltoni, (C) D.
monelli, (D) D. nigricans, (E) D. parva, (F) D. robinsoni sp. nov.
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Figure 22. Oviparous females of the genus Drepanaphis: (A) D. keshenae, (B) D. monelli, (C) D.
nigricans, (D) D. sabrinae.

. known distribution of
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Figure 23. Known distribution of Drepanaphis keshenae in North America, with distribution ranges of
its host plants.
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Additional distribution from iNaturalist (www.inaturalist.org, accessed on 12 June 2024):
Alabama (Birmingham Botanical Gardens, Hoover); Indiana (Evansville); North Carolina
(Asheboro, Durham); Tennessee (vicinity of Ardmore).

3.4.8. Drepanaphis knowltoni Smith & Dillery, 1968

Drepanaphis knowltoni Smith & Dillery, 1968: 61(1): 186, 195 [27]

Figures 1H, 3H, 4H, 5H, 11H, 14G, 21B, 24A and 25; Tables 1 and 3

Material examined: Holotype. Drepanaphis knowltoni Smith & Dillery Det. Smith &
Dillery, 60-886, Acer grandidentanum//Cub River Cany., Ida. 861560, Alate whitish,
holotype—K-S—one alate viv. fem. (USNM). Paratype. Drepanaphis knowltoni Smith
& Dillery Det. Smith & Dillery, 60-886, Acer grandidentanum//Cub River Cany., Ida.
8e15e60, Alate whitish, holotype—K-S//Museum Paris MNHN 25149—one alate viv. fem.
Additional material examined—Table S6.

Alate viviparous female—re-description (n = 24)

Colour. In life: Body white with wax; may be entirely white, or thoracic lobes and V-shaped
area connecting siphunculi with DAT III may be exposed and dark. Front femora, DAT III
and siphunculi always dark [27].

Pigmentation of mounted specimens: Head, thorax, ANT I brown (Figure 21B). ANT II-VI
pale brown, with darker apices on ANT III-V and dark area with primary rhinarium on
ANT VI. Wing veins clear with small area of dark brown pigmentation on end. Pterostigma
distinct, darkly pigmented, with small area inside without pigmentation (Figure 3H). Ab-
domen pale with brown sclerotisation. DAT III (Figure 1H) and siphunculi dark brown.
Cauda, subgenital and anal plate pale. Fore femora brown, darker dorsally (Figure 4H).
Middle and hind femora, tibiae and tarsi pale brown to brown. Hind femora with brown
stripes at margins.

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of
postero-dorsal setae, one pair of latero-dorsal setae on dorsal side; one pair of pointed
frontal setae on ventral side; 0.02-0.05 mm long with pointed apices. ANT/BL 1.73-2.59;
PT/BASE 7.1-12.93. ANT III with 10-15 secondary rhinaria, BASE with 4-5 accessory
rhinaria. URS with 6-8 accessory setae. Other ratios: ANT IV/ANT III 0.64-0.79; ANT
V/ANT III 0.69-0.85; ANT VI/ANT III 1.23-2.20; URS/ANT III 0.09-0.12; URS/BASE
0.47-0.72; URS/SIPH 0.29-0.42; HT II/ANT III 0.09-0.14; HT II/BASE 0.56-0.85; TIBIA
1II/BL 0.59-0.82; SIPH/BL 0.12-0.18; SIPH/CAUDA 2.2-3.6. DAT III distinct 0.18-0.28 mm
long (Figure 11H), with setae 0.03-0.04 mm long at end. Dorsal setae 0.03-0.04 mm long,
with pointed apices. ABD VI with marginal sclerites and 2-5 setae each. Siphunculi flask-
shaped (Figure 5H).

Oviparous female: Unknown.

Alate male—re-description (n = 2)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax, ANT I, Il brown. ANT III-VI pale
brown, with darker apices on ANT III-V. Wings clear, pterostigma distinct, darkly pig-
mented, with small area inside without pigmentation. Abdomen pale with brown scleroti-
sation. Siphunculi, cauda and anal plate brown. Fore femora pale brown, darker dorsally.
Middle and hind femora, tibiae, apices of tarsi pale brown. Hind femora with brown stripes
at margins. Tibiae with slightly darker apical parts (Figure 24A).
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Figure 24. Alate males of the genus Drepanaphis: (A) D. knowltoni, (B) D. monelli, (C) D. parva, (D) D.
simpsoni, (E) D. spicata, (F) D. utahensis.

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.04 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.06 mm long. ANT/BL 1.64-1.91.
Other ratios: ANT VI/ANT III 1.03-1.78; PT/BASE 6.36-11.65; SIPH/BL 0.12; III FE-
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MUR/BL 0.29-0.31; TIBIA III/BL 0.62-0.65; URS/ANT III 0.1, URS/SIPH 0.37. ANT III
with 71-79 rhinaria, ANT IV with 29 rhinaria, ANT V with 22 rhinaria. BASE with five
accessory rhinaria. URS with eight accessory setae. DAT III 0.1-0.11 mm long with pointed
setae 0.04-0.05 mm long at end. Dorsal setae 0.04—0.05 mm long with pointed apices. Spinal
sclerites with 2 setae, marginal sclerites with 3-5 setae. Siphunculi tubular. Genitalia with
basal part of phallus elongated, robust with capitate apices (Figure 14G).

Male: Unknown.

Host plants: Acer grandidentatum, Acer nigrum, Acer rubrum, Acer saccharum.

Distribution: Canada: New Brunswick (Fredericton). USA: Connecticut (Wallingford);
Idaho (Cub Creak, Cub River Canyon—Ilocus typicus, Deer Cliff Lodge, Franklin, Mink
Creek, Stanley, Strawberry Creek, Thomas Spring); Michigan (Midland); Minnesota (Saint
Paul); New York (Mount Kisco); North Carolina (Grandfather Mountain); Rhode Island
(Providence); Tennessee (vicinity of Cosby* (0.4 mi up Low Mount Cammerer Trail, Great
Smoky Mountains National Park)); Utah (Blacksmith Fork Canyon, Cub River Canyon,
Daniel’s Canyon, Logan Canyon, Mantua, Parley’s Canyon, Providence, Provo Canyon,
Richmond, Smithfield Canyon, Weber Canyon, Wellsville Canyon); Virginia (Richmond)
(Figure 25) [27]; Illinois Natural History Survey Insect Collection [*].

Additional distribution from iNaturalist (www.inaturalist.org, accessed on 12 June 2024):
New York (Columbia, Syracuse).
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Acer rubrum

S distribution range of
SR Acer grandidentatum

inland continuous lines represent
e ] country/states boundaries

Figure 25. Known distribution of Drepanaphis knowltoni in North America, with distribution ranges of
its host plants.

3.4.9. Drepanaphis monelli (Davis, 1909)

= Phymatosiphum monelli Davis, 1909: 2(3): 197 [19]

Drepanaphis monelli Gillette, 1910: 3(4): 371 [20]

= Drepanosiphum monelli Burnham, 1938: 70(9): 184 [60]

Figure 11, Figure 31, Figure 41, Figure 5I, Figure 10B, Figure 11I; Figures 14H, 21C, 22B,
24B and 26; Tables 1-3

Material examined: Type. Phymatosiphum monelli n.g.e t n.sp., Type, Occ.# 40469. 2n.
dt. Zab. Nat. Hist. sz. 3120, John J. Davis.//Phymatosiphum 670 monelli n. sp. -Type-
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Byckeye, St. Louis, Mo. 30 June’08. J. T. Monell Col. Mounted from alcoholic specimens.
John J. Davis./ /INHS, Insect Collection 1058879—three alate viv. fem.

Additional material examined—Table S6.

Alate viviparous female—re-description (n = 11)

Colour. In life: Powdery white over entire body, except dark fuscous thoracic lobes.
Brownish-yellow, U-shaped line more or less connecting DAT III to siphunculi. Front
femora, DAT III and siphunculi dark [27].

Pigmentation of mounted specimens: Head, thorax, ANT I dark brown (Figure 21C). ANT
II-VI pale brown with darker apices on ANT III-V. Pterostigma distinct, darkly pigmented,
with small area inside without pigmentation (Figure 3I). Abdomen pale with brown scle-
rotisation. Dorsal abdominal tubercles (Figure 1I) and siphunculi dark brown. Cauda,
subgenital and anal plate pale. Fore, middle and hind femora pale brown to brown. Fore
femora darker dorsally (Figure 4I); hind femora with brown stripes at margins. Fore tibiae
with darker apical part.

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.03 mm long; one pair of
pointed frontal setae on ventral side, 0.06 mm long. ANT/BL 1.9-2.74; PT/BASE 5.51-13.91.
ANT HI with 9-12 secondary rhinaria, BASE with 4 accessory rhinaria. URS with 6-12 acces-
sory setae (Figure 10B). Other ratios: ANT IV/ANT III 0.66-0.94; ANT V/ANT III 0.72-0.92;
ANT VI/ANT III 1.11-2.24; URS/ANT III 0.1-0.13; URS/BASE 0.71-0.86;, URS/SIPH
0.34-0.48; HT II/ ANT 111 0.09-0.13; HT II/BASE 0.62-0.86; TIBIA III/BL 0.55-0.82; SIPH/BL
0.11-0.16; SIPH/CAUDA 1.65-2.78. DAT III distinct, 0.16-0.22 mm long (Figure 11I), with
setae 0.02-0.03 mm long at end. ABD I-V with dorsal setae 0.02-0.03 mm long with pointed
apices, on small sclerites. Marginal sclerites with 3-5 setae. Siphunculi tubular (Figure 5I).
Oviparous female—description (n = 5)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax pale brown. ANT brown to dark
brown with darker apices on ANT III-V. Abdomen pale with brown sclerotisation. Si-
phunculi dark brown. Femora and tarsi pale brown. Tibiae dark brown, lighter on ends
(Figure 22B).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.07-0.12 mm long with blunt
apices; one pair of pointed frontal setae on ventral side, 0.01 mm long. ANT/BL 1.38-1.83.
Other ratios: ANT VI/ANT III 1.64-2.21; PT/BASE 6.29-10.85; SIPH/BL 0.09-0.11; III
FEMUR/BL 0.25-0.29; III TIBIAE/BL 0.48-0.55; HT II/ANT VI 0.07-0.1; URS/ANT III
0.14-0.19; URS/BASE 0.75-0.86; URS/SIPH 0.44-0.6. ANT III without secondary rhinaria.
URS with 8-10 accessory setae. Hind tibiae with 32-62 pseudosensoria more abundant in
middle part of tibiae. Dorsal setae 0.08-0.11 mm long. Siphunculi flask-shaped.

Alate male—re-description (n = 4)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax, ANT I, II dark brown. ANT III-VI
brown with darker apices on ANT III-V. Wings clear with small area of dark brown pig-
mentation on end. Pterostigma distinct, very darkly pigmented, with small area inside
without pigmentation. Abdomen pale with brown sclerotisation. Siphunculi dark brown,
cauda and anal plate brown. Fore femora brown, darker dorsally. Middle and hind femora,
tibiae and tarsi pale brown. Hind femora with dark brown stripes on ends. Tibiae with
slightly darker apical parts (Figure 24B).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of
postero-dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.05 mm long
with pointed apices; one pair of pointed frontal setae on ventral side, 0.06-0.07 mm
long. ANT/BL 1.73-2.13. Other ratios: ANT VI/ANT III 1.36-1.66; PT/BASE 7.16-11.92;
SIPH/BL 0.11-0.13; FEMUR III/BL 0.29-0.33; TIBIA III/BL 0.58-0.69; URS/ANT III
0.11-0.12; URS/SIHP 0.48-0.79. ANT III with 91-98 rhinaria, ANT IV with 3845 rhinaria,
ANT V with 21-26 rhinaria. URS with eight accessory setae. DAT III distinct, 0.1-0.12 mm
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long, with pointed setae, 0.03-0.04 mm long at end. Dorsal setae 0.03 mm long on small
sclerites. ABD IV-V with two setae on spinal sclerites. Marginal sclerites with 3—4 setae.
Siphunculi tubular. Genitalia with basal part of phallus smooth, elongated, hook-shaped
(Figure 14H).

Host plants: Aesculus glabra, occasionally found on Aesculus pavia and Acer saccharum.
Distribution: Canada: Quebec (Senneville). USA: Florida (Gainesville, High Springs);
Illinois (Havana, Kankakee, Mount Carroll, Oakwood, Rock Island, Urbana); Missouri
(Columbia, Saint Louis—locus typicus); North Carolina (Bryson City, Cullowhee, Grandfa-
ther Mountain, Raleigh (Umstead Park)); Ohio (Columbus); Pennsylvania (State College);
Wisconsin (Milwaukee) (Figure 26) [19,21,23,27,49,58].

Additional distribution from iNaturalist (Www.inaturalist.org, accessed on 12 June 2024):
Alabama (Birmingham Botanical Gardens); Pennsylvania (Penn Hills).

_.l—'. z
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Figure 26. Known distribution of Drepanaphis monelli in North America, with distribution ranges of
its host plants.

3.4.10. Drepanaphis nigricans Smith, 1941

Drepanaphis nigricans Smith, 1941: 57(2): 228, 236 [23]

Figures 1], 3], 4], 5], 11], 21D, 22C and 27; Tables 2 and 4

Material examined: Holotype. Drepanaphis nigricans Smith Holotype Type No 55835.
D.D.N.N.M.//N.C. 41-151, Acer rubrum, Busick, N.C., (Park Way), 2 July 1941, CFE.
Smith—five alate viv. fem. (USNM). Paratype. Drepanaphis nigricans C. E. Smith//N. C.
Aphids, Host Acer rubrum, Blowing Roak, N. C., Date June 12 1940, C. F. Smith, Black light
spots/ /INHS, Insect Collection 1058449—three alate viv. fem. Paracotype. Drepanaphis
nigricans C. F. Smith//N. C. 41-151, Acer rubrum, Busick, NC., Park Way, July 2, 1941, CF
Smith/ /Museum Paris MNHN 25153—six alate viv. fem.

Additional material examined—Table Sé6.

Alate viviparous female—re-description (n = 51)

Colour. In life: Black with pale legs, wings with noticeable dark spots at ends of veins.
Head and pronotum with three longitudinal white wax stripes, median pronotal stripe
interrupted, often faint. Mesonotum with two transverse rows of four small wax dots
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anteriorly (medial pairs sometimes missing) and one pair of elongated dots posteriorly.
Metanotum with two wax dots laterally. Abdomen with many wax dots, most dense at
posterior end [27].

Pigmentation of mounted specimens: Head, thorax, ANT I dark brown (Figure 21D). ANT
II-VI pale brown with darker apices on ANT III-V. Wings clear with dark pigmentation at
end of veins. Pterostigma distinct, darkly pigmented, oval with small area inside without
pigmentation (Figure 3J). Abdomen pale with brown dorsal sclerotisation. Dorsal abdom-
inal tubercles (Figure 1J) and siphunculi dark brown. Cauda, subgenital and anal plate
brown. Fore femora pale brown (Figure 4]).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.01-0.02 mm long; one pair
of pointed frontal setae on ventral side, 0.06-0.07 mm long. ANT/BL 2-3.38; PT/BASE
7.5-15.8. ANT III with 11-20 secondary rhinaria, BASE with 4 accessory rhinaria. URS with
6-10 accessory setae. Other ratios: ANT IV/ANT III 0.63-0.79; ANT V/ANT III 0.64-0.84;
ANT VI/ANT III 1.18-2.26; URS/ANT III 0.09-0.15; URS/BASE 0.6-0.94; URS/SIPH
0.45-0.7; HT II/ ANT III 0.09-0.13; HT II/BASE 0.6-1.02; TIBIA III/BL 0.55-0.86; SIPH/BL
0.077-0.14; SIPH/CAUDA 1.03-2.63. DAT I inconspicuous. DAT II 0.02-0.04 mm long,
DAT III biggest 0.14-0.25 mm long (Figure 11]), DAT IV 0.2-0.6 mm long. Ends of tubercles
with very short setae, about 0.01 mm long. ABD I-V with dorsal setae 0.01-0.02 mm long,
on small sclerites. Marginal sclerites with 3-6 setae. Siphunculi flask-shaped (Figure 5J).
Oviparous female—description (n = 1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head and thorax pale brown. ANT I-II brown; ANT
MI-VI pale brown. ANT II-VI with darker apices on ANT III-V and dark area with primary
rhinarium on ANT V1. Siphunculi, cauda, subgenital and anal plate pale brown. Legs pale
(Figure 22C).

