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Abstract

Leathoppers (Hemiptera: Cicadellidae) are pests of many temperate crops, including grapevines

(Vitis species). Uncontrolled populations can induce direct and indirect damage to crops due to
feeding that results in significant yield losses and increased mortality in infected vineyards due to
virus, bacteria, or phytoplasmas vectored by leathoppers. The main objective of this work was to
determine the diversity of leathoppers found in vineyards of the three main Canadian production
provinces, i.e., in British Columbia, Ontario, and Quebec. Approximately 18,000 specimens were
collected in 80 commercial vineyards from 2006 to 2008. We identified 54 genera and at least
110 different species associated with vineyards, among which 22 were predominant and repre-
sented more than 91% of all the leathoppers. Species richness and diversity were estimated by
both Shannon’s and Pielou’s indices. For each province, results indicated a temporal variation in
species composition. Color photographs provide a tool to quickly identify 72 leathoppers com-

monly associated with vineyards.
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Introduction leaf abscission. If left unchecked, severe yield

losses due to shrivelling of fruit may occur
In Canada, grapes (Vitis spp.) are grown most- (Martinson et al. 1997). Furthermore, honey-
ly in Ontario (ON - 7,133 ha), British  dew excreted by leathoppers stains the grapes
Columbia (BC - 3,676 ha), and Quebec (QC —  and alters fruit and wine quality. Leathoppers
612 ha), representing, respectively, 61.2%, are also important vectors of plant pathogens,
31.6%, and 5.3% of the areas devoted to  including viruses, bacteria (e.g., Xylella fastid-
grapevine production in Canada (11,648 ha)  iosa, the agent of Pierce’s disease), and
(Statistics Canada 2012). Throughout Canada, = phytoplasmas that induce diseases, such as
grapevines are subject to a large number of  grapevine yellows (Weintraub and Beanland
climatic (e.g., rainfall, degree-days, microcli-  2006; Musetti 2008; Olivier et al. 2012). Two
mates) and non-climatic (e.g., landscape, soil economically important phytoplasma diseases
type) factors and agricultural practices (e.g.,  have been detected in Canadian vineyards:
grapevine pruning or hilling, pesticide treat-  Bois Noir (Rott et al. 2007) and Aster Yellow
ments, ground covers). Consequently, (Olivier et al. 2009, 2014).
grapevine cultivars, pests, and diseases differ
across major grape growing areas. In a given =~ As mentioned above, agricultural practices
province, some species can represent a risk of  can impact the biodiversity and abundance of
damage or pathogen transmission on grape- leathoppers in vineyards. For instance, several
vine that requires management, while in  plant species are present around the vineyards,
another province the presence of the same  and groundcover can be composed of different
leathopper species can be sporadic and may  grasses and/or weeds. Theses plants may serve
not require action. as hosts for several leathopper species and as

a reservoir of pathogens, such as phytoplas-
Vineyards can be attacked by a number of ar-  mas or viruses, that can occasionally be
thropods (e.g., cutworms, thrips, phylloxera,  transmitted to grapevine.
mites, mealybugs, beetles, moths), including
leathoppers (Hemiptera: Cicadellidae) There are ca. 21,000 species of leathoppers
(Bournier 1976; Bostanian et al. 2003; Bosta- worldwide (Oman et al. 1990), and ca. 1,088
nian et al. 2012). Leathoppers are piercing-  species occur in Canada (Maw et al. 2000).
sucking insects that essentially feed on leaf  Biodiversity studies conducted in two com-
tissues and fluids. Uncontrolled leafthopper = mercial vineyards in QC from 1997 to 1999
populations can seriously damage leaves, re-  found 59 leathopper species associated with
sulting in loss of chlorophyll and premature  vineyards (Bostanian et al. 2003). Worldwide,
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there have been few studies on biodiversity,
distribution, and abundance of leathoppers in
vineyards (Bonfils and Schvester 1960; Bosco
et al. 1997; Boukhris-Bouhachem et al. 2007,
Dér et al. 2009). Descriptions of leathopper
species associated with vineyards are fre-
quently part of studies on the arthropod fauna
of vineyards (e.g., Bostanian et al. 2003; Boll
and Herrmann 2004; Altieri et al. 2005; De
Valpine et al. 2010). In Europe, several stud-
ies have focused on Scaphoideus titanus Ball,
the vector of Flavescence Dorée (Boudon-
Padieu 2002; Lessio and Alma 2004; Bressan
et al. 2006; Dér et al. 2007; Orosz and Zsolnai
2010). In North America, research efforts
have focused on Erythroneura species that
cause serious yield losses (McKenzie and
Beirne 1972; Jubb et al. 1983; Paxton 1990;
Costello and Daane 2003; Prischmann et al.
2007) and on the vectors of Xylella fastidiosa
Wells et al., the pathogen causing Pierce’s
disease (Almeida and Purcell 2003; Redak et
al. 2004; Ringerberg et al. 2010). In Israel,
species associated with Grapevine Yellows or
Western-X diseases have also been studied
(Klein et al. 2001). Other information related
to leafthopper biodiversity has been published
on websites (e.g., Wilson and Turner 2010;
Fauna Europea 2012; Dimitriev 2012). Lists
of leathopper species are frequently provided
without mention of their relative abundance or
associated crops.

Our study aimed to acquire knowledge on
leathopper diversity and abundance in vine-
yards of BC, ON, and QC by: 1) determining
leathopper relative abundance and diversity
per province, 2) comparing biodiversity indi-
ces and rankings of the most common species
throughout the years within each province,
and 3) presenting three color plates that
should allow quick identification of 72 adult
leathopper species commonly associated with
Canadian vineyards.
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Materials and Methods

The study was carried out from 2006 to 2008
in BC and ON and from 2007 to 2008 in QC

for a minimum of 10 weeks each year during
the growing season of grapevine (i.e., May to
October) (Table 1). The periods of sampling

varied according to the location of vineyards

and the agricultural practices.

British Columbia

The vineyards were composed of 13 cultivars
of Vitis vinifera L. (Vitales: Vitaceae) (Table
1), and groundcover was composed of mix-
tures of grasses and various broadleaf plants
between vine rows. Samples were collected
each year from 20 to 22 commercial vineyards
located throughout the Okanagan Valley, from
Vernon in the north to Osoyoos in the south,
and in the Similkameen Valley near Cawston
and Keremeos (Table 2). Leathoppers were
collected weekly from two rows in each vine-
yard using the sweeping method (two sets of
25 sweeps, two sweeps/m along the row).
Briefly, a 180° cross stroke was followed by a
quick backstroke over the same plants to col-
lect flying adult leathoppers present on
groundcovers and on grapevines. Sweep net
contents were transferred to clear plastic bags,
frozen, and sorted in the laboratory. The spec-
imens were preserved in 70% ethanol or
stored dry in 1.5 mL plastic micro-centrifuge
tubes (Gordon Technologies Inc., Mississau-
ga, ON).

Ontario

The vineyards were composed of 16 cultivars
(Table 1), and groundcover was composed of
various grass species between rows. Forty-
seven commercial vineyards located near
Beamsville, Jordan, Niagara-on-the-Lake, St.
Catharines, Stoney Creek, and Vineland were
sampled (Table 2). Leathoppers were collect-
ed weekly from the same five grapevine rows
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randomly chosen inside the vineyards. The
sweeping method (two sweeps/m along the
row) was used over a length of 10 m and al-
lowed collection of adult leathoppers from
groundcovers and grapevines. Insects were
stored in 70% ethanol and then kept at -20°C
until species identification was determined.

