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Abstract: Field trials and assessments of the balsam fir sawfly (Neodiprion abietis) 
nucleopolyhedrovirus (NeabNPV: Baculoviridae, Gammabaculovirus) against its natural 
host were conducted in July and August 2002 near Corner Brook, Newfoundland and 
Labrador, Canada, in naturally regenerated, precommercially thinned stands dominated by 
balsam fir (Abies balsamea). Two experimental blocks, each with its own untreated 
control, were established. The purpose of the Island Pond block was to examine the spread 
of NeabNPV from a 313-ha aerial treatment block out into adjacent populations of balsam 
fir sawflies. The pur ,093 ha) was to determine 
whether NeabNPV could disperse into populations of balsam fir sawflies within a 200-m 
zone between spray swaths. NeabNPV was applied to treatment blocks by a Cessna 188B 
AgTruck aircraft equipped with MicronAir AU4000 rotary atomizers at an application rate 
equivalent to 1 × 109 NeabNPV occlusion bodies/ha in 2.5 L of 20% aqueous molasses. At 
Island Pond, NeabNPV infection increased with time following the spray, especially for 
individuals close to the treatment block, and infection rate decreased to a measured 
distance of 400 m from the treatment block. 
higher (80% vs. 15%) and sawfly densities declined more (84% vs. 60%) in the area 
between spray swaths than in the control block. 
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1. Introduction 

Development of microbial pathogens as viable alternatives to chemical pesticides has been 
encouraged by public pressure for environmentally benign pest management strategies. Baculoviruses 
are generally considered ideal candidates for biological control agents because they are naturally 
occurring and host-specific infecting only a single species or a few closely related species of insects, 
can cause epizootics in host-insect populations, and persist in the environment for many years [1 5]. 
Baculoviruses are covalently closed, double-stranded DNA viruses between 85 and 180 kb in size [6]. 
Currently, the family Baculoviridae is divided into four genera: Alphabaculovirus (nucleopolyhedrovirus 
or NPV) and Betabaculovirus (granulovirus or GV), both of which occur in Lepidoptera; Deltabaculovirus, 
which are NPVs in Diptera; and Gammabaculovirus, which are NPVs in sawflies [7]. Many studies 
have been conducted to assess the effects of NPVs on insect populations (e.g., [8 18]), with most 
reporting that NPV-induced mortality acts in a density-dependent manner [19] to reduce insect 
population densities. 

The balsam fir sawfly (Neodiprion abietis Harris) is an eruptive defoliator that is native to North 
America [20,21]. In Newfoundland, Canada, adult female balsam fir sawflies oviposit eggs into slits 
they cut in current-year balsam fir (Abies balsamea (L.) Mill.) needles in September and October [22]. 
Eggs over-winter there, and larvae emerge in late June to mid-July the following year. Early instar 
balsam fir sawfly larvae are gregarious [23], and all larval instars feed on balsam fir foliage that is  
1 year old and older [24,25]. Male larvae develop through five instars, over approximately 30 d, 
whereas females undergo five or six instars and complete larval development in about 35 d [22]. 
Larvae spin cocoons and pupate on the needles of balsam fir trees and emerge as adults in late August 
and early September. Although periodic outbreaks of balsam fir sawflies usually last 3 4 y, the length 
and severity of the most recent outbreak in western Newfoundland are unprecedented and have led to 
extensive efforts to manage balsam fir sawfly 
most important forest resource, balsam fir [18,26]. Historically, collapses of balsam fir sawfly 
populations have been associated with epizootics of the Gammabaculovirus, NeabNPV [18,22]; recent 
studies have shown that populations of balsam fir sawfly larvae can be successfully suppressed by 
aerial applications of NeabNPV [17,26,27]. Although aerial applications are generally considered to be 
the most efficient way to disseminate most forest and agricultural pest control products to large areas, 
they are often expensive to conduct. Additionally, NPVs are relatively expensive compared with other 
microbial control products, such as Bacillus thuringiensis, because commercial NPV production must 
be done in vivo [27]. 

Aerial field trials with NeabNPV were carried out to determine whether aerosol drift and horizontal 
transmission of NeabNPV in balsam fir sawfly larvae would allow reduced spray coverage to initiate 
NeabNPV epizootics in epidemic populations of N. abietis. Two experimental blocks, each with its 
own untreated control, were established. The first experimental block examined the spread of 
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NeabNPV from a 313-ha aerial treatment block out into adjacent populations of naturally occurring  
N. abietis. The second experimental block (2,093 ha) was assessed to determine whether NeabNPV 
could disperse into populations of balsam fir sawfly larvae within a 200-m untreated zone located 
between two, 200-m spray swaths. 

2. Results and Discussion 

2.1. Island Pond 

During the period of the aerial application at Island Pond (Figure 1), the temperature was 14 15 °C, 
relative humidity increased from about 60 to 70% and wind speed was negligible at 1.5 km/h  
(Figure 2A). Spray droplets were not detected on Kromekote  deposit cards beyond 25 m outside the 
treatment block (Figure 3A), on either side of the treatment block, presumably due to low wind 
velocities at the time of application. Also, before application of NeabNPV, densities of juvenile 
sawflies were relatively constant along the 400-m transect lines extending out from either side of both 
the treatment (Figure 3B) and control (data not shown) blocks. Consequently, data from the two 
respective transects in either the control or treatment blocks were pooled for analysis. 

