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ABSTRACT Seasonal changes in within-vineyard distribution and abundance of Eryth-
roneUf"a comes (Say)adults and nymphs were investigated from 1989 to 1992. Trap catches
of adults were highest in May and were concentrated in wooded areas next to vineyards.
In 1989 and 1990 surveys, nymphal densities did not decline as distance from the vineyard
edge increased. In 1991, however, nymphal densities were significantly higher at vineyard
edges than in vineyard interiors in July, suggesting that oviposition initially was aggre-
gated at vineyard edges. Subsequently, nymphal densities at vineyard edges and interiors
were similar. Cumulative degree days (DD) for mean observation of first nymphs, first-
generation, and second-generation peak populations, sampled at 14 vineyards in 1989,
1990, and 1991, were 390 ± 71, 648 ± 86, and 1,190 ± 154 DD (mean ± SD; base 10°C),
respectively. Nymphal densities exceeded a proviSional threshold of five per leaf in only
2, 25, 13, and 8% of vineyards untreated with insecticides in 1989, 1990, 1991, and 1992,
respectively. These results show that leafhoppers do not cause economic injury in most
New York vineyards in most years. Reduced insecticide strategies recently implemented
for grape berry moth control will not greatly increase the need for insecticide applications
directed at leafhoppers in New York.
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FROM THE LATE 1940s until the mid 1980s, ar-
thropod control programs in grapes in northeast-
ern North America have been based on three
insecticide sprays timed to control grape berry
moth, Endopiza viteana Clemens, the key arthro-
pod pest of New York grapes (Taschenberg 1948).
This treatment regime also provided incidental
control of six secondary and occasional pests of
grape, the most important of which is the eastern
grape leafhopper, Erythroneura comes (Say). Re-
cently, Hoffman & Dennehy (1989) showed that
this treatment regime was unnecessary in a large
percentage of New York vineyards. New recom-
mendations were developed to target insecticide
treatments in vineyards where they were needed
most, based on a risk assessment procedure (Hoff-
man & Dennehy 1987, Martinson et al. 1991).
The Grape Berry Moth Risk Assessment Program
has resulted in a 70% reduction in insecticide
use, based on vineyards enrolled in the Cornell
Grape IPM Program (Martinson et al. 1991). Mat-
ing disruption, using the newly registered pher-
omone product ISOMATE-GBM (Microflo,
Lakeland, FL), has also been shown to be a via-
ble alternative to conventional insecticides used
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to control grape berry moth (Dennehy et al.
1991). These recent developments in managing
grape arthropods in New York have prompted a
reevaluation of the pest status of E. comes. Spe-
Cifically, concern has been voiced by growers
that eastern grape leafhopper will increase in
importance as minimal-insecticide strategies
continue to gain acceptance.

Eastern grape leafhopper feeds on leaf meso-
phyll cells. The resulting stippling reduces pho-
tosynthesis and transpiration in individual
leaves roughly in proportion to the amount of
stippling visible (A. Lakso & T.E.M., unpub-
lished data). As a result, severe leafhopper injury
was concluded to result in yield losses through
reduced accumulation of soluble solids
(Taschenberg & Hartzell 1949). More recently,
however, field studies of Jubb et al. (1983)
showed little difference in yield and sugar con-
tent between balanced-pruned vines with and
without leafhopper injury. However, since the
study of Jubb et al. (1983), viticultural practices
have changed greatly. Mechanical pruning,
which increases yield potential in 'Concord'
grapes by 40% over hand pruning (Pool et al.
1993), is gradually replacing hand pruning. As a
result, the ratio of photosynthetically active leaf
area to crop load has been greatly reduced in
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mechanically pruned vines. This higher crop
load can lead to maturity problems in some
years, and cluster thinning to reduce crop load
during the growing season is often necessary to
produce fruit mature enough to meet processors'
standards for soluble solids (Pool et al. 1993).
Because these new cultural practices place
greater physiological stress on vines, stress asso-
ciated with leafhopper feeding undoubtedly con-
tributes to economic losses more often than was
the case a decade ago.

By adopting reduced-insecticide use strategies
to manage grape berry moth, growers can largely
eliminate insecticide treatments in the two-
thirds of New York vineyards that are classified
as low-risk (Martinson et al. 1991). As a result,
noticeable leafhopper injury will appear in vine-
yards more frequently than in the past. The pest
management challenge is to define the condi-
tions under which intervention to control leaf-
hoppers is economically justified. Thus, manage-
ment recommendations specifically tailored to
control eastern grape leafhopper are needed.
These include optimal timing of insecticide
sprays for leafhoppers, treatment thresholds, and
workable sampling methods. Herein we report
results of studies to determine seasonal move-
ment, within-vineyard distribution, abundance
in untreated vineyards, and phenology of eastern
grape leafhopper, to provide a foundation for
such recommendations.