Morphometric characters: Head setae: two pairs of fronto-orbital setae 0.08-0.1 mm long,
one pair of postero-dorsal setae 0.08 mm long, one pair of latero-dorsal setae on dorsal
side 0.04-0.05 mm long with blunt apices; one pair of pointed frontal setae on ventral side,
0.09-0.1 mm long. ANT/BL 1.69-1.71. Other ratios: ANT VI/ANT III 2.29-2.45; PT/BASE
12.38-12.72; SIPH/BL 0.08-0.09; FEMUR III/BL 0.26-0.28; TIBIA III/BL 0.51-0.52; HT
II/ANT VI 0.06; URS/ANT III 0.14; URS/BASE 0.77; URS/SIPH 0.53. ANT III with 3—4 sec-
ondary rhinaria. URS with 12 accessory setae. Hind tibiae with 53-62 pseudosensoria more
abundant in middle part of tibiae, closer to distal part of femur. Dorsal setae 0.07-0.09 mm
long, on ABD VIII slightly shorter. Siphunculi flask-shaped.

Male: Unknown.

Host plant: Acer rubrum.

Distribution: USA: Florida (Gainesville); New York (Sparta); North Carolina (Blowing
Rock, Bolton, Busick—locus typicus, Cashiers, Chapel Hill, Durham, Great Smoky Moun-
tains National Park* (Goldmine Loop Trail), Mount Mitchell, Raleigh (Umstead Park),
Sunburst); Pennsylvania (State College); Tennessee (Great Smoky Mountains National
Park* (Low Mount Cammerer Trail)) (Figure 27) ([23,27]; Illinois Natural History Survey
Insect Collection [*]).
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Figure 27. Known distribution of Drepanaphis nigricans in North America, with distribution ranges of
its host plants.

3.4.11. Drepanaphis parva Smith, 1941

Drepanaphis parva Smith, 1941: 57(2): 228, 237 [23]

= Drepanaphis rubrum Smith, 1941: 57(2): 228, 238 [23]

= Drepanaphis parvus Smith & Knowlton, 1943: 59(2): 173 [24]

Figures 1K, 3K, 4K, 5K, 7C, 11K, 141, 21E, 24C and 28; Tables 3 and 4

Material examined: Holotype. Drepanaphis parvus Smith Holotype Type No 55836.
D.D.N.N.M.//N. C. Aphids, Host Acer, Greensboro, N. C. 193, Date 5-3-40, C. F. Smith—
three alate viv. fem. (USNM). Paratype. Drepanaphis parvus C. F. Smith//N. C. Aphids,
Host Acer rubrum, Raleigh, NC, Date May 12 1941, C. FE. Smith//INHS, Insect Collec-
tion 1058907—six alate viv. fem. Paracotype. Drepanaphis parvus C. F. Smith//N. C.
Aphids, Host Acer, Greensboro, N. C. 193, Date 5-3-40, C. F. Smith//INHS, Insect Col-
lection 1058906—six alate viv. fem. Paracotype. Drepanaphis parvus C. F. Smith//N. C.
Aphids, Host Acer, Greensboro, N. C. 193, Date 5-3-40, C. F. Smith//Museum Paris MNHN
22493—six alate viv. fem.

Additional material examined—Table S6.

Alate viviparous female—re-description (n = 15)

Colour. In life: Head and thorax reddish brown; head and pronotum with five longitudinal
white wax stripes; pronotal wax pattern as in D. acerifolinae. Abdomen green—grey-brown
with white tip, white wax dots in longitudinal rows in line with those on thorax [27].
Pigmentation of mounted specimens: Head, ANT I, thorax brown to dark brown (Figure 21E).
ANT II-VI pale brown with darker apices on ANT III-V and dark area with primary rhinar-
ium on ANT VI. Wing veins diffusely bordered. Pterostigma distinct, darkly pigmented,
with small area inside without pigmentation (Figures 3K and 7C). Abdomen pale with DAT
I-IV (Figure 1K) and sclerotisation dark. Siphunculi brown, cauda, subgenital and anal
plate pale brown. Fore femora pale brown (Figure 4K). Hind femora with darker smudge.
Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.03 mm long with blunt
apices; one pair of pointed frontal setae on ventral side, 0.05-0.06 mm long. ANT/BL
1.41-1.94; PT/BASE 6.36-11.31. ANT III with 9-15 secondary rhinaria, BASE with 4 ac-
cessory rhinaria. URS with 4-8 accessory setae. Other ratios: ANT IV/ANT III 0.55-0.79;
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ANT V/ANT III1 0.52-1.16; ANT VI/ANT III 1.05-1.7; URS/ANT III 0.08-0.11; URS/BASE
0.67-0.77; URS/SIPH 0.35-0.43; HT II/ANT III 0.09-0.14; HT I1I/BASE 0.67-1.08; TIBIA
III/BL 0.46-0.59; SIPH/BL 0.08-0.13; SIPH/CAUDA 1.61-2.46. DAT 10.07-0.11 mm long;
DAT II 0.05-0.08 mm long; DAT III biggest, 0.14-0.19 (Figure 11K); DAT IV smallest,
0.04-0.07 mm long. Dorsal setae 0.01-0.03 mm with blunt apices, on small sclerites. ABD
VII-VIII with setae pointed and slightly longer, 0.03-0.05 mm long. Siphunculi flask-shaped
(Figure 5K).

Oviparous female: Unknown.

Alate male—re-description (n = 1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, ANT I, thorax brown. ANT II-VI pale brown.
ANT III-V with slightly darker apices on ends and dark area with primary rhinarium on
ANT VI. Wing veins diffusely bordered. Pterostigma distinct, darkly pigmented, with small
area inside without pigmentation. Abdomen pale with dark tubercles and sclerotisation.
Cauda and anal plate brown. Legs pale; hind femora with brown smudge (Figure 24C).
Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.05 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.05-0.06 mm long. ANT/BL
1.83-1.93. Other ratios: ANT VI/ANT III 1.47-1.71; PT/BASE 11.69-13.46; SIPH/BL
0.08-0.09; FEMUR III/BL 0.29-0.3; TIBIA III/BL 0.61; URS/ANT III 0.11; URS/SIPH 0.69.
ANT III with 91-97 rhinaria, ANT IV with 38-41 rhinaria, ANT V with 21-26 rhinaria. URS
with eight accessory setae. DAT I-II inconspicuous. DAT III 0.13-0.15 mm long, DAT IV
0.04-0.05 mm long. Dorsal setae 0.04-0.06 mm long, with pointed apices. ABD I-V with
2—4 setae on spinal sclerites. Marginal sclerites with 2—6 setae. Genitalia with basal part of
phallus robust, elongated, hook-shaped (Figure 14I).

Host plants: Acer rubrum, Acer saccharum.

Distribution: Canada: New Brunswick (Middle Kouchibouguact); Nova Scotia (Jakes
Landing”, Kejimkujik Main Parkwayf, Upper Hammonds Plainst); Ontario (Callander,
Cambridge®, Corwhin”, Front of Yonget (44°30'00.0” N 75°54'00.0"” W), Griffith", Kitchenert,
Marentette Beach in Wheatley”); Prince Edward Island (Stanhope); Quebec (Shawini-
gan (Lac Wapizagonkef)). USA: Florida (Gainesville, Sebring (Highlands Hammock
State)); Georgia (Savannah); Maine (Presque Isle); Massachusetts (Mount Grace (Warwick));
North Carolina (Andrew’s Bald in Great Smoky Mountains National Park* (35°32/16.8" N
83°29'38.4” W), Blue Ridge Parkway, Greensboro—locus typicus, Purchase Knob in Great
Smoky Mountains National Park* (35°35'16.2” N 83°03'53.4” W), Raleigh, Sparta’’); Michi-
gan (Chippewa Township® (46°18'00.0” N 85°06'00.0"” W), Eckerman Corner”); Pennsylva-
nia (Bethayres, Center Hall, Cooksburg, Miquon, Philipsburg, Pleasant Gap, State College);
Tennessee (Bote Mountain Trail in Great Smoky Mountains National Park* (35°34'37.1" N
83°44/02.3” W), Gatlinburg®); Wisconsin (Sturgeon Bay) (Figure 28) ([23,24,27]; Centre for
Biodiversity Genomics—Canadian Specimens [1]; [llinois Natural History Survey Insect
Collection [*]; International Barcode of Life project (iBOL) ["]; International Nucleotide
Sequence Database Collaboration [°]; NMNH Extant Specimen Records (USNM, US) [""]).

Additional distribution from iNaturalist (www.inaturalist.org, accessed on 12 June 2024):

Pennsylvania (Wyndmoor); Virginia (Dulles).

3.4.12. Drepanaphis robinsoni Malik sp. nov.

urn:lsid:zoobank.org:act:3C2B4A AD-E06A-410B-940D-AEA4E96662FC
Figures 1L, 3L, 4L, 5L, 11L, 21F and 29; Table 4
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Figure 28. Known distribution of Drepanaphis parva in North America, with distribution ranges of its
host plants.
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Figure 29. Known distribution of Drepanaphis robinsoni in North America, with distribution ranges of
its host plants.

Material examined: Holotype. Drepanaphis choanotricha Dillery & Smith [MS], Al. Viv ¢,
US/153 HLGS det./ / Acer saccharum, Umstead Park, Raleigh N.C., U.S.A, 19eV]e1966,
HLGS leg. BM 1982-492/ /NHMUK 14314713—one alate viv. fem. PARATYPES Drepanaphis
choanotricha Dillery & Smith [MS], Al. Viv @, US/153 HLGS det.//Acer saccharum,
Umstead Park, Raleigh N.C., U.S.A, 19eVIe1966, HLGS leg. BM 1982-492//NHMUK

111:3853886784
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14314714—one alate viv. fem. Drepanaphis parva Smith, BM 1984-340 Det: Dillery &
Smith//N.U.S.A, Acer rubrum, Chapel Hill N.C., 2e¢VIIe1965, Dillery and Smith leg.
65.127/ /NHMUK 12821447—three alate viv. fem. Drepanaphis parva Smith, BM 1984-340
Det.: C. F. Smith//N.U.S.A, Acer rubrum, Raleigh N.C., 56VI1e1959, Leg: C. F. Smith.
59.394 O/ /NHMUK 12821448—three alate viv. fem; SA02-385-05-001 DZUS—one alate viv.
fem., 22 September 2022, Washington, D.C., USA, Acer rubrum, K. Malik leg. & det.
Additional material examined—Table S6.

Alate viviparous female—description (n = 11)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, ANT I, thorax brown (Figure 21F). ANT II-V
pale brown with darker apices on ANT III-V and dark area with primary rhinarium on
ANT VI. Wings clear with smudge-bordered ends of veins. Pterostigma distinct, darkly
pigmented, with small area inside without pigmentation (Figure 3L). Abdomen pale with
DAT I pale, DAT II and IV brown and DAT III dark brown (Figure 1L). Siphunculi, cauda,
subgenital and anal plate pale. Legs pale brown, fore femora slightly darker at margins
(Figure 4L).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.01-0.02 mm long with blunt
apices; one pair of pointed frontal setae on ventral side, 0.05-0.06 mm long. ANT/BL
2-3.2; PT/BASE 9.39-15.7. ANT III with 9-13 secondary rhinaria, BASE with 4 accessory
rhinaria. URS with six accessory setae. Other ratios: ANT IV/ANT III 0.66-0.81; ANT
V/ANT III 0.69-0.85; ANT VI/ANT III 1.54-2.67; URS/ANT III 0.09-0.12; URS/BASE
0.67-0.84; URS/SIPH 0.44-0.62; HT II/ANT III 0.09-0.12; HT II/BASE 0.64-0.86; TIBIA
I1I/BL 0.54-0.85; SIPH/BL 0.09-0.17; SIPH/CAUDA 1.63-2.12. DAT 1 0.06-0.08 mm long;
DAT II 0.05-0.11 mm long; DAT III biggest, 0.14-0.22 mm long (Figure 11L); DAT IV
smallest, 0.04-0.06 mm long. Dorsal setae 0.02-0.03 mm long with blunt apices. Marginal
sclerites with 3—4 setae. Siphunculi flask-shaped (Figure 5L).

Oviparous female: Unknown.

Male: Unknown.

Remarks: The new species D. robinsoni was designated based on two other incorrectly des-
ignated species of the Drepanaphis genus. These species include D. choanotricha (NHMUK
14314713, NHMUK 14314714) and D. parva (NHMUK 12821445, NHMUK 12821447, INHS
Insect Collection 1058904). The fresh material of this new species was also collected in
Washington, D.C.

Diagnosis: Alate viviparous females of the new species can be easily distinguished from the
closely related D. parva by their pale siphunculi and lack of sclerotisation on the abdomen
and from D. choanotricha by the presence of only four accessory rhinaria.

Etymology: We are pleased to name this new species in honour of Arthur Grant Robinson,
an eminent Canadian aphidologist, who collected specimens of this species.

Host plants: Acer rubrum, Acer saccharum.

Distribution: USA: North Carolina (Chapel Hill, Doughton, Raleigh—locus typicus (Um-
stead Park)); Washington, D.C. (Figure 29).

3.4.13. Drepanaphis sabrinae Miller, 1937

Drepanaphis sabrinae Miller, 1937: 69(5): 111 [22]

Figures 1M, 2C, 3M, 4M, 5M, 11M, 22D, 30A and 31; Tables 2 and 4

Material examined: See Table S6.

Alate viviparous female—re-description (n = 14)

Colour. In life: Abdomen orange brown, sometimes yellowish. Small flecks of white
wax present, three to five on head; four antero-medial, two antero-lateral and two postero-
medial on mesonotum; two lateral on metanotum; some on abdomen. Pronotum with three
longitudinal wax stripes, median stripe interrupted and faint [27].

Pigmentation of mounted specimens: Head, ANT, thorax and legs brown to dark brown
(Figure 30A). ANT II-VI with darker apices on ANT III-V and dark area with primary
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rhinarium on ANT VI. Wings clear, pterostigma distinct, darker pigmentation on ends, with
small area inside without pigmentation (Figure 3M). Abdomen pale with dark dorsal tuber-
cles, lighter on bases, darker on tips (Figure 1M), and pale brown sclerotisation. Siphunculi
pale brown to brown, slightly darker on ends (Figure 5M). Fore femora dark dorsally
(Figure 4M). Tibiae with slightly darker knee apical parts on ends. Cauda, subgenital and
anal plate pale.

Table 4. Measurements (in mm) of alate viviparous females of Drepanaphis (part 2).

D.

