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% Introduction Psyllids

+** Order: Hemiptera
Suborder: Sternorrhyncha
Superfamilly: Psylloidea

¢ Small phloem-feeding insects (1-10 mm)

+* ca. 4000 described species worldwide

¢ Highly host specific
(>> monophagous, > oligophagous,
<<<< polyphagous )

+»* Closely related psyllid species develop
on closely related host plants



% Introduction Psyllids

Life cycle
5th Instar
4th Instar immature
immature
3rd Instar
immature
2nd Instar
immature e % s Q

1st Instar €gs Adult
immature female



% Introduction Psyllids

Systematic
Heslop- Heslop- White & Burckhardt
Low  crawford Harrison Harrison Hodkinson & Ouvrard
(1879 (1914) (1951)  (1958) (1985) (2012)
Vondracek Burckhardt| Burckhardt Li
(1957) (1987) & Basset (2011)
(2000)
Burckhardt
&Lauterer

+» Psyllid classification based on morphological

: . (1989)
character is challenging:

- lack of clear morphological synapomorphies
Need molecular data to resolve phylogeny of

- high level of homoplasy in morphological psyllids

characters




% Introduction

Heslop- Heslop- White & Burckhardt Burckhardt
Low  Crawford Harrison Harrison Hodkinson & Ouvrard etal.
(1879)  (1914) (1951)  (1958) (1985) (2012) (2021)
Vondracek Burckhardt| Burckhardt
(1957) (1987) & Basset (2011) Cho et al.,
(2000) (2019)
Burckhardt
&Lauterer
(1989
Percy et al.,\ 400 species from almost 100 genera in all the (2018)

(2018)

families of psyllids

56 species focused on east Palaearctic/Oriental taxa

Cho et al,,
(2019)

- Importance of host plant associations

First extensive
molecular
phylogeny across all
families of
Psylloidea



% Introduction

Currently 7 families

H —| |—Liviidae I S

i A ' e Cul il
I:I —l—Calophyldae B At

I_ . B Two-segmented tarsi—
|- Psyllidae 2

|
_D_+ Triozidae

Cladogram representation of the classification : & S
of Psylloidea (Burckhardt et al., 2021) catemis



%‘ Introduction

cephalothorax

humeral
lobe




% Introduction

** Many minor pests with local or temporary
occurrence

&

»* Economic importance A past 20 years

- Most devastating pest wordwide

- Vector plant pathogen "Candidatus
Liberibacter’= restricted phloem bacteria Diaphorina citri <~

- Three psyllid species are listed as EU

guarantine pests

Pests known to occur in the Union territory:
Trioza erytreae

Pests not known to occur in the Union territory:
Diaphorina citri and Bactericera cockerelli




% Introduction

2014: Trioza erytreae is detected in northwest Iberian Peninsula.
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Spain:

- 6th largest producer in the world and 1st
in the EU

- 1st global exporter of fresh fruit

In 2014, a biological control program for the
vector was launched as part of a national project

-> Introduction of Tamarixia dryi to
control Trioza erytreae




La Palma

El Hierro

Need to know which psyllid species are
present in the Canary Islands

Until now our knowledge are incomplete and
not based on dedicated field sampling

Last major contribution was 20 years ago

La Gomera :
g Tenerife

Gran Canaria

0
|

Fuerteventura

20 km
|

Lanzarote



%‘ Introduction

¢ Described 1 new genus and 10 new species

+* Based on material from museums with few
information on host plant and immatures

i e Taylor & Francis
JournaL oF NaturaL History, 2003, 37, 397-461 Tayhor & Francis Group

Percy (2003)

Legume-feeding psyllids ( Hemiptera, Psylloidea) of the Canary Islands
and Madeira

DIANA M. PERCY

CSIRO Entomology, GPO Box 1700, Canberra, ACT 2601, Australia;
e-mail: diana.percy(@csiro.au

{Accepied 20 June 2001')

s Described 2 new genera, 15 new species and 1
subspecies

- Targeted field work
- Combined molecular and morphological data

- Review the legume feeding psyllids (Genisteae)



% Introduction

Main objectives :

1. To improve our knowledge of the diversity of
psyllid species present in the Canary Islands

«® Host plant

2. To enhance the identification of psyllid species in %
the Canary Islands 7@@& Q

3. To investigate the origins and evolutionary I I\/Iorphology Molecular
processes that have shaped psyllid diversification
in the Canary Islands

Classical DNA

: Phylogenetic
taxonomy Barcoding ylog

study
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%‘ Material and methods

& ©

Field work

Specimens collected from more than 150 locations

Lanzarote

La Palma

O Fuerteventura

La Gomera

Tenerife

7

Gran Canaria

El Hierro
0 20 km
—
Host plant association. [’
1. Identification Biological
direCtly in the field interaction with
P e > Confirmat o parasitoids and
. Confirmation with an predators

e immature EQQ/
it - B
2nd-Instar

immature

experimented botanist




\,@ Material and methods

Finnish Museum of
Natural History

University of
British Columbia

i)
&
HY

Moravian Museum,
Brno

TP

L &

" | Instituto Canario de ~ | Naturhistorisches | ©
Investigaciones _>?\ Museum, Basel
Agrarias (ICIA =N : e
Ny £ ( ) Lo Muséum d’histoire

<./ | naturelle, Geneva




% Material and methods

Molecular
analysis

5 specimens 90-95% Non-destructive

ethanol DNA extraction
(Chelex or Qiagen) Voucher specimens:
For each psyllid 70% ethanol
population r»,%_ 9 ,' Deposited in
I PR :’ entomological
\ = — |V|Ol'ph(|)|O.gIC3| collections
analysis

