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Abstract The recent introduction and spread of the nonnative woodwasp Sirex noctilio F. in
North America has generated interest in the ecology of resident Siricidae. In 2 trapping experi-
ments we compared 8 treatments for attractiveness to siricids. Four treatments consisted of
traps baited with one of the following lure combinations: 70:30 «-B-pinene alone (Sirex lure);
Sirex lure + 95% ethanol; Sirex lure + ipsenol + ipsdienol; Sirex lure + 95% ethanol + ipsenol +
ipsdienol. The remaining treatments consisted of blank traps adjacent to standing, chemically
debilitated Pinus taeda L. trap trees, created with either sodium N-methyldithiocarbamate
(Woodfume®) and dimethyl sulfoxide, or Vanquish® herbicide (dicamba), on 2 separate dates. In
a third experiment we compared trap catches among these 2 trap tree treatments and an ethanol
lure using traps placed at 2 heights. We collected Sirex nigricornis F. in the fall months, with a
peak in midNovember, and Eriotremex formosanus Matsumura in the spring, summer and fall,
with a peak in midOctober. We collected no S. noctilio, nor males of any siricid species. The ad-
dition of ethanol and/or /ps sp. pheromones to the Sirex lure did not significantly improve collec-
tion of any siricids, and all semiochemical treatments were more effective for detecting
S. nigricornis than trap trees. Traps positioned low upon dicamba-created P, taeda trap trees
were most effective for detecting E. formosanus; however, no progeny emerged from trap trees.
We provide detailed phenology and baseline data not previously reported on 2 species of Siric-
idae in central Louisiana.
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Sirex noctilio F. (Hymenoptera: Siricidae), a wood-boring wasp native to Eurasia
and North Africa, has caused significant mortality in exotic pine plantations since its
introduction in the Southern Hemisphere in 1900 (Rawlings and Wilson 1949, Carnegie
et al. 2006, Hurley et al. 2007). Established populations of S. noctilio were discovered
in the U.S. following detection of a single specimen in a funnel trap in New York in 2004
(Hoebeke et al. 2005, Dodds et al. 2010). Subsequent spread of S. noctilio in North
America and associated tree mortality have resulted in an increased interest in the
life histories of native Siricidae. Most Siricidae in their native ranges are attracted to
dying or dead trees and are not primary pests of trees (Morgan 1968), and such is the
case for native Siricidae in the U.S. As a result, the habits and phenology of many
siricids that occur in North America are poorly understood. However, a number of
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recent studies of Siricidae occurring in North America have reported comparisons
of attractants and trap trees for detecting these species (Costello et al. 2008, Coyle
et al. 2012, Ulyshen and Hanula 2010). Such an investigation of Siricidae in Louisiana
has not been previously published.

The success of trapping efforts for these species depends on knowledge of their
chemical ecology. It is unknown whether the siricids we collected possess long-range
sex pheromones, but based on work with S. noctilio, it is unlikely. Females possess a
contact sex pheromone (Boréczky et al. 2009) but are not known to possess a long-
range pheromone (Crook et al. 2012). This limits trapping to the use of host odors and
pheromones of competing or associated insects. We selected the commonly-used
host volatiles a-f pinene and ethanol, and pheromones of the Ips engravers bark
beetles, which potentially cohabit dead or dying hosts of pine-infesting siricids. Com-
binations of these attractants were compared with 2 methods of creating chemically-
debilitated trap trees proven effective for attracting S. noctifio and other pine-infesting
insects (Neumann et al. 1982, Roton 1987, Miller et al. 1995, Strom et al. 2004).

