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The story began during a cold

afternoon of January 1997, when

Charles-Henri de Coussergues

(Vignoble L’Orpailleur, Dunham,

Qc) and Victor Dietrich (Vignoble

Dietrich-Jooss, St-Alexandre,

Qc) invited the three of us…..



In the discussions, we asked for critical

but confidential information, namely

how many sprays were applied in their

vineyards each year and against which

insects.



de Coussergues and Dietrich agreed to

write that information on paper and that

information constituted the golden

benchmark against which we measured

our progress ever since.



The first research project, co-funded by

the vineyards l’Orpailleur and Dietrich-

Jooss, Co-Lab R&D and the MII program

of Agriculture and Agri-Food Canada,

begun in 1997. The intial concept was to

work from the ground up, i.e. from

general information concerning

arthropod fauna towards more specific

subjects as the projects and the

situation evolved.



It was followed by several

research projects in entomology,

phytopathology and agricultural

engineering.
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The family Carabidae, commonly known as ground beetles, is very diverse. In southern Quebec, Canada, about 300 carabid species have been recorded (Lindroth 1961, 1963, 1966, 1968, 1969a; Larochelle

1975). In southern Canada one could find about 250 species over a small surface of 25 to 36 km2 rich in habitat variety. Among these species, 60 to 70 are expected to breed in cultivated agricultural sites with

annual crops (Rivard 1966; Frank 1971; Levesque and Levesque 1994; Raworth et al. 1997). Ground beetles are also potentially good indicators of healthy environmental condition and quality because many

species seem to maintain quite stable population levels over the years (Lindroth 1945, Rainio and Niemela 2003). Adults and larvae of most species predate or scavenge on various insects while those of a few

species feed on a narrow range of insect preys (Kromp 1999). A few species are omnivorous (Balduf 1935; Lund and Turpin 1977a; Larochelle 1990) and some others feed on weed seeds (Alcock 1976; Lund and

Turpin 1977b, Thiele 1977). This is the first study of ground beetles associated with vineyards. Our goals were to: 1) compare the abundance of and variation in captures of ground beetles species in two

vineyards, 2) characterize the species diversity of each vineyard in relation to soil types, 3) rank the most prevalent species at each vineyard, and 4) compare the species diversity of each vineyard over a three-

year period.

The three-year study (Table 1) was done in two commercial vineyards: “Le vignoble de L'Orpailleur”, Dunham, characterized by an organic sand and gravel loam soil type, and “Le vignoble Dietrich-Jooss”,

Iberville, characterized by a clay loam soil type. The study plot at the Dietrich-Jooss vineyard was bordered by the vineyard on three sides, and by a 15 m wide herbaceous fallow band with a creek in the middle

on the fourth side. The study plot at the L'Orpailleur vineyard was adjacent to a large fallow field and a small bushy site with leaf litter on the West side, an apple orchard on the North side, and by vineyards on the

East and South sides. In both vineyards topsoil was cultivated twice a year, once in the spring to uncover the short vines, and once in the fall to cover them. During spring and summer, the soil had a light weed

cover. Before 1997 these sites were treated with pesticides against mites, insects, weeds and fungi. During our study, only fungicides were applied at the two sites. The pitfall traps (Fig. 1) used to collect adult

ground beetles, were placed 4 to 6 m apart to prevent an excessive sampling of specimens. Shannon index of diversity (H’) (Belaoussoff et al. 2003) was used: H’= ∑ ni / N Ln (ni / N), where “ni” is the number of

specimens for a species, and “N” is the total number of ground beetles captured at a site. At each site, the evenness index (J’) was calculated as follows: J’ = H’ / Ln S. It is derived from the Shannon index, “H”,

described the level of evenness in the number of captures for each species included in the diversity study. “S” represented the total number of species recorded. Despite the wide variety of accidental species in

the vineyards, the total number of captures from other habitats was low. We used the expression “expected species” for species breeding or normally expected to breed in the vineyard ecosystem; only those

species were considered in our study.

1) Abundance of and variation in capture rates of ground beetles in two vineyards.

Abundance of captures and diversity of species. In the two vineyards 11,435 specimens representing 124 species were captured from 1997 to 1999 inclusive. Among these, 7,659 specimens representing 81

species were captured at the Dietrich-Jooss vineyard, and 3,776 specimens representing 89 species at the L'Orpailleur vineyard. Many species were atypical of these two sites. Based on habitat preferences of

the species (Lindroth 1961, 1963, 1966, 1968, 1969a; Larochelle 1975), 53 species were unlikely to breed in the two vineyards. Though these unexpected species represented 42% of the total diversity of species

captured at both sites, they amounted for only 1.7% of total captures (192 specimens). These species were not used in the analyses. The expected species are listed on Table 2. At the Dietrich-Jooss and at the

L'Orpailleur vineyards, respectively 7,535 specimens (51 expected species) and 3,685 specimens (54 expected species) were captured (Table 3).

