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Preface

On Earth Day 2021, President Tsai Ing-wen announced that Taiwan would work alongside 197 other countries worldwide
toward the goal of net-zero emissions by 2050. The Council of Agriculture of the Executive Yuan also officially established
the Climate Change Program Office on September 1, 2021 and listed climate change adaptation and net-zero emission strategies as
key implementation items, implementing rolling evaluations on the measures in response to climate change adopted by agricultural
departments, and addressing the issue from the three main aspects of reducing emission, increasing carbon sink and green energy in
agriculture.

From November 1 to November 12, 2021, the COP26 summit was held in Glasgow, Scotland. Participating countries passed a
new agreement to avoid climate change crises: The Glasgow Climate Pact not only reiterates the goal of the Paris Agreement of
lowering temperature but also focuses on net-zero emission by 2050 and energy transition.

As a forestry research institute, the TFRI takes it upon itself to research net-zero carbon emission. In addition to developing
net-zero emission routes in forestry, offsetting total national emission with forest carbon sink, formulating climate change
adaptation mechanisms and promotion strategies for forestry departments, the TFRI also focuses on implementation goals such
as establishing a demonstrative mode for under-forest economy, promoting the economic management of plantations, increasing
the self-sufficiency rate for domestic materials, implementing National Botanical Gardens-the project for future green, creating a
resilient urban forest system and extending the research on permanent sample plots.

It is our hope that with the joint efforts of the entire TFRI staff, we will be able to realize national forestry policies and assist
forestry-related departments in solving forestry issues. I sincerely welcome all of your suggestions.

Director General, Taiwan Forestry Research Institute, Council of Agriculture, Executive Yuan
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Introduction

n 2021, Taiwan Forestry Research Institute (TFRI) had a designated staff of 169 persons, with an annual in-
Icome budget of NT$10.522 million dollars; which was an increase of NT$240,000 from the previous year;
and an annual expenditure budget of NT$762.043 million dollars; which was NT$37.890 thousand dollars less
than the previous year. In order for the public to understand the administrative performances of TFRI in 2021,
this annual report was compiled based on project domains as before. Thus, the report contains 13 items of com-
pleted project results and sorted these into four categories: 1. Forestry technology research projects: (including
work projects) 4 projects (30.8%). II. Projects entrusted to external contractors: 5 projects (38.4%). III. Special
research projects sponsored by the Ministry of Science and Technology: 2 projects (15.4%). IV. Forestry devel-
opment projects: 2 projects (15.4%). In addition to completing these projects, in 2021, we’ve also executed vari-

ous administrative works as described below:

I.  Sustainable Forestry Resource Production Research:

Established a spatial smart platform for urban forest health risks, and added the new function of assessing
the health risks of street trees; researched and developed the technology of building resilient urban forest,
and completed the vegetation prediction diagram for potential climates of Taiwan; completed the asexual
bud proliferation of the Cunninghamia konishii and Zelkova serrata and established the anti-juvenization
technique; established a precise verification technology for the molecule of Cinnamomum kanehirae and
developed the species linalool -type Cinnamomoum osmophloeum “Tailinalool No. 1;” pioneered the utili-
zation of Generative Adversarial Network (GAN) to improve the landslide potential evaluation model; com-
pleted the evaluation of 7 production process optimization technologies; used 6 materials such as charcoal
to complete 1 set of plate pot of plants; completed the 2 types of thinning on test land for planned harvest
and small-area clear cutting; assisted companies in digital processing (CNC and laser engraving machinery),
talent cultivation and marketing channel analysis, and developed a new technological mode in forest mensu-
ration and research using smart technology and advanced techniques to improve investigation efficiency and

the quality of data collection via proper construction of Al models.

II. Management of Experimental Forests:

Established a diversified forestry system and improved research and experimental capabilities; maintained
and improved the existing forest walkways in experimental forests; continued the management and monitor-
ing efforts of ecosystems in experimental forests as well as education and promotion of forestry techniques;
enhanced the information management, information security, research data storage, management system,
and technical consultation services of forestry; completed the mid-layer thinning and low thinning of 7ai-
wania cryptomerioides and executed monitoring on the growth of residual stand; completed middle and
later stage of tending and management of important species of plain afforestation and the development and
planning of products of under-forest economy; executed growth survey on the species of afforestation, and
monitoring wild animals and pests; established afforestation test sites of eucalyptus from different clones,
and developed afforestation technology of fast-growth and high-fiber species in optimal clones; established
a forest land sharing mode to facilitate the acknowledgment and sharing of ownership, right of management
or right of use of private forest land not for wood production; evaluated the functions and values of the plain

afforestation ecological service, and surveyed peripheral resources and characteristics of the areas.
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III. Implementation of the National Ecology Green Network Establishment Project:

Established biodiversity survey and standard evaluation process aimed at island environment ecological sys-
tems, and counseled communities to cooperate in the promotion of survey and monitoring; enhanced inventory
and collection of traditional ecological knowledge on Asayama, plain, wetland and coastal ecological systems
as well as its ecological and cultural applications, and expanded knowledge entries on the traditional ecological
knowledge platform; completed the evaluation guidelines for the mechanism for ecological and social influ-

ence due to Satoyama landscape changes exclusively for island environment ecological system.

IV. Implementation of National Botanical Gardens-the project for future green:

Used existing botanic gardens and relevant seedling greenhouse institutions to cater to the habitat conditions
for endangered species and strengthened the botanical nurturing capabilities of the gardens and greenhouses
to serve as species conservation bases. In 2021, construction was completed for 6 conservation facilities and
ongoing for 2 conservation facilities. Currently, the Institute has collated a total of 989 plants from the Red
List of Vascular Plants of Taiwan, and plotted their distribution. It has prioritized the collection and pres-
ervation of critically endangered species to mitigate the possibility of extinction. In 2021, 70 endangered
species were collected and preserved, totaling 295 new species and 562 species of ultra rare plants including
those collected during 2019 and 2020 to reach a coverage rate of 56.8%. The Institute is also working with
the National Botanical Garden system and other units to establish a National Botanical Garden ex situ con-
servation system that complements the in situ conservation efforts of the nature reserve system to improve

its overall conservation capacity of forest organisms.

Lastly, this publication includes an index of important events, academic speeches, completed publications, tech-
nology transfers, published reports, financial reports, and HR information of the TFRI during 2021 as a means

for the public to better examine the Institute's governance results of the year.
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Urban forest adaptation management tools development and application
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Pin-Jui Chen, Po-Heng Lin, Cheng-Jung Lin, Meng-Ling Wu, Chun-Han Ko
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This project focuses on the study of different aspects of urban
tree management in Taipei City using an adaptive management
approach to improve urban resilience. The different aspects of
urban tree management cover the ecological functions and so-
cial values of urban trees, the negative impact factors on urban
tree health and human well-being, the interaction of urban tree
stakeholders, the role of citizens in urban tree management
issues, and the views and opinions of stakeholders and citizens
on the implementation of current urban tree policies. This study
introduces an adaptive management approach to the negative
factors of urban tree management in Taipei City. The results of
this study visually present the positive benefits and values of
urban trees, and also identify the negative factors that affect cur-
rent urban tree health and human well-being. Vulnerability and
risk analysis of these negative factors revealed that “typhoons/
rainstorms,” “heat waves,” and “brown root rot” are currently
the most significant impacts on urban tree health and human
well-being. From the respondents’ perspectives on the role of
citizens in urban tree issues and stakeholder interactions, it was
found that there were more positive than negative interactions
among stakeholders, but citizens played both positive and nega-
tive oppressive roles in different situations.
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Investigations of microflora and phenology of macrofungi, and tree major

