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Introduction

The citrus leafminer, Phyllocnistis citrella Stainton

(Lepidoptera: Gracillariidae), is a world-wide pest

of citrus (Heppner 1993) described originally in

India (Stainton 1856). In the USA, it was initially

found in Homestead, Florida and parts of Dade,

Broward and Collier counties in 1993 (Heppner

1993). Its distribution is now widespread across

Florida in citrus-growing regions, and is spreading

throughout the Gulf Coast and into Alabama, Lou-

isiana, Texas and west to California (Gil 1999); in

2000 it was also recorded in Hawaii (Nagamine

and Heu 2003). P. citrella attacks all varieties of

citrus as well as other Rutaceae and certain orna-

mentals; however, grapefruit, tangerine and pum-

ello are the most susceptible hosts (Legaspi and

French 2003).
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Abstract

The citrus leafminer, Phyllocnistis citrella Stainton (Lepidoptera: Gracillar-

iidae), is an important world-wide pest of citrus. Larval mining within

leaf flush impacts yield and predisposes trees to infection by citrus can-

ker, Xanthomonas axonopodis pv. citri. The present series of studies sought

to identify factors affecting male P. citrella catch in pheromone-baited

traps with the intent of developing effective monitoring. A commercially

available pheromone lure (Citralure, ISCA Technologies, Riverside, CA,

USA) was highly effective in attracting male P. citrella to traps. Pherocon

VI Delta (Trécé Inc., Adair, OK, USA) traps baited with a Citralure cap-

tured more male P. citrella than identically baited Pherocon IC Wing

traps (Trécé Inc.). The superiority of the Delta-style trap was found to

be due to a 3 cm long closing latch that likely prevents males from fly-

ing directly through the trap without capture. Within canopies of

mature citrus trees (approximately 3.5 m high), traps at mid-canopy

height (2.0 m) captured more males than traps placed higher (3.5 m) or

lower (0.6 m). On the canopy perimeter and in between canopies, traps

near ground level (0.6 m height) captured more males than traps at 2.0

and 3.5 m heights. Male catch was greater within the tree canopy or on

the canopy perimeter than 2.0 away from the canopy. Traps deployed in

trees on the edge of groves captured more males than traps placed 120

and 240 m away from the grove edge and within the grove interior. In

non-pheromone-treated grove plots, the optimal dosage for catching

males was between 0.1 and 1.0 mg of the 3 : 1 blend of (Z,Z,E)-7,11,13-

hexadecatrienal and (Z,Z)-7,11-hexadecadienal; however, in phero-

mone-treated plots a higher 10.0 mg dosage lure was most effective.

Male catch in pheromone-baited traps exhibited a diel rhythm with

most males captured during scotophase (22:00–23:00 h) and no males

captured during photophase.
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Mated female P. citrella lay eggs on host leaves and

eclosing larvae bore into leaves to feed and develop.

Larval feeding within serpentine mines causes leaf or

shoot curling. Heavy infestations (16–85% leaf area

damage) can result in yield loss (Peña et al. 2000).

Feeding larvae within the leaf mines are protected

from foliar applications of toxicants rendering insec-

ticidal control of the larval stage difficult or in some

instances ineffective. Importantly, feeding damage

caused by P. citrella larvae predisposes trees to infec-

tion by citrus canker, Xanthomonas axonopodis pv. ci-

tri, which causes blemished fruit, premature fruit

drop, and general tree decline (Graham et al. 2004).

The mechanisms by which larval feeding facilitates

bacterial infection may include cuticle tearing, which

exposes leaf mesophyll to direct infection; prolonged

wound healing, which increases the exposure period

to the bacterium; and spread of the bacterium by

mobile larvae throughout feeding galleries (Graham

et al. 2004). Control strategies for leafminer are of

paramount importance in the state of Florida and in

other major citrus growing regions such as Brazil

where citrus canker is a major threat (Leite and Mo-

han 1990).

Recently, the sex pheromone of P. citrella was

identified as a 30 : 10 : 1 mixture of (Z,Z,E)-7,11,13-

hexadecatrienal (Z7Z11E13-16Ald), (Z,Z)-7,11-hex-

adecadienal (Z7Z11-16Ald) and (Z)-7-hexadecenal

(Z7-16Ald); behavioral activity was confirmed in

a Brazilian population of P. citrella (Leal et al. 2006).

