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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
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Systematic

 Psyllid classification based on morphological
character is challenging: 

 lack of clear morphological synapomorphies
 high level of homoplasy in morphological
characters

Need molecular data to resolve phylogeny of 
psyllids 

Psyllids
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Burckhardt 
et al.  

(2021)

First extensive 
molecular 

phylogeny across all 
families of 
Psylloidea

Percy et al., 
(2018)

 Importance of host plant associations

Cho et al., 
(2019)

400 species from almost 100 genera in all the 
families of psyllids 

Percy et al., 
(2018)

Cho et al., 
(2019)

56 species focused on east Palaearctic/Oriental taxa



Cladogram representation of the classification 
of Psylloidea (Burckhardt et  al., 2021)

Currently 7 families

Cu1

M

Two-segmented tarsi

Large metacoxae

Introduction



Waxy secretion Closed gall

Lerp

Roll leaf gall

Pit gall
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 Many minor pests with local or temporary
occurrence

Trioza erytreae

Introduction

 Economic importance ↗ past 20 years

- Vector plant pathogen `Candidatus
Liberibacter´= restricted phloem bacteria

- Most devastating pest wordwide

- Three psyllid species are listed as EU 
quarantine pests

Huanglongbing or greening disease

`Candidatus Liberibacter africanus, 
asiaticus and amaericanus´

Diaphorina citri

Pests known to occur in the Union territory: 
Trioza erytreae

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

Zebra Chip disease

`Candidatus Liberibacter
solanacearum´

Bactericera cockerelli



Introduction

Spain: 
- 6th largest producer in the world and 1st 

in the EU
- 1st global exporter of fresh fruit

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

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

Tamarixia dryi

Experimental released in the 
Canary Islands

 Introduction of Tamarixia dryi to 
control Trioza erytreae



Introduction

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 



Introduction

 Described 1 new genus and 10 new species

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

 Described 2 new genera, 15 new species and 1 
subspecies

- Targeted field work
- Combined molecular and morphological data

 Review the legume feeding psyllids (Genisteae)

Loginova (1976)
Percy (2003)



Morphology Molecular

Host plant

DNA 
Barcoding

Classical
taxonomy

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

2. To enhance the identification of psyllid species in 
the Canary Islands 

3. To investigate the origins and evolutionary 
processes that have shaped psyllid diversification 
in the Canary Islands

Main objectives :

Introduction



 Close to mainland

<100 km

 Belong to Macaronesian biogeographical
region

 Volcanic archipelago

Canary Islands framework  (study area)

 Species richness is high with high level
endemism: 

 45% of the arthropod fauna

 40% of the native vascular flora
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Host plant association

Specimens collected from more than 150 locations

Biological
interaction with
parasitoids and 

predators

Field work

1. Identification
directly in the field

2. Confirmation with an
experimented botanist

Material and methods



University of 
British Columbia

Finnish Museum of 
Natural History

Instituto Canario de 
Investigaciones
Agrarias (ICIA) Muséum d’histoire 

naturelle, Geneva

Naturhistorisches
Museum, Basel

Moravian Museum, 
Brno

Material and methods



For each psyllid
population

Non-destructive
DNA extraction

(Chelex or Qiagen)

Morphological
analysis

70% 
ethanol

Voucher specimens: 
70% ethanol

Molecular 
analysis

90-95% 
ethanol

5 specimens

Deposited in 
entomological

collections

Material and methods



70% 
ethanol

Dry mounted Slide mounted in 
Canada Balsam

Material and methods Morphological analysis



Examination of important taxonomic characters

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

Material and methods Morphological analysis



cepholothorax
cephalothorax

humeral 
lobe

forewing-
pad

forewing-
pad

humeral lobe

hindwing-pad
hindwing-
pad

caudal plate

circumanal ring
caudal plate

Antenna
• Presence of humeral lobe

• Structure between claws of 
tarsus

• Position of anus and 
circumanal pore field

1. Examination of important taxonomic characters

• Type, shape, distribution and 
number of margin setae

Material and methods Morphological analysis



1 2 3 4

Sequences obtained

Sequences 
deposited in 
GenBank database

Non-destructive
DNA extraction

(Chelex or Qiagen) cytb

Problem!

