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 CHAPTER 6:  RESEARCH PROGRAM         
This chapter describes the status and outcome of actions carried out under the direction of the program’s 
Research Specialist (RS). It contains on-going actions proposed in the OANRP Year End Report of 2005-
20061 and builds upon findings presented in the OANRP Year End Report of 2006-20072

Program objectives outlined in 2005-2006 centered on improving control methods for slugs (Mollusca: 
Gastropoda) and the black twig borer (Xylosandrus compactus). These remain a focus of study with some 
new additions (Sphagnum palustre control).  Research findings are organized by pest species.   

. Reference to 
these documents will be indicated by the abbreviation YER followed by the year. This chapter includes 
some projects carried out in 2007 but not included in the 2007-2008 YER due to a gap in employment. 

All statistical analyses were performed with Minitab
 

Release 14 software of Minitab Inc. (Ryan et al. 
2005). Significance during hypothesis testing was characterized by p-values less than 0.05.  
Nonparametric statistical methods were used to analyze datasets with non-normally distributed residuals 
and dissimilar variation between groups, otherwise parametric methods were used.  

6.1 BLACK TWIG BORER (BTB) TRAP-OUT STUDY 
6.1.1 Introduction  
Xylosandrus compactus (black twig borer or BTB) is a major threat to a number of rare and endangered 
plants, notably Flueggea neowawraea (Euphorbiaceae). Published documentation is lacking, however 
OANRP and the DLNR have observed these species to suffer under BTB attack. Sequestered within the 
plant pith, BTB cannot be removed manually or with pesticides applied on the plant surface. Greenhouse 
collections of F. neowawraea are treated with the systemic insecticides Merit (Bayer Crop Research, 
Triangle Park, NC) applied as a root drench and Marathon (Olympic Horticultural Products, Mainland, 
PA) applied to the base of the plant in granular form. Neither is legal to use in a natural setting, but a 
Special Local Needs (SLN) Label (Nagamine and Kobashigawa 2003) could be pursued with permission 
from the manufacturer, HDOA and USFWS. OANRP is currently engaged in the process of SLN 
approval for a molluscicide, Sluggo and have found the process to be lengthy.  Rather than embark on this 
long process for BTB management, OANRP looked for solutions which could be put into use 
immediately if found to be effective. 

6.1.2 Methods 
OANRP tested the efficacy of modified Japanese Beetle Traps equipped with high-release ethanol bait 
(AlphaScents, NJ) and Vaportape insecticidal strips (Hercon Environmental, PA) to reduce BTB gallery 
formation in a target tree species (F. neowawraea). Prior tests demonstrated this lure to effectively 
capture BTB (Dudley et al. 2007) but it was unknown whether traps could be used to control BTB 
populations locally. We conducted field experiments to determine whether a ring of 6 traps placed around 
F. neowawraea could reduce attack rates relative to a control group (YER 2007, Figure 5.1.1).  Work 
took place at two F. neowawraea stands, 250 m apart, located within the Kahanahaiki Mangement Unit at 
an elevation of 2000 ft (YER 2007, 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 OANRP on February 17, 2005, February 22, 2006, (UG) and January 27, 2007 (DG).  DG 
contains 24 trees, seven of which were transplanted from a nearby site, Pteralyxia Gulch (PG), where they 

                                                      

1 OANRP 2005-2006 Year End Report 6.1-6.13 http://www.botany.hawaii.edu/faculty/duffy/DPW/2006_YER/ . Accessed 
November 16, 2009. 

2 OANRP 2006-2007 Year End Report 5.1-5.4 http://www.botany.hawaii.edu/faculty/duffy/DPW/2007_YER/  . 
Accessed November 16, 2009. 
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had been doing poorly. These seven, plus an additional 19 plants were originally planted at PG on 
December 10, 2003.  

A total of 10 trees at the DG site and 20 trees at the UG site were included in this study. All trees were1 
meter or more in height. Half of the trees at each site were randomly assigned to a treatment (traps) or 
control (no traps) group for a total of 15 replicates per group. The rate of attack was determined using 
counts of new entry holes divided by the height of the tree accumulated over time. This method has been 
used elsewhere (Gillette et al. 2006) to evaluate the success of experimental repellents. Using white latex 
paint, we marked existing holes on 30 F. neowawraea and recorded new holes on a weekly basis for six 
weeks. Prior to trap deployment attack rates had been monitored at irregular intervals for one year. 

6.1.3 Results and discussion 
Post-treatment results were mixed (see figure below). While those trees receiving traps had a consistently 
lower rate of attack compared to the controls, these differences were not significant when adjusted for 
pre-existing differences between the two groups.  

Damage to F. neowawraea by BTB over time before (white shaded area) and after (grey shaded area) 
trap deployment. The control group of trees (N=15) are shown in black squares with a dotted black 
mean connect line while the treatment group is shown in grey circles (N-15). Attack rate on the X- axis 
is displayed in units of new holes (twig borer galleries) per meter of tree height per day. Bars are ± one 
SEM. 

