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Director’s Letter

Aloha Kākou! 

I hope that you enjoy this 2019 Tropical 
HTIRC Annual Report, which is the second 
annual report produced by the center to help 
promote communications and highlight each 
year’s progress and developments.

Our Tropical HTIRC Steering / Advisory 
Committee provides guidance on 
the strategic directions of the center, 
prioritization of research themes, and 
staffing. In 2019, we made one change to 
the committee: Mark Coggeshall (HTIRC 
Co-Director, USDA Forest Service Northern 
Research Station) retired in February 2020 
and so he was replaced by Matt Ginzel 
(HTIRC Director, Professor of Forest 
Entomology, Purdue University). Matt will 
become involved in Tropical HTIRC work 
with Rapid ʻŌhiʻa Death and has potential to 
contribute in many ways.  The full Steering / 

Advisory Committee list is below – Mahalo 
for your time, energy, and guidance!!

We have our largest staff thus far of Tropical 
HTIRC graduate students and scientists 
– see their profiles below.  In 2019, Emily 
Thyroff, University of Hawai‘i at Mānoa, and 
Aziz Ebrahimi, Purdue University, began 
their PhD programs.  Additionally, Kyle 
Rose (formerly Kyle Earnshaw, PhD in 2017 
with Tropical HTIRC) started his position 
as Research Scientist during summer.  We 
have three new graduate students coming 
in 2020!!  Bee Overbey is a new PhD student 
at Purdue for spring 2020, studying the 
interface between forest restoration and 
habitat for native bird communities. Kylle 
Roy will begin her PhD in fall 2020 at Purdue, 
researching the role of beetles in Rapid ʻŌhiʻa 
Death. Kylle is the first Sloan Scholar that we 
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have recruited into Tropical HTIRC via the 
Sloan Foundation’s Indigenous Graduate 
Partnership!  Tawn Speetjens also starts at 
Purdue in fall 2020, pursuing a MS on ‘iliahi 
(sandalwood) nursery propagation and 
restoration planting in collaboration with 
Hāloa ‘Āina. Aloha E Komo Mai!!

Achyut Adhikari (MS, University of Hawai‘i 
at Mānoa), Rebekah Ohara (PhD, Purdue), 
and Lilian Ayala Jacobo (MS, Purdue) 
each continued working on their graduate 
degrees during 2019.  Indira Paudel 
(Purdue) and Adel Youkhana (University of 
Hawai‘i at Mānoa) also continued their post-
doctoral scientist positions.  Anna Sugiyama 
began her position as Assistant Professor 
of Seed Conservation at University of 
Hawai‘i at Mānoa (Department of Botany 
and Lyon Arboretum) in 2019.  Anna was a 
post-doctoral scientist at Purdue through 
July 2019, studying koa ecophysiology and 

seed scarification.  This is a high priority 
outcome of our Tropical HTIRC training 
program, facilitating our staff to continue on 
with permanent positions working in Hawai‘i  
forests. Congratulations Anna!

In this 2019 Annual Report, we highlight 
2019 accomplishments from a selection 
of projects designed to meet our research, 
extension, and education strategic 
objectives for tropical hardwoods, as 
presented in the 2017-2021 Tropical HTIRC 
strategic plan.  Many of these projects 
emphasize Acacia koa (koa), a keystone 
Hawai‘i native forest tree species.  We 
describe ongoing research for koa including 
progeny testing, cold hardiness, population 
ecophysiology, seed scarification, disease 
resistance, stem form, and thinning.  We 
also describe a large, multi-partnered effort 
to study implementation of community-
based forests in Hawai‘i.  Finally, we feature 
recently initiated projects with partners 
involving other important native Hawai‘i 
forest trees, including ‘iliahi restoration and 
‘ōhi‘a disease resistance.  We will continue 
to communicate developments from these 
projects in future Tropical HTIRC annual 
reports.

We completely revised our Tropical 
HTIRC website during 2019!!  This was a 
big undertaking and a special thanks to 
everyone who contributed content.  We will 
keep this updated with our staffing, research 
progress, news, events, and publications.  
Our 5-year strategic plan is posted here, 
along with our annual reports.  In addition 
to the new website, we are exploring 
best paths to connect with partners and 
stakeholders using social media – we now 
have a (#TropHTIRC) Twitter feed!

Visiting a koa plus tree trial installed by Roger Skolmen at 
Keanakolu during the January 2019 Tropical HTIRC annual 
advisory committee.
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Extension and outreach remain integral to 
our Tropical HTIRC mission. We continue to 
host field days, workshops, and symposia; 
and produce publications that are relevant 
to managers. Our two-day annual Tropical 
HTIRC advisory committee meeting and 
field tour remains an important part of 
these activities, and each year we are 
increasing our participation and reach across 
stakeholders working in Hawai‘i forests. 
In 2020, we aim to help develop a multi-
partnered working group on a proposed 
state-wide reforestation initiative for koa;  
we have identified critical needs for koa 
growth / carbon models, and financial 
analyses to support such efforts.  Soon 
we will organize another koa research 
symposium. We will also continue our 
Hawai‘i Native Plants Grower’s Meeting 
series, with the next meeting targeted for 
January 2021. Most importantly, our active 

projects include collaborations and frequent 
communications across most of our 
partners, and this remains the most effective 
way to stay connected and work to benefit 
Hawai‘i forests!

Another wet, yet stimulating field tour during the January 2019 Tropical HTIRC annual advisory committee – 
hiking along the Humuula trail on the way to beautiful old-growth koa forests.

Douglass F. Jacobs 
Director, Tropical HTIRC
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The role of the committee is to provide guidance on the strategic directions of the center, 
prioritization of research themes, and staffing. The committee is comprised of members 
representing diverse groups associated with ecology and management of Hawai‘i’s forests.  
Many of the committee members are active collaborators on Tropical HTIRC research and 
extension projects.