Character nig}'ll?éuns Ly p_ aroa robinsoni D. sa_brinue sacclhjt.lrini simlp?s.oni D. S’i icata D. tissoti utuilli.nsis
n=51 n=15 sp._nov. n=14 n=15 n=12 n=19 n=25 n=26
n=11

BL 1.042.12 18527 122-173 175276 158240  1.69-241 2123 0.99-1.8 1.55-2.8
HW 0.2-0.33 029-039 025029  033-039  0.29-0.33 0.3-0.36 0.3-0.43 021-029  0.27-0.39
ANT [-VI 329-5.16 32249 3.15-391 32-5 365457  2.62-343 47-586 311419 2.32-417
ANT III 0.6-1.04 081-131 073088  077-1.19 0.80-1.1 0.69-085  1.04-1.37 0.7-1.11 0.74-1
ANT IV 052-073 052087  052-067  059-099 058089 051061 078107 046063 048078
ANT V 056-078 051084  057-072  0.61-097 058085 044058  076-1.04  047-071 044073
ANT VI 102-1.99 095185  151-195 104185 116168 073097 154233  1.03-211 0.76-15
BASE 0.1-0.16 0.12-0.16 0.1-0.14 0.13-0.2 0.1-0.14 012-015  012-019  0.09-0.13 _ 0.12-0.17
PT 0.9-1.84 0.83-1.7 1.03-1.83 0.9-1.66 1.04-1.56 0.6-0.85 137-2.17 0.9-1.98 0.62-1.33
EEZ{ER I 045072 053066 045055  06-088  053-079 05059  074-103 04406  051-0.87
FENIURT 0.07-0.13  0.08-015  0.09-0.12  011-018  011-0.15  0.14-017  0.09-0.18  0.05-0.09 0.1-0.18
FEMURII  0.41-0.65 04067 039047 051083 0.46-0.7 0.49-0.65 0.65-0.9 0.4-0.59 0.5-0.73
TIBIA III 084134  1.03-145 0.9-1.05 111-1.61 103151  092-1.04  136-1.89  0.82-1.16  1.05-1.48
HT I 0.08-0.12 0.1-0.13 0.08-009 010013  010-012 010012  0.11-0.14 0.08-0.1 0.1-0.14
URS 0.08-1 0.09-0.11 008009  012-013 _ 0.09-0.11  0.08-0.09 0.1-0.12 0.08-0.1 0.08-0.1
SIPH 0.12-0.22 021-03 014021 019034 019021 016021 024043 013021 0.18-0.3
CAUDA 0.07-096  0.09-0.15 0.08-0.1 0.09-0.13  0.08-0.14 0.1-0.13 0.1-0.15 0.07-0.11 0.1-0.17

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.04 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.07-0.01 mm long. ANT/BL 1.18-
2.51; PT/BASE 5.82-9.66. ANT III with 6-10 secondary rhinaria, BASE with 5-6 accessory
rhinaria (Figure 2C). URS with 8-14 accessory setae. Other ratios: ANT IV/ANT III
0.65-0.88; ANT V/ANT III 0.67-0.93; ANT VI/ANT III 1.25-1.9; URS/ANT III 0.11-0.14;
URS/BASE 0.68-0.95; URS/SIPH 0.42-0.65; HT II/ ANT 111 0.09-0.14; HT II/BASE 0.53-0.77;
TIBIA III/BL 0.52-0.78; SIPH/BL 0.09-0.16; SIPH/CAUDA 2.01-2.54. DAT I 0.09-0.15 mm
long; DAT Il and III equal, 0.12-0.23 mm long (Figure 11M); DAT IV smallest, 0.03-0.07 mm
long. Dorsal setae 0.03-0.04 mm long with pointed apices, on small sclerites. Marginal
sclerites with 2-5 setae. Siphunculi tubular (Figure 5M).

Oviparous female—description (n = 2)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head and thorax brown, abdomen pale. ANT I-II
brown. ANT III-VI dark brown with lighter apices on ANT VI. Abdomen pale with dark
sclerotisation. Siphunculi, subgenital, anal plate and cauda brown. Fore, middle, hind
femora and siphunculi brown. Tibiae dark brown. Tarsi brown (Figure 22D).
Morphometric characters: Head setae: two pairs of fronto-orbital setae 0.08-0.09 mm
long, one pair of postero-dorsal setae mm long, one pair of latero-dorsal setae 0.05-0.7 mm
long with pointed apices on dorsal side; one pair of pointed frontal setae on ventral side
0.09 mm long. ANT/BL 1.33-1.39. Other ratios: ANT VI/ANT III 1.5-1.76;, PT/BASE
7.19-7.57; SIPH/BL 0.08-0.1; FEMUR III/BL 0.24; TIBIA III/BL 0.46-0.47; HT 11/ ANT
VI0.09; URS/ANT III 0.15-0.16; URS/BASE 0.75-0.86; URS/SIPH 0.5-0.6. ANT III with
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(A)

1 mm !

one or without secondary rhinaria. URS with 8-10 accessory setae. Hind tibiae with
70-76 pseudosensoria distributed along almost their entire lengths. Dorsal setae 0.04 -0.09
mm long. Siphunculi tubular.

Male: Unknown.

Remarks: Smith [23] lists Hardeeville as a place of occurrence, along with Raleigh and
Chapel Hill, and located all of them in North Carolina. However, the locality of Hardeeville
occurs only in South Carolina and is thus classified in this work as such a locality for
this species.

(B)

1mm

(E)

(D)

R,

W

1 it —lmm

Figure 30. Alate viviparous females of the genus Drepanaphis: (A) D. sabrinae, (B) D. saccharini, (C) D.
simpsoni, (D) D. spicata, (E) D. tissoti, (F) D. utahensis.

114:1170319866
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Host plant: Acer saccharum.

Distribution: USA: Maine (Orono); Massachusetts (Amherst—locus typicus, Groton);
Michigan (Albion (College Campus)); Minnesota (Saint Paul); New York (Ithaca); North
Carolina (Chapel Hill, Laurinburg (Jaycee Parkt), Raleigh (Fred Fletcher Park)); Pennsyl-
vania (State College); South Carolina (Hardeeville) (Figure 31) ([23,27]; new record in this
publication [1]).

. known distribution of
0. sebringe {literature)

distribution range of
Acer soccharum

[ Jinland continuous lines represent
=7 | country/states boundaries

Figure 31. Known distribution of Drepanaphis sabrinae in North America, with distribution ranges of
its host plants.

3.4.14. Drepanaphis saccharini Smith & Dillery, 1968

Drepanaphis saccharini Smith & Dillery, 1968: 61(1): 186, 198 [27]

Figures 1N, 3N, 4N, 5N, 30B and 32; Table 2

Material examined: Holotype. Drepanaphis saccharini S & D Det. Smith & Dillery, 60-887,
Silver Maple//St. James, Minn, 8360, Holotype, Se5—one alate viv. fem. (USNM).
Paratype. Drepanaphis saccharini S & D Det. Smith & Dillery, 60-887, Silver Maple,
Paratype/ /St. James, Minn, 8e3e60, SeS/ /INHS, Insect Collection 1058912—one alate viv.
fem. Paratype. Drepanaphis saccharini Smith & Dillery, paratype, Det: Smith & Dillery,
BM 1984-340//N.U.S.A., PL. Silver maple, Loc. St. James, Minn., Date 3.VIIL.1960, Leg. S. S.
S//NHMUK 12821470—three alate viv. fem.

Additional material examined—Table Sé6.

Alate viviparous female—re-description (n = 15)

Colour. In life: Abdomen greenish with white tip [27].

Pigmentation of mounted specimens: Head, ANT I and thorax brown (Figure 30B).
ANT II-VI pale brown with darker apices on ANT III-V and dark area with primary
rhinarium on ANT VI. Wings clear, pterostigma palely pigmented, with large area inside
without pigmentation (Figure 3N). Abdomen pale with dorsal abdominal tubercles dark
(Figure 1N) and sclerotisation pale brown. Siphunculi, cauda, subgenital and anal plate
pale brown. Legs pale brown. Fore femora slightly darker on margins (Figure 4N), hind
femora with smudge.

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.05 mm long with pointed
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apices; one pair of pointed frontal setae on ventral side, 0.08 mm long. ANT/BL 1.2-2.4;
PT/BASE 8.68-14.04. ANT III with 6-10 secondary rhinaria, BASE with 4 accessory rhinaria.
URS with 6-8 accessory setae. Other ratios: ANT IV/ANT III 0.69-0.87; ANT V/ANT
III 0.69-0.83; ANT VI/ANT III 1.27-1.97; URS/ANT III 0.11-0.13, URS/BASE 0.78-0.91;
URS/SIPH 0.46-0.57; HT 11/ ANT III 0.1-0.14; HT II/BASE 0.8-1.1; TIBIA III/BL 0.56-0.66.
SIPH/BL 0.09-0.12; SIPH/CAUDA 1.48-2.34. DAT I and II equal 0.03-0.08 mm long; DAT
III biggest, 0.08-0.17 mm long (Figure 11N); DAT IV smallest, 0.02-0.04 mm long. ABD
I-V with dorsal setae 0.03-0.04 mm long with pointed apices, on small sclerites. Marginal
sclerites with 2-6 setae. Siphunculi flask-shaped (Figure 5N).

Remarks: Sexual generation remains unknown.

Host plants: Acer saccharinum, Acer rubrum.

Distribution: Canada: Ontario (Toronto). USA: Georgia (Oakwood); Illinois (Chemung,
Oakwood); Iowa (Decorah); Kansas (Wathena); Maryland (Beltsville, Plummers Island);
Minnesota (Cannon Falls, Saint James—locus typicus, Savage); New York (Chemung); North
Carolina (Burlington, Hendersonville, Moravian Falls); Ohio (Gallipolis) (Figure 32) [27].

3.4.15. Drepanaphis simpsoni Smith, 1959

Drepanaphis simpsoni Smith, 1959: 52(6): 647 [26]

= Drepanaphis pallida Richards, 1969: 101(1): 107 [28]

Figures 10, 30, 40, 50, 110, 14], 24D, 30C, 33A and 34; Tables 2—4

Material examined: Holotype. Drepanaphis simpsoni Smith, Holotype + Allotype C. E. S.
Det: D. H. R. L. C. F. SMith//N. U. S. A. Pl. Acer saccharum, Loc. Presque Isle (Maine),
Date 10.IX.1956, Leg. Simpson & H. R. L. 465, BM1984-340—two alate viv. fem., one alate
viv. male. Paratype. Drepanaphis simpsoni Smith + kanzenis Smith, oviparae, Det. C.
F. Smith//N. U. S. A. Pl. Acer saccharum, Loc. Presque Isle (Maine), Date 10.IX.1956,
Leg. Simpson & H. R. L. 465, BM1984-340—three Viviparous 2. Paratype. Drepanaphis
simpsoni Smith, Acer saccharum/ /Presque Isle, Me., Oct. 9, 1958, Simpson/ /INHS, Insect
Collection 1058916—one alate viv. fem.

Additional material examined—Table Sé6.

Alate viviparous female—re-description (n = 12)

Colour. In life: Head and thorax reddish brown, somewhat darker dorsally with short,
fine, longitudinal, white wax stripes. Abdomen light yellow to white with DAT I reddish
brown [27].

Pigmentation of mounted specimens: Head, ANT I-II and pronotum brown (Figure 30C).
Rest of thorax dark brown. ANT II-VI pale brown with darker apices on ANT III-V and
dark area with primary rhinarium on ANT VI. Wings clear, pterostigma distinct, darkly
pigmented, with small area inside without pigmentation (Figure 30). DAT I dark; DAT II,
III and IV pale brown on apices (Figure 10). Cauda, subgenital and anal plate brown. Legs,
abdomen and siphunculi pale. Fore femora darker on ends (Figure 40).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of
postero-dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.01-0.03 mm long
with pointed apices; two pairs of pointed frontal setae on ventral side, 0.04-0.05 mm long.
ANT/BL 1.17-1.61; PT/BASE 4.62 -7.08. ANT III with 8-13 secondary rhinaria, BASE
with 4 accessory rhinaria. URS with 4-6 accessory setae. Other ratios: ANT IV/ANT III
0.66-0.83; ANT V/ANT II1 0.58-0.76; ANT VI/ANT III 0.98-1.33; URS/ANT III 0.1-0.12;
URS/BASE 0.59-0.67; URS/SIPH 0.42-0.48; HT 11/ ANT III 0.13-0.17; HT II/BASE 0.77-1.0;
TIBIA III/BL 0.42-0.56; SIPH/BL 0.07-0.11; SIPH/CAUDA 0.63-2.16. DAT I biggest,
0.17-0.22 mm long, DAT II 0.1-0.16 mm long, DAT III 0.08-0.16 mm long (Figure 110),
DAT IV smallest, 0.05-0.11 mm long. End of tubercles with setae 0.02 mm long. Dorsal
setae 0.02-0.03 mm long with pointed apices. Siphunculi tubular (Figure 50).

Oviparous female—description (n = 3)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, thorax, siphunculi pale. ANT and legs pale
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brown, ANT II-VI with darker apices on ANT III-V and dark area with primary rhinarium
on ANT VI. Cauda, subgenital and anal plate brown (Figure 33A).

. known distribution of
0. saecharini (literature)

| | distribution range of
Acer saccharinum

Acer rubrum

| inland continuous lines represent
‘=" | country/states boundaries

[ | distribution range of

Figure 32. Known distribution of Drepanaphis saccharini in North America, with distribution ranges
of its host plants.

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.07-0.1 mm long with blunt
apices; two pairs of pointed frontal setae on ventral side, 0.08-0.1 mm long. ANT/BL
1.04-1.17. Other antennal ratios: ANT VI/ANT III 0.93-1.82; PT/BASE 4.07-9.92; SIPH/BL
0.05-0.06; III FEMUR/BL 0.21-0.22; TIBIA III/BL 0.4-0.41; HT II/ANT VI 0.08-0.17;
URS/ANT III 0.11-0.12; URS/BASE 0.57-0.75; URS/SIPH 0.53. ANT III without sec-
ondary rhinaria. URS with 6-9 accessory setae. Hind tibiae with 43 pseudosensoria more
abundant in middle part of tibiae, closer to distal part. Dorsal setae 0.08-0.12 mm long, on
ABD VIII slightly shorter. Siphunculi tubular.

Alate male—re-description (n = 3)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, ANT I-1I, thorax and siphunculi brown. ANT
MI-VI pale brown, ANT II-V with slightly darker apices on ends of segments and dark area
with primary rhinarium on ANT VI. Wings clear, pterostigma palely pigmented, with large
area inside without pigmentation. Cauda and anal plate brown. Abdomen pale with dark
sclerotisation. Legs pale brown (Figure 24D).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.01-0.03 mm long with pointed
apices; two pairs of pointed frontal setae on ventral side, 0.03-0.04 mm long. ANT/BL
1.33-1.62. Other ratios: ANT VI/ANT III 0.99-1.14; PT/BASE 5.16-5.85; SIPH/BL 0.07-0.09;
III FEMUR/BL 0.24-0.31; TIBIA III/BL 0.45-0.56; URS/ANT III 0.55-0.56; URS/SIPH
0.64-0.73. ANT III with 92-118 rhinaria, ANT IV with 62-82 rhinaria, ANT V with 30-38 rhi-
naria. URS with six accessory setae. DAT inconspicuous. Dorsal setae 0.02-0.03 mm long,
with pointed apices. ABD II-VI with distinct spinal sclerites, each with 2—4 setae. Marginal
sclerites with 1-3 setae. Siphunculi tubular. Genitalia with basal part of phallus rectangular,
with broadly rounded apices (Figure 14]).
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Remarks: The analysis of type material of D. pallida confirmed its identity with D. simpsoni.
Host plant: Acer saccharum.

Distribution: Canada: New Brunswick (Fredericton); Ontario (New Castle, Ottawa).
USA: Connecticut (Windsor); Maine (Orono, Presque Isle—locus typicus); Massachusetts
(Ambherst); New York (Ithaca); Pennsylvania (State College) (Figure 34) [26,27].

(A) (B)
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; 1mm

© P

1mm

1 mm

Figure 33. Oviparous females of the genus Drepanaphis: (A) D. simpsoni, (B) D. spicata, (C) D. tissoti,
(D) D. utahensis.
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Figure 34. Known distribution of Drepanaphis simpsoni in North America, with distribution ranges of
its host plants.