Quebec

The vineyards were composed of nine differ-
ent cultivars (Table 1), and there was no
groundcover between the rows. Surveys were
conducted in five commercial vineyards locat-
ed near Dunham, Saint-Armand, Saint-
Jacques-le-Mineur, and Saint-Rémi (Table 2).
Due to the absence of groundcover, adult
leathoppers were collected weekly using a
tapping method over 20 m in five grapevine
rows randomly chosen in the vineyards. This
method consisted of tapping the vines, five
times/m at different canopy levels, from the
base to the apex of the plant canopy above an
aluminum funnel (40 cm diameter) sprayed
with 95% ethanol. For each collection in a
given vineyard, all leathoppers were pooled in
a tube containing 70% ethanol and stored at -
20°C.

Leathoppers were counted and identified in
the laboratory using a binocular microscope or
sent for identification to the National Insect
Collection (Agriculture and Agri-Food Cana-
da). Species were keyed according to several
features (e.g., length, morphology, color, geni-
talia) using Beirne (1956), Greene (1971),
Hamilton (1982, 1983, 1998), and Gareau
(2008). Names were cited according to Maw
et al. (2000).

Species richness and diversity between years
within a province were estimated by both
Shannon’s diversity index and Pielou’s even-
ness index, as described by Goulet et al.
(2004). The Shannon’s diversity index repre-
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sents the diversity in a population and was
calculated as:

H’=-) pixInpi

where pi is the proportion of each species in
the global population. The H’ value is a meas-
ure of uncertainty that increases with the
number of species and when the distribution
of specimens among the species becomes
more equal. The Pielou’s evenness index rep-
resents the evenness of a population. It was
calculated as:

J=H/InS

where S is the number of species collected in
the sample. J’ values range between 0 and 1,
with high values indicating low variation be-
tween species within a given leathopper
population.

Results

A total of 17,946 leathopper specimens were
identified in Canadian vineyards between
2006 and 2008 (Table 3). A total of 54 differ-
ent genera and at least 110 species were
identified, belonging to nine subfamilies
(Maw et al. 2000). Adults of most species are
shown in alphabetical order in Figures 1-72.
About 90% of the collected specimens were
identified to species. We assigned the speci-
mens to two categories, i.e., predominant
genus (species with > 100 specimens collected
over the three years) or marginal genus (spe-
cies with < 100 specimens). According to our
classification, 22 species belonging to 14 gen-
era were predominant and represented > 91%
of all the vineyard-associated specimens col-
lected in this Canadian study (Table 3). The
most abundant species belonged to the genera
Erythroneura, Macrosteles, and Empoasca.
The four most common species were Macro-
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steles fascifrons (Stal), Empoasca fabae Har-
ris, Erythroneura comes (Say), and E. vitis
(Harris). Because they are well known and
major pests in BC vineyards (Lowery and
Judd 2007; Lowery 2010), only a few E. zi-
czac and E. elegantula specimens were
preserved for identification.

British Columbia

The 8,146 leathoppers sampled belonged to
91 different species. Fourteen species were
considered predominant, as they represented
approximately 88% of all specimens. Macro-
steles spp. were the most abundant (37%),
followed by Neokolla confluens (Uhler) and
N. hieroglyphica (Say) (10%). Balclutha ne-
glecta (DeLong and Davidson), Exitianus
exitiosus (Uhler), Ceratagallia spp., Psammo-
tettix lividellus (Zetterstedt), and P. latipex
(Sanders and DeLong) comprised 5-10% of
total abundance. Other species (e.g., Endria
inimica (Say) or Deltocephalus grex Oman)
represented < 5% of leathoppers. Several pre-
dominant species were collected in all three
years of the study.

The total number of species collected in-
creased between 2006 and 2007 and decreased
in 2008 (Table 4). The Shannon index (H’)
values paralleled the number of species be-
tween 2006 and 2008. The Pielou index
values (J’) varied from 0.53 to 0.67 between
2006 and 2008 (Table 4), suggesting that spe-
cies distribution was heterogeneous among
years.

Ontario

A total of 4,397 leathoppers, comprising 68
species, were sampled during the three years.
Seven species represented 84% of all leathop-
pers. Macrosteles fascifrons was most
common, representing ca. 31% of all leathop-
pers collected in vineyards. Three Ery-
Erythroneura sp. (E. tricincta Fitch, E. comes,
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and E. vitifex Fitch) represented 27% of col-
lected specimens. Graminella nigrifrons
(Forbes), Empoasca spp., and Endria inimica
were also found in significant numbers.
Scaphoideus titanus Ball represented 2% of
individuals (Table 3).

Diversity and abundance of leathoppers varied
from one year to another. Empoasca spp., E.
tricincta, E. vitifex, and S. titanus were col-
lected in 2006, E. comes and Endria inimica
in 2007, whereas Graminella nigrifrons and
M. fascifrons were abundant mainly in 2008.
E. vitifex was only collected in ON. Endria
inimica and E. tricincta were the only species
collected each year.

The number of species consistently decreased
between 2006 and 2008 (Table 4). However,
H’ and J’ values increased in 2007 and de-
creased in 2008. Because these indices depend
on the distribution of the specimens among
the species, the variation of H’and J’ values
reflected a highly heterogeneous distribution
of the specimens within the species between
2006 and 2008 (Table 4).

Quebec

In 2007 and 2008, 5,403 leathoppers were col-
lected. They belonged to 17 different species,
among which nine were the most common
leathopper species in Canada (Table 3). Ery-
throneura spp. represented > 63% of all
leathoppers collected in 2007 and 2008, with
five predominant species, i.e., E. comes, E.
vitis, E. ziczac, E. tricincta, and E. vulnerata
Fitch, the latter three species being seldom
found in other provinces. The second most
abundant genus was Empoasca, with E. fabae
representing 27% of all leathoppers. Macro-
steles fascifrons was an abundant species
(7%), while Scaphoideus titanus represented
1% of specimens. All species mentioned



Journal of Insect Science: Vol. 14 | Article 73

above were collected each year. Erythroneura
vitis was found only in QC.

Because few species were collected and be-
cause these species were similar in 2007 and
2008, the H” values were low but homogenous
(Table 4). Furthermore, the J’ values of even-
ness were ca. 0.7 in all years, indicating
homogeneous distribution over the years.

Discussion

Leafhoppers had large diversity and heteroge-
neous abundance in Canadian vineyards. The
high heterogeneity in populations between
provinces can be explained by different cli-
matic and non-climatic  factors and
agricultural practices as mentioned above.
Consequently, no comparison of diversity and
abundance was done between the provinces.
Hereafter, we will only focus on the species
that have been reported as potential economic
pests and may represent a risk to grape pro-
duction.

Macrosteles fascifrons, often confused with M.
quadrilineatus (Forbes), the six-spotted leaf-
hopper or aster leathopper, is very common
and widespread in Canada (Beirne 1956;
Hamilton 1983). Our study confirmed its pre-
dominance in Canadian vineyards.
Macrosteles fascifrons is associated with Jun-
cus bufonis L. (toad rush) growing in seeps
and swales mixed with other low vegetation
around vineyards. In contrast, M. quadriline-
atus disperses by flight over long distances
and migrates each year from the USA to Can-
ada (Taboada and Hoffman 1965). M.
quadrilineatus may feed on grapevine and
transmits Aster Yellow (AY) phytoplasmas to
numerous plant species (Beanland 2005).