Tropical HTIRC Advisory / Steering Committee

Member Title, Institution

Steve Bergfeld Hawai‘i Island Branch Manager, DLNR Division of Forestry and Wildlife

Phil Cannon Forest Pathologist, USDA Forest Service, Pacific Southwest Region

Nicholas Comerford Dean, College of Tropical Agriculture and Human Resources, University 
of Hawai‘i at Mānoa

Michael Constantinides State Forester, USDA Natural Resources Conservation Service, Pacific 
Islands Area

Susan Cordell Director, Institute of Pacific Islands Forestry, USDA Forest Service, 
Pacific Southwest Research Station

Nicklos Dudley Forester and Maunawili Experiment Station Manager, Hawai‘i Agriculture 
Research Center

J.B. Friday Extension Forester, University of Hawai‘i at Mānoa

Christian Giardina Research Ecologist, USDA Forest Service, Pacific Southwest Research 
Station

Matt Ginzel Professor and HTIRC Director, Entomology and Forestry and Natural 
Resources, Purdue University

Diane Haase Western Forest Nursery Specialist, USDA Forest Service, Pacific 
Northwest Region

Robert Hauff Protection Manager, DLNR Division of Forestry and Wildlife

Travis Idol Associate Professor of Tropical Forestry and Agroforestry, University of 
Hawai‘i

Nicholas Koch  Research and Specialty Consulting, Forest Solutions, Inc.

Creighton M. Litton Professor of Ecosystem Ecology, University of Hawai‘i at Mānoa

Robert K. Masuda First Deputy Director, DLNR

Irene Sprecher Forest Program Manager, DLNR Division of Forestry and Wildlife

Robert Wagner Department Head, Forestry and Natural Resources, Purdue University
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We added several new graduate students and staff during 2019. And several others are joining in 
2020. Welcome and Aloha!

Achyut Raj Adhikari is a MS graduate 
student at the Department of Tropical 
Plant and Soil Sciences at the University of 
Hawai‘i at Mānoa. Achyut received his BS in 
Agriculture from the Tribhuvan University, 
Nepal, in 2014. He worked with Local 
Initiatives for Biodiversity Research and 
Development (LI-BIRD) and International 
Wheat and Maize Improvement Center 
(CIMMYT) in Nepal in plant genotype 
conservation and improvement, and 
livelihood improvement of farming 
community. Achyut has interests in 
breeding for biotic and abiotic stress 
management in plants. His graduate 
research project addresses emerging and 
existing biological threats to Acacia koa in 
Hawai‘i.

Lilian Ayala Jacobo is a MS graduate 
student in the Department of Forestry and 
Natural Resources at Purdue University. 
Lilian received her BS in Forestry from the 
National University of Asunción, Paraguay, 
in 2012. She worked as a technical and 
consultant forestry assistant for a year 
and in the forestry program of the National 
Institute of Agricultural Research in 
Paraguay for 3.5 years. Lilian has interests 
in forest regeneration, tree improvement, 
and conservation of forest genetic 
resources.

Lilian studied the frost tolerance of koa 
seedlings for populations from different 
elevations, as well as the heritability 
estimates of different traits of interest of 
koa families located in a progeny trial on 
the windward slope of Mauna Kea, Hawai‘i.  
She successfully defended her MS thesis 
in January 2020!!  Lilian has returned to the 
National Institute of Agricultural Research 
in Paraguay as a forestry researcher.

Tropical HTIRC Staff
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Aziz Embrahimi is a PhD student at Purdue 
University, studying genes related to cold 
tolerance in koa and walnut. Aziz’s interest 
is in landscape genetics, phylogeny and 
evolution of tree species.

Aziz is using genetics, genomics, and 
bioinformatics tools to address two 
critical steps for increasing the success 
of koa restoration at high elevation: 
characterization of koa genetic diversity 
across an elevational gradient, and the 
identification and characterization of genes 
influencing seedling cold tolerance.

Rebekah Ohara is a PhD student in 
the Forestry and Natural Resources 
Department at Purdue University focusing 
on the pathways and opportunities for 
community-managed forests in Hawai‘i.  
Rebekah received her B.A. in Anthropology 
in 2009 from Humboldt State University 
(HSU), and in 2013 she completed her M.A. 
in Social Science at HSU’s Environment and 
Community Program, focusing on the social 
and ecological considerations of tropical 
forest conservation in Ecuador. For two 
semesters, Rebekah served as a Teacher’s 
Assistant and Field Guide for HSU’s Primate 
Field School at the Organization for Tropical 
Studies in Costa Rica. She is the Director 
of Programs for the Akaka Foundation for 
Tropical Forests.
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Dr. Indira Paudel is a post-doctoral scholar 
in the Department of Forestry and Natural 
Sciences at Purdue University. Indira is a 
native of Nepal. Before she joined Purdue, 
she completed her graduate studies from 
Hebrew University of Jerusalem, and her 
first post-doc fellow training from the 
Weizmann Institute of Science, Israel.

She is working on the response of 
hardwood species to climate change, 
focusing on effects of precipitation and 
temperature variability. In addition, she is 
studying the ecophysiology of Acacia koa 
in response to resource variation across 
elevational gradients in Hawai‘i.

Dr. Kyle Rose is a research scientist with 
Tropical HTIRC (summer appointment) and 
an Assistant Professor of Forestry at New 
Mexico Highlands University in Las Vegas, 
New Mexico. Kyle was a Peace Corps 
Volunteer in Honduras before receiving his 
MS from Michigan Technological University 
and PhD from Purdue University.

In Hawai‘i, Kyle studies developmental 
heteroblasty, plasticity of koa, and how 
silviculture can be used to promote 
increased survival and performance of koa 
on harsh and favorable sites. He is also 
interested in income generation through 
the development of silvicultural systems 
for afforestation of abandoned pasture 
land and rehabilitation of degraded native 
forests. Ultimately, he hopes that his work 
provides solutions for forest management 
while balancing the complex social, 
ecological, and economic decision space 
of Hawai‘i. He is also leading projects 
related to clonal propagation of koa and 
sandalwood restoration.
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Emily Thyroff is a PhD student at the 
University of Hawai‘i at Mānoa. She earned 
a BS in biology from James Madison 
University and a MS in forest biology from 
Purdue University. 

In 2019, Emily began building a foundation 
to work on tropical dry forest restoration 
with regeneration of endemic Santalum 
species, known as ‘iliahi or Hawaiian 
sandalwood. In 2020, Emily will be installing 
greenhouse and field experiments to better 
understand relationships between ‘iliahi and 
native forest communities.

Dr. Anna Sugiyama was a post-doctoral 
scientist in the Department of Forestry and 
Natural Resources at Purdue University. 
She received her PhD from University of 
Georgia, where her dissertation research 
focused on effects of forest fragmentation 
on regeneration of animal-dispersed tree 
species in southern Costa Rica. Before 
coming to Purdue, she held postdoctoral 
positions at UCLA, FFPRI in Japan, and 
Yale, where she did most of her field work in 
Panama.