Bands after electrophoresis of PCR products

< 45% amplified species

DNA Barcode

Material and methods

LCO1490/HCO2198

Molecular analysis 



Primer 
pair

No. 
Specimens 

tested

No. 
Species 
tested

No. 
Genera 
tested

No. 
Families
tested

No. 
Species 

amplified

% 
Species 

amplified 

No. 
Specimens
amplified

%
 Specimens

amplified
LCOP-F/
HCO2198

154 36 20 5 36 100 146 95

C1-J-1718/
H7005P-R

143 36 20 5 35 97 119 83

LCO1490/
HCO2198

54 26 18 5 9 35 24 44

LepF1/
LepR1

27 24 18 5 3 13 3 11

tRWF1/
LepR1

60 25 16 4 18 72 47 78

 Checked DNA Barcodes of 
psyllid taxa in databases 
(GenBank and Bold Systems): 

- Less than 30% psyllid species
had cox1 sequences with a 
length > 500 bp

Material and methods Molecular analysis 
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H7005P-R

143 36 20 5 35 97 119 83

LCO1490/
HCO2198

54 26 18 5 9 35 24 44

LepF1/
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27 24 18 5 3 13 3 11

tRWF1/
LepR1

60 25 16 4 18 72 47 78

 Checked DNA Barcodes of 
psyllid taxa in databases 
(GenBank and Bold Systems): 

- Less than 30% psyllid species had
cox1 sequences with a length > 
500 bp

Material and methods Molecular analysis 



Triozidae

Psyllidae

Calophyidae
Liviidae
Mastigimatidae
Carsidaridae

Aphalaridae

Percy et al., 
2018  The constraint tree = Psylloidea mitogenome

tree presented in Percy et al., 2018

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

(Percy et al., 2018)

Material and methods Molecular analysis 



Triozidae

Psyllidae

Calophyidae
Liviidae
Mastigimatidae
Carsidaridae

Aphalaridae

(Percy et al., 2018)

cox1 cytb

Maximum likelihood 
constraint analysis

To place all native psyllid 
lineages within Psylloidea
Superfamily tree 

Psylloidea
Superfamily tree 

Material and methods Molecular analysis 



 Placements of the lineages were moderately 
to well supported (with bootstrap > 80%)

 ML backbone
constraint analysis: 

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

Except Drepanoza

Results



Results

Neighbor-joining analysis

Bayesian analysis

Maximum-likelihood analysis

 Further investigation on the placement of Drepanoza

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

The placement of Drepanoza near Percyella and Spanioza is also supported morphologically

Dysperza

Spanioza

Hemitrioza



Results

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



Olea europeae

Example of allopatric speciation
without host switch

Waxy secretion

E. confusa E. olivinaMale terminalia

+ cox1 divergence: 3,8%

A relatively recent diversification

Results



 

 2 new genera:

Results

Percyella (Triozidae)

P. benahorita

P. gomerita

P. guanche

P. canari

Endemic genus

Example of allopatric speciation 

P. guanche

Convolvulus floridus



 

 2 new genera:

Results

Percyella (Triozidae)
Drepanoza (Triozidae) 

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

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

1 continental specie: Drepanoza (Trioza) fernandesi

1 endemic species: Drepanoza (Trioza) montanetana



 

 16 new species

2 Agonoscena: A. atlantica, A. sinuata (Aphalaridae) 

 13 not previously known

1 Euphyllura: E. confusa (Liviidae)

1 Arytaina: A. meridionalis (Psyllidae) 

1 Cacopsylla: C. falcicauda (Psyllidae) 

1 Diaphorina: D. gonzalezi (Psyllidae) 

3 Drepanoza: D. canariensis, D. fruticulosi, D. molinai
4 Percyella: P. guanche, P. canari, P. gomerita, P. benahorita

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

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

Results

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



 

