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Introduction
The redbay ambrosia beetle, Xyleborus glabratus Eichhoff, 

(Coleoptera: Scolytidae) is a wood-boring insect that vectors the 
fungus responsible for a vascular laurel wilt causing high mortality  

 
of trees within the Lauraceae family in the southeastern United 
States [1]. The beetle carries the symbiotic fungal pathogen in its 
mandibular mycangium [2]. Once introduced into the living tree, 
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the fungus blocks the xylem, thus producing a disease syndrome 
termed “laurel wilt” (LW) which eventually leads to tree death [3]. 
Ambrosia beetles are members of the insect tribe Xyleborini, have 
a symbiotic relationship with a fungus and are known for attacking 
various woody plants, causing some limb and stem dieback and 
sometimes plant death [4-6]. Redbay ambrosia beetle adults 
bore through the bark and into the xylem where they lay eggs 
and inoculate the wood with the symbiotic fungus; then, adults 
and larvae cultivate and feed on ambrosia fungi that grow in the 
galleries [7]. Invasive fungus-forming ambrosia beetles (Xyleborus, 
Xylosandrus) pose a growing threat to forest ecosystems and fruit 
industries [8]. 

Native species of Persea (Lauraceae) species appear to be 
referred hosts, and laurel wilt disease is responsible for high 
mortality of redbay [P. borbonia (L.) Spreng.], swampbay [P. 
palustris (Raf.) Sarg.], and sassafras [Sassafras albidum (Nuttall) 
Nees] in Alabama, Florida, Georgia, Mississippi, North Carolina and 
South Carolina [9,10]. In addition, the avocado (Persea americana 
Mill) crop in Florida, the United States and Mexico is threatened 
by this serious disease [11,12]. Thus, there is an urgent need for 
assessing the density of the populations and the distribution of 
these beetles. Development of monitoring/management tools for 
the redbay ambrosia beetle is contingent upon identification of 
effective attractants. The standard method of monitoring ambrosia 
beetles include use of Lindgren funnel traps baited with Manuka 
and Phoebe oil [13,14]. However, recent field tests conducted 
in Florida indicated that Manuka attractants were not specific 
in attraction of X. glabratus and had limited longevity. Phoebe 
oil attractants were found to be highly effective for capture of X. 
glabratus [11], but unfortunately, they are no longer available due 
to depletion of source trees in the Brazilian rain forest. The beetle is 
attracted to the odor of Raffaelea [15], but there is no evidence of an 
aggregation pheromone or a response to ethanol (the standard lure 
for other ambrosia beetles). Bolts of redbay are proven attractants 
suggesting host tree volatiles are the primary attractants [8]. 
Because the Apalachicola National Forest (the largest of Florida 
forests) has never been surveyed for the presence of the redbay 
ambrosia beetle, this study aims to provide useful insights in the 
composition of ambrosia beetles and potential threats to the trees 
in the Apalachicola National Forest’s ecosystems.

Materials and Methods

Site selection

The sites were chosen in consultation with the personnel of 
Cooperative Agricultural Pest Survey (CAPS). These sites were easily 
accessible to campers who might import contaminated firewood 
from other regions of Florida, believed to be the major route of 
dispersal of beetle [16]. The three campsites selected were: (a) 
Camel Lake near Bristol (GPS coordinates 30.256102, -84.994955) 
located off of NF-105; (b) Cotton Landing (coordinates 30.05394, 
-85.064049) located off of NF-102A, and (c) Wright Lake/Hickory 

Landing (coordinates 29.991739, -84.978304) located off of NF-
101 near Sumatra.

Survey procedure and field trials

The surveys covered two experimental periods; the first survey 
began on October 2011 and ended on February 2012 and the 
second one was conducted from March 2012 to August 2012. Two 
commercial attractants were tested: 

a) Manuka and phoebe oil mixture (Synergy Semiochemicals, 
Burnaby, BC) which is a recognized attractant for Xyleborus 
glabratus, and 

b) Gel ethanol lures (Contech Inc. Delta, BC, Canada) 
recognized as general bark beetle attractants. Results indicated 
that gel ethanol was an effective attractant, but difficult to 
obtain commercially. 