diseases in urban forests
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Tun-Tschu Chang
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Investigations of the macrofungi and tree major diseases were
carried out at Chung-Ho No.4 Park and Taipei Botanic Garden
once a month from January 2020 to November 2021. At Chung-
Ho No.4 Park two soil-inhabiting fungi Agaricus bresadolianus
and Chlorophyllum molybdites, and Phellinus noxius causing
brown root rot of one Ficus microcarpus tree were observed. At
Taipei Botanic Garden, thirty-six wood-inhabiting fungi were
found. Phellinus noxius caused brown root rot of many trees
and many severe disease spots at least covered 1800 M* dis-
eased area at the Garden. In addition, other five wood-inhabiting
fungi (Ganoderma australe, G. lucidum, G. weberianum, Rigi-
doporus microporus and Trametes orientalis) could cause butt
and basal rot of trees, and windthrow of the infected trees. The
rest of wood-inhabiting fungi only lived on the decay woods.
Ten soil-inhabiting fungi and five symbiotic fungi including 4
ectomycorrhizal mushrooms (Admanita vaginata, Amanita sp,.
Boletus froternus and Laccaria sp,) and Termitomyces albumin-
osus symbiotic with termites were also found at Taipei Botanic
Garden. The results indicated that Taipei Botanic Garden had
higher macrofungal diversity than Chung-Ho No.4 Park and the
brown root rot disease was the major common tree disease for
both sites.
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SN Gaanoderma lucidum causing root rot disease of palm trees at Taipei
Ml Botanic Garden.BotanicGarden.
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Fig.1. Demonstrating the portable learning box in Flying Cow Ranch
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Development and Results of Research Projects

Advancing Incubation Technology and Promoting Industrialization Consultation

Hsiao-Lung Pan

1. “Fig Wasp Life History” portable learning box

The project included combing and organizing the museum’s
educational promotion process and reviewing various learning
theories, planning the content composition of the “Fig Wasp
Life History” portable learning boxes based on this, producing
the learning boxes and the corresponding experience surveys,
and finally using the learning boxes in educational promotion
activities. During the project period, we demonstrated and
promote the learning box in the “Characterization and Optimi-
zation of Agricultural Tourism Elements Project” on November
2,2021, at the Miaoli Flying Cow Ranch, and on November 16,
2021 at the Toucheng Farm in Yilan, two representative private
farms for agriculture ecotour.

After the presentation, the feedback from the participants re-
flected that the design of the learning box is indeed conducive
to nature education promotion, and the content objects in the
learning box can enrich the learning experience of the partic-
ipants and enhance their interest in learning, and some partic-
ipants even expressed their willingness to further explore the
learning topics after participating in the learning experience.

Overall, this year’s project has accomplished its mission and
achieved its goals of promoting the promotion of our resources,
providing participants with a good learning experience, en-
hancing the learning effectiveness of the free choice learning
experience, and implementing the occurrence of lifelong learn-
ing. We have developed new methods and media for promoting
nature education and will continue to develop different thematic
learning kits based on the experience of this project to enrich
the presentation of nature education and to bring more nature
knowledge resources to the public.

2. Intelligent monkey avoidance system development: using Al
and ToT

This project investigates the activity status of Formosa ma-
caque, locations of their activities, and families to understand
feeding behavior. We estimate that three monkey families were
active in the test site from March to November 2021 in Gukeng
Farm, Gukeng Township, Yunlin County, and Chaidong Keng,
Linnei Township. The test site was set up with automatic cam-
era data and the OI values were calculated, and the activities
of the families moving around the sample area were affected
by the crop fruiting period in the sample area, and the OI val-
ues of the monkeys in the automatic camera in the Chaidong
Keng pit showed a higher trend in longan and citrus fruiting;
the OI values of the monkeys in the automatic camera in the
Gukeng farm were significantly higher in the fruiting period of
the jackfruits, and the monkeys were also sighted entering the
area C of the farm to feed on citrus plants. The deep-learning
detection system was deployed and the repellent device send
out monkey fighting and alerting sounds and a dummy waving
arms to keep away monkeys, meanwhile texting the owners to
come back during the fruiting season in the orchard. The system
reduces the amount of fruit consumed by monkeys to reduce
human-monkey confrontation and protect farmers’ livelihoods.
In addition, the deep learning system developed in this project
was demonstrated at the National Taiwan Science Education
Center’s “2021 Taiwan Science Festival” to show to the public.
Visitors placed photos of monkeys in front of the camera to
observe the deep learning system detection results. The activity
also helps the public to understand the feeding behavior and
habits of monkeys.

BRESHE EAEHER

O tamsgi)
6 0 R

B2. NRAERREA SRR E R E B LINEHE IR
afl

Fig.2. Children and parents show the photos of different Formosa
Macaque and test the result of deep learning object detection and
alert text sent by LINE.
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Fig. 1. Visual tree assessment (walking and aerial photography)
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Establish of tree management and knowledge platform for climate change in

Coastal Windbreak

Cheng-Jung Lin, Chih-Hsuam Lee, Bing-Syun Peng

Abstract

In this study, 10 coastal windbreak forests in Yilan, Taoyuan,
and Hsinchu and Miaoli were selected as sample areas for the
on-site investigation. By summarizing the literature and compil-
ing the growth data of different tree species, aerial photography
was completed to photograph the coastal forest trees in 1 type
and 1 location. Based on the existing tree survey, the law devel-
ops visual tree assessment method (VTA) and non-destructive
technology (NDT), which can flexibly choose to inspect and
evaluate the appearance and internal reaction of trees, arrange
instruments and tools for tree inspection, and complete tree
growth surveys in windbreak forests. Take pictures of the trees
in the windbreak forest, visually inspect 1 type of Casuarina
equisetifolia (Iron-wood) trees, complete the production of 50
tree specimens and 18 environmental education explanatory
essays (text), complete the relationship between the canopy
elevation model and the change of wind speed, and compile the
selection of reference tree species suitable for planting in coast-
al areas , Summarize the impact of environmental hazards of
coastal windbreaks on tree growth, understand the discoloration
of casuarinas in response to environmental conditions, summa-

rize the impact of meteorological disasters on trees, summarize
the possible impact of climate change on coastal windbreaks,
and summarize the response to climate change on coastal wind-
breaks. Adaptive management proposal, adjustment and appli-
cation of meteorological disasters in response to climate change
and management suggestions, potential impact of climate
change on the coast, different coastal vegetation in Taiwan,
coastal adjustment and application strategies and reference in-
dicators, biodiversity adjustment and application strategies and
reference indicators, coastal forest case issues, etc., and summa-
rize the project results information into 43 small articles (cases),
which are placed on the Internet “Forest Industry Knowledge
Platform”, the above results can be provided as extreme climate
(such as typhoon). The destruction of windbreaks and their ad-
aptation strategies are based on the core objective of “reducing
disaster damage”, focusing on summarizing the impact of exist-
ing meteorological disasters on trees, developing a tree health
survey method, and summarizing the existing meteorological
disasters. Adjust the application management suggestion 1 for-
mula 27 items, and organize relevant data abstract articles to
expand on the platform.

[B2. HABABEAZ AR SIDEK -
Fig. 2. Drones(UAV) take images of trees and 3D modeling.
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Public-Private Partnership Landscape Enhancement Program of Chungkang

Export Processing Zone(CEPZ)
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Yi-Hsuan Chang, Chin-Yi Wu, Shu-Lin Deng
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Fig.1. The landscapes in management center. (by Chin-Yi Wu)
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Chungpu Research Center affiliated with Taiwan Forestry Research
Institute has been instructed by Chungkang Branch, Export Processing
Zone Administration, MOEA of ROC from 2017 to 2021 years, com-
mitted to enhancing and maintaining the landscaping. Over the past 5
years, through the construction and cultivation of landscapes as park
at a public agency, also with the active and in-depth counseling, we
have assisted firms in park to improve the landscape of the greenbelt
of privately-owned recession and encouraged manufacturers to adopt
available greenbelt in the meantime. Currently, the afforested park has
covered an area of 11.71 hectares, and there are as many as 89 kinds
of plant species, including more than 30,000 trees and 160,000 shrubs,
vines, and herbs. In addition, we have guided 49 firms in total to im-
prove the privately-owned greenbelt and guided 15 firms to engage
in adopting the available greenbelt which was up to 6897 square me-
ters. In addition, to effectively arouse the afforestation by firms” own
volition, we also committed to drawing up the beautiful blueprint for
building the campus as park by public-private-partnership.