70%
ethanol



x Material and methods Morphological analysis

70%
ethanol Slide mounted in

Dry mounted
Canada Balsam



% Material and methods

Morphological analysis

Examination of important taxonomic characters

genal processes

torulus

coronal suture

compound eye

posterior/lateral
ocellus

occiput

anterior/median
ocellus

vertex

vertex width

anal break

/ pterostigma

radular spinules

surface
spinules

length of genal
processes

vertex length

terminal setae \

\

rhinaria =
flagellum é
pedicel <
scape

Size and shape of antenna and
segments as well as terminal setae
and rhinaria

Presence and shape of
meracanthus and number of
genual spines, apical metatibial
and metatarsal spurs

genual spine

_ ,' metatibia
apical — 4
metatibial

Spurs metabasitarsus

/ .
metatarsal

spurs



% Material and methods

Morphological analysis

1. Examination of important taxonomic characters

Antenna

.-

cephalothorax

humeral lobe

forewing-

pad

hindwing-

pad

caudal plate

cepholothorax

e Presence of humeral lobe

humeral

, _— lobe

e Structure between claws of
tarsus

Position of anus and
circumanal pore field

* Type, shape, distribution and
number of margin setae

hindwing-pad

unguitractor

caudal plate

circumanal ring



X Material and methods Molecular analysis

@ﬂﬂ -

Problem!

Non-destructive
DNA extraction
(Chelex or Qiagen)

—— men— ——

ND2 colllionie o e o
o m < =t < g ;; 0 o
a o a o a = = g E

. <45% amplified species
o wcororconnse ]
DNA Barcode LCO1490/HCO2198

— e

~
I [t}

Q

T o o

o o o



% Material and methods Molecular analysis

Cox1
>
tRNA Standard barcode region
|
0 125 204 263 658 1054 +1500
| | | | | C1-J-1709 |
tRWF1 PsyCOI-F3 e H7005P-R
LCO1490 LepR1
LepF1 C1-N-2191
i No. No. No. No. No. % No. %
Primer

Specimens Species Genera Families  Species  Species Specimens Specimens

K Chec.ked DN_A Barcodes of pair tested tested tested tested amplified amplified amplified amplified
psyllid taxa in databases Nolol:AT]
(GenBank and Bold Systems): ‘HC02198 \ 154 36 20 5 36 100 146
C1-J-1718/
- Less than 30% psyllid species H7005P-R P 36 20 5 35 97 119 83
had cox1 sequences with a LCO1490/
54 26 18 5 9 35 24 44
length > 500 bp HCO2198
LepFl/
LepR1 27 24 18 5 3 13 3 11
tRWFL/ 60 25 16 4 18 72 47 78

LepR1




% Material and methods Molecular analysis

tRNA
—>
tRWF1 LC
LCC
Le

+* Checked DNA B:
psyllid taxa in dc
(GenBank and B

- Less than 30% p
cox1 sequences
500 bp

Bastin et al. BMC Research Notes (2023) 16:322
https://doi.org/10.1186/513104-023-06585-8 BM C RESE& rCh N otes

RESEARCHNOTE ~ OpenAccess
Establishing reliable DNA barcoding primers 2

for jumping plant lice (Psylloidea, Hemiptera)

Saskia Bastin'®, Diana M. Percy*® and Felipe Siverio' ®

11500

: %
( 1ens  Specimens
Abstract fied amplified

Objectives DNA Barcoding has proven to be a reliable method for rapid insect identification. The success .
of this method is based on the amplification of a specific region, the ‘Folmer’ barcode region at the 57 start ) 95

of the cytochrome ¢ oxidase 1 gene (cox1), with universal primers. Previous studies showed failures of standard “uni-
versal® primers to amplify this region in psyllids. The aim of the study was the design of a new alternative more reliable ) 83

primer combination for taxa of the superfamily Psylloidea and its comparison with the performance of the standard
“universal” Folmer-primers. 44

Results A newly designed degenerate forward primer LCOP-F was developed following comparison of the sequence
alignment of the priming site of “universal” primer LCO1490 and the standard insect forward primer LepF1. When 11
combined with the “universal” reverse primer, HCO2198, this new primer pairing was able to generate barcode

sequence for all 36 species in 20 genera across the five families of psyllids tested in this study, and these primers were 78
found to be more universally reliable across psyllid taxa than other primer pairs tested.

Keywords Psyllids, Molecular identification, Primer efficacy, Species identification, COI barcode, Standard barcode



% Material and methods Molecular analysis

Percy et al.,
2018

+* The constraint tree = Psylloidea mitogenome
tree presented in Percy et al., 2018

Systematic
Entomology

DOL: 10.1111/syen. 12302

(Percy et al., 2018)

Systematic Entomology (2018), 43, 762-776

Resolving the psyllid tree of life: phylogenomic analyses
of the superfamily Psylloidea (Hemiptera)

DIANA M. PERCY!"®, ALEX CRAMPTON-PLATT!?,
SAEMUNDUR SVEINSSONY ALAN R. LEMMON?, EMILY
MORIARTY LEMMONS® DAVID OUVRARD'®and DANIEL

BURCKHARDT'®

$ Liviidae Complete mitogenomes of 400 species from
almost 100 genera in all the families of psyllids

Aphalaridae




% Material and methods

Psylloidea
Superfamily tree

(Percy et al., 2018)

Molecular analysis

4 cox1l

cytb

Triozidae

Maximum likelihood

constraint analysis

To place all native psyllid

lineages within Psylloidea

Superfamily tree

Psyllidae

A 4

$ Liviidae

Aphalaridae



% Results

Colonizations:

. <l ¢ ML backbone » Placements of the lineages were moderately
g e TR constraint analysis:  to well supported (with bootstrap > 80%)
R s 5

A Heterotrioza chenopodii

LA rriora erytrase

P bl 02 T Thcza ancess

Except Drepanoza

Bactericera Immb/dy

A Bactericera trigoni o~ Cacopsyita atiantica MA]
CPAEEaT Pk Ao, ekt
. O e o o Copara s

Trioza urticae

DP2.idba.212_circ_Triozidae_Dyspersa_anthrisci
DP3.ca.7180021019326_Triozidae_Dyspersa_munda
MERGEODOE Triozidae Dyspersa schrankii

DP1.idba.123 Tnozidae Hemitnioza sonchi

DF1 idba 200 cir nogidae Triora tatrenss

1% Any Drepanoza species was included in the mltogenome
data (Percy et al., 2018)