Additional distribution from iNaturalist (www.inaturalist.org, accessed on 12 June 2024):
Massachusetts (Great Barrington); Tennessee (Roan Mountain).

3.4.16. Drepanaphis spicata Smith, 1941

Drepanaphis spicatum Smith, 1941: 57(2): 228, 241 [23]

= Drepanaphis spicata Palmer, 1952: 5:87 [51]

Figures 1P, 3P, 4P, 5P, 11P, 14K, 24E, 30D, 33B and 35; Tables 2 and 4

Material examined: Holotype. Drepanaphis spicatum Smith Holotype Type No 55839.
D.D.N.N.M.//N. C. 41-150, Acer spicatum, Mt. Mitchell, (Camp Alice), July 2, 1941, C.
F. Smith, Remounted June 7,00—two alate viv. fem. (USNM). Paratype. Drepanaphis
spicatum C. F. Smith//N. C. 41-188, Acer spicatum, On Park Way, Busic, N. C. 7-31-41, C. E
S.//INHS, Insect Collection 1058917—five alate viv. fem.

Additional material examined—Table S6.

Alate viviparous female—re-description (n = 19)

Colour. In life: Entire body powdery white except dark fuscous thoracic lobes, DAT
III, siphunculi and brownish-yellow, U-shaped line more or less connecting DAT III to
siphunculi. Fore femora dark [27].

Pigmentation of mounted specimens: Head, ANT I-II and pronotum brown (Figure 30D).
Rest of thorax dark brown. ANT II-VI pale brown with darker apices on ANT III-V and
dark area with primary rhinarium on ANT VI. Wing veins clear, pterostigma distinct,
very darkly pigmented, with small area inside without pigmentation (Figure 3P), radius
veins dark brown. Abdomen pale with DAT III dark (Figure 1P) and dorsal sclerotisation
dark. Cauda, subgenital and anal plate pale brown to brown. Fore femora brown, darker
dorsally (Figure 4P). Middle femora pale brown, hind femora pale brown with dark stripes
at margins.

Morphometric characters: Head setae: two pairs of fronto-orbital setae 0.05-0.07 mm long,
one pair of postero-dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.05 mm
long with pointed apices; one pair of pointed frontal setae on ventral side, 0.09-0.012 mm
long. ANT/BL 1.77-2.35; PT/BASE 7.86-14.63. ANT III with 9-15 secondary rhinaria,
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BASE with 4 accessory rhinaria. URS with 6-8 accessory setae. Other ratios: ANT IV/ANT
III 0.67-0.95; ANT V/ANT III 0.6-0.88; ANT VI/ANT III 1.19-2.06; URS/ANT III 0.08-0.1;
URS/BASE 0.6-0.8; URS/SIPH 0.26-0.41; HT II/ ANT III 0.08-0.11; HT II/BASE 0.63-0.85;
TIBIA III/BL 0.54-0.73; SIPH/BL 0.1-0.18; SIPH/CAUDA 1.87-3.17. DAT III significant,
0.22-0.31 mm long (Figure 11P). Dorsal setae with pointed apices, 0.04-0.06 mm long, on
small sclerites. Marginal sclerites with 3-6 setae. Siphunculi flask-shaped (Figure 5P).
Oviparous female—description (n = 1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Body in general pale brown, with slightly darker
hind tibiae and ends of siphunculi (Figure 33B).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.08-0.12 mm long with blunt
apices; one pair of pointed frontal setae on ventral side, 0.11 mm long. ANT/BL 1.2. Other
ratios: ANT VI/ANT III 1.19; PT/BASE 6.85; SIPH/BL 0.08-0.09; FEMUR II1/BL 0.24-0.25;
TIBIA III/BL 0.48-0.49; HT II/ ANT VI0.12; URS/ANT II1 0.12; URS/BASE 0.77; URS/SIPH
0.43. URS with 10 accessory setae. Hind tibiae with 59-71 pseudosensoria distributed
in central part of tibiae. Dorsal setae 0.1-0.13 mm long, on ABD VIII slightly shorter, to
0.09 mm long. Siphunculi flask-shaped.

Alate male—re-description (n = 1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, ANT I-II, thorax and siphunculi brown. ANT
II-VI pale brown, ANT II-V with slightly darker apices on ends of segments and dark area
with primary rhinarium on ANT VI. Wings clear, pterostigma distinct, darkly pigmented,
with small area inside without pigmentation. Abdomen pale with dark sclerotisation.
Cauda and anal plate brown. Legs pale, fore femora darker dorsally, hind femora with
dark stripes on the apical parts (Figure 24E).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.05 mm long with pointed
apices; one pair of pointed frontal setae on ventral side, 0.07 mm long. ANT/BL 1.76-1.94.
Other ratios: ANT VI/ANT III 1.58-1.24; PT/BASE 9.47-12.6; SIPH/BL 0.14; FEMUR 1II/BL
0.29; TIBIA III/BL 0.62; URS/ANT III 0.09; URS/SIPH 0.73. ANT III with 106-107 rhinaria,
ANT IV with 46 rhinaria, ANT V with 23-25 rhinaria. URS with 12 accessory setae. Dor-
sal tubercles inconspicuous. Dorsal setae 0.04-0.06 mm long, with pointed apices. ABD
I-VI with spinal sclerites and 2—4 setae. Marginal sclerites with 1-3 setae. Siphunculi
flask-shaped. Genitalia with basal part of phallus short, robust and almost square-shaped
(Figure 14K).

Remarks: Smith and Knowlton [24] note in their article that individuals from Utah and
Idaho are slightly different from other representatives of this species. They note the differ-
ence in abdominal dorsal tubercule 111, usually longer, and with fewer and smaller dark
areas around the hairs on the dorsal side of the abdomen.

Host plant: Acer spicatum, specimens from Utah and Idaho known from Acer grandidentatum.
Distribution: Canada: Manitoba (Caddy Lake, Camp Morton, Grand Beach); Quebec
(Chute Panet, Saint-Nicolas). USA: Idaho (Franklin, Mink Creek); North Carolina (Buck
Creek Gap, Grandfather Mountain, Mount Mitchell—locus typicus); Pennsylvania (Philips-
burg, Pleasant Gap, Sprace Creek (Colerain Park), State College (Poe Paddy Laken Tussey
Tower), Woodward); Utah (Big Cottonwood Canyon, Blacksmith Fork Canyon, City Creek
Canyon, Logan Canyon, Mantua, Mount Nebo, Mount Sterling in Smithfield Canyon,
Provo Canyon, Strawberry Creek, Weber Canyon) (Figure 35) [23,24,27].
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Figure 35. Known distribution of Drepanaphis spicata in North America, with distribution ranges of
its host plants.

3.4.17. Drepanaphis tissoti Smith, 1944 stat. rev.

Drepanaphis tissoti Smith, 1944: 27(3): 55 [25]

Figures 1Q, 2D, 3Q, 4Q, 5Q, 11Q, 30E, 33C and 36; Tables 2 and 3

Material examined: Holotype. Drepanaphis tissoti Smith, Det. CFSmith, Acer rubrum//
Gainesville, Florida, Hatchetcreek, 5-5-1941, A. N. Tissot coll. F-2207-41. Paracotype.
Drepanaphis tissoti Smith, Acer rubrum,//Gainesville, Florida, Hatchetcreek, 5-5-1941, A.
N. Tissot coll. F-2207-41/ /Museum Paris MNHN 25154—one alate viv. fem. Paracotype.
Drepanaphis tissoti Smith, Acer rubrum,//Gainesville, Florida, Hatchetcreek, 5-5-1941, A.
N. Tissot coll. B. M.1967-340. F-2207-41/ /NHMUK 12821452—one alate viv. fem.
Additional material examined—Table S6

Alate viviparous female—re-description (n = 25)

Colour. In life: Black with pale legs, wings with noticeable dark spots at end of veins.
Head with three, pronotum with two longitudinal white wax stripes. Mesonotum with two
antero-lateral wax dots; two anteromedial dots usually connected to two postero-medial
dots to make two longitudinal stripes. Metanotum with two wax dots laterally. Abdomen
with many wax dots, most dense at posterior end [27].

Pigmentation of mounted specimens: Head, thorax, ANT I-II dark brown (Figure 30E).
ANT III-VI pale brown with darker apices on ANT III-V and dark area with primary
rhinarium on ANT VI. Wings clear with dark pigmentation of ends of veins, radius veins
dark brown. Pterostigma distinct, darkly pigmented, oval with small area inside without
pigmentation (Figure 3Q). Abdomen pale with brown dorsal sclerotisation. Dorsal abdomi-
nal tubercles (Figure 1Q) and siphunculi dark brown. Cauda, subgenital and anal plate
pale. Femora (Figure 4Q), tibiae and tarsi pale brown.

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.01-0.02 mm long with blunt
apices. One pair of pointed frontal setae on ventral side, 0.05-0.06 mm long. ANT/BL
1.95-3.64; PT/BASE 7.2-16.8. ANT III with 8-11 secondary rhinaria, BASE with 5-11 acces-
sory rhinaria (Figure 2D). URS with 6-9 accessory setae. Other ratios: ANT IV/ANT III
0.61-0.73; ANT V/ANT III 0.53-0.83; ANT VI/ANT III 1.18-2.72; URS/ANT Il 0.11-0.13;
URS/BASE 0.67-0.9; URS/SIPH 0.44-0.69; HT II/ ANT III 0.1-0.13; HT II/BASE 0.65-0.85;
TIBIA III/BL 0.57-0.88; SIPH/BL 0.09-0.18; SIPH/CAUDA 1.4-2.45. DAT [, Il and IV
inconspicuous. DAT III 0.15-0.19 mm long (Figure 11Q). Dorsal setae 0.01-0.02 mm long
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with blunt apices, on small sclerites. Siphunculi flask-shaped (Figure 5Q).

Oviparous female—description (n = 1)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, ANT I-II, thorax, siphunculi dark brown.
ANT and legs pale brown, ANT II-VI with darker apices on ANT III-V and dark area with
primary rhinarium on ANT VI. Abdomen pale with dark sclerotisation. Cauda, subgenital
and anal plate pale brown (Figure 33C).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.06-.0.07 mm long with blunt
apices; one pair of pointed frontal setae on ventral side, 0.09 mm long. ANT/BL 1.6. Other
ratios: ANT VI/ANT III 1.78-1.82; PT/BASE 12.5-12.8; SIPH/BL 0.074-0.086; FEMUR
III/BL 0.23; TIBIA III/BL 0.42; HT II/ ANT VI 0.05-0.06; URS/ANT III 0.088; URS/BASE
0.67; URS/SIPH 0.44. URS with eight accessory setae. Hind tibiae with 30-31 pseu-
dosensoria more abundant on the middle part of tibiae, closer to knee area. Dorsal setae
0.08-0.1 mm long, marginal sclerites with 14 setae each. Siphunculi flask-shaped.

Male: Unknown.

Remarks: Remaudiére and Remaudiére, based on personal communication from EW.
Quednau [29], establish the synonymisation of D. tissoti with D. nigricans without sufficient
morphological study. However, the analysis and comparison of both species indicate
differences (particularly the significant differences between oviparous females of these
species). The main features that differentiate the alate viviparous females of these species
are the number of secondary rhinaria on ANT III (in the case of D. nigricans, more than
11, in the case of D. tissoti, never more than 11) and the number of accessory rhinaria on
BASE (D. nigricans always with 4, D. tissoti with 5-11). However, the features between
oviparous females are also significant: hind tibiae with 5362 pseudosensoria (D. nigricans)
and 30-31 pseudosensoria (D. tossoti). Differences are also present in the respective ratios:
ANT VI/ANT III, TIBIA III/BL, URS/BASE.

Host plants: Acer rubrum, occasionally on Acer saccharum.

Distribution: USA: Florida (Hatchet Creek near Gainesville—locus typicus); North Car-
olina (Chapel Hill, Hope Valley Forest); Pennsylvania (Black Moshannon State Park, State
College); South Carolina (Easley) (Figure 36) [25,27].

. known distribution of
O. tissotf (literature)

| |d|5trihm|nn range of
Acer rubrum

| inland continuous lines represent
<= | eountry/states boundaries

Figure 36. Known distribution of Drepanaphis tissoti in North America, with distribution ranges of its
host plants.
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3.4.18. Drepanaphis utahensis Smith & Knowlton, 1943

Drepanaphis utahensis Smith & Knowlton, 1943: 59(2): 172, 174 [24]
Figures 1R, 3R, 4R, 5R, 10C, 11R, 14L, 25F, 30F, 33D and 37; Tables 2—4

known distribution of
0. utahensis (literatura)

;| distribution range af
o Acer grandidentatum

4 inland continuous lines represent
"1 | country/states boundaries

Figure 37. Known distribution of Drepanaphis utahensis in North America, with distribution ranges of
its host plants.

Material examined: Holotype. Drepanaphis utahensis K.-S.//Type Utah Aphids, Host
maple, Drepanaphis utahensis K.-S. Brigham Canyon, Date 7-1-1937, C. F. Smith, C.K.5.—
five alate viv. fem. (USNM). Paratype. Mt. Maple—Paratype., APHIDIDAE OF UTAH,
Host Acer glabrum, Aphid Drepanaphis utahensis K-S, Locality Ogden Cany; Ut., May-
20-1930, GEORGE FE. KNOWLTON, Coll. very active. Heavy whitish pruinose, over head,
thorax + abdomen. Ground color of abdomen green (not to dark)////INHS, Insect Collec-
tion 1058919—one alate viv. fem.

Additional material examined—Table S6.

Alate viviparous female—re-description (n = 26)

Colour. In life: Body yellow, head and pronotum edged in black, prescutum and thoracic
lobes brown, DAT III dark; entire body frosted with white wax [27].

Pigmentation of mounted specimens: Head, ANT I, pronotum and siphunculi brown
(Figure 30F). Rest of thorax dark brown. ANT II-VI pale brown with slightly darker apices
on ANT III-V and dark area with primary rhinarium on ANT VI. Wings clear with small
area of dark brown pigmentation at end. Wings clear, pterostigma distinct, pigmented
darker on ends, with small area inside without pigmentation (Figure 3R). Abdomen pale.
DAT III dark (Figure 1R). Cauda, subgenital and anal plate pale brown. Legs pale brown.
Fore femora darker on ends (Figure 4R).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.03-0.04 mm long with pointed
apices; two pairs of pointed frontal setae on ventral side 0.06-0.08 mm long. ANT/BL
0.94-2.05; PT/BASE 4.27-9.04. ANT III with 12-22 secondary rhinaria, BASE with 4 acces-
sory rhinaria. URS with 6-10 accessory setae (Figure 10C). Other ratios: ANT IV/ANT III
0.57-0.88; ANT V/ANT III 0.5-0.87; ANT VI/ANT III 0.87-1.68; URS/ANT III 0.09-0.13;
URS/BASE 0.49-0.73; URS/SIPH 0.33-0.46; HT II/ ANT I11 0.12-0.18; HT II/BASE 0.69-0.95;
TIBIA III/BL 0.41-0.66; SIPH/BL 0.08-0.13; SIPH/CAUDA 1.51-2.36. DAT [, Il and IV
inconspicuous. DAT III distinct, 0.09-0.14 mm long (Figure 11R). Dorsal setae 0.03-0.04 mm
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long with pointed apices. Siphunculi tubular (Figure 5R).