 16 new species  13 not previously known

Results

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

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

 Report for the first time of Colposcenia aliena and 
Agonoscena targioni

 New data on host plants and distribution

 Trioza laurisilvae is transferred from Trioza to Lauritrioza



 Parasitoids and hyperparasitoids are 
reported for 

 6 introduced species

 10 endemic species

Parasitoid of 
Bactericera tremblayi

 5 generalist predators are reported for

 5 species in Triozidae
Anthocoris salicis in the gall
of Percyella gomerita

 Ectoparasitic mite (Trombidiidae) are reported for 

Ectoparasitic mite on Percyella guanche

 5 endemic species

Enemies natural

Results



51 native species 
(82%) 

9  non-endemic
species (18%)

42 endemic 
species (82%)62 species

11 introduced
species (18%) 

62 species from 24 genera in 5 families

46 species 

Results

- 4 Central Macaronesian
- 2 West Mediterranean 
- 1 Mediterranean
- 2 West Palaearctic 

 All but three endemic species
have endemic host plant species

2 endemic genera: 
Percyella and Megadicrania



 

number 
introduced
species

5
2

3

3

3

9

3

Island distribution

2 native no-endemic

60%

% native psyllid 
species

39%

27%

30%

8%

Fuerteventura

Lanzarote

Gran Canaria

TenerifeLa Gomera

El Hierro

La Palma
76%

43%

Results



 

number 
introduced
species

5
2

3

3

3

9

3

Number of colonization events

2 native no-endemic

60%

% native psyllid 
species

39%

27%

30%

8%

18 resulted in a single species
7 resulted in 2, 3 or 4 species
1 resulted in 16 species (Arytinnis radiation)

26 colonization 
events

Canary 
Islands

74 native psyllid species from 11 genera resulting from 
8 colonization events

51 native psyllid species  from 24 genera

Hawaiian 
archipelago

21Mya

5 Mya

Results



Results Host plant associations

 Most of the colonizations involved use of the same host plant species, 
or same host plant genus as continental relatives



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

Arytinnis, Arytaina, Arytainilla and Livilla

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

Results Host plant associations



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

 Two colonizations involved host switch to different family

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

Dysperza

Spanioza

Hemitrioza

Asteraceae 
Apiaceae 
Solanaceae
Convolvulaceae
Pittosporaceae

Results Host plant associations

Euasterids



Origins

 Origins from proximal Mediterranean regions, southern Europe and north Africa

 All lineages have continental relatives from near or adjacent continental regions

 Except Diaphorina gonzalezi

Diaphorina
gymnosporiae

Results

Host plant: Gymnosporia cassinoides
Tertiary relicts following on from 

climatic changes in the late 
Pliocene



Results



For new species: 

Description of  female and male adult

Description of  fifth-instar immature

Comparison to closely related species

Results



Material examined

Reference of the scientific
literature in which adult and fifth
instar immature are described

Description of  fifth-instar  
immature, if not provided in the
existing literature

Distribution in the Canary Islands
Host plant in the Canary Islands

Biology (galls description, interaction
with parasitoids and predators) 

For each species: 

ResultsChapter 1. A review of the jumping plant-lice of the Canary Islands



 Keys for the identification of adults and last 
instar immatures  of species present in the 
Canary Islands

Results



Drawings Microphotographs

Results



More than 300 figures

Results





Thank you for your 
attention



18 resulted in a single species
7 resulted in 2, 3 or 4 species
1 resulted in 18 species (Arytinnis radiation)

The Central Macaronesian islands has a greater taxonomic diversity: 
58 native species from 17 genera in 5 families 

resulting from 26 colonization events 

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

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

1. Relative proximity to the source areas

Results



Why have only 3 Convolvulus species been colonised
by psyllids ?