 
Despite the failure of trapping to appreciably reduce damage to F. neowawraea, some useful information 
was obtained. First, it was discovered that baseline levels of attack where extremely high. At the peak of 
twig-borer season trees in the control group accumulated three new entry holes per 1 meter of bole length 
every two days. This probably over-estimates twig borer damage however, because not all newly drilled 
holes result in the successful formation of a gallery. Second, the traps consistently yielded a steady 
number of beetles, at times as high as 100 or more. Each insect trapped was a gravid female due to the 
insects’ somewhat unique reproductive behavior. Males are incapable of flight, and upon hatching, they 
mate with related females and remain within the gallery, never to emerge (Hara and Beardsley 1979). 
Third, the traps did not exhibit a hypothesized potential counter-productive effect of increasing attack 
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rates on F. neowawraea. This might have occurred if the traps attracted more beetles to the area than 
would naturally occur.  

Future research with more replicates may find that traps can serve as a sink for BTB on a small scale, 
slowing damage to F. neowawraea. Nonetheless, the data presented here suggest that trapping alone does 
not prevent appreciable numbers of BTB’s from forming galleries within the host plant.  As a result, we 
plan future tests with a combination of repellents and attractants. Also possible is the use of injection 
systems to more safely deliver systemic insecticides to the plant. In the meantime, we are deploying traps 
with high release ethanol bait as a means of both monitoring numbers of twig borer and as our only 
current means of combating this threat.  

6.2 MOLLUSCICIDE SPECIAL LOCAL NEEDS LABELING (SLN) STATUS 
6.2.1 Introduction  
Slug control has been shown to effectively enhance survivorship of Cyanea superba and Schiedea 
obovata (Joe and Daehler 2008); however, no molluscicides are labeled for conservation use. With 
guidance from USFWS and HDOA, OANRP has worked with the manufacturer of the organic 
molluscicide, Sluggo

 

(Neudorff, Germany) to expand its use as a conservation tool under a SLN label. 
Such labeling would allow for expanded use of Sluggo outside of agricultural and residential areas within 
the State of Hawaii. In support of an SLN, OANRP has conducted field studies under an Experimental 
Use Permit granted by HDOA in 2007 and current through February 2010. Research to date (section 5.3, 
YER 2007) shows Sluggo is effective against the target pest and safe to use in a forested setting 

6.2.2 Project Status 
No new research is required from HDOA for the SLN label (L. Kobashigawa pers. comm. Aug. 2009). 
USFWS is awaiting a draft label for review after which they will proceed with a Section 7 consultation 
(K. Swift pers. comm. Oct. 2009). OANRP is in contact with Sluggo company representatives to produce 
a draft SLN label for USFWS review in early 2010. 

6.3 SPHAGNUM PALUSTRE IMPACTS AND CONTROL 
The following research was presented as a poster at the 2009 Hawaii Conservation Conference (Honolulu 
Convention Center, Honolulu HI) under the title: Smothered in Sphagnum: Managing Moss at Kaala. A 
color version of this section can be viewed in poster format at: 
http://www.botany.hawaii.edu/faculty/duffy/DPW/HCC-2009/ 

6.3.1 Introduction  
The high level of expertise required for bryophyte identification has meant that invasive mosses have 
been given little attention in Hawaii. Sphagnum palustre, a bog moss, was purposely introduced to the 
Kaala Natural Area Reserve (NAR) on Oahu in the 1960s (Hoe 1973) from the Big Island, where it is 
thought to be indigenous (Hotchkiss et al. 2002). Though Sphagnum, on Oahu, cannot produce spores, an 
eightfold increase in the size of the core infestation has been observed over the last 12 years. Through 
vegetative reproduction, Sphagnum now occupies an area estimated at 1.25 ha. 

Sphagnum impacts in Hawaii are not well documented; nonetheless, bryologists consider it a threat to 
endemic bryophytes and speculate it may prevent regeneration of Metrosideros polymorpha, an endemic 
tree species (Waite 2007). Results of a formal Weed Risk Assessment following the model developed by 
Daehler and Denslow (2007) demonstrate Sphagnum is “likely to be invasive in Hawaii and on other 
Pacific Islands” (Clifford and Chimera 2009). Elsewhere, Sphagnum species are known to strongly 
modify their habitat.  Sphagnum has morphological attributes which favor the formation of highly-
saturated, heat-retaining, nutrient-poor, acidic soils. These conditions enhance their growth at the expense 
of vascular plant growth (van Breeman 1995). 
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In the fall of 2008, OANRP conducted two field studies. STUDY 1 compared vascular plant species 
richness and abundance between pristine (Sphagnum-free) and invaded (Sphagnum) areas. STUDY 2 
investigated the efficacy of manual removal of Sphagnum against that achieved with the application of a 
low or a high dose of St. Gabriel’s Moss Killer (SGMK). SGMK is an organic mossicide composed of 
clove oil and vinegar (see figure below). It shows promise as a safe, less labor-intensive means of 
controlling Sphagnum than manual removal. In addition, we wanted to document any non-target impacts 
to native vascular plant species attributable to these control methods. 