Chungpu Research Center affiliated with Taiwan Forestry Research
Institute has overcome the environmental stress at the seaside and
continued to maintain afforestation achievements and the function
of environment protection in the early stage. The goal of this proj-
ect is to improve the greenbelt in the park which was originally
focused on environmental protection, transforming into a park with
both functions and landscapes through the refined maintenance,
management of the park’s greenbelt, and planting a large number
of flowering plants. Additionally, during the project work, special-
ists will be present to provide consulting services about afforesta-
tion, assist manufacturers in the overall planning and follow-up
technology of maintenance in their privately-owned greenbelt,
regularly hold seminars to interact with each other, and release
publications on achievements of environmental beautification. We
aim to develop a healthy, safe, and close landscape industrial park
on the western coast on the public-private partnership base.

=

B2 ERMERELHENES(REDE)
Fig.2. The guidance of plants improvement for building shrinks of firms
in park.(by Chin-Yi Wu).
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Improvement of steam extraction technology and water extraction technology
to increase the yield of essential oils of aromatic plants

fAIHREE ~ RIATFE
Chen-Lung Ho, Kuang-Ping Hsu
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In this study, Litsea cubeba fruit, Plectranthus amboinicus leaf,
and Taiwania cryptomerioides sawdust were used as test mate-
rials.In order to improve the yield of essential oils, the materials
were pretreated. We extracted essential oils using improved
steam extraction equipment and water extraction equipment. It
can also increase the production of essential oils. The results of
the comparison of the yield of essential oils are shown in the
figure. The increase rate of essential oil yield: Litsea cubeba
fruit oil increased by 23.7%, Plectranthus amboinicus leaf oil
increased by 90.2%, and Taiwania cryptomerioides sawdust
oil increased by 23.1%. The composition of essential oils were
analyzed by GC and GC-MS. The main component of Litsea
cubeba fruit oil is citral compound. The major components of
Plectranthus amboinicus leaf oil are carvacrol, terpinene and
caryophyllene. The main component of Taiwania cryptomer-
ioides sawdust oil are T-cadinol, a-cadinol and cedrol. These
oils have excellent bioactivity effects, can be made into various
products besides essential oil: massage oil, body balm, insect
repellent spray, and anti-bacterial and mildew spray. We assist
manufacturers to build essential oil extraction display equip-
ment in tourist factories. We educate and train factory employ-
ees on the operation of essential oil extraction equipment. When
the tourist factory is in operation, the essential oil extraction
equipment can not only conduct teaching demonstrations, but
also produce essential oils to reduce the cost of the product.
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Variation in the yield of essential oils obtained by improving essential oil extraction techniques.
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Immature stages of Pyrops candelaria. A. Egg masses, B. first and second instars, C. a third instar, and D.

fourth and fifth instars.
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Host plants of the immature stages of the invasive longan lanternfly, Pyrops

candelaria in Taiwan

Meng-Hao Hsu, Yueh-Lin Yang, Meng-Ling Wu, and Liang-Jong Wang

The longan lanternfly has been invading Taiwan since 2018, but at
present the distribution of the species remains confined to northern
Taiwan including Taipei City, New Taipei City, and Taoyuan City. The
manual removal of the adult insects from the longan is still the main
control measures because of the uncertainty around other key host
plants, especially for immature stages. In this study, large numbers of
eggs and nymphs were found on Acacia confusa and Triadica sebifera.
The occurrence of young individuals on 7. sebifera increased with age
from eggs to the last instar from April to October 2021. In April, the
first egg mass was recorded. Abundant eggs were found in May, and
the eggs could be found until July. In May, only the first and second

REERZELNEN © ADRSE » B K285 53 » C.3kHES  DARMNSERE S -

instars were recorded. The third and fourth instars appeared after June,
while the fifth instar was discovered from July to October. The results
of this study provide great value for decision-makers to allow for tak-
ing control measures on the targeted tree species. For now, we verified
that longan and pomelo trees are not the main hosts for the young
stages of this lanternfly. Therefore, we suggest that not only the exis-
tence of longan trees but also that of 7. sebifera should be considered
when analyzing possible spreading areas of this invasive lanternfly in
Taiwan. Moreover, the information is also valuable for further research
around the possible ecological impact on the native species, Pyrops
watanabei in Taiwan, which is usually observed on 7. sebifera.

Immature stages of Pyrops candelaria. A. Egg masses, B. first and second instars, C. a third instar, and D.

fourth and fifth instars.
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Table. Numbers of nymphs of Pyrops candelaria recorded on different plant species from 20 May-6 October 2021

No. Nymphs
Plant Species Family n' I ond 30 4 5t ) % Mean®  Max.’
Instar Instar Instar Instar Instar Total
Triadica sebifera Euphorbiaceae 314 221 262 505 757 752 2,497 79.5 8.0 133
Acacia confusa Fabaceae 59 5 53 70 61 49 238 7.6 4.0 22
Lagerstroemia subcostata  Lythraceae 20 55 49 42 13 11 170 5.4 8.5 24
Triadica cochinchinensis Euphorbiaceae 24 1 2 5 13 33 54 1.7 2.3 7
Cinnamomum camphora®  Lauraceae 3 50 3 1 0 0 54 1.7 18.0 50
Psidium guajava Myrtaceae 11 5 10 20 12 1 48 1.5 4.4 18
Citrus grandis Rutaceae 7 21 8 10 2 1 42 1.3 6.0 15
Morus australis Moraceae 2 2 3 0 0 1 6 0.2 3.0 5
Callicarpa formosana Lamiaceae 3 3 10 1 0 0 14 0.4 4.7 10
Koelreuteria henryi Spindaceae 1 0 0 0 0 3 3 0.1 3.0 3
Breynia officinalis Euphorbiaceae 1 0 1 2 0 0 3 0.1 3.0 3
Ficus septica Moraceae 1 0 0 2 0 0 2 0.1 2.0 2
Ficus subpisocarpa Moraceae 1 0 0 0 0 1 1 0.0 1.0 1
Diospyros kaki Ebenaceae 1 0 1 0 0 0 1 0.0 1.0 1
Celtis sinensis Cannabaceae 1 0 0 0 0 1 1 0.0 1.0 1
Macaranga tanarius Euphorbiaceae 1 0 0 0 0 1 1 0.0 1.0 1
Schefflera actinophylla Araliaceae 3 0 0 0 6 0 6 0.2 2.0 4
Persea americana Lauraceae 1 0 0 0 0 1 1 0.0 1.0 1

Sum

* Only the tree with at least one nymph was counted. ” Total numbers of the nymphs of all instars. * Mean numbers of the nymphs found on a plant. ¢
Maximum numbers of the nymphs found on a plant. © Due to the occurrence of first instars beside a hatching egg mass, the maximum of nymphs on C.

camphore was 50.

454

363 402 658 864 855 3,142 - - -
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Project of Investigation of Brown Root Disease and Red Imported Fire Ant at
the Taipei Art Park- Expansion Base of Taipei Fine Arts Museum

Fu CH, Lin JC, Jaung, LM

The trees around the Taipei Fine Arts Museum (TFAM)have
been infected with brown root disease for many years, and no
effective control has been carried out. The disease continues to
spread around. In 2021, the TFAM expanded the Taipei Muse-
um of Fine Arts Park into adjacently the Taipei Art Park. The
manager of TFAM conducted a brown root disease investigation
on the expansion base with tree brown root disease detection
dogs, and found that many locations had tree brown root disease
odor responses.