Figure 1. Map of area surrounding Corner Brook, NL, showing the location of Island Pond 
-treatment blocks in 2002. Insets show the locations of 

sampling transect lines (dotted lines) and aircraft spray tracts (dashed lines) at each 
location. Control blocks, which were located 1 5 km from treatment blocks, are indicated 
with stars. 
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Figure 2. Wind speed, temperature, and relative humidity during the periods of NeabNPV 
aerial spray operations on 22 July 2002, at (A) Island Pond and on 24 July 2002, at (B) Old 

 

 
A 

 
B 

NeabNPV was not detected in any larvae in the control block on the day before the aerial 
application of NeabNPV. Densities of balsam fir sawfly larvae and/or pupae (juvenile balsam fir 
sawflies, henceforth) at the control block decreased with time (F3,80 = 34.64, p < 0.01) from about  
770 individuals/m2 before the spray to fewer than 250 individuals/m2 3 w after the spray (Figures 3E 
and 4A). Densities of juvenile balsam fir sawflies were not significantly affected by distance from the 
hypothetical edge of the control block (F1,80 = 0.77, p = 0.579), nor were interactions between time and 
distance (F3,80 = 0.81, p = 0.66), or among time, distance, and treatment (i.e., no treatment)  
(F(3,80) = 0.81, p = 0.67) significant. 
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Figure 3. (A) Mean spray deposit along two transect lines extending 400 m out from the 
east and west sides of a 313-ha treatment block at Island Pond following aerial application 
of NeabNPV on 22 July 2002. Juvenile balsam fir sawfly (larvae and pupae) density (gray 
bars) and mean prevalence of NeabNPV infection (black bars) in the treatment block and 
the untreated control block on (B) 21 July, (C) 1 August, (D) 8 August, and (E) 14 August 
2002. The densities and infection in the control plots are represented as a mean value 
(±SEM) because they exhibited no discernable consistent pattern along the transects. 

 

NeabNPV was only detected in three larvae, located 200 m from the treatment block, on the day 
before the aerial application of NeabNPV. NeabNPV prevalence was negatively correlated with 
distance from the treatment block in samples taken after the spray (Table 1). During the weeks 
following the spray, the percentage of infection with NeabNPV increased with time (Figures 3B D and 
4B) (F(3,80) = 41.16, p < 0.01). The prevalence of NeabNPV in juvenile sawflies outside the treated 
block rose from <5% before the spray to approximately 70% after 3 w. There was a greater increase in 
the prevalence of NeabNPV in juvenile sawflies at the edge of the treatment block than at the 
hypothetical edge of the control block (F1,80 = 192.90, p < 0.01). NeabNPV prevalence decreased with 
distance from the treated block (F1,80 = 12.93, p < 0.01), resulting in significant interactions between 
treatment and time since application of NeabNPV (F3,80 = 42.51, p < 0.01) and between treatment and 
distance from the treatment block (F1,80 = 5.64, p < 0.01). Similarly, the increase in NeabNPV 
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infection along the transect outward from the treatment block resulted in a significant interaction 
between time and distance from the treatment block (F3,80 = 6.74, p < 0.01) and by the three-way 
interaction among treatment, time, and distance from the treatment block (F3,80 = 2.34, p < 0.01). By 
the third week after NeabNPV application, density was positively correlated with distance from the 
treatment block (Table 1). 

Figure 4. (A) Seasonal trends in the mean (±SE) densities of juvenile (larvae and pupae) 
balsam fir sawflies and (B) mean (±SE) prevalence of NeabNPV infection in juvenile 
sawfly populations adjacent to NeabNPV treatment (black circles) and untreated control 
(white circles) blocks at Island Pond. Arrow indicates aerial application of NeabNPV on  
22 July 2002. 
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Table 1. Island Pond 2002. Summary of Pearson correlation analyses showing weekly 
trends in the relationship between distance from the treated (NeabNPV) or untreated 
(control) blocks and juvenile sawfly densities and the prevalence of NeabNPV infection in 
juvenile balsam fir sawfly populations. 

Treatment 
Weeks post 

spray 
N 

Density 
r 

p value 
Infection 

r 
p value 

Control 1 12 0.469 0.12 0.343 0.27 
Control 2 12 0.254 0.43 0.229 0.47 
Control 3 12 0.434 0.16 0.421 0.17 

NeabNPV 1 12 0.156 0.63 0.103 0.75 
NeabNPV 2 12 0.466 0.13 0.718 0.01 
NeabNPV 3 12 0.722 0.01 0.909 0.00 

 

During the 50 min over which NeabNPV occlusion body (OB) applications occurred 
Pond (Figure 1), the temperature declined from 16.5 °C to 13.5 °C and the relative humidity rose from 
65% to 82% (Figure 2B). Wind speed was variable, gusting between 1.5 and 11.5 km/h and blew 
predominantly from the northwest. The exact position of the aircraft over the transect line could not be 
determined, but the greatest concentration of droplets occurred at points 80 and 280 m along the 
transect line and tapered off either side of those points (Figure 5A). NeabNPV was not detected in any 
larvae in the control block and was only detected in two larvae within the treatment block 2 d before 
the aerial virus application. Also, at this time, there was no significant correlation between larval 
sawfly density and distance from the spray swaths in the treatment block. As was the case at Island 
Pond (Figures 3B E and 4A,B), the densities of juvenile sawflies and NeabNPV infection in the 
control plots showed no discernable pattern along the transects, so data were pooled and are 
represented as mean values (±SEM) (Figures 5B E and 6A,B). 