Label and active ingredients in St. Gabriel’s Moss Killer (SGMK) 

 
6.3.2 Methods 
6.3.2.1 STUDY 1 
Sixty plots measuring 1 m2 were established at Kaala NAR. Half were situated 5-15 m from the furthest 
edge of a Sphagnum invaded area, while the remainder fell within the invasion but at least 1 m from the 
boardwalk which bisects the infestation. All plots were at least 2 m from the next nearest plot. All 
Sphagnum plots were 100% invaded. The species identity and number of stems above and below 1 m 
were recorded for all vascular plants. Following data collection, comparison of species richness between 
Sphagnum and Sphagnum free plots were analyzed using a two-sample T-test. The effect of sphagnum on 
the abundance (as indicated by stem counts) of common vascular plant species < 1 m was analyzed using 
a general linear model (GLM). Only species that occurred in 4 or more plots of each type (referred to here 
as common species) were used in the analysis. 

These species follow: Cibotium spp., Dianella sandwicensis, Dryopteris glabra, Leptecophylla 
tameiameiae, Lycopodium cernua, Metrosideros polymorpha and Vaccinium calycinum.  Incidental 
species and those above 1 m could not be used due to small sample size. 

6.3.2.2 STUDY 2 
We established 40, 1 m2 plots at Kaala NAR (10 replicates per treatment plus a control) according to 
methodology described in STUDY 1 for the Sphagnum group only (no Sphagnum free plots were used). 
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All plots had 100% living Sphagnum cover prior to treatment. Each was randomly assigned to one of the 
following groups:  

1. No treatment (control)  

2. Manual removal of all living (green) Sphagnum 

3.  High dose of SGMK applied at a rate of 300 l/1.5 H2O  

4. 4. Low dose of SGMK applied at a rate of 150 ml/1.5 H2O 

Efficacy was evaluated using percent cover estimates of living (green) sphagnum remaining 6 months 
after treatment compared against control plots. Differences due to treatment were analyzed using a one-
way analysis of variance (ANOVA) followed by a Tukey’s honestly significant differences test (Tukey’s 
HSD).   

Impacts to non-target species were measured using stem counts of vascular plant species 1 week before 
and 6 months after treatment. Changes in stem count due to treatment were analyzed using a GLM. As in 
STUDY 1, species above 1 m and those which occurred in fewer than 4 plots (of each treatment) were 
excluded from the analysis due to small sample size. Species included follow: Cibotium spp., Dianella 
sandwicensis, Leptecophylla tameiameiae Metrosideros polymorpha and Vaccinium calycinum. 

6.3.3 Results and discussion  
6.3.3.1 STUDY 1 
Vascular plant species richness was similar in both Sphagnum and Sphagnum free areas (see first figure 
below). Both contained, on average, 5 species. Abundance of common natives is shown in second figure 
below. No significant difference in the abundance of these species due to Sphagnum presence or absence 
was found. Results suggest that Sphagnum does not uniformly depress the growth of all species, rather, it 
interacts with some positively (e.g. Lycopodium) others negatively (e.g. Dryopteris) and not at all with 
others (e.g. Cibotium). Such an outcome would not be surprising as Sphagnum is known to alter soil 
characteristics. Serious limitations in our study design, however, make further speculation difficult. While 
the placement of Sphagnum plots within the infestation was fairly uniform, those outside this area were 
likely not representative of Sphagnum free areas. In addition, we do not know whether areas remain free 
of Sphagnum because there has not been sufficient time for colonization to occur or whether this is due to 
micro site characteristics that prevent expansion. More study is merited. 

Vascular plant species richness in Sphagnum vs. Sphagnum 
free plots. Bars are ± 1 SEM 
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Vascular plant species abundance in Sphagnum vs. Sphagnum free plots. Bars are ± 1 
SEM. 

 
 
6.3.3.2  STUDY 2 
All three Sphagnum removal methods significantly reduced cover relative to the control (see next graph). 
No differences in efficacy were detected between the three Sphagnum control methods, all reduced cover 
approximately 95%. These results are promising as they provide an alternative to labor intensive manual 
removal of moss. Further, they suggest that smaller doses of SGMK can and should be tested for efficacy. 
In fact, trials recently concluded with doses as small as 75 ml have apparently killed moss 2 weeks 
following treatment (see photos below).  

Though differences were not significant, reductions in common native species were, on average, higher in 
the manual removal and high dose SGMK treatments compared to either the control or low dose SGMK 
groups (see second graph below). The lack of significance may be due to small sample size and future 
work should investigate impacts to potentially sensitive species (e.g. Leptecophylla and Dianella). 
Interestingly, manual removal of moss was not without risk to non-target species. These data suggest that 
a low dose of SGMK is safer (fewer risks to non-target species) and more efficacious than manual 
removal. Indeed, future tests of progressively lower doses of SGMK may reduce risk without sacrificing 
efficacy. 
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Comparison of Sphagnum removal methods. Sphagnum cover (percent) is shown 
on the Y axis. Treatment codes shown on the X axis correspond to the following 
groups: 0 = control; 1 = SGMK low dose; 2 = SGMK high dose; 3 = manual 
removal.  Bars are ± 1 SEM 

 
 

Sphagnum treated with 75 ml of SGMK 2 weeks after application. The darker area was not sprayed.  