Capture rates for the three-year period. Comparing the captures of one site for a three-year period was difficult as the total number of captures and species varied each year. The variation in sample size may

have been caused by variations in population size or by climatic conditions. Rain and prolonged dry and hot conditions curtailed activity markedly (Goulet, H, unpubl. information). The most appropriate way to

evaluate the trapping efficiency was to express it as number of specimens per trap per week. At both sites, the 1997 season had the least and 1999 the highest number of captures per trap per week. The range in

the number of specimens per trap per week was smaller at the Dietrich-Jooss vineyard with 3.5 to 5.7 specimens than at the L'Orpailleur vineyard with 2.0 to 6.1 specimens. At the Dietrich-Jooss vineyard, the

capture rate for 1998 was very similar to that of the 1999 season, but at the L'Orpailleur vineyard, it was a little closer to that of the 1997 season. The adult mobility rate of ground beetles adapted to well-drained

habitats was usually high. However, adult mobility of dry adapted species was more reduced during rainy periods (as in 1997) than that of more mesic adapted species of drained habitats that retained moisture.

2) Similarities in species diversity between the two vineyards.

With a good bio-indicator group, one assumes that a stable site will show each year a similar species composition and rank of captures, and that sites with similar physical conditions in a region will have a similar

diversity (Rainio and Niemela 2003). Thus, the diversity between two sites with similar numbers of species but with different ecological variables showed some differences in species composition and rank of

captures. Based on species data for each site (Table 2), from62 to 72% of species were shared by both vineyards (Table 3).

3) Ranking of the more commonly captured species at each vineyard.

The large size of our annual samples allowed the evaluation of the relative ranking position of commonly trapped species at each vineyard (Tables 4 and 5). Pterostichus melanarius was consistently the most

commonly captured species. Most (10 species in Table 4) of the commonly captured species showed a moderate range in ranking positions. For example, the capture rank of Anisodactylus sanctaecrucis placed

this species between the second and fourth position over the three-year period. This rather consistent ranking among more commonly trapped species supported our hypothesis that ground beetles were likely

good biological indicators of the environmental quality of agricultural sites. Some commonly captured species showed a much wider range of position over the years. Pterostichus vernalis is an unusual species.

The near simultaneous discoveries in 1997 of the species south of Montreal at the Dietrich-Jooss vineyard and in Vermont 3 km south of the Canadian border (Byers et al. 2000) suggest that it had recently

become established. Many more specimens were found in 1998 and 1999. We assume that the species is in the process of establishing its rank position among species of ground beetles in both vineyards. The

rank position for many species ranks at the L'Orpailleur vineyard (Table 5) was similar to that of Dietrich-Jooss. However some of the most commonly captured species such as Amara latior, were peculiar to this

site and other species were less commonly seen at the Dietrich-Jooss vineyard (Table 4). Soil with organic matter, sand and gravel is more appealing to ground beetles requiring very well drained habitats. Thus

L'Orpailleur vineyard was diverse in species of Amara and Harpalus. Four species showed a greater rank range of position. The variation of the Pterostichus melanarius capture rates was unexpected. Captures of

this species fell drastically in 1999. Perhaps the hot and dry conditions prevalent may have caused this species to become less active and to enter an aestivation period. Agonum placidum and Harpalus rufipes

were more commonly captured after 1997. Harpalus rufipes was the more interesting of the two species. In 1997 at both sites, we captured the first specimens of this European species in southern Quebec.

L'Orpailleur was the vineyard where the species became markedly common. In 1998, H. rufipes was often captured (position 9), and by 1999, it had become the sixth most commonly captured species of ground

beetle at this site while remaining rare at the Dietrich-Jooss site. The L'Orpailleur site had a rank order that was quite consistent for at least nine species. Among the more commonly trapped species, Chlaenius

sericeus and Clivina fossor best characterized the Dietrich-Jooss vineyard, and Amara latior and Harpalus herbivagus best characterized the L'Orpailleur vineyard.

4) Species diversity of each vineyard for a three-year period.

The Shannon index of diversity and evenness indexes showed consistently higher values at the L'Orpailleur vineyard (Table 6). The higher evenness value at the L'Orpailleur vineyard was due to a lower number

of specimens of the few dominant and mostly adventive species than at the Dietrich-Jooss vineyard. At the Dietrich-Jooss vineyard adults of P. melanarius were dominant as this species represented 34 to 43% of

all captures whereas in the L'Orpailleur vineyard there were no species with more than 20% of the total captures. Though we have no hard evidence, the marked dominance of a few adventive species may have

displaced native species, leading to lower diversity and evenness indexes. Possibly, adults of some species became on average less mobile at both sites because the weather in 1999 was exceptionally hot and

dry. Species with mesic adaptations may have been more affected at the L'Orpailleur vineyard because the sand and gravel loam dried even earlier. This is supported by samples from Wakefield, Quebec, where

a very unusual shift in mobility rates occurred in 2001 (Goulet, unpubl. information). After many years of pesticides use, there was no increase in species diversity from 1997 to 1999 at each vineyard. The slight

decrease in diversity observed at both sites in 1999 was more likely the result of a hot and dry period during the summer on the mobility rate of adults of some of the species.