The prevalence of NeabNPV infection increased with time following the application of NeabNPV 
OBs (F3,144 = 43.20, p < 0.01), with 100% NeabNPV infection in juvenile sawflies at most sampling 
points beneath the spray swaths 3 w after the spray (Figure 5E). Overall, NeabNPV infection was 
much higher in the treatment block than in the control block (F1,144 = 97.42, p < 0.01). Prevalence of 
NeabNPV infection rose on average to 50% 75% in juvenile sawflies in the untreated zone between 
the spray swaths, resulting in a significant effect of distance from the spray swaths (F1,144 = 9.58,  
p < 0.01). This was presumably a result of aerosol spread of NeabNPV by gusting winds during the 
application of NeabNPV OBs (Figure 2B). The increase in prevalence of NeabNPV infection in the 
area between spray swaths occurred more slowly, and to a lower extent than that at sample points 
beneath the spray swaths, resulting in interactions between time and distance from the spray swaths 
(F3,144 = 4.22, p < 0.01), treatment and time since treatment (F3,144 = 23.53, p < 0.01), and treatment 
and distance (F1,144 = 7.04, p = 0.01). Percentage infection within the treatment block was not influenced 
by interactions among treatment, time, and distance from the spray swaths (F3,144 = 1.48, p = 0.22). 
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Figure 5. (A) Mean spray deposit along a transect line extending 400 m across two 50-m 
NeabNPV spray swaths (arrows) and a 200-m untreated zone (between arrows) at Old 

24 July 2002. Juvenile balsam fir 
sawfly (larvae and pupae) densities (gray bars) and prevalence of NeabNPV infection 
(black bars) in the treatment block [same transect line as (A)] and the untreated control 
block on (B) 22 July, (C) 29 July, (D) 6 August, and (E) 13 August 2002. The densities 
and infection in the control plots are represented as a mean value (±SEM) because they 
exhibited no discernable consistent pattern along the transects. 

 

Densities of juvenile sawflies varied between approximately 100 and 500/m2 just before the 
application of NeabNPV (Figures 5B and 6A). Thereafter, densities of juvenile sawflies decreased with 
time (F3,144 = 12.27, p < 0.01) from an average of approximately 250/m2 before the spray to fewer than 
100/m2 3 w later (Figures 5B E and 6A). Juvenile balsam fir sawfly densities declined more in the 
treatment block than in the control block (Figures 5B E and 6A) (F1,144 = 12.38, p < 0.01). Juvenile 
sawfly densities were influenced by distance from the spray swaths (F1,144 = 4.20, p = 0.04), declining 
more at sample points within or adjacent to the spray swaths than in those toward the middle of the 
untreated zone. Declines in juvenile sawfly densities in the untreated zone in the weeks following the 
spray resulted in an interaction between time and distance from the spray swaths (F1,144 = 4.00,  
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p = 0.01) but not between treatment and distance (F1,144 = 0.33, p = 0.57). The overall decline in 
juvenile sawfly densities in the treatment block in the weeks following the spray was higher than in the 
control block (Figures 5B E and 6A) (F1,144 = 12.38, p < 0.01), resulting in an interaction between 
time and treatment (F3,144 = 3.01, p = 0.03). Juvenile sawfly densities were not influenced by the 
interaction among time, treatment, and distance from the spray swaths (F3,144 = 0.24, p = 0.87)  
(Table 2). In 2003, juvenile balsam fir sawfly densities were lowest in the areas underneath the spray 
swaths on 2 July and were virtually zero along the entire transect by 13 August (Figure 7). Although 
application of NeabNPV at the rates used here does not provide foliar protection in the year of 
application, it can significantly reduce populations of balsam fir sawflies in the next and subsequent 
generations [17]. 

Figure 6. (A) Seasonal trends in the mean (±SE) densities of juvenile (larvae and pupae) 
balsam fir sawflies and (B) mean (±SE) prevalence of NeabNPV infection in juvenile 
sawfly populations adjacent to NeabNPV treatment (black circles) and untreated control 
(white square PV 
on 24 July 2002. 
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Table 2. 
trends in the relationship between distance from the two spray swaths separated by 200 m 
in the treatment block and the untreated (control) block and, juvenile balsam fir sawfly 
densities and the prevalence of NeabNPV infection in juvenile balsam fir sawfly 

 values used for the treatment block were also used 
for the control block, assuming that spray swaths would have occurred in the same location 
as in the treatment. 

Treatment 
Weeks post 

spray 
N 

Density 
r 

p value 
Infection 

r 
p value 

Control 1 20 0.237 0.31 0.150 0.02 
Control 2 20 0.505 0.62 -* -* 
Control 3 20 0.058 0.81 0.408 0.07 
NeabNPV 1 20 0.418 0.07 0.402 0.01 
NeabNPV 2 20 0.402 0.50 0.364 0.12 
NeabNPV 3 20 0.103 0.01 0.098 0.68 

* Infection values were 0 on the second sampling date, 29 July 2002. 