Oviparous female—description (n = 5)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Body generally pale brown with abdomen slightly
lighter. Legs and dorsal sclerotisation slightly darker (Figure 33D).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of postero-
dorsal setae 0.07-0.01 mm long, one pair of latero-dorsal setae on dorsal side 0.05-0.07 mm
long with blunt apices; two pairs of pointed frontal setae on ventral side, 0.05-0.07 mm
long. ANT/BL 0.88-1.04. Other ratios: ANT VI/ANT III 1.31-1.2; PT/BASE 5.92-7.77;
SIPH/BL 0.05-0.066, FEMUR III/BL 0.19-0.21; TIBIA III/BL 0.36-0.42; HT II/ANT VI
0.1-0.12; URS/ANT III 0.12-0.17; URS/BASE 0.69-0.83; URS/SIPH 0.47-0.64. ANT III
without secondary rhinaria. URS with 6-8 accessory setae. Hind tibiae with 13-52 pseu-
dosensoria more abundant in middle part of tibiae. Dorsal setae 0.08-0.09 mm long. ABD
I-II with large marginal sclerites. Siphunculi tubular.

Alate male—re-description (n = 4)

Colour. In life: Unknown.

Pigmentation of mounted specimens: Head, pronotum, ANT and siphunculi brown. Rest
of thorax dark brown. Wings clear with closed, wide, brown pterostigma. Abdomen pale
with dark sclerotisation. Cauda, anal plate and genitalia brown. Legs pale, hind femora
with light brown smudge (Figure 24F).

Morphometric characters: Head setae: two pairs of fronto-orbital setae, one pair of
postero-dorsal setae, one pair of latero-dorsal setae on dorsal side, 0.02-0.03 mm long
with pointed apices; two pairs of pointed frontal setae on ventral side, 0.03-0.06 mm
long. ANT/BL 1.29-1.68. Other antennal ratios: ANT VI/ANT III 1.2-1.44; PT/BASE
6.14-7.3; SIPH/BL 0.09-0.11; FEMUR III/BL 0.26-0.3; TIBIA III/BL 0.51-0.64; URS/ANT III
0.11-0.12; URS/SIPH 0.47-0.53. ANT III with 78-83 rhinaria, ANT IV with 46-52 rhinaria,
ANT V with 27-30 rhinaria. URS with eight accessory setae. DAT inconspicuous. Dorsal
setae 0.02-0.03 mm long, with pointed apices. ABD II-V with spino-pleural sclerites with
two setae each. Marginal sclerites with 3-6 setae. Siphunculi tubular. Genitalia with basal
part of phallus short, robust, with broadly rounded apices (Figure 14L).

Remarks: Archibald [61] reported an individual of this species from Nova Scotia on sugar
maple, A. saccharum [27]. However, when analysing its range of occurrence, Archibald
probably incorrectly identified this individual. The databases analysed also included
records from Illinois and North Carolina. But the host plant was never A. grandidentatum,
and we could not analyse these individuals, so we do not include their occurrence on the
map. Smith and Knowlton [24] also mention that they had over 100 other slides from
Utah and Idaho, but these specimens were brighter. However, they did not notice any
other significant differences apart from colour. These individuals come from the following
locations: Idaho (Boise (Minidoka National Forest), Franklin, Mink Creek); Utah (American
Fork Canyon, Beaver Canyon, Big Cottonwood Canyon, Brigham Canyon, Eden, Emigra-
tion Canyon, Lakota, Mantua, Millville, Mt. Nebo, Oak Creek Canyon, Parley’s Canyon,
Providence Canyon, Provo Canyon, Richmond, Sardine Canyon, Uinta).

Host plant: Acer grandidentatum.

Distribution: USA: Idaho (Bench”, Caribou-Targhee National Forest, Cub River Canyon);
New Mexico (Cibola National Forest); Utah (Abajo Mountains, Blacksmith Fork Canyon,
Bountiful (Skyline Drive), Brigham Canyon—locus typicus, City Creek Canyon, Cutler
Dam, Daniels Canyon, Farmington Canyon, Honeyville, Huntsville, Liberty, Logan (Green
Canyon), Mantua, Mount Nebo, Mount Timpanogos, Muller’s Park (Davis County), North
Ogden, Ogden Canyon, Peterson, Pinecrest, Providence Canyon, Provo Canyon, Salt Lake
City"”, Santaquin, Smithfield Canyon, Weber Canyon, Wellsville Canyon (also Mount Ster-
ling), West Hodges Canyon) (Figure 37) [24,27]; International Barcode of Life project (iBOL)
[']; NMNH Extant Specimen Records (USNM, US) ["].
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3.5. Results of the Statistical Analysis

Based on the morphological and morphometric data, in the PCA results for the
group consisting of the 213 alate viviparous females representing all species of the genus
Drepanaphis, the first two axes of the PCA represent 70.8% of the total variance (the first
three axes represent 80.9%). The first component (axis 1) is characterised mostly by the fore
femora colour and the arrangement of conspicuous dorsal abdominal tubercles. The second
component (axis 2) reflects the characteristics of the presence of stripes on the hind femora,
dorsal sclerites and siphunculi colour (Figure 38; Table S3). In the case of all analysed
morphs, qualitative features were decisive due to the fact that metric features often overlap,
and there is no single clear feature that would allow for distinguishing individual species
from each other.

For 30 males representing 12 species of the genus Drepanaphis, the first two axes of
the PCA represent 67.3% of the total variance (the first three axes represent 75.8%) in the
variant where the antennal segment ratio VI PT/BASE variable is not used. When this
characteristic is used, then the value increases to 86.9% (the first three axes represent 91.2%).
The first component (axis 1) is characterised by the fore femora colour, the presence of
the stripes on the hind femora and the antenna colour. The second component (axis 2)
reflects mainly the length-to-height ratio in the middle part of the siphunculi, the number
of frontal setae and the visible appearance of a third pair of tubercles on the abdomen
segment (Figure 39; Table 54). In the analysis where the ratio of the length of the processus
terminalis of the last antennal segment to that of its basal part was also used, this feature is
dominant in the characterisation for axis 1 (Figure 40).

For 43 oviparous females representing 14 species of the genus Drepanaphis, the first two
axes of the PCA represent 91.3% of the total variance (the first three axes represent 94.4%).
The first component (axis 1) is characterised by the ratio of the length of the processus
terminalis of the last antennal segment to that of its basal part. The second component
(axis 2) reflects mainly the colour of antennae, fore tibiae, dorsal sclerites and siphunculi
(Figure 41; Table S5).
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Figure 38. Plots of the first two components of a principal components analysis (PCA) for alate
viviparous females of the genus Drepanaphis. Plots demonstrate the separation of individual species.
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Figure 39. Plots of the first two components of a principal components analysis (PCA) for males of the
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Figure 40. Plots of the first two components of a principal components analysis (PCA) for males of
the genus Drepanaphis (with antennal segment ratio VI PT/BASE). Plots demonstrate the separation
of individual species.
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Figure 41. Plots of the first two components of a principal components analysis (PCA) for oviparous
females of the genus Drepanaphis. Plots demonstrate the separation of individual species.

The PCA results confirm the full species status of D. tissoti within the genus Drepanaphis.
Moreover, according to previously proposed species groups by Smith and Dillery [27], most
of these proposals are justified. In the genus under study, we can distinguish the “acerifoliae”
group, characterised by four clearly visible pairs of dorsal abdominal tubercles in alate
viviparous females. Originally, species such as D. acerifoliae, D. carolinensis and D. sabrinae
were included here. However, D. sabrinae has a unique tubercle pattern, its siphunculi are
light brown and unlike the other two species, which have four accessory rhinaria each,
this species has five to six of them. This species is plotted for alate viviparous females at
the far end of axis 1, but for oviparous females, it is shown close to D. acerifoliae and D.
carolinensis. Species in the “monelli” group have only the third pair of tubercles visible and
dark stripes on the hind femora. This group includes D. keshenae, D. knowltoni, D. monelli
and D. spicata. Smith and Dillery [27] also proposed D. kanzensis here, although they also
indicated some doubts about its position in this group. Based on the morphological analysis
of this species, we propose not assigning it to any existing group, similar to the approach
taken with D. sabrinae. The position of D. kanzensis outside the previously designated group
is confirmed in the analyses of all generations—alate viviparous females and sexuales,
oviparous females and males. In the case of sexual generation, species from the “acerifoliae”
and “monelli” groups partially overlap, which is primarily due to the very similar metric
ratio of the analysed characters and, especially in the case of males, the inability to measure
some features in D. acerifoliae and D. carolinensis individuals (Figures 39-41). For the
correct analysis of the results, it is also important to mention that in oviparous females, the
measurement values of the processus terminalis (ANT VI PT) for two individuals from D.
acerifoliae and two from D. monelli were lower than those in the others, which resulted in
some disturbance in the analyses and the separation of these individuals on the plot. This
is the only reason for this situation.

The remaining groups coincide with the previous proposal. Therefore, we have a
“nigricans” group, with D. choanotricha, D. nigricans and D. tissoti, mostly characterised by
very long antennae; a “parva” group, where all species have a light-coloured front femora,
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i.e., D. idahoensis, D. parva, D. robinsoni sp. nov. and D. saccharini; and a fifth “utahensis”
group, with D. granovskyi, D. simpsoni and D. utahensis, where all species have two pairs of
frontal setae on the head.

4. Discussion
4.1. Morphological Groups within the Genus Drepanaphis

The most significant character of species belonging to the genus Drepanaphis is the
presence of distinctive tubercles on dorsal abdominal tergites I-IV. The size and shape
of dorsal abdominal tubercles have great importance in the systematics of this group of
aphids. Smith and Dillery [27] pointed out the importance of this feature for distinguishing
species belonging to five morpho-groups. However, in their original descriptions, they did
not consider qualitative features such as the colour of the fore femora or the shape of the
siphunculi. Additionally, when determining the groups, the authors paid great attention to
the characteristics of the nymphs and the host plant associations, which may not provide
sufficient information about the morphological similarities within the designated groups.
They also did not consider the characteristics of the sexual generation, which were relatively
poorly known. By analysing the morphological characters in the genus Drepanaphis, five
distinct species groups can be distinguished. Species with four distinct pairs of dorsal
abdominal tubercles, with the third pair being the largest, first femora dark around the
edges and four accessory rhinaria are characteristic of the “acerifoliae” group, consisting
of D. acerifoliae and D. carolinensis. The original division also included D. sabrinae, but
due to different proportions of tubercles (the second and third pairs of equal length)
and five accessory rhinaria, this species is not classified into any group. Additionally,
D. sabrinae is the only species with an ultimate rostral segment 0.12-0.14 mm long. The
second group of species morphologically similar to each other and distinguished by having
only a third pair of tubercles is the “monelli” group (D. keshenae, D. knowltoni, D. monelli
and D. spicata). Species in this group are very similar and are often incorrectly marked
in museum collections; e.g., D. knowltoni was marked incorrectly as D. monelli and vice
versa; D. knowltoni and D. spicata are also frequently confused species. In the case of this
group, similarly to the “acerifoline” group, another species, D. kanzensis, was originally
included. Variability resulting from the colour of the fore femora and the lack of black
stripes on the third pair of hind femora means that this species is also not classified into any
group. A group of individuals characterised by relatively small body size, long antennae
and a variable number of accessory rhinaria creates the “nigricans” group (D. choanotricha,
D. nigricans, D. tissoti). Remaudiere and Remaudiere [29], after personal communication
from Quednau, established the synonymisation of D. tissoti with D. nigricans, but our
analysis indicates differences between them. A significant feature was the number of
rhinaria, both secondary (D. nigricans with more than 11, D. tissoti never with more than 11)
and accessory (D. nigricans always with 4, D. tissoti with 5-11). Species belonging to the
“parva” group (D. idahoensis, D. parva, D. robinsoni sp. nov., D. saccharini) differ by pale fore
femora. Drepanaphis parva and D. robinsoni sp. nov. have wing veins with slightly dusky
areas. Apart from the similarity in the smudge on the wings, they differ in the presence of
sclerotisation on the abdomen (Figure 21E,F) or the different shapes of the dorsal abdominal
tubercles (Figure 11K,L). Representatives with two frontal setae in adults belong to the
“utahensis” group (D. granovskyi, D. simpsoni, D. utahensis). Drepanaphis granovskyi and D.
utahensis are light-coloured species with relatively small tubercles, which in the case of
D. simpsoni are larger, and this species is the only one with the first pair of tubercles, the
largest concerning the remaining pairs.

4.2. Morphometric Similarities in the Genus Drepanaphis

The phenomenon of morphological similarity in aphids is common and can be dis-
tinguished in many genera of hemipterans. An example is the genus Aphis L., where the
species generally appear very similar due to convergence toward particular morphological
types [62]. To distinguish some of them (A. glycines, A. gossypii, A. rhamnicola), it is necessary
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to use DNA barcoding because morphological comparative studies are insufficient [63].
While species in the Drepanaphis genus may initially appear different, primarily due to
the varied arrangement of dorsal abdominal tubercles, and constitute a distinct group
within the subfamily Drepanosiphinae [14], the morphometric features of most species
overlap, making it impossible to establish clear differentiation ranges. The range of sizes of
individuals in the genus is very wide, especially considering that the specimens analysed
encompass forms from each season (from early spring to late autumn), which may vary
substantially in body size. Additionally, the morphological plasticity of aphids [64] can
affect a wide spectrum of ranges of dimensions. The morphometric feature that often
carries significant taxonomic information is the length of the appropriate segments of the
antennae. In some species of the genus Drepanaphis, the length of the processus terminalis
of the last antennal segment may serve as a distinguishing feature, visible in well-preserved
specimens. However, in the case of most mounted specimens, the last segment is often
broken or destroyed, which can lead to erroneous conclusions regarding interspecies dif-
ferences based on this feature [18]. Another qualitative feature is the number of rhinaria
on antennal segment III, which should be relatively constant. In the case of some species,
such as D. choanotricha, the number of rhinaria is small, which facilitates initial verification.
However, the ranges of rhinaria numbers overlap for many species, rendering this feature
less significant for identification purposes. The number of setae on the ultimate rostral
segment is also a questionable diagnostic character.

Although SEM can provide excellent imaging of detailed morphological features in
aphids [65], this method does not enable accurate counting of this character (Figure 10).
Therefore, we included ranges of numerical intervals in the key rather than specific values
in this case. Although quantitative features such as the number of accessory rhinaria on the
base of antennal segment VI may differentiate species like D. choanotricha, D. sabrinae and
D. tissoti (Figure 2), most morphometric features overlap. When verifying individuals in
this genus, attention should primarily be given to qualitative features, which can aid in
identifying living specimens. These features include dark-bordered wings in the case of
D. acerifoliae and D. keshenae (Figure 8) and the colour of the fore femora. When analysing
individuals using light microscopy, the qualitative features that hold the greatest diagnostic
importance are the shape and size of the dorsal abdominal tubercles. Although in some
species, their shape and size may be distorted by the incorrect positioning of individuals
on the mounted specimen [18], this feature remains valuable, especially in morphologically
very similar species.

4.3. Host Plant Ambiguity

After analysing specimens from various entomological collections, it was found that
Drepanaphis species are associated with a much broader range of host plant species than pre-
viously believed. This applies in particular to species that were classified as monophagous.
Drepanaphis monelli is the only species in this genus that feeds on Aesculus glabra; the remain-
ing species feed on maples. Host plant associations were also used as a diagnostic feature in
the key and differentiated the examined specimens. Among the analysed specimens of this
species in the INHS collection, a series of specimens of Drepanaphis monelli were also found
on A. saccharum and A. saccharinum. Following thorough analysis, the taxonomic identity of
this species was confirmed, thereby rejecting the possibility of mislabelling the specimens.
In this case, we suspect two phenomena: (I) accidental drift from a host plant to a neigh-
bouring tree species or (II) a genuinely broader species range of the host plant. While we do
not discount the possibility of drift, which is common in groups of small insects [66], it has
been observed accidentally in other species within this genus, such as on ferns (D. acerifoliae)
and mosses (D. utahensis). However, we are more inclined to claim that the number of
host plant species is greater than expected, a conclusion supported by numerous other
examples. Drepanaphis kanzensis, which mainly occurs on A. saccharum (confirmed by field
research conducted in September 2022 in the USA), may also appear on A. rubrum or A.
saccharinum. It is noteworthy that the sexual generation of this species primarily occurs on
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A. saccharinum rather than A. saccharum, contrary to common assumption. The question
arises of whether the sexual generation in this genus is so difficult to collect because of the
omission of host plants. An interesting example is the new species D. robinsoni sp. nov.,
initially misidentified as both D. choanotricha, associated with A. saccharum, and D. parva,
which primarily feeds on A. rubrum. In this case, we face difficulties in determining the
primary host plant of the new species. Although designating a single host plant facilitates
initial verification and provides a reliable source of information about the species [67], the
analysis of a representative number of specimens from the genus Drepanaphis reveals that
they are more narrowly oligophagous than monophagous. This fact should be considered
when using the identification key.