The selection of o-B pinene as an attractant in this study was based on efforts for
detecting S. noctilio. Simpson (1976) and Simpson and McQuilkin (1976) determined
that o- and B-pinene were major constituents of compounds emanating from decaying
Pinus radiata D. Don in Australia, and later determined these monoterpenes elicited
significant antennal responses in S. noctilio. In a series of trapping experiments in
Australia, it was later determined a mix of 70:30, o~ and B-pinene (Sirex Ultra High
Release lure, Synergy Semiochemicals Corp., Burnaby, Canada) was the most at-
tractive mix of these 2 antennally-active compounds to S. noctilio (Bashford 2008).
The Sirex Ultra High Release lure (hereafter referred to as Sirex lure) has since been
widely used as a survey tool in the U.S. for S. noctilio (APHIS 2009), and has proven
attractive to native Siricidae (Coyle et al. 2012). Electroantennogram analysis of Sirex
nigricornis F., a siricid native to eastern North America and commonly collected in
Louisiana, indicated females of this species also were antennally responsive to a- and
B-pinene from Pinus taeda L. aerations, as well as verbenone, a pheromone of a sco-
lytine (W.P. Shepherd and B.T. Sullivan, USDA FS, pers. comm.). In addition to the
Sirex lure, other attractant blends containing additional compounds have been evalu-
ated for attractiveness to S. noctilio in the field, but none have proven more attractive
to S. noctilio than herbicide-created trap trees (Crook et al. 2012, Zylstra et al. 2010).
We selected the use of the herbicide dicamba to create Pinus taeda L. trap trees
based on results illustrating its effectiveness when used on Pinus radiata D. Don in
attracting S. noctifio in Australia (Neumann et al. 1982). We also evaluated the attrac-
tiveness of a trap tree created using the soil fumigant N-methyldithiocarbamate and
the carrier dimethyl sulfoxide, proven to render P faeda attractive to bark beetles
(Roton 1987, Miller et al. 1995, Strom et al. 2004) but never specifically evaluated for
attractiveness to Siricidae. In addition to these treatments, we combined the Sirex lure
with an ethanol lure. There are numerous examples illustrating the effectiveness of
combining the host odors ethanol and various monoterpenes in attracting woodbor-
ers, such as Monochamus sp. (Coleoptera: Cerambycidae) (Billings and Cameron
1984, Miller 2006, Aflison et al. 2001; de Groot and Nott 2004). Although siricids
are of a different order, the pine-infesting siricids in the southern U.S. likely compete
with Ips engravers (i.e., Ips avuisus (Eichoff), I. grandicollis (Eichoff) and 1. calligra-
phus [Germar]) for host material. When the pheromones attractive to these species
(Miller et al. 2005) are combined with host volatiles such as a-pinene, collections of
Monochamus sp. and other pine woodborers are significantly improved (Mifler and
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Asaro 2005). The attraction of competing insects to traps baited with host odors, plus
ethanol and/or the pheromones of conspecific species, warranted investigation as
potential attractants for resident siricids.

We present the phenology and relative attractiveness of trap trees created using 2
known methods, as well as combinations of the host odors ethanol and o-3 pinene
(Sirex UHR lure) and /ps engraver pheromones, to the siricids collected in this study,
S. nigricornis, Eriotremex formosanus Matsumura, Urocerus cressoni Norton, and
Tremex columba L. in central Louisiana. We also collected the former species Sirex
edwardsii Brullé; however, Schiff et al. (2012) now consider this a color morph of
S. nigricornis based on morphology and DNA comparisons. We, therefore, recognize
the total of the 2 solely as S. nigricornis. This is the first study to compare these at-
tractants for detecting Siricidae resident to central Louisiana and contributes toward a
better understanding of the life history of Siricidae in Louisiana and other parts of
eastern North America.

Materials and Methods

Experiments 1 and 2. Eight treatments were compared in Experiments 1 and 2
(Table 1). Trap tree treatments consisted of treating loblolly pine (P, taeda) 15 - 20 cm
in diameter at breast height at 2 dates to vary the state of attractiveness to available
Siricidae (Table 1). Two methods were used to create trap trees: (1) Application of
N-methyl-dithiocarbamate (Vapam, Woodfume®, Osmose, Inc., Buffalo, N.Y.) plus
dimethyl sulfoxide (DMSO; hereafter the treatment is called Vapam-DMSO) at a 4:1
(v:v) ratio onto cotton wicks in evenly-separated hatchet frills 5 cm apart around the
tree trunk at 31 cm above ground line (Roton 1987 as modified by Strom et al. 2004),
and (2) Application of 1 mL of a 20% solution of the herbicide dicamba (Vanquish®,
Syngenta Crop Protection, Inc., Greensboro NC) based on the weight of active ingre-
dient in solution with distilled water (Neumann and Morey 1984, Neumann et al. 1982).
Replicates of treatments were spaced at least 30 m apart.

Experiment 1 ran from 23 August 2006 - 17 August 2007. Three replicates of each
treatment were deployed in 5, 25 yr-old P, taeda stands, previously thinned in the sum-
mer of 2006, in Winn Parish, LA (n= 15 traps per treatment). Two dicamba trap trees
with the greatest observed trap catch of E. formosanus were felled on 13 June 2007
and a third of the main bole of the tree dissected on site, a third placed in screen en-
closures at the study site, exposed to natural weather conditions, and a third returned
to the laboratory and placed in rearing drums. Only portions of the trees up to the
base of the crown (approx. 10 cm diam.) were sampled.

