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TITLE: Using FIA plots to determine the degree and distribution of Koa tree (Acacia koa) 
mortality and understory vegetation change in response to current, widespread defoliation 
events by the koa looper moth (Scotorythra paludicola) on Hawaii Island.  
 
LOCATION: Hawaii Island, Hawaii                DATE: 30 September 2013 to September  
 
DURATION: A 1-year project.                        FUNDING SOURCE: Basic  
 
PROJECT LEAD(s): R. Flint Hughes, Research Ecologist, Institute of Pacific Islands Forestry, PSW-
USDA Forest Service; 808-933-8121; fhughes@fs.fed.us; Stephanie Yelenik, Research Ecologist, 
Pacific Island Ecosystem Research Center, USGS; 808 985-6440; syelenik@usgs.gov. 
 
COOPERATORS: Lori Tango, Hawaii FIA Coordinator, PNW-USDA Forest Service;  Robert Hauff, 
Forest Health Coordinator Division of Forestry and Wildlife, Hawaii Department of Land and 
Natural Resources. 
 
FHP SPONSOR/CONTACT: Sheri Lee Smith, Regional Entomologist, State and Private Forestry, 
R5 - USDA Forest Service; 530-252-6667; ssmith@fs.fed.us 
 
PROJECT OBJECTIVES: We intend to re-measure a subset of our network of FIA plots on Hawaii 
Island that contain Koa (Acacia koa) trees and that were installed prior to the recent, massive  
koa looper moth (Scotorythra paludicola) outbreaks that have defoliated many square 
kilometers of A. koa stands. Our objectives in this post-defoliation FIA plot re-measurement 
effort are to: 1) determine whether and to what degree defoliation by this native insect has 
resulted in mortality of affected A. koa individuals, and 2) whether defoliation is associated 
with changes in understory vegetation of respective plots, particularly those containing non-
native, invasive species. Identified FIA plots for post-defoliation re-measurement were installed 
1 to 2 years prior to the S. paludicola outbreak which has occurred over the past 6 months; they 
thus provide an ideal opportunity to assess A. koa mortality and concomitant understory 
vegetation changes following these dramatic defoliation events.    
 
JUSTIFICATION: 
a. Linkage: Observations from scientists, land-managers, local media, and the general public 
have noted widespread outbreaks of S. paludicola across extensive areas of Hawaii Island and 
the remarkably rapid defoliation of A. koa stands that has occurred as a result. Fortunately, FIA 
forest plots were installed in many of these affected areas 1 to 2 years prior to the defoliation 
events. These selected FIA plots provide a unique opportunity to directly assess the impact of 
large-scale defoliation events on the health and survivorship of affected A. koa stands. This is a 
high priority forest health issue for Hawaii’s state foresters and land managers as A. koa is a 
highly valued forest resource. In addition, scientists from University of Hawaiʻi, Hilo and the 
USGS have been studying the effects of S. paludicola outbreaks at local-scales.  Preliminary data 
indicate that large quantities of caterpillar frass have led to soil nitrogen (N) pulses, increasing 
soil available N three-fold.  Data from previous studies suggests that the caterpillar stage of S. 
paludicola is an important food source for native and exotic bird species, as well as predatory 
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insects. Our proposed study will contribute additional understanding to ongoing multi-faceted 
investigations of the impacts of this lepidopteran outbreak on Hawaii’s A. koa forests. 
   
b. Significance: Hawaii’s Koa trees are among the World’s most valuable hardwoods. High 
quality slabs of this species have been sold for as much as $125 per board foot. In addition, A. 
koa was a critically important cultural and practical resource in pre-contact Hawaii, serving as 
the raw material for outrigger canoes, surfboards, spears, and musical instruments. Hawaiian 
royalty prized it above all other woods, insisting that it be used for key objects the royal family 
touched (e.g., steps, floors). Ecologically, A. koa, along with Metrosideros polymorpha (‘Ohi’a), 
is one of Hawaii’s most common and important tree species, accounting for extensive portions 
of Hawaii’s intact native upland forests. As a nitrogen-fixing tree, Koa provides a rich soil 
substrate and habitat for many of Hawaii’s remaining native species, including 30% of Hawaii’s 
threatened and endangered plants and 30 different native bird species (Baker et al. 2009).    
 
Also native to Hawaii, S. paludicola is an obligate feeder of Acacia koa leaves. Currently, this 
insect has defoliated over 100 km2 of A. koa forests on Hawaii Island since January 2013.  
Subsequent, primary outbreaks are being reported in other A. koa stands around Hawaii Island, 
and areas such as Laupahoehoe Experimental Forest are now experiencing a second round of 
defoliation. This scale of outbreak has never been previously recorded, and an outbreak has not 
been noted on Hawaii Island for over 50 years. Therefore, we have an important, yet fleeting 
opportunity to document this outbreak and the resultant ecosystem response. 
 
c. Scientific basis/feasibility: Our Hawaii-based FIA field crew has extensive experience and 
expertise establishing Forest Service FIA plots across the varied terrain of Hawaii Island; they 
have installed over one hundred FIA plots on Hawaii Island, and they are intimately familiar 
with proper FIA installation and measurement protocols. In fact, our Hawaii-based three-person 
field crew that installed the selected FIA forest plots that contained A. koa trees prior to the 
defoliation events, will be the same individuals tasked with returning to those plots in order to 
re-measure and evaluate each plot’s post- defoliation status. Both Hughes and Yelenik have 
proven records of publishing results of studies such as that proposed here. Further, our study 
design is sound, practical, and capable of addressing the objectives presented here; we 
currently have in hand detailed vegetation composition and structural information for each FIA 
forest plot prior to the S. paludicola defoliation events, and we will be applying the exact same 
FIA methods on the selected plots 2 years after they were initially installed and measured 
approximately 1 year after the S. paludicola defoliation events occurred.  
 
d. Priority issues: The base Plan EM priority addressed is: (1) tree mortality – deviations from 
expected levels.  
 