Materials and Methods

Trapping of Adults. Phenology and movement
ofleafhopper adults were monitored in two vine-
yards in 1990 and in four vineyards in 1991. All
vineyard blocks were bordered on one edge by
woodlots, and no insecticide treatments were
made in any of the blocks. Leafhopper adults
were captured on yellow sticky panels, 15.5 by
29.5 cm (Olsen Products, Medina, OH), placed 2
m above the ground on wooden stakes 35 em
long mounted at the top of trellis posts. In each
vineyard block, two transects of four sticky pan-
els were placed perpendicular to the wooded
edge, with 30 m between transects. Traps within
transects were placed adjacent to the woods, on
the first vineyard post, and at 20 and 50 minto
the vineyard. '(hey were replaced weekly from
15 May through 30 October in 1989 and 1990,
except where noted in the Results. Adults were
identified (Van Kirk et al. 1984) and counted us-
ing a binocular dissecting microscope.

Sampling of Nymphs. Seasonal trends in pop-
ulation densities ofJeafhopper nymphs and their
distribution within vineyards were determined
throughout the growing season by direct counts.
From each vine sampled, one shoot was chosen
randomly and nymphs on leaf nodes 3 to 7 (count-
ing from the base of the shoot) were counted. The
number of vines sampled in this manner and the

location of the sampling units varied from year to
year. In 1989 arid 1990, nymphs were sampled at
two and four vineyards, respectively. In each
vineyard, 12 transects (eight transects in Catawba
1989; 14 in Diamond 1989) of five vines each
were sampled, to map the distribution of nymphs
with respect to the wooded vineyard edges. In
each transect, the first, third, fifth, tenth, and
twentieth vines from the vineyard edge were
sampled. Vines were spaced 2.5 m apart in the
row, with 2.8 m between rows. Nymphs were
sampled twice weekly at each vineyard from 1
June to 1 July. Thereafter, vineyards were sam-
pled weekly through 15 September.

In 1991, seasonal trends and within-vineyard
distribution of nymphs were monitored in 12
vineyards enrolled in the Cornell IPM program's
Pheromone Mating Disruption Demonstration
Project. At each vineyard, nymphs were sampled
on one shoot of each of five vines, at four sam-
pling locations per vineyard. In accordance with
the standard sampling procedure for grape berry
moth, two sampling sites were located at the vine-
yard edge (first five vines from the vineyard edge)
and two were located in the interior of the vine-
yard, at least 20 vines from the vineyard edge.
Vineyards were sampled twice weekly from 1
June to 30 June and once a week through August.
Sampling was terminated in early August at five
of the 12 vineyards, because insecticide applica-
tions had eliminated leafhopper nymphs.

Regional Surveys of Nymphs. Surveys of den-
sities of leafhopper nymphs were made in 23 to
43 vineyards untreated with insecticides in the
Finger Lakes and Lake Erie regions of New York
in 1989, 1990, 1991, and 1992. At each survey
site, counts were made of all nymphs on leaves of
nodes 3--7 (counting from the shoot base) of one
shoot on each of five vines in four different loca-
tions in the vineyard. In 1989 and 1990, each
vineyard was sampled in mid-July and mid-
August, when peak populations of nymphs were
present. In 1991 and 1992, vineyards were sam-
pled every 2 wk from 10 June through 15 Sep-
tember. From these data, the highest density of
nymphs recorded during the season was selected
to compare leafhopper severity among the vine-
yards surveyed.

Data Analysis. Weekly nymphal counts from
1989 and 1990 were analyzed to determine
whether nymphal densities were similar at dif-
ferent distances from the wooded edge of vine-
yard blocks. Nymphal counts were pooled by
month, and counts for each month were sub-
jected to analysis of variance, with distance from
the edge as a categorical treatment factor. Low F
statistics and high probability values (P > 0.01)
were interpreted to mean that nymphs were not
aggregated at any point along the transect per-
pendicular to the wooded edges. Means and
standard errors of adult leafhoppers per trap per
week at different distances from the vineyard
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edge were calculated. Trends in distribution
were identified from the means and associated
standard errors. The limited number of transects
(n = 2) did not allow analysis of variance of these
data, but each mean reported is based on cap-
tures from two traps, replaced weekly (eight
traps total per distance) during each month.