Erythroneura species (Figures 26-34) belong
to the most abundant leathopper species in
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Canadian vineyards and are generally associ-
ated with grapevine. Erythroneura ziczac
(Figure 34) is widely distributed in USA and
southern Canada (Metcalf 1968). Our study
confirmed that E. ziczac was abundant in QC.
Because of their abundance and previous de-
scription as major pests on grapevines in BC
(McKenzie and Beirne 1972; Lowery and
Judd 2007; Lowery 2010), only few speci-
mens of western grape leathopper
(Erythroneura elegantula Osborn, Figure 29)
and Virginia creeper leafthopper (E. ziczac
Walsh) were collected and enumerated in our
study.

Erythroneura comes (eastern grape leathopper,
Figure 28), E. vitis (grapevine leathopper,
Figure 32), E. tricincta (three-banded leaf-
hopper, Figure 31), E. vitifex, and E. ziczac
(Virginia creeper leathopper) may also have
economic importance (Bostanian et al. 2003).
Erythroneura spp. essentially feed on meso-
phyll, creating stipples on the leaves. Low
infestations reduce photosynthesis capacities
and consequently reduce sugar production and
accumulation in grapes. Heavy infestations
can cause complete defoliation of grapevines,
inducing plant stunting and serious losses in
fruit yield and quality.

Empoasca fabae (Figure 23) was one of the
most abundant species captured in Canadian
vineyards. Migratory adults, airborne on warm
spring air currents from the USA, are dis-
persed over considerable distances (Hamilton
2010). Empoasca fabae uses grapevine as a
secondary host and causes sporadic injury
with little or no economic consequences (Funt
et al. 2002). However, heavy infestations can
result in serious yield losses, notably in QC
where this species was chiefly collected.

Scaphoideus titanus (Figure 64) is univoltine
and specifically feeds on grapevines. Native to
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the Nearctic Region, it is widespread in Eu-
rope (Alma 2004) and would be likely to
settle in Australia, New Zealand, Chile, and
South Africa. It may transmit phytoplasma
that causes a quarantine grapevine yellow dis-
ease of the EIm Yellows group, i.e.,
Flavescence Dorée. Rapid propagation in
plants causes vine death within a few years
(Boudon-Padieu 2000, 2002). The presence of
this leathopper pest in Canadian vineyards
represents an important risk of phytoplasma
propagation, even if Flavescence Dorée has
not been reported yet in Canadian vineyards
(Olivier et al. 2014). Scaphoideus titanus was
also experimentally demonstrated as a vector
of phytoplasmas 16Srl-B causing Aster Yel-
low disease (Alma et al. 2001). Scaphoideus
titanus was formerly referred to as S. littoralis
Ball (Nielson 1968) and is often confused
with S. cyprius DeLong and Moore, a bog-
inhabiting species (Hamilton 1983); females
of these species cannot be differentiated.

Species from the genus Nesosteles, Neokolla
(Figures 56-57), Psammotettix (Figure 62),
Exitianus (Figure 39), Ceratagallia (Figure
10), Colladonus (Figures 13—16), Deltocepha-
lus (Figures 18-19), Dikraneura, Endria
(Figure 24), and Graminella (Figure 42) are
generally found in grasses and forbs; may use
grapevines as secondary hosts (Beirne 1956;
Nielson 1968). Grasses present in ground-
covers may constitute reservoir plants for
phytoplasmas and may favor the spread of
disease to grapevines. Endria inimica (painted
leathopper, Figure 24) is very destructive to
grasslands and can indirectly transmit viruses
and Aster Yellow group (16Srl) phytoplasmas
(Wilbur 1954; Hill and Sinclair 2000). Ne-
okolla  confluens (Figure 56) and N.
hieroglyphica (Figure 57) feed on woody
plants (Beirne 1956) and weeds, transmit the
alfalfa witches’ broom (Khadhair et al. 1997),
and are known as vectors of phytoplasmas
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causing Pierce’s disease and Western X-
disease on grapes (Frazier and Freitag 1946).
In BC, their nymphs occasionally infest the
shoots of grapevines in sufficient number to
require control (T. Lowery, personal commu-
nication). Colladonus geminatus (Van Duzee,
Figure 14) transmits both AY and Western X-
disease to fruit trees. Several species of
Ceratagallia have similar habits and transmis-
sion potential (Nielson 1968). Other species
are also known as pathogen vectors on grasses.
Psammotettix alienus (Dahlbom), a European
grass-feeding leathopper, may be a vector of
the persistent wheat dwarf virus. This species
causes yellowing and important yield losses
(two tons/ha) on wheat (Lindsten 1980). Gra-
minella nigrifons (Figure 42) was also
described as an important vector of the maize
chlorotic dwarf virus (Nault and Madden
1988).

Conclusion

We found a large diversity of leathoppers as-
sociated with Canadian vineyards between
2006 and 2008. Several collected species have
been described as vectors of pathogens. Be-
cause diseases transmitted by leathoppers can
negatively impact grapevines, the develop-
ment of optimal sampling plans is an
important step to their management. The col-
lection of photographs (Figures 1-72) should
provide a useful tool for researchers, grape
growers, agronomist, technicians, and students
to quickly identify leathoppers in vineyards.
Our results suggest that the challenges to
manage leafthoppers associated with Canadian
vineyards should differ across provinces. To
develop appropriate monitoring and treatment
programs against the key leathopper species,
two issues should be considered: 1) the rela-
tive abundance of leafhopper species in
vineyards, and 2) the vectorship (i.e., the ca-
pacity to acquire and successfully transmit
phytoplasma to grapevine) likely differ across
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leathopper species and remains poorly under-
stood.

Acknowledgments

The authors express their gratitude to all the
grape growers for providing access to their
vineyards, notably: In Quebec: Vignoble de
I’Orpailleur, Domaine du Ridge, Domaine St-
Jacques, and Vignobles Saint-Rémi. In Ontar-
io: Bill Georges’ vineyard, Chateau des
Charmes Wines Ltd., Cherry Lane Vineyard,
East Dell Estates Inc., FeatherStone Estate
Winery, Frogpond Farm, Highland Vineyard,
Hidden Bench Vineyards and Winery, John
Howard Cellar of Distinction, Joseph Estate
Wines Inc., Le Clos Jordanne winery,
Malivoire Wine Company, Martin Scheule
vineyard, Riverview Cellars Winery. In Brit-
ish Columbia: the anonymous owners and
managers of 37 vineyards.

Photos were used with permission from Carl
D. Barrentine of Grand Forks, ND (Figure
60), Tom Bentley of Schaumberg, IL (Fig-
ure43), Mike Boone of Greenwood, SC
(Figure 2), Tyler C. Christensen of Penning-
ton, NJ (Figures 21, 41, 71), Stephen
Cresswell of Buckhannon, WV (Figure 69),
Peter Cristofono of Needman, MA (Figure23),
Rob Curtis of Chicago, IL (Figures 45, 66),
Tony DiTerlizzi of Western, MA (Figures 13,
47), Charley Eiseman of Pelham, MA (Fig-
ure26), Victor Engel of Austin, TX (Figure 7),
Ken Gray, courtesy of Oregon State Universi-
ty, OR (Figure 54), Joyce Gross of San
Leandro, CA (Figures18, 44), Kevin Hall of
Lacey, WA (Figures 19-20, 29, 35, 63), Bill
Johnson of Minneapolis, MN (Figures 3, 38),
Russ Jones of Amherstburg, ON (Figure 32),
Preston Scott Justis of Virginia Beach, VA
(Figures 11, 31, 59), WonGun Kim of Vienna,
VA (Figure 55), Richard Leung of Ewing, NJ
(Figure 39), Charles Schurch Lewallen of

Journal of Insect Science | http://www.insectscience.org

Saguez et al.