Percyella gomerita G
N |DP3.ca.7180021052875 _Triozidae_Percyella _benahorita_P|
[Drepanoza pittospori MA |

EA DI

B3, 7 Pt C

D”.‘uﬂmioﬁuﬂ Pmm Cn.ga‘(l-lyu
11 . o s i

P O 0T, Py St

DP2.1wbi 0376 cr: Prylkiae Lufls maurs
OP3idba o Peylkdon_Lidla_varegaia

W Arytinnis 18 spp. [Livila s9p.]
| Arytaina 3 spp. [Arytaina spp.] .,
Q M Arytaina 2 spp. [Arytaina spp.] "+

Heteropsylla cubana

ivaga T|
' 'DP3ca.7180021051308_Psylicas._ Anyoine_mocista

—.I DP3rwl 00237_Paylidor._Arfaina_sdenocarpi
Arytaina genistae Canada

T gl ¢ e Dt e
pertt 1061547 Lhacos, Deghorna,_gorzated
‘‘‘‘‘ b vdhs‘ﬂacundas:)iﬂl‘llni
DPiiba 174 Liidss Deprorea_communs:
DP2.cba. 181_Lividan_Diaphoria,_ o

DP 1 cigh2 Licias Diephorna_ seqypieca

_I.-.-

gonzalezi [D.

= . W Strophingia 4 spp. [S. .. - *
s n S *e * ¥ Drepanoza fernandesi MA |
- - -
. Drepanoza lienhardi Israel
tena: wcalypti - #* .
A ctenarytaina spatuiata 1 2 . Psv -

Drepanoza fruticulosi T
88 [Drepanoza canariensis T |
|Drepanoza molinai T |

W Agonoscena atiantica [A
cisti (74, atfanticale s, ,, | oetess

Aphidoidea W Colposcenia vinidis
Fulgoroidea
Thripidae




% Results

=> Further investigation on the placement of Drepanoza

P. guanche

P.|gomerita

DP2.idba.2 12>
= Dysperza

s MERGEQ0B Tr Hemitrioza

-
i b

DP1.idba 200 Span/oza
DP1.idba.207__~ i

=]

May

Percyella guanche T |
|Percyella gomerita G|

_l.-.-

0 thriscl
== Dyspersa munda
shrankii
Dr1.dba. 1235 1nomdae Hemitnioza
_Trioza_tatrensi
__Spanioza |
Percyella canari C|

P. gomerita |E .:'

P. benahorita

All three analyses of the cox1 data provide moderate to strong support for grouping Drepanoza, Percyella,
Spanioza, Hemitrioza and Dyspersa

galii

x

. Mﬂﬂﬁ ita ‘\

DP3.ca. 7180021052875 Tnuzidaa_Parcyalla banahnnta_|

[Drepanoza pittospori MA |
Drepanoza fernandesi MA |.
Drepanoza lienhardi Israel

P.\gomerita

| Oowparcen e Macien 12 PSS

Drepanoza fruticulosi T

[Drepanoza canar

ensis T |

nrepannza malinai T |




x Results

®95-100%
®90-94%
1 80-89%

R » Confirmed, in most cases, the placement based on morphological characters

[7] Triozidae

[ Psyllidae

|| Calophyidae
[ Liviidae

|| Mastigimatidae
Carsidaridae
Aphalaridae

Spanioza sp.

Percyella 4 spp. [Spanioza ga] *
Drepanoza 2 spp. [?D. lienhardi] , (8
Drepanoza 3 spp. [2D. henbardi] '],

nsibsriviohstng

zullsoo
i 29229001g lBNSp

aulnot
(8| eserorriza chanapodtt Isnsp to rifpnsl swihuz Isno100
A| Trioza erytreae W _Tfmzim‘ 2822500]1q
g oy o g AR
aya bnuogmoo
Isstslnohatzog
zullaoo
ritpnsl xshev
ribiw xshev fugiz00
Bactericera tremblayi t
rifbiw bsar

A| Bactericera trigonica .
i o = OFtaary » Cacopeto saked
‘A Trioza urticae D10 218 cre Pofidn -

[Cacopsylla crenulatae T|
Cacopsylla m in
R e R ey slateral Spain
Cacopsylla atfantica (C. saliceti]
Cacopsyila pyri Cacopsylla thaninicola UK

Cacopsylla fulguralis Lot
Cacopsyila crenulatae [C. myrthi]
Cacopsylla 2 spp. (C. rhamnicola]

OP3ca 71B0ZG51325_Peyliden, Cacopsyla pruri

Arytain
N Livilla monospermae [Livilla spp.
Arytinnis 18 spp. [Livilla spp.
Arytaina 3 spp. [Arytaina spp,
Arytaina 2 spp. [Arytaina spp.]

Heteropsylla cubana

u

: . wrlinsos1sm | wmststsm
p— b ¥ " smpifzo19iq
cizzia acaciaebaileyanae P ‘mr,wuém, _m, _maida 90BTILE

Arytaina genistae Canada gs|uniqa

P cha. 41 Lidicae, i

Y

———dh:_Platycorypha nigrivirga

anige lsunsp

Strophingia 4 spp. [S. ericae].
Euphyliura confusa [E. olivina]
3 "

siditsism
Macrohomotoma gradlal:'p‘ (Popsz e -~— |80Iq B
Isiditstam

21uge

A Glycaspis brir
A Ctenarytaina eucalypti ‘I
®

zueistizedstsm

A crenarytaina spatuiata

Agonescena atlantica [A. pistaciae] B ool

P A T e Isz1818tom
\gonanscena targionii [A. sinuata) - -

Lisronia echidna [Rhinocola aceris] A a 21ge

2slunige 1slubst

Aphidoidea W Coiposcenia viridis
Fulgoroidea
Thripidae




Results

+ cox1 divergence: 3,8%
ain  Olea europeae

@ uphyllura olivina Sg
S .12_ipura  phillyreae

I A relatively recent diversification

‘head’ of distal
segment of aedeagu

1S

Example of allopatric speciation
without host switch

/ ‘ )‘_\, )

