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APPENDIX 1-4: SPHAGNUM CONTROL PLAN FOR KAALA MU 

 
Sphagnum Control Plan for Ka‘ala MU 

 
 
Background and Goals 
 
Goal: 

1. Eradicate all Sphagnum palustre (sphagnum) from the Army half of the MU (south and east of the 
boardwalk). 

2. In collaboration with the State, eradicate all sphagnum from the boardwalk corridor (buffer of 1-2m on 
either side of the boardwalk, 4m max total) 

3. Provide assistance to the State in treating sphagnum on the NARS half of the MU, as requested.   
 
General Sphagnum Information: 
The high level of expertise required for bryophyte identification has meant that invasive mosses have been 
given little attention in Hawaii.  Sphagnum, a bog moss, was purposely introduced to the Kaala Natural Area 
Reserve (NAR) on Oahu in the 1960's (Hoe 1973) from Hamakua, Hawaii, where it is thought to be indigenous 
(Hotchkiss et al. 2002).  Though sphagnum on Oahu cannot produce spores, it does spread vegetatively and 
an eightfold increase in the size of the core infestation has been observed over the last 12 years.  In early 
2009, OARNP estimated that sphagnum occupied an area of 1.25 ha (3ac).  This is a very rough estimate, as 
OARNP did not measure the perimeter of the infestation, but observed that it did not appear to extend beyond 
30m of the boardwalk on the Army side, and assumed that sphagnum acreage on the State side of the 
boardwalk mirrored that seen on the Army side.   
 
Sphagnum impacts in Hawaii are not well documented; nonetheless, bryologists consider it a threat to endemic 
bryophytes and speculate it may prevent regeneration of native species, such as the endemic tree 
Metrosideros polymorpha (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 (aka, bog soils).  These conditions enhance their growth at the 
expense of vascular plant growth (van Breeman 1995). 
 
The presence of sphagnum along the boardwalk at Kaala complicates other weed control efforts.  It can be 
spread vegetatively, via bits of moss clinging to footwear and field gear.  OANRP staff avoid walking through 
sphagnum while conducting Weed Control Area (WCA) sweeps for Hedychium gardnerianum (kahili ginger).  
This has hampered kahili ginger control efforts on both the Army and State sides of the boardwalk.  Trials 
conducted by OANRP in 2009 (Joe et al. 2009) suggest that sphagnum can be effectively controlled with St. 
Gabriel’s moss killer (St. Gabriel Laboratories; Orange, VA).  This non-toxic product contains clove oil as its 
active ingredient and was chosen for testing after its recommendation to OANRP by the Pesticides branch of 
the Hawaii Dept. of Agriculture (HDOA) (L. Kobashigawa 2008).  Trials begun in 2008 (still ongoing) indicate 
that sphagnum is highly susceptible to St. Gabriel’s moss killer, and there appear to be few non-target effects.  
St. Gabriel’s appears to be the most efficient method of controlling sphagnum, compared to manual control, 
physical control, and other chemical control (prohibitive restrictions on other chemical products).  Sphagnum 
control will reduce the potential for staff and volunteers to act as vectors for this weed, and will allow for more 
efficient and effective WCA sweeps. 
 
Strategy: 
The basic strategy to control sphagnum at Kaala is straightforward.  We will focus efforts on the Army side of 
the boardwalk, and work to eradicate all sphagnum from this area, starting first with the boardwalk corridor.  
Much of the boardwalk corridor has already been sprayed, and efforts will now expand beyond the boardwalk.  
We estimate the size of the infestation on the Army side of the boardwalk to be around 1.5 acres, but more 
accurate maps/estimates are needed.  Accurate maps will aid in further strategy planning.  Initial treatment will 
require a large effort, but given the results of trials with St. Gabriel’s, we hope to see good control.  Follow-up 
will be conducted to treat areas missed and any re-growth.  Since it does not produce spores, once all green 
plants are dead, it is unlikely to return.  Given that extensive trials have already been conducted by the OANRP 
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Research Specialist, detailed monitoring work is not required.  However, photopoints will be installed as a low 
effort method to track change over time.   
 