Figure 7. A) 2 July and 
(B) 13 August 2003, 1 y after the aerial application of NeabNPV. The densities are 
represented as mean values (±SEM). Arrows indicate the approximate location of the 
original spray swaths. 
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Application rates for NeabNPV were initially determined from published literature [3,12,20]. 
NeabNPV was applied at rates between 1 and 3 × 109 NeabNPV OBs/ha [17], which was lower than 
rates used for other gammabaculoviruses against their respective sawfly hosts (reviewed by Wallace and 
Cunningham [20]). The lower application rates for NeabNPV were selected as a compromise between 
the ability to produce NeabNPV OBs in the field [27] and the large areas of balsam fir sawfly-infested 
forests to be treated [28,29]. These lower rates were shown to be effective for suppressing increasing 
and peaking populations of balsam fir sawflies in the year following application [17], where efficacy 
relies on infection of a few individuals within groups of sawfly larvae, followed by the production and 
horizontal transmission of NeabNPV to other individuals within those groups [30]. Additionally, in our 
experiments, we have attempted to use spray drift to our advantage in the application of NeabNPV. 
Aerial pesticide applications consisting of small spray droplets ( 100 m) generally provide greater 
efficacy in forest environments but are more prone to drift than larger droplets [31]. The propeller and 
wings generate a wake that extends several winglengths behind an aircraft as it flies through the  
air [32]. Aircraft wakes typically sink at 0.3 1.0 m/s [32], pushing the smaller (40 80 m) droplets 
downward into the forest canopy [33]. Following the dissipation of the aircraft wake, spray droplets 
are affected by wind, air temperature, humidity, and characteristics of the ground cover [34], and small 
droplets may remain in the air column for hours after application [35]. As a result, active ingredients 
can be found hundreds of meters from the point of application [36 41]. Droplet suspension and 
eventual dispersal likely occurred at Island Pond where there was little wind during the application 
period (Figure 2A) and detection of spray droplets on Kromekote cards only to 25 m outside the 
treatment block (Figure 3A). Persistent winds and wind gusts (Figure 2B) carried NeabNPV-containing 
s  

2.3. Significance of NeabNPV Field Trials 

Before 1989, balsam fir sawfly population outbreaks in western Newfoundland were localized 
within the region between Stephenville and Corner Brook and were short in duration (3 4 y) [18]. The 
population outbreak that began after 1989, however, expanded to Corner Brook and beyond [18], and 
between 1990 and 2010, resulted in a total of 574,633 ha of moderate to severe defoliation in balsam 
fir forests, mostly in western Newfoundland [28]. A contributing factor to this unprecedented spread 
has been the extensive practice of precommercial thinning of regenerating balsam fir stands in the 
region [18,42]. Precommercial thinning, where the number of young stems is reduced in order to 
concentrate growth on the remaining trees, has been shown to affect the overall survivorship of balsam 
fir sawflies, resulting in population oscillations with higher amplitudes compared with populations in 
unthinned stands [42]. A lack of acceptable control options led the Canadian Forest Service and its partners 
to research and develop NeabNPV as means to suppress balsam fir sawfly populations [26,43]. The 
commercial product Abietiv , with NeabNPV as the active ingredient, was registered with the Pest 
Management Regulatory Agency of Health Canada in 2006 [26] and 2009 [44]. The field trials carried 
out in Newfoundland in 2000 2005 demonstrated NeabNPV efficacy and were a required and essential 
component of the registration dossier [26]. In addition to the 22,500 ha of balsam fir forest treated with 
NeabNPV during the field efficacy trials [26], the Newfoundland and Labrador Department of Natural 
Resources treated an additional 40,000 ha with Abietiv  in 2006 2009 [29]. 
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3. Materials and Methods 

3.1. Aerial Application of NeabNPV 

NeabNPV occlusion bodies (OBs) were applied to stands of balsam fir using two Cessna 188B 
AgTruck aircraft (C-FIMY and C-GWKT; Forest Protection Limited, Lincoln, NB, Canada) [27]. The 
aircraft were equipped with MicronAir (Bromyard, Herts, UK) AU4000 rotary atomizers and  
AG-NAV (Newmarket, ON, Canada) aerial management systems [45]. NeabNPV was applied in a 
20% aqueous solution of molasses at ultra-low volumes of approximately 2.5 L/ha. Aircraft speed 
during applications was 177 km/h with a track flow rate of approximately 20 L/min. The AU400 rotary 
atomizers were set at 6,000 rpm to generate droplets approximately 80 m in diameter [17]. Spray 
swaths for each aircraft were approximately 25 m wide, and the aircraft flew adjacent, parallel spray 
lines, separated by 25 m, resulting in complete coverage by the aerosol spray at ground level. For 
experimental applications, sufficient NeabNPV OBs were added to the aircraft hoppers to result in an 
application rate of 1 × 109 OBs/ha when applied to a full hectare [27]. 

3.2. Amplification and Purification of NeabNPV for Use in Field Trials  

Stocks of NeabNPV OBs were produced as described previously [17,27]. Briefly, NeabNPV was 
applied at a rate of 3 × 109 OBs/ha over balsam fir stands infested with high density populations of 
second- and third-instar balsam fir sawfly larvae. Approximately 7 d following NeabNPV applications 
and for the next 5 7 d, NeabNPV-infected larvae were collected onto plastic tarpaulins placed under 
individual trees by beating mid to lower canopy branches with plastic leaf rakes. Larvae and needles 
were then transferred to 20- and 40-kg woven polypropylene bags (normally used for sugar) along with 
a few balsam fir boughs for any larvae that were still feeding. The bags were stored upright and 
indoors at ambient temperatures of 15 20 C for 7 10 d or until all feeding activity had ceased. Dead 
larvae, needles, and other debris were then transferred to 20-kg brown paper bags, which were stapled 
shut and stored at ambient temperature (approximately 20 C). Dead larvae were separated from 
needles and other debris using a blower [27]. Larvae were then hand-picked from the remaining debris, 
placed in 50-mL conical, plastic centrifuge tubes and stored at 20 C. NeabNPV OBs were isolated 
by first thawing and then rehydrating these larvae in 0.3% sodium dodecyl sulphate (SDS). Larvae 
were homogenized using a hand-held blender, and the OBs isolated using a combination of filtration 
and centrifugation [17]. The concentration of OBs was quantified by proportional counting using  
serial dilutions of a suspension of latex beads [17]. The mean concentration of OBs was adjusted to  
4 × 109 OBs/mL and then stored at 4 C to inhibit the growth of contaminating bacteria. 