Experiment 2 was initiated in undisturbed forests of mixed pine-hardwood spe-
cies composition and varying ages, adjacent to 3 pine-processing woodmills: Hunt
Products Plywood Mill (Grant Par., LA), International Paper Corp. Paper and Con-
tainer Board Mill (Rapides Par., LA), and Weyerhauser Corp. Pine Lumber Mill (Winn
Par., LA). Based on results from Experiment 1, Experiment 2 targeted S. nigricornis
and was initiated in October 2007 and ceased on 15 January 2008. Three replicates
of the 8 treatments were deployed at each mill (n = 9 traps per treatment). Based
on the S. nigricornis collections in trap tree treatments in Experiment 1, the treat-
ment dates of the dicamba and Vapam DMSO-treated trap trees were altered in an
attempt to refine the timing of the treatments and improve attractiveness of trap
trees at the time of S. nigricornis flight (Table 1). No trap trees were felled as in
Experiment 1.
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Table 1. Treatments compared in Experiments 1 and 2 for attractiveness to
Siricidae in Louisiana.

Treatment Trap Tree creation Trap Tree creation
abbreviation Treatment date Experiment 1 date Experiment 2
Early Dicamba Dicamba traptree 17-August 4-September
early treatment date
Late Dicamba  Dicamba traptree 19-October 3-November
late treatment date
s* Sirex UHR! na na
SE** Sirex UHR + 95% na na
ethanol
Si+ Sirex UHR + ipsenol + na na
ipsdienol
SEI Sirex UHR + ipsenol + na na
ipsdienol + 95%
ethanol
Early Vapam Vapam-DMSO traptree 17-August 4-September

early treatment date

Late Vapam Vapam-DMSO traptree 19-October 3-November
late treatment date

* Sirex Ultra High Release, 70% o-pinene [75% (+), 25% (-}] ; 30% B pinene [95% (-)] (Synergy Semiochemicals
Corp., Burnaby, Canada); elution rate ca. 2.5 g per d in first 30 d at 27°C; see http://www.fs.fed.us/foresthealth/
technology/elutionrate/lure.htm

** Ethanol treatment consisted of a 250 ml plastic bottle containing denatured 95% ethano! (Carolina Biologi-
cal Supply Co., Burlington, NC); a wire brush pipe cleaner was inserted as wicks in drilled holes (9/64} in the
bottle cap; elution rate ca. 3.2 g per d in first 35 days at 27°C; see http://www.fs.fed.us/foresthealth/technoiogy/
elutionrate/lure.htm

+ Ips engraver pheromones—racemic ipsenol and ipsdienol (bubble cap IP034 and IP035, Elution rate: 200 and
100 p grams per d, respectively, at 25°C) Synergy Semiochemicals Corp., Burnaby, Canada).

Note: In Experiment 1, all attractants replaced each mo from April through November; every other mo for
remainder of trapping period; Experiment 2, each mo; Experiment 3, ethanol treatment replaced each mo.

Experiment 3. Based on collection of relatively numerous E. formosanus in
Experiment 1, Experiment 3 targeted this species by conducting trapping from
15 August 2007 through 14 November 2007. Three attractant treatments were com-
pared: the dicamba trap tree and Vapam-DMSO trap tree treatments described previ-
ously, and a 95% ethanol-only treatment (described in Table 1). In addition to the
attractants, we also fastened a high trap (cup 2.5 m from ground) and a low trap (cup
1.5 m ground) to each trap tree. Traps baited with 95% ethanol were suspended one
above the other from a pair of lines between 2 trees at the stated heights. Each treat-
ment was replicated 5 times, and replicates were spaced at least 30 m apart in a
25 yr-old P, faeda stand (thinned 2 months prior) in Winn Par., LA. Ethanol bottles
were refilled monthly. No trap trees were felled for rearing.

Intercept panel traps (Alpha-Scents, Inc., Portland, OR) were used in each experi-
ment. Traps associated with trap trees were unbaited and attached to metal poles
fastened to the bole of the tree such the collection cup rested 1.5 m from the ground.
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Propylene glycol was used as a killing and preserving agent in collection cups, and
collections were made every 2 wks in each experiment.

Statistical analyses. Analyses of total S. nigricornis and E. formosanus collections
were conducted separately in all experiments. Due to several replicates in Experiments 1
and 2 with zero collections (for the entire trapping period), data were subjected to a non-
parametric multiple response blocked permutation procedure (MRBP; McCune et al.
2002), appropriate for complete randomized block designs, using PC-ORD 5.0 (MjM Soft-
ware Design, Gleneden Beach, OR). Euclidean distances were calculated to construct
the distance matrix and blocks were aligned prior to analysis (McCune et al. 2002). Post
hoc multiple comparisons were subjected to a Bonferroni adjustment to maintain an
experiment-wide type 1 error rate of o.=0.05. In Experiment 3, data were log-transformed
and analyzed as a split-plot design with trap tree treatment as the whole plot factor and
trap position as the subplot factor (Littell et al. 2002). Because no E. formosanus were
collected in the 95% ethanol treatment in this experiment, the treatment was excluded
from the analysis. Tukey’s HSD mean comparison test was used for all post hoc testing of
treatments (maintaining an experiment-wide critical value of o = 0.05).