Henryetta, OK (Figure 40), Steve Loftin of
Nashville, TN (Figures 25, 58), [lona Loser of
Cross Plains, WI (Figures10, 64), Steve Mar-
shall of Guelph University, ON (Figure 28),
Robin McLeod of Ailsa Craig, ON (Figure 5),
Jim Moore of Westwood, CA (Figure 70),
Cheryl Moorehead of Seattle, WA (Figures
14, 56), Tom Murray of Groton, MA (Figures
1,4,6,8,9, 12,22, 24, 36,42, 46, 49, 50, 52,
53, 57, 61, 65, 72), Claude Pilon of Re-
pentigny, QC (Figures 16, 27, 34, 37, 48, 62),
Lynette Schimming of Puyallup, WA (Figure
15), Tam Stuart of Central, NJ (Figure 67),
Dennis Totin of Sachse, TX (Figure 68), Terry
Thormin of Comox, BC (Figure 17), Universi-
ty of Minnesota, MN (Figure 44), and Robert
Lord Zimlich of Mobile, AL (Figures 30, 33).

Pierre Lemoyne, Lauren Bunckle, Virginia
Dickison, and the numerous summer students
are also thanked for their technical assistance
to collect leathoppers, and Caroline Bou-
dreault for her advice on the analysis of the
data.

Research conducted in BC was financed by
the Investment Agriculture Foundation of BC
with matching funds from participating grow-
ers and the BC Wine Grape Council. This
project was partially financed by an Agricul-
ture and Agri-Food Canada MII project with
Ontario Grape Growers Marketing Board, and
a MII co-financed with Vignoble de
I’Orpailleur and the associations des viti-
culteurs de I’Est Ontarien, granted to the
research team. The work of X. Chen at AAFC
Saskatoon Research Centre was partially fi-
nanced by the International Science and
Technology Cooperation Program of Guizhou,
China (20107005).



Journal of Insect Science: Vol. 14 | Article 73

References

Alma A. 2004. The genus Scaphoideus in the
world. The diffusion of S. titanus in Europe.
In: Kerzhner IM, Editor. Proceedings of the
Third European Hemiptera Congress. pp. 3—

S.

Alma A, Palermo S, Boccardo G, Conti M.
2001. Transmission of Chrysanthenum
Yellows, a Subgroup 16SrI-B Phytoplasma, to
grapevine by four leathopper species. Journal
of Plant Pathology 83: 181-187.

Almeida RPP, Purcell AH. 2003. Biological
traits of Xylella fastidiosa strains from grapes

and almonds. Applied and Environmental
Microbiology 69: 7447-7452.

Altieri MA, Ponti L, Nicholls CI. 2005.
Manipulating vineyard biodiversity for
improved insect pest management: case
studies from northern California. International
Journal of Biodiversity Science and

Management 1: 1-13.

Beanland L. 2005. Temporal distribution of
aster leathopper sex ratios and spatial pattern
of Aster Yellows phytoplasma disease in

lettuce. Annals of the Entomological Society
of America 98: 756-762.

Beirne BP. 1956. Leathoppers (Homoptera:
Cicadellidae) of Canada and Alaska. The
Canadian Entomologist 88 (Suppl. 2).

Boll S, Herrmann JV. 2004. A long-term
study on the population dynamics of the grape

Journal of Insect Science | http://www.insectscience.org

Saguez et al.

leathopper (Empoasca vitis) and antagonistic
mymarid species. Journal of Pest Science 77:
33-42.

Bonfils J, Schvester D. 1960. Les cicadelles
(Homoptera Auchenorrhyncha) dans leurs
rapports avec la vigne dans le sud-ouest de la
France. Annales des Epiphyties 11: 325-336.

Bosco D, Alma A, Arzone A. 1997. Studies
on population dynamics and spatial
distribution of leathoppers in vineyards
(Homoptera: Cicadellidae). Annals of Applied
Biology 130: 1-11.

Bostanian NJ, Vincent C, Goulet H, LeSage
L, Lasnier J, Bellemare J, Mauffette Y. 2003.
The arthropod fauna of Quebec vineyards,
with particular reference to phytophagous

species. Journal of Economic Entomology 96:
1221-1229.

Bostanian NJ, Vincent C, Isaacs R. 2012.
Arthropod management in vineyards: Pests,

approaches, and future directions. Springer.

Boudon-Padieu E. 2000. Recent advances on
grapevine yellows: detection, etiology,
epidemiology and control strategies.
Proceedings 13th ICVG Conference. pp. 87—
88.

Boudon-Padieu E. 2002. Flavescence Dorée
of the grapevine, knowledge and new
developments in epidemiology, etiology and
diagnosis. In: Canova A, Editor. Atti Giornate

Fitopatologiche. pp 15-34.



Journal of Insect Science: Vol. 14 | Article 73

Boukhris-Bouhachem S, Chabbouh N, Harbi
M, Danet J-L. 2007. Les cicadiaires vecteurs
potentiels de phytopathogénes en vignoble
tunisien (Hemiptera: Cicadomorpha:
Fulgoromorpha). Annales de la Société
Entomologique de France 43: 159-163.

Bournier A. 1976. Grape insects. Annual
Review of Entomology 22: 355-376.

Bressan A, Larrue J, Boudon-Padieu E. 2006.
Patterns of phytoplasma-infected and infective
Scaphoideus titanus leathoppers in vineyards
with high incidence of Flavescence dorée.

Entomologia Experimentalis et Applicata 119:
61-69.

Costello MJ, Daane KM. 2003. Spider and
leathopper (Erythroneura spp.) response to
vineyard ground cover. Environmental
Entomology 32: 1085-1098.

Dér ZS, Koczor S, Zsolnai B, Ember I, Kolber
M, Bertaccini A, Alma A. 2007. Scaphoideus
titanus identified in Hungary. Bulletin of
Insectology 60: 199-200.

Dér ZS, Hausdorf H, Zeisner N. 2009. The
leathopper and planthopper
(Auchenorrhyncha) fauna of three Austrian
vineyards. Acta Phytopathologica et
Entomologica Hungarica 44: 383-396.

De Valpine P, Scranton K, Ohmart CP. 2010.
Synchrony of population dynamics of two

vineyard arthropods occurs at multiple spatial

Journal of Insect Science | http://www.insectscience.org

Saguez et al.

and temporal scales. Ecological Applications
20: 1926-1935.

Dmitriev DA. 2012. 31 Interactive Keys and
Taxonomic Databases. Available online:

www.ctap.inhs.uiuc.edu/dmitriev

Fauna Europea. 2012. Cicadellidae. Available

online: www.faunaeur.org

Frazier NW, Freitag JH. 1946. Ten additional
leathopper vectors of grape as determined by
insect transmission. Phytopathology 36: 634-
637.

Funt RC, Ellis MA, Welty C. 2002. Midwest
small fruit pest management handbook.
Bulletin 861. The Ohio State University

Extension.

Gareau A. 2008. Catalogue des Cicadelles du

Québec. Entomofaune du Québec Inc.