3.3. Field Sites and Study Design 

Field trials and assessments were conducted in July and August 2002 near Corner Brook, NL, 
Canada (48°57'N:57°57'W) in naturally regenerated and precommercially thinned stands of mixed 
conifers, dominated by balsam fir, but also including some black spruce (Picea mariana (Mill.) B.S.P.) 
and white spruce [P. glauca (Moench.) Voss] [46]. Two experimental blocks, each with its own 
untreated control block at least 1 km away, were set up (Figure 1). The purpose of the first block, near 
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Island Pond [17] (block 02-T3: 48 53'13.0''N:57 52'55.9''W; control 48 53'48.5''N:57 53'17.7''W), was 
to examine the spread of NeabNPV from a 313-ha aerial treatment block into populations of balsam fir 
sawflies adjacent to the treated block. The purpose of the second 2,093-ha treatment block, near Old 

[17] (block 02-T1: 49 3'23.3''N:57 51'45.6''W; control 49°05'37.3''N:57°54'49.0''W), was 
to determine whether or not NeabNPV could disperse and infect balsam fir sawfly larvae within a  
200-m zone between spray lines. Temperature, wind speed, and relative humidity were monitored on 
site every 60 s at each treatment block during aerial applications of NeabNPV using a WatchDog 
(Plainfield, IL, USA) model 700 weather station. 

The Island Pond treatment block (Figure 1) was sprayed on 22 July 2002 between 06:30 and  
07:40 h [17]. The entire 313-
Pond treatment block, which contained our transect line (Figure 1), was treated on 24 July 2002 
between 19:50 and 20:40 h [17]. The western half was treated on 25 July 2002 between 07:35 and 
08:25 h [17]. NeabNPV was applied to both blocks at track flow rates of 17.5 20 L/min, with swath 
widths of 25 m. yed in treatment zones, 200 m wide, which were 
separated from each other by a 200 m wide area of untreated forest (no treatment zones). Spray deposit 

monitored using 10 × 10 cm 
Kromekote cards (Smart Papers, Hamilton, OH, USA) placed on top of 1-m wooden stakes driven into 
the ground adjacent to branch sample sites located at 20-m intervals along transects roughly 
perpendicular to the spray tracks of the aircraft [17] (Figure 1). Kromekote cards were collected 
between 1 and 2 h after the spray at Island Pond, and within 1 h s Pond.  

3.4. Balsam Fir Sawfly Sampling 

At Island Pond, one balsam fir tree was selected along each of two transects at distances of 0 (the 
edge of the treatment block), 25, 50, 100, 200 and 400 m outside of the treatment block (i.e., total of 
six trees per transect). The two transect lines were established on opposite sides of the treatment block 
running roughly parallel to the direction of the prevailing north-east winds (Figure 1) in order to 
account for any drift that may occur from the spray. Transects at Island Pond were sampled on a 
weekly basis, starting with a pre-spray sample on 21 July and followed by post-spray samples on  
1, 8 and 14 August. Two similar transect lines were established, and sampled weekly in a similar 

-m long transect line that ran perpendicular to 
the aircraft spray lines was established. The transect line spanned one untreated zone and extended  
100 m into the two treatment zones on either side (Figure 1). A similar 400-m transect line was 
established, and sampled weekly, in the control block (Figure 1). One balsam fir tree was selected for 
sampling every 20 m along the transect line in both the treatment and control blocks (i.e., a total of  

pre-spray sample on 22 July, and followed by post-spray samples on 29 July, 6 and 13 August in 2002 
and on 2 July and 13 August 2003. Densities of balsam fir sawfly larvae and/or pupae (juvenile balsam 
fir sawflies) were determined by cutting a 45-cm branch tip, using pruning shears, from one mid-crown 
branch of each sample tree within each block pair (i.e., treatment and control) on the same day. Sample 
branches were placed into 20-kg brown paper bags for transport to the laboratory at the Canadian 
Forest Service Field Station at Pasadena, NL (49 01'29.9''N:57 35'24.1''W) for processing. The 
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numbers of larvae and cocoons on each sample branch were counted and recorded. To express balsam 
fir sawfly densities in terms of the number of juvenile balsam fir sawflies per m2 of foliage, the surface 
area of each branch was estimated by multiplying the 45-cm branch length by the average width of 
each individual branch. To determine the prevalence of NeabNPV, a sub-sample of 10 juvenile balsam 
fir sawflies (either living or dead) was randomly taken from each sample branch on each sampling 
date. Insects were individually placed into 1.5-mL polypropylene microcentrifuge tubes (Fisher 
Scientific, Fair Lawn, NJ, USA) and stored at 20  for molecular probing. 