£ ~—~ — — proctiger
5] N

(=

@ , .
T - circun £
__g_;, ; , ring b
<) ;

g

1 ——, Jaramere

aedeagus”}| {

kS s subgenita

E. olivina

Male terminalia E. confusa



%& Results

\/
0’0

2 new genera: Percyella (Triozidae)

Endemic genus

P. benahorita

Example of allopatric speciation



% Results

K/

*¢ 2new genera: Percyella (Triozidae)
Drepanoza (Triozidae)

3 endemic new species: D. canariensis, D.
fruticulosi, D. molinai

1 endemic species: Drepanoza (Trioza) montanetana

2 species endemic of Madeira Islands:
Drepanoza (Trioza) pittospori, Drepanoza
(Trioza) fernandesi

1 continental specie: Drepanoza (Trioza) fernandesi




%‘ Results

% 2new genera: Percyella (Triozidae)
Drepanoza (Triozidae)

** 16 new species > 13 not previously known

4 Percyella: P. guanche, P. canari, P. gomerita, P. benahorita

3 Drepanoza: D. canariensis, D. fruticulosi, D. molinai
2 Agonoscena: A. atlantica, A. sinuata (Aphalaridae)
1 Euphyllura: E. confusa (Liviidae)

1 Arytaina: A. meridionalis (Psyllidae)

1 Cacopsylla: C. falcicauda (Psyllidae)
1 Diaphorina: D. gonzalezi (Psyllidae)

Strophingia canariensis and S. paligera (Liviidae)
- misidentified as S. arborea Loginova (1976)

Cacopsylla crenulatae (Psyllidae)
- misidentified as Psylla alaterna Loginova (1976)




% Results

X/

* 2newgenera: Percyella (Triozidae)
Drepanoza (Triozidae)

** 16 new species > 13 not previously known

s Arytaina devia insularis is elevated to species rank: A.
insularis

s Trioza laurisilvae is transferred from Trioza to Lauritrioza

¢ Report for the first time of Colposcenia aliena and
Agonoscena targioni

¢ New data on host plants and distribution




% Results

Enemies natural

¢ Parasitoids and hyperparasitoids are
reported for

» 6 introduced species

» 10 endemic species

M,

“* 5 generalist predators are reported for Parasitoid of Anthocoris salicis in the gall
Bactericera tremblayi of Percyella gomerita

» 5 species in Triozidae

+»» Ectoparasitic mite (Trombidiidae) are reported for

» 5 endemic species

Ectoparasitic mite on Percyella guanche



%‘ Results

62 species from 24 genera in 5 families

- 4 Central Macaronesian
- 2 West Mediterranean
- 1 Mediterranean

- 2 West Palaearctic

9 non-endemic
species (18%)
46 species

51 native species
(82%)

42 endemic — All but three endemic species

62 species species (82%) have endemic host plant species

2 endemic genera:
Percyella and Megadicrania

Pt

11 introduced

species (18%)




% Results

% native psyllid
species
number

introduced
species

La Palma
3

TN

1\27%:,)
La Gomera

8%/ 3
~

El Hierro

3

Island distribution

\ 60% /"

\_/

Tenerife

9

o
%)
A
- /?
../ Lanzarote

AT

\
2 nati;d no-géndemic

2

0 20 km



x Results Number of colonization events

I Canary 51 native psyllid species from 24 genera
% native psylli N
<pecies Islands 18 resulted in a single species 26 colonization
21Mya —>7 resulted in 2, 3 or 4 species events
riumber =1 resulted in 16 species (Arytinnis radiation)
introduced o
species N in .
Hawaiian 74 native psyllid species from 11 genera resulting from j/j
archipelago 8 colonization events /.m-”” §
5 Mya [
("“"”\ ~/ Lanzarote
ag,o%z\}’\' f{/ﬁg 3
\L\/’) 2 nativ no-?ndemic
,rf /
La Palma }
) f ( ’
3 oy \\ 60% . )
' 979 e o
1\%1{9 ‘ \wa// ,/r\ ¢ =/ Fuerteventura
- La Gomera Tenerife C 39% } 2
8%/ > 9 N
N Gran Canaria
El Hierro

3 3 0 20 km




% Results Host plant associations

o] - [FE *¢ Most of the colonizations involved use of the same host plant species,
— @ T or same host plant genus as continental relatives
| nfq.’;‘fé’é':m‘:*m SR e s . MERGEQ16_Triozidae Genus_spp

Carsidaridae =5E _B'-

B Aphalaridae

. .mlLauritriuza laurisilvae T| .
DP1.nwbl.00618_Triozidae_Lauritrioza_alacris
MERGEOD30 Triozidae Trioza magnoliae
DP3.nwbl.00214_Triozidae_Trioza_a anmpwila atlantica “Al
. b 1[\1 DP3.idba.73_Psylidae Cacopsylla_saliceti
' == DP1.idba.218 circ Psylidae Cacopsylla_spiculata

|Cacopsylla crenulatae T|
Cacopsylla myrthi Spain _
C sylla alaterni Spain

Cacopsylla rhamnicola UK
DP3. .00152_Psylidae_Cacopsylla_crataegi
DP3.ca.7180021051325_Psyllidae_Cacopsylla_pruni DP1.idba.141 Lividae Diaphorina gymnosporiae

| DP3.ca.7180021051347_Lividae_Diaphorina_gonzalezi T |
DP1.idba 143 circ_Lividae Diaphorina_lycii
DP2.idba.174_Lividae_Diaphorina_communis
DPZ2.idba.181_Lividae Diaphorina_citri
DP1.cig028_Lividae Diaphorina_aegyptiaca

Livitls monospermae
l Arytinnis 18 spp. n.vc
B arytaina 3 wpp. [Arytar .
| Arytaina 2 spp. [Artaing spp.]