At Purdue, Anna’s work was on application 
of intraspecific variation in functional 
traits for forest restoration in the Hawaiian 
endemic tree species Acacia koa. She also 
studied seed scarification methods for 
among koa families and populations from 
different elevations. Anna completed her 
post-doc in July 2019 and has begun her 
new position as Assistant Professor of 
Seed Conservation at University of Hawai‘i 
at Manoa (Department of Botany and Lyon 
Arboretum).
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Kylle Roy will begin her PhD work in Fall 
2020 as a Sloan Scholar in the Department 
of Forestry and Natural Resources at 
Purdue University. She is interested in the 
chemical ecology of beetles and ʻōhiʻa trees 
in association with Rapid ʻŌhiʻa Death. 
Born and raised in Hawaiʻi, Kylle has a 
general interest in conservation of Hawaiian 
forests, especially in relation to entomology, 
disease, and molecular tools.

Kylle is currently a geneticist at U.S. 
Geological Survey Pacific Island Ecosystem 
Research Center in Hawaiʻi Volcanoes 
National Park. She has a MSc in Tropical 
Conservation Biology and Environmental 
Science from the University of Hawaiʻi at 
Hilo and a BS in Biological Sciences and 
a minor in Environmental Science from 
Chapman University in Orange, CA.

Bee Overbey began her PhD program in 
January 2020 in the Department of Forestry 
and Natural Resources at Purdue University, 
where she also earned her undergraduate 
degree. She received her MA in Biology 
from Miami University’s Project Dragonfly, 
during which time she studied forest 
restoration and native bird populations 
on the Big Island of Hawai’i. She has also 
served as an entomology and forest health 
research assistant at the Morton Arboretum 
since 2011. 

Bee is interested in the role that birds play 
in forest restoration, the way that forest 
restoration impacts native bird populations, 
and how to maximize the effectiveness of 
both through our management strategies. 
She would also like to further examine the 
concept of species resilience and capability 
for adaptation, behaviorally and physically, 
to novel ecosystems (e.g. through climate 
change).

New Staff Starting in 2020
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Tawn Speetjens will start his MS in the 
Fall of 2020 with the Department of 
Forestry and Natural Resources at Purdue 
University. He was born and raised on the 
Big island of Hawaiʻi and graduated from 
the University of Hawaiʻi Hilo with a BS 
in Biology focused on Ecology, Evolution, 
and Conservation Biology. He has worked 
extensively throughout Hawaiʻi, conducting 
ecosystem restoration and watershed 
management. He is currently the lead 
Biologist with the Hāloa `Āina Reforestation 
Project.

Tawn has a passion for growing Hawaii’s 
native plants and is interested in the 
development of propagation techniques 
for Hawaiian sandalwood species (`Iliahi). 
He intends to explore 1) the physiological 
effects of chelated iron treatments on 
`Iliahi seedlings in the nursery, 2) the 
effect of hosts and fertilizers on haustoria 
development, and 3) the necessity of 
established hosts in `Iliahi field planting.
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1. Improve the genetic quality of tropical hardwoods, especially Acacia koa, through use 
and refinement of traditional methods and molecular genetics.

2. Develop advanced nursery propagation and seed production technologies to improve 
the field establishment success of tropical hardwood reforestation / restoration and 
allow for efficient production of genetically improved trees. 

3. Establish a system of native species research and demonstration trials (e.g., on the 
Hawai‘i Experimental Tropical Forest) for education and training of consultant and 
industrial foresters, nursery practitioners, conservation biologists, and public and 
private landowners in silviculture and regeneration techniques.

4. Educate future leaders in tree improvement, management, and protection of tropical 
hardwood forests.

5. Engage our stakeholders and address their needs by communicating research findings 
and management recommendations.

Strategic Directions
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Tropical HTIRC Program Structure / Road Map
We aim to address these themes in an interconnected way. Our focus has been on Acacia koa, 
but this framework can be expanded to other species (e.g., ‘Ōhi‘a). 
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Tropical HTIRC Projects
Progress in 2019

Progeny Trial
Lilian Ayala Jacobo studied the genetic 
parameters of Acacia koa (koa) families in a 
progeny trial site on Hawai‘i Island as part of 
her MS thesis research. The objective was to 
determine if there is genetic variability among 
20 koa families for height, basal diameter, 
and other parameters of interest, measured 
at 4 years of age, at a high-elevation (6,800 
ft) progeny trial site on the windward slopes 
of Mauna Kea (managed by the Department 
of Hawaiian Homelands). The experimental 
design was a randomized complete block 
design, with 20 families represented by two 
individuals per block in each of six blocks  
(N = 12 individuals per family per site).  

Height, basal diameter, height to living crown, 
and projected crown area measured in 
2019 showed significant differences among 
families. Height, basal diameter, and height 
to live crown had relatively high individual 
and family heritability estimates of > 0.4. 
In addition, within plot variation for each of 
these traits was zero, so the resemblance 
among trees of the same family within a 
block was high.  The progeny tests may be 
converted to seed orchards using forward 
selection, by selecting the top trees from 
each family for tree height and diameter.

Lilain’s MS thesis can be downloaded here:  
Jacobo, Lilian Mabel Ayala (2020): Freeze 
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tolerance and genetic variability of Acacia koa 
A. Gray, a key Hawaiian tree species.  
MS Thesis.  
https://doi.org/10.25394/PGS.11739555.v1 

This project will contribute to current and 
future seed production of existing and new 
seed orchards that will supply improved seed 
to landowners for decades. While our other 
two progeny test sites had cattle damage 
that compromised their utility for data 
analysis, we have relocated the trees at each 
and most trees have recovered. The same 
families were represented across all three 
sites, and so these sites can serve as future 
seed orchards for forestry and restoration 
projects. There are potentially >110,000 acres 
available for koa reforestation on Hawai‘i 
Island alone!

Mean height among families in the koa progeny trial in 2019.