Fifty-one species (7,535 specimens) and 54 species (3,685 specimens) were found respectively at the Dietrich-Jooss and the L'Orpailleur vineyards in southern Quebec between 1997 and 1999. There was 61 to

65% of species shared between both sites. The ranking position of commonly trapped species was similar for most species over the three-year study, but the species involved and the ranking order was partly

different between the sites. Many of the trapped species were peculiar to each site, but among the most commonly trapped species, Chlaenius sericeus and Clivina fossor were much more common at the Dietrich-

Jooss vineyard, and Amara latior and Harpalus herbivagus at the L'Orpailleur vineyard. These last differences between sites were likely due to different soil types. The Shannon and the evenness indexes though

high in both sites were consistently higher at the L'Orpailleur site. The higher index values at the last site may have been due to the reduced dominance of a few weed species able to displace native species.
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Table 2. Number of carabids captured over a three-year period and expected to breed in each vineyard.

The “!” mark denotes an introduced species. Numbers preceding species refer to photographs on right.

Carabid species Dietrich-Jooss L’Orpailleur

1997 1998 1999 1997 1998 1999

1Agonum cupripenne (Say) 1 2

Agonum muelleri (Herbst) ! 3

Agonum nutans (Say) 1

2Agonum placidum (Say) 8 32 41 3 65 75

Amara aenea (DeGeer) ! 5 9 20 19 15

Amara angustata (Say) 5 1 7

Amara apricaria (Paykull) ! 1 3 1 2 3

3Amara aulica (Panzer) ! 2 5 3 22 29 13

4Amara avida (Say) 3 6 9 2

Amara bifrons Gyllenhal ! 1

Amara convexa LeConte 2

Amara cupreolata Putzeys 1

Amara familiaris (Duftschmid) ! 2 5 2 4

Amara impuncticollis (Say) 9 13

Amara latior (Kirby) 38 87 165 188

Amara littoralis Mannerheim 20 8 17 3 10 24

Figures and Tables
Table 1. Sampling period and number of pitfall traps used in two 

commercial vineyards insouthern Quebec.

1997 1998 and 1999

Dietrich-Jooss Sampling period June 3 – Sept. 17 May 6 – Sept. 2

Number of 

pitfalls/year
23 34

L’Orpailleur Sampling period June 10 – Sept. 17 May 6 – Sept. 2

Number of 

pitfalls/year
16 20

Table 3. 

Number of carabid 

specimens and species 

captured at each vineyard 

yearly, and yearly mean 

number of adults captured 

per trap weekly at each 

vineyard.

Vineyard
Year

Number of 

specimens

Number of 

species

Percent species shared 

between the vineyards

Number of 

weeks

Mean number of 

adults/trap/week

Dietrich-Jooss 1997 1220 29 69 15 3.5

1998 3034 41 68 17 5.3

1999 3281 40 65 17 5.7

Total 7535 51 65

L’Orpailleur 1997 451 30 67 14 2.0

1998 1176 39 72 17 3.5

1999 2058 42 62 17 6.1

Total 3685 54 61

Table 4.

Ranking of carabids captured at 

the Dietrich-Jooss vineyard for 

the most commonly trapped 

species with a narrow range of 

relative position, followed by 

species showing marked range 

variations in relative position 

from 1997 to 1999. The “!” mark 

denotes an accidentally 

introduced species. The 

“average rank” is the sum of the 

rank position each year divided 

by 3. The “range in rank” is the 

lowest and highest rank 

recorded in the three-year 

period followed by the number 

of rank positions (in 

parentheses) within the range.

Year Average Range

Carabid species 1997 1998 1999 rank in rank

Species with quite consistent rank

Pterostichus melanarius (Illiger) ! 1 1 1 1.0 1 - 1 (1)

Anysodactylus sanctaecrucis (Fabricius) 3 2 4 3.0 2 - 4 (3)

Harpalus pensylvanicus (DeGeer) 4 4 2 3.3 2 - 4 (3)

Bembidion quadrimaculatum oppositum Say 5 5 3 4.3 3 - 5 (3)

Clivina fossor (Linné) ! 6 3 5 4.6 3 - 6 (4)

Stenolophus comma (Fabricius) 2 6 7 5.0 2 - 7 (6)

Harpalus affinis (Shrank) ! 8 8 6 7.3 6 - 8 (3)

Poecilus lucublandus (Say) 10 7 8 8.3 7 - 10 (4)

Chlaenius sericeus sericeus (Forster) 11 11 9 10.3 9 - 11 (3)

Agonum placidum (Say) 12 9 10 10.3 9 - 12 (4)

Table 5. 