Goulet H, Lesage L, Bostanian NJ, Vincent C,
Lasnier J. 2004. Diversity and seasonal
activity of ground beetles (Coleoptera:
Carabidae) in two vineyards of Southern
Quebec, Canada. Annals of the Entomological
Society of America 97: 1263-1272.

Greene JF. 1971. A revision of the nearctic
species of the genus Psammotettix
(Homoptera: Cicadellidae). Smithsonian
Contributions to Zoology 74: 1-40.

Hamilton KGA. 1982. Review of the nearctic

species of the nominate subgenus of



Journal of Insect Science: Vol. 14 | Article 73

Gyponana Ball (Rhynchota: Homoptera:
Cicadellidae). Journal of Kansas

Entomological Society 55: 547-562.

Hamilton KGA. 1983. Introduced and native

leathoppers common to the old and new

worlds (Rhynchota: Homoptera:

Cicadellidae). The Canadian Entomologist

115:473-511.

Hamilton KGA. 1998. The species of the
North American leathoppers Ceratagallia
Kirkaldy and Aceratagallia Kirkaldy

(Rhynchota: Homoptera: Cicadellidae). The

Canadian Entomologist 130: 427-490.

Hamilton KGA. 2010. “Short-horned” bugs

(Homoptera) of the Atlantic Maritime
Ecozone, In: McAlpine DF, Smith IM,

Editors. Assessment of species diversity in the

Atlantic Maritime Ecozone. pp. 405-419.
NRC/CNRC Research Press.

Hill GT, Sinclair WA. 2000. Taxa of

leathoppers carrying phytoplasmas at sites of

Ash Yellows occurrence in New York State.

Plant Disease 84: 134-138.

Jubb GL, Danko Jr L, Haesler CW. 1983.

Impact of Erythroneura comes Say

(Homoptera: Cicadellidae) on caged Concord

grapevines. Environmental Entomology 12:

1576-1580.

Khadhair A-H, Hiruki C, Hwang SF. 1997.

Molecular detection of alfalfa witches broom

phytoplasma in four leathopper species

Journal of Insect Science | http://www.insectscience.org

Saguez et al.

associated with infected alfalfa plants.
Microbiological Research 152: 269-275.

Klein M, Weintraub PG, Davidovich M,
Kuznetsova L, Zahavi T, Ashanova A,
Orenstein S, Tanne E. 2001. Monitoring
phytoplasma-bearing
leathoppers/planthoppers in vineyards in the
Golan Heights, Israel. Journal of Applied
Entomology 125: 19-23.

Lessio F, Alma A. 2004. Dispersal patterns
and chromatic response of Scaphoideus
titanus Ball (Homoptera Cicadellidae), vector
of the phytoplasma agent of grapevine
flavescence dorée. Agricultural and Forest
Entomology 6: 121-127.

Lindsten K. 1980. Wheat dwarf: an old
disease caused by a unique and earlier
unknown virus. Vaextskyddsnotiser 44: 54-60.

Lowery T. 2010. Insect and mite pests of
grapes. In: Best practices guide for grapes for
British Columbia growers. pp. 27-50. British
Columbia Wine Grape Council and British
Columbia Ministry of Agriculture and Lands

Lowery T, Judd GJR. 2007. First record of the
Western Grape Leathopper, Erythroneura
elegantula Osborn (Homoptera: Cicadellidae),

in Canada. Journal of the Entomological
Society of British Columbia 104: 3-8.

Martinson TE, Dunst R, Lakso A, English-
Loeb G. 1997. Impact of feeding injury by

eastern grape leathopper (Homoptera:



Journal of Insect Science: Vol. 14 | Article 73

Cicadellidae) on yield and juice quality of

Concord grapes. American Journal of Enology

and Viticulture 48: 291-301.

Maw HEL, Foottit RG, Hamilton KGA,
Scudder GGE. 2000. Checklist of the

Hemiptera of Canada and Alaska.
NRC/CNRC Research Press.

McKenzie LM, Beirne BP. 1972. A grape
leathopper, Erythroneura ziczac (Homoptera:
Cicadellidae), and its Mymarid
(Hymenoptera) egg-parasite in the Okanagan
Valley, British Columbia. The Canadian
Entomologist 104: 1229-1233.

Metcalf ZP. 1968. Fascicle VI, Cicadelloidea.
Part 17, Cicadellidae. In: General Catalogue
of the Homoptera. United States Department
of Agriculture - Agricultural Research

Service, Washington, D.C.

Musetti R. 2008. Management and ecology of
phytoplasma diseases of grapevine and fruit
crops. In: Ciancio A, Mukerji KG, Editors.
Integrated management of diseases caused by
fungi, phytoplasma and bacteria. pp. 43-60.
Springer.

Nault LR, Madden LV. 1988. Phylogenetic
relatedness of maize chlorotic dwarf virus
leathopper vectors. Phytopathology 78: 1683-
1687.

Nielson MW. 1968 The leathopper vectors of
phytopathogenic viruses (Homoptera,

Cicadellidae): taxonomy, biology, and virus

Journal of Insect Science | http://www.insectscience.org

Saguez et al.

transmission. USDA Agricultural Research
Service - Technical Bulletin 1382: 1-386.

Olivier C, Lowery T, Stobbs L, Vincent C,
Galka B, Saguez J, Bittner L, Johnson R, Rott
M, Masters C, Green M. 2009. First report of
Aster Yellow phytoplasmas (‘Candidatus
phytoplasma asteris’) in Canadian grapevines.
Plant Disease 93: 669.

Olivier C, Vincent C, Saguez J, Galka B,
Weintraub PG, Maixner M. 2012.
Leafhoppers and planthoppers: their
bionomics, pathogen transmission and
management in vineyards. In: Bostanian NJ,
Vincent C, Isaacs R, Editors. Arthropod
management in vineyards: pests, approaches,

and future directions. pp. 253-270. Springer.

Olivier C, Saguez J, Stobbs L, Lowery T,
Galka B, Whybourne K, Bittner L, Chen X,
Vincent C. 2014. Occurence of phytoplasmas
in leathoppers and cultivated grapevines in
Canada. Agriculture, Ecosystems &

Environment 189: (in press).

Oman PW, Knight WJ, Nielson MW. 1990.
Leafhoppers (Cicadellidae): a bibliography,
generic check-list and index to the world
literature, 1956-1985. CAB International
Institute of Entomology, BPCC Exeter.

Orosz S, Zsolnai B. 2010. Survey of the
presence of Scaphoideus titanus Ball in
Hungary. Acta Phytopathologica et
Entomologica Hungarica 45: 115-119.



Journal of Insect Science: Vol. 14 | Article 73

Paxton DW. 1990. Population dynamics of
leafhoppers, Erythroneura spp. (Homoptera:
Cicadellidae) on Texas high plains grapes.
M.Sc. Thesis, Texas Tech University,
Lubbock, TX, USA.

Prischmann DA, James DG, Storm CP,
Wright LC, Snyder WE. 2007. Identity,
abundance, and phenology of Anagrus spp.
(Hymenoptera: Mymaridae) and leathoppers
(Homoptera: Cicadellidae) associated with
grape, blackberry, and wild rose in
Washington State. Annals of the
Entomological Society of America 100: 41-52.

Redak RA, Purcell AH, Lopes JRS, Blua MJ,
Mizell RF, Andersen PC. 2004. The biology
of xylem fluid-feeding insect vectors of
Xylella fastidiosa and their relation to disease

epidemiology. Annual Review of Entomology
49:243-270.