DP1 ldt;:a 12!3 urr: qur:lae Euphylura _phillyreae

ine GenBank KP192847

Annnnerana €en RGraara
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®95-100%
®90-94%
1 80-89%

| 79 Triozidae A
I Psyllidae -
Calophyidae
M Liviidae
B

Mastigimatidae
Carsidaridae
B Aphalaridae

** Most of the colonizations involved use of the same host plant genus as
continental relatives

¢ The genistoid legume psyllid lineages are all examples of host switch to
related genus

DP2.idba.237 circ Psylidae Antainilla spartiophila

| DP3.nwbl.00161_Psyllidae Arytainilla_serpentina P |
DP3.ca. 7180021018470 _circ_Psylidae_Arytainilla_atlantica
DP3.idba 49 Psyllidas_Antainila_telonicola
DP2.idba.244 circ Psyllidae Arvainilla_cytisi

DP1.rwbl. 00539 circ Psylidae Arytainilla_montivaga

] —l PfﬁE.idba.M_Fsﬂligae_LMIla_bland ula _

S Pt Do TR | O [ (N T P—

Arytinnis, Arytaina, Arytainilla and Livilla

LAT sl L0 LAl l_:l}l'llll...lt,: LIwma | ordcacy

[ DP3.idba.29_circ_Psylidae_Livila_monospermae_P]
| DP3.nwbl.00119_circ_Psyllidae_Arytinnis_dividens_C |
DP2.idba.229 circ Psyilidae_ An,ﬂinnis cognata

| DP3.ctg082 _circ_Psylidae_Arytinnis_equitans C |

10

. e [DP2idba.238_Psylidae_Arytinnis_proboscidea_T |
o = Arytaina insularis P |
S - Arytaina devia T |

[Arytaina meridionalis C|

» [Arytaina vittata P|

' [Arytaina nubivaga T|
DP3.ca.7180021051308_Psyllidae_Arytaina_maculata
DP3.nwbl.00237_Psyllidae Arytaina_adenocami
Arytaina genistae Canada
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®95-100%
®90-94%
1 80-89%

Triozidae
Psyllidae
_ | Calophyidae
& Liviidae
Mastigimatidae
Carsidaridae
B Aphalaridae

Host plant associations

g “* Most of the colonizations involved use of the same host plant genus as

continental relatives

¢ The legume psyllid lineages are all examples of host switch to related genus

¢ Two colonizations involved host switch to different family

Asteraceae
DP2idba.212 Dysperzg ~ yspersa_anthri Apiaceae
DP3.ca.7180L. .2 ..o ...._.Jae Dyspersa_ Sglanaceae

B, e v v, Hemilioz Convolvulaceae

DP1.idba.2 . e_Trioza_tatrer Pittosporaceae
1% DP1.idba.20 :Span/oza & Spanioza_galll

i1, |Percyella canari C|
i |Percyella guanche T |
* ) [Percyella gomerita G|
. e, =[DP3.ca.7180021052875_Triozidae_Percyella_benahorita_P]
- + —

. ., [Drepanoza pittospori MA]
'y Eﬁlmga noza fernandesi MA |

. . Drepanoza lienhardi Israel
*a "l“_ﬂnnza fruticulosi T
88 Fﬁrepa noza canariensis T |

|Drepanoza molinai T |

. Euasterids



% Results Origins

+* All lineages have continental relatives from near or adjacent continental regions

- Origins from proximal Mediterranean regions, southern Europe and north Africa

—> Except Diaphorina gonzalezi

- DP1.idba.141 andae Dlaphonm "‘f""‘,f“f’.".‘,’."""‘“
oo " @l [DP3.ca 7180021051347 L vidae anlm_gonzalez- ,» -
m—= DP1.idba.143 _circ_Lividae_Diapnonia_iyws 3 . ® Diaphorina
DP2.idba.174_Lividae Diaphorina_communis ' _ g{mnosporiae | ~
DP2.idba.181_Lividae Diaphorina_citri

DP1.ctg028 Liviidae Diaphorina_aegyptiaca

-

Host plant: Gymnosporia cassinoides .
Tertlary relicts foIIowmg on from K
climatic changes in the late § )

Pliocene
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Origins of the central Macaronesian psyllid
lineages (Hemiptera; Psylloidea) with
characterization of a new island radiation on
endemic Convolvulus floridus (Convolvulaceae)
in the Canary Islands

Saskia Bastin‘, J. Alfredo Reyes-Betancorl", Felipe Siverio de la Rosa’, Diana
M.Percy:®*

1 Instituto Canario de Investigaciones Agrarias, Unidad de Proteccion Vegetal, La Laguna, Tenerife, Spain,
2 Instituto Canario de Investigaciones Agrarias, Jardin de Aclimatacion de La Cratava, Puerto de la Cruz,
Tenerife, Spain, 3 Botany Department and Biodiversity Research Centre, University of British Columbia,
Vancouver, British Columbia, Canada

*

diana.percy@ubc.ca

Abstract

A molecular survey of native and adventive psyllids in the central Macaronesian islands pro-
vides the first comprehensive phylogenetic assessment of the origins of the psyllid fauna of
the Canary and Madeira archipelagos. We employ a maximum likelihood backbone con-
straint analysis to place the central Macaronesian taxa within the Psylloidea mitogenome
phylogeny. The native psyllid fauna in these central Macaronesian islands results from an
estimated 26 independent colonization events. Island host plants are predicted by host
plants of continental relatives in nearly all cases and six plant genera have been colonized
multiple times (Chamaecytisus, Convolvulus, Olea, Pistacia, Rhamnus, and Spartocytisus)
from the continent. Post-colonization diversification varies from no further cladogenesis (18
events, represented by a single native taxon) to modest in situ diversification resulting in two
to four native taxa and, surprisingly, given the diverse range of islands and habitats, only
one substantial species radiation with more than four native species. Specificity to ancestral
host plant genera or family is typically maintained during in situ diversification both within
and among islands. Characterization of a recently discovered island radiation consisting of
four species on Convolvulus floridus in the Canary Islands shows patterns and rates of
diversification that reflect island topographic complexity and geclogical dynamism. Although
modest in species diversity, this radiation is atypical in diversification on a single host plant
species, but typical in the primary role of allopatry in the diversification process.
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A review of the jumping plant-lice (Hemiptera: Psylloidea) of the Canary
Islands, with descriptions of two new genera and sixteen new species
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% Results

Description. Adult. Colouration from dry mounted specimens. General body colour ochreous to amber. Head FO r new SpECieS:
greenish brown dorsally, grevish brown ventrally. Antenna vellowish to ochreous. segment 10 dark brown. Thorax
wregularly vellowish to light brown. Forewing amber, sometimes with indistinct longitudinal median brown band in
apical two thirds. Hindwing whitish. Abdomen vellowish brown, often lighter ventrally. Female terminalia ochreous
with brown apices of proctiger and subgenital plate. Younger specimens generally lighter and more greemish.