Aerial view of koa progeny test site at the 
Department of Hawaiian Homelands.
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Cold Tolerance
At high elevation sites in Hawai‘i, exposure 
of planted seedlings to winter frost may 
reduce survival and result in failed restoration 
projects. Our objectives in this project are 
to determine 1) the degree to which koa 
develops cold hardiness as a mechanism to 
tolerate frost, 2) whether populations of koa 
from higher elevations show greater cold 
tolerance than koa populations from lower 
elevations, 3) the extent to which exposure 
to environmental conditions to induce 
hardening may affect cold tolerance, and 
4) the expression of genes related to cold 
tolerance in koa. 

As part of her MS thesis research, Lilian 
Ayala Jacobo sought to determine whether 
different ecotypes of koa show variation in 
freeze hardiness as a mechanism to tolerate 
cold and if exposure to hardening conditions 
prior to frost exposure can modify such cold 
tolerance adaptation. She germinated seeds 
collected from 13 Acacia koa populations 
along an elevational gradient (603 to 2050 m 
= 1978 to 6725 ft) on the island of Hawai‘i. 
Four-month-old greenhouse-grown seedlings 
obtained from these seeds were then divided 
into control seedlings (maintained at 25 °C 
day, 22 °C night) and chilling-acclimated 
seedlings (held at 8 °C day, 4 °C night). After 
six weeks, ten acclimated and ten non-
acclimated seedlings per population were 
tested for freeze tolerance by electrolyte 
leakage at temperatures from 5 °C to –20 
°C. Results showed a higher index of cold 
damage in the non-acclimated seedlings 
for most of the populations at the two 
lowest test temperatures. There were some 

differences in the index of damage among 
the population elevations, depending on the 
test temperature.

Jacobo, Lilian Mabel Ayala (2020): Freeze 
tolerance and genetic variability of Acacia 
koa A. Gray, a key Hawaiian tree species. 
MS Thesis. https://doi.org/10.25394/
PGS.11739555.v1 

Aziz Ebrahimi, a PhD student, is developing 
a comprehensive characterization of allelic 
differences among koa populations at genes 
of interest to enable rapid assessment of 
the cold tolerance of any population and, 
possibly, the identification of rare genes that 
can be used to improve the survival of koa 
at high altitudes where it formerly thrived.  
Aziz’s study focuses on: 1) Evaluating the 
cold tolerance of koa populations based 
on physiological measures and comparing 
the results with evaluations based on gene 
expression using qPCR (RNA analysis). 
2) Evaluating Acacia koa populations 
representing an elevation cline using DNA 
sequencing (wideseq) with CBFs markers to 
evaluate the primary level of genetic diversity.

Whole plants freezing test:  Seeds from 
different families of koa were collected 
across an elevational gradient on the Island 
of Hawai‘i. Non-acclimated and acclimated 
seedlings (as described above) were used for 
a whole plant freezing test. Seedlings were 
placed in a programmable chest freezer to 
assess freezing damage after 90-minute 
exposure to temperature treatments of -5, 
-10, and -20 °C.  Treated seedlings were then 
moved to a favorable growing environment 
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Electrolyte leakage testing of koa foliage to evaluate 
cold hardiness. 

Interaction effects between elevation (m) of koa populations and acclimation treatment (1 = cold-acclimated, 0 
= non-acclimated) on Damage Index (%) of samples averaged across test temperatures (5, -5 -10, -15 and -20 °C).  
Higher Damage Index (%) = more cold damage.

(22 °C, 16h day length). After 80 days, the 
percentage of survival and re-sprouting of 
seedlings was rated from 1 to 5 (1=no visible 
damage, 5= 100% damage).

Developing CBFs genes and CBFs primers:  
To design CBFs genes for Acacia koa, we 
downloaded koa transcriptome from the 
NCBI database (SRR1686818). CBFs genes 
of Eucalyptus gunnii were aligned to koa 
transcriptome with Burrow-Wheeler Aligner 
software to develop CBFs gene for koa and 
then primers were designed to evaluate 
genetic diversity and gene expression 
analysis. Fresh leaves were used for DNA 
extraction and after PCR amplification, 
PCR product were sequenced with wideseq 
methods. 

Preliminary analyses based on whole-plant 
freeze damage indicated that shoots of 
non-acclimated seedling were damaged by > 
85%, except at -5 °C, for low, middle and high 
elevations.  For acclimated seedlings at lower 
elevation, shoot damage decreased to 25 % 
at -5 °C and for middle and higher elevations, 
shoot damage decreased to 50 and 25 %, 

respectively.  Genetic diversity of cold hardy 
genes revealed that the middle elevation 
population is more diverse compared with 
the low and high elevation populations. This 
suggests that middle elevation populations 
might serve as a potential resource for 
exchanging material to higher elevations in 
the future.  Gene expression analysis (qPCR) 
across the elevation across of koa population 
is in progress.
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Population Ecophysiology
Dr. Anna Sugiyama studied intraspecific 
variation of Acacia koa as part of her post-
doctoral research. Specifically, she tested for 
(1) intraspecific tradeoffs in functional traits, 
(2) local adaptation and phenotypic plasticity, 
(3) whether adult traits can predict seedling 
performance. Leaf samples were collected 
from 39 trees and with help from researchers 
at the USDA Forest Service Institute of 
Pacific Islands Forestry, leaf size/area data 
were obtained. Seeds from 17 of those trees 
were collected and seeds from another 23 
trees from the Tropical HTIRC seed library 
were added to the study. Seedlings were 
germinated from these seeds in growth 
chambers under three conditions (“low 
elevation”, “high elevation”, and “future climate 
change scenario”) and greenhouse, subset 
of which were also moved to these growth 
chambers to determine local adaptation and 
phenotypic plasticity.

In 2019, she continued to grow seedlings in 
the three growth chambers and greenhouse 
until she recorded seedling growth, survival, 
development (e.g., phyllodes, nodules 
from rhizobia) destructively harvested all 
the plants (N > 2000) for leaf and stem 
measurements at the end of the study in 
August.  She conducted three stress tests, 
cold tolerance tests, drought tolerant tests, 
and heat tests on all mother trees with at 
least five healthy seedlings. When phyllodes 
were available, she tested on both leaves and 
phyllodes.  Anna started a faculty position at 
University of Hawaiʻi at Mānoa in August. A 
636-page data set is now all digitalized but 
she is currently cleaning and analyzing data, 

while also juggling her responsibilities in her 
new job.