Therefore, hand sanitizer (Purell® Hand Sanitizer, Purell, 
Akron, OH, USA) was also tested to see if it was effective in attracting 
beetles. The attractants were evaluated in three campsites (Camel 
Lake near Bristol, Cotton Landing and Wright Lake/Hickory 
Landing). Different attractant treatment regimens were tested in 
three experimental units or blocks. The treatment applied to each 
experimental unit was unchanged throughout the 10 months of the 
study. In the experimental units 1, 2 and 3, manuka and phoebe oil 
mixture was used for treatment 1, gel ethanol for treatment 2 and 
hand sanitizer for treatment 3. 

These treatments (attractants) were applied as per the 
manufacturer’s instructions. For treatment 3, a latex laboratory 
glove was filled with commercially available hand sanitizer from a 
retail distributor, sealed with twine, and three pinholes were placed 
near the top to allow the scent to disperse. Two Lindgren funnel 
traps (10 funnels/trap) were set at each site and randomly assigned 
a treatment. The attractant was changed monthly and all ambrosia 
beetles were collected at a scheduled time interval. Samples were 
preserved in cups containing propylene glycol and later placed 
in vials of ethanol with dates and location. Specimens collected 
were taken to our laboratory in Tallahassee, Florida, and sorted, 
then separated and identified, and later sent to CAPS laboratory in 
Gainesville, Florida, for a second verification of the identification of 
the specimens. The percentage of ambrosia beetle collected in each 
trap was used to assess the effectiveness of each treatment in the 
experimental unit.

Data Analysis
Data on the numbers of ambrosia beetles collected were 

analyzed by treatment, location, and date using a repeated measure 
analysis [17]. Treatments (attractants) were modeled as fixed 
effects; date, location and date-by-treatment interactions were 
modeled as random effects. Locations and the dates were used to 
provide the replications for the treatment effects, and treatments 
and date provided the replications to test the fixed effects of 
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the location. Similarly, the treatments and location provided 
replications to the fixed effects of the date. A Tukey’s studentized 
range test was used to compare treatment means. Data were log 
transformed [log (x+1)] to satisfy the assumptions of normality 
before analysis. For all statistical tests α=0.05.

Results and Discussion
Diversity of species collected
Table 1: List of species collected and identified during the 
experimental periods from October 2011 to February 2012.

Tribe Species

Tribe Xyleborini Ambrosiodmus devexulus Wood

Ambrosiodmus lecontei Hopkin

Ambrosiodmus obliquus Blackman

Ambrosiodmus rubricollis Eichhoff

Ambrosiophilus atratus Eichhoff

Xyleborus pubescens Zimmermann

Cnestus mutilatus Blandford

Cyclorhipidion bodoanum Reitter

Xyleborinus saxesenii Ratzebur

Xylosandrus crassiusculus Motschulsky

Xyleborus affinis Eichhoff

Xyleborus californicus Wood

Xyleborus ferrugineus Fabricius

Xyleborus intrusus Blandford

Xyleborus volvulus Fabricius

Tribe Corthylini Corthylus punctatissimus Zimmermann

Monarthrum mali Fitch

Monarthrum fasciatum Say

Pityophthorus pulicarius Zimmermann

Pseudopityophthorus asperulus LeConte

Tribe Cryphylini Hypothenemus sp.