To contrast nymphal densities at vineyard
edges and interiors in 1991, data from the 12
vineyards were combined in one analysis.
Nymph counts (n = 10 per sampling location)
from June, July, and August were pooled within
each month and subjected to two-way analysis of
variance with vineyard and location within vine-
yard (edge or interior) as categorical treatment
factors. Data from each month were analyzed
separately, and mean nymphal densities (± SEM)
are reported here.

Degree-day accumulations were determined
from weather data collected at weather stations
located within 1 to 20 km of the vineyards sam-
pled. A sine-wave approximation (Baskerville &
Emin 1969) was used to calculate degree-days,
using a base temperature of 1Q°C.This base tem-
perature was chosen because it was shown to be
the developmental threshold for the closely re-
lated species E. elegantula Osborn (Cate 1975).
Cumulative degree-days were calculated from 1
April. Mean degree day accumulations (± SD)
were calculated for first observation of leaf-
hopper nymphs and for the first- and second-
generation population peaks. Peak nymph
counts occurring after 1 August were assumed to
represent second-generation nymphs. Some
vineyards did not always have a discernible peak
density during the first generation; data from
these vineyards were not used in calculating
mean degree-days for first-generation peak pop-
u'Iations of nymphs. In vineyard 3 (1990), sam-
pling started after 15 June, and nymphs were
detected during the first sampling period. Data
from vineyard 3 were not included in calcula-
tions of first observation of nymphs.

Results

Trap Catches of Adults. Mean numbers of
adults captured per trap per week in 1989 and
1990 are shown in Fig. 1. In all six vineyards,
trap catches were highest in May, declined rap-
idly in June, and remained low throughout the
remainder of the growing season. Comparison of
adult trap catches with nymphal densities (Fig.
1) shows that the number of adults trapped was
not closely correlated with leafhopper densities
in the vineyards. Few adults were trapped even
in vineyards that had high densities of nymphs
and where adults were observed to be abundant
from mid-July through the end of the season
(Fig. lC, D). The highest catches of adults oc-
curred in May, during the early stages of sea-
sonal vine development.

Distribution of adult trap catches with respect
to the wooded edges is shown in Table 1. At all
vineyards, more adults were captured in May at
the edge of the woodlot than in the vineyard.
This trend was most striking at Diamond 1989,
where 222.5 adults per trap were captured at the
wooded edge, and 30.8, 18.0, and 14.3 adults
were captured at the vineyard edge, 20 m, and 50
m from the edge, respectively. In subsequent
months, the numbers of adults captured declined
greatly, and captures were also either more
evenly distributed throughout the vineyard or
higher in interior areas. In two of the six vine-
yards (Diamond 1989 and Concord-1 1990),
again more adults were trapped at the wooded
edge than in interior traps in October, which
probably reflected movement of diapausing
adults back into overwintering areas in wooded
hedgerows.

Population Trends of Nymphs. Dates and
degree-day accumulations (base 10°C) for first ob-
servation of nymphs and first- and second-gener-
ation peaks are shown in Table 2. On average,
nymphs first appeared on 14 June (SD = 4 d;
range, 11-27 June). The first-generation popula-
tion peak OCCUlTedon 6 July (SD = 8 d; range, 25
June-17 July), and second-generation peak oc-
curred on 26 August (SD = 14 d; range, 7 Au-
gust-23 September). Date of first appearance of
nymphs in the vineyards remained remarkably
consistent over all years, in spite of variable
weather conditions and vine phenology. Degree-
day (DD) accumulations for first appearance of
nymphs ranged from 264 to 450 DD (mean = 390;
SD = 71). Peak population densities of the first
generation occurred between 552 and 813 DD
(mean = 648; SD = 86). Peak second-generation
population densities occurred between 887 and
1,356 DD (mean = 1,190; SD = 154).