The presence and behavioral activity of Z7Z11E13-

16Ald and Z7Z11-16Ald were independently

described by Moreira et al. (2006) for a population

of P. citrella occurring in California. Lapointe et al.

(2006) also recently confirmed that a 3 : 1 mixture

of Z7Z11E13-16Ald and Z7Z11-16Ald (67 lg dosage)

loaded onto rubber septum lures attracts male P. cit-

rella to Pherocon 1C Wing Traps (Trecé, Inc, Adair,

OK, USA) in Florida. In addition, Lapointe et al.

(2006) did not find an effect of trap height on cap-

tures of P. citrella when comparing traps deployed at

1.3, 1.7 and 2.0 m heights within the canopy of cit-

rus trees. In Japan, Z7Z11-16Ald alone has been

identified as the behaviorally active pheromone

(Mafi et al. 2005), suggesting that this strain has

evolved a slightly different pheromone communica-

tion system compared with the populations described

in South and North America.

The overall purpose of this study was to determine

parameters of an effective protocol for monitoring

male P. citrella using pheromone-baited traps. The

study was conducted by evaluating the first commer-

cially available lure for monitoring P. citrella. The

specific objectives were to determine the effect of: (i)

trap design, (ii) trap height and within-canopy posi-

tion, (iii) within-grove trap location relative to the

grove edge, (iv) pheromone dosage in both

untreated and pheromone mating disruption treated

plots and (v) diel cycle on captures of male P. citrella.

Materials and Methods

Effect of trap design

The effectiveness of two trap types commonly used

for monitoring Lepidoptera, were compared. These

were the Pherocon VI Delta trap and the Pherocon

IC Wing trap (Trécé Inc., Adair, OK, USA). Both

trap types have two opposable openings and a sticky

bottom surface for capturing moths. The VI Delta

trap has a 3.0 cm flap on each end which is engaged

horizontally when the trap is in use (closed) or

which can be opened flat to count moths captured

within the trap. The total areas of the opening of

this trap when the flap is closed and open are 42.0

and 85.5 cm2, respectively. The IC Wing trap does

not have an opening ‘flap’ and thus is completely

open at each end with an approximate opening sur-

face area of 100 cm2. The areas of the sticky surface

are approximately 290 and 403 cm2 for the VI Delta

and IC Wing traps, respectively. In addition to com-

paring these two popular trap types, the VI Delta

trap was tested both with the flap open and closed

to determine whether the surface area of the open-

ing or the 3.0 cm obstruction of the flap when

engaged in the closed position affect moth catch.

Thus, the three treatments compared were: (i) Pher-

ocon VI Delta trap in closed position, (ii) Pherocon

VI Delta trap in open position and (iii) Pherocon IC

Wing trap. All treatments were baited with a single

red rubber septum lure loaded with 0.1 mg of

Z7Z11E13-16Ald and 0.03 mg of Z7Z11-16Ald (Ci-

tralure, ISCA Technologies, Riverside, CA, USA).

The experiment was arranged in a randomized com-

plete block with six replicates. The experiment was

conducted in an 8 ha planting of unmanaged Valen-

cia orange trees in Lake Alfred, FL, USA. The aver-

age tree canopy height in this study site was 3.5 m

and trees were planted on a 3.7 · 4.9 m spacing.

Traps were spaced by 25 m within blocks and 30 m

between blocks. Traps were hung 2.0 m above

ground level on the perimeter of the canopy approx-

imately 2.0 m from the tree trunk. All male P. citrel-

la were counted and removed from traps twice per

week. The experiment was conducted from 16

March to 16 April, 2007.
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Effect of vertical and lateral position of traps within

the canopy

This experiment tested the effect of within-tree

trap location on male P. citrella catch in phero-

mone traps. The experiment was arranged in

a 3 · 3 two-factor randomized complete block

design with four replicates. The two factors were

trap height and lateral position within the tree

canopy. The three heights compared were: 0.6 m

(bottom edge of canopy), 2.0 m (mid-canopy) and

3.5 m (upper tip of canopy) above ground level.

The three lateral positions compared were: adjacent

to tree trunk, 2.0 m away from tree trunk on

perimeter of the canopy and 4.0 m away from tree

trunk in between the canopies of two trees. Traps

hung within the tree canopy were mounted to

branches with zip ties. Traps hung on the periph-

ery of the tree canopy and those hung in between

tree canopies were suspended from PVC poles of

appropriate height. All traps were deployed on the

south side of trees (36 traps total) and treatments

were spaced by 15 m. All traps were Delta style

(Trecé Inc.) and each was baited with a Citralure

(ISCA Technologies) pinned to the interior roof of

each trap. The experiment was conducted in an

8 ha planting of unmanaged Valencia orange trees

in Lake Alfred, FL, USA described above. All male

P. citrella were counted and removed twice per

week. The experiment was conducted from 15

March to 14 May, 2007.