As part of her post-doctoral research, Dr. 
Indira Paudel examined interactions of koa 
seedlings collected from three elevations 
(1017, 4002, and 6463 ft) with varying levels 
of light and nitrogen in wet and dry soils. 
She hypothesized that populations from 
dissimilar environments have evolved distinct 
functional traits due to local adaptation. 
Adaptive plasticity in functional traits will 
thus determine seedling performance to 
co-limitation of multiple resources, and 
seedlings will perform better when growing 
in environments best matched to their 
seed source environments. Koa seedlings 
from three windward seed sources [low 
(L), mid (M)-, and high-elevation (H)] were 
grown across light and nitrogen treatments 
in wet and dry substrate conditions. Light 
response curves and gas exchange, water 
and nitrogen status, resource use efficiency, 
shoot non-structural carbohydrate, and 
growth, including biomass allocations, 
were quantified. In 2019, she continued 
to analyze and interpret her data and has 
produced a draft manuscript to be submitted 
for publication in an international journal.  
Thus, the full results will be available in 
2020.  Preliminary results indicate that as 
hypothesized, seedling response to co-
limitation of resources depended on seed 
source. This data can ultimately be used to 
aid in the development of ecotype-based 
seed zones for koa restoration.
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High elevation population of Acacia 
koa (top). 

Experimental koa seedlings in 
greenhouse (left). 
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Seed Scarification

Seeds of many legumes, including Acacia 
koa, require that seeds are scarified 
(treatment to damage the seed coat to allow 
water uptake) in order to germinate. Manual 
nicking is a reliable method to scarify these 
seeds, but it is inefficient for treatment of 
thousands of seeds. An alternative strategy 
to scarify koa seeds is to use hot water. 
Hot water treatment is a broadly used 
scarification method that is relatively cheap, 
quick, and safe, but the optimum conditions 
for hot water treatment are often unknown. 
Overly benign conditions would be less 
effective whereas overly severe conditions 
would potentially damage or kill the seeds. 
Previously reported instructions for scarifying 
koa seeds using hot water express a fair bit 
of uncertainty, which may result from large 

variation in its seed morphology across koa’s 
wide range of environments. Understanding 
optimum scarification conditions would 
improve efficiency in restoration and nursery 
practices, as well as reduce costs and labor.

As part of her post-doctoral research, Dr. 
Anna Sugiyama tested whether optimum 
scarification conditions for koa seed would 
differ by families (seed source trees), and 
if optimum conditions can be predicted by 
variables such as elevation. Seeds from 
different families along an elevational 
gradient were tested under different water 
temperatures and exposure times after 
pre-trials. Post-treatment measurements 
included the number of imbibed (absorbed 
water) seeds, the number of seeds that 
germinated, the number of days until 

Koa seeds sorted by families for scarification treatment.
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germination, the number of seedlings that 
showed abnormal development (potentially 
due to damage by hot water), and mortality. 
Preliminary results from 2018 indicated 
that the traditional scarification method 
of treating seeds with 90°C water for 1-3 
minutes was ineffective for koa seeds 
from most families, often resulting in < 
50% imbibition. Effectiveness of any given 
scarification condition greatly varied among 
families, but overall, seeds from families in 
low elevations tend to require more severe 
scarification conditions.

In 2019, she continued to monitor seedlings 
to record abnormality and mortality. 
Preliminary results indicated that optimum 
scarification condition varied greatly by 
family. However, overall germination peaked 

at exposure to 95°C water for 1 minute 
across all elevations although this condition 
only led to about 30% or less imbibition 
after first exposure. Overall, seeds from 
low elevation showed lowest germination 
under any scarification condition and lost 
germination ability with rigorous scarification 
condition more so than seeds from mid or 
high elevation. Seeds from mid elevation 
overall showed highest germination with 
rigorous (boiling) treatments. Repeated 
exposure to hot water did not damage the 
seeds as long as they did not imbide prior to 
that. Some seeds that did not imbibe even 
after 15th exposure to hot water (below 
100°C) germinated well and quickly when 
they were scarified manually.

Germinating seedlings following scarification in greenhouse.
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Koa Disease Resistance

For his Master’s thesis research at the 
University of Hawai‘i at Mānoa, Achyut Raj 
Adhikari is studying two fungal diseases 
of Acacia koa. The first study involves 
koa wilt disease resistance breeding. In 
2019, he conducted a full diallel cross 
among 5 families of Acacia koa. The full-
sib F1 families obtained from the crosses 
are being screened for the expression of 
chitinase genes, AkChitI, AkChitII, AkChitIII 
and AkChitIV at three different time points 
after inoculation using quantitative Reverse 
Transcription PCR. He is comparing the 
expression levels of these genes with 
one resistant and one susceptible check 
identified by a previous study.

Achyut is also working on identification of 
the causal agent of anthracnose in Acacia 
koa seed pods. For this project, he isolated 
a pure culture of Colletotrichum spp. from a 
diseased sample, followed by a phylogenetic 
study using four fungal genes. The 
preliminary results from phylogenetic trees 
have provided evidence for the new fungus 
to belong to the C. acutatum clade of the 
Colletotrichum genus. Currently, he is working 
on Koch’s postulates and morphological 
characterization of the fungus to obtain 
further information.

Acacia koa flowers covered with meshed bags to isolate them from pollinators before and after hand  
cross pollination.
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Diseased sample of Acacia koa anthracnose plated in water agar media for isolation.

Position of fungus extracted 
from Acacia koa pods with 
anthracnose on Colletotrichum 
phylogeny. It is nested in a major 
polytomy of C. acutatum clade.



2019 Annual Report

www.trophtirc.org

Tropical Hardwood Tree Improvement & Regeneration Center26

Koa Stem Form
Koa trees often have low forks and inherently 
poor stem form, which may limit the potential 
economic and cultural returns from koa 
forestry. Gap silvicultural techniques may 
be used to help maintain apical dominance 
and thereby improve stem form, allowing the 
possibility to sustainably manage for high 
value koa (e.g., canoe logs).  Gap silviculture 
has promise in part because koa has been 
hypothesized to have adapted a strategy 
to regenerate in natural forests within 
canopy gaps. Koa regeneration performs 
well within canopy gaps and its morphology 
can respond favorably to light conditions in 
gaps. However, the relationship between gap 
structure and koa survival and performance 
is complex and the resultant stem form 
improvement from managing koa in canopy 
gaps has not been verified. 