Within-Vineyard Distribution of Nymphs. At
the Catawba vineyard in 1989, no trends in
nymphal densities at different distances from the
vineyard edge were apparent during any month
(Table 3). At Diamond, nymphal densities were
higher on vines 10 and 20 than on vines closer to
the wooded vineyard edge. We attribute this pat-
tern to preference of the leafhoppers for the va-
riety 'Diamond'. 'Dutchess' was planted in the
first eight rows of the Diamond vineyard,
whereas vines in rows 10 and 20 were planted to
'Diamond'. This varietal difference was evident
in a comparison of nymphal densities, which
were 7-fold greater in 'Diamond' than in
'Dutchess' (Fig. IB). In 1990, mean leafhopper
densities were often significantly different be-
tween vineyard perimeters and interiors, with
densities tending to be higher in interiors at all
four vineyards surveyed. Higher densities away
from the edge were observed in July and August
at Concord-2 and Delaware and in August and
September at Catawba and Concord-l (Table 3).
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Fig. 1. Seasonal trap catches of E. comes adults (dashed lines) and densities of nymphs (solid lines) in six
vineyards sampled in 1989 and 1990 in central New York. Varieties are as follows: A, 'Catawba' 1989; B,
'Diamond' and 'Dutchess' 1989; C, 'Catawba' 1990; D, 'Delaware' 1990; E, 'Concord'-1 1990; F, 'Concord'-2
1990.

Analysis of the 1991 nymphal data revealed
trends different from those in 1989 and 1990.
Nymphal densities at edge vines were not signif-
icantly different than densities in vineyard inte-
riors in June (F = 2.27; df = 1,216; P = 0.13) or
August (F = 0.40; df = 1, 139; P = 0.52) (Table 4).
In July, however, nymphal densities were signif-
icantly higher at the edge (F = 11.05; df = 1,216;
P < 0.001). Thus, in 1991 there was a consistent,
moderate edge effect during July, presumably
reflecting aggregation of adults at vineyard edges
early in tlle season and subsequent aggregation
of oviposition there.

Regional Surveys of Leafhopper Densities.
Maximum densities of leafhopper nymphs mon-
itored in vineyards that had not been treated

with insecticides (Fig. 2) indicated that only 2 of
43 vineyards had more than five nymphs per leaf
during the 1989 growing season. In 1990, 1991,
and 1992, 25, 14, and 9% of vineyards, respec-
tively, had densities exceeding the arbitrary and
low action threshold of five nymphs per leaf.

Discussion

Our data are consistent with the findings of
Johnson (1914) and Hartzell (1913), who re-
ported that E. comes adults overwinter primarily
in leaf litter in areas adjoining vineyards and
temporarily feed on many different host plants.
They then move into vineyards within a few days
once grape shoots have about three leaves (Hart-
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Table 1. Distribution ofE. come. adults at different distances from the woodededge of vineyardsin 1989 and 1990

Meanno.ofE. comes adults(± SEM)per trap
Year Site" Month Woods Vineyard 20m from 50 m from

edge edge edge
1989 Catawba May 27.8± 13.6 0.3± 0.3 0.0± 0.0 2.5± 2.5

June 7.4± 2.3 0.5± 0.4 2.3± 0.8 0.8± 0.3
July 10.1± 1.8 0.8± 0.3 1.4± 0.4 0.1± 0.1
Aug. 1.4± 0.5 0.4:!:0.3 0.8± 0.4 0.1± 0.1
Sept. 0.3± 0.2 0.5:!:0.2 0.8:!:0.3 0.1± 0.1
Oct. 1.1± 0.6 0.2:!:0.2 0.9± 0.9 0.8± 0.6

Diamondb May 222.5± 36.3 30.8± 5.2 18.0± 6.1 14.3± 3.3
June 13.6± 4.4 28.3± 3.8 13.0± 2.7 9.0± 1.4
July 6.8± 2.8 3.8± 0.9 1.1± 0.4 2.1± 0.8
Aug. 1.2± 0.5 1.6± 0.8 2.9± 1.5 0.6± 0.4
Sept. 1.0± 0.4 0.8:!:0.6 1.0± 0.6 0.7 ± 0.5
Oct. 5.1± 2.1 1.8± 0.7 1.1± 0.5 1.3± 0.5

1990 Catawba May 11.3± 7.7 0.6± 0.3 0.5± 0.3 0.6± 0.3
June 4.3± 0.5 1.0± 1.3 2.8± 1.1 2.7± 1.5
July 3.0± 0.3 0.5± 0.7 1.8± 0.8 5.9± 2.1
Aug. 2.0± 0.1 0.1± 0.8 1.4± 0.8 1.6:!:0.5
Sept. 2.0± 1.2 2.8± 1.0 1.3± 0.6 0.8± 0.5

Delaware May 7.0± 3.0 5.5± 2.5 0.0 ± 0.0 1.0± 0.0
June 1.5± 0.5 2.0± 0.5 5.6± 1.2 1.6± 0.4
July 0.6± 0.3 1.9± 1.3 1.6± 0.4 0.6± 0.4
Aug. 0.8± 0.3 0.5± 0.2 6.3± 0.1 1.1± 0.4
Sept. 0.0 0.0 0.0 0.0