Ringenberg R, Lopes JRS, Botton M, de
Azevedo-Filho WS, Cavichioli RR. 2010.
Andlise faunistica de cigarrinhas (Hemiptera:
Cicadellidae) na cultura da videira no Rio
Grande do Sul. Neotropical Entomology 39:
187-193.

Rott M, Johnson R, Masters C, Green M.
2007. First report of Bois Noir phytoplasma in
grapevine in Canada. Plant Disease 91: 1682.

Journal of Insect Science | http://www.insectscience.org

Saguez et al.

Statistics Canada. 2012. Fruit and vegetable
production. Catalogue no. 22-003-X. February
2012, vol. 80 no. 2. Statistics Canada,
Agriculture Division, Crops Section.
Available online: www.statcan.gc.ca/pub/22-
003-x/22-003-x2011002-eng.pdf

Taboada O, Hoffman JR. 1965. Distribution
of leathopper vectors of plant diseases in
Michigan. Transactions of the American
Microscopical Society 84: 201-210.

Weintraub PG, Beanland L. 2006. Insect
vectors of phytoplasmas. Annual Review of
Entomology 51: 91-111.

Wilbur DA. 1954. Host plants of the
leathopper Endria inimica (Say) (Homoptera,
Cicadellidae). Transactions of the Kansas
Academy of Science 57: 139-146.

Wilson MR, Turner JA. 2012. Leafhopper,
Planthopper and Psyllid Vectors of Plant
Disease. Amgueddfa Cymru - National
Museum Wales. Available online:

www.naturalhistory.museumwales.ac.uk/vect

ors



Journal of Insect Science: Vol. 14 | Article 73

. ' T 234
Figures 1-24. Leathopper species (Agalliopsis to Endria) collected in Canadian vineyards between 2006 and 2008. |, Agalliopsis sp.;
2, Amblysellus curtisii; 3, Aphrodes sp.; 4, Athysanus argentarius; 5, Arboridia dolosa; 6, Arboridia plena; 7, Balclutha neglecta; 8, Balclutha sp.;
9, Ballana sp.; 10, Ceratagallia sp.; | 1, Chlorotettix sp.; 12, Coelidia olitoria; 13, Colladonus clitellarius; 14, Colladonus geminatus; 15,
Colladonus montanus; 16, Colladonus torneelus; 17, Cuerna sp.; |8, Deltocephalus grex; 19, Deltocephalus sp.; 20, Dikraneura sp.; 21,
Doratura stylata; 22, Draeculacephala sp.; 23, Empoasca sp.; 24, Endria inimica. Approximate scale bar: | mm (actual size range listed in

Table 3). High quality figures are available online.
- /
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Figures 25-48. Leafhopper species (Empoasca to Idiocerus) collected in Canadian vineyards between 2006 and 2008. 25, Eratoneura
dffinis; 26, Erythroneura bistrata; 27, Erythroneura coloradensis; 28, Erythroneura comes; 29, Erythroneura elegantula; 30, Erythroneura nigra;
31, Erythroneura tricincta; 32, Erythroneura vitis; 33, Erythroneura vulnerata; 34, Erythroneura ziczac; 35, Eupteryx melissae; 36, Euscelis
maculipennis; 37, Euscelis aemulans; 38, Eutettix sp.; 39, Exitianus exitiosus; 40, Fieberiella florii; 41, Forcipata sp.; 42, Graminella nigrifrons;
43, Graphocephala sp.; 44, Hebecephalus sp.; 45, Gyponana salsa; 46, Hecalus sp.; 47, Helochara communis; 48, Idiocerus freytagi.
Approximate scale bar: | mm (actual size range listed in Table 3). High quality figures are available online.

o

J

Journal of Insect Science | http://www.insectscience.org



Journal of Insect Science: Vol. 14 | Article 73 Saguez et al.

Figures 49-72. Leathopper species (Latalus to Xestocephalus) collected in Canadian vineyards between 2006 and 2008. 49, Latalus
ocellaris; 50, Latalus sp.; 51, Limotettix sp.; 52, Macrosteles parvidens; 53, Macrosteles sp.; 54, Neodliturus tenellus; 55, Neocoelidia sp.; 56,
Neokolla confluens; 57, Neokolla hieroglyphica; 58, Norvellina chenopodii; 59, Osbornellus auronitens; 60, Paramesus sp.; 61, Paraphlepsius
irroratus; 62, Psammotettix sp.; 63, Ribautiana sp.; 64, Scaphoideus titanus; 65, Scaphytopius acutus; 66, Scaphytopius diabolus; 67,
Sorhoanus sp.; 68, Texananus sp.; 69, Typhlocyba gillettei; 70, Typhlocyba rosae; 71, Xerophloea peltata; 72, Xestocephalus superbus.
Approximate scale bar: | mm (actual size range listed in Table 3). High quality figures are available online.
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(Table I. Information on leafhopper sampling conducted in Canadian vineyards between 2006 and 2008.
Province | Year | Method | No. vineyards Grapevine cultivars
2006 | Sweep 22 Cabernet Franc, Cabernet Sauvignon, Chardonnay,
BC 2007 | Sweep 20 Gewurztraminer, Malbec, Merlot, Pinot Blanc, Pinot Gris,
2008 | Sweep 20 Pinot Noir, Riesling, Sauvignon Blanc, Syrah and
Total - 37 Viognier
2006 | Sweep 10 Baco Noir, Cabernet Franc, Cabernet Sauvignon,
ON 2007 | Sweep 24 Chardonnay, Concorde, De Chaunac, Gewurztraminer,
2008 | Sweep 37 Maréchal Foch, Merlot, Pinot Gris, Pinot Noir, Riesling,
Total - 47 Sauvignon Blanc, Sovereign Coronation, Syrah and Vidal
2007 | Tap 5 Baco Noir, Frontenac Noir, Geisenheim, Lucy Kuhlmann,
QC 2008 | Tap 5 Maréchal Foch, Seyval Blanc, Seyval Noir, Vandal Cliche
Total - 5 and Vidal

(Table 2. GPS coordinates of vineyard locations in BC, ON, and QC (Canada) between 2006 and 2008.

Province Localities GPS coordinates (N-W)
Vernon, Lake Country 50°03°-119°26’; 50°07°-119°27°; 50°16°-119°17°
Kelowna, Westbank 49°50°-119°33’; 49°51°-119°32’; 49°50’-11113‘;22g;’ 49°50°-119°26°; 49°47°-119°32’; 49°48’-
Peachland, Summerland 49°34°-119°38’; 49°37°-119°40°; 49°42°-119°44’
BC |Penticton, Naramata, Okanagan Falls 49°30°-119°33’; 49°35°-119°35°; 49°37°-119°36°; 49°23°-119°33°; 49°25°-119°34°; 49°33°-

119°34°; 49°30°-119°35°; 49°31°-119°33°; 49°20°-119°32°; 49°23°-119°35°

Oliver

49°06°-119°33’; 49°09°-119°32°; 49°14°-119°32°; 49°07°-119°33°; 49°09°-119°32°; 49°10°-
119°32°

Osoyoos

49°01°-119°25°; 49°02°-119°25’; 49°02°-119°30’; 49°00°-119°28’; 49°03°-119°30”

Cawston, Keremeos

49°11°-119°45’; 49°02°-119°42’; 49°13°-119°49°; 49°12°-119°52";