To examine the effects of nutrition and 
canopy structure on stem form development, 
five-year-old koa interplanted within a sugi 
pine (Cryptomeria japonica) plantation on 
Department of Hawaiian Home Lands near 
Humuula was remeasured during June 2019. 
Measurements included height, diameter at 
breast height (DBH), branch diameter below 
8 ft, straightness, and the number of stems. 
Although fertilized trees in more shaded 
conditions far outperformed non-fertilized 
trees in more open conditions after two 
years, preliminary results suggest that this 
effect was beginning to diminish. Increased 
shade still resulted in greater height after five 
years and increased fertilization promoted 
larger DBH, but the interaction was no longer 
significant. Notably, fertilized trees were 
more likely to have multiple stems, a lower 

height to the first fork, and a less straight 
stem in shaded conditions, relative to more 
open conditions. Moreover, these trends were 
reversed for trees that received either no 
fertilizer or a low rate of fertilizer at planting. 

These preliminary results demonstrate the 
need for further research into the effects 
of nutrition and canopy structure on koa 
stem form. Site selection is now underway 
to identify native forest areas to study soil 
fertility and canopy gap structure effects on 
koa recruitment, performance, and  
stem form.
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Measuring stem characteristics of five-year-old koa interplanted within a sugi pine (Cryptomeria 
japonica) plantation on Department of Hawaiian Home Lands.
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Measuring thinning trial at Pu‘u Wa‘awa‘a on Hawai’i 
Island following release of target “crop” (foreground) 
or “wildlife” (background) trees.

Thinning
Thinning is one of the most important 
management practices in young stands 
of forest trees.   This is especially true for 
fast-growing species such as koa, because 
competition in dense stands can severely 
limit growth and increase susceptibility of 
trees to insects and disease. Thinning also 
offers an opportunity to select individual 
trees with desirable characteristics; for 
example, dominant trees with straight stem 
form and less large branches are usually 
desirable for timber, while dominant and 
multi-stemmed trees may be ideal for 
creating wildlife habitat.  

In 2019, we continued to evaluate an Acacia 
koa plantation thinning demonstration trial on 
the Pu‘u Wa‘awa‘a cinder cone at the Hawai‘i 
Experimental Tropical Forest on Hawai’i 
Island.  This stand was planted at a relatively 
high density (2 m × 2 m) in 2006 and the tree 
canopies were heavily competing with each 
other by year 10.  In collaboration with Owen 
Burney (New Mexico State University) and 
J.B. Friday (University of Hawai’i at Mānoa), 
we thinned the stand in 2018 to release 
both dominant individuals with desirable 
commercial characteristics (i.e., straight 
form and large diameter) and trees that may 
provide bird habitat (i.e., multi-stemmed, 
multi-branches, and large diameter/crown). 
We also designated control trees from 
each group that were not released.  We are 
measuring these trees for characteristics 
including diameter, height, and crown area 
(via drone photos). As expected, trees 
released by thinning have shown strong 
early growth responses and we will continue 
to evaluate the duration of their response 

to release.  This project will serve as a 
demonstration site for restoration managers 
and the public to show the importance of 
thinning in koa forest stand development.   
Simultaneously, we are consulting with 
staff of the Nature Conservancy to help thin 
naturally regenerated koa stands to facilitate 
their management objectives.
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Total canopy area of koa plantation 
following scanning of drone 
images. Canopy area highlighted 
in yellow designates pre-thinning 
canopy and blue highlighted areas 
are post-thinning (Photo: Owen 
Burney).

Staff of the Nature Conservancy discussing plans to thin naturally regenerated stands of koa to promote carbon 
sequestration at Kona Hema on Hawai‘i Island in 2019 (Photo: J.B. Friday). 
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Community Managed Forests

Rebekah Ohara is exploring the pathways 
and opportunities for the development of 
community-based forests in Hawai‘i as part 
of her PhD studies at Purdue University in 
the Department of Forestry and Natural 
Resources.  This qualitative research 
explores the underlying conditions for the 
successful implementation of community-
based forests in Hawai‘i, addressing Hawaii’s 
distinctive historical, cultural, and land tenure 
context that is missing in contemporary 
community forestry literature. Rebekah 
is working under the direction of her co-
advisors Dr. Douglass Jacobs and Dr. Zhao 
Ma and her committee members, Dr. Laura 
Zanotti and Dr. Christian Giardina.

The central research question of this work 
is: What are the pathways and opportunities 
for the development and successful 
implementation of community- managed 
forests in Hawai‘i? 

In 2019, Rebekah began a systematic 
literature review of community-managed 
forest programs that share similar contexts 
with Hawai‘i. The purpose of this review 

is to better understand how community-
based forestry has emerged in comparable 
contexts, and how successes might be 
applied in Hawai‘i. Community forest projects 
were included, which include presence of 
Indigenous people, a history of colonization 
that led to land use tenure change, and a 
focus on subsistence, livelihoods, and/or 
agroforestry.  

Rebekah conducted, transcribed, and 
coded seven interviews in 2019 with 
leaders from the Department of Land and 
Natural Resources, Division of Forestry 
and Wildlife, the USDA Forest Service, and 
local community-based land management 
programs.  These interviews will support 
a better understanding of the breadth of 
community-based forest management 
in Hawai‘i, and the opportunities for 
development of community-based forests 
on various land tenures. In 2020, Bekah 
will conduct several more interviews and 
will continue to attend community forest 
meetings at Pu‘uwa‘awa‘a.

While there is a process 
in Hawai‘i that supports 
co-management of 
marine resources by 
community  and state, 
there isnʻt a clear process 
for co-management of 
state-owned terrestrial 
resources. This 
research seeks a better 
understanding of how 
community-managed 
forests might emerge in 
Hawai‘i.  
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ʻIliahi-host interactions
Approximately 16 sandalwood species 
(Santalum spp.) occur worldwide and 
at least four sandalwood species and 
several varieties are native to the Hawaiian 
Islands, where it is known as ‘iliahi. ʻIliahi 
is economically and culturally important 
because of the heartwood’s aromatic 
essential oil and high value wood for carving. 
During the early 19th Century, Hawaiian 
sandalwood was heavily exploited until 
supplies were depleted. Two species are now 
relatively common, including S. paniculatum, 
which is the only species commercially 
harvested on a limited scale; however, the 
species have not regained their former 
abundance or size.