Concord-l May 40.8± 21.3 11.3± 6.6 3.2± 1.3 3.5± 3.1
June 3.1± 0.8 2.9± 1.2 3.0± 1.2 1.3:t 0.5
July 8.4 :t 2.2 3.1 :t 0.9 2.0± 0.8 1.8± 0.4
Aug. 2.8± 0.9 2.1 ± 0.7 2.9± 1.1 2.0 ± 0.6
Sept. 4.8 ::t 2.7 1.0 ± 0.5 0.8 ± 0.3 0.2± 0.2
Oct. 17.6:t 3.5 4.5± 0.8 2.8± 1.3 4.5± 1.4

Concord-2 May 17.7± 3.6 1.2± 0.5 13.8± 4.5 15.5:t 3.9
June 9.5 :t 2.3 1.3± 0.4 3.6± 0.8 10.5± 2.8
July 10.5:t 4.7 4.0± 1.4 3.9± 1.0 12.4± 5.3
Aug. 4.0± 2.2 0.9 :t 0.4 2.6± 1.0 9.0± 5.2

" Vineyardsites are namedforgrapevarietyplantedthere.
b Mixedplantingof 'Dutchess'(firsteightrows)and 'Diamond'(remainderofvineyard).

zell 1913, Johnson 1914). The number of leaf-
hopper adults we trapped was highest at the
wooded edges early in the season, and average
trap catches were consistently highest in May
(Fig. 1). Few adults were captured in midseason,
which is when nymphs mature into adults, even
in vineyards with high densities of nymphs (Fig.
lC). Low adult trap catches in midseason were
not attributable to declining densities of adults.
In vineyards surveyed, we observed that adults
became more abundant as the season progressed
and first-brood nymphs matured into adults. We
hypothesize that reduced movement, reduced at-
tractiveness of the traps relative to grape foliage,
or a combination of these two factors resulted in
extremely low trap catches of adults.

The first appearance of nymphs occurred
within a narrow range of 6 d during 3 yr, despite
the fact that thermal unit accumulation and vine
phenology varied greatly among years. In 1989
and 1990, thermal unit accumulations were near
their long-term averages in New York. In 1991,
degree-day accumulations in April and May
were about double the long-term average. Early
accumulation of thermal units in 1991 was re-
flected in vine phenology, with bud break occur-
ring on 26 April, 14 d before normal. Bloom oc-

curred on 31 May, 16 d before the long-term
average bloom date for 'Concord' vines. How-
ever, despite accelerated vine development dur-
ing 1991, the warmer conditions did not result in
earlier oviposition than that which occurs in av-
erage years, as reflected in first observation dates
for nymphs. This suggests that, in addition to
degree-day accumulations, other factors regulate
the start of oviposition and subsequent appear-
ance of leafhopper nymphs in vineyards. Cate
(1975) postulated that photoperiod influenced
termination of reproductive diapause in E. ele-
gantula, a closely related species in the western
United States. A similar critical photoperiod
may regulate the start of ovarian development in
E. comes.

Within-vineyard nymphal distribution varied
among vineyards and years. In the six vineyards
sampled in 1989 and 1990 (Table 3), nymphal
densities did not decline with increasing dis-
tance from the vineyard edge. In the 12 vine-
yards evaluated in 1991, however (Table 4),
nymphal densities were significantly higher at
vineyard edges in July than in vineyard interiors
(>20 vines from the edge). This 1991 result sug-
gests that adults were aggregated at the wooded
edges at the beginning of the growing season and
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Table 2. Calendar date and degree-day accumulations for first appearance and peak densities of first- and second-
generation nymphs of E. comes

Calendar date Degree-days"
Year Vineyard First First peake Second peak First First Second

nymphsb nymphsb peake peak

1989 1 12 June 15 Aug. 287 1,017
2 26 June 7 Aug. 395 887

1990 1 11 June 10 July 23 Aug. 264 561 1,031
2 11 June 17 July 23 Aug. 264 629 1,031
3 5 Sept. 1,164
4 18 June 23 Sept. 388 1,356
5 18 June 23 Sept. 388 1,356

