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plant population, such as coffee.  If such a trial takes place and results show no risk of increased 
plant damage, NRS plans to resume testing on F. neowawraea.  In the meantime, one strategy 
currently under investigation by NRS is whether saturation of an area with baited traps can 
reduce damage to F. neowawraea by acting as a sink for X. compactus.  A field trial testing the 
efficacy of this method is currently underway.  Rings of traps have been placed around randomly 
selected F. neowawraea (Fig. 5.1.1) and damage to these trees compared against trees without 
traps.  High release ethanol baits (Aptiv Inc. Marylhurst, OR) are being used as lures in this 
study. They are effective for 45 days. 

 
Figure 5.1.1 Ring of traps placed around a Flueggea neowawraea in an effort to capture 
Xylosandrus compactus prior to gallery construction. 
 
Chapter 5.2 Black Twig Borer Population Monitoring 
 
Proposed action:  Effective control is hampered by a lack of basic methodology needed to 
evaluate the efficacy of potential treatments.  This lack was made clear in the difficulties 
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encountered by researchers at NTBG.  NRS seeks to improve sampling protocol by clarifying the 
relationship between X. compactus found in traps and numbers of new galleries recorded on F. 
neowawraea.  If closely associated, NRS plans to discontinue damage assessments which are 
both more labor intensive and prone to observer bias than traps.  Little is known regarding X. 
compactus densities or population response to seasonal cues.  NRS will monitor X. compactus 
abundance using both methods and identify patterns, if any. 
 
Status:  A year long monitoring program using both traps and damage assessments has provided 
insights into X. compactus behavior and identified potential seasonal triggers.  Baseline damage 
rates have also been established for F. neowawraea outplanted in the KMU.  Whether damage 
rates will decline, increase or remain static in the upcoming year can only be determined through 
continued monitoring... The results and conclusions presented below are preliminary. 
 
Study:  Damage caused to F. neowawraea by X. compactus at two sites and seasonal changes in 
pest abundance for the year 2007 
 
Methods:  Work took place at two F. neowawraea stands, 250 m apart, located within the KMU 
at an elevation of 2000 ft (Fig. 5.2.1).  The two sites, referred to here as Up Gulch (UG) and 
Down Gulch (DG), provide habitat for 37 and 24 trees respectively.  Trees were reared in the 
greenhouse and planted by NRS on 2/17/2005, 2/22/2006 (UG) and 1/2/2007 (DG).  DG contains 
24 trees, seven of which were transplanted from a nearby site, Pteralyxia Gulch (PG), where they 
had been doing poorly.  These seven, plus an additional 19 plants were originally planted at PG 
on 12/10/2003.  UG monitoring commenced August 2006.  Monitoring DG did not occur until 
January 2007, when planting occurred.  Comparisons between the UG and DG sites, therefore, 
include data collected UG only after 1/1/2007.   
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Figure 5.2.1 Flueggea neowawraea stands with number of trees listed 
 
Xylosandrus compactus were lured to Japanese beetle traps (Trece Inc., Adair, OK) using 
ethanol.  One fl. oz. of 100% ethanol was dispensed into a vial plugged with cotton mounted on 
the trap.  An insecticidal strip (Vaportape II™, Hercon® Environmental, Emigsville, PA) in the 
collection cup killed any insect entering the trap.  Trapped X. compactus were counted weekly 
and ethanol replenished.  This type of trap has been used successfully elsewhere in Hawai‘i 
(Dudley et al., 2006) and is the same one pictured in Figure 5.1a with the exception of the type 
of lure.  Six traps were deployed UG on 10/12/2006 and six DG on 12/24/2006.  When intra-trap 
variation proved high, three traps were added to each site on 6/26/2007.  Subsequent data 
analysis made use of the mean rather than absolute number of X. compactus per trap.  Here, we 
refer to the former as “trap catch” and represent it with the notation BTB/trap. 
 
As in a previous study (Gillette et al. 2006) X. compactus entry holes were counted and marked 
on F. neowawraea trees to determine attack rates.  Damage was measured using the following 
formula:  
 

o/h/t 
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Where o is the number of new (unmarked) holes (+0.0001, see below), h is the height of the tree 
(m) and t is the time elapsed (days) since holes were last counted and marked.  In order to 
eliminate zeros +0.0001 holes were added to each damage assessment at 30 day intervals. 
 
Analysis: Damage was assessed approximately once a month while traps were counted much 
more frequently.  Rainfall measurements were recorded approximately 15 times per month using 
a gauge stationed at the Nike greenhouse (Fig. 5.2.1).  Frequently collected data, such as rainfall, 
was averaged prior to comparison with smaller datasets such as damage.  Regression and 
correlation analyses were used to identify associations between variables. 
  