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

closely related plant species 

Chapter 3. Origins of the central Macaronesian psyllid lineages 

 uncommon host group for psyllids (<10 species 
worlwide)

 no closely relativies on Convolvulaceae species in 
source areas 

Host plant 
genus

Canarian 
endemic 
species

Macaronesian 
endemic 
species

non-endemic 
species 

 Psyllid 
species hosted

Pistacia 2 2
Ruta 4 2 1
Cistus 8 2 1
Picconia 1 1
Olea 1 1 2
Erica 1 1 2
Chamaecytisus 1 1 4
Spartocytisus 2 3
Teline 9 14
Adenocarpus 3 2
Salix 1 1
Rhamnus 2 1 1 3
Gymnosporia 2 1
Retama 1 1
Convolvulus 9 5 6
Laurus 1 1 1
Withania 1 2 1

4 Percyella species on Convolvulus floridus

2 Drepanoza species on 2 Convolvulus species



Chapter 1. Review of the jumping plant-lice of the Canary islands

 Most of the plant families hosting native psyllids are 
well represented among psyllid hosts worldwide

Host: 6 endemic species:
- 2 Drepanoza species
- All the Percyella species

Plant families hosting 
the most psyllid genera 
worldwide (no. genera)

No. CI 
endemic plant 

spp.

No. CI  non-
endemic 

plant spp.

No. CI native 
psyllid spp.

 hosted

Fabaceae (40) 50 159 23
Myrtaceae (26) 0 22 0
Asteraceae (17) 138 180 0
Rutaceae (16) 4 3 1
Anacardiaceae (16) 0 5 1
Moraceae (15) 0 7 0
Lauraceae (14) 2 4 1
Sapindaceae (13) 0 3 0
Malvaceae (12) 2 21 0
Rosaceae (12) 7 20 0
Rhamnaceae (12) 2 2 2
Meliaceae (12) 0 1 0
Ulmaceae (10) 0 2 0
Amaranthaceae (9) 1 20 0
Euphorbiaceae (8) 9 35 0
Ericaceae (8) 2 2 2
Solanaceae (8) 4 40 1
Salicaceae (8) 0 3 1
Santalaceae (8) 5 2 0
Fagaceae (7) 0 5 0

 4 host families are globally poorly represented: 

Oleaceae < 30 species worldwide

Celastraceae

Cistaceae

Convolvulaceae

< 10 psyllid species
worldwide

Results

1 species



Why have only 3 Convolvulus species been colonised
by psyllids ?

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

closely related plant species 

Chapter 3. Origins of the central Macaronesian psyllid lineages 

 uncommon host group for psyllids (<10 species 
worlwide)

 no closely relativies on Convolvulaceae species in 
source areas 
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Rhamnus 2 1 1 3
Gymnosporia 2 1
Retama 1 1
Convolvulus 9 5 6
Laurus 1 1 1
Withania 1 2 1

4 Percyella species on Convolvulus floridus

2 Drepanoza species on 2 Convolvulus species


	Diapositive numéro 1
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	Diapositive numéro 22
	Diapositive numéro 23
	Diapositive numéro 24
	Diapositive numéro 25
	Diapositive numéro 26
	Diapositive numéro 27
	Diapositive numéro 28
	Diapositive numéro 29
	Diapositive numéro 30
	Diapositive numéro 31
	Diapositive numéro 32
	Diapositive numéro 33
	Diapositive numéro 34
	Diapositive numéro 35
	Diapositive numéro 36
	Diapositive numéro 37
	Diapositive numéro 38
	Diapositive numéro 39
	Diapositive numéro 40
	Diapositive numéro 41
	Diapositive numéro 42
	Diapositive numéro 43
	Diapositive numéro 44
	Diapositive numéro 45
	Diapositive numéro 46
	Diapositive numéro 47
	Diapositive numéro 48
	Diapositive numéro 49
	Diapositive numéro 50
	Diapositive numéro 51
	Diapositive numéro 52
	Diapositive numéro 53
	Diapositive numéro 54
	Diapositive numéro 55
	Diapositive numéro 56
	Diapositive numéro 57
	Diapositive numéro 58