1991 1 13 June 17 July 23 Aug. 450 813 1,250
2 13 June 27 June 8 Aug. 450 609 1,079
3 13 June 11 July 23 Aug. 450 756 1,335
4 13 June 3 July 30 Aug. 450 658 1,335
5 12 June 10 July 24 Aug. 424 646 1,254
6 12 June 25 June 29 Aug. 424 552 1,316
7 13 June 29 June 23 Aug. 430 611 1,244

1989 Mean 19 June 11 Aug. 341 952
1990 Mean 14 June 13 July 7 Sept. 326 595 1,188
Hl91 Mean 12 June 4 July 22 Aug. 440 664 1,259
All years Mean 14 June 6 July 26 Aug. 390 648 1,190

SDd 4 8 14 71 86 154

" Degree-day accumulations after 1 April above thermal threshold of 10°C as measured at nearby weather stations.
b -, Indicates nymphs found in first sample taken on 15 June.
e _, Indicates that no first-generation peak was identifiable.
d SD expressed in days (calendar date) or degree-days.

dispersed only limited distances before begin- even distribution of nymph populations later in
ning to oviposit. Subsequent diffusion of adults the season. Disparity between the 1989 and 1990
through the vineyard appears to have led to more results and the 1991 results may have reflected

Table 3. Within-vineyard distribution of E. comes nymphs at different distances from wooded edges of vineyards
sampled in 1989 and 1990

Year Vineyard Month F" df po Mean no. of E. comes nymphs (± SEM) per shoot

Vine lb Vine 3 Vine 5 Vine 10 Vine 20

1989 Catawbae June 1.00 4,39 0.41 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.1 ± 0.1 0.0 ± 0.0
July 1.13 4,39 0.35 2.6 ± 1.1 2.9 ± 0.8 3.1 ± 0.9 2.1 ± 0.7 1.4 ± 0.8
Aug. 0.29 4,39 0.88 4.5 ± 1.1 3.6 ± 0.8 4.8 ± 0.9 4.6 ± 0.7 4.5 ± 0.8
Sept. 0.48 4,39 0.75 2.7 ± 0.7 2.6 ± 0.4 2.4 ± 0.4 3.4 ± 0.7 3.2 ± 0.5
Oct. 2.02 4,39 0.10 0.5 ± 0.2 0.3 ± 0.1 0.2 ± 0.1 1.0 ± 0.3 0.8 ± 0.3

Diamondc June 0.93 4,65 0.44 0.1 ± 0.1 0.1 ± 0.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
July 4.76 4,65 <0.001 1.4 ± 0.3 2.2 ± 0.3 1.7 ± 0.2 3.4 ± 0.7 4.5 ± 0.9
Aug. 26.4 4,65 <0.001 0.9 ± 0.2 1.4 ± 0.2 1.0 ± 0.2 5.5 ± 0.6 11.0 ± 1.7
Sept. 1.86 4,65 0.11 0.8 ± 0.2 0.7 ± 0.2 0.6 ± 0.1 1.1 ± 0.2 1.3 ± 0.3
Oct. 0.83 4,65 0.25 0.3 ± 0.1 0.1 ± 0.1 0.2 ± 0.0 0.2 ± 0.1 0.3 ± 0.1

1990 Catawba June 0.46 4,55 0.76 0.6 ± 0.4 0.4 ± 0.2 0.8 ± 0.3 0.8 ± 0.3 0.3 ± 0.1
July 1.74 4,55 0.15 18.4 ± 3.6 27.4 ± 4.9 32.4 ± 4.3 22.3 ± 3.0 23.9 ± 4.0
Aug. 10.1 4,55 <0.001 17.3 ± 1.9 29.3 ± 3.2 39.8 ± 4.4 35.2 ± 3.1 43.5 ± 3.1
Sept. 6.65 4,55 <0.001 4.3 ± 0.7 7.7 ± 1.3 9.4 ± 1.5 10.0 ± 1.2 14.0 ± 1.8

Delaware June 1.23 4,55 0.30 0.4 ± 0.1 0.4 ± 0.1 0.3 ± 0.1 0.8 ± 0.2 0.6 ± 0.2
July 8.50 4,55 0.002 4.4 ± 0.6 5.6 ± 0.8 5.4 ± 0.9 8.0 ± 1.1 12.4 ± 1.7
Aug. 8.04 4,55 0.001 2.7 ± 0.4 4.4 ± 0.5 4.8 ± 0.5 6.8 ± 0.7 7.2 ± 0.9
Sept. 1.08 4,55 0.37 1.5 ± 0.3 2.2 ± 0.4 1.9 ± 0.3 2.6 ± 0.4 2.1 ± 0.3