Results

Experiment 1. Ninety-seven S. nigricornis (35% of which were the former S.
edwardsii color morph) were collected between 12 October 2006 and 13 January 2007.
Initial analysis indicated a significant treatment effect (T=-8.14, P =0.0000001), and
subsequent pairwise comparisons of treatments (at the adjusted critical value of P =
0.0017) indicated semiochemical lures were generally more attractive to S. nigricornis
than trap trees; however, no semiochemical treatments were decisively more attrac-
tive than another (Table 2). Sixty-four E. formosanus were collected between 14 Sep-
tember and 15 December 2006, and 7 specimens were collected between 5 April and

Table 2. Sirex nigricornis collection totals followed by the treatment mean =
SEM from Experiments 1 and 2 in central Louisiana. Differing letters
indicate a significant difference (experiment-wise error rate «=0.05)
among treatments within an experiment.

Treatment Experiment 1 Experiment 2
EarlyDicamba (6)0.4+0.13ab (17)1.9+10a
Late Dicamba (2) 0.1 £0.09 ab (8)0.9+03a
Early Vapam (1) 0.1 £0.06 b (20)22+09a
Late Vapam (4)0.3+0.12ab (16) 1.8+ 0.8 a
S* (25)1.6+£0.36 a (27)3.0t£ 0.7 a
SE** (23)1.5£0.29a (39)4.3+1.1a
Sl (17)1.1+£0.3%9a (48)5.3+£19a
SEI++ (17)1.1£0.26 a (29)3.2+1.6a

* Sirex Ultra High Release lure

** Sirex UHR + 95% ethanol

*+ Sirex UHR + ipsenol + ipsdienol

+ Sirex UHR + ipsenol + ipdienol + 95% ethanol
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14 June 2007. Although there were no significant differences among treatments, a
mean (= 1 SD) 2.5 £ 0.9 E. formosanus were collected from the early dicamba-treated
trap trees, more than twice the mean collection from other treatments; however, varia-
tion was high among trap trees. Mean collection of E. formosanus in the remaining
treatments ranged from 0.1 - 0.5 specimens per trap. Three U. cressoni Norton (2 in
the Sirex lure, and 1 in the Sirex lure + ethanol combination), were collected between
20 October and 7 November. One T. columba L. (Sirex lure + ethanol combination
treatment), was collected between 7 and 16 November. No progeny of any Siricidae
were collected from felled trap trees. Neither S. noctilio nor male specimens of any
species were collected. Although the egg parasitoid /balia leucospoides Hochenwarth
may have been collected, they were not identified in Experiment 1.

Experiment 2. Two hundred and four S. nigricornis (35% of which were the former
S. edwardsii color morph) were collected between 11 October 2007 and 12 December
2008. There were no significant differences among attractants in collection of S. nigri-
cornis (T= -2.73, P = 0.0122), but as in Experiment 1, semiochemical-baited traps
were generally more attractive than trap trees (Table 2). Thirty-one aduits of the Sirex
sp. egg parasitoid /. leucospoides also were collected between 25 October 2007 and
10 January 2008; mean collections among treatments did not exceed 1.0 per trap.
Analysis of /. leucospoides indicated no significant differences among treatments
(T=-0.42, P=0.2919). No S. noctilio, U. cressoni, E. formosanus, or T. columba were
collected, nor were males of any species collected in Experiment 2.

Experiment 3. One hundred and forty-eight E. formosanus and 0 Sirex sp. were
collected. No E. formosanus were collected in the 95% ethanol treatment. There was
not a significant interaction between the trap tree treatment methods and trap height
(F=2.13, df=1,8 P<=0.1822); nor was the difference between the Vapam-DMSO and
dicamba treatment methods significant (F/4.31, df=1,4, P < 0.1066). Significantly
more E. formosanus were collected in the low trap position on the dicamba trap trees
(t=3.22, df=1,8, P < 0.0488; Fig. 1). Neither male E. formosanus nor either sex of any
other Siricidae were collected in Experiment 3.