DESCRIPTION: 

a. Background: The native Hawaiian moth, S. paludicola is acknowledged as capable of 
defoliating entire stands of A. koa in a relatively short period of time. Outbreaks of this insect 
are infrequent but impressive when they occur. A total of 5 significant outbreaks have occurred 
throughout the Hawaiian Islands since 1900. In 1977, a single outbreak on Maui Island 
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defoliated ca. 7600 ha of A. koa forest, and approximately a third of extant A. koa individuals 
were killed in this event (Baker et al. 2009). The current outbreak covers a much larger 
estimated 100 km2 of A. koa forest across a variety of landscapes on Hawaii Island. We have yet 
to determine the anticipated percent mortality across these very large areas. In addition, 
preliminary data show that large quantities of caterpillar frass lead to significant soil N pulses, 
increasing soil available N in some sites by as much as three-fold. At the same time, available 
light increases dramatically as a function of A. koa defoliation, leading to concomitant increases 
in resources critical to understory plant growth. In many A. koa dominated areas, non-native 
invasive species such as Clidemia hirta (aka, Koster’s curse) and perennial grasses are present in 
the understory and likely poised to take advantage of increases in resources. These invasive 
species may interact with each other, or native species, in a manner completely novel to 
historical outbreaks and thus alter the impact and duration of the pulse event, and its effects on 
ecosystem structure and function. 

b. Methods: A total of 40 selected FIA forest plots installed and measured 1 to 2 years prior to 
defoliation will be re-measured in 2014, approximately 1 year after S. paludicola defoliation 
events. FIA plots will be selected for measurement if they contain greater than ten Koa 
individuals on plot, and they occur within the boundaries of known koa moth outbreak areas. 
Under these conditions/constraints we have determined that the majority of selected plots will 
occur within the Pu’u Wa’a Wa’a and Laupahoehoe units of the Hawaii Experimental Forest. 
Selected plots will be revisited by our Hawaii FIA field crew and re-measured using the same 
protocols applied during the initial installation/measurement process. Measured parameters of 
FIA protocols that are directly relevant to our proposed project include the following: Tree 
species, diameter, height, status (i.e., live or dead), crown status/damage, epiphyte loading, 
and cause of death on each subplot; seedling counts by species; shrub, vine, forb, grass, and 
bryophyte % cover on each subplot; invasive species identity and % cover on subplot; percent 
area of pig damage on subplot. 

c. Products: Findings will be delivered in a timely manner in both verbal and written formats. 
Anticipated products: 

• Outreach to media, land managers, and the general public regarding the post-
defoliation response of affected koa forests, particularly with regard to whether 
affected koa forests have died or not.  

• Documentation of findings in a peer-reviewed journal (e.g., Pacific Science, Forest 
Ecology and Management or Forest Science) 

• Presentations at the Annual Hawaii Conservation Conference (Honolulu) and the Annual 
Hawaii Ecosystems Meeting (Hilo).  

• White paper to state land management agencies, including the Hawaii Department of 
Land and Natural Resources Division of Forestry and Wildlife, the Office of Hawaiian 
Affairs, and the Hawaii Volcanoes National Park. 

• FHM Working Group presentation. 
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d. Schedule of activities: 
 
Project Activity       Date 
1. Install and measure FIA plots in Koa forest stands, pre-
defoliation. 

Completed 

2. Identify, FIA plots that contain Koa trees and 
experienced defoliation. 

Completed 

3. Procure analyzed, pre-defoliation FIA plot data Completed 
4. Re-measure selected FIA plots, post-defoliation January-March 2014 
5. Procure, collate and compare pre- and post-defoliation 
plot data; prepare progress report/poster  
6. Data synthesis and analysis 

Spring 2014    
 
Summer 2014                                      

7. Final report/poster; peer reviewed publication submitted Fall 2014 
 
e. Relevant Citations: 
Baker, J., P.G. Scowcroft, and J.J. Ewel. 2009. Koa (Acacia koa) Ecology and Silviculture. Gen. 

Tech. Rep. PSW-GTR-211. Albany, CA: U.S. Department of Agriculture, Forest Service, 
Pacific Southwest Research Station. 129 p. 

 
COSTS:  
 

Re-measuring 40 
FIA Koa forest 
plots, Hawaii 

Item 
Requested 
FHM EM 
Funding 

Other-
Source 

Funding 
Source 

YEAR - 2014         

           
Administration 

FIA field crew 
Salary (2.2 
months) 

 31,078.651  40,000 4 

        

  Vehicle (2.2 
months)  791.892    

Procurements 

Travel (24 
nights), 
lodging, per 
diem 

 1,4403    

 Total    33,310.54  40,000   
 
1Three GS-7 (Forestry Technicians) for 67 days.  All others contributed by FIA, PSW and Hawaii 
Division of Forestry and Wildlife. 
2Based on GSA vehicle rate for one GSA vehicle for one month ($359.95/month).  
3Based on a Camping/Cabin M&IE for three field crew members for one day ($60/day)  
4Matching provided Hawaii State Division of Forestry and Wildlife, Department of Land and 
Natural Resources.  
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