In addition to working on the Army portions of the MU, we will also assist the State in controlling sphagnum on 
the western portion of the MU.  So far, they have asked for our assistance in controlling a satellite population 
on the radio tower road, and have requested that we spray the boardwalk corridor on the state side.  At the 
radio tower site, we handpulled and bagged all the sphagnum we could, then sprayed the area with St. 
Gabriel’s.  This was effective and follow-up monitoring/control will be done.  We have not begun control on the 
State side of the boardwalk corridor; we plan to start in the 2010-2011 report year.     
 
Map of sphagnum ICAs in the Kaala MU 

 
 
Action IDs: 
Record all time spent controlling sphagnum using the action IDs in the table below.  There are 3 sphagnum 
ICAs at Kaala.    

• SBW-SphPal-01 = all sphagnum on Army side of boardwalk 
• Kaala-SphPal-01 = sphagnum along the Radio Tower Road 
• Kaala-SphPal-02 = sphagnum along the boardwalk corridor, on the State side.   

 
 
 
 
 
 
 
 

http://www.google.com/imgres?imgurl=http://www.sarahmoffett.com/wp-content/uploads/2007/10/easter-bunny.jpg&imgrefurl=http://www.sarahmoffett.com/2007/10/05/jarod-forge/&usg=__-HlQChUfwq1_pQqUWf5Eh-l_8Ag=&h=481&w=447&sz=86&hl=en&start=40&sig2=sLf1CZjfEGt02ljCzGBsHA&zoom=1&itbs=1&tbnid=s_tbMluJs84BjM:&tbnh=129&tbnw=120&prev=/images?q=easter+bunny&start=20&hl=en&sa=N&gbv=2&ndsp=20&tbs=isch:1&ei=UJGSTI6eDcT48AaAkcGoBQ�
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Action 
ID Category Category 

Priority ICA Location Action Comments 

5522 W W1 SBW-SphPal-01 boardwalk 
Survey extent of Sphpal infestation on Army side of boardwalk.  
Create GIS map of infestation area, and any satellites. 

5523 W W1 SBW-SphPal-01 boardwalk Install and take photopoints in the Sphpal infestation. 

5559 W W1 SBW-SphPal-01 boardwalk 
Install management trails running roughly perpendicular to the 
boardwalk, 140°, every 5m, across the length and width of the 
infestation.   

5339 O W1 SBW-SphPal-01 boardwalk 

Control Sphpal along boardwalk, on Army side of MU.  Spray 
with St. Gabriel's moss killer.  Exercise care to prevent the 
spread of Sphpal via footwear or gear.  Do NOT spray any 
flagged plots, unless cleared by Research Specialist. 

5524 W W1 Kaala -SphPal-02 boardwalk 

Control Sphpal along boardwalk, on State side of MU.  Control 
only in boardwalk corridor, (1-2m from boardwalk).  Spray with 
St. Gabriel's moss killer.  Exercise care to prevent the spread 
of Sphpal via footwear or gear. 

4794 O W1 Kaala-SphPal-01 Radio Tower 
Road 

Monitor/control sphagnum along radio tower road.  
Communicate with State about work at this site.  Utilize 
handpulling and St. Gabriel's moss killer for control. 

 
 
Treatment Protocol 
 
Gear checklist: 
- Enough sprayers for the work crew.  For volunteer groups, 1.5gal or 3gal sprayers are appropriate.  Staff may 
choose to use 5gal sprayers.  Inspect sprayers for contamination and for leaks. Bring spare parts and repair 
tools.  Sprayers should be clean and free of pesticide residue, as there are many native species within the 
sphagnum infestation area, and non-target impact should be eliminated.  Use gear dedicated to St. Gabriel’s.   
- Spare herbicide (St. Gabriel’s), Turf Mark and water. 
- Graduated cylinder or other measuring tool, funnels 
- Buckets and water filters. 
- Secondary containment to avoid surface water contamination. 
- Spill clean-up supplies and watertight bags and containers as needed. 
- Equipment clean-up bins and simple green 
- Hip chain and spare line 
- Compasses 
- GPS unit and spare batteries 
- Spare pairs of nitrile gloves and safety glasses 
- Pink, blue, and orange flagging for marking new sphagnum populations 
- PPE (nitrile gloves, eye protection, long sleeve shirts), Rain Gear 
 
Sanitation Practices:  
One careless person could do a lot of harm to the bog by casually strolling around with sphagnum 
contaminated shoes. Teach all volunteers and staff how to clean their sphagnum contaminated footwear and 
gear. Emphasize the importance of not spreading sphagnum during the workday brief.   