Ranking of carabids captured at the 

L'Orpailleur vineyard for the most 

commonly trapped species with a 

narrow range of relative rank 

positions, followed by species 

showing marked range variations in 

relative rank from 1997 to 1999. 

The “!” mark denotes an 

accidentally introduced species. 

The “average rank” is the sum of 

the rank position each year divided 

by 3. The “range in rank” is the 

lowest and highest rank positions 

recorded in the three-year period 

followed by the number of rank 

positions (in parentheses) within the 

range.

Year Average Range

Carabid species 1997 1998 1999 rank in rank

Species with quite consistent rank

Amara latior (Kirby) 1 2 4 2.3 1 - 4 (4)

Harpalus pensylvanicus (DeGeer) 4 3 1 2.6 1 - 4 (4)

Stenolophus comma (Fabricius) 3 4 5 4.0 3 - 5 (3)

Anisodactlus sanctaecrucis (Fabricius) 5 5 2 4.0 2 - 5 (4)

Bembidion quadrimaculatum oppositum Say 6 8 3 5.6 3 - 8 (6)

Table 6. 

Shannon index (H’) and 

evenness index (J’) for each 

site and year of each sample.

Vineyard Year

Shannon index (H’) Evenness index (J’)

Dietrich-Jooss 1997

2.20 0.59

1998

2.07 0.51

Materials and Methods

Results and Discussion

Conclusions
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Figure 1: Pitfall trap
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Carabidae (Goulet et al. 2003)-1

Carabids are generally nocturnal and predatory.

From 1997 to 1999, 11,435 specimens of ground
beetles representing 124 species were captured
in pitfall traps

Over the 3-year period, the carabid diversity and
the number of species (51 and 54) were similar
in both vineyards.

The most common species were ranked differently
in a position that was consistent over the 3-year
period: Chlaenius sericeus (Forster) and Clivina
fossor (L.) occurred mainly on the clay loam
vineyard, while Amara latior (Kirby) and
Harpalus herbivagus Say on the gravel and
sand loam vineyard.



Carabidae (Goulet et al. 2003)-2

Two recently introduced European species,
Harpalus rufipes (Duftschmid) and
Pterostichus vernalis (Panzer), became
more prevalent between 1997 and 1999
and are likely to affect the rank position at
each site.

Diversity at the clay loam vineyard was
equal to another unsprayed and annually
cultivated site on clay in the ecozone.



Spiders (Bolduc et al. 2005)-1

At the onset of our work, the spider fauna of vineyards in
northern parts of North America were completely
unknown,

Weekly pitfall trapping in 1998 and 1999 in two vineyards in
southern Quebec yielded over 4,600 spiders belonging
to 97 species and 16 families.

Spider assemblages (diversity and community composition)
were similar between the two vineyards independent of
environmental differences.

High landscape diversity, including fallow fields and
adjacent apple orchards, is hypothesized to account for
a higher abundance of certain agrobiont species in one
of the vineyards.



Spiders (Bolduc et al. 2005)-2

Species turnover was high between sample dates,

and data on activity and species richness of two

guilds (web-building spiders and hunting

spiders) indicate that many species that differ in

foraging mode are active during all months of

the growing season.

The diverse ground-dwelling spider fauna in

vineyards was therefore well positioned to prey

on phytophagous pests, and their populations

should be conserved in these agroecosystems.



Curculionidae (Bouchard et al. 2005)-1

Adult weevils were collected using pitfall and flight intercept
traps.

In total, 3,176 specimens were collected, representing 73
species in three families of Curculionoidea (Bouchard et
al. 2005).

The family Curculionidae was the most species rich,
especially the subfamilies Ceutorhynchinae,
Curculioninae, and Entiminae.

Four species were known to feed on Vitis sp. (Vitaceae) in
North America: Madarellus undulatus (Say), Barypeithes
pellucidus (Boheman), Otiorhynchus ovatus (L.), and
Otiorhynchus sulcatus (F.). O. sulcatus is thought to
represent the greatest potential threat because of its
abundance in one wineyard and reports on its impact in
other wine-making regions in North America.



Curculionidae (Bouchard et al. 2005)-2

Four species [Ceutorhynchus oregonensis Dietz,
Pelenomus waltoni (Boheman), Rhinoncus
perpendicularis (Reiche), and Sphenophorus
minimus Hart] were recorded in Quebec for the
first time.