There is increasing interest in restoration and 
commercial management of native Hawaiian 
sandalwood. The aim is to demonstrate 
that ʻiliahi can be harvested sustainably 
by ensuring adequate regeneration and 
responsible forestry practices. Yet, a lack 
of fundamental knowledge of the biology 
and ecology of Hawaiian sandalwoods 
limits managers in their attempts to project 
outcomes and have confidence in the 
sustainability of management practices. 
Sandalwoods are particularly complex 
because they are hemi-parasitic, meaning 
that individuals can photosynthesize, yet 
require host plants to acquire resources for 
long-term survival. Thus, it is necessary to 
either interplant ʻiliahi alongside other plant 
species to act as hosts or underplant among 
already established hosts. 

In this new project, we are working 
collaboratively on several research phases 
to answer questions that will help to develop 

effective management recommendations 
through a deeper understanding of the 
mechanisms by which ʻiliahi acts as a 
parasite to acquire resources from host 
species, and how this interaction varies 
across site environments.

ʻIliahi-host plant interactions – Several native 
Hawaiian species have been recommended 
to serve as host plant species. However, 
the optimum spacing and layout of ʻiliahi 

Santalum paniculatum – ʻIliahi, the Hawaiian 
sandalwood.
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and secondary hosts is unknown. As 
part of his summer Research Scientist 
position, Kyle Rose led the establishment 
of a field experiment in June 2019 at 
Kealakekua Mountain Reserve to assess the 
establishment success of ʻiliahi in relation 
to host plant species and planting density. 
Two host plant species (koa and a‘ali‘i) were 
planted in June 2019 at four distances from 
the planted ʻiliahi (adjacent, 0.5, 1, and 2 m). 
A control was included, where ʻiliahi was 
planted without a host plant. The experiment 
was established as a completely randomized 
design with 40 replicates (individual trees) 
per treatment (9 treatments × 40 reps = 360 
total ʻiliahi trees). The total number of trees 
planted within the study area was 720 (360 
ʻiliahi + 320 koa/a‘ali‘i + 40 koa buffer trees).  

Baseline measurements for seedling 
morphology and leaf nutrient status were 
performed at the time of planting. Six months 
after planting (December 2019), seedling 

survival and morphology were recorded. 
Overall, ʻiliahi experienced 90 % survival with 
minimal differences as to which host species 
(koa, a‘ali‘i, or control) or distance (adjacent, 
0.5, 1, and 2 m) affected survival. Relative 
diameter and height growth did not vary 
significantly among the treatments after 6 
months. Future data collection of survival, 
growth, moisture, and nutrient status will 
help to further elucidate trends. Results from 
this phase will aid in the development of 
prescriptions to create compatible ‘iliahi and 
host species plantation designs. 

As part of her PhD studies at the University of 
Hawai‘i at Mānoa, Emily Thyroff is designing 
a set of greenhouse and field experiments 
for 2020 to better understand relationships 
between ‘iliahi and co-occurring native forest 
tree species:

Three-pot experiment – This study will be 
designed to better understand ‘iliahi-host 
plant interactions in controlling acquisition of 

Site preparation prior to planting for ʻIliahi-host plant interaction field study at Kealakekua Mountain Reserve.
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water and nutrients.  For sandalwood species 
native to other regions, it is hypothesized that 
water and nitrogen are important resources 
acquired from host plant species, but it is 
unclear whether carbohydrates are also 
exchanged.  Thus, this study will help to 
provide fundamental knowledge on the role 
of water and nutrient transfer in Hawaiian 
‘iliahi, while also helping to improve global 
understanding of carbohydrate exchange  
in sandalwood.

Thinning koa and underplanting ʻiliahi – Koa 
is commonly planted in single-aged stands 
across Hawai‘i, often as a first step in 
reforestation and restoration plantings, but 
also to serve as a commercial plantation 
with economic goals. These stands should 
be pre-commercially thinned to achieve 

maximum forest productivity. The resulting 
overstory gaps provide an opportunity to 
diversify initial planting efforts by enriching 
the site with other native Hawaiian plants, 
such as ʻiliahi. Furthermore, established 
overstory and neighboring hosts may 
increase the probability that planted ʻiliahi will 
develop early, and abundant, hemiparastic 
connections. In this study to be installed in 
2020, established koa stands will be thinned 
at different intensities to create varying 
overstory gap sizes in which to underplant 
ʻiliahi. In addition to testing overstory 
structure effects on seedling performance, 
gas exchange will be captured to create 
light response curves and better elucidate 
which management practices will yield high 
performing ‘iliahi.

Illustration of a three-pot experiment designed to study ‘iliahi-host plant interactions in controlling acquisition of 
water, nutrients, and carbohydrates (left). ʻIliahi planted directly adjacent to koa as host tree species (right).
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ʻŌhiʻa disease resistance

Metrosideros resistance against Ceratocystis 
based diseases is poorly understood yet 
represents a centrally important piece of 
any long-term strategy for perpetuating 
this genus as a dominant component of 
Hawaii’s native forests. Questions about 
resistance need to be addressed through 
disease screening. We are leading work 
to quantify the presence, extent, strength, 
distribution and durability of resistance of 
Metrosideros species and genotypes to 
Ceratocystis lukuohia and C. huliohia (known 
locally as Rapid ʻŌhiʻa Death - ROD). We are: 
(1) refining a greenhouse seedlings and/
or rooted cutting assay to determine the 
presence of genetic resistance – providing 
confirmation of resistance; (2) locating and 
confirming the first genotypes genetically 
resistant to ROD; (3) establishing field trial(s) 
to establish the validity of the short-term 

greenhouse assay as well as the durability 
and stability of genetic resistance to ROD; (4) 
supporting already established and ongoing 
Metrosideros conservation work (State-wide 
seed collection and banking) with information 
on genotypes showing resistance. Especially 
important in this early phase work is 
refinement of a quick greenhouse assay to 
find genetically resistant parents. Putatively 
resistant material will start becoming 
available for disease testing and further 
screening in early 2021, with work in 2022 
yielding disease resistant genotypes. From 
this work, genotypes with resistance will 
be planted into seed orchards to develop a 
resource for land managers.