In the expansion base, except for some trees that remain in
place, most of the trees need to be transplanted or removed.
Changes in the location of trees and the movement of earth
may lead to the spread of tree brown root disease. In addition
to brown root disease, the Red Imported Fire Ant (RIFA) can
be dispersed through infected trees and earth movement. RIFA
must also be investigated in advance to avoid spreading other
areas with transplants.

Because tree brown root disease has its own unique symptoms
and signs, it is easy to judge in field investigation work. Where

there are no trees, we refer to the response position of brown
root disease detection dogs and the location of past infection ar-
eas to excavate disease roots as a basis for further confirmation.
The investigation of RIFA is mainly carried out by two meth-
ods: visual method and bait station establishment method.

According to the survey results, within the scope of the ex-
pansion project base, no RIFA was found by using the visual
method and the bait station construction method. There were six
areas of brown root disease infection, and three arcas were in-
fected by Phellinus pachyphloeus, ( the affected trees were Be-
itschmiedia intermedia Allen and Cinnamomum camphora (L.)
Presl.). Another area is infected with Ganoderma lucidum . The
damage of P. pachyphloeus and G. lucidum is similar to that
of brown root disease, so we can use the same control method
to treat these tree diseases. The total area to be treated is about
968.87 square meters.

Annual Report 2021
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The project of the integrated forest management plan and the investigation of
forest resources for public and private forests in Nanzhuang, Miaoli

Long-En Li, Min-Chun Liao

This project aims entrusted by the National Tsinghua University
and the Hsinchu Forest District Office of the Forestry Bureau to
assist national and private forests in Nanzhuang, Miaoli, who
are willing to integrate and manage, to conduct forest resource
surveys and forest management plans. After discussions with
residents in the Nanzhuang area, Hsinchu Forest District Office
of the Forestry Bureau, and National Tsing Hua University, this
project's total planned forest land is about 40 hectares. Forest
types include coniferous forest, mixed coniferous and broad-
leaved forest, broad-leaved forest, and bamboo forest. Accord-
ing to factors such as the area of different forest stands, current
utilization, forest age, productivity, accessibility of forest roads

and terrain conditions, and reference to residents' wishes and
expectations, plan appropriate forest management plans and
conduct cost-benefit assessments. In addition, the plan also
conducts monitoring and planning for forest resources and man-
agement activities to ensure that management plans and strate-
gies can meet social and environmental changes and achieve a
balance between social, environmental, and economic aspects.

Annual Report 2021
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Who is breathing under ground 4 : soil science education out of campus

F155%
Wang Chiao-Ping
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More than one-third of the world's soil is highly degraded. It
impacts not only directly the food safety and food security
under the global climate change, but also affect the sustainable
development of terrestrial ecosystem. Since 2015, the Inter-
national Year of Soils (IYS) declared by the 68th UN General
Assembly, scientists and governments from the whole world
started to help people to take a closer look at the earth beneath
our foot to increase the awareness and understanding of the
importance of soils and to achieve full recognition of the prom-
inent contribution of soils to food safety, food security, poverty
alleviation, climate change adaptation and mitigation and essen-
tial ecosystem functions for sustainable development. FAO also
calls for scientists to create an unified and recognized voice for
soils. Despite the numerous emergent activities against global
change, soils have been neglected for too long and are still seen
as a second-tier priority. However, soil is a great, cheap and
simple-to-handle material for multi-dimension public education
for science. The increasing frequency and intensity of extreme
weather is affecting crop production and national food security.
Farmers' farming and fertilizer methods, which directly affect
the regional carbon-nitrogen cycle, are also closely related to
global climate change. Thus, farmer’s soil ecology workshop
are designed for farmers and environmental NGO/NPOs for
raising their awareness and action of sustainable soil manage-
ment. This year, we played the soil science puppet theater 4
times at remote counties (Hualien and Taitung) for raising the
interest and curiosity of preschool and school children in soil
animals. The aims of this project are to raise people’s general
interests in soil science and soil ecology, to enhance their en-
vironmental awareness and to inspire people to conserve our
soils.

~ 11/24 Shoufeng Township Shuilian Elementary School.
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TERERBSSEKEHAERFESZE 2R
The influences of different farming systems and adjacent landscapes on the
community of aculeate Hymenoptera(ll)
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Sheng-Shan Lu, Tein Hsieh, Wen-Chi Yeh, Yi-Ching Lin, I-Hsin Sung

142 B &4 (Insecta) f533 B (Hymenoptera) &2 AY & 78
HELBREERBAERES - LWAFAMHEBRMMN
BEeERELEYBE - MHEMERIEEBREEDR
o WRMAITIEE (hunting wasps) EEFHTEMHERITEE
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DU R AR R H A RBIhEE ~ WRERMEEA - HET

EIERERBEEDIERNERER -
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1. = R KR & (Rhynchium brunneum)

The aculeate wasps and bees are beneficial insects for biolog-
ical control and/or pollination services. Some of the aculeate
bees and wasps may use either existing cavities or man-made
holes to construct their own nests, and were called trap-nest-
ing wasps and bees. Two plots managed by different farming
system (sustainable vs. conventional) were selected from each
of four sites of Chishang and Luye areas in Taitung County in
2021. The species and individual of bee and wasp trapped were
counted. The results show that in total 7 species 718 individ-
uals were trapped in 8 fields, including: 2 species of Vespidae
(n = 608), Rhynchium brunneum (n = 165) and Euodynerus
nipanicus flavicornis (n = 443); 3 species of Megachilidae (n-
98) M. igniscopata (n = 92), M. angusistrigata (n = 5) and M.
spissula (n = 1); 1 species of Colletidae, Hylaeus mediolucens
(n=9); 1 species of Chrysididae (n = 3). There are only 2 spe-
cies of aculeate wasps, Rhynchium brunneum and Euodynerus
nipanicus flavicornis, were recorded in the conventional paddy
fields, which was far more lower than the 7 species of aculeate
bees and wasp in the sustainable paddy fields. This result can
act as a basic data for the diversity of aculeate wasps and bees
in rice fields and the surrounding ecosystems in Chishang and
Luye areas, Taitung County, and be used for future exploration
of their ecological functions, inter-specific interactions, and as
biological indicators for the assessment of habitat quality.

B12. F & EF R & (Euodynerus nipanicus flavicornis)
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Fig.1 Thinning of Taiwan fir plantation.
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Thinning of Taiwan Fir Plantation in Experimental Forest of Taimali Research

Center

Yuan-Wei Hu, Chun-Kai Hsu, Chang Jui Yang

The Taiwan fir (Taiwania cryptomerioides) plantation in the
Taimali research center was established between 1978 and 1984,
covering an area of about 108 hectares. According to the results
of the plantation inventory from 2011 to 2012, some failed places
of Taiwan fir plantation were replanted with other broad-leaved
tree species, such as Fragrant Maple (Liquidambar formosana)
and Formosan Ash (Fraxinus formosana). The plantation dom-
inated by Taiwan fir was about 38 hectares, the average stem
density per hectare was about 800 stems, the average diameter at
breast height was 30 cm, and the average accumulation was about
600 m’. The stand was so crowded that the growth of the planted
tree was uneven on this Taiwan fir plantation. It was necessary
to carry out tending treatment, such as thinning, to maintain the
health of the stands and promote the growth of the plantation.
Thinning of Taiwan fir plantation can promote the growth and
health of remaining trees, and the thinned logs can be used as
materials for experimental and display purposes.

B2. &EZR AR EEIRT
Fig.2 Selection of Taiwan fir for thinning.

A total of 3 thinning sample plots of 1.5 hectares were set up in
this Taiwan fir plantation. Each thinning sample plot was divid-
ed into three different thinning treatments (lower layer thinning,
middle layer thinning, and controlled group). The total thinning
area was 3 hectares. The thinning started in January 2021 and
ended in May. A total of 594 stems were thinned. The volume
of thinned trees was 240.86 m’, 202.32 m’ of thinned logs were
transported to the log yard, and the average production cost was
4,163 NTD/m’. To understand the impact of thinning on the en-
vironment and plantation, the growth of the remaining trees in
the thinning plot, the impact on soil erosion after thinning, and
the impact on forest biodiversity will be monitored.