A significant number of weevils collected during
this study are adventive species associated with
agroecosystems of northeastern North America.



Chrysomelidae (Lesage et al. 2008)-1

Using pitfall and flight interception traps, a total of 3,078
leaf beetles representing 59 species were collected, with
31 of these species found in both vineyards, 8 found
exclusively at the L’Orpailleur vineyard, and 19 found
only at the Dietrich-Jooss vineyard (Lesage et al. 2008).

The higher abundance and species richness found at
Dietrich-Jooss was associated with plants growing on
the edges of a creek. Longitarsus rubiginosus was the
dominant species at Dietrich-Jooss, whereas
Chaetocnema minuta, C. denticulata, and C. concinna
were the major dominant species at L’Orpailleur.



Chrysomelidae (Lesage et al. 2008)-2

The two grape flea beetles, Altica chalybea Illiger and A.
woodsi Isely that had large populations in the two
vineyards in 1996 were completely absent during the
survey. Only Systena frontalis was found; the adults fed
on the grape foliage. Companion species accounted for
more than 66% of the captured specimens, although
they represented less than 33% of the species diversity.

These species were mostly associated with weeds growing
inside the vineyards, and almost 66% of these species
had been introduced from Europe. Finally, transient
species accounted for more than 66% of the leaf beetle
diversity, but represented less than 33% of captured
chrysomelids.



Cicadellidae (Bostanian et al. 2003, 2006)-1

Up to 60 cicadellid species were found in Quebec
vineyards.

They were assigned to four categories, i.e. 1) species
strickly associated with grapevine; 2) species using
grapevines as secondary hosts; 3) species associated
with weeds inside the vineyard; and 4) species
associated with neighboring vegetation of the vineyard.

Among the species strickly associated with grapevine, five
species, the eastern grape leafhopper, Erythroneura
comes (Say); the grapevine leafhopper, Erythroneura
vitis (Harris); the threebanded leafhopper, Erythroneura
tricincta Fitch; the Virginia creeper leafhopper,
Erythroneura ziczac Walsh; and Erythroneura vitifex
Fitch, were captured in very low numbers.



Cicadellidae (Bostanian et al. 2003, 2006)-2

Phytoplasmas were recently found in

vineyards of Canada (Olivier et al. 2009).

For a discussion of cicadellids in respect to

their capacity of carrying or vectoring

phytoplasmas in vineyards, see Saguez et

al. (this volume).



Coccinellidae (Lucas et al. 2007a,b)-1

Coccinellids are an important group of
predators found in Quebec vineyards.

27 have been collected, including Coccinella
septempunctata Linné, Coleomegilla
maculata lengi Timberlake, Hippodamia
convergens Guérin-Méneville et Propylaea
quatuordecimpunctata (Linné)

Twice more coccinellid species were
collected at Dietrich-Jooss vineyard.



Coccinellidae (Lucas et al. 2007a,b)-2

The multicolored Asian ladybeetle,

Harmonia axyridis Pallas, is an introduced

species that has aggressive predator and

that displaced a number of coccinellid

predators

When crushed with raisins at harvest, adults

release pyrazine, a chemical that taints

wine.



Coccinellids

Colemegilla maculata 
lengi Timberlake

Coccinella 
septempunctata Linné

Harmonia axyridis 
(Pallas)

Propylaea 
quatuordecimpunctata 
(Linné)



Coccinellid species collected in two vineyards 

in 1997 and 1998

Species L’Orpailleur Dietrich-
Jooss 

Anatis mali (Say) 1 0 
Brachiantha ursina (Fabricius) 1 2 
Coccinella septempunctata L. 216 270 
Coccinella transversoguttata richardsoni Brown 0 1 
Coccinella trifasciata perplexa Mulsant 6 0 
Coleomegilla maculata lengi Timberlake 89 268 
Diomus debilis (LeConte) 1 0 
Diomus terminatus Say 10 2 
Harmonia axyridis (Pallas) 43 52 
Hippodamia convergens Guérin-Méneville 83 181 
Hippodamia parenthesis ( Say) 18 0 
Hippodamia variegata (Goeze) 3 0 
Hyperaspis octavia Casey 0 5 
Propylaea quatuordecimpunctata (L.) 32 230 
Psyllobora vigintimaculata (Say) 4 7 
Scymnus ? americanus Mulsant  2 2 
Scymnus (Pullus) brullei (Pallas)  1 
Scymnus (Scymnus) ? indianensis Weise  1 
Scymnus (s-g ?) sp.  1 
Stethorus punctillum Weise 0 3 

Total 509 1026 

 



Ejbich 2003. The Wine Spectator.