Results and discussion:  Figure 5.2.2 shows damage over time at both sites.  When grouped by 
site, data was not normal and variance was dissimilar between groups.  Though it would have 
been desirable to look at the effects of both time and site on damage, only site is considered here 
and all values between 1/2007 and 9/2007 are pooled.  Transformation was attempted, but data 
remained in violation of assumptions intrinsic to parametric two-factor statistics.  The RS 
continues to investigate whether a nonparametric alternative exists to the two-way ANOVA or 
repeated measures analysis. 

 
Figure 5.2.2 Damage to Flueggea neowawraea (n = number of trees) over time by site.  Bars 
are ± 1 SEM. 
 
Trees UG sustained significantly higher levels of damage than those DG (Mann-Whitney U Test: 
p < 0.0001).  Possible reasons for this discrepancy may include factors intrinsic to the tree itself 
(e.g., age, health) and/or extrinsic factors (e.g. tree spacing, proximity to other X. compactus host 
plant species).  The tree population UG is both larger (e.g. more numerous), and, on average, 
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older than that DG.  Possibly, X. compactus has reached its carrying capacity UG while the 
population DG is yet expanding.  In addition, the role initial level of infestation plays in 
subsequent damage accumulation has not been adequately controlled for in this study.  For 
example, a tree with a high number of holes at the outset may have a greater chance of gaining 
even more holes in the future relative to a tree with few nor no galleries.  The number of F. 
neowawraea at each site may prove important as well, especially if X. compactus is unable to 
disperse long distances.  Just as a large, densely packed population facilitates disease 
transmission, the number and spacing of trees may encourage or hinder X. compactus 
colonization.  
 
A seasonal pattern of damage is evident at both sites (Fig. 5.2.2) with relatively low levels 
prevailing between January and July and increasing thereafter.  Damage at the UG site peaked in 
late September in both 2006 and 2007.  Such symmetry only makes sense if X. compactus 
activity is driven by seasonal factors.  Of note is the anomalous spike in attacks witnessed among 
the DG trees two weeks after planting.  It was the only time damage DG surpassed damage UG.  
Among the possible explanations for this spike, three are immediately apparent.  First, it may 
result from X. compactus taking advantage of a new resource.  Second, recently planted F. 
neowawraea may have fewer defenses relative to older outplantings.  This deficiency is 
sometimes caused by stress associated with transplanting or by greenhouse conditions that fail to 
prepare the plant adequately for harsh conditions encountered in the wild.  The roughly, similar 
levels of damage at both sites over time suggest a third possibility.  When compared to those 
observed UG, fluctuations are generally later and less pronounced in the DG population.  This 
may result when slight changes to temperature, humidly, or rainfall produce favorable conditions 
for X. compactus at one site but not at another until later in the season.  Based on anecdotal 
observations, DG is sunnier, warmer and drier with more native canopy trees than the area UG. 
Also notable, is the abundance of heavily infested Buddleia asiatica at the latter site, which 
appear to thrive despite attack by X. compactus.  Any or all of these factors may explain the 
observed discrepancies between sites. 
 
The trend in mean number of X. compactus per trap was remarkably similar between sites (Fig. 
5.2.3).  As with damage, trap catch was slightly higher UG.  Unlike damage, changes in trap 
catch occurred earlier DG than UG, and, when pooled did not differ significantly between sites 
(Mann-Whitney U Test: p = 0.5368). 
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Figure 5.2.3 Average number of X. compactus found per trap by site (n = total number of 
traps before and after 6/26/07). Bars are ± 1 SEM. 
 
The relationship between trap catch and damage was unclear and no significant association was 
found (Pearson correlation: p = 0.895).  Despite this failure, the higher overall values of both 
factors at the UG site relative to the DG site, as well as consistent changes over time regardless 
of site, are suggestive.  Perhaps both are tied to X. compactus population size, but each measures 
a different behavior with a different environmental trigger.  For example, perhaps trap catch 
better explains X. compactus dispersal behavior while damage assessment is a better measure of 
activities related to nest building, or egg laying.  Interestingly damage appeared to track rainfall, 
but again, this relationship was not significant (Fig. 5.2.4).  Further analysis of the data using 
multivariate statistics should shed light on the relationship between trap catch, site, rainfall and 
damage. 
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Figure 5.2.4 Damage and trap catch plotted against rainfall.  Values are given as monthly 
averages and both sites were pooled.  Y axis units follow for each variable: inches/month 
(rainfall); BTB/trap (trap catch); o/h/t (damage). 
 
Future research:  NRS will continue monitoring X. compactus numbers in the field and at Nike 
using traps.  These traps will only need to be checked once a month as they will be baited with a 
high release, long-lasting ethanol lure.  Ten traps will be placed at each site and serve as 
sentinels, altering NRS to times of year when X. compactus is abundant.  In addition, the ten 
largest trees at each site will be assessed once a month for damage.  These data should better 
clarify the relationship between seasonal cures and X. compactus behavior as well as facilitate 
better prediction of X. compactus activity in the future.  