Beamsville

43°08°-79°27°; 43°08°-79°30°; 43°09°-79°26; 43°09°-79°28’; 43°09°-79°29’; 43°10°-79°26’;
43°10°-79°29’; 43°10°-79°30°; 43°11°-79°25°; 43°11°-79°28’

Jordan

43°06°-79°22°; 43°07°-79°19°; 43°07°-79°21°

Niagara-on-the-Lake

43°09°-79°07’; 43°09°-79°09°; 43°10°-79°03’; 43°10°-79°07’; 43°11°-79°04’;

43°12°-79°03’; 43°12°-79°05°; 43°12°-79°08’; 43°13°-79°03’; 43°13°-79°06°

ON St. Catharines 43°06°-79°17’; 43°07°-79°16’; 43°07°-79°18’; 43°07°-79°19” ; 43°08°-79°19’; 43°09°-79°19°
Stoney Creek 43°12°-79°35°; 43°12°-79°37’; 43°12°-79°45°
43°08°-79°217; 43°08°-79°22’; 43°08°-79°24°; 43°08°-79°25; 43°09°-79°20’; 43°09°-79°21°;
Vineland 43°09°-79°23°; 43°09°-79°24’; 43°10°-79°21°; 43°10°-79°22;
43°10°-79°23’; 43°10°-79°24’; 43°11°-79°23’; 43°11” - 79°24°
Dunham 45°06°-72°51°; 45°05°-72°52°
QC Saint Armand 45°04°-72°56’
Saint-Jacques-le-Mineur 45°13°-73°26°
Saint Rémi 45°12°-73°39°
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able 3. Leafhopper identification and abundance in Canadian vineyards between 2006 and 2008.

. - BC ON QC
Genus or species * Subfamilies |Length (mm)|Host plants** 2006 120071 2008 12006 1200712008 12007 2008 Total
Agalliopsis novella (1) Eurymelinae 34 F 1 1
Amblysellus curtisii (2) Aphrodinae 34 G 1 1
Amblysellus grex Aphrodinae 34 G 2 2
Aphrodes bicinctus Aphrodinae 5-7.5 F 1 1 3 5
Aphrodes costatus Aphrodinae 5.5-8 F 3 1 1 5
Aphrodes spp. (3) Aphrodinae 5.5-7.5 F 1 1 2 4
Arboridia dolosa (5) Typhlocybinae 2.5-3.5 T 6 6
Arboridia plena (6) Typhlocybinae 2.5-3.5 T 1 1
Arboridia sp. Typhlocybinae 2.5-3.5 ? 1 1
Athysanus argentarius (4) Aphrodinae 7-9 G 9 10 3 22
Balclutha impicta Aphrodinae 3.54.5 G 16 16
Balclutha neglecta (7) Aphrodinae 34 G 1 84 | 579 664
Balclutha punctata (8) Aphrodinae 3.54.5 G 1 20 21
Ballana spp. (9) Aphrodinae 4.5-5.5 F 2 2
Ceratagallia californica Eurymelinae 3-3.5 F 8 2 10
Ceratagallia humilis Eurymelinae 3-3.5 F 3 1 4
Ceratagallia inconspicua Eurymelinae 2.5-3 F 163 | 132 295
Ceratagallia lophia Eurymelinae 2.5-3 F 71 | 16 87
Ceratagallia sanguinolenta Eurymelinae 2-3 F 11 33 | 73 1 15 133
Ceratagallia siccifolius Eurymelinae 2.5-3 F 10 2 12
Ceratagallia spp. (10) Eurymelinae 2.5-3.5 F 2 1 1 |36 40
Chlorotettix unicolor (11) Aphrodinae 6-7.5 G 4 4
Coelidia olitoria (12) Coelidiinae 6-1.5 T/F 29 29
Colladonus clitellarius (13) Aphrodinae 4.5-5.5 T/F 2 2
Colladonus flavocapitatus Aphrodinae 4.5-5.5 T/F 2 2 4
Colladonus furculatus Aphrodinae 4.5-5.5 T/F 1 1
Colladonus geminatus (14) Aphrodinae 4.5-5.5 F 237 | 101 | 293 631
Colladonus montanus (15) Aphrodinae 4.5-5.5 T/F 7 5 6 18
Colladonus reductus Aphrodinae 4.5-5.5 T/F 1 1
Colladonus torneelus (16) Aphrodinae 5-6 T/F 34 1 35
Colladonus spp. Aphrodinae 4.5-5.5 T/F 2 2
Cuerna spp. (17) Cicadellinae 7-9 F 4 4
Deltocephalus grex (18) Aphrodinae 34 G 45 | 51 | 68 164
Deltocephalus spp. (19) Aphrodinae 34 G 1 1 2 4
Dikraneura absenta Typhlocybinae 34 G 143 | 71 214
Dikraneura carneola Typhlocybinae 34 G 1 15 16
Dikraneura spp. (20) Typhlocybinae 34 G 1 3 4
Dikrella californica Typhlocybinae 2.5-3 F 4 4
Doratura stylata (21) Aphrodinae 34 G 5 14 1 20
Draeculacephala antica Cicadellinae 7-9 G 1 1
Draeculacephala crassicornis | Cicadellinae 7-9 G 3 3
Draeculacephala spp. (22) Cicadellinae 7-9 G 1 2 1 21 | 25
Draeculacephala zeae Cicadellinae 7-9 G 1 1
Empoasca alboneura Typhlocybinae 34 T 2 2
Empoasca bifurcata Typhlocybinae 34 24 24
Empoasca fabae (23) Typhlocybinae 34 F/V 12 309 | 1134|1455
Empoasca filamenta Typhlocybinae 34 F 1 1 2
Empoasca spp. Typhlocybinae 34 6 18 337 | 1 14 376
Endria inimica (24) Aphrodinae 4-5 G 3 105 | 37 6 | 138 | 65 354
Endria montana Aphrodinae 4-5 G 1 1
Eratoneura affinis (25) Typhlocybinae 2.5-3.5 T 7 7
Eratoneura maculata Typhlocybinae 2.5-3.5 T 1 1
Erythroneura bistrata (26) | Typhlocybinae 2.5-3.5 T 1 1
Erythroneura coloradensis (27) | Typhlocybinae 2.5-3.5 \Y 2 2
Erythroneura comes (28) Typhlocybinae 2.5-3.5 \Y 1 [238 369 | 730 | 1338
Erythroneura elegantula (29) | Typhlocybinae 2.5-3.5 \ nc***| nc | nc 1 1
Erythroneura nigra (30) Typhlocybinae 2.5-3.5 \Y 14 | 14
Erythroneura tricincta (31) | Typhlocybinae 2.5-3.5 \ 425 | 44 | 2 | 166 | 119 | 756
Erythroneura vitifex Typhlocybinae 2.5-3.5 \ 459 12 471
Erythroneura vitis (32) Typhlocybinae 2.5-3.5 \Y 298 | 634 | 932
Erythroneura vulnerata (33) | Typhlocybinae 2.5-3.5 \Y 4 71 | 151 | 226
Erythroneura ziczac (34) Typhlocybinae 2.5-3.5 V/VC 15 76 | nc | 20 6 | 637 | 754
Erythroneura spp. Typhlocybinae 2.5-3.5 1 18 | 21 7 1260 307
Eupteryx melissae (35) Typhlocybinae 2.5-3.5 F 1 1
Euscelis aemulans Aphrodinae 4.5-5.5 G 3 2 5
Euscelis maculipennis (36) Aphrodinae 5-6 G 12 | 38 1 51
Euscelis obsoletus Aphrodinae 5-6 G 3 3
Euscelis spp. (37) Aphrodinae 5-6 22 12 34
Eutettix spp. (38) Aphrodinae 5-6 T 1 1