2-Isopropyl-3-methoxypyrazine (IPMP) 



Lygus lineolaris (Fleury et al. 2006)

Behavioral and Histological studies



Table 1: Mean number of punctures and feeding time by L. lineolaris third-instar nymphs and adults at  1 

              different phenological stages of V. vinifera. 2 

 3 

 
Number of punctures  Feeding Time 

(seconds) 
Phenological    Phenological 
 Designation

1
         stages

1
 

 Nymphs Adults (n) Nymphs Adults 
 
B                         Bud burst N.A. 3.80 ± 0.62

bcde
  (4) 

 
N.A. 442 ± 142 

C                         Green tip 2.16 ± 0.28
b
 (4) 2.75 ± 0.69

bcd
 (5) 410 ± 104 385 ± 187 

D*                   Emerging leaves 2.00 ± 0.28
b
 (5) 7.00 ± 0.98

a
 (4) 230 ± 108 357 ± 165 

E*                     First flat leaves 1.83 ± 0.28
b
 (4) 4.43 ± 0.52

b
 (5) 335 ± 113 579 ± 111 

F*                      Visible cluster 2.00 ± 0.31
b
 (4) 4.00 ± 0.98

bcd
 (4) 355 ± 118 465 ± 219 

G*                   Separated cluster 1.33 ± 0.40
b
 (5) 4.33 ± 0.80

bc
 (5) 792 ± 187 660 ± 172 

H*                   Florets separated 1.25 ± 0.35
b
 (8) 3.80 ± 0.62

bcde
 (8) 600 ± 167 826 ± 142 

I                          Flowering N.A. 2.33 ± 0.80
cde

 (8) N.A. 746 ± 234 

J                          Berry set N.A. 2.00 ± 1.39
bcde

 (4) N.A. 330 ± 438 

K                    Pea sized berries 4.00 ± 0.49
a
 (4) 3.00 ± 0.80

bcde
 (4) 474 ± 132 747 ± 206 

L                      Cluster closure 2.00 ± 0.40
b
 (4) 1.67 ± 0.80

d
 (4) 637 ± 153 804 ± 277 

 4 

d.f.                                                               7                             10                        7                     10 5 

F Value                                                      3.50                         2.74                    1.61                 0.95 6 

Pr    F                                                      0.008                      0.018                   0.15                  0.49 7 

 8 



Tarnished plant bug

damage at stages 

H (florets separated)

and I (flowering)





.Pectin present from stages

B to F

.TPB = pectinase

.Unattacked meristems



Enzymes for digestion 

(ex. lipase, protease, 

amylase)



.Nectaries present from 

stages G to J;

.Nectaries = nectar = sugars;

.Nectaries : no functional link 

to grape development



Lygus lineolaris (Fleury et al. 2007)-1

Toxicological studies were carried out with

tarnished plant bug adults and nymphs collected

from three mixed vegetation strips adjacent to

orchards and vineyards along the St Lawrence

valley: the Niagara Peninsula (Ontario), Dunham

(Quebec) and La Pocatière (Quebec).

Assays were done in the laboratory by confining

adults in glass vials coated with dried residues.



Lygus lineolaris (Fleury et al. 2007)-3



Lygus lineolaris (Fleury et al. 2007)-2

The estimated LC50 values for the three
populations varied from 11.2 to 16.8 × 10-5 g/L
for azinphos-methyl and from 0.8 to 1.4 × 10-5
g/L for cypermethrin.

A possible explanation for this susceptibility to
insecticides is that very low selection pressure
(i.e. reduced number of insecticide treatments)
is exerted on L. lineolaris in the context of the
diversified agricultural landscapes encountered
in eastern Canada: this allows movements of
adults from treated to non-treated areas.
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35 traps –periphery (30 m)

Periphery = 1050 m

4 traps in vineyards (30 m)

20—140 cm (30 cm wide)



Periphery: 35 traps (30 m);

In vineyard: 4 traps (30 m);

Traps: 140 cm (height)

30 cm (width)

6 sections of 20 cm

Perimeter = 1050 m;

Surface = 6.8 ha
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n=16953

n=25935

 In and out of L. lineolaris  adults in the vineyard  

L'Orpailleur (2002)

0

100

200

300

400

500

600

Wood

(n=7)

Ditch (n=8) House

(n=5)

Vineyard

(n=4)

Road

(n=5)

Apple

orchard

(n=10)

A
v

e
ra

g
e

 c
a

p
tu

re
s

 /
 t

ra
p

North

South

Out

In

From:

 In and out of L. lineolaris  adults in the vineyard 

L'Orpailleur (2003)
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Captures of Lygus lineolaris  adults at wood periphery  (2002)
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Captures of Lygus lineolaris  adults at wood periphery (2003)

0

100

200

300

400

500

600

700

A B D F G H I J K L M N O P

Growth Stages of Grapevine (Baggiolini)

C
a
p

tu
re

's
 n

u
m

b
e
r 

o
f 
L

. 
li

n
e
o

la
ri

s 
a
d

u
lt

s

In

Out



Captures of Lygus lineolaris  adults at apple orchard periphery 

(2002)
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Captures of Lygus lineolaris  adults at apple orchard periphery 

(2003)
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Flight height (cm) of Lygus lineolaris adults in the vineyard 

L'Orpailleur (2002)
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Anystis baccarum

preying on aphids



Anystis baccarum and Balaustium sp. preying on an aphid



Anystis baccarum

preying on a 

Balaustium sp.