Tribe Dryocoetini Dryoxylon onoharaensum Murayama

Tribe Ipini Ips grandicollis Eichhoff

Tribe Micracidini Micracisella nanula Wood & Bright

Overall, a total of 2,394 specimens of ambrosia beetles 
representing 25 species and 15 genera were collected from 
the Apalachicola National Forest, but Xyleborus glabratus were 
not found. Of those collected, 1,865 belonged to Xyleborini, the 
ambrosia beetle tribe containing the redbay ambrosia beetle and 
many other forest species (Table 1). During the first survey period, 
217 specimens were collected, the relative abundance of these 
species ranged from 0.46% to 51.61% (Table 2). The dominant 
species was Xyleborinus saxesenii (51.61%). There were also four 
subdominant species which included Xyleborus affinis (9.20%), 
X. ferrugineus (8.76%), and X. volvulus (7.83%), all belonging 
to the tribe Xyleborini (Figure 1). However, the specimens of 
Hypothenemus sp. (11.01%) belong to the related tribe Cryphalini 
(Table 2). There were relatively low total numbers of beetles 
collected in  winter;  results for the spring and summer sampling 
produced a total of2.177 specimens ( Table 3).

Table 2: Species of scolytine ambrosia beetles collected in the Apalachicola National Forest, October 2011 to February 2012, arranged 
alphabetically. (N=217).

Tribe Species Common Name Relative Abundance Invasive Category*

Xyleborini Ambrosiodmus devexulus 2.76%

Xyleborini Ambrosiodmus lecontei 0.46%

Xyleborini Ambrosiodmus obliquus 2.30% *5

Xyleborini Xyleborinus saxesenii lesser shot hole borer 51.61% *1

Xyleborini Xyleborus affinis 9.20% *2

Xyleborini Xyleborus californicus *3 0.46% *1

Xyleborini Xyleborus ferrugineus 8.76% *2

Xyleborini Xyleborus pubescens 0.46% *2

Xyleborini Xyleborus volvulus 7.83% *2

Xyleborini Xylosandrus crassiusculus granulate ambrosia beetle 2.30% *1

Corthylini Corthylus punctatissimus pitted ambrosia beetle 0.46% *4

Corthylini Pseudopityophthorus 
asperulus 0.46%

Cryphalini Hypothenemus sp. 11.01% *1

Micracidini Micracisella nanula 1.84%
 
*1-exotic beetles established in USA, or *2-intercepted at ports in USA, 1984 to 2008; *3-Xyleborus californicus was recently synonymized 
with Cyclorhipidion bodoanum; *4-record from CISEH (2010); *5-possibly introduced.
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Figure 1: Number of specimens of dominant species of scolytine ambrosia beetles collected in Apalachicola National Forest from 
October 2011 to August 2012. N=2,394. 

The seasonal patterns of occurrence of these species varied 
over time and between species (Figure 2). The relative density 
of populations of Xyleborinus saxesenii increased from 11% in 
October (fall) to 72% in February (late winter); in contrast, beetle 
populations of Xyleborus ferrugineus were highest at the beginning 
of the survey period, then decreased from 48% in October to 10% 
in January, and later showed a small increase in April (7.6%) and 
declined from May through August. Xyleborinus saxesenii was 

the most abundant representative of Xyleborini in every sample 
except in October 2011 and June 2012. In June, the abundance of 
X. saxesenii was less than that of the winter species Xylosandrus 
crassiusculus which increased from 5% of total beetles in February 
(spring) to 60% in June (summer), or in terms of numbers from one 
specimen in February to 16 specimens in May to 517 specimens 
in June. In contrast, the number of Xyleborinus saxesenii decreased 
from 42% to 12% over the same period (Figure 2).

Table 3: Species of scolytine ambrosia beetles collected in the Apalachicola National Forest, October 2011 to August 2012 arranged 
by order of relative abundance. (N=2,394).