Annual Report 2021
Taiwan Forestry Research Institute




#3512 Forestry development projects

28

nE Ll E B iA 18R EE 7K [E 7K X

ERE - BIFE - THEE KT SRE

RIERIREE - BARRICHEMPEE - AIFEERMN
SKBHRRIOKXE ~ RIERHILHE B EER
N EBEEKEKLRRERE - RetEERE LB
ISREKBEETTRKX ~ KB BB BRI R E@ AL
HEARBERERE@ME] 25T - #F1LEEIFFEDR
ERHBEWRE RE KA KE - TEKPH)ER
MERBAT - BREZTHERNRSR  BEREHER

RS KEKSUKE

rainfall

Water level

B &L KERSOKBE AR RREE -

*12

KEBEEIREBHARGRER

FTARESIZEERE - ENERATRRATEEL
ERR  KXRKEZEBD - HRHAMNEE - RY
AR ﬂn&$?ﬁ%iﬁi2*%ﬁﬁ A EL fthE2 A4l
HERERIT « ARG ERRHE

RUERGRES

Soil Moisture
VWC: volumetric water content

Water quality Temperature
Temperature
Turbidity R
P . Soil Moisture
Conductivity ZigBee Mesh VWC
PH/ORP Temperature
= *4

Fig.1 Structure diagram of the hydrology and water quality monitoring system in Fushan No. 1 catchment.
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Construction of Automatic Monitoring and Transmission System for Hydrology
and Water Quality in No. 1 Catchment of Fushan Experimental Forest

Chiu-Hsien Wang, Yu-Hsuan Liu, Hsiang-Hua Wang, Fu-Jun Tu, Chun-Wei Tseng

In response to climate change, to solve the problem of hydro-
logical estimation, it is necessary to master the meteorological
and hydrological information of the forest catchments, accu-
mulate long-term records, and establish a hydrometeorological
database for the catchments of the upper rivers in Taiwan. This
project has completed the construction of the hydrology and
water quality automatic monitoring and transmission system in
the No. 1 catchment of Fushan Experimental Forest. Its basic
structure and data transmission are shown in Figures 1 and 2.
The real-time monitoring data (including rainfall, temperature,

Campbell LoggerNet

o
DA EREEEDES

@ sumen
£+20C0o

water level, water quality, soil moisture, etc.) are transmitted to
the Cloud System through the Internet of Things (IoT), and then
regularly backed up to our server to build a database. This mon-
itoring data can be used to analyze the changing trends of mete-
orology, hydrology, and water quality in Taiwan's mountainous
areas, as a reference for forest management, long-term ecolog-
ical research, and early warning of disaster prevention in the
middle and lower reaches, as well as for experimental research,
teaching, and public education by other academic institutions.
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Fig.2 Schematic diagram of monitoring data transmission
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Major events JANUARY—DECEMBER 2021

JANUARY

.

The Chungpu Research Center of the TFRI conducted an outdoor observation activity in the Chiayi
Botanical Garden for government employees in cooperation with the CPC Training Center on January
12, in which a total of 100 persons participated.

Director Han-Ming You of the Silviculture Division of the TFRI led the research team, accompanied by
the Chungpu Research Center Chief Shu-Lin Deng to the Qigu site on the Yangcheng Interchange on
Provincial Highway 61 to discuss the planning for future tree plantation.

The staff of the Nature Valley Environmental Trust site run by the Taiwan Environmental Information
Association had a discussion with the Forest Management Division of the TFRI on January 27 to
understand new technologies and applications in forest management.

The Botanical Garden Division and the Chungpu Research Center of the TFRI participated in the 2021
Wetlands Day organized by the Construction and Planning Agency of Minister of the Interior on January
30 and executed on-site promotion and demonstration of rare coastal plants and sea-drift plants of
Taiwan at the Taijiang National Park Headquarters as well as promoted the spirit and results of National
Botanical Gardens-the project for future green.

FEBRUARY

MARCH

The Technical Service Division of the TFRI held a seminar on the EML editing software Morpho on the
fourth floor of the TFRI’s administration building on February 3.

The Technical Service Division of the TFRI held the 2021 IT safety and risk management education and
training event on the fourth floor of the TFRI’s administration building on February 19.

The Botanical Garden Division of the TFRI held the early spring social for the volunteer group in Taipei
on February 20 and awarded 2 golden awards and 3 bronze awards of the Ministry of Health and Welfare
for volunteer service as well as the Chamaecyparis formosensis Award, the Taiwania cryptomerioides
Award, and the Calocedrus macrolepis var. formosana Award of the TFRI for outstanding service in
2020 to a total of 53 recipients.

The Lienhuachih Research Center of the TFRI held the Q1 volunteer biological education and employee
environmental education on March 3 with the themes of the development and uniqueness of Lienhuachih
forest healing and Lienhuachih forest healing experience.

The TFRI worked with the CCC Project Office of the Taiwan Creative Content Agency and Gaea Books and held
the Gatherer’s Diaries comic exhibition in the Herbarium of Taipei Botanical Garden from March 3 to April 18.

The TFRI jointly held the Forest Survival seedling gifting event for the tree plantation month in 2021 with the
Zhudong Station of the Hsinchu Forest District Office and the Shinchu County Jianshih Township Office on March
12. A total of 4,200 plants of 5 endemic species - Calocedrus macrolepis var. formosana, Liquidambar formosana,
Mahonia japonica, Lonicera japonica and Ficus formosana were provided based on the environmental suitability.

The TFRI held the second training course for the Resilient Urban Forestry Volunteer Team in collaboration with the
New Zhonghe Community College on March 12, March 19 and March 26 to provide hands-on practice on forest
management and maintenance and investigation training aimed at cultivating citizen scientists.

The Taipei Botanical Garden held the Weed Garden exhibition in March and organized the opening press conference
at the traffic circle in the Endemic Plant Area on March 17.
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Assistant Researcher Meng-Hao Hsu of the Forest Protection Division of the TFRI and Professor Ju-Chun Hsu of
the Department of Entomology of National Taiwan University were invited by the Hsinchu City Government to
hold the 2021 Tessaratoma papillosa Control Seminar in the promotional classroom of the Hsinchu City Farmers’
Association on March 18 to give classes on the 7. papillosa ecology and control and using its natural enemy,
parasitic wasp Anastatus japonicus, for the control.

The Chungpu Research Center of the TFRI held the Epidemic Prevention through Tree Planting in Chiayi event in
Lantan Vil. Of Chiayi City in cooperation with the Construction Department of the Chiayi City Government and
with the collaboration of the Chiayi Forest District Office, CPC Chiayi branch and the St. Martin de Porres Hospital
to promote and educate the public on tree planting and management techniques on March 25.

From March 27 to April 11, the TFRI held the Botanic Garden Bryophytes Micro Exhibition at Nanmon-cho 323
of the Taipei Botanical Garden and displayed about a dozen of the Bryophytes in the Taipei Botanic Garden via the
recently popular method of micro ecology bottle.

The Forest Protection Division of the TFRI called the Lithocarpus konishii press conference on March 30 to
announce the completion of the artificial cultivation technique of the L. konishii.

Chief Chao-Song Lin of the Hengchun Research Institute was invited to give the lecture Past and Present Lives of
the Hengchun Tropical Botanic Garden at the inauguration of the Visitor Center of the Kenting Forest Recreation
Area organized by the Pingtung Forest District Office of the Forestry Bureau.

Assistant Researcher Ruo-Yun Yeh of the Wood Cellulose Division held the Looking for Good Nose
- Plant Aroma Interpretation Workshop on April 7 and April 8 and invited the general public with a
familiarity to smells to participate in evaluation and testing.