 
This figure can be viewed in color at http://www.botany.hawaii.edu/faculty/duffy/DPW/HCC-2009/ 
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Change in native species abundance 6 months after treatment. Y axis units are in number of 
stems/m2. Treatment codes shown on the X axis correspond to the following groups: 0 = control; 1 = 
SGMK low dose; 2 = SGMK high dose; 3 = manual removal.  Bars are ± 1 SEM 
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6.4 SPHAGNUM PALUSTRE SENSITIVITY TO SGMK LABORATORY RESULTS 
6.4.1 Introduction  
Previous research showed no difference (after 6 months) in Sphagnum palustre response to high (300 ml) 
and low (150 ml) doses of SGMK. These results led OANRP to treat an additional 10 plots with an even 
lower dose (75ml) of SGMK on June 4, 2009. Results 3 months post-treatment showed SGMK applied at 
a rate of 75 ml/m2 reduced Sphagnum cover significantly over the control group (see next graph). As 
preliminary results showed SGMK equally effective regardless of dose, further field testing was halted 
until the sensitively of Sphagnum to extremely low doses of SGMK could be determined in the 
laboratory. This section describes our laboratory experiment. 

Sphagnum cover was significantly reduced (2 sample T-Test, 
P<0.0001) in plots treated with 75 ml SGMK. Average reduction in 
Sphagnum cover for 75 ml after 3 months was similar to that found 
at 6 months for higher doses. 

 

 
6.4.2 Methods 
Sphagnum was collected from the Kaala NAR on August 6, 2009, and maintained for 1 week in a growth 
chamber at the University of Hawaii at Manoa (Temp. 67 ͦ F; 12 hour light/dark cycle) prior to testing. 
Replicates consisted of three strands of healthy (green) Sphagnum, 1 inch long, placed in a petri dish with 
moist filter paper. Forty two dishes of Sphagnum were prepared in this manner, arranged in rows and 
randomly assigned to 1 of 6 treatments (see next photo).  
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 Arrangement of dishes and group assignments prior to treatment. Note that all Sphagnum was 
alive prior to treatment and that treatments were randomized within each column for a total of 7 
replicates per group. 

 
Numeric codes written on petri dish covers correspond to the following treatment groups: 

Group 1: No treatment (control) 

Group 2: 75 ml SGMK/1.5 l H2O 

Group 3: 37.5 ml SGMK/1.5 l H2O 

Group 4: 19 ml SGMK/1.5 l H2O 

Group 5: 9.5 ml SGMK/1.5 l H2O 

Group 6: 5 ml SGMK/1.5 l H2O 

Treatment was applied by dipping moss for 1 second in SGMK solution (control group dipped in water 
only) after which the strand was returned to the petri dish. Moss was scored as either green (alive) or 
brown (dead).  Thus, a dish with no living Sphagnum received a score of 0, while one with all three 
strands alive received a score of 1 (see next photo). Moss color was recoreded1 hour post treatment and 
then every two days over a period of 2 weeks (August 12-26, 2009).  
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 Example of color changes due to treatment. The Sphagnum on the left received a score of 1, 
indicating that all 3 strands remain green, while that on the right received a 0 (none alive).  

 
This figure can be viewed in color on-line at 
http://www.botany.hawaii.edu/faculty/duffy/DPW/YER_2009/ 

6.4.3 Results and discussion 
Moss survival by treatment over time is shown in the below graph. Moss survival at two weeks 
was significantly reduced in all SGMK treatments compared to the control. Only the lowest 
concentration of SGMK (5 ml) failed to kill 100 percent of the moss. SGMK at concentrations 
19 ml and above resulted in 100 percent mortality after 48 hours. SGMK at concentrations >19 
ml showed browning within 1 hour of application. Based on these findings, an application rate of 
25 ml SGMK per square meter was field tested on September 4, 2009. 
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Moss survival over time (hours) by treatment. Panel headings correspond to the following 
treatment groups: one: No treatment (control); two: 75 ml SGMK/1.5 l H2O; three: 37.5 
ml SGMK/1.5 l H2O; four: 19 ml SGMK/1.5 l H2O; five: 9.5 ml SGMK/1.5 l H2O; six: 5 ml 
SGMK/1.5 l H2O 

 
6.5 ANT SURVEYS 
OANRP has conducted a thorough survey of ants in all Management Units with native endangered 
Achatinella species using a protocol developed by S. M. Plentovich, PhD (University of Hawaii at Manoa 
Zoology) and P. D. Krushelnycky, PhD (University of Hawaii at Manoa Plant Environmental Pest 
Program). This protocol appears in Appendix 6-1 titled Invasive Ant Monitoring Protocol. Below, please 
find a table of management units surveyed this past year. Collections are still being sorted. Management 
implications and analysis of these findings will appear in next year’s annual report. 