A compilation of total S. nigricornis and E. formosanus collected by date in Experi-
ments 1 - 3 are presented in Fig. 2. One S. nigricornis was collected on 15 January

18 OHigh
16 WLow
E‘ 14
3
§ 10 ,
£ s :
5\ 6 L ab
d oy
2
0 "
Dicamba Vapam-DMSO

Fig. 1. Mean + 1 SEM (n = 5) collection of Eriotremex formosanus Matsumura
collected in Experiment 3 from high and low trap heights placed on Pinus
taeda L. trap trees in Louisiana. Differing letters indicate a significant dif-
ference at 0=0.05.
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Fig. 2. Sirex nigricornis and Eriotremex formosanus collection totals from
Experiments 1 (17 August 2006 - 17 August 2007) and Experiments 2 and
3 (August 2007-January 2008) in central Louisiana.

2007 but is not featured in Fig. 2. Very few T. columba and U. cressoni were collected
and those only in Experiment 1, and are not featured in Fig. 2.

Discussion

This is the first published study to compare an array of attractants specifically tar-
geting Siricidae in Louisiana and report their associated phenology. We selected the
Sirex UHR 70:30 o-p pinene lure due to its use as an attractant in surveying for S.
noctilio, and 2 bark beetle pheromones and ethanol, due to their common use in for-
est insect detection surveys. We also created trees likely to be more attractive and
susceptible to insects using a herbicide and soil fumigant, based on the proven suc-
cess of these treatments in attracting S. noctilio and other pine-infesting insects.

We collected 463 S. nigricornis, 216 E. formosanus, 3 U. cressoni, and 1 T. columba,
all of which were female. Following mating, male S. noctilio do not seek hosts and are
seldom seen away from the site of emergence (Morgan 1968), which may explain the
lack of collection of a single male siricid in our experiments and trapping studies of oth-
ers (Mclntosh et al. 2001; Smith and Schiff 2002; Allison et al. 2011), and low numbers
of males (relative to females) collected in other trapping studies (Sato and Maeto 2006).

Sirex nigricornis was the most commonly collected indigenous siricid in our study
and, whereas the actual treatment means were consistently low, they are similar to
those reported by others. Coyle et al. (2012) collected 531 S. nigricornis (when com-
bined with S. edwardsii) from a total of 435 12-unit Lindgren funnel traps (multiple
sites during a 3 year period) for an overalt mean of 1.6 specimens per trap. Results
from that study also indicated more S. nigricornis were collected from traps baited with
the Sirex UHR lure than those baited with ethanol + a-pinene, ethanol alone, or a
3-part Ips pheromone lure. Others have found that adding ethanol or /ps pheromones
to the Sirex UHR lure or a-pinene resuits in marginal (but insignificant) improvements
in collection of other Siricidae, including S. juvencus (L.) in South Dakota (Costello
et al. 2008) and Urocerus japonicus Smith in Japan (Sato and Maeto 2006). Coliections
of S. nigricornis among our trap tree treatments did not exceed 2.2 specimens per
tree. Zylstra et al. (2010) created P, sylvestris trap trees using dicamba and collected
up to a mean of 10.1 S. noctilio in Lindgren funnel traps suspended 6 m above the
ground adjacent to trap trees, as was previously determined to be the optimal trap
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height for collecting S. noctilio. We did not compare multiple trap heights during the
flight period of S. nigricornis, nor did we fell all trap trees and store in rearing contain-
ers in our study, both of which may have contributed to a clearer picture of the attrac-
tiveness and utilization of our trap trees by the existing siricid community.

The attractiveness of P, taeda trap trees to E. formosanus was unexpected given that
this siricid is associated with hardwood species (Smith 1996). In addition to trap collec-
tions on pine trap trees in all experiments, this species was frequently observed oviposit-
ing in dead pine trap trees characterized by numerous Monochamus sp. egg niches,
reddened tree crowns, and ambrosia beetle frass at the base of trees. Ulyshen and Hanula
(2010) created upright P, taeda, Liquidambar styraciflua L., and Quercus nigra L. trap
trees and also felled trees of each of these species to compare their attractiveness
and host suitability to E. formosanus. They neither collected E. formosanus from traps
adjacent to the pine trap trees nor collected emerging progeny from these trees in rearing
containers, whereas specimens were collected both from traps and in rearing devices
from both hardwood species. Dead P taeda apparently produce semiochemicals and
ratios of such that are similar to those produced by hardwood species and attractive
to E. formosanus. It is unknown if this occurs in pine species in E. formosanus’ native
range. Why more specimens were collected in the low trap position is not clear. Ulyshen
and Hanula (2010) found similar emergence along the entire bole of Q. nigra trap trees,
indicating each of the various portions were suitable for larval development and likely
similarly attractive to ovipositing females; perhaps the lower bole of our pine trap trees
was most similar to decaying hardwood species.