1. Whenever possible, do not place gear or packs (especially items with fabric) onto sphagnum beds.   
Cloth items are more difficult to clean than metal or plastic items.  Hang packs in trees.  

2. Do not walk from a sphagnum contaminated area into an uncontaminated area.  Operations shall be 
run such that once a group works in a sphagnum area, they do not enter uncontaminated areas. 

3. Sphagnum lines the boardwalk.  Avoid stepping on the sphagnum as much as possible.  Check 
footwear for bits of sphagnum before stepping off the boardwalk into uncontaminated areas.   

4. Check each other’s shoes and gear for bits of sphagnum.  It results in more thorough cleaning. 
5. Before leaving Kaala, shake all excess sphagnum off of shoes.  Hose off shoes thoroughly at the 

baseyards, where sphagnum is unlikely to grow, and where staff can monitor wash off areas regularly 
for weeds.   

6. Wipe off all equipment (bottom of backpack or pump sprayers).   
7. Do not take sphagnum home for personal use. 
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Mixing and Use of Herbicide:  
The application rate for St. Gabriel’s is a liter of solution applied to a square meter of sphagnum. The solution is 
prepared by diluting 100mL of concentrate to a liter in water and adding10mL of blue Turf Mark. This is a 10% 
solution or 100mL of concentrate applied per square meter. To mix 20L (approximately five gallons, the volume 
of a large backpack sprayer) add 2000mL to 18L.  The St. Gabriel’s concentrate should be shaken well prior to 
mixing, and the solution must be agitated during spraying.   
 
The St. Gabriel’s concentrate is itself a mixture of ingredients. The label details the proportions and the user 
should become familiar with the label before using the product. The main active ingredient is oil of clove and it 
has a strong smell. Handle it with care.  Please see Safety Precautions, below, for more information.   Required 
PPE includes: protective eyewear, long-sleeved shirt and long pants, waterproof gloves, and shoes with socks.   
 
Spray Logistics:  
Use a copy of the last weed form to orient you for your day’s work. In general, work from the western end of the 
boardwalk, at one extreme end of the ICA, back along the boardwalk to the trailhead.  The infestation is less 
dense in the west, and more dense in the east.  By working from west to east, the potential for spreading 
sphagnum to uncontaminated or already treated areas is reduced.  Use the transects installed through the 
infestation in SBW-SphPal-01 to guide volunteers and staff in applying the correct volume to the correct area.  
This is critical, as a certain volume over a certain area is necessary to deliver the correct amount of active 
ingredient to the sphagnum.  The transects are 5m apart.  A 1.5gal (5.7L) sprayer will cover a band 5m long by 
1m wide, a 3gal (11L) sprayer will cover a band 5m long by 2m wide, and a 5gal (19L) sprayer will cover a 
band 5m long by 4m wide. Spray in bands parallel to the boardwalk until the edge of the infestation is reached.  
Working in this measured manner will also help to track the % cover of sphagnum across the treated area (see 
Data Tracking, below).   
 
St. Gabriel’s does not translocate well; thorough coverage of moss is required for thorough control.  Applicators 
should seek to maximize coverage by clearing leaf litter from moss.     
 
Small satellite populations should be treated separately by personnel with clean footwear so that small 
sphagnum propagules are not spread into uncontaminated areas. 
 
Volunteer Considerations 
When conducting sphagnum sprays (as described above) with volunteer groups, special considerations apply.  
Limit groups to 5 or fewer volunteers.  Only invite experienced volunteers, those with abilities you trust, on 
sphagnum control trips.  Volunteers must be to follow direction well, be diligent in sanitation inspections, and be 
careful when handling herbicides.  The pre-work briefing should emphasize the following:  

- Sanitation concerns outlined above.  
- Reduce trampling of native vegetation when walking off the boardwalk.   
- Safe St. Gabriel’s handling. 
- Avoid spraying of native plants.  
- Proper rate of spray.   
- Demonstrate proper spray technique to the group to achieve good coverage.   

 
With volunteer groups working directly along the boardwalk, group size does not need to be so limited, but the 
pre-work briefing should emphasize the same points.   
 