Management Units Surveyed in 2008-2009 
Management Unit Ant Species Found 2008-2009 
Helemano  Pheidole megacephala, Solenopsis papuana 
Kaala Cardiocondyla  minutior, C. venustula, C. wroughtoni, Ochetellus glaber, Solenopsis 

papuana, Tetramorium simillimum 
Kaena Point Ochetellus glaber, Monomorium floricola, Paratrechina longicornis, Tetramorium 

simillimum 
Kahanahaiki Anoplolepis gracilipes, Cardiocondyla emeryi, C. wroughtoni, C. venustula, 

Leptogenys falcigera, Ochetellus glaber, Plagiolepis alludi,  Solenopsis geminata, S. 
papuana, Technomyrmex albipes, Tetramorium simillimum 

Kaluakauila Anoplolepis gracilipes, Ochetellus glaber 
Ekahanui Plagiolepis alludi, Solenopsis papuana 
Ohikilolo Ochetellus glaber, Pheidole megacephala 
Pahole Paratrechina longicornis, Solenopsis papuana 
Palikea Cardiocondyla venustula, Solenopsis papuana 
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6.6 RAT – KAHANAHAIKI: LARGE SCALE TRAPPING GRID 
6.6.1 Introduction 
In May 2009, a large scale kill trapping grid for rat (Rattus sp.) control was initiated over an area of 65 
acres (26 ha) at the Kahanahaiki MU (see figure below).  The control grid follows the New Zealand 
Department of Conservation’s current best practices for kill trapping rats (see Appendix 6-2).  OANRP 
purchased wooden snap trap boxes and tracking tunnel monitoring equipment that is only available from 
New Zealand to facilitate this method of control (photos on next page).  The trap out grid was established 
as a pilot study with a goal of reducing rat activity in the MU to < 10%, as well as to determine the 
efficacy of this method of rat control and to determine labor requirements and costs.  The grid 
encompasses 11 endangered plant species, both wild and reintroduced populations, and a large population 
of endangered Achatinella mustelina.  The focal endangered taxa to be monitored closely are Cyanea 
superba subsp. superba and Achatinella mustelina.  Beyond monitoring the focal taxa, OANRP will in 
addition monitor seedlings, seed fall, and arthropod composition and abundance. Slug and Euglandina 
rosea populations were monitored closely to determine if rats have had a suppressing affect on these 
introduced species. The Pahole Natural Area Reserve (NAR) will be used as a control site to determine 
what impacts rats are having (seedlings, arthropods, C. superba subsp. superba, slugs, and E. rosea). 

Kahanahaiki MU: Rat control area and monitoring locations. 
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 (A) Wooden snap trap box with Victor snap trap. (B) Wooden snap trap box deployed. (C) 
Plastic tracking tunnel with inked tracking card. (D) Tracking card with mouse tracks. 

  
 

6.6.2 Data Collection/Methods 
6.6.2.1 Rat Control (Kahanahaiki MU only) 
The trap out grid was established with a total of 402 traps (figure above, on previous page).  The 
perimeter consists of 234 traps spaced at 12.5m apart. The interior contains 168 traps established on 
transects and existing trails (9 trap lines) at a spacing of 25m between traps. Traps were initially set and 
baited on May 4, 2009. Traps were checked daily for approximately the first two weeks, then on a weekly 
basis for eight weeks, then two three week intervals, with the current checking interval bi-weekly.  Traps 
will continue to be checked every other week, unless determined through monitoring a change in interval 
length is needed. Baits that have been used include: peanut butter, macadamia nut halves, coconut chucks, 
scented surf wax, and Ferafeed (non-toxic bait from New Zealand). 

6.6.2.2 Tracking Tunnels (Kahanahaiki MU & Pahole NAR) 
Kahanahaiki MU – Tracking tunnel locations (39) were randomly generated with ArcGIS into three 
buffer zones (0-50m, 50-100m, +100m), with each zone containing 13 tunnels (Figure 10.7.1).  The 
minimum distance allowable between tunnels was set at 50m.  The first running of tracking tunnels was 
on 30 April to 01 May (4 days) prior to baiting the trap out grid.  The seconded running occurred two 
weeks later on 18 to 19 May. Each subsequent check will be monthly. 

Pahole NAR- Tracking tunnels (30) were located within the two main drainages at 50 m intervals. 
Tracking tunnels will be run once a quarter with the initial running occurring on 17-18 August 2009.  

A B 

C D 
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6.6.2.3 Slug Abundance Monitoring (Kahanahaiki MU & Pahole NAR) 
Relative slug density and species composition was determined through the use of beer baits left out for 
one week at each site. Two 8 ounce glass jars were deployed at 25 m intervals along a 475 m transect. A 
total of 40 jars were deployed and baited with 5 oz. of beer. The number and species identity of slugs 
captured in this manner were recorded at four month intervals. 

6.6.2.4 Euglandina rosea Abundance Monitoring (Kahanahaiki MU & Pahole NAR) 
Euglandina rosea density was determined through timed searches along the same 475 m transect being 
use for slug sampling at each site.  Ten plots (3 x 25 m) were searched for one person hour.  Each plot 
was separated from its closet neighbor by an interval of 25 m.  Live E. rosea were measured and their 
prescience noted, but left onsite recorded. Empty E. rosea shells were removed from plots and scored for 
rat damage (categories: intact, damage rat, damage other). Monitoring occurred at four month intervals. 