3.5. Molecular Probing for NeabNPV 

Larvae and pupae were probed for NeabNPV using NeabNPV DNA-fluoroscein-N6-dATP-labeled 
DNA probes (Renaissance, Perkin-Elmer Life Sciences, Waltham, MA, USA). Seven NeabNPV 
DNA/EcoR1 fragments (3.5 5.5 kb) were used as templates [17]. Individual insects were thawed and 
homogenized in ~1 mL of double-distilled water in the 1.5-mL microcentrifuge tubes they had been 
stored in. A 3-µL aliquot of each sample was blotted onto Biodyne A nylon membranes (Pall, Gelman 
Laboratory, Port Washington, NY, USA). Positive controls of purified NeabNPV DNA or NeabNPV 
OBs were also spotted onto each membrane. Membranes were soaked in denaturing solution (0.5 N 
NaOH, 1.5 M NaCl) and incubated at 65 C for 30 min. Membranes were neutralized in 1.5 M NaCl, 
0.5 M Tris. pH 7.0 for 1 min, soaked for 5 min in 10× SSC (saline sodium citrate buffer), air dried on 
filter paper, and target DNA was then bound to the membranes by exposure to 125 mJ of UV radiation 
using a BioRad (Hercules, CA, USA) Membranes were soaked in hybridizing 
solution containing the labeled probe for 18 h at 65 C. Excess probe and probe bound to non-specific 
DNA were removed with high stringency washes and results were recorded on BioMax ML film 
(Kodak, Rochester, NY, USA). The lower detection limit for the probing protocol was 5 × 103 OBs [17], 
implying a positive detection only for specimens where NeabNPV had replicated.  

3.6. Statistical Analysis 

Data from the two sites were analyzed separately because the NeabNPV treatments at Island Pond 

Pond (partial block treatment with sampling within the block). The independent and interacting effects 
of NeabNPV application (treatment) vs. no treatment (control), time of sample, and distance from 
NeabNPV application (a covariate with values of 0 to 400 m at Island Pond and 0 to 100 m at Old 

juvenile balsam fir sawfly densities and percentage NeabNPV infection were 
evaluated using analysis of covariance in the General Linear Model in ANOVA (Minitab , State 
College, PA, USA)
between distance from spray swaths and the level of NeabNPV infection and the larval density in the 
treatment blocks. 

4. Conclusions 

Occlusion bodies of NeabNPV can only be produced in living larvae of its host, the balsam fir 
sawfly [17,30]. Currently, the only economical and effective way to do this for large-scale operational 
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control programs against this forest insect pest is by production in high-density field populations of 
balsam fir sawfly larvae [17,27]. Reliance on field production can potentially limit supplies of 
NeabNPV OBs and, as a consequence, the registered biological control product, Abietiv  [44]. In the 
present study and previously [17], it has been demonstrated that aerial application rates as low as  
1 × 109 NeabNPV OBs/ha can be sufficient to prematurely collapse increasing and peaking 
populations of balsam fir sawflies. Efficacious applications of NeabNPV OBs at these low rates 
depend on sufficient balsam fir sawfly larval population densities where a few individuals can be 
infected and then efficiently transmit NeabNPV horizontally to other cohort members [30,47,48]. 
Additionally here, we have demonstrated how aerial application strategies, such as the one we used at 

effectively for gammabaculovirus-based biological control products like Abietiv  that may be 
expensive and/or in limited supply. 

Acknowledgments 

The technical assistance of Benoit Morin and Chris Vickers and editorial assistance of Caroline 
Simpson are gratefully acknowledged. The authors are grateful to Renée Lapointe for critical reviews 
of the manuscript. The research was funded by the Biocontrol Network, Canadian Forest Service, 
Corner Brook Pulp and Paper, Abitibi Consolidated, Forest Protection Limited, Natural Sciences and 
Engineering Research Council of Canada, the Newfoundland and Labrador Department of Natural 
Resources and SERG-International. 

References and Notes 

1. Fuxa, J.R. Ecological considerations for the use of entomopathogens in IPM. Ann. Rev. Entomol. 
1987, 32, 225 251. 

2. Fuxa, J.R. Ecology of insect nucleopolyhedroviruses (Review). Agric. Ecosyst. Environ. 2004, 
103, 27 43. 

3.  Payne, N.J. Factors influencing aerial insecticide application to forests. Integr. Pest Manag. Rev. 
2000, 5, 1 10. 

4. Cory, J.S.; Evans, H.F. Viruses. In Field Manual of Techniques in Invertebrate Pathology, 2nd 
ed.; Lacey, L.A., Kaya, H.K., Eds.; Springer: Dordrecht, The Netherlands, 2007; pp. 149 174. 

5. Lapointe, R.; Thumbi, D.K.; Lucarotti, C.J. Recent advances in our knowledge of baculovirus 
molecular biology and its relevance for the registration of baculovirus-based products for insect 
pest population control. In Integrated Pest Management and Pest Control; Soloneski, S., 
Larramendy, M.L., Eds.; InTech Open Access Publisher: Rijeka, Croatia, 2012; pp. 481 522. 

6. Lauzon, H.A.M.; Lucarotti, C.J.; Krell, P.J.; Feng, Q.; Retnakaran, A.; Arif, B.M. Sequence and 
organization of the Neodiprion lecontei nucleopolyhedrovirus genome. J. Virol. 2004, 78,  
7023 7035. 

7. Jehle, J.A.; Blissard, G.W.; Bonning, B.C.; Cory, J.S.; Herniou, E.A.; Rohrmann, G.F.; 
Theilmann, D.A.; Thiem, S.M.; Vlak, J.M. On the classification and nomenclature of 
baculoviruses: A proposal for revision. Arch. Virol. 2006, 151, 1257 1266. 