Mapping and Orienting Methods:  
Staff/volunteers should be assigned to specific transects at the beginning of the work day.  Each person should 
keep track of his/her area sprayed and quantity sprayed.  If the infestation is particularly wide, multiple people 
may be assigned to the same transects.  When the edge of the infestation is reached, all personnel should walk 
make sure that they do not walk in the uncontaminated area.  At the end of the day, the entire area sprayed 
should be marked with a GPS.   
 
Herbicide Application Methods:  
Spray the St.Gabriel’s solution (with Turf Mark dye) liberally on the surface of the moss. The 10% solution 
should be applied to the moss at the rate of 1L per square meter.  Clear away dead leaves or debris prior to 
spraying, to ensure complete coverage.  Use a coarse adjustment of the spray nozzle.  Move the wand slowly 
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over the treatment area, ensuring that the application rate of 1L of solution per 1m² is met.  Trials indicate that 
this herbicide is somewhat selective, and has a greater effect on moss than native trees and shrubs.  St. 
Gabriel’s can burn leaves of native plants, although these effects are not fatal.   Exercise care when spraying 
and avoid drenching native flora wherever possible.  The blue Turf Mark dye will indicate where the herbicide 
has been applied. 
 

 
On the left, sphagnum treated with St. Gabriel’s (blue).  On the right, untreated sphagnum.   

 
Water Resources 
Because the application rate is a liter of solution per square meter of sphagnum, a lot of solution must be mixed 
and transported to the application area. For example, a 5gal (20L) sprayer holds only enough solution to treat a 
rectangular area two meters wide by ten meters long. A worker would need to make frequent trips back to a 
water source to refill a tank sprayer.  Herbicide should be mixed at designated staging areas near water 
resources.  Always mix using secondary containment and do not contaminate surface water. Have spill clean-
up supplies available for use in the event of an accidental spill.  The following are options for efficient staging of 
water/mixing stations: 
 

1. Water may be driven up to the Kaala parking site, and mixing and sprayer filling conducted in the 
parking area or LZ.  Army Wildland Fire may be able to assist with this.   

2. Water may be pumped from the parking site to a tank placed at some distance out on the boardwalk, 
closer to the treatment area.  This might be accomplished using the pump and hoses from the power 
herbicide sprayer set-up.  This gear must be cleaned thoroughly before being used at Kaala; ideally, 
only non-pesticide contaminated hoses would be used, but this may not be feasible. Water can then be 
pumped into sprayers with the gas-powered pump. If a tank is elevated a meter or more, then gravity 
feed from the drain assembly becomes feasible. 

3. A raised, semi-permanent catchment could be set-up at the boardwalk trailhead, just inside the gate in 
an open grassy area on the Army side, eliminating the need to drive water up the Kaala Road. 

4. Staff may mix a full 125-gallon tank of solution for dispensing into sprayers.  The solution can be mixed 
in the tank and dispensed with the pump into the sprayers. If a full tank is mixed, it must be properly 
agitated to maintain a uniform concentration of solution.  A tank of this size would treat 470m² of 
sphagnum.  Mixed solution should be used within 3 days of mixing.   

5. While there is some surface water available, there are concerns that water from either of the two 
known sites could contain weed seeds (Juncus effusus, Rubus argutus).  Surface water should not be 
used at the current time.    

 
Whenever the power pump and hoses are used they must be tended and operated by experienced staff. 
Each of the above options has benefits and potential problems. The project coordinator needs to judge which 
alternative best fits the project’s goals and available resources. Manual methods are more labor intensive but 
rely less upon heavy equipment. On the other hand power equipment can reduce labor needs but the use of 
pumps tanks and hoses can also be more prone to failure and technical difficulty. 
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Satellite Populations:  
Sphagnum spreads vegetatively from small pieces stuck on shoes. To prevent the expansion of the sphagnum 
zone do not walk into uncontaminated areas while doing sphagnum sweeps. When possible, avoid walking 
from a sphagnum infested area, across a native area, to treat adjacent satellite clumps of moss.  Use a 
directed stream to reach the satellite, if reachable.  Otherwise, a separate operation to treat satellite clumps 
can be undertaken at a later date by personnel with clean boots. 
 
Mark and report new sphagnum:  
If you find any new small satellite populations of sphagnum, please flag them well with triple blue and pink and 
orange flagging and GPS for future treatment. 
 