Effect of within-grove location

This experiment tested the effect of within-grove

location relative to grove borders on capture of male

P. citrella in Delta-style traps baited with Citralures

from ISCA. The experiment was conducted in three

managed (11 ha) Valencia orange groves with trees

of 4.0 m canopy height planted on a 4.0 · 6.0 m

tree spacing in Lake Placid, FL, USA. All traps were

placed at mid-canopy approximately 2.0 m above

ground. The three trap positions compared were: (i)

on the plot border row, (ii) 120 and (iii) 240 m from

the plot border. Each trap position was 100 m from

the perpendicular border row. The experiment was

conducted as a randomized complete block with

eight replicates. All traps were Delta style (Trecé

Inc.) and baited with a Citralure (ISCA Technolo-

gies) as described above. Male P. citrella were

counted and removed from traps weekly. The exper-

iment was conducted from 25 April to 26 June,

2007.

Effect of pheromone dosage in both untreated and

pheromone-treated plots

This experiment tested the effect of pheromone-

loading dosage in rubber septa on captures of male

P. citrella in pheromone-baited sticky traps. The

experiment was conducted in both untreated and

pheromone mating disruption treated plots to

determine optimal dosage for monitoring adult

male activity in both scenarios. For each treatment,

red rubber septa (The West Company, Lionville,

PA, USA) were loaded with different amounts of

a 3 : 1 mixture of Z7Z11E13-16Ald and Z7Z11-

16Ald (ISCA Technologies) in hexane. The treat-

ments evaluated were: 0.0, 0.01, 0.1, 1.0 and

10.0 mg of total pheromone per septum. In addi-

tion, an ISCA Citralure, described earlier, was used

as a standard comparison. Each treated replicate

consisted of a 30 tree (0.14 ha) plot of Hamlin

oranges of 4.0-m canopy height and planted on

a 3.0 · 6.0 m tree spacing located in Clermont, FL,

USA. Lure dosage treatments were assigned to

plots at random in a randomized complete block

design with five replicates. Traps were deployed at

mid-canopy approximately 2.0 m above ground

level. Traps were spaced 20 m apart within blocks

and blocks were spaced 35 m apart. In the phero-

mone-disruption plots, each tree was treated with

five experimental P. citrella mating disruption dis-

pensers (ISCA Technologies), consisting of red rub-

ber septa loaded with 1.0 mg of Z7Z11E13-16Ald

and 0.33 mg of Z7Z11-16Ald, which were hung on

the edge of tree canopies approximately 2.0 m

above ground level. Care was taken to deploy

monitoring traps at least 2.0 m away from mating

disruption dispensers of pheromone. Male P. citrella

were counted and removed from traps weekly. The

experiment was conducted from 6 April to 28

May, 2007.

Effect of diel cycle

This experiment was designed to describe the diel

flight activity of male P. citrella to its sex-attractant

pheromone. Five Delta traps (described above) bai-

ted with Citralures were monitored on eight separate

days between 10 March and 7 April, 2007. Traps

were deployed at mid-canopy height (2.0 m above

ground) on the canopy perimeter of trees. The

experiment was conduced in a 1.5 ha block of Ham-

lin oranges of 3.0 m canopy height planted on

a 3.0 · 6.0 m tree spacing in Lake Alfred, FL, USA.

Male P. citrella were counted and removed from
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traps hourly from 8:00 to 24:00 and at 7:00 h per

replicate day.

Statistical analysis

Trapping data were transformed to ln (x + 1) to nor-

malize the distributions and homogenize variances,

and then subjected to analysis of variance (anova).

The trap location experiment was analysed as a two-

factor anova given that two independent variables

were tested. In cases where the anova was signifi-

cant, differences in pairs of means were separated

using Tukey’s Honest Significant Difference test

(SAS Institute 2000). In all cases, significance level

was a = 0.05.