To date, we have accomplished the following: 
1) formalized and refined sampling protocols 
for the taking ʻōhiʻa cuttings; 2) developed 

Metrosideros polymorpha, the ʻōhiʻa lehua. Photo credits: Ulu Lehulehu.
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a landscape sampling design and have 
used the design along with remote sensing 
and ground based field crews to identify 
target ʻōhiʻa trees (both survivor trees, lone 
survivors surrounded by dead ʻōhiʻa, and 
ʻōhiʻa trees that are in stands of mostly 
alive or all alive ʻōhiʻa) across Puna and Hilo 
districts on Hawai‘i  Island; 3) developed 
greenhouse protocols for establishing 
cuttings into live seedlings; 4) developed 
a protocol for marking and monumenting 
sampled trees and entering data into a 
relational database developed for this 
project; 5) sampled 90 survivor and paired 
“intact stand” ʻōhiʻa trees across Puna and 
Hilo districts, including taking some 3,600 
cuttings (40 cuttings per tree); 6) conducted 
preliminary effectiveness screening of 
sampled trees, with approximately 50% of 

cuttings developing into seedlings, with 
variation across individuals ranging from 0% 
to 90%+ of cuttings developing into seedlings 
- this rate is aligned with the best rates 
achieved in previous propagation programs 
for ʻōhiʻa; 7) developed a landscape sampling 
plan for the State of Hawai‘i  to secure seed 
from existing seed banking efforts for the 
propagation of diverse populations of ʻōhiʻa 
for screening; 8) secured ʻōhiʻa seed from 
trees across the Islands of Oahu and Kauai 
and have sown and propagated these to 
generate thousands of seedlings.

Scouting for disease resistant ‘ōhi‘a in the field (left).  Assessing growth of ‘ōhi‘a seedlings at the USDA Forest 
Service Institute of Pacific Islands Forestry in Hilo (right).  Photo credits: Ulu Lehulehu
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New Research Publications in 2019!

Background and Aims: Heteroblastic plant 
species, whose morphology or growth habit 
changes suddenly during development, 
offer unique opportunities to investigate the 
role of selection in canalizing development 
or increasing the adaptive importance of 
plasticity. Leaf forms of the Hawaiian tree 
Acacia koa (koa) change morphologically and 
physiologically during the first year of growth, 
providing time to study abiotic factors 
influencing transition rates relative to other 
Acacia species. 

Methods: The roles of light and water 
availability in triggering transition to the 
mature leaf form in contrasting (wet/dry) 
ecotypes of koa were investigated using a 
novel modelling technique to distinguish 
between chronological and ontogenetic 
controls in triggering transition. A light quality 
treatment was included to test interactions 
of heterophylly (the presence of multiple leaf 
forms) with heteroblastic processes on the 
resulting phenotype at transition. 

Key Results: Increased light intensity 
increased transition rates, but reduced 

red to far-red light (R:FR) ratios did not 
affect transition rates, solidifying the 
current paradigm of heteroblasty. However, 
evidence was found for earlier transition 
ontogenetically under water stress, which is 
not part of the current paradigm and could 
differentiate the role of heteroblasty in some 
Acacia species versus other heteroblastic 
species. Ecotypic responses also indicate 
that plasticity of development could vary 
across koa’s range and the adaptive 
significance of heteroblasty could be 
marginalized or amplified dependent on the 
disparate selective pressures present across 
koa’s range. 

Conclusions: The use of novel survival 
functions and a species with an elongated 
transition time helped to elucidate abiotic 
modifiers of ontogenetic trajectories. 
Differences in ontogenetic trajectories 
between contrasting ecotypes suggest 
that ongoing climate and land use change 
will have non-uniform effects on koa 
regeneration and establishment dynamics 
across its range. 
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Abstract:  Acacia spp. are important 
tropical forest trees but their commercial 
value may be limited by expression of 
poor apical dominance and extensive 
lateral branching. Multiple-aged and gap 
silviculture may harness the developmental 
plasticity of phyllodinous Acacia spp. 
to improve regeneration establishment, 
without sacrificing survival rates, by delaying 
heteroblasty (transition early in development 
from true leaves to modified petioles 
called phyllodes). However, successful 
development of this system is dependent 
on knowledge of seedling shade tolerance 
and ability to establish within canopy gaps. 
We planted Hawaiian Acacia koa (koa) 
beneath an existing restoration planting 
with a monospecific overstory canopy of 
koa on a dry site within koa’s natural range. 
Seedlings originated from a local putative 
drought-adapted population and a non-
local mesic-adapted population, allowing 
evaluation of responses to a continuous 
light availability gradient in two populations. 
Leaf transition rates and the growth and 
survival impacts of rust fungus infection 

introduced from the existing canopy were 
also assessed. We detected significant and 
positive responses to light availability. Koa 
exhibited low shade tolerance and cannot 
sustain overtopping; both height and basal 
diameter growth increased exponentially with 
increasing canopy openness. Transition to 
high-light, drought-adapted mature foliage 
occurred more rapidly with increasing light 
availability. High developmental plasticity 
occurred in response to shading, but we did 
not find evidence of the adaptive value in 
that plasticity because of low survival rates 
and reduced growth in low- light microsites. 
We detected evidence for a growth-survival 
trade-off in which the non-local population 
grew faster overall, yet had reduced survival. 
Rust infection reduced survival and growth, 
limiting the possibility of converting degraded 
koa plantations into multiple-aged, gap 
silviculture systems. High rust infection rates 
and impacts on field performance found 
in this study reflect potential for pathogen-
limited growth and survival in gap silviculture. 
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An underlying objective of Tropical HTIRC is to ensure that research results are communicated 
to (and used by) landowners, forest managers, and the scientific community. Our extension / 
outreach program consists of regular field days, workshops, symposia, and development of 
publications relevant to managers. We aim to collaborate directly with managers to design 
research projects that meet their needs.

Extension / Outreach

J.B. Friday, Extension Forester at the University of Hawai‘i at Mānoa, discussing methods to implement 
operational thinning treatments in planted stands of Acacia koa at the Hawai‘i Experimental Tropical Forest on 
Pu‘u Wa‘awa‘a, Hawai’i Island during January 2019.
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In 2019, we collaborated with Alan Ohara (Ohara Design) to fully redesign our Tropical HTIRC 
website, produce a publication quality version of our 2017-2021 strategic plan, and develop our 
first annual report!



2019 Annual Report

www.trophtirc.org

Tropical Hardwood Tree Improvement & Regeneration Center40

Mahalo to Our Partners!
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Photography by: J.B. Friday
Design: Alan Ohara



Tropical Hardwood Tree Improvement and 
Regeneration Center

www.trophtirc.org