Concord-l June 1.42 4,55 0.24 0.2 ± 0.1 0.1 ± 0.1 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
July 2.99 4,55 0.01 0.2 ± 0.1 0.4 ± 0.1 0.9 ± 0.2 1.0 ± 0.3 0.3 ± 0.1
Aug. 4.07 4,55 0.005 0.3 ± 0.1 0.9 ± 0.2 2.7 ± 0.6 2.5 ± 0.7 2.3 ± 0.6
Sept. 5.68 4,55 <0.001 1.8 ± 0.7 4.3 ± 1.0 7.9 ± 1.7 9.6 ± 1.8 9.9 ± 1.8

Concord-2 June 1.55 4,55 0.19 0.2 ± 0.1 0.3 ± 0.1 0.4 ± 0.1 0.1 ± 0.1 0.1 ± 0.0
July 16.6 4,55 <0.001 2.9 ± 0.4 7.7 ± 0.9 11.1 ± 1.5 13.2 ± 1.8 2.3 ± 0.6
Aug. 15.8 4,55 <0.001 5.4 ± 0.6 7.1 ± 0.7 10.1 ± 1.4 11.6 ± 1.3 1.8 ± 0.3
Sept. 4.89 4,55 0.01 36.6 ± 3.0 34.2 ± 2.6 34.3 ± 3.5 50.2 ± 5.5 28.3 ± 2.9
Oct. LSI 4,55 0.20 35.5 ± 6.1 32.9 ± 3.5 29.1 ± 3.2 46.5 ± 6.6 34.7 ± 5.7

" F statistic and P values from analysis of variance with vine number as a categorical treatment factor.
b Vine 1 was at the edge of the vineyard; vine spacing was 2.5 m.
C n = 12 transects; except Catawba 1989 (n = 8) and Diamond 1989 (n = 14).
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Table 4. Mean number of E. comes nymphs per shoot at edge and interior sampling area. in 12 pheromone-treated
vineyard. in 1991

Leafhopper nymphs per shoot (± SEM)a

Vineyard Juneb Julye Augusrt

Edge Interior Edge Interior Edge Interior

1 0.0 ± 0.0 0.0 ± 0.0 1.4 ± 0.4 0.4 ± 0.2 8.0 ± 2.2 7.4 ± 2.0
2 0.2 ± 0.5 0.1 ± 0.1 9.4 ± 2.3 4.1 ± 0.9 17.8 ± 6.6 14.9 ± 4.8
3 0.2 ± 0.1 0.2 ± 0.2 6.6 ± 1.4 1.8 ± 0.6 4.6 ± 1.1 7.2 ± 2.3
4 0.1 ± 0.4 0.0 ± 0.0 1.8 ± 0.3 0.4 ± 0.2 6.7 ± 1.3 3.7 ± 1.0
5 0.0 ± 0.0 0.0 ± 0.0 0.4 ± 0.2 0.1 ± 0.1 2.9 ± 1.0 0.7 ± 0.4
6 0.0 ± 0.0 0.0 ± 0.0 3.5 ± 0.8 1.4 ± 2.0 2.8 ± 0.9 2.3 ± 2.2
7 0.4 ± 0.1 0.1 ± 0.4 8.0 ± 1.8 2.7 ± 0.4 1.9 ± 0.7 3.5 ± 1.6
8e 0.0 ± 0.0 0.0 ± 0.0 11.6 ± 3.6 10.7 ± 5.2
ge 0.1 ± 0.1 0.1 ± 0.1 5.0 ± 1.6 1.0 ± 0.5

lOe 0.1 ± 0.1 0.0 ± 0.0 11.8 ± 4.3 7.6 ± 2.8
lle 0.2 ± 0.1 0.0 ± 0.0 1.3 ± 0.6 0.6 ± 0.2
12e 2.0 ± 0.8 1.3 ± 0.7 34.2 ± 4.1 31.1 ± 5.3

a n = 10 edge and 10 interior shoots.
b F = 2.27; df = 1. 216: P = 0.13.
C F = 11.05; df = 1,216; P < 0.001.
d F = 0.40; df = 1, 139; P = 0.52.
e Sampling terminated after insecticide application: -, no samples were taken in these vineyards in August.