4.4. Distribution

Among all identified Drepanaphis species, D. granovskyi, D. idahoensis and D. utahensis
stand out most prominently due to their distribution. They are the only ones associated
exclusively with the western part of North America, and they all feed on Acer grandidenta-
tum. However, morphological analysis indicates that D. idahoensis is less similar to other
species. A similar distinction can be observed with D. knowltoni, which also inhabits the
same geographical area and feeds on A. grandidentatum but exhibits distinct morphological
characteristics. The case of D. spicata is also noteworthy. Representatives of this species
occur in the northernmost part of the continent among all those analysed (with only D. ac-
erifoliae also recorded above latitude 49°). Similar to D. knowltoni, D. spicata shows range
fragmentation, although further field confirmation of these findings is necessary.

The ranges of the other species overlap, corresponding to the natural ranges of their
host plants. There are strong indications that the original habitat of the first representatives
of this genus was the eastern part of North America, and their evolution is closely linked to
the spread of trees within the Acer genus [68].

5. Conclusions

The study of the genus Drepanaphis highlights its taxonomic complexity and the diverse
host plant associations among its species. Morphological analyses reveal distinctiveness
even among closely related species, underscoring the importance of comprehensive revision
and accurate species identification tools. The geographical distribution patterns suggest
evolutionary ties to the Acer genus, particularly in eastern North America.
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Abstract

The Drepanosiphinae is a Holarctic subfamily of Aphididae comprising six genera: Drepanaphis, Drepanosiphoniella,
Drepanosiphum, Megalosiphonaphis, Shenahweum, and Yamatocallis, all of which exhibit strict host plant
associations, primarily with Acer species. Despite long-standing taxonomic attention, evolutionary relationships
within the group remain poorly resolved, and some important aspects of their biology, such as their patterns

of association with symbionts, have been unexplored despite evidence that species in the subfamily might be
involved in atypical nutritional symbioses. Here, we present a molecular phylogenetic reconstruction of this
subfamily and investigate the evolution of its endosymbiotic consortia. Phylogenetic analyses were conducted
using multiple DNA markers, employing both Bayesian inference (Bl) and maximum likelihood (ML) approaches.
Endosymbionts were characterized using high-throughput sequencing of a fragment of the bacterial 16S rRNA
gene. The resulting phylogenies are largely congruent across markers and methods and consistently support

the monophyly of Drepanosiphinae. Drepanaphis and Drepanosiphum form a well-supported clade as sister

to Drepanosiphoniella, while Yamatocallis and Megalosiphonaphis form a distinct, more distantly related clade.
Within Drepanaphis, species group according to host plant use rather than traditional morphological groupings,
revealing three host-associated clades: rubrum, saccharum, and grandidentatum. Endosymbiont characterization
revealed that, in addition to the obligate symbiont Buchnera aphidicola, most Drepanosiphinae species also host

a Sodalis-like bacterium, consistent with previous genomic evidence for a dual nutritional symbiosis with this
bacterium. However, Sodalis was absent in most Yamatocallis species, indicating a complex and potentially dynamic
evolutionary history of symbiotic relationships within the subfamily. Patterns of association with Wolbachia,
Rickettsia, Fukatsuia, Serratia and Arsenophonus suggest a limited role in nutrition. By integrating phylogenetic
reconstruction with symbiont profiling, this study provides the most comprehensive evolutionary framework to
date for Drepanosiphinae and reinforces the view that nutritional symbioses in aphids are evolutionarily dynamics.
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Background

Drepanosiphinae is a morphologically and biogeographi-
cally diverse subfamily within Aphididae [1]. It comprises
42 recognized species within six genera: Drepanaphis Del
Guercio, 1909 (18 species), Drepanosiphoniella Davatchi,
Hille Ris Lambers & Remaudiére, 1957 (three species),
Drepanosiphum Koch, 1855 (10 species), Megalosiphona-
phis Sugimoto, 2024 (one species), Shenahweum Hottes
& Frison, 1931 (one species), Yamatocallis Matsumura,
1917 (nine species) [2, 3]. Drepanosiphinae are distrib-
uted across most major biogeographic regions. Drepa-
nosiphum is Holarctic and well-represented in Europe,
while Drepanosiphoniella occurs mainly in the Medi-
terranean. The Nearctic genera Shenahweum and Drep-
anaphis account for much of North American diversity,
with Drepanaphis being the most speciose; only D. aceri-
foliae (Thomas, 1878) occurs outside North America,
also reaching Europe and Japan. In Asia, Yamatocallis
occurs in India, China, Korea, and Japan, whereas Meg-
alosiphonaphis has only been recorded in Japan [3-11].
Across all regions, these aphids exhibit strong host speci-
ficity, primarily associating with Acer species [3]. Mor-
phologically, representatives of Drepanosiphinae are
distinguished by features such as enlarged fore or mid
femora and the presence of rastral spines on the hind tib-
iae, which are considered synapomorphies for the group
[1]. All genera within the subfamily are morphologically
well characterized and have been the subject of detailed
taxonomic studies (1, 4, 6, 8, 9, 11, 12].

Despite this, evolutionary relationships within Drepa-
nosiphinae remain poorly resolved due to limited taxon
sampling [1]. In particular, high morphological similar-
ity among species in the largest genus, Drepanaphis, has
long complicated species delimitation [13]. To address
this, five morpho-groups have been proposed based
on diagnostic traits such as the shape and color of the
pterostigma, the form of the siphunculi, and the pres-
ence and structure of abdominal tubercles [9, 13]. How-
ever, several species remain difficult to place confidently
within these morpho-groups, suggesting that mor-
phology alone may be insufficient for accurate species
delimitation. Furthermore, the phylogenetic position of
the Asiatic genera Yamatocallis and Megalosiphonaphis
remain unresolved, emphasizing the need for broader
molecular phylogenetic analyses.

Thus, a comprehensive molecular phylogeny is needed
to resolve evolutionary relationships within Drepano-
siphinae, clarify the placement of Asiatic genera and test
the validity of Drepanaphis morpho-groups. Given the
strong host specificity toward Acer species, mapping host
associations onto a robust phylogeny can reveal whether
ecological traits correspond to evolutionary lineages and
help explain patterns of diversification.
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In addition, Drepanosiphinae species are potentially
characterized by atypical dual nutritional symbioses [14].
While most aphid species are associated with a single
obligate symbiont, Buchnera aphidicola, which supplies
essential amino acids and vitamin B that are limited or
absent in the aphid diet, several studies using microbial
metagenomic data have shown that this mutualistic rela-
tionship is not as exclusive as previously thought across
the aphid phylogeny [14—16]. In several aphid subfami-
lies, Buchnera lacks essential metabolic functions, most
notably the ability to synthesize biotin and riboflavin, and
is complemented by other microbial symbionts that res-
cue or replace one or more of its roles. By compensating
for the evolved auxotrophies of their Buchnera partners,
these secondary symbionts provide essential nutrients
and become co-obligate associates [14]. Such dual nutri-
tional symbioses, in which Buchnera is complemented
by an additional symbiont, have also been identified in
members of the subfamily Drepanosiphinae. Notably,
Fukatsu [17] discovered a secondary intracellular sym-
biotic bacterium in the genus Yamatocallis (in Y. tokyo-
ensis Takahashi, 1923 and Y. hirayamae Matsumura,
1917), referred to as YSMS (Yamatocallis Secondary
Mycetocyte Symbiont). Phylogenetically affiliated with
the y-Proteobacteria, this symbiont’s patterns of associa-
tion and tissue tropism suggest a potential role in aphid
nutrition. More recently, Manzano-Marin et al. [14]
uncovered co-obligate associations involving Sodalis-like
bacteria in other Drepanosiphinae members, i.e. Drepa-
nosiphum platanoidis Schrank, 1801 and Drepanosiphon-
iella fugans Remaudiére and Leclant, 1972. Genomic data
from this study show that Sodalis-like symbionts, char-
acterized by highly reduced genomes indicative of long-
term obligate associations, appear to compensate for
metabolic deficiencies in B. aphidicola, particularly the
loss of B-vitamin biosynthesis. Although only four of the
42 recognized Drepanosiphinae species have been inves-
tigated for the presence of symbionts, the subfamily may
represent an alternative example of a diversified obligate
dual-symbiotic system, comparable to that observed in
Chaitophorinae, Hormaphidinae or Lachninae [18, 19].
In order to investigate this hypothesis, a more thorough
exploration of symbiont diversity across and within spe-
cies is needed. A comprehensive phylogenetic framework
will then help determining whether Sodalis is involved
in a long-term association with this group and whether
YSMS is restricted to certain species or genera.

In light of Drepanosiphinae’s strong host specificity,
morphological complexity, and potential dual symbiotic
systems, the overarching aim of this study is to provide
the first comprehensive evolutionary framework for the
group by integrating multilocus molecular phylogeny
with endosymbiont characterization. Specifically, we aim
to: 1. Reconstruct the phylogeny of 20 Drepanosiphinae
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species, representing five of the six recognized genera
and nearly half of all known species; 2. Clarify the phy-
logenetic positions of the Asiatic genera Yamatocallis
and Megalosiphonaphis, which exhibit unique morpho-
logical traits and restricted distributions; 3. Resolve
relationships within Drepanaphis, the largest and most
problematic genus, and assess whether the phylogenetic
clustering of species reflects their host—plant associa-
tions with Acer; 4. Characterize endosymbiotic consor-
tia across Drepanosiphinae, and map their distributions
onto the host phylogeny in order to identify potential co-
obligate symbionts.

Material and methods

Sample collection, fixation and storage

The study used 20 of 42 species from the subfamily
Drepanosiphinae. Eight species belonging to the genus
Drepanaphis [D. acerifoliae; D. carolinensis Smith, 1941;
D. granovskyi Smith & Knowlton, 1943; D. kanzen-
sis Smith, 1941; D. monelli (Davis, 1909); D. robinsoni
Malik, 2024; D. sabrinae Miller, 1937; D. utahensis Smith
& Knowlton, 1943] were collected in USA from 2022 to
2023, D. acerifoliae was also collected in Belgrade, Ser-
bia in 2023. D. simpsoni Smith, 1959, collected in USA
in 1976, was obtained from the MNHN collection (Paris,
France). Four species belonging to the genus Yamatocal-
lis [Y. acericola Higuchi, 1975; Y. hirayamae; Y. nikkoensis
Sugimoto, 2017; Y. tokyoensis] were collected in Japan in
2023. Megalosiphonapis nigrostriata Sugimoto, 2024 was
collected in Japan in 2024. Drepanosiphoniella fugans
and Drepanosiphum platanoidis were collected in France
in 2016. For each sample collected, a preliminary classifi-
cation of individuals was carried out through observation
under the Nikon SMZ 25 stereoscopic microscope. Sub-
sequently, some specimens were mounted on slides and
identified using a Nikon Ni-U light microscope equipped
with a phase contrast system. All voucher specimens
were preserved in 70% or 99.8% ethanol, stored at —200C
and deposited in the entomological collection of the Uni-
versity of Silesia in Katowice, Poland (DZUS) and INRAe,
Montpellier, France. Detailed collection data for all stud-
ied species are presented in Table S1.

DNA extraction, polymerase chain reaction
amplification and sequencing

For each collected aphid individual, total genomic DNA
was conducted with a non-destructive DNA extraction
as advised by [20]. We used the DNeasy Blood & Tissue
Kit (Qiagen, Germany) and followed the manufacturer’s
recommendations, except that that samples were left in
the lysis buffer overnight and the final elution volume
was 80pl. During the extraction procedure, a negative
control (i.e. a ‘blank template’ of ultrapure water) was
processed with the same extraction kit. All DNA samples
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were stored at —20 °C. Polymerase chain reaction (PCR)
amplifications were conducted for two mitochondrial
gene fragments: a 700-bp region of the cytochrome oxi-
dase I (COI), using primer pairs LepF (5-ATTCAACC
AATCATAAAGATATTGG-3’) LepR (5-TAAACTTCT
GGATGTCCAAAAAATCA-3) [21] and 780 bp of the
cytochrome b (Cytb) using primer pair CB1 (5-GATGA
TGAAATTTTGGATC-3) and CB2 (5-ATTACACCT
CCTAATTTATTAGGAAT -3) [22]. We also amplified
two nuclear gene fragments: 900 bp of the elongation
factor-la (EF1a) using primer pair EF3 (5-GAACGTGA
ACGTGGTATCAC -3’) and EF6 (5-TGACCAGGGTG
GTTCAATAC-3’) [23] and 700 bp of the 6-phosphoglu-
conate dehydrogenase PGD using primer pair PGD531
(5-GGTGCTGGYCATTTYGTDAAAATG -3) and
PGD1097 (5-CAKCCTCCACGCCACATDAG -3’) [24].

The PCR mixture included 12.5 uL of Master Mix with,
1.25uL. of each primer (10puM), 7puL of nuclease-free
water and 2 pL. of DNA template. Amplification included
30 s denaturation at 98 °C followed by 35 cycles each con-
sisting of 30 s denaturation at 98 °C, 30s of annealing at
temperature between 48 and 50°C°C and 1 min extension
at 72 °C. A final extension was carried out at 72 °C for
5min. PCR products were electrophoresed on 1% agarose
to check for PCR success. Resulting PCR products were
processed by the Eurofins sequencing society (Germany)
using a BigDye v3.1 sequencing kit and Applied Biosys-
tems 3730xl sequencers. Both strands were sequenced
for all specimens to minimize PCR artefacts and ambi-
guities. Sequences of complementary strands were edited
and reconciled using Geneious v11 (available at: http://w
ww.geneious.com/).

Additional sequences were downloaded from GenBank
(http://www.ncbi.nlm.nih.gov/Genbank):  Drepanaphis
parva Smith, 1941 (the only Drepanaphis available in
GenBank prior to our study); Drepanosiphum oregonense
Granovsky, 1939; Yamatocallis sauteri Takahashi, 1927.
Two closely related Chaitophorinae species - Chaitopho-
rus salicti Schrank, 1801 and Periphyllus testudinaceus
(Fernie, 1852) were used as outgroup. In addition, we
used a more distantly related Aphidinae species - Brachy-
caudus helichrysi (Kaltenbach, 1843) as an outgroup.
GenBank sequence numbers for all studied species,
including newly generated are presented in Table S1.

Phylogenetic analyses

We aligned each gene fragment using ClustalW in MEGA
vll [25]. Sequences were then translated to check for
any frameshift or stop codon. Then the two mitochon-
drial genes were concatenated in one alignment, and the
nuclear gene fragments were concatenated in another
alignment. Each of this dataset was analyzed separately
to check for convergence of phylogenetic signal between
maternally inherited DNA (mitochondrial data) and
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biparentally inherited data (nuclear DNA data). We then
analyzed a complete data partition made of the concat-
enation of mitochondrial and nuclear genes.