Structure. Body length 1.6-2.2 mm. Vertex 0.5-0.6 times as long as wide; anterior margin, in dorsal view,
hardly indented 1n muddle; coronal suture fully developed. Antenna 0.6—0.7 tumes as long as head width; length ratio
of antennal segment 10: longer terminal seta: shorter terminal seta 1.0 : 1.0 - 0.7. Meracanthus of metacoxa large,
horn-shaped. Metatibia 0.6—0.7 times as long as head width with a posteriorly open crown of 7-10 apical spurs.
Forewing (Fig. 124) thomboidal, narrowly rounded at apex, 2.5-3.1 times as long as head width, 2.2-2 4 tumes as
long as wide; widest i the basal third or muddle; vein C+5c relatively straight in basal two thards, strongly curved
apical third and thus forming a bulge; costal break present; vein Rs long, straight or weakly sinuate, apically straight H H
or slightly curved toward costal margin: vein M straight. 0.9-1.6 times as long as vein M _: m cell value 1.3-1.7; ~ Descrl ptlon Of fe ma Ie an d ma Ie d d u It
vein Cu,, weakly curved, 1.1-1.5 times as long as vein Cu; vemn Cu, short, weakly curved: cu, cell value 1.8-2.7.
Male termunalia as mn Figs 34-36, 3840, 4244 Proctiger cylindncal, 0.5-0.6 tunes as long as head wadth, posterior
margin relatively straight. Paramere 0.6—0 8 times as long as proctiger; in lateral view, with weakly produced fore
margin, bearing a posterior lobe in apical two thirds. narrow basally, with blunt point apically, outer face with few
moderately long setae, mostly along anterior and posterior margins, mner face with one subapical denticle and
a shightly sclerotised ndge. moderately densely covered in relatively long setae, shghtly denser i anterior half.
Distal segment of aedeagus with relatively thickset, slightly hooked apical dilatation. Female terminalia cuneate
(Figs 37, 41, 43). Proctiger 1.0-1.2 times as long as head width, without a notch in middle of dorsal margin blunt
apically; circumanal ring 0.3 tumes as long as proctiger. Subgenital plate 0.7—0.8 tumes as long as proctiger, abruptly
narrowing in middle and thus forming apical process: ventral margin straight 1n basal half and then curved forming
an angle. Valvula ventralis straight.

Measurements (in mm) (4 J. 4 2). Head width £ 0.48-0.54. ¢ 0.54-0.56: antenna length £ 0.30-0.36. €
0.36-0.38: metatibia length &' 0.32-0.34. 2 0.34-0.38: forewing length &' 1.30~1.38. £ 1.60~1.70; male proctiger
length 0.24-0 28; paramere length 0.16—0_18; distal segment of aesdeagus length 0.18—0.22; female proctiger length S— . . . . .
0.54-0.68. Description of fifth-instar immature

Fifth-instar immature. Colouration from slide-mounted specimens. Sclerites ochreous or light brown. Antenna
light brown with almost black tip. Legs ochreous with dark grevish brown apex of tarsus. Wing pads and abdominal )
tergites ochreous or light brown. Membranes pale. —

Structure. Conforming to generic description provided under S. canariensis. Body (Fig. 200) 1.2-1 3 times as
long as wide. Antenna 0.4-0.5 times as long as forewing pad; scape and flagellum bearing lanceolate setae; on the
flagellum, 1 or 2 lanceolate setaes associated with second and/or third shinarium (from base). Tibiae with relatively

short bristles rather than lanceolate setae. Forewing pad with smooth outer margin; wing pads lacking marginal and — CO m p d rl son to C I ose Iy re I ate d S p ec I es

dorsal lanceolate setae. Caudal plate 0.7-0.9 times as long as wide, bearing 10—15 marginal lanceolate setae on each

—
—

side. Circumanal ing V-shaped.
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*Megadicrania fecticeps Loginova, 1976 For each species:
(Figs 114-117. 198, 237-240)

—
Material examined. Tenerife: 8 <. 4 2. 3 immatures. Tegueste. finca Los Zamoranos. 28.5211 N. 16.3351 W.
400 m alt., 01.vii.2020. Olea cerasiformis (A. Pefia. S. Bastin) (SBPC, slide mounted. 70% ethanol); 1 .2 2. 4
immatures. San Cristobal de La Laguna. El Ortigal. 28.4714 N, 16.3562 W. 690 m alt.. 1.x11.2020. O. europaea
(S. Bastin) (MUSA, slide mounted. 70% ethanol). Gran Canaria: 2 <. 2 2. Barranco de Tirajana. near Santa
Lucia de Tirajana. 630 m alt., 12.v.1993 (C. Lienhard) (NHMB, dry mounted): 7 <. 10 2. 1 immature. same data
but (MHNG, dry and slide mounted): 7 immatures. Santa Lucia de Tirajana. 27.9122 N. 15.5391 W. 720 m alt.. Reference of the scientific
13.111.2022'. O cerasiformis (S B_asrm} (Tt-IUEA. 70% ethanol). literature in which adult and fifth

Description. Adult. Loginova (1976).

Fifth-instar immature. Colouration from slide-mounted specimen. Sclerites, legs and wing pads dark brown. instar immature are described
Antenna light brown. with segments 4-8 apically and segments 9 and 10 entirely dark brown or black. Membranes
colourless.