Results

Effect of trap type

The mean � SEM number of P. citrella males cap-

tured in Delta traps with their opening flaps closed

(39.2 � 4.6) over the course of the monitoring per-

iod was significantly (F = 4.3; d.f. = 2, 15; P = 0.02)

greater than that captured with Delta traps with

their opening flaps open (22.6 � 1.3) or with Wing

traps (19.1 � 3.4). However, the mean � SEM

number of males captured in Delta traps with their

opening flaps left open (22.6 � 1.3) was similar and

not significantly (P > 0.05) different from that

observed with Wing traps (19.1 � 3.4).

Effect of vertical and lateral position of traps within

the canopy

The main effects of trap height (F = 17.9; d.f. = 8,

27; P < 0.0001) and lateral position away from the

tree canopy (F = 9.8; d.f. = 8, 27; P < 0.0001) were

both significant. Also, there was a significant

(F = 4.8; d.f. = 8, 27; P = 0.005) trap height · lateral

position from tree trunk interaction, which is appar-

ent given that the highest male catch within the tree

canopy was different from that observed on the edge

of the canopy or equidistantly between canopies

(fig 1). Directly adjacent to the tree trunk and

within the tree canopy, significantly (F = 9.9;

d.f. = 2, 9; P = 0.001) more males were captured

2.0 m above ground than at the other two heights

(fig. 1). On the canopy perimeter (F = 15.6; d.f. = 2,

9; P < 0.001) and in-between canopies (F = 10.4;

d.f. = 2, 9; P = 0.004), the majority of males were

captured in traps placed at the lowest height (fig. 1).

Averaging among the three heights, significantly

(F = 12.6; d.f. = 2, 9; P = 0.01) fewer males were

captured between tree canopies than on the tree

canopy perimeter or directly within canopies (fig. 1).

There was no significant (P > 0.05) difference

between catch of male P. citrella in traps positioned

on the perimeter of tree canopies compared with

traps positioned within the interior of tree canopies

adjacent to the tree trunk (fig. 1).

Effect of within-grove location

Significantly (F = 4.1; d.f. = 2, 21; P = 0.02) more

male P. citrella (mean � SE) were captured in

pheromone-baited traps deployed in trees on the

edge of groves (2499.90 � 74.8) compared with

traps positioned within the grove interior at dis-

tances of 120 m (1764.2 � 138.6) and 240 m

(1845.1 � 156.4) from the grove edge. However,

there was no significant (P > 0.05) difference in

male captures between traps placed 120 and 240 m

away from the grove edge and within the grove

interior.

Effect of pheromone dosage in both untreated and

pheromone-treated plots

In untreated plots, significantly (F = 21.3; d.f. = 4,

24; P < 0.0001) more male P. citrella were captured

with the 0.1 and 1.0 mg lure loading dosages and

with the ISCA Citralure than with the 0.01 and
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Fig. 1 Mean � SEM captures of male P. citrella in pheromone-baited

traps as influenced by vertical and horizontal positioning within and

between tree canopies. The interaction of vertical · horizontal

position and both main effects of trap height and horizontal position

within the tree canopy were significant (a = 0.05).
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10.0 mg loading dosages (fig. 2a). There were no

significant (P > 0.05) differences in captures between

the 0.1, 1.0 mg dosages and the ISCA Citralure in

untreated plots (fig. 2a). Also, there was no signifi-

cant (P > 0.05) difference in male catch between the

0.01 and 10.0 mg dosages (fig. 2a). No moths were

captured in the negative control (0.0 mg) traps.

In plots treated with pheromone for mating dis-

ruption, no moths were captured in traps baited

with pheromone loading dosages ranging from 0.0 to

0.1 mg and in traps baited with Citralures (fig. 2b).

In these pheromone-treated plots, significantly

(F = 18.7; d.f. = 1, 8; P = 0.001) more males were

captured in traps baited with 10.0 mg lures than

with 1.0 mg lures (fig. 2b).

Effect of diel cycle

Male P. citrella captures in pheromone-baited traps

occurred between 20:00 and 24:00 h (fig. 3). Signifi-

cantly (F = 4.7; d.f. = 3, 28; P = 0.02) fewer male

P. citrella were captured during the time period

between 20:00 and 21:00 h than during later time

periods; however, there was no significant (P > 0.05)

difference between hourly captures from 21:00

through 24:00 h (fig. 3). Moth captures in traps

peaked between 21:00 and 23:00 h. No males were

captured in the periods between 24:00 and 7:00 h

and between 8:00 and 20:00 h.