The Hengchun Research Institute of the TFRI participated in the second meeting of management of the
Kenting Forest Recreation Area in 2021, called by the Pingtung Forest District Office of the Forestry
Bureau, on April 14. Other participants included the Kenting National Park Headquarters and the
Hengchun Branch of the Livestock Research Institute.

On April 16, the TFRI assisted in the filming of science film project of the Ministry of Science and
Technology, “Discovering the South - Taiwan's Biodiversity from an Austronesian Perspective” at the
Banana Bay of Kenting. Chief Shu-Lin Deng of the Chungpu Research Center talked about past research
into the mutations among Barringtonia asiatica populations located in the Banana Bay Ecological
Reserve.

From April 17 to 18, the Chungpu Research Center educated on and promoted beautification with plants
at the pavilion in the 2021 Tung Blossom Festival in cooperation with the Yunlin County Government.
Approximately 3,000 persons participated in the event.

Director General Yen-Hsueh Tseng of the TFRI headed to the Orchid Island offshore from Taitung on
April 23 and 24 to pay a visit to the important partner of National Botanical Gardens-the project for
future green, Lanyu High School, and to receive the interview and filming of the image recording team
of the Project.

On April 24, the TFRI held the tree-planting event Let's Plant A Tree Called Happiness with the
collaboration of the Taipei City Hong Wan Chuan Charity Foundation, Taiwan Nature Conservation
Foundation and Childhood Cancer Foundation of R. O. C. Deputy Director Meng-Ling Wu led the TFRI
staff to instruct member families of the Childhood Cancer Foundation who have lost their children
to join forces and plant the endemic tree Magnolia compressa at the Taiwan Endemic Plant Species
Conservation Center and promoted the importance of nature conservation.




MAY

JUNE

The Forest Protection Division and the Chungpu Research Center of the TFRI, and the Construction
Department and Education Department of the Chiayi City Government jointly held a promotional and
demonstrative seminar on brown root rot prevention and control in the Pizitou Botanical Garden on
April 29.

The Chungpu Research Center of the TFRI worked with the Department of Forestry and Natural
Resources of the Chiayi University in executing an off-campus hands-on activity at the Pizitou Botanical
Garden on May 2. Approximately 50 persons participated in the event.

Director General Lin Hwa-Ching of the Forestry Bureau led the Bureau staff to visit the Lioukuei
Research Center of the TFRI to understand the seeding cultivation status of the Camellia formosensis
and to exchange ideas on the supply of seedlings and planting based on suitability.

The Lienhuachih Research Center of the TFRI conducted the Lienhuachih Asayama Ancient Trail
field study with local residents on May 11 to execute the overall planning of the trail system around
Lienhuachih in hopes of combining the local community healing industry and nearby landscape to
develop the area into a big-scale outdoor display.

The Chungpu Research Center of the TFRI worked with the Nantou Forest District Office of the
Forestry Bureau and held the promotional and educational event on coastal protection forests at the Sihu
Coastal Botanical Garden on May 14. Approximately 100 persons participated in the event.

Chief Chao-Hsien Fuh and Associate Researcher Jun-Kai Hsu of the Lienhuachih Research Center
of the TFRI paid a visit to Director Lee Zheng-xian of the Nantou Forest District Office on May 17
and discussed future cooperation regarding seedling proliferation of the Camellia formosensis in the
central region.

The TFRI held the 2021 annual conference and academic seminar of The Geography Society of China
Located in Taipei via teleconference at the Sheng-yang Building of the National Changhua University of
Education on May 29, with the collaboration of the Department of Geography of the National Changhua
University of Education, The Geography Society of China Located in Taipei and the Research Institute for
the Humanities and Social Sciences of the Ministry of Science and Technology.

Chief Secretary Jiunn-Cheng Lin of the TFRI participated in the Seminar on the Road Map to Net-zero
Emissions in the Agricultural Segment by 2050 held by the Biodiversity Research Center of the National
Taiwan University on June 3 and gave a lecture on Road Map to Net-zero Emissions in the Agricultural
Segment by 2050 - Transaction Mechanism.

The TFRI and The Chinese Forest Products Association jointly held the 2021 The Chinese Forest
Products Association Academic Papers and Research Outcome Seminar on June 4.

The Botanical Garden Division of the TFRI conducted the Taipei Botanical Garden ecological
conservation volunteer training via teleconference on June 5, with the theme of Plants of Buddhism.

On June 19, the TFRI held the Aromatic Reading, Mobile Distilling Project on June 19 and worked
with the Pinglin Tea Museum of New Taipei City and Canjune International Inc. to provide themed
experience on local endemic plants, consisting of plant collection, essential oil distilling and hands-on
activities.
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The TFRI signed an MOU with the National Ilan University on July 1 to enhance the technological and
counseling competitiveness of both parties through exchange of techniques and experiences.

The Botanical Garden Division of the TFRI participated in the Exhibition “Chrono Contemporary” of
the 20th anniversary exhibition series of MoCA Taipei and held the live stream Botanic Reception Room
in cooperation with MoCA on July 10, where Chief Gene-Sheng Tung, Associate Researcher Su-Wei Fan
and Assistant Researcher Shu-Hui Wu of the Botanical Garden Division had a dialogue with artist Chen,
Chien-Pei.

Director General Yen-Hsueh Tseng of the TFRI led the staff of the Botanical Garden Division and the
Silviculture Division, accompanied by the Chungpu Research Center to conduct a field study at the Sihu
Coastal Botanical Garden on July 14. Director General Tseng brought forth the concept that the Sihu
Coastal Botanical Garden will be oriented towards the 3 main aspects of species cultivation, permanent
conservation and demonstrative display in the future and be divided into indoor and outdoor formats for
the planning on coastal plants and habitats.

The Hengchun Research Institute of the TFRI participated in the third meeting of management of the
Kenting Forest Recreation Area, called by the Pingtung Forest District Office of the Forestry Bureau, on
July 16. Other participants included the Kenting National Park Headquarters and the Hengchun Branch
of the Livestock Research Institute.

The Botanical Garden Division of the TFRI conducted the Taipei Botanical Garden ecological
conservation volunteer training via teleconference on July 17, with the theme of Plants of the Atayal
Tribe.

The Botanical Garden Division of the TFRI conducted the Taipei Botanical Garden ecological
conservation volunteer training via teleconference on August 14, with the theme of Circular Green
Resources.

The Chungpu Research Center of the TFRI held a guided tour of the Sihu Coastal Botanical Garden for
60 teachers and students of the Sihu Elementary School in Sihu Township of Yunlin County on August
14.

The TFRI renewed the MOU of Joint Counsel for the Ecotourism Promotion Association of the Manzhou
Township on the Promotion of the No. 1 Mother Tree Garden of the Tropical Cultivation Garden and
Mancha Ancient Trail Social and Environmental Education with the Kenting National Park Headquarters
on August 17.

From August 23 to August 24, the TFRI called the bureau, division and institute liaison meeting at the
Hengchun Tropical Botanic Garden of the Kenting Forest Recreation Area. Participants included the
TFRI and the Hengchun Research Center, the Forestry Bureau, the Pingtung Forest District Office of
the Forestry Bureau, the Kenting National Park Headquarters, the Livestock Research Institute, the
Hengchun Branch of the Livestock Research Institute and the Sinhua Forest Area NCHU.

The Lioukuei Research Center of the TFRI held empowering courses on Plant Categorization, Plant
Morphology and gymnosperm of Taiwan, and Common Trees in the Lioukuei Experiential Forest on
August 23, August 30, and September 6.

The Chungpu Research Center of the TFRI held its first agri-food education promotional activity in
2021 at the Sihu Coastal Botanical Garden on August 24, with approximately 50 participants.




The Chungpu Research Center of the TFRI held its second agri-food education promotional activity in
2021 at the Pizitou Botanical Garden on August 26, with approximately 50 participants.