Stadia means ±SEM

Codling moth larvae, stadium I 1.3 0.2

Apple aphid (Aphis pomi) 1.3 0.3

Twospotted spider mite egg 0.1 0.1

Twospotted spider mite female 3.5 0.4

Neoseiulus fallacis (Phytoseiidae) 0.6 0.2

Twospotted spider mite egg 0.5 0.2

Twospotted spider mite nymphs 2.1 0.3

Twospotted spider mite female 2.6 0.5

Average consumption of Anystis baccarum female, for

4-hr periods (n =16), in 50 mm Petri dishes.
P
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Prey densities: 10, 30-50, 70-90, 110-130



Anystis baccarum (Laurin and Bostanian 

2007a, Bostanian and Laurin 2008)-1

Predacious mites are vital for the success of integrated
pest management programs for phytophagous mites in
vineyards.

Most of these programs are either based on conservation
and augmentation or the rearing and massive releases
of different species of phytoseiids. Anystis baccarum (L.)
(= Anystis agilis (Banks)) is a common predatory mite
recently identified in apple orchards and in vineyards of
Quebec, Canada.

It is a voracious generalist, fast-moving, large orange-red
mite that feeds on any prey that it can overpower.



Anystis baccarum (Laurin and Bostanian 

2007a, Bostanian and Laurin 2008)-2

A laboratory with the following insecticides:
methoxyfenozide (Interprid® 2F), acetamiprid (Assail®
70WP), thiamethoxam (Actara® 25WG), imidacloprid
(Admire® 24%), spinosad (Tracer® 44.1%), λ-
cyhalothrin (Warrior® T), and carbaryl (Sevin® XLR)
showed that residues of λ-cyhalothrin, and carbaryl were
very toxic to Anystis baccarum in Petri dish bioassays.

The field rate of λ-cyhalothrin is 0.0184 g a.i./L, which is 26
fold the estimated LC50 (0.0007 g a.i./L) for this
predator. The field rate for carbaryl is 1.960 g a.i./L which
is 784 fold the estimated LC50 (0.0025 g a.i./L). The
renaining five insecticides, evaluated were non-toxic



Population dynamics (two-yr mean)
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Collecting Anystis baccarum



Tight fit Petri dishes sprayed with a thin 

layer chromatography sprayer



Active ingredient Pesticide Field rate

(g a.i. / liter)

LC50 Times 

LC50

Methoxyfenozide Insecticide 0.2260 - -

Spinosad Insecticide 0.0804 - -

Acetamiprid Insecticide 0.1543 - -

Imidacloprid Insecticide 0.1689 - -

Thiamethoxam Insecticide 0.1778 - -

Sulphur Fungicide 4.140 - -

Kresoxim-methyl Fungicide 0.300 - -

Macozeb Fungicide 1.600 1.8768 1.2 X

Lambda-cyhalothrin Insecticide 0.0183 0.0007 26 X

Carbaryl Insecticide 1.9600 0.0025 784 X

H
a
rm
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ic

Short-term contact toxicity on Anystis baccarum



Thanks to the students

setting up Petri dishes

and collecting Anystis

baccarum , in 2005 and

2006



Grape berry moth

Endopiza viteana Clemens

(Lepidoptera:Tortricidae)

Specialist herbivore 

Two generations in Quebec

• 1st generation 

exophagous

• 2nd generation 

endophagous



Damage



Seyval blanc Vidal

Seyval noir Maréchal Foch



Nutritional quality

Host plant quality is determinant to insect
biological performance.

Plants synthetise chemical components:

➢ proteins, aminoacids, carbohydrats, lipids,
vitamins and minerals.

➢Sugars stimulate insect consumption and
increase larval development.

Scriber et Slansky, 1981; Awmack et Leather, 2002 ; Albert et Bauce 1994.



Nutritional quality

Plants synthetize  secondary

components e.g. polyphenolics

(tanins).

Tanins reduce larval development.

Rhoades & Cates 1976.



Materials and Method



Table 1a.  Milestones in vineyard protection, 

from a Quebec perspective

1997

First research project on the entomofauna of

vineyards (N. J. Bostanian, C. Vincent, J.