Discussion

The current study demonstrated that the commer-

cially available ISCA Citralure was highly effective in

attracting male P. citrella to sticky traps. Pherocon VI

Delta traps in the closed position baited with this

lure captured more males than did identically baited

Pherocon IC Wing traps despite having approxi-

mately 30% less trapping surface area and a 50%

smaller opening than the Wing trap. Pheromone-

baited Pherocon VI Delta traps have also been

shown to capture more male Choristoneura rosaceana

(Harris) than Pherocon IC Wing traps (Fadamiro

2004). In the current investigation, an experiment
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Fig. 2 Mean � SEM captures of male P. citrella in pheromone-baited

sticky traps as influenced by pheromone-loading dosage in both

untreated plots (A) and plots treated with pheromone mating disrup-

tion (B). In the untreated plots, no moths were captured in the 0.0 mg

negative control treatment and in pheromone-treated plots no moths

were captured in 0–0.1 mg lure dosage treatments and with the ISCA

Citralure; hence, these were excluded from the analyses. Bars within

each panel followed by the same letter are not significantly different

(a = 0.05, ANOVA followed by Tukey’s test).
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Fig. 3 Mean � SEM captures of male P. citrella in pheromone-baited

traps as influenced by diel cycle. No males were captured during the

period between 8:00–20:00 and 24:00–7:00 h. Bars followed by the

same letter are not significantly different (a = 0.05, ANOVA followed by

Tukey’s test).
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was performed to determine whether leaving Delta

trap flaps open or closed influenced moth capture.

Captures of male P. citrella in open Delta traps was

found to be greatly reduced compared with correctly

assembled Delta traps and was similar to the capture

in Wing traps. A hypothetical mechanism to explain

this difference is that the 3.0 cm closing flap of the

Delta trap serves as a physical barrier to male moth

escape, resulting in a greater rate of capture.

Trap height had an effect on captures of male

P. citrella in Delta traps and this effect was also

dependent on lateral positioning of traps relative to

the tree trunk. Within the tree canopy and directly

adjacent to the tree trunk, male P. citrella captures

were greatest at mid-canopy height approximately

2.0 m above ground level. However, when traps

were placed outside of the tree canopy, either on

the peripheral edge of trees or equidistantly between

two tree canopies, male captures were greatest at

the lowest height evaluated, approximately 0.6 m

above ground level. The interaction between vertical

and horizontal trap placement on moth captures has

also been observed in a tortricid moth, Cydia pomo-

nella (L.). Specifically, pheromone traps placed

within and near the tip of the tree canopy in apples

captured more male C. pomonella than traps placed at

the bottom edge of the tree canopy; however, when

both high and low traps were placed within the tree

canopy there was no difference in moth catch (Ho-

well et al. 1990).

The vertical distribution of adult male P. citrella

within the tree canopy recorded in the current study

corresponds well with the distributions of two other

gracillariids [(Phyllonorycter blancardella (F.) and Ph.

crataegella (Clemens)], which occur in greatest abun-

dance in the lower and middle portions of apple tree

canopies (Barrett 1994). However, the current

results are in contrast to those reported by Lapointe

et al. (2006), who found no effect of trap height on

catches of male P. citrella in pheromone-baited traps.

The discrepancy between these two studies is likely

due to the smaller tree height (2.0 m) and lesser

range of heights investigated (1.3, 1.7, and 2.0 m)

by Lapointe et al. (2006) than in the current study.

The authors of that study did not investigate lateral

positioning of traps relative to the tree trunk. The

effect of trap height influences moth captures in

pheromone-baited traps in some species such as C.

pomonella (Thwaite and Madsen 1983), but not

others such as Grapholita molesta (Busck) (de Lame

and Gut 2006). Collectively, the current results dem-

onstrate that captures of P. citrella in pheromone-bai-

ted traps deployed in trees of 3.5 m canopy size are

affected by trap height and that this effect depends

on lateral trap placement relative to the tree trunk.

The current results also suggest that pheromone-

mediated activity of P. citrella is greater within and

around the tree canopy than in between tree rows,

which is not surprising given that calling females are

probably perched within the tree canopy. However,

males can be captured up to 2 m away from the tree

canopy, particularly in traps less than 1 m above the

ground (fig. 1). This suggests that male P. citrella fly

near the ground when away from the tree canopy.

The behavior of male C. pomonella is similar given

that males’ response to pheromone lures is greater

inside than outside of the tree canopy (Howell et al.

1990). From a practical monitoring perspective, plac-

ing pheromone-baited traps 0.6 to 2.0 m above

ground level at the edge of the tree canopy of

mature citrus trees should result in optimal catch of

male P. citrella.