Tribe Species Common name Relative abundance Invasive category*

Xyleborini Xyleborinus saxesenii lesser shot hole borer 33.92% *1

Xyleborini Xylosandrus crassiusculus granulate ambrosia beetle 30.95% *1

Dryocoetini Dryoxylon onoharaensum 15.79% *1

Xyleborini Xyleborus affinis 5.56% *2

Cryphalini Hypothenemus sp. 5.18% *1

Xyleborini Xyleborus ferrugineus 3.30% *2

Xyleborini Ambrosiodmus obliquus 1.34% *5

Xyleborini Xylosandrus compactus black twig borer 0.96% *2

Xyleborini Xyleborus volvulus 0.71% *2

Xyleborini Ambrosiophilus atratus 0.38% *1

Corthylini Monarthrum mali 0.38%

Micracidini Micracisella nanula 0.33%

Xyleborini Ambrosiodmus devexulus 0.25%

Ipini Ips grandicollis 0.21% *2

Xyleborini Cnestus mutilatus camphor shot borer 0.17% *1

Xyleborini Ambrosiodmus lecontei 0.13%

Xyleborini Xyleborus pubescens 0.08% *2

Corthylini Corthylus punctatissimus pitted ambrosia beetle 0.08% *4

Xyleborini Ambrosiodmus rubricollis 0.04% *1

Xyleborini Cyclorhipidion bodoanum*3 0.04% *1

Xyleborini Xyleborus californicus *3 0.04% *1
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Xyleborini Xyleborus intrusus 0.04% *2

Corthylini Monarthrum fasciatum 0.04%

Corthylini Pityophthorus pulicarius 0.04%

Corthylini Pseudopityophthorus 
asperulus 0.04%

 
*1-exotic beetles established in USA, or *2-intercepted at ports in USA, 1984 to 2008; *3-Xyleborus californicus was recently 
synonymized with Cyclorhipidion bodoanum; *4-record from CISEH (2010); *5-possibly introduced.

Figure 2: Seasonal distribution and relative abundance per date for dominant species of scolytine ambrosia beetles, Apalachicola 
National Forest, October 2011 to August 2012. N=2,394.

Based on the tabular summaries of species intercepted at 
American ports the highest percent of species (97.4%) of ambrosia 
beetles collected were invasive species [18]. Our data suggested 
that forests were changing as invasive insects import diseases 
in the absence of natural enemies [8,19]. Our data also indicated 
four newly collected species or new county records from the 
Apalachicola National Forest (Table 3). These species include 
Corthylus punctatissimus which  was collected at Camel 
Lake in February using ethanol gel and in March using Manuka/
Phoebe oil. Cnestus mutilatus was originally collected using ethanol 
gel in April and again using hand sanitizer in May and July, all at 
Camel Lake, and in June at the same site using Manuka Phoebe 
oil. Cnestus mutilatus is a pest of grapes and many trees and is 
also a known vector of the recently described fungus Ambrosiella 
beaver [20]. Xyleborus intrusus was collected at Cotton Landing 
using hand sanitizer attractant in May, and Monarthrum fasciatum 
was collected using hand sanitizer at Cotton Landing in June. The 
relative abundance of the species collected during October 2011 to 
August 2012 (Table 3) indicated that the most dominant species 
were Xyleborinus saxeseni (33.92%), Xylosandrus crassiusculus 
(30.95%) and Droxylon onoharaensum (15.79).

Effectiveness of attractants for the ambrosia beetle
Table 4: Comparative efficacy of gel ethanol and Manuka /
Phoebe Oil attractants to species of Xyleborini during the survey 
period: October 2011 to April 2012.

Attractant Mean±SE

Manuka/Phoebe 6.22±2.26a

Gel Ethanol 23.17±5.15b

Means in column are not significantly different if followed by the 
same letter (Tukey’s test, SAS Institute, 2006).