Data Tracking:  
Although sphagnum is treated as an ICA on the Army side of Kaala, the infestation is large enough to make 
GPS tracking of area treated necessary.  Always GPS the area treated. Record the boardwalk stations where 
sweeps started and ended on the Weed Control Effort Form (WCEF), and fill out the WCEF completely.   
 
For ICAs, the WCEF asks for the number of mature, immature, and seedling individuals treated.  This does not 
make sense with sphagnum, which spreads vegetatively and does not have individual plants.  The purpose of 
tracking the number of individuals treated is to show whether numbers are increasing or decreasing with 
control, aka, to track success.  So, instead, as a substitute for numbers of plants, record the coverage of 
sphagnum in each meter squared treated.  Use the following coverage categories:  

• 100% live sphagnum (1x1m) 
• 50% or more live sphagnum (1mx50cm) 
• 25% or more live sphagnum (50cmx50cm) 
• 1% or more live sphagnum (2cmx 50cm, or 25cmx4cm, or 10cmx10cm) 
• 0% live sphagnum 

Use whichever category is closest to what you see.  Note that a 5 gallon sprayer holds 19 liters, so spraying 
one full tank will cover about 20m², and require 20 coverage estimates.  Don’t worry about getting too exact; 
this is just a way to track sphagnum death at a macro-scale.  Record this information in the comments portion 
of the WCEF.   For all initial control work, sphagnum cover will likely be 100% across all areas.   
 
Example of recording coverage, during initial control: 

Comments:  
Spraying went well today, all volunteers took their time to soak their designated areas and get all 
active ingredient on the defined area of sphagnum.  We sprayed 40 gal, or 160L, and gpsed the 
area we sprayed.  All of this area was completely covered in sphagnum. 
 
100% live sphagnum = 160m² 

 
Example of recording coverage, during follow-up control:  

Comments:  
All of area we sprayed today had very little live sphagnum.  Looks like previous spray very 
effective, except between transects 17 and 18, where LA found a patch of sphagnum that was 
covered by fallen leaves, looks like didn’t get sprayed last time.  GPSed area treated, estimated it 
was about 300m², based on transects.   
 
We estimate ~ 
25% or more live sphagnum = 1m² 
1% or more live sphagnum =290m² 
0% live sphagnum = 9m² 

 
Safety Precautions 

Personal Protective Equipment (PPE):  The St. Gabriel’s Label does not specify any required PPE.  
However, the MSDS does state that the following PPE be worn during mixing and application: long sleeve shirt, 
long pants, shoes plus socks, gloves (neoprene, nitrile, or oil/solvent resistant), and eye protection. 

General Precautions:  Eye protection is required to avoid eye injuries in heavy brush.  Blackberry(Rubus 
argutus) thickets are difficult to work in without thick protective clothing.  Give first aid as needed to prevent 
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scratches and wounds from later infections.  Glove liners like leather or cotton gloves can be worn under 
chemical resistant gloves if desired.  Any damaged nitrile gloves should be replaced immediately to avoid 
chemical exposure.  Any chemical should be handled with caution.  Reduce worker’s exposure by spraying well 
away from your eyes and face and by setting the spray droplet size to avoid fine airborne mists.  When 
spraying with a backpack in a sweep formation, stagger staff so that each is ahead or behind of his/her 
neighbor and not in a straight line, within range of accidental overspray from a neighbor. 
 
Chemical Safety:  
The Material Safety Data Sheet is available in a binder in the truck for any worker or volunteer to see. You can 
see in the MSDS and Label what the signs and symptoms of acute exposure are and what first aid measures 
should be. Clove oil and other ingredients are present in this herbicide. Although they are not usually 
considered hazardous to humans, they are concentrated, so avoid contact and handle carefully.  This product 
is corrosive, and may cause eye damage.  St. Gabriel’s is harmful when ingested or absorbed through the skin.  
Report any exposure to the field supervisor. Consult the MSDS and Label for information about first aid and 
accidental spills. Wash off skin with lots of soap and water.  Flush eyes with water for 15min and consult a 
doctor.   
 
Snares and Pigs:  
We are actively snaring and trapping along the blue transect. Have folks watch out for the snares and not trip 
them (marked with orange flagging) on the blue transect. No snares are near the boardwalk or near the 
sphagnum infestation. In the unlikely event a pig is seen, stay well away from it. 
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