6.6.2.5 Arthropod Composition & Abundance Sampling (Kahanahaiki MU & Pahole NAR) 
Two types of arthropod sampling were conducted: pitfall trapping and vegetation beating. Sixteen pitfall 
traps, spaced at 25 m intervals along the same 475 m transect (used for both slug and Euglandina 
monitoring), were established at each site. These 16 traps consisted of 10 ounce plastic cups sunk in the 
ground, and were operated for one week. In addition, four shrub or tree species were sampled for 
arthropods (Psidium cattleianum, Pipturus albidus, Pisonia umbelifera and Charpenteria tomentosa). 
Eight individuals of each of the four plant species were sampled. These were selected randomly along the 
475 m transect. Each individual shrub/tree was sampled once per sampling event, which involves tapping 
low branches five times while holding a square sheet beneath the branches. All arthropods dislodged in 
this way were collected. Samples were collected at six month intervals. 

6.6.2.6 Seedling Monitoring (Kahanahaiki MU & Pahole NAR) 
Eighty and sixty-five seedling plots were established within the gulch area of the Kahanahaiki MU and 
Pahole NAR respectively.  Within each seedling plot (1 x 2 m), all woody plants ≥ 10 cm height (but less 
than 1 m height; henceforth seedlings) were identified, measured for height, measured for stem diameter 
above the root crown, and marked with an aluminum tag.  Any woody plants < 10 cm height were 
identified but not measured or marked.  Within each seedling plot, percent cover of dead wood and leaf 
litter, total vegetation cover (including grasses, herbs, and woody plants), and litter depth (at four 
standardized points in each of the corners of the seedling subplots) were measured.  Seedling plots will be 
read once a year. 

6.6.2.7 Seed Monitoring (Kahanahaiki MU only) 
Rodent-chewed seeds were monitored using seed buckets placed on the ground (bucket height and 
diameter each ca. 30 cm), with a cotton cloth attached to the bottom of the bucket, in Kahanahaiki forest.  
Forty-eight seed buckets were partitioned equally among 12 plots (each 15 x 15 m) that were previously 
established in Kahanahaiki gulch.  The four buckets per plot were placed without regard to the canopy 
tree species, therefore allowing for a representative sample the natural seed rain of species that comprise 
the forest.  An additional 10 buckets were placed below lama trees (Diospyros hillebrandia), which is an 
indigenous species to Hawaii that has seeds previously determined as highly vulnerable to R. rattus (A. 
Shiels, unpublished data).  Because lama has a patchy distribution in Kahanahaiki, the 10 seed buckets 
were split evenly between two patches (each patch contained at least eight lama trees either overhanging 
buckets or within 3 m of a bucket).  In addition to lama, the other indicator species that was assessed for 
seed damage among the 48 buckets was strawberry guava (Psidium cattleianum).  Strawberry guava also 
has seeds that are highly vulnerable to rats (A. Shiels, unpublished data); it is also one of the most 
invasive trees in Hawaiian forests, and is the dominant tree species in Kahanahaiki gulch.  Seed buckets 
will be monitored every two weeks. 
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6.6.2.8 Achatinella mustelina Monitoring (Kahanahaiki MU only) 
An Achatinella census was conducted across the southern area of the Kahanahaiki MU in August 2009 
(Figure 10.7.1).  This area will have censuses conducted at three year intervals. 

6.6.2.9 Cyanea superba subsp. superba Monitoring (Kahanahaiki MU & Pahole NAR) 
All mature fruiting C. superba subsp. superba will be monitored closely at both the Kahanahaiki MU and 
Pahole NAR from mid December through the first week of January (4 weeks) each year. The total number 
of fruit on each infructescence will be counted at each visitation. The following will be recorded (as a 
percentage of the total number of fruits present), 1) natural fruit fall (fruits will be counted on the ground 
where they occur), 2) fruits that have been damaged or eaten by rodents, 3) fruits which have been wholly 
or partially eaten by birds, 4) fruits which have rotten on the plant.  

6.6.3 Results 
6.6.3.1 Rat Control (Kahanahaiki MU) & Tracking Tunnel Monitoring (Kahanahaiki MU & 

Pahole NAR) 
The trap out grid has been checked 27 times over a six month period with a total of 412 rats and 213 mice 
trapped (figure below).  Fifty percent of rat and mouse captures occurred within the first 40 days.  Initially 
captures for rats peaked at Day 6 and declined sharply by Day 11 and continued on a downward trend 
with one capture on Day 65 (figure below).  A steady increase in rat captures occurred following the 
downward trend with the highest number of captures occurring on Day 112 (41 rats). Rat captures have 
remained high over last 60 days.  Mouse captures have tracked rat captures with the exception of a spike 
in captures occurring on Day 14 (figure below). 

Rat and mouse captures over 182 day trapping period (May 5 – October 21, 2009) at 
Kahanahaiki. 
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Tracking tunnels at the Kahanahaiki MU have been run six times over a six month period (May 1 –
October 29, 2009) (figure  below).  The initial running of tracking tunnels four days before the start of 
trapping yielded 32.4% rat activity among 37 tunnels deployed.  Fourteen days after trapping commenced 
rat activity dropped to 14.7% and farther declined to 5% by Day 65.  Following this downward trend 
activity steady increased each month, peaking at 44.7% on Day 170.  Mouse activity followed a similar 
trend as the rats, except for not peaking on Day 170 and instead declining in activity. 