The Technical Service Division of the TFRI held the IT Security Management System and Personal Data
Management System Course on August 25.

SEPTEMBER

The Botanical Garden Division of the TFRI conducted the Taipei Botanical Garden ecological
conservation volunteer training via teleconference on September 4, with the theme of Toy Plants.

The Chungpu Research Center of the TFRI held an 2021 event on the prevention and control of invasive
exotic plant species in cooperation with the Chiayi Forest District Office of the Forestry Bureau in
Zuojhen District, Tainan City on September 4 and promoted beautification with plants at the pavilion.
Approximately 200 persons participated in the event.

On September 24, the TFRI invited Professor Yao-Lun Guo to give a lecture on the ecology and biology
of Taiwanese endemic trees, which covered 6 sub-topics related to the ecology and biology of Taiwanese
endemic trees.

The Lienhuachih Research Center of the TFRI participated in the 2021 Huisun Experimental Forest
Station Wood Culture Festival of the Huisun Experimental Forest Station of the NCHU from September
25 to 26, and from October 2 to 3, and displayed ultra rare plants of Lienhuachih with the theme of
National Botanical Gardens-the project for future green implemented by the Lienhuachih Research
Center.

The Technical Service Division of the TFRI held an agricultural tourism counseling outcome sharing
seminar in the meeting room on the fourth floor of the Administration Building on September 29. Four
farms shared their outcome, transition and future prospects learned from counseling experts over a few
months.

OCTOBER

The Botanical Garden Division of the TFRI conducted the Taipei Botanical Garden ecological
conservation volunteer training via teleconference on October 2, with the theme of Gymnosperm.

The Lioukuei Research Center of the TFRI held the seminar of Application of Bamboo Knitting
Techniques in Bamboo Fencing on October 6 and invited Chairman Yong-Wang Zhang of the Tainan
City Bamboo Association and his team to instruct its staff on making bamboo fencing.

Associate Researcher Fu-Jing Ma of the Silviculture Division of the TFRI led the volunteers of resilient
urban forest to visit the Xinxian Seedling Institution on October 8 and gave the volunteers a guided tour.

The Hengchun Research Center of the TFRI held the second volunteer training course of 2021 at the
Hengchun Tropical Botanic Garden on October 16, invited Chief Chao-Song Lin to give the lecture
Past and Present Lives of the Hengchun Tropical Botanic Garden, invited Mr. Qing-Yun Yang to lecture
on the Influence of the Cervus nippon taiouanus on the Forest Ecology of a reserve, as well as led the
volunteers to the Kenting Uplifted Coral Reef Nature Reserve for a field trip.

The Hengchun Research Institute of the TFRI participated in the fourth meeting of management of the
Kenting Forest Recreation Area of 2021, called by the Pingtung Forest District Office of the Forestry
Bureau, on October 21. Other participants included the Kenting National Park Headquarters and the
Hengchun Branch of the Livestock Research Institute.
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Researcher Chuen-Hsu Fu of the Forest Protection Division and Assistant Researcher Ching-Chu Tsai
of the Chungpu Research Center held a promotional and demonstrative seminar on brown root rot
prevention and control at the Fongrong Elementary School of Lunbei Township of Yunlin County on
October 22. Approximately 60 persons participated in the event.

The Lienhuachih Research Center of the TFRI held the Q2 volunteer biological education and employee
environmental education on October 27 and invited Professor Chiang-Her Yen of the NCHU to lecture
on Soil and Mycorrhiza.

The Honey Master’s Organic Bee Farm that received counseling from the Agricultural Innovation
Incubation Center of the TFRI graduated in 2021 and participated in the 2021 Agricultural Innovation
Incubation Center Joint Graduation Presentation and Exhibition and Sale Event held at the Wenxin
Forest Park in Taichung on October 30.

NOVEMBER

The Chungpu Research Center of the TFRI held its third agri-food education promotional activity in
2021 at the Pizitou Botanical Garden on November 3, with approximately 40 participants.

The Lienhuachih Research Center of the TFRI and the Wu Cheng Elementary School jointly held the
Mountain Cleanup and Tree Climbing Activity on November 7, which allowed students to learn and
improve their awareness on plant conservation while experiencing tree climbing in the outdoor activity
and facing challenges.

The Chungpu Research Center of the TFRI held its fourth agri-food education promotional activity in
2021 at the Sihu Coastal Botanical Garden on on November 12, with approximately 40 participants.

On November 12, the Watershed Management Division of the TFRI held the “2021 Forest Watershed
Area Management and Surrounding Environment Monitoring Seminar” and invited researchers and
practitioners in forest watershed area management, water and soil conservation and environment
monitoring to provide stage results and establish exchange and cooperation.

The Chungpu Research Center of the TFRI promoted beautification with coastal plants at the pavilion
at the 2021 coastal protection forest event of the Nantou Forest District Office of the Forestry Bureau
at Santiaolun of Sihu Township of Yunlin County on November 13. Approximately 500 persons
participated in the event.

On November 18, the Chungpu Research Center of the TFRI held the “16th Environmental Protection
Forest Management Conference” to conduct a discussion on environmental protection forests and
biodiversity management.

The Hengchun Research Institute held the third volunteer training course in 2021 at Yong-Zai Forestry,
located in Checheng Township of Pingtung County. The course content included a field trip to the forest
area of Yong-Zai Forestry, lectures on forest cooperative societies and forest certification, and a visit to
seedling gardens and wood processing plants.

On November 24, the TFRI invited Director Hung-Hsi Lee of the Taichung District Agricultural
Research and Extension Station, Council of Agriculture to share her experiences on spreading and
applying the R&D energy in agricultural technology in the meeting room on the fourth floor of
the Administration Building so that we may learn from her experiences and realize innovation and
efficiency in promotion and utilization.




On November 27 and December 6, the Lienhuachih Research Center of the TFRI assisted in the
Releasing Salmon event of the Shei-Pa National Park at the Piluchi Working Station. A total of 300
Oncorhynchus masou were released into the river.

The Chungpu Research Center of the TFRI worked with the Chiayi City Government and promoted
beautification with plants at a pavilion in the Chiayi Botanical Garden on November 28. Approximately
200 persons participated in the event.

DECEMBER

From December 2 to 5, the Forest Protection Division of the TFRI participated in the 2021 Healthcare Expo
Taiwan in the agriculture and health section at the Nangang Exhibition Hall and exhibited Stuck on You -
Drosera burmanni Scientific Research Art Pieces.

The Chungpu Research Center of the TFRI conducted a guided tour at the Sihu Coastal Botanical
Garden for 120 teachers and students of the Yuanchang Junior High School in Yuanchang Township of
Yunlin County on December 3.

The Lienhuachih Research Center of the TFRI held a volunteer biological education and employee
environmental education course on December 8 and December 10, invited Specialist Guo-Zhang Lin of
the Nantou Forest District Office to lecture on Chicken in Satoyama and invited Mr. Xin-Jie Hong of the
Taiwan Endemic Plant Species Conservation Center to teach specimen making (including exploration of
plants in the wilderness).

On December 22, the Lienhuachih Research Center of the TFRI held the field training course themed
Tropical Borneo Ecology Overview for volunteers at the Endemic Species Research Institute.

The TFRI worked with the Dark Room Godfather Zhe-Zhang Yan and held the exhibition Paper
Loves Black and White - Encounter between Paper and Silver Salt Solution on the first floor of the
Forestry Technical Service Building of the TFRI. The opening reception was held on December 24. The
exhibition lasted until April 30, 2022.

The Botanical Garden Division of the TFRI, the Cheng Chen Foundation and News&Market jointly held
the environmental education seminar From Botanical Garden to Plants around the World in the meeting
room on the fourth floor of the Administration Building of the TFRI on December 29. Two popular
young botanist writers Rui-Min Wang and Zhi-Jia You were invited for keynote speeches and dialogue
to share interesting and rarely known stories in the botanic world.