*Numbers in parentheses refer to species illustrated in Figures |-72. ** F: Forbs (herbaceous flowering plants); G: Graminoids
(grass, sedges, rushes), T: Trees, V: Vine, VC: Virginia-Creeper. *** nc = not counted

\
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/Table 3 continued. N
I - BC ON QC

Genus or species Subfamilies |Length (mm) | Host plants** 2006 120071 2008 1200612007 12008 12007 [2008 Total
Exitianus exitiosus (39) Aphrodinae 4-5 G 148 | 205 | 272 625
Fieberiella florii (40) Aphrodinae 6-7.5 G 7 64 15 86
Forcipata loca Typhlocybinae 34 G 2 5 |27 34
Forcipata spp. (41) Typhlocybinae 34 G 2 2
Graminella nigrifrons (42) Aphrodinae 34 G 6 83 | 495 584
Graminella spp. Aphrodinae 34 G 1 |7 72
Graphocephala coccinea (43) | Cicadellinae 7-9 F 1 1
Gyponana hasta Gyponinae 7.5-10 F 11 7 18
Gyponana salsa (45) Gyponinae 7.5-10 F 7 7
Gyponana spp. Gyponinae 7.5-10 F 2 3 1 2 7 15
Hebecephalus mornus Aphrodinae 34 G 2 2
Hebecephalus occidentalis (44) | Aphrodinae 34 G 24 | 66 90
Hecalus viridis (46) Aphrodinae 5.5-7 G 15 15
Hecalus spp. Aphrodinae 5.5-7 G 6 6
Helochara communis (47) Cicadellinae 4.5-5.5 G 42 42
Idiocerus freytagi (48) Eurymelinae 4.5-5.5 T 1 1
Idiocerus pallidus Eurymelinae 4.5-5.5 T 1 1
Latalus ocellaris (49) Aphrodinae 34 G 1 10 11
Latalus spp. (50) Aphrodinae 2.5-3.5 G 2 1 3
Limotettix spp. (51) Aphrodinae 4-5 F 1 1 2

Macrosteles fascifrons Aphrodinae 3.54.5 G 4 1943 | 1218 5 [1365| 35 | 365 |3935
Macrosteles parvidens (52) Aphrodinae 3.54.5 G 1 1
Macrosteles quadrilineatus Aphrodinae 3.54.5 FIG 2 34 36
Macrosteles spp. (53) Aphrodinae 3.54.5 G 832 | 2 834
Neoaliturus tenellus (54) Aphrodinae 34 F 23 | 27 50
Neocoelidia lineata (55) Neocoelidiinae 5.5-7 F 1 1
Neokolla confluens (56) Cicadellinae 6-7.5 F 272 | 284 | 4 560
Neokolla hieroglyphica (57) Cicadellinae 5.5-7 F 223 | 20 6 249
Neokolla spp. Cicadellinae 5.5-7 F 3 1 1 2 7
Norvellina chenopodii (58) Aphrodinae 4.5-5.5 F 1 1
Norvellina columbiana Aphrodinae 4.5-5.5 F 4 4
Norvellina curvata Aphrodinae 4.5-5.5 F 1 1 2
Norvellina novica Aphrodinae 4.5-5.5 F 1 1
Osbornellus auronitens (59) Aphrodinae 4.5-5.5 F 1 1
Osbornellus borealis Aphrodinae 4.5-5.5 F 2 1 3
Osbornellus spp. Aphrodinae 4.5-5.5 F 2 2
Paramesus nervosus (60) Aphrodinae 5.5-7 F 1 1
Paraphlepsius irroratus (61) | Aphrodinae 5-6 F 3 74 77
Paraphlepsius solidaginis Aphrodinae 7-8 F 1 1
Paraphlepsius spp. Aphrodinae 5-7 F 25 1 26
P otettix at s Aphrodinae 34 G 15 15
Psammotettix cephalotes Aphrodinae 34 G 3 3
Psammotettix latipex Aphrodinae 34 G 66 | 56 122
Psammotettix lividellus Aphrodinae 34 G 50 | 167 | 153 370
Psammotettix spp. (62) Aphrodinae 34 G 5 9 16 1 31
Ribautiana parapiscator (63) | Typhlocybinae 2.5-3.5 1 1
Scaphoideus carinatus Aphrodinae 4.5-5.5 1 1
Scaphoideus cinerosus Aphrodinae 4.5-5.5 21 21
Scaphoideus cylindratus Aphrodinae 4.5-5.5 2 2
Scaphoideus major Aphrodinae 4.5-5.5 3 3
Scaphoideus melanotus Aphrodinae 4.5-5.5 3 3
Scaphoideus opalinus Aphrodinae 4.5-5.5 T 8 8
Scaphoideus titanus (64) Aphrodinae 4.5-5.5 \% 88 | 2 3 | 54 | 147
Scaphoideus spp. Aphrodinae 4.5-5.5 32 32
Scaphytopius acutus (65) Aphrodinae 4-5 F 10 9 19
Scaphytopius diabolus (66) Aphrodinae 4-5 F 5 6 11
Scaphytopius oregonensis Aphrodinae 4-5 F 2 2
Scaphytopius spp. Aphrodinae 4-5 F 1 22 3 3 4 | 33
Sorhoanus uhleri (67) Aphrodinae 3.54.5 G 3 3
Texananus arctostaphylae Aphrodinae 5.5-7 F 1 1
Texananus oregonus Aphrodinae 5.5-7 F 2 2
Texananus proximus Aphrodinae 5.5-7 1 1
Texananus spp. (68) Aphrodinae 5.5-7 3 3
Twiningia pellucida Aphrodinae 5-5.5 F 1 1
TByphlocyba gillettei (69) Typhlocybinae 34 T 4 1 5
Typhlocyba rosae (70) Typhlocybinae 34 15 | 13 28
TByphlocyba spp. Typhlocybinae 34 25 1 26
Xerophloea peltata (71) Ledrinae 6-7.5 2 2
Xestocephalus superbus (72) Aphrodinae 2.5-3.5 1 1
Xestocephalus spp. Aphrodinae 2.5-3.5 2 2
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(Table 4. Shannon’s diversity index (H’) and Pielou’s evenness index (J') of leafhoppers collected in Canadian vineyards from 2006 to )
2008.

BC ON QC
2006|2007 | 2008 | 2006 | 2007 | 2008 | 2007 | 2008
No. of specimens 2044|2953 3149|1534 | 722 |2141|1526|3877
Total of specimens (3 yrs) 8146 4397 5403
No. of species/yr 5771 |22 [53]25]14 ] 14]15
Total no. of species (3 yrs) 91 68 17
Shannon’s diversity index (H’) [2.14 [2.78 [2.07 [1.94 [ 2.11 [1.16 [ 1.83 [ 1.86
Shannon’s diversity index (3 yrs) 2.79 2.41 1.98
Pielou’s evenness index (J°) [0.53 [0.65]0.67 [ 0.43 [ 0.66 | 0.44 | 0.69 | 0.69
Pielou’s evenness index (3 yrs) 0.62 0.57 0.7
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