Traps deployed in trees directly on the grove edge

captured approximately 1.4 times more male P. citrel-

la than interior traps (120 and 240 m from edge)

suggesting greater male abundance on plot borders.

Greater captures of males in pheromone traps on

crop borders have been recorded with other moth

species such as Acrobasis vaccinii Riley in blueberries

(Sarzynski and Liburd 2004) and C. pomonella in

apples (Knight 2007). The current data suggest that

citrus grove borders may be locations of greater

P. citrella infestation, which may require more

intense management. However, a direct investigation

of P. citrella larval infestation levels on grove borders

vs. grove interiors will need to be conducted to ver-

ify this hypothesis. Given that more male P. citrella

were captured on borders than in plot interiors also

suggests that grove borders should be an optimal

location for deploying monitoring traps.

Pheromone-baited traps are commonly used to

asses the efficacy of mating disruption treatments

(McNeil 1991). Inhibition of male catch in traps bai-

ted with female-mimic lures is typically used as an

indicator of successful disruption treatment. In order

to monitor for the presence of male moths under

mating disruption, higher dosage lures have been

developed and shown to be effective in catching

moths in disrupted crops, particularly for C. pomonel-

la (Charmillot 1990; Barrett 1995). In untreated

plots, a lure loading dosage between 0.1 and 1.0 mg

of the 3 : 1 blend of the Z7Z11E13-16Ald and

Z7Z11-16Ald was optimal for catching male P. citrella

and the 10.0 mg dosage appeared to be above the

optimal dosage threshold (fig. 2a). However, in plots

treated with pheromone-disruption dispensers, the
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10.0 mg loading was the only effective dosage for

monitoring male P. citrella activity and appeared to

catch more males than it did in untreated plots. This

effect may be explained by an elevation of male

response threshold to pheromone or central nervous

system habituation (Stelinski et al. 2006) in males

exposed to elevated dosages of pheromone in the

treated plots, given that more moths oriented to

higher-dosage lures in treated plots while normally

attractive lower-dosage lures elicited no catch.

Among moths, pheromone-mediated sexual activ-

ity typically occurs during scotophase (Dreisig 1986;

McNeil 1991). However, there are certain excep-

tions including species that call during photophase

soon after dawn (Boo and Jung 1998), in the late

afternoon (Buda and Karalius 1985), or throughout

the entire photophase (Charlton and Cardé 1982).

Daytime communication via sex pheromones is par-

ticularly common in gracillariids in the genus Phyl-

lonorycter with females of at least seven species

exhibiting calling behavior in early morning hours

(Mozuratis 2006). It has been suggested that the

shift to daytime calling in Phyllonorycter species is

an adaptive mechanism to avoid antagonistic inter-

actions with other Lepidopteran families sharing

common pheromone components, such as tortricids,

which call during the evening and night (Mozuratis

et al. 1997). The current data show that sex-phero-

mone mediated communication in P. citrella occurs

during the scotophase with peak male activity

between 22:00 and 23:00 h. Calling behavior in

female moths is known to be in part determined by

an endogenous circadian rhythm but is also modu-

lated by photoperiod and temperature (Baker and

Cardé 1979); thus, peak male P. citrella activity

probably slightly fluctuates throughout the season.

Female calling behavior as a function of daily tem-

perature regimes and photoperiod will need to be

analysed to describe the diel periodicity of sexual

behavior in P. citrella more accurately. Given the

uniqueness of the P. citrella pheromone compo-

nents, there likely is no selection pressure for day-

time calling as in Phyllonorycter species of the

Gracillariidae.

Conclusions

Delta-style traps baited with Citralure pheromone

dispensers were highly effective in catching male

P. citrella. In mature citrus trees, male catch was

highest at 2.0 m above ground level within the tree

canopy and 0.6 m above ground level on the perim-

eter of the tree canopy. Fewer males were captured

away from the tree canopy than on the canopy

perimeter or within the canopy. More male P. citrella

were captured on the edge of groves than 120 or

more meters away from the edge within the grove

interior. In untreated plots, 0.1 and 1.0 mg lure

loading dosages were optimal, while a higher dosage

10.0 mg lure was optimal in plots treated with pher-

omone-based disruption. Catch of male P. citrella in

pheromone-baited traps exhibited a diel periodicity

with the majority of males captured between 22:00

and 23:00 h and no males captured during photo-

phase.
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