The low collection of U. cressoniis difficult to explain. Urocerus cressoni has been
collected over much of eastern North America, and recorded hosts include P, taeda
and P, rigida (Smith and Schiff 2002). In trapping studies which report on collections
of this species, collection totals vary but are generally low relative to trapping intensity.
In an evaluation of similar attractants using panel and Lindgren funnel traps, Costello
et al. (2008) collected just 2 specimens in 220 traps over a 2-yr period in South Dakota
(exact pine-volatile lures used to collect this species not reported). In an extensive
survey of the Siricidae of Minnesota using 435 Lindgren funnel traps (pooled across
a 3-yr period), Coyle et al. (2012) collected 70 specimens in traps baited with the Sirex
UHR lure (53) or with a-pinene and ethanol (17); none were collected in traps baited
with either ethanol alone or Ips pheromones alone. Others have collected greater
numbers of this species using the same methods, suggesting region or site variability.
In a survey for S. noctilio in Ontario, Canada using panel intercept and Lindgren funnel
traps baited with the Sirex UHR lure at 193 sites, Hodge et al. (2007) collected 267
U. cressoni. Abundance of Urocerus sp., as well as other Siricidae, at a single site can
also vary widely from year to year (Costello et al. 2008, Coyle et al. 2012).

The lack of greater collection of T. columba is most likely due to the treatments
evaluated and the characteristics of the sites selected for the experiments. This
species has been recovered from several dead or dying hardwood species, primarily
during the spring and summer, throughout its northern range (Smith and Schiff 2002,
Stillwell 1967). We collected the single specimen on 16 November 2006 in a pine
plantation characterized by numerous decaying hardwood stumps and slash material.
Had we created a trap tree of a hardwood species or used different attractants on a
predominately hardwood site, we likely would have caught more.

The principle conclusions from this study are the Sirex UHR lure alone is basically
as effective an attractant for S. nigricornis as the combinations of this lure with 95%
ethanol and/or the /ps engraver pheromones ipsenol and ipsdienol, as well as trap
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trees using the methods we selected for creating them. We hypothesize that the
higher collections of S. nigricornis we obtained in Experiment 2 in nearly every treat-
ment were due to the relatively constant and abundant amounts of fresh pine vola-
tiles emanating from the log piles and pine-processing at the mills; however,
replication in time as well as sites would be necessary to test this hypothesis. More
recent efforts have demonstrated the relative ineffectiveness of the Sirex UHR lure
to attract S. nigricornis in central Louisiana when directly compared against traps
baited with mesh bags of fresh split pine billets and foliage (authors unpublished).
The lures used in Experiments 1 and 2 collected few to zero E. formosanus. The P.
taeda trap tree treatments, specifically the dicamba trap tree treatment, were seem-
ingly attractive to this hardwood-associated siricid E. formosanus, and collection
significantly increased when traps were placed nearer the ground. However, no
progeny of this species were collected in subsequent and limited rearing and dis-
sections of pine. In central Louisiana, surveys for S. nigricornis should be conducted
from October through December, and for E. formosanus, August through October.
More research is necessary for determining the phenology and effective detection
methods for other Siricidae in the region.

Acknowledgments

The authors thank Frank Yerby, Chad Knight and Alex Michalek, with the USDA Forest
Service, Kisatchie National Forest, for allowing us to use forest sites for experiments. We also
thank the International Paper Mill, Pineville, LA and the Weyerhauser Corporation, Dodson, LA
for allowing us to trap around these mills. The authors thank Louisiana Tech University personnel
Atticus Finger, Andrew Johnson, and Michael Franks; and USDA Forest Service personnel Valli
Peacher, Alex Mangini, Ron Kertz, Dale Starkey, Roger Menard, Jacob Hudson, Robert Parpart,
Ben Parpart, and Stephen Walters for invaluable field assistance, identifications, and specimen
preservation. The authors thank Alex Mangini, Stephen Clarke, Brian Strom, and Jessica McKenney
for suggestions and reviews of the present or earlier versions of this manuscript. This work was
funded as a Special Technology Development Project, U.S.D.A. Forest Service, Forest Health
Technology Enterprise Team, project number 8-2005-04.

References Cited

Allison, J. D., C. W. Johnson, J. R. Meeker, B. L. Strom and S. M. Butler. 2011. Effect of
aerosol surface lubricants on the abundance and richness of selected forest insects captured
in multiple-funnel and panel traps. J. Econ. Entomol. 104: 1258-1264.

Allison, J. D., J. H. Borden, R. L. Mcintosh, P. de Groot and R. Gries. 2001. Kairomonal re-
sponse by four Monochamus species (Coleoptera: Cerambycidae) to bark beetle phero-
mones. J. Chem. Ecol. 27: 633-646.