Fig. 2.' SeasonaJly maximum densities (nymphs
per leaf) of E. comes in central and western New York
vineyards during 1989, 1990, 1991, and 1992. Line de-
notes the provisional threshold of five nymphs per leaf.

differences in survey design or inherent variabil-
ity in colonization and movement of adults before
oviposition in different growing seasons. Sample
units in the 1989 and 1990 surveys were concen-
trated in the border region «20 vines from the
vineyard edges). The robust trend noted at 12
vineyards in 1991, however, compared densities
at edge vines to densities in sample areas greater
than 20 vine lengths into the vineyard. However,
it is possible that rates of movement and coloni-
zation of vineyard interiors vary among years.

Varietal preference appears to have influenced
nymphal distribution at the Diamond vineyard,
where leafhoppers apparently oviposited prefer-
entially on 'Diamond', rather than on 'Dutchess'.
The 7-fold difference in nymphal densities sug-
gests that some grape cultivars are much less
susceptible to leafhopper attack. Over 48 varie-
ties of grapes, comprising cultivars ofV. labrusca
Bailey and V. vinifera L., interspecific hybrids of
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Vitis spp., are grown in New York. The interac-
tion between cultivar susceptibility and varietal
preference of the several Erythroneura species
feeding on grapes in New York needs to be in-
vestigated further.

Distribution of adults trapped and early season
distribution of nymphs clearly show that adults
moved from overwintering sites in leaf litter
around the perimeter of vineyards into vineyard
areas. It is possible that this movement could be
exploited in control programs. By applying bar-
rier sprays around the perimeter of vineyards
early in the season, growers might suppress sub-
sequent colonization of vineyard interiors by
leafhoppers. This approach may be particularly
effective in vineyards under clean cultivation,
which have little vegetation in which leafhop-
pers can overwinter. At sites where cover is
available within the vineyard for overwintering
adults, perimeter sprays would probably be less
effective in preventing colonization.

Pest management alternatives incorporating
substantial reductions in conventional insecti-
cide applications targeted at grape berry moth
have been widely adopted by New York growers.
At the 65% of New York vineyards classified as at
low risk for grape berry moth (Martinson et aI.
1991) or where mating disruption is used, it is
possible to eliminate insecticide sprays targeted
at grape berry moth in most years. A major con-
cern of grape growers in New York has been that
they will have to apply treatments routinely for
leafhoppers in these vineyards. Four years of
data from regional leafhopper surveys, however,
show that leafhoppers rarely reached high den-
sities, even in vineyards where no insecticides
had been applied. Only in 2, 25,13, and 8% of the
vineyards surveyed over four seasons did nymph
populations exceed the provisional treatment
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threshold of five nymphs per leaf. Although more
precise treatment thresholds for E. comes are cur-
rently lacking, five nymphs per leaf is undoubt-
edly conservative in preventing economic injury
to vineyards. For example, it is well below the
threshold of 10 to 20 nymphs per leaf used in
California vineyards (Flaherty et al. 1982).

If left for successive years without treatment,
leafhopper populations could in some cases build
up to economically significant levels over a pe-
riod of a few years. However, before the advent of
synthetic insecticides, serious outbreaks of leaf-
hoppers occurred in less than 3 yr in 10 (Johnson
1914, Taschenberg & Hartzell 1949). Our data
clearly illustrate that by using the threshold of
five nymphs per leaf, corrective treatments can be
made in the limited cases when leafhopper pop-
ulations do exceed the threshold.

Simple sampling procedures are needed to as-
sess the need to apply treatments to control leaf-
hoppers in New York vineyards. Sampling pro-
cedures for E. comes need to be compatible with
those developed for grape berry moth (Martinson
et aI. 1991). Management of grape berry moth is
based on sampling in the third week in July
(Martinson et al. 1991). Sampling for grape berry
moth is done at two locations at the edge and two
locations in the interior of each vineyard. Com-
bining leafhopper and grape berry moth sam-
pling would be most efficient and would allow
for a treatment decision if thresholds were sur-
passed for either of these pests. Moreover, sam-
pling in late July would allow growers to assess
treatment needs at the time when leafhopper
population trends are evident, but before the ma-
jority of foliar injury occurs, during the latter half
of the season. Sampling could be based on either
nymphal counts, presence-absence counts, or
leaf injury ratings.

Although eastern grape leafhopper can be a
damaging pest, our results suggest that econom-
ically damaging infestations are not common,
even in vineyards where no insecticide applica-
tions have been made for several years. When
control is necessary, either a postbloom or early
August insecticide application will provide ade-
quate suppression of this pest. The leafhopper
management recommendations described herein
further our efforts to reduce insecticide use in
New York vineyards and serve to illustrate to
growers that secondary pests do not justify re-
turning to preventive insecticide use to control
arthropods in New York vineyards.
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