For all DNA datasets we followed the same analyti-
cal protocol. In order to choose the most appropri-
ate partitioning schemes and best substitution models,
for each DNA matrix, we built a pre-partition file: we
divided each protein—coding sequence into three par-
titions one for each codon position. We then ran Mod-
elFinder as implemented in IQ-TREE v2.1.3 [26] with
option MFP+MERGE which both tests, models for each
DNA partition and test if partitions can be merged. Once
models and partitions were selected, we ran Maximum
Likelihood (ML) analyses in IQ-TREE v2.1.3 with 1000
ultrafast bootstrap replicates (-bb option), using the best
fitting models and partitions found based on BIC (Bayes-
ian information criterion) model selection.

Bayesian phylogenetic inference (BI) was further con-
ducted using MrBayes v3.2. [27]. We partitioned the
dataset by codon position, defining three partitions cor-
responding to the first, second, and third codon positions
for mitochondrial genes and a single partition for the
nuclear genes. For each partition, we applied a GTR sub-
stitution model with gamma-distributed rate variation
among sites. Model parameters, including state frequen-
cies, substitution rates, and gamma shape parameters,
were unlinked across partitions to allow independent
estimation. The analysis was run with four independent
Markov chain Monte Carlo (MCMC) chains for 100
million generations, sampling every 1,000 generations.
A temperature parameter of 0.07 was used to improve
mixing. Convergence and stationarity were assessed by
monitoring the standard deviation of split frequencies
and effective sample sizes. The first 25% of samples were
discarded as burn-in before summarizing parameter esti-
mates and the posterior tree distribution.

16S rDNA endosymbiont characterization
Using the same DNA extractions as for aphid DNA
sequencing, we amplified a 251-bp portion of the V4
region of the 16S rRNA gene [28] and used targeted
sequencing of indexed bacterial fragments on a MiSeq
(lumina) platform using the dual-index sequenc-
ing strategy developed by [29], following the protocol
described in Jousselin et al. [30]. DNA extracts were
amplified twice along with negative controls. PCR repli-
cates were conducted on distinct 96-well microplates.
The PCR products were pooled with samples from
other microbiome studies, purified and quantified with
the Kapa Library Quantification Kit (Kapa Biosystems).
The DNA pool was then paired-end sequenced on an
[lumina MiSeq flow cell with a 500-cycle Reagent Kit v2
(Ilumina). We then followed the procedure of Manzano-
Marin et al. [14] to analyze sequencing results and infer
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presence and absence of aphid endosymbionts. Briefly,
sequencing results were first filtered through Illumina’s
quality control procedure. We then used FLASH v1.2.11
[31] to merge paired sequences into contigs and CUT-
ADAPT v1.9.1 to trim primers. The FROGS pipeline [32]
was then used to generate an abundance table of symbi-
ont lineages across samples. Taxonomic assignments of
clusters was carried out using RDPtools v2.0.3 3(https:/
/github.com/rdpstaff-/RDPTools, last accessed March,
2025 [33];) and, BLASTn+ against the Silva database
release 138 [34] as implemented in FROGS. Following
taxonomic affiliation, we aggregated clusters when they
shared the same taxonomy with at least 98% of identity
(FROGS’ affiliation postprocess step). We refined taxo-
nomic assignation using phylogenetic placement of clus-
ters using reference sequences of known facultative and
obligate symbionts of aphids identified through genomic
studies (Fig. S1). From the abundance table of clusters
across samples, we transformed read numbers per aphid
samples into percentages and sequences accounting for
<0.5% of all the reads for a given sample were excluded
using an R script following Jousselin et al. [30]. Clus-
ters were kept only if present in both PCR replicates of
the same sample. For final description of endosymbiont
diversity, we only kept the PCR replicate that yielded the
highest number of reads. We used relative abundance
data to produce a heatmap in R of endosymbiotic taxa
across aphid samples.

Results

Phylogenetic reconstructions within the subfamily
Drepanosiphinae

Phylogenetic analyses conducted using both ML and BI
methods on a combined dataset (COI, Cytb, EF-1a and
PGD genes) resulted in a largely similar topology within
the ingroup (Fig. 1A). The Drepanosiphinae was found to
be sister to the Chaitophorinae subfamily and retrieved
as monophyletic but with quite low support (bootstrap
support, BS=55 posterior probability, PP=0.64). The
Drepanosiphinae representatives were split into two
clades. One clade included all species of the monophy-
letic Drepanaphis (Fig. 1B) and representative species of
Drepanosiphum (Fig. 1C) and Drepanosiphoniella, as sis-
ter groups to Drepanaphis. A second clade included all
species of Yamatocallis. The genus Megalosiphonaphis
(Fig. 1D) was either placed as a sister lineage of Yamato-
callis (Fig. 1E) (in ML analysis) or sister to all other Drep-
anosiphinae (in the Bayesian inference).

The genus Drepanaphis was recovered as monophy-
letic with strong support (bootstrap support, BS=100;
posterior probability, PP=1). Three clades included the
following species of Drepanaphis: i) D. granovskyi and
D. utahensis ii) D. acerifoliae, D. parva, D. robinsoni iii)
D. kanzensis, D. monelli, D. simpsoni, D. carolinensis and


https://github.com/rdpstaff-/RDPTools
https://github.com/rdpstaff-/RDPTools

Malik et al. Zoological Letters (2025) 11:9 Page 5 of 12
Host associations
A . 100082 Drepanosiphum platanoidis ACOE3702 — — — — — — — Acer pseudoplatanus
Drepanosiphum oregonense GB — — — — = = Acer pseudopiatanus
o Drepanosiphum platanoidis GB — — — — Acer pseudoplatanus
Drepanosiphum aceris GB = — — — — — Acer campestre
. D is parva GB Acer rubrum
. Dr epan OS’ph um I—‘w Drepanaphis robinsoni KM13 — — — — - Acer rubrum
i 10011 D i ifoliae KMO1
Drepanaphis Drepanaphis aceriiolize K03 Acer rubrum
. . Drepanaphis acerifoliae KM02 — t=— — — — — Acer saccharinum,
et
M Drepanosiphoniella Drepanaptis acerlolze K20 Acer saccharum
, . || e Drepanaphis acerifoliae KM23
Megalosiphonaphis Drepanaphis carolinensis KM10
i [o inensis KM11 | — — — — — Acer saccharum
Ya matoca il S | Drepanaphis carolinensis K12
Drepanaphis sabrinae KM07’
Drepanaphis sabrinae KM08 — — — — — — — = Acer saccharum
Drepanaphis sabrinae KMO9.
1001 - Drepanaphis monelli KM25 — — — — — — — - Aesculus glabra
- Drepanaphis simpsoni KM26 — — — — — — = Acer sacchar
9911 Drepanaphis kanzensis KM04
Drepanaphis kanzensis KM05 - — — — — — — Acel
Drepanaphis kanzensis KM06
Drepanaphis utahensis KM14
Drepanaphis utahensis KM17 |~ _ _ _ A didentat
Drepanaphis utahensis KM18 cer grandidentatum
1086 10011 Drepanaphis utahensis KM16
D i i KM24 — — Acer grandidentatum
Dy iphoniella fugans ACOE3879 — — — — — — — — — — Acer monspessulanum
Yamatocallis acericola KM19 Acor carpinifol
st Yamatocallis acericola KM27 [~ ~ =~ T T T T T T T T T T cer carpinifolium
Yamatocallis tokyoensis KM22 = — — — — — — — — — — — — Acer palmatum
Yamatocallis nikkoensis KM28 — — — — — — — — — — — — — Acer shirasawanum
o0 Yamatocallis hirayamae KM30 — — — — — — — = — — — — — — — Acer amoenum
Yamatocallis sautefiGB — — — — — — — — — — — — — — — — — — - Acer spp.
et ) =) —) — = — = Acer maximowiczianum
_ © Chai salicti ACOE3695
1100/1 . "
ip GB
helichrysi GB
006
- e -
b e~ < F
\\ //
\ T - | —_—
— z . - = - i
| /‘{
- ( 1

Fig. 1 (A). Phylogenetic tree obtained from the combined analysis of mitochondrial and nuclear genes, with indication of host associations of analyzed
aphid species of the Drepanosiphinae subfamily. The topology shown represents the tree inferred under Bayesian analyses based on four molecular
markers: a 700-bp region of cytochrome oxidase | (COI), 780 bp of cytochrome b (cytb), 900 bp of elongation factor-1a (EF1a), and 700 bp of 6-phospho-
gluconate dehydrogenase (PGD). Values at nodes indicate bootstrap support from maximum likelihood (ML) analyses and posterior probabilities from
Bayesian inference (BI) for congruent nodes. An asterisk (*') indicates that the corresponding node was not recovered in the other analysis. Visual repre-
sentation of species studied: fluid-preserved specimen of (B). Drepanaphis acerifoliae; (C). Drepanosiphum oregonense; (D). Megalosiphonaphis nigrostriata;

(E). Yamatocallis tokyoensis

D. sabrinae. The species belonging to the genus Drepa-
nosiphum with D. aceris, D, oregonense and D. platanoi-
dis formed a monophyletic group (bootstrap support,
BS=100; posterior probability, PP=1). However, the
analyzed D. platanoidis sequences come from distant
populations that exhibit genetic variability. The genus
Yamatocallis was recovered as monophyletic (BS=82
PP=0.99). Y. tokyoensis, Y. nikkoensis and Y. hirayamae
constitute one clade, sister to species Y. acericola and Y.
sauteri. As mentioned above, the position of Megalosi-
phonaphis nigrostriata varied and was poorly supported:
it was found as a sister lineage to Yamatocallis (BS=51)
or sister to all other Drepanosiphinae (PP =0.64).
Indicating host plant associations for each aphid spe-
cies on the phylogenetic tree based on combined markers
reveals that closely related species often utilize the same
host plant (Fig. 1A). For example, Drepanaphis utahensis

and D. granovskyi, which are sister species, are both
associated with Acer grandidentatum. Overall, the dis-
tribution of host plant usage across the Drepanosiphinae
phylogeny suggests that species feeding on similar hosts
tend to be more closely related.

Analysis of mitochondrial genes (COI, Cytb) retrieved
a tree (Fig. 2A) that was broadly congruent with the
topology obtained from the full set of molecular markers,
except for the placement of Drepanosiphoniella fugans
(sister species to Drepanaphis in the mitochondrial tree
but with low support: BS=60 PP =0.64). Nuclear genes
(EF-1a, PGD) were sequenced for fewer taxa than mito-
chondrial ones and no sequences were obtained from
the species: D. granovskyi, D. parva; D. simpsoni and
M. nigrostriata. However, based on this limited sam-
pling, our EF-la and PGD tree (Fig. 2B) confirmed
the monophyly of Drepanosiphinae (BS: 100; PP: 1).
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Fig. 2 A. Phylogenetic tree obtained under Bayesian inference of mitochondrial markers: a 700-bp region of cytochrome oxidase | (COI), 780 bp of cyto-
chrome b (cytb) of analyzed aphid species of the Drepanosiphinae subfamily. Values at nodes indicate bootstrap support (ML) and posterior probabilities
(Bayesian inference) for congruent nodes. An asterisk (*') indicates that the node was not recovered in the corresponding analysis. B. Phylogenetic tree
obtained under Bayesian inference of nuclear markers: 900 bp of elongation factor-1a (EF1a), and 700 bp of 6-phosphogluconate dehydrogenase (PGD)
of analyzed aphid species of the Drepanosiphinae subfamily. Values at nodes indicate bootstrap values obtained with posterior probabilities (Bayesian

inference)

Similarly to the mitochondrial tree, one clade included  Yamatocallis was found as a sister group to the remaining

genera Drepanaphis, Drepanosiphum and Drepanosi- Drepanosiphinae.
phoniella, but the position of D. fugans was different There are differences in species groupings within the

(sister to all others with strong support (BS: 100, PP: 1).  genus Drepanaphis. Phylogenetic analysis performed on

140:1454491930



Malik et al. Zoological Letters (2025) 11:9

Page 7 of 12

Sodalis_like
YSMS_related
Wolbachia
Fukatsuia
Ricketssia
Arsenophonus
Serratia
others
unassigned

—  Drepanosiphum platanoidis_ACOE3702
Drepanaphis robinsoni_KM13
~  Drepanaphis acerifoliae_KM01
—  Drepanaphis acerifoliae_KM02
—  Drepanaphis acerifoliae_KMO03
—  Drepanaphis acerifoliae_KM20
Drepanaphis acerifoliae_KM23
| —  Drepanaphis carolinensis_KM10
Drepanaphis carolinensis_KM11
—  Drepanaphis carolinensis_KM12
—  Drepanaphis sabrinae_KM07
Drepanaphis sabrinae_KMO08
—  Drepanaphis sabrinae_KM09
—  Drepanaphis monelli_KM25
—  Drepanaphis simpsoni_KM26
Drepanaphis kanzensis_KM04
—  Drepanaphis kanzensis_KMO06
—  Drepanaphis kanzensis_KMO05
—  Drepanaphis utahensis_KM14
— ~ Drepanaphisutahensis_KM17
— " Drepanaphisutahensis_KM18
—  Drepanaphis utahensis_KM16
Drepanaphis granovskyi_KM24
Drepanosiphoniella fugans_ACOE3879
—  Yamatocallis acericola_KM19
—  Yamatocallis acericola_KM27
Yamatocallis tokyoensis_KM22
5 Yamatocallis nikkoensis_KM28
—  Yamatocallis hirayamae_KM30
Chaitophorus salicti ACOE3695

g

v

<

<

Qo

S

Q
=T
I—

Percentage

60

| 40

= 2

==

Fig. 3 Phylogenetic tree and heatmap illustrating the distribution of endosymbionts among analyzed aphid species of the Drepanosiphinae subfamily.
The tree topology used is the tree obtained with Bayesian analyses of combined markers. The heatmap (right) shows the relative 16S rDNA gene read
abundance (in percentage) of different bacteria, identified as typical aphid endosymbionts (columns), detected in each species (rows). Gradient fill
represents endosymbiont read relative abundance (in percentages), with darker colors indicating higher proportions. “Others” generally correspond to

diverse bacteria that are ubiquitous and could represent environmental contaminations (all reads were added together for representation). “Unassigned

"

represent reads assigned to clusters that were in very low abundance (less than 0.5% of the reads found in a sample). The results are further detailed in

additional files - Tables ST and S2

nuclear markers clustered D. monelli between D. caroli-
nensis and D. sabrinae which constitute a sister clade to
D. kanzensis. Phylogenetic analyses performed on the
combined data, groups D. monelli as a sister branch to
D. kanzensis, constituting a sister clade to D. carolinensis
and D. sabrinae.

