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The Grand Challenge:
Innovation Translation

Moving innovation from an “artificial”
test site that’s proving concept to a
“real” management landscape that’s
proving utility

We can do this!



HBT targeting Miconia (Miconia calvescens) 

Herbicide Ballistic Technology (HBT)



Herbicide Ballistic Technology (HBT)

The Technology: Encapsulated 0.68 caliber herbicide-filled projectiles pneumatically delivered to
treat isolated plant populations >>> LONG DISTANCE ACCURACY (20-30 m) WITH FULL TILT
TRAJECTORY (0-90O)

The Problem: Incipient populations of miconia are colonizing remote sections of class I
watersheds on Maui. Average slope of terrain >50% >>> AREAS INACCESSIBLE TO GROUND
MANAGEMENT

The Objective(s): Detect and eliminate incipient populations >>> Effectively contain the spread of
Miconia in the East Maui Watershed.

We can do this!



0.68 caliber soft gel projectiles 
encapsulating 200 mg triclopyr 

We can do this!



Invasion Biology of 
Miconia (Miconia calvescens DC) 

• An autogamous (self-fertile) species
• High fecundity
• Edible fruit to a variety of frugivores
• Long dispersal range (>1 km)
• Extended Seed viability (decades)
• Germination in heavy shade
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Payload Operator “Applicator” seated portside behind Pilot, with shared field of view (FOV)

HBT operations conducted with a Hughes 500D helicopter
Low-altitude flight patterns following terrain contour at slow search speeds
Operational flight time 80-90 min in a fuel cycle



East Maui Watershed with historical miconia points recorded 1991-2012 (n=270,591; purple) 
and HBT target points recorded 2012-2016 (n=20,363; yellow)

2012- Shift with HBT towards intensifying 
containment strategy

1990-2011- extensive management and 
delimitation (GREAT good intelligence)

We can do this!



Variable costs of operations determined by target density
$7.96 ha-1 and $20.15 tgt-1

y = 0.8859x + 0.4343
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The miconia dispersal kernel empirically derived from HBT targets is highly congruent to the
model developed in Australia.

Dispersal kernel with a 1644m radius equivalent to 849 ha isotropic footprint.
One new mature plant obligates an est. $155K in management costs over a 43-year period



From 2012-2016 
We’ve invested over $682K, conducting 100 HBT operations 

 Eliminating  20,363 incipient targets, 
 Protecting  18,336 ha of precious watershed
 Avoiding $384.2 M in future management costs

We can do this!



Accomplishments in Proving Utility:

• HBT is becoming institutionalized in one of 
the largest, most comprehensive invasive 
plant management projects in the world.  

• HBT is a highly surgical and efficient method 
of treatment presenting the lightest footprint 
on the landscape.

• The HBT platform encourages greater 
investment in ISR (Intelligence, Surveillance 
and Reconnaissance) for improved decision 
making and containment of spread.  

• Elimination of one incipient plant is equally 
determined by detection and treatment 
lethality (Mortality Factor; Cacho et al. 2006).

• An effective strategy is achieved when target 
mortality outpaces biological recruitment.

HBT treatment symptoms to PSICAT 100-200 days after treatment
We can do this!



Technological Challenges:

• Adopting Big Data Analytics for monitoring 
tactical  performance and strategic 
projections.

• HBT with Telemetry system (HBT-TS) 
recording over 10k datum in a single 
operation.

• Higher resolution of the management terrain 
and better cell network access for high 
quality data and real-time processing.

• Heavy-payload UAS with adequate sustained 
flight to complement and eventually displace 
manned operations 

• Climate observatory network for developing 
real-time correspondence with miconia
phenology (i.e.,  seed bank recruitment and  
mature fruit reproduction).

We can do this!



With Partnerships, We Can Do This !!!

Collaborators:

This project has been supported in part by:

• US Forest Service Special Technology Development Program Award R5-2012-01
• USDA Hatch Act Formula Grant project 132H
• Hawaii Invasive Species Council Research and Technology Grant Program
• Maui County Department of Water Supply and the Office of Economic Development via

collaboration with the Maui Invasive Species Committee

MAHALO
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