Insects 2012, 3                            
 

 

927

8. Bird, F.T.; Elgee, D.E. A virus disease and introduced parasites as factors controlling the 
European spruce sawfly, Diprion hercyniae (Htg.), in central New Brunswick. Can. Entomol. 
1957, 89, 371 378. 

9. Bird, F.T.; Birk, J.M. Artificially disseminated virus as a factor controlling the European spruce 
sawfly, Diprion hercyniae (Htg.) in the absence of introduced parasites. Can. Entomol. 1961, 93, 
228 238. 

10. Stairs, G.R. Artificial initiation of virus epizootics in forest tent caterpillar populations. Can. 
Entomol. 1965, 97, 1059 1062. 

11. Young, E.C. The epizootiology of two pathogens of the coconut palm rhinoceros beetle.  
J. Invertebr. Pathol. 1974, 24, 82 92. 

12. Entwistle, P.F.; Adams, P.H.W.; Evans, H.F.; Rivers, C.F. Epizootology of a nuclear polyhedrosis 
virus (Baculoviridae) in European spruce sawfly (Gilpinia hercyniae): Spread of disease from 
small epicentres in comparison with spread of baculovirus diseases in other hosts. J. Appl. Ecol. 
1983, 20, 473 487. 

13. Shepherd, R.F.; Otvos, I.S.; Chorney, R.J.; Cunningham, J.C. Pest management of the Douglas-fir 
tussock moth (Lepidoptera: Lymantriidae): Prevention of an outbreak through early treatment 
with a nuclear polyhedrosis virus by ground and aerial applications. Can. Entomol. 1984, 116, 
1533 1542. 

14. Otvos, I.S.; Cunningham, J.C.; Friskie, L.M. Aerial application of nuclear polyhedrosis virus 
against Douglas-fir tussock moth, Orgyia pseudotsugata (McDunnough) (Lepidoptera: 
Lymantriidae). I. Impacts in the year of application. Can. Entomol. 1987, 119, 697 706. 

15. Otvos, I.S.; Cunningham, J.C.; Alfaro, R.I. Aerial applications of nuclear polyhedrosis virus 
against Douglas-fir tussock moth, Orgyia pseudotsugata (McDunnough) (Lepidoptera: 
Lymantriidae). II. Impacts 1 and 2 years after application. Can. Entomol. 1987, 119, 707 715. 

16. Fuxa, J.R.; Richter, A.R. Classical biological control in an ephemeral crop habitat with Anticarsia 
gemmatalis nucleopolyhedrovirus. BioControl 1999, 44, 403 419. 

17. Moreau, G.; Lucarotti, C.J.; Kettela, E.G.; Thurston, G.S.; Holmes, S.; Weaver, C.; Levin, D.B.; 
Morin, B. Aerial application of nucleopolyhedrovirus induces decline in increasing and peaking 
populations of Neodiprion abietis. Biol. Control 2005, 33, 65 73. 

18. Moreau, G. Past and present outbreaks of the balsam fir sawfly: An analytical review. Forest 
Ecol. Manag. 2006, 221, 215 219. 

19. Anderson, R.M.; May, R.M. The population dynamics of microparasites and their invertebrate 
hosts. Philos. Trans. R. Soc. Lond. B Biol. Sci. 1981, 291, 451 524. 

20. Wallace, D.R.; Cunningham, J.C. Diprionid sawflies. In Forest Insect Pests in Canada; 
Armstrong, J.A., Ives, W.G.H., Eds.; Natural Resources Canada: Ottawa, Canada, 1995;  
pp. 193 232. 

21. Linnen, C.R.; Farrell, B.D. Phylogenetic analysis of nuclear and mitochondrial genes reveals 
evolutionary relationships and mitochondrial introgression in the sertifer species group of the 
genus Neodiprion (Hymenoptera: Diprionidae). Mol. Phylogenet. Evol. 2008, 48, 240 257. 

22. Carroll, W.J. Some aspects of the Neodiprion abietis complex in Newfoundland. Ph.D. 
dissertation, State University College of Forestry, Syracuse University, Syracuse, NY, USA, 
1962; p. 186. 



Insects 2012, 3                            
 

 

928

23. Anstey, L.J.; Quiring, D.T.; Ostaff, D.P. Seasonal changes in intra-tree distribution of immature 
balsam fir sawfly (Hymenoptera: Diprionidae). Can. Entomol. 2002, 134, 529 538. 

24. Parsons, K,H.; Piene, H.; Farrell, J.; Quiring, D.T. Temporal patterns of balsam fir sawfly 
defoliation and growth loss in young balsam fir. Forest Ecol. Manag. 2003, 184, 33 46. 

25. Parsons, K.; Quiring, D.; Piene, H.; Moreau, G. Relationship between balsam fir sawfly density 
and defoliation in balsam fir. Forest Ecol. Manag. 2005, 205, 325 331. 

26. Lucarotti, C.J.; Moreau, G.; Kettela, E.G. Abietiv A viral biopesticide for control of the 
balsam fir sawfly. In Biological Control: A Global Pespective; Vincent, C., Goettel, M., 
Lazarovits, G., Eds.; CABI International: Wallingford, United Kingdom, 2007; pp. 353 361. 