Tracking tunnel data for rat and mouse activity during six tracking tunnel session at the 
Kahanahaiki MU (01 May – 21 October 2009). 
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On Day 106 (18 August 2009) tracking tunnels were simultaneously run at both the Kahanahaiki MU and 
the Pahole NAR to compare the two sites (Management vs. Control).  The Kahanahaiki MU had 23.7% 
rat activity among the tracking tunnels, while the Pahole NAR hat 33.3% activity (next figure).   Mouse 
activity was similar between the two sites. 
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 Tracking tunnels in Kahanahaiki and Pahole (17-18 August 2009). 

23.7%

2.6%

33.3%

3.3%

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

35.0%

Rat Mouse

%
 o

f T
un

ne
ls

 w
ith

 T
ra

ck
s

Kahanahaiki 8/18/09 Pahole 8/18/09  
6.6.3.2 Slug Monitoring (Kahanahaiki MU & Pahole NAR) 
Slugs at the Kahanahaiki MU were initially sampled in early May upon the commencing of rat control 
with the initial Pahole NAR sampling occurring in late June (figure below).  The higher number of slugs 
captured in May at the Kahanahaiku MU maybe a seasonal difference (spring vs. summer), then 
indicating a higher number of slugs at the Kahanahaiki MU versus the Pahole NAR.  Slugs were sampled 
for the second time during the same week in late September.  A similar number of slugs were captured at 
both sites in September. 

Mean number of slugs captured per trap in Kahanahaiki and Pahole. Bars are ± 
1 SEM. 
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6.6.3.3 Euglandina Monitoring (Kahanahaiki MU & Pahole NAR) 
Data was collected during two sampling periods for both sites in late June and late September (next 
figure).  The mean number of live Euglandina found in plots differed slightly between sites during the 
first sampling period in late June and showed no difference during the second sampling period in late 
September.  

Mean number of live Euglandina rosea found at Kahanahaiki and Pahole during two sampling 
periods. 

 
The ratio of E. rosea shells chewed by rats over the total number of shells found in each plot is shown 
over time by site (next figure). If rats are, in fact, consuming high numbers of E. rosea then this should be 
reflected in a higher proportion of empty shells observed to be chewed rather than intact. Only the second 
sampling period (September) is a valid comparison between the two sites, since these ratios reflect the 
shells accumulated in the plots since their clearing for the first time in June.  The initially high number of 
shells with rat-damage in Pahole Gulch 3, therefore, may not indicate high rat activity as they may simply 
have been washed or rolled into the gulch over time. There is no difference between the sites during the 
second sampling period.  



Chapter 6  Research Program 

2009 Makua and Oahu Implementation Plan Status Report  528 

 Proportion of rat damaged Euglandina rosea shells from Kahanahaiki and Pahole (Each site has 10 
plots that are each 75m2). 

 
 

6.6.3.4 Arthropod Composition and Abundance Sampling (Kahanahaiki MU & Pahole NAR) 
Initial arthropod sampling was conducted in June 2009 for both the Kahanahaiki MU and Pahole NAR.  
Sixteen pitfall samples and 32 vegetation beating samples (eight each from four plant species) were 
collected.  The second sampling period will be conducted in December 2009. June samples are currently 
being processed. 

6.6.3.5 Seedling Monitoring (Kahanahaiki MU & Pahole NAR) 
From the initial (year 2009) seedling census, there were 313 individual seedlings marked within the 80 
seedling plots established at Kahanahaiki.  The majority of seedlings were Psidium cattleianum and 
Clidemia hirta and a total of seven non-indiginous species were represented.  There were several (12) 
indigenous seedling species represented in the census, yet there were relatively few individuals of each 
indigenous species.  Maile (Alyxia stellata, formerly A. oliviformis) was the most frequent indigenous 
seedling measured.   

At Pahole, there were 140 seedlings marked within the 65 seedling plots.  Interestingly, there tends to be 
slightly more individuals that are indigenous than non-indigenous.  Maile was the most common 
indigenous seedling, out of 10 total indigenous species tagged, but lama (P. hillebrandii) also had 
relatively high representation in the seedling plots.  Strawberry guava and Rubus rosifolius (thimbleberry) 
were the two most common non-indigenous species out of the seven total non-indigenous species tagged 
at Pahole. 
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6.6.3.6 Seed Monitoring (Kahanahaiki MU only) 
The 48 seed buckets were placed in the field at the start of the rat control (May 5, 2009).  Ten additional 
seed buckets were placed below lama trees on May 28, 2009.  Seed buckets have been checked 
approximately every two weeks and assessed for the number of intact and rodent-damaged lama and 
strawberry guava seeds.  

A total of 71 lama diaspores (fruits+seeds) were collected from the 10 seed buckets beneath lama trees 
and not one of the fruits or seeds showed signs of rodent damage (i.e., all seeds were intact).  The total 
number of lama diaspores at each collection period (nine collection periods to date) ranged from 1-24.    