APHIS. 2009. Exotic Woodborer/Bark Beetle National Survey Guidelines. http://www.aphis.
usda.gov/plant_health/plant_pest_info/pest_detection/pestlist.shtml. National Wood Borer
Bark Beetle National Survey Field Manual - refer to CAPS National Survey Guidelines Ap-
pendix M: EWBBB Survey Methods.

Bashford, R. 2008. The development of static trapping systems to monitor for wood-boring
insects in forestry plantations. Aust. For. 71: 236-241.

Billings, R. F. and R. S. Cameron. 1984. Kairomonal responses of Coleoptera, Monochamus
titillator (Cerambycidae), Thanasimus dubius (Cleridae), and Temnochila virescens (Trogos-
sitidae), to behavioral chemicals of southern pine beetles (Coleoptera: Scolytidae). Environ.
Entomol. 13: 1542-1548.

$S900E 981) BIA 20-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid,/:sdiy woil papeojumoc]


http://www.aphis

182 J. Entomol. Sci. Vol. 48, No. 3 (2013)

Boroczky, K., D. J. Crook, T. H. Jones, J. C. Kenny, K. E. Zylstra, V. C. Mastro and J. H.
Tumlinson. 2009. Monoalkenes as contact sex pheromone components of the woodwasp
Sirex noctilio. J. Chem. Ecol. 35: 1202-1211.

Carnegie, A. J., M. Matsuki, D. A. Haugen, B. P. Hurley, R. Ahumada, P. Klasmer, J. Sun and
E. T. lede. 2006. Predicting the potential distribution of Sirex noctilio (Hymenoptera:
Siricidae), a significant exotic pest of Pinus plantations. Ann. For. Sci. 63: 119-128.

Costello, S.L., J.F.Negron and W.R. Jacobi. 2008. Traps and attractants for wood-boring insects
in ponderosa pine stands in the Black Hills, South Dakota. J. Econ. Entomol. 101: 409-420.

Coyle, D. R., J. A. Pfammatter, A. M. Journey, T. L. Pahs, V. J. Cervenka and R. L. Koch.
2012. Community composition and phenology of native Siricidae (Hymenoptera) attracted to
semiochemicals in Minnesota. Environ. Entomol. 41: 91-97.

Crook, D. J., K. Béroczky, K. E. Zylstra, V. C. Mastro and J. H. Tumlinson. 2012. The chemi-
cal ecology of Sirex noctilio, Pg. 149-158. in B. Slippers, P. de Groot and M.J. Wingfield,
[eds.], The Sirex Woodwasp and its Fungal Symbiont: Research and Management of
a Worldwide Invasive Pest. Springer, NY.

Dodds, K., P. de Groot and D. A. Orwig. 2010. The impact of Sirex noctilio in Pinus resinosa
and Pinus sylvestris stands in New York and Ontario. Can. J. For. Res. 40: 212-223.

de Groot, P. and R. W. Nott. 2004. Response of white-spotted sawyer beetle, Monochamus s.
scutellatus, and associated woodborers to pheromones of some /ps and Dendroctonus bark
beetles. J. Appl. Entomol. 128: 483-487.

Hodge, P. E., E. J. Czerwinsky, H. Evans, M. Francis, A. J. Keizer, D. Rowlinson and
L. Rowlinson. 2007. Invasive Species in Ontario’s Forests. Ontario Ministry of Natural Re-
sources  (http://www.mnr.gov.on.ca/stdprodconsume/groups/ir/ @ mnr/ @ forests/documents/
document/274140.pdf).

Hoebecke, E.R., D.A. Haugen and R.A. Haack. 2005. Sirex noctilio: Discovery of a Palearctic
siricid woodwasp in New York. Newsl. of the Michigan Entomol. Soc. V. 50 (1 and 2).

Hurley, B. P., B. Slippers and M. J. Wingfield. 2007. A comparison of control results for the
alien invasive woodwasp, Sirex noctilio, in the southern hemisphere. Agric. For. Entomol. 9:
159-171.

Littell, R. C., W. W. Stroup and R. J. Freund. 2002. SAS® for Linear Models, Fourth Edition.
Cary, NC: SAS Institute Inc. Pp. 135-140.

McCune, B., J. B. Grace and D. L. Urban. 2002. Analysis of ecological communities. MjM
Software Design. Gleneden Beach. OR. 188-197.

Mcintosh, R., P. Katinic, J. Allison, J. Borden and D. Downey. 2001. Comparative efficacy of
five types of trap for woodborers in the Cerambycidae, Buprestidae and Siricidae. Agric. For.
Entomol. 3: 113-120.

Miller, M. C., D. N. Kinn and B. R. Parresol. 1995. Effect of sodium N-methyldithiocarbamate
with dimethyl-suifoxide on southern pine beetle (Col., Scolytidae) development: results of
initial field tests. J. Appl. Entomol. 119: 55-61.