27. Lucarotti, C.J.; Morin, B.; Graham, R.I.; Lapointe, R. Production, application, and field 
performance of Abie  balsam fir sawfly nucleopolyhedrovirus. Virol. Sin. 2007, 22,  
163 172. 

28. Canadian Council of Forest Ministers. Forest Insect National Tables for Areas of Moderate to 
Severe Defoliation. Available online: http://nfdp.ccfm.org/insects/national_e.php/ (accessed on 27 
July 2012). 

29. Lucarotti, C.J. Abietiv . In Proceedings of the SERG International 2010 Workshop
NL, USA, 9 11 February 2010; pp. 81 87. 

30. Graves, R.; Quiring, D.T.; Lucarotti, C.J. Transmission of a Gammabaculovirus within cohorts of 
balsam fir sawfly (Neodiprion abietis) larvae. Insects 2012, in press. 

31. Weisner, C.J. Review of the role of droplet size effects on spray efficacy. In Forest Insect Pests in 
Canada; Armstrong, J.A., Ives, W.G.H., Eds.; Natural Resources Canada: Ottawa, Canada, 1995; 
pp. 493 496. 

32. Payne, N.J. Spray dispersal, deposition, and assessment. In Forest Insect Pests in Canada; 
Armstrong, J.A., Ives, W.G.H., Eds.; Natural Resources Canada: Ottawa, Canada, 1995;  
pp. 465 478. 

33. Mickle, R.E.; Rousseau, G. Optimization Trials for Insecticide Spraying into Small Blocks
Murdochville Results; Spray Efficacy Research Group (SERG) Report: Quebec, Canada, April 
1998; p. 37. 

34. Mierzejewski, K.; Reardon, R.C.; Thistle, H.; Dubois, N.R. Conventional application equipment: 
Aerial application. In Field Manual of Techniques in Invertebrate Pathology; Lacey, L.A.,  
Kaya, H.K., Eds.; Springer: Dordrecht, The Netherlands, 2007; pp. 99 126. 

35. Teshke, K.; Chow, Y.; Bartlett, K.; Ross, R.; van Netten, C. Spatial and temporal distribution of 
airborne Bacillus thuringiensis var. kurstaki during an aerial spray program for gypsy moth 
eradication. Environ. Health Perspect. 2001, 109, 47 54. 

36. Yates, W.E.; Akesson, N.B.; Bayer, D.E. Drift of glyphosate sprays applied with aerial and 
ground equipment. Weed Sci. 1978, 26, 597 604. 

37. Renne, D.S.; Wolf, M.A. Experimental studies of 2,4-D herbicide drift characteristics. Agric. 
Meteorol. 1979, 20, 7 24. 

38. Chester, G.; Ward, R.J. Occupational exposure and drift hazard during aerial application of 
paraquat to cotton. Arch. Environ. Contam. Toxicol. 1984, 13, 551 563. 

39. Oeseburg, F.; van Leeuwen, D. Dispersion of aerial agricultural sprays; model and validation. 
Agric. Forest Meteorol. 1990, 53, 223 255. 



Insects 2012, 3                            
 

 

929

40. Payne, N.J. Spray dispersal from aerial glyphosate applications. Crop Prot. 1993, 12, 463 469. 
41. Woods, N.; Craig, I.P.; Dorr, G.; Young, B. Spray drift of pesticides arising from aerial 

application in cotton. J. Environ. Qual. 2001, 30, 697 701. 
42. Moreau, G.; Eveleigh, E.S.; Lucarotti, C.J.; Quiring, D.T. Stage-specific responses to ecosystem 

alteration in an eruptive herbivorous insect. J. Appl. Ecol. 2006, 43, 28 34. 
43. Moreau, G.; Lucarotti, C.J. A brief review of the past use of baculoviruses for the management of 

eruptive forest defoliators and recent developments on a sawfly virus in Canada. For. Chron. 
2007, 83, 105 112. 

44. Health Canada. Registration Decision Neodiprion abietis Newfoundland Strain. RD-2009-05; 
Health Canada Pest Management Regulatory Agency: Ottawa, Canada, 25 March 2009; p. 9. 

45. McLeod, I.M.; Lucarotti, C.J.; Hennigar, C.R.; MacLean, D.A.; Holloway, A.G.L.;  
Cormier, G.A.; Davies, D.C. Advances in aerial application technologies and decision support for 
integrated pest management. In Integrated Pest Management and Pest Control; Soloneski, S., 
Larramendy, M.L., Eds.; InTech Open Access Publisher: Rijeka, Croatia, 2012; pp. 651 668. 

46. Moreau, G.; Eveleigh, E.S.; Lucarotti, C.J.; Quiring, D.T. Ecosystem alteration modifies the 
relative strengths of bottom-up and top-down forces in a herbivore population. J. Anim. Ecol. 
2006, 75, 853 861. 

47. Campbell, C.S.; Quiring, D.T.; Kettela, E.G.; Lucarotti, C.J. Application of Balsam Fir Sawfly 
Nucleopolyhedrovirus against Its Natural Host Neodiprion abietis (Hymenoptera: Diprionidae). In 
Proceedings of the IUFRO Workshop on Forest Insect Population Dynamics and Host Influences, 
Kanazawa, Japan, 14 19 September 2003; pp. 86 89. 

48. Lucarotti, C.J.; Whittome-Waygood, B.H.; Lapointe, R.; Levin, D.B. Pathology of a 
Gammabaculovirus in its natural balsam fir sawfly (Neodiprion abietis) host. Psyche 2012,  
in press. 

 
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