Data on the total number of ambrosia beetles belonging to 
Xyleborini collected in the first six months indicated that gel 
ethanol was significantly more attractive to the ambrosia beetles 
than was a mixture of Manuka and Phoebe oil (F=5.57; df=1,10; 
P=0.0401) (Table 4). In the last four months (May to August 2012), 
commercial hand sanitizer was tested as attractant instead of gel 
ethanol. The numbers of beetle collected using hand sanitizer were 
not significantly different from those using Manuka and Phoebe 
oil mixture (F= 0.05; df=1,4; P=2070.8275) ( (Table 5). The time 
effect (a measure of within-treatment variability) was significant 
(F=29.57; df=3,12; P <0.0001).
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Table 5: Comparative efficacy of hand sanitizer and Manuka/
Phoebe Oil attractants to total specimens of Xyleborini collected 
during the survey period: May to August 2012.

Attractant Mean±SE

Manuka/Phoebe 65.83±24.22a

Hand Sanitizer 30.00±9.85a

Means in column are not significantly different if followed by the 
same letter (Tukey’s test, SAS Institute, 2006).

Among the three major species of ambrosia collected during 
the experimental periods in the Apalachicola National Forest 386 
specimens of X. saxesenii were attracted to the Manuka/Phoebe 
oil while 426 to ethanol; 562 specimens of X. crassiusculus were 
collected in Manuka/Phoebe oil but 179 specimens in ethanol, and 
for Xyleborus ferrugineus 29 in Manuka/Phoebe and 50 in ethanol. 
These results are more in agreement with researchers who showed 
Xyleborinus saxeseni attracted to ethanol [21] and Xylosandrus 
crassiusculus responded to odors from wounded redbay trees in 
flight intercept traps [9]. Our data clearly indicated the Xylosandrus 
crassiusculus has a peak flight activity in June which is similar to 
the findings of Werle [22] from Mississippi but not those from 
South Carolina where the beetles were more active in August and 
September [9]. Perhaps the differences in seasonal abundance 
of these species may be found in the growth and availabilities of 
different host trees.

Using Lindgren funnels with different attractants, 25 species 
of ambrosia beetles were identified in the Apalachicola National 
Forest over the period from October 2011 to August 2012. The 
majority of beetles collected were invasive species. Two invasive 
species, Xyleborinus saxesenii and Xylosandrus crassiusculus, were 
the most abundant species in the samples. The redbay ambrosia 
beetle (Xyleborus glabratus) was not found, but considering the 
recent reports of laurel wilt disease in counties west and north of the 
Apalachicola National Forest, it may be present or the fungus may 
be carried by another of these species. Carillo [23] showed that five 
of the species present in the forest (Xyleborinus saxeseni, Xyleborus 
affinis, X. ferrugineus, X. volvulus, Xylosandrus crassiusculus) were 
capable of vectoring the laurel wilt fungus. In 1983, Xylosandrus 
crassiusculus was first recorded from Florida in a locality adjacent 
to the study sites in the Apalachicola National Forest [24] and was 
common in the area by 1994 [25]. It vectors symbiotic fungi that 
cause heavy damage to many species of trees; it is also capable of 
vectoring the same fungus that is carried by the redbay ambrosia 
beetle [26]. Xyleborinus saxesenii is a known pest in ornamental 
nurseries [27], and may also carry the laurel wilt fungus [28]. 

The distribution of four other species was extended to the 
Apalachicola National Forest in Liberty County, Florida. The 
dominant species, Xylosandrus crassiusculus showed a strong 
seasonal peak in summer in adult populations and Xyleborinus 
saxesenii was present on every sampling date. The attractants were 

a mixture of Manuka and Phoebe oil used over the entire period 
of study and two formulations of ethanol: a standard commercial 
gel ethanol for six months and hand sanitizer for four months. The 
survey results indicated that gel ethanol was significantly more 
attractive to beetles than the Manuka/Phoebe oil mixture. When 
hand sanitizer was substituted as a practical source of ethanol, 
there was no significant difference between hand sanitizer and 
the Manuka/Phoebe oil mixture. This provides a practical and 
economical method for routine monitoring of ambrosia beetles. 
This is the first report on the use of hand sanitizer as an alternative 
to Manuka/Phoebe oil mixture.
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