Structure. Body (Fig. 198) flattened. oval. 1.2 times as long as wide: irregularly covered with small lanceolate
setae. Antenna 0.9 times as long as forewing pad. 10 segmented with a single rhinarium on each of segments o ] .
4. 6. 8 and 9: all segments each with 1 or 2 microscopic lanceolate setae. and segments 3—9 each with a very - DeSCI"ptlon of fifth-instar
long fine seta. Thoracic tergites moderately large. Legs relatively long: both claws developed and of equal size: immatu re, if not provided in the
tarsal arolium small. fan-shaped. bearing unguitractor and petiole of about the same length as claws and relatively

> laterial examined

existing literature

wide compared to small arolium. Forewing pad large and lacking humeral lobe. oblong oval. outer margin weakly
convex. inner margin weakly concave. apex irregularly rounded. Caudal plate large. 0.8 times as long as wide.
slightly truncate apically and bearing a marginal tubercle on either side. Anus in terminal position: circumanal ring
large. convoluted. spreading dorsally and ventrally: outer ring consisting of 1 (medially) to 4 (laterally) rows of
almost circular pores.

Measurements (in mm) (1 individual). Body length 1.5: length of forewing pad 0.76. } Distribution in the Cana ry Islands

Distribution CI. Gran Canaria (Loginova 1976). Tenerife (new record).

Host plant CI. Olea cerasiformis, O. europaea (Oleaceae). Host pla nt in the Cana ry Islands

Biology. The immatures are free-living and produce a white waxy secretion under which they develop (Fig. . .. . .
240). Biology (galls description, interaction

with parasitoids and predators)
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s Keys for the identification of adults and last
instar immatures of species present in the
Canary Islands

10

11

-
|

18

19

Forewing widsst in apical third (Fiz. 158). Genal processes slender, weakly omved owmwards (Fig. 157). Male proctdger, in
lateral view, broadly rounded (Fig. 159). Paramers, in Lateral view, with apical part relagvely massive (Fiz 1607, Distal sezment
of aedeagns relatvely narmow (Fig. 161). On 4fmm (Amaryllidaceae]) . . . Bactericara memblayi (Wagnes)
Forewing widest in middle (Fig 163). Genal processes comcal (Fig. 162). Male chtlm mla‘tera.] view, mangular (Fig. 164
Paramete in laters] view, with apical pant relatively slender (Fig. 165). Distal segment of sedeagus melatively broad (Fig. 166).

Gnm:'mmm.pm:eae} . Bacsaricara trigonica Hodkinson
Male sabgenital plate, mla‘hera]nen mmd.adumn:a‘hepnamh pEIB.I:I:I.EI'E lmﬂlﬂurlmeulam Female proctiger
snkacute apically . . .11

L-Ialesnbgmtalplale mlaleml.uen md:ngmshnrtpu.‘:caspnﬁtmuhrfﬂgs "IS HI:I 33 Eﬁ",l Panmemumng
smnddenly i apical third, with digitiform spical process. Female prociger blunt Ep]l:a]]v (Fig. "D] Cn Comaahudus floridus
{Comvolvalaceas) . . . Pargyella gen. mov. 12
Forewing < 2 EumaslongasmldemﬂlmzﬁcEEPmELﬁWMmaﬂ:&lhmmmdtxedtutaseufcﬂls.r'mm
in lateral view, lanceolate, shorter than procager (Fig. 185). On Chemopodiien aibum (Amaranthacesas) _

Hﬂ-ﬂmmmac}i'mqpm‘arfﬂmm}
Fnrmmg : ’Hnmaaslungasmdelm:‘lﬂngaufmespmﬂesmmfnrmnfcﬂlm Pamm&mla‘tualtwwlam&]lar

aboue ac long as proctzer (Fig. 187). On Lowrus novocmuariensis fLm:eaE} .. Lawritrioza lmorizitvae (Hodkinson)
La Palma, Male terminalis as in Figs 7673 . R S . i [ LTl e s I T
Gran Canania advenfive on Tenenfe ‘-{aJEhEu:m.nahaasmFLgsHJE-—HE Pc-mrmsp.m
La Gomera. Male termuinalis as in Figs 83-85 ... .. - . P pomerifa 5p. mov.
'Ihlmfeadmlﬂn‘ennlapajm\{alemmhaasmﬁggﬂﬁ—ﬂﬂ _F'gt.mﬂ:hsp.m
Meracanthns on metacora small and tobercular (Figs 91, 98] _ : J 14
Meraranthns on metacoxs large and home-chaped (Figs 128, 145 IHE 15'2] 1|
Ganal processes developed. Male proctger bipamite, DnEum{Lp‘m{I'rI}m:eae} .15
{Zemal processes lacking. Male proctiger umipartite. Om other plants . L1a
{Femal processes shorer than vertew along coronal suhme (Fig 106). Fm‘emmgnm:l:rwt} rm:::ﬂeda:p]l:a]]v{FLg,IEI"j MEM-bla
with lomrinding] subapical comb of bristles alongz ower side . . Cremarytama eucahp (Mackall)
{Femal processes longer than vertex along coronal suhre. F:u.'enmgangularaptcall} Mes.uﬁbla lacking longimdina] subapical
comby of bristles . . ripcaspis rimblecomber Moore
Body anﬂfnrmmm‘mdmﬂl]mg cmspmmss.etae Rhmmprmtun}v manteuml segments 4, 6, § and 9. Forewing
lacking distinct pattem; nindal line absent Om Cisne monspeliensis (Cistacese) . . . Lizrania echidng Loginova