Diversity of symbionts associated with
Drepanosiphinae

High-throughput sequencing of 16s rDNA bacteria gene
fragment yielded on average 15216 sequencing reads per
sample, those were 251 bp long. This allowed uncover-
ing the diversity of the aphid microbiota (Fig. 3; Table
S2). In our 29 specimens from 16 species (Drepanaphis
acerifoliae; D. carolinensis; D. granovskyi; D. kanzen-
sis; D. monelli; D. robinsoni; D. sabrinae; D. simpsoni; D.
utahensis; Drepanosiphum platanoidis; Drepanosiphoni-
ella fugans; Yamatocallis acericola, Y. hirayamae; Y. nik-
koensis; Y. tokyoensis, Chaitophorus salicti), 96 to 99% of
the reads were assigned to the primary symbiotic part-
ner of aphids, Buchnera aphidicola and several known

aphid facultative symbionts: mainly a Sodalis-like bacte-
rium, Wolbachia, Ricketssia, Fukatsuia and Arsenopho-
nus. Using sequences from NCBI previously analyzed in
Fukatsu [17], we also retrieved a cluster that was assigned
to the so-called YSMS based on BLAST and phyloge-
netic analyses (Fig. S1, Table S3). Although results are
represented as relative read abundances in the heatmap
(Fig. 3), these values should not be interpreted as accu-
rate estimates of symbiont abundance within specimens
[30]. We therefore report and discuss only the presence
or absence of symbionts. The obligate symbiont Buchnera
aphidicola was consistently present across all species and
individuals, whereas the presence of other symbionts
varied among species and populations. A Sodalis-like
symbiont was detected in 25 individuals, from Drepano-
siphinae including all 22 individuals from Drepanaphis
(D. acerifoliae, D. carolinensis, D. granovskyi, D. kan-
zensis, D. monelli, D. robinsoni, D. sabrinae, D. simpsoni,
D. utahensis), the representative of Drepanosiphoniella
fugans, Drepanosiphum platanoidis included here and a
single individual from the Yamatocallis genus among the
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five included in our survey, namely Yamatocallis tokyoen-
sis. Several sequence clusters had showed high sequence
similarity with Sodalis-like symbionts previously identi-
fied in Drepanosiphum platanoidis [14] or Lachninae
aphids [19] (Fig. S1, Table S3). Each aphid species always
hosted a single Sodalis cluster, which suggests some kind
of host specificity in Sodalis. Three Yamatocallis spe-
cies, Y. nikkoensis, Y. hirayamae and Y. tokyoensis were
found associated with a bacterial strain that showed
genetic similarity with the YSMS, sequenced by Fukatsu
[17]. This strain was not diversified across species, as it
was represented by single genetic cluster in our sampling
(Table S3, Fig S1). A more robust taxonomic affiliation of
this strain would necessitate sequencing more genes and
not just a short 16S rDNA gene fragment. Indeed, for
instance, based on this fragment alone, Sodalis is not a
monophyletic genus (Fig. S1). In any case, the heatmap of
symbiont occurrence puts into phylogenetic perspective
suggests acquisition of Sodalis-like in a common ancestor
of Drepanaphis, Drepanosiphoniella and Drepanosiphum
genera. Wolbachia strains are also largely distributed
across Drepanosiphinae species: Wolbachia was detected
in 14 individuals, including 13 individuals of Drepanaphis
(D. acerifoliae, D. carolinensis, D. granovskyi, D. monelli,
D. robinsoni, D. sabrinae, D. utahensis) and a single indi-
vidual of Yamatocallis acericola. Fukatsuia endosymbi-
onts was detected in both individuals of Y. acericola and
Drepanosiphum platanoidis. Ricketssia, Arsenophonus
and Serratia symbiotica were all detected in a single indi-
vidual from our sampling. A comparison of geographi-
cally distant populations from the native and introduced
ranges revealed no differences in the composition of
Drepanaphis acerifoliae populations from the USA and
Europe. The complete composition of the microbiota (in
relative read abundance) is available in Tables S2 and S3.

Discussion

Phylogenetic relationships within the subfamily
Drepanosiphinae

Our phylogenetic analyses confirm the monophyly of
Drepanosiphinae and its sister relationship to Chai-
tophorinae, consistent with the molecular framework
proposed by Wieczorek et al. [1]. This result reinforces
the monophyly of currently established subfamilies
(sensu Remaudiere and Remaudiere) within Aphididae
[24]. In contrast to the earlier study by Wieczorek et al.
[1], which included only single mitochondrial or nuclear
genes (COI and EF-1a) and a limited number of species,
our research analyzed four gene regions and incorpo-
rated 20 species from five of the six recognized Drepano-
siphinae genera (the lacking Shenahweum is a monotypic
genus rarely collected in its Nearctic range). This broader
dataset allowed for more robust resolution of inter-
nal relationships within the subfamily. The position of
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Yamatocallis, in particular has been clarified. While
previously represented only by Y. tokyoensis and consid-
ered an independent lineage within Drepanosiphinae,
our study included four additional species (Y. acericola,
Y. nikkoensis, Y. hirayamae, and Y. sauteri). The results
strongly support Yamatocallis as a sister clade to the
main Drepanosiphinae lineages, which includes Drep-
anaphis, Drepanosiphum and Drepanosiphoniella. This
finding aligns with analyses of morphological features
and supports the inclusion of Yamatocallis within the
subfamily, rather than as a separate lineage. The newly
described monotypic genus Megalosiphonaphis [11],
was retrieved as part of the Drepanosiphinae clade, but
with low branch support (below 0.7). This uncertainty is
likely due to the limited data available, as only mitochon-
drial markers were successfully sequenced for this genus.
Morphologically, Megalosiphonaphis shares traits with
other Drepanosiphinae, such as elongated siphunculi
with a reticulated apex (similar to Yamatocallis) and the
arrangement of accessory rhinaria on antennal segment
VI (as in Drepanosiphum), suggesting a close relation-
ship. However, more comprehensive molecular data are
needed to confirm its systematic placement. Our results
also support the monophyly of Drepanosiphum. How-
ever, two populations of D. platanoidis were placed in
separate positions on the phylogenetic tree, likely reflect-
ing intraspecific genetic variability rather than species-
level divergence. The genus Drepanosiphoniella was also
recovered within the core Drepanosiphinae clade, con-
firming its close relationship with Drepanosiphum and
Drepanaphis, as previously suggested [1]. These find-
ings emphasize the importance of combining broader
taxon sampling with multilocus molecular data to refine
the systematics within aphid subfamilies and to resolve
longstanding taxonomic uncertainties within the group.
Thorough molecular phylogenetic investigations have
been conducted for several aphid subfamilies (Calaphidi-
nae [35]; Chaitophorinae [36]; Lachninae [37]), but many
aphid lineages still lack such analyses. Thus, we provide
here the most comprehensive phylogenetic reconstruc-
tion to date for Drepanosiphinae.

Morphological affinities, versus phylogenetic relation-
ships in Drepanaphis with insight into their biogeograph-
ical history and host-plant associations

Drepanaphis, is the most diverse genus within the
subfamily Drepanosiphinae, as it includes 18 species
[9]. Winged viviparous females are distinguished by the
tubercles on the dorsal part of the abdomen, which are
the most remarkable features in this group. Over the last
decades, the most reliable source of information about
the Drepanaphis species has been the revision conducted
by Smith and Dillery [13]. Although they did not incor-
porate all critical diagnostic features of the winged vivip-
arous females necessary for determining morpho-groups,
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the revision also overlooked the descriptions of all known
oviparous females and males. Recently, Malik et al. [9]
conducted a comprehensive morphological revision of
Drepanaphis, using a matrix of 52 characters and broad
comparative material. This study clarified previously
problematic taxa such as D. migricans Smith, 1941 and
D. tissoti Smith, 1944, enabled the identification of all
morphs, and resulted in the delineation of five morpho-
groups: “acerifoliae,” “monelli, “nigricans,” “parva,” and
“utahensis” Present molecular phylogenetic analyses
partly supported the morphological groupings but also
revealed some inconsistencies. Only 10 of the 18 known
species of Drepanaphis were available for molecular
study, leaving some groups - such as “nigricans” - unrep-
resented. Phylogenetic trees based on mitochondrial and
nuclear markers were mostly congruent, with the excep-
tion of a few taxa. Species in the “acerifoliae” group,
though morphologically similar, did not form a mono-
phyletic clade. Instead, D. acerifoliae, D. parva, and D.
robinsoni appeared in closely related yet distinct lineages.
All three species are associated with Acer rubrum, and
while D. parva and D. robinsoni were previously grouped
morphologically, molecular results indicate they form a
sister clade to D. acerifoliae, an oligophagous species on
the same host. This clustering of species using the same
range of host-plants, suggests that host plant specializa-
tion triggers speciation events in this aphid group [38].
Host plant associations also help clarify relationships
in the “utahensis” group. D. granovskyi and D. utahen-
sis, both monophagous on Acer grandidentatum and
restricted to the western United States, form a distinct
clade. In contrast, D. simpsoni, also in the “utahensis”
morpho-group and associated with Acer saccharum,
belongs to a separate, distributed in the eastern United
States lineage. These phylogenetic splits likely reflect both
host specificity and geographic isolation as triggering fac-
tor of speciation events as observed in other Nearctic
aphids [39, 40]. Notably, D. monelli, the only species in
the genus associated with Aesculus glabra rather than
maples, showed inconsistent phylogenetic placement.
Mitochondrial data clustered it with D. simpsoni, forming
a sister group to D. kanzensis, while nuclear data placed it
with D. sabrinae and D. carolinensis. The lack of nuclear
data for D. simpsoni may explain this incongruence. Mor-
phologically, D. monelli has been linked to species such as
D. keshenae, D. knowltoni, and D. spicata, which were not
included in the molecular dataset due to limited material.
Some species not assigned to any morphological group,
like D. sabrinae and D. kanzensis are clustered with spe-
cies sharing the same host plant in molecular analyses,
further supporting the value of host association as a taxo-
nomic criterion. Additionally, several monophagous spe-
cies that are grouped together phylogenetically also share
morphological traits, suggesting convergence under
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similar ecological pressures. Thus, based on the com-
bined morphological, molecular, and ecological evidence,
we propose a revised species grouping system for Drep-
anaphis, centered on host plant affiliation. Three major
host-associated groups are recognized: the rubrum, sac-
charum, and grandidentatum. This host-based classifica-
tion more accurately reflects the evolutionary history and
highlights the conserved nature of host plant associations
in the genus Drepanaphis.

Drepanosiphinae’s endosymbiotic consortia

Our results provide new insight into the diversity of
microbial communities associated with Drepanosiphinae,
highlighting the complexity and variability of endosym-
biotic relationships in this aphid subfamily. As expected,
the obligate endosymbiont Buchnera aphidicola was
present in all individuals. However, significant variation
was observed in the composition of secondary symbi-
onts across species and populations. The dominant fac-
ultative symbiont identified was a Sodalis-like bacterium,
detected in 86% of Drepanosiphinae individuals. It was
present in all species of Drepanaphis, Drepanosiphoni-
ella, and Drepanosiphum, and in all individuals sampled
from these genera. Its occurrence did not vary with host
plant association or geographic distribution. A single
strain was found per aphid species which suggests some
kind of host specificity in Sodalis. Previous genomic
studies on Drepanosiphum platanoidis showed that its B.
aphidicola lacks essential biosynthetic capacities, which
appear to be complemented by a Sodalis-like symbiont
that shows genomic characteristics typical of long-term
obligate symbiosis (i.e., highly reduced genome and high
GC content). These findings led to the suggestion that
Sodalis-like bacteria may act as co-obligate partners of
Buchnera in D. platanoidis and potentially in other Drep-
anosiphinae species [14].

The symbiont distribution patterns observed in our
study support this hypothesis and suggest that the acqui-
sition of a Sodalis-like symbiont occurred early in the
evolutionary history of Drepanosiphinae. However,
species of the genus Yamatocallis do not show a sys-
tematic association with a Sodalis-like partner. Fukatsu
[17], based on limited sampling of Y. tokyoensis and Y.
hirayamae, proposed that these species harbor a dis-
tinct intracellular symbiont, YSMS, suggesting an ancient
association dating back to the origin of the genus. We
detected YSMS-like sequences in three Yamatocallis spe-
cies, but a robust taxonomic placement of this bacterium
will require sequencing of additional genetic markers.
Based solely on the 16S rRNA gene fragment, we can-
not rule out the possibility that YSMS also belongs to the
Sodalis lineage (Fig. S1). Regardless of its precise taxo-
nomic status, we did not detect YSMS or any Sodalis-like
symbiont in Yamatocallis acericola, which argues against
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Fukatsu’s hypothesis [17] and instead points to two alter-
native scenarios: a more recent acquisition of YSMS in a
subset of species, or a lineage-specific secondary loss. A
further possibility is that Yamatocallis initially harbored
Buchnera together with Fukatsuia, and that Fukatsuia
was later replaced by YSMS. Additional data, particularly
from Y. sauteri, will be essential to discriminate among
these hypotheses. Endosymbiont profiling using multiple
markers or whole endosymbiont genome data across spe-
cies are also needed to: 1) elucidate the taxonomic affili-
ation of YSMS; 2) reconstruct the phylogenetic history
of Drepanosiphinae main symbionts (Sodalis and YSMS)
and evaluate aphid/symbiont codiversification scenarios
(as [41]). In addition to Sodalis, the facultative symbi-
ont Wolbachia was detected in 48% of Drepanosiphinae
individuals, a notably high prevalence compared to other
aphids [42, 43]. However, unlike Sodalis, Wolbachia was
not present in all individuals of a given species and thus
cannot be considered an obligate partner. Understand-
ing its ecological role in Drepanosiphinae will require
further genomic and ecological research. Given aphids’
reproductive biology, it is unlikely that Wolbachia func-
tions as a reproductive manipulator. Nonetheless, it has
been shown to protect aphids from fungal pathogens in
Pentalonia nigronervosa (Coquerel, 1859) [44]. Thus,
Drepanosiphinae may provide a promising system for
comparative studies of Wolbachia in aphids, given the
relatively high and recurrent detection of this symbiont
in multiple species. Unlike Cinara cedri Mimeur, 1936
[45] or P. nigronervosa, where infection can reach nearly
100% of samples, Drepanosiphinae species exhibit vari-
able prevalence of Wolbachia, making them particularly
valuable for studying the evolutionary dynamics and eco-
logical correlates of symbiont maintenance and loss [30,
42].

Other symbionts, including Fukatsuia, Rickettsia, Ser-
ratia, and Arsenophonus, were found only in a few indi-
viduals, suggesting transient or facultative associations.
These rare occurrences reflect the dynamic nature of
aphid microbiomes, where facultative symbionts may be
gained or lost in response to environmental pressures,
host plant use, or other ecological factors [46, 47].

Overall, our findings emphasize the value of combin-
ing high-throughput sequencing with ecological and
taxonomic context to better understand the evolution
of symbiotic associations in aphids. In Drepanosiphi-
nae, Sodalis-like bacteria potentially play a central role
in compensating for Buchnera deficiencies. However,
symbiont diversity differs markedly between lineages,
as illustrated by the contrasting profiles of Yamatocallis.
Similar differences in co-obligate associations have been
observed in Chaitophorinae [14, 15, 48], the sister group
to Drepanosiphinae, where Serratia symbiotica appears
to have been independently gained or lost multiple
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times. Such evolutionary lability in nutritional symbioses
was first highlighted in Lachninae [18, 19, 49]. The sig-
nificant role of endosymbionts in various insect groups
is supported not only by molecular studies but also by
morphological analyses, revealing their diversity and
intergenerational transmission strategies [50].

Thus, our results further highlight the diversity of
nutritional symbiotic consortia in aphids and emphasize
the potential of Drepanosiphinae as an alternative model
system for exploring the evolution of dual symbiotic
associations in aphids.

Conclusions

This study provides a comprehensive phylogenetic frame-
work for the subfamily Drepanosiphinae, confirming its
monophyly and clarifying relationships among its gen-
era. Phylogenetic analyses consistently support a close
relationship between Drepanaphis and Drepanosiphum,
with Drepanosiphoniella forming a sister lineage, while
Yamatocallis and Megalosiphonaphis represent dis-
tinct evolutionary branches. Within Drepanaphis, host
plant association emerges as a key factor shaping species
groupings, leading to the definition of three host-associ-
ated groups: rubrum, saccharum, and grandidentatum,
which correspond to specific Acer host affiliations. The
widespread occurrence of a Sodalis-related bacterium
across Drepanosiphinae, along with previous genomic
evidence, suggests a long-standing co-obligate symbio-
sis within the subfamily. Wolbachia is also recurrently
associated with members of the subfamily, contrasting
with earlier reports of its low prevalence in aphids, and
raising questions about its ecological role in this group.
Additional facultative symbionts, including Rickettsia,
Fukatsuia, Serratia and Arsenophonus, exhibit limited
and sporadic distributions, possibly reflecting transient
or non-established, rather than stable, long-term coevo-
lutionary associations. Together, these findings sig-
nificantly enhance our understanding of phylogenetic
relationships within Drepanosiphinae and provide new
insights into the diversity and evolutionary dynamics of
aphid-symbiont interactions.
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