The other indicator species, strawberry guava, had a number of seeds collected in the 48 seed buckets that 
had been chewed (and destroyed) by rodents, particularly at the beginning of the trap-out and on 06 
October 2009 sampling (figure below).  An average of 16 +/- 8.5 (mean +/- SE) destroyed seeds of 
strawberry guava can be expected on each sampling date.  There was only one sampling date (May 28) 
that did not have any rodent-chewed seeds.  The only remaining evidence of destroyed seeds was chewed 
parts of the seed coat.  Although the presence of rodent-chewed seeds of strawberry guava indicate that 
rodents are still present in Kahanahaiki gulch, the numbers of such rodent-chewed seeds has dramatically 
decreased from the 2 years prior to the trap-out (A. Shiels, unpublished data). 

Percentage of Psidium cattleianum (strawberry guava) seeds destroyed by rodents in 
Kahanahaiki gulch.   
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Seeds were collected from 48 seed buckets for each sampling date (May-Oct 2009).  Above each data 
point is the total number of seeds (intact+chewed) collected from seed buckets for the sampling date.  
The rodent trap-out began on May 5, 2009.   
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6.6.3.7 Achatinella mustelina Monitoring (Kahanahaiki MU only) 
A total of 212 Achatinella mustelina were counted during the August 2009 census of the Maile Flats area 
of the Kahanahaiki MU (for more information see MIP 2009 Snail section). A census of this area will be 
conducted every three years. If necessary this interval will be reduced to annually. 

6.6.3.8 Cyanea superba subsp. superba Monitoring (Kahanahaiki MU & Pahole NAR) 
Monitoring will be initiated in December 2009 and into January 2010. 

6.6.4 Discussion 
This large scale trap out grid is the first of its kind to be implemented in Hawaii for conservation 
purposes.  In New Zealand the Department of Conservation has had tremendous success in controlling 
rats for the benefit of endangered forest birds using large scale trap out grids.  Among New Zealand 
standards the Kahanahaiki MU grid would be considered very small for landscape scale control.  OANRP 
is viewing the Kahanahaiki MU trap out grid as a pilot study to determine this methods effectiveness, as 
well as looking at cost comparisons among other available methods of control.   

The goal of this control work is to reduce rat activity to < 10 percent within the Kahanahaiki MU, as well 
as reduce or eliminate rat predation on Cyanea superba subsp. superba fruits during the fruiting 
producing period (October through early January) and to reduce rat predation on tree snails.  An 
additional goal is to see a positive change in general forest health through the increase recruitment of 
native plant species.  Over time the OANRP should be able to determine a threshold of rat activity which 
negatively or positively influences desired focal species conservation.  It will take months or even years 
to make these sorts of determinations as knowledge is slowly gained through continual and close 
monitoring of rat activity and resource responses to control. 

Capture and tracking tunnel data showed an initial peak in captures within the first week (10 May) 
followed by a decline in both number of captures and tracking tunnel activity by Day 65 (08 July).  By 
Day 91 (03 August), an upward trend in captures and tracking tunnel activity ensued, with the number of 
captures peaking on Day 112 (24 August) at 41 rat and tracking tunnels on Day 170 (21 October) at 45 
percent (next figure).  This increased number of rat captures and rat activity in tracking tunnels may 
possibly be attributed to the natural rat population cycle.  A. Shiels (unpublished data) found rat activity 
(trapping) to be at their highest during the period between August and December at Kahanahaiki. It 
appears that the resident population of rats was reduced very quickly at the start of the trapping, but 
increased with the influx of rats from outside the trapping grid.  This assumption will only be confirmed 
with continued trapping and monitoring over time.  



Chapter 6  Research Program 

2009 Makua and Oahu Implementation Plan Status Report  531 

 Rat captures in traps and percent activity in tracking tunnels at Kahanahaiki. 

15%

5%

37%

45%

24%

32%

8

11

21

29

34

21

15
13

1

41

34

3

5

5

15

20

22

855
4

777

5

11

28

27

0

5

10

15

20

25

30

35

40

45

0 1 2 3 4 5 7 8 9 10 11 12 14 17 24 31 37 44 51 58 65 72 91 106 112 125 136 138 152 166 170 182

Day

# 
of

 R
at

s 
C

ap
tu

re
d

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

%
 A

ct
iv

ity
 in

 T
ra

ck
in

g 
Tu

nn
el

s

Tunnels Rats
 

Preliminary results suggest rat removal did not cause an increase in slug or E. rosea abundance. This is 
reflected in the lack of significant differences between Pahole and Kahanahaiki in either the number of 
slugs or E. rosea in the month of September, approximately four months after rat removal was begun in 
the treatment area. Further sampling, however, is needed to confirm this observation. An initial arthropod 
sampling has been conducted at both sites and the second sampling will take place in December 2009.  
Strawberry guava seed bucket data has closely tracked the rat capture and tracking tunnel data.  As data 
continues to be collected over time a clearer picture will be obtained as to how and when the trap out grid 
methods need to be modified to gain the desired outcome.  
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