Body and forewing lacking long, conspicuous setas. Rhnanap{emmmmlsemd—gmgsm QF). Forewing with
dark pattern consisting of spots or transverse bands (Figs 92, 03, 100, 103). On Fisachs (Anacardiscese) and Rusg (Putacess)
. Agonoscena Enderlem 17
F:crmmg wnh vein I:'.+Eq: CODCEVE {Flg 5'5}...5.11|‘En.n.'a.] s.r.tm lﬂ mthbuth tern:umlaetae ﬂ.lShIEﬂ'_'r longer than sezmental
lemszth .. A cistt (Puton)
Forewing mr.hum [+Sc tmuu{aﬂmgmﬁtg‘sﬁ'ﬂ 'ID!I]I 1&3] Amanm]segmml 1EI mr.hat leastlmmma]smehmt‘hm
segmental lensth | V18
Dm:kfmemngpatmmmmgufa smgle apll:alb:a:ﬂlff‘lg.g"’j Malesubgmtalp]atebma.dlvmmdzdpuihmnrt} |fP1g.
210). Posterior lobe of paramere anising slightly distal of nuddle of paramere (Fig. 21). Distal segment of sedeagus with weakly
zimons end mbe of ducts ejaonlatorius (Fig 93) Dorsal margin of female proctiger, in Iateral view, weakly simnate in apical
half: female subeenital plate strongly narmowed in middle, forming narrow process (Fig. 22). Om Pistacia atamiica .
. .a.mmmmsp.m
Ihifmmmgpﬂtm:umsmgnfﬁbands,l mbaptca.]mdlaptca] {Flgs lﬂﬂ IIZI:-j h-![alesubg;eum.] plate with small or
larme posterior bimyp (Figs 23, 104). Posterior lobe of paramere sTizing near base of params e (Figs 24, 104). Distal sepment of
ae-hglﬁnﬁ'ﬂlmongj}'mgndmbeufmgmmEiglﬂl].Fmepmcﬁger.inlamalﬁmsu'mgifsimme
in apical half (Fig 235, 105); female subgenital plate evenly narrowsd to apex, distal part relstively broad (Fizs 25, 105) .
IEI

P‘nﬁtmm’]nbe ufpm&mm suhacute apll:alhr shm:tu ﬂm a.n.temw I.uhe (Plg;. 24] ‘-{aJesuhgemtal platemﬂ:l.la:ge
mectarinr hierm i Fie 73 Head math moeieara Fore marmn (e 07T Om Boda mreme o ERE s



Microphotographs




e
S | OO 0
O 0 00 A
L e T

o LR
N0 0 00 0 00 0 OO
O 0000 00 X OO O A
e By VO







Thank you for your
attention




% Results

The Central Macaronesian islands has a greater taxonomic diversity:

58 native species from 17 genera in 5 families
resulting from 26 colonization events

—18 resulted in a single species
—7 resulted in 2, 3 or 4 species

=1 resulted in 18 species (Arytinnis radiation)

Why do so many colonizations (70%) result in a single species
and only three in more than 3 species ?

1. Relative proximity to the source areas

2. Similarity of the floras in Macaronesia and source areas

— Preadaptation of psyllids to the same or closely related
host plants

- Colonizer fill ecological niches (Host plant) faster than is
possible via in situ evolution

2. Limited diversity in host plant lineage
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Chapter 3. Origins of the central Macaronesian psyllid lineages

2. Limited diversity in host plant lineage
» Psyllid radiation involve switching to

Canarian  Macaronesian closely related plant species

Host plant : : non-endemic Psyllid
endemic endemic i .
genus . _ species species hosted
species species
Pistacia 2 2
Ruta 4 2 1
Cistus 8 2 1
Picconia 1 1
Olea 1 1 2
Erica 1 1 7 Why have only 3 Convolvulus species been colonised
Chamaecytisus 1 1 4 by psyllids ?
Spartocytisus 2 3
Teline 9 14 4 Percyella species on Convolvulus floridus
Adenocarpus 3 2 . .
Salix P 1 ) 2 Drepanoza species on 2 Convolvulus species
Rhamnus _ 2 L L 3 - uncommon host group for psyllids (<10 species
Gymnosporia 2 1 .
Svra— worlwide)
Convolvulus 9 5 6 - no closely relativies on Convolvulaceae species in
Laurus 1 1 1

source areas

Withania 1 2
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Plant families hosting No. CI No. Cl non- No. Cl native
the most psyllid genera endemic plant endemic psyllid spp.
% Most of the plant families hosting native psyllids are worldwide (no. genera) spp. plant spp. hosted
well represented among psyllid hosts worldwide
Fabaceae (40) 50 159 23
Myrtaceae (26) 0 22 0
¢ 4 host families are globally poorly represented: Asteraceae (17) 138 180 0
Rutaceae (16) 4 3 1
Oleaceae < 30 species worldwide Anacardiaceae (16) 0 5 1
| Ivioraceae (19) 0 7 0
Celastraceae /l | Lauraceae (14) 2 4 1
Cistaceae < 10 psyllid species Sapindaceae (13) 0 3 0
~ worldwide Malvaceae (12) 2 21 0
Convolvulaceae Rosaceae (12) 7 20 0
— |Rhamnaceae (12) 2 2 2
\ Meliaceae (12) 0 1 0
Ulmaceae (10) 0 2 0
Host: 6 endemic species: Amaranthaceae (9) 1 20 0
- 2 Drepanoza species Eu_phorbiaceae (8) 9 35 0
- All the Percyella species |Ericaceae (8) 2 2 2
|Solanaceae (8) 4 40 1
| SaNtatede (o) 0 3 1
Santalaceae (3) 5 2 0
Fagaceae (7) 0 5 0




Chapter 3. Origins of the central Macaronesian psyllid lineages

2. Limited diversity in host plant lineage
» Psyllid radiation involve switching to

Canarian  Macaronesian closely related plant species

Host plant : : non-endemic Psyllid
endemic endemic i .
genus . _ species species hosted
species species
Pistacia 2 2
Ruta 4 2 1
Cistus 8 2 1
Picconia 1 1
Olea 1 1 2
Erica 1 1 7 Why have only 3 Convolvulus species been colonised
Chamaecytisus 1 1 4 by psyllids ?
Spartocytisus 2 3
Teline 9 14 4 Percyella species on Convolvulus floridus
Adenocarpus 3 2 . .
Salix P 1 ) 2 Drepanoza species on 2 Convolvulus species
Rhamnus _ 2 L L 3 - uncommon host group for psyllids (<10 species
Gymnosporia 2 1 .
Svra— worlwide)
Convolvulus 9 5 6 - no closely relativies on Convolvulaceae species in
Laurus 1 1 1

source areas

Withania 1 2
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