Lasnier) co-financed by AAC/ Co-Lab R&D,

Orpailleur, Dietrich Jooss.

2000

First research project on phytopathology of

vineyards (O. Carisse), co-financed by AAC/ Co-

Lab R&D, Orpailleur, Dietrich Jooss.

• First field day in viticulture in Quebec. AAC/

Experimental Farm, Frelighsburg , Qc.



Table 1b.  Milestones in vineyard protection, 

from a Quebec perspective

2001

First project on spraying techniques in vineyards, (B.
Panneton), co-financed by AAC/ Co-Lab R&D,

Orpailleur, Dietrich Jooss, Bauge.

First Symposium on insects of vineyards in Canada (C.
Vincent, N. J. Bostanian, orgs.), Entomological
Society of Canada, Niagara-on-the-Lake, Ont.

First Technical Bulletin on Insects of Vineyards in
Quebec. Lasnier, J., M. Trudeau, N. J. Bostanian, C.
Vincent, H. Goulet & L. Lesage 2001. Les insectes
ravageurs des vignobles au Québec. Downloadable
from: http://eduportfolio.org/6644

http://eduportfolio.org/6644


Table 1c.  Milestones in vineyard protection, 

from a Quebec perspective

2002

First series of lectures on viticulture in Quebec, based on
original information gathered from research projects.(J.
Lasnier, C. Vincent, N. J. Bostanian, O. Carisse)
AAC/Saint-Jean-sur-Richelieu, Qc.

First conference on viticulture organized as part of the
“Journées Horticoles”, Saint-Rémi, Qc. The proceedings,
published under the title: “Vincent, C., J. Lasnier & N. J.
Bostanian 2002 (eds.). La viticulture au Québec. Vol. 1,
42 p.“, are downloadable from:
http://eduportfolio.org/6644

2003

Second series of lectures on viticulture in Quebec, based
on original information gathered from research
projects.(J. Lasnier, C. Vincent, N. J. Bostanian, O.
Carisse) AAC/Saint-Jean-sur-Richelieu, Qc.

http://eduportfolio.org/6644


Table 1d.  Milestones in vineyard protection, 

from a Quebec perspective

2004

Third series of lectures on viticulture in Quebec, based on
original information gathered from local research
projects. .(J. Lasnier, C. Vincent, N. J. Bostanian, O.
Carisse) AAC/Saint-Jean-sur-Richelieu, Qc., in
collaboration with the “Comité de recherche de
L’Association des Vignerons du Québec“.

2005

Series of lectures on viticulture protection in Quebec,
delivered in Dunham, St-Eustache, Château Richer,
Mirabel, Ste-Pétronille, Frelighsburg. (J. Lasnier, C.
Vincent, N. J. Bostanian, orgs.).

Second conference on viticulture organized as part of “La
Semaine Horticole”, Boucherville, Qc. . The proceedings,
published under the title: “Vincent, C., N. J. Bostanian &
J. Lasnier 2005 (eds.). La viticulture au Québec. Vol. 2,
53 p.“, are downloadable from:
http://eduportfolio.org/6644

http://eduportfolio.org/6644


Table 1e.  Milestones in vineyard protection, 

from a Quebec perspective

2007

Third conference on viticulture organized as part of the 
“Journées Horticoles”, Saint-Rémi, Qc. The proceedings, 
published under the title: “Vincent, C., J. Lasnier & N. J. 
Bostanian 2008 (eds.). La viticulture au Québec. Vol. 3“, 
are downloadable from: http://eduportfolio.org/6644

2008

• Second Symposium on insects of vineyards in Canada 
(O. Olivier, C. Vincent orgs.), Entomological Society of 
Canada, Ottawa, Ont.

2009

• Inception of a book project entitled “Arthropod 
Management in Vineyards” (N. J. Bostanian, R. Isaacs & 
C. Vincent  eds.), Spinger SBM, NL.

http://eduportfolio.org/6644


St-Rémi, Qc

2002

St-Rémi, Qc

2008

Boucherville, Qc

2005

http://eduportfolio.org/6644



Concluding remarks-1

From a meeting in a cold January afternoon

in 1997 to the present, much has been

accomplished in protection of vineyards in

Quebec.



Concluding remarks-2

First, research allowed to determine the diversity
and abundance of arthropod species in Quebec
vineyards.

Second, contractual research facilitated
agreements about research priorities.

Third, several technology transfer events ensured
that research results were valued as much as
possible.

Fourth, the quantities of insecticides used has
dropped to ca. 50% of those used before 1997.



Concluding remarks-3

In closing, much remains to be done in
Quebec viticulture, especially if the
hypothesis of global warming is true.
Admitedly, this should improve climatic
conditions such that new vine cultivars
could be cultivated, but it will also likely
change the dynamics of entomological
problems.
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