Miller, D. R., C. Asaro and C. W. Berisford. 2005. Attraction of southern pine engravers and
associated bark beetles (Coleoptera: Scolytidae) to ipsenol, ipsdienol, and lanierone in
southeastern United States. J. Econ. Entomol. 98: 2058-2066.

Miller, D. R. and C. Asaro. 2005. Ipsenol and ipsdienol attract Monochamus titillator (Coleop-
tera: Cerambycidae) and associated large pine woodborers in southeastern United States. J.
Econ. Entomol. 98: 2033-2040.

Mitler, D. R. 2006. Ethanol and (-) alpha-pinene: attractant kairomones for some large wood-
boring beetles in southeastern USA. J. Chem. Ecol. 32: 779-794.

Morgan, F. D. 1968. Bionomics of siricidae. Annu. Rev. Entomol. 13: 239-256.

Neumann, F. G., J. A. Harris, F. Y. Kassaby and G. Minko. 1982. An improved technique for
early detection and control of the Sirex wood wasp in radiata pine plantations. Aust. For.
45:117-124.

Neumann, F. G. and J. L. Morey. 1984. Influence of natural enemies on the Sirex woodwasp
in herbicide-treated trap trees of radiata pine in north-eastern Victoria. Aust. For. 47: 218-224.

$S900E 981) BIA 20-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid,/:sdiy woil papeojumoc]


http://www.mnr.gov.on.ca/stdprodconsume/groups/lr/@mnr/@forests/documents/

JOHNSON ET AL.: Detection and Abundance of Siricidae in Louisiana 183

Rawlings, G. B. and N. M. Wilson. 1949. Sirex noctilio as a beneficial and destructive insect
of Pinus radiatain New Zealand. New Zealand J. For. 6: 20-29.

Roton, L. M. 1987. Promising treatment for southern pine beetles. Am. Papermaker 50: 30-32.

Sato, S. and K. Maeto. 2006. Attraction of Japanese horntail Urocerus japonicas (Hymenop-
tera: Siricidae) to c-pinene. Appl. Entomol. Zool. (Jpn.) 41: 317-323.

Schiff, N. M., H. Goulet, D. R. Smith, C. Boudreault, A. D. Wilson and B. E. Scheffler. 2012.
Siricidae (Hymenoptera: Symphyta: Siricoidea) of the Western Hemisphere. Can. Journ. of
Arthropod Indentification. (No 21; July, 2012). 305 Pp.

Schiff, N. M., S. A. Valley, J. R. LaBonte and D. R. Smith. 2006. Guide to the siricid wood-
wasps of North America. USDA Forest Service, Forest Health Technology Enterprise Team.

Simpson, R. F. 1976. Bioassay of pine oil components as attractants for Sirex noctilio
(Hymenoptera: Siricidae) using electroantennogram techniques. Entomol. Exp. Appl. 19:
11-18.

Simpson, R. F. and R. M. McQuilkin. 1976. Identification of volatiles from felled Pinus radiata
and the electroantennograms they elicit from Sirex noctilio. Entomol. Exp. Appl. 19: 205-213.

Smith, D. R. and N. M. Schiff. 2002. A review of the siricid woodwasps and their Ibalid parasit-
oids (Hymenoptera: Siricidae, Ibaliidae) in the eastern United States, with emphasis on the
mid-Atlantic region. Proc. Entomol. Soc. Wash. 104: 174-194.

Smith, D. R. 1996. Discovery and spread of the Asian horntail, Eriotremex formosanus
(Matsumura) (Hymenoptera: Siricidae), in the United States. J. Entomol. Sci. 31: 166-171.
Stillwell, M. A. 1967. The pigeon tremex, Tremex columba (Hymenoptera: Siricidae), in New

Brunswick. Can. Entomol. 99: 685-689.

Strom, B. L., S. R. Clarke and P. J. Shea. 2004. Efficacy of 4-allylanisole-based products for
protecting individual loblolly pines from Dendroctonus frontalis Zimmerman (Coleoptera:
Scolytidae). Can. J. For. Res. 34: 659-666.

Ulyshen, M. D. and J. L. Hanula. 2010. Host-use patterns of Eriotremex formosanus
(Hymenoptera: Siricidae) in South Carolina, USA. Entomol. News 121(1): 97-101.

Zyistra, K. E., K. J. Dodds, J. A. Francese and V. Mastro. 2010. Sirex noctilio in North
America: the effect of stem-injection timing on the attractiveness and suitability of trap trees.
Agric. For. Entomol. 12: 243-250.

$S900E 981) BIA 20-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-1pd-awiid,/:sdiy woil papeojumoc]