The Hengcun Research Center of the TFRI, the Pingtung Forest District Office of the Forestry Bureau
and the Department of Forestry of the National Pingtung University of Science and Technology jointly
planned the exhibition Safe Have for Rare and Endangered Plants - Ark within Ark, which officially
raised its curtains on December 30 and ran until May 31, 2022.

The TFRI renewed the MOU with the Kenting National Park Headquarters on Counseling the Gangkou
Community in the Promotion of the Gangkou Seedling Garden Social and Environmental Education to
jointly promote the task in three main dimensions: environmental education, guided ecotour and ecology
and giving back to community.
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Fay-Wei Li
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Host plants of the immature stages
of the invasive Longan lanternfly,
Pyrops candelaria (L.) (Hemiptera,
Fulgoridae) in Taiwan

Sesquiterpene Synthases of
Zanthoxylum ailanthoides: Sources
of Unique Aromas of a Folklore
Plant in Taiwan

The complete chloroplast genome of
Rhododendron kawakamii (Ericaceac)

Effects of Farming Systems on Insect
Communities in the Paddy Fields
of a Simplified Landscape During a
Pest-control Intervention

Cambial variants in stem of the Clematis
taxa (Ranunculaceae) in Taiwan

Pleurodesmospora acaricola sp. nov. and a
new record of Pleurodesmospora coccorum
(Cordycipitaceae, Ascomycota) in Taiwan

Studies of Vietnamese Pteridophyte
Flora 1

Two new fern species from Gunung
Mulu National Park, Sarawak,
Malaysian Borneo

Underwater CAM photosynthesis elu-
cidated by Isoetes genome

ZRHT

Journal of
Agricultural and
Food Chemistry

Mitochondrial
DNA Part B

Zoological
Studies

Systematic

Botany

Systematic
Botany

Nature
Communications

BHEH) ~ 5%
EERR

31:327-348

69:12494-
12504

2021.60-56

66(4): 536-
540

66(4): 517-
525

46(3): 573-
581

46(3): 739-
749

4.90833333
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FRET4E ~ FFR$2 - Tsung-Yu Aleck

Yang - Moffat Fanerii
Fred Pitisopa + Chia-Wei Li

Rosario Rivera Rubite + Celeena Aimeree
De Guzman Justo ~ Patrick Coliflores
Villasenor + Marjorie D. Delos Angeles
Danilo N. Tandang « #3548

Chou M. H. ~ W. Z. Tseng. ~ D. S.
Sang * B. Morgan. ~ M. De Vivo »
Y. H. Kuan. » JF)£7%2 « W. Y. Chen *
J. P. Huang

FER - MOCE  BUBE ~ RIS
el

Hiraku Yoshitake » Makoto
Arimoto ~ Norihide Hi-nomoto ~
Chi-Feng Lee » [EZ2|l| « Sheryl A.
Yap ~ Analyn A. Cabras

Batucan L. S. ~ Y. H. Hsu ~ J. W.
Maliszewski ~ 3327 ~ C. P. Lin

Sung C. H. ~ C. H. Lin »
C. W. Huang » JT )27

= H

A revision of Begonia (Begoniaceae)
in the Solomon Islands, including four
new species

Three new species of Begonia (section
Baryandra, Begoniaceae) from Samar

Taxonomic notes on the genus Eucosia
(Orchidaceae) in Japan and Taiwan

Validation of the name Vincetoxicum
taiwanense (Apocynaceae)

Incipient speciation and its impact on
taxonomic decision: a case study using
a sky island sister-species pair of stag
beetles (Lucanidae: Lucanus)

REHBRBEELATIMERERN
< avi

Genetic variation of two weevil pests

of sweet potato, Cylas formicarius
(Coleoptera: Brentidae) and Euscepes
postfasciatus (Coleoptera: Curculionidae),
in Japan based on mitochondrial DNA

Characterization of the complete
mitochondrial genome of Abscondita
cerata (Olivier, 1911) (Coleoptera:
Lampyridae) and its phylogenetic
implications

First records of the diving beetles
Hydrovatus subrotundatus Motschulsky,
1859 and Hydrovatus pudicus (Clark,
1863) in Taiwan (Coleoptera, Dytiscidae,
Hydroporinae, Hydrovatini).

Novel wing display and divergent
agonistic behaviors of two incipient
Psolodesmus damselflies

Characterization and phylogenetic
analysis of the complete mitochondrial
genome of Mytella strigata (Hanley
1843) (Bivalvia: Mytiloida:
Mytilidae).

T

Taiwania

Biological
Journal of the

Linnean Society

Applied

Ento-mology and

Zo-ology

Mitochondrial
DNA Part B

Check List

The Science of
Nature

Mitochondrial
DNA Part B

wEH) B
EERE

66(4):
478-495

516 (3):
263-274

224

178

56: 483-496

6(9): 2528-
2530

17 (5): 1295-

1298.

6(8): 2345-
2347.
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Hendrich L ~ Y277 « M. Balke

BER C REE - TR C. H
Chung ~ C. H. Sung

Yeh Yu-houng ~ il
Kirschner Roland

Shankar K. Shakya - Niklaus J.

Grunwald, Valerie J. Fieland ~ Brian J.

Knaus,Jerry E. Weiland2 ~ Cristiana
Ma-ia,Andre Drenth4 - David I.
Guest,Edward ~ Colin Crane7 ~
SREIE  f8FE  Nguyen Minh
Chi,Pham Quang Thu,Bruno Scanu »
Eugenio Sanfuentes von Stowasser »
Alvaro Duran ~ Marilia Horta
Jung,Thomas Jung

FER - BB © BB
HOEIR © ZINE

M5EFE - Bo-Jhen Chen »
Chih- Y1 Hu ~ Wei-Yi Lin

Cheng-Wei Chen ~ Sheng Kai Tang
Ralf Knapp * Maryani A. Mustapeng
Andi ~ Ping-Fong Lu + Michael
Kessler ~ =gt

Thorsten Wiegand ~ Xugao Wang ~
Kristina J. Anderson-Teixeira »
Norman A. Bourg » Min Cao ~
Xiuqin Ci ~ Stuart J. Davies »
Zhanging Hao + Robert W. Howe ~
W. John Kress ~ Juyu Lian ~ Jie Li ~
Luxiang Lin ~ Yiching Lin ~ Keping
Ma + William McShea, Xiangcheng
Mi ~ 8RB fik ~ L. Fang Sun » Amy
Wolf + Wanhui Ye + Andreas Huth
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Taxonomic revision of Australasian
diving beetles in the genus Leiodytes
Guignot, 1936 (Coleoptera,
Dytiscidae, Bidessini).

The complete mitochondrial genome
of Mnais tenuis Oguma, 1913
(Odonata: Calopterygidae) and its
phylogenetic implication

Phylogeography of the wide-host
range panglobal plant pathogen
Phytophthora cinnamomi.

The Impacts of Field Management on
Soil and Tea Root Microbiomes

Leucostegia amplissima, the Third
Species of the Genus (Hypodematiaceae)

UV-Protection Performance of
Calophyllum inophyllum Seed Extracts:
A Natural Ultraviolet Screening Agent

Consequences of spatial patterns
for coexistence in species-rich plant
communities.

ZRHT

Zootaxa

Mitochondrial
DNA Part B

Plant Pathology
& Quarantine

molecular
ecology

Applied
Microbiology

Systematic
Botany

Natural Product

Communications

Nature Ecology
& Evolution

BHEH) ~ 5%
EERR

4990(1): 23-
44,

1649.

2021:1-15

46(3): 656-
665

5:965-973
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Ho-Tung Lin ~ Tzeng Yih Lam ~
2J@ &) « Chih-Ming Chiu

Hui-Ting Chang  Mei-Ling Chang ~
Yen-Ting Chen + Shang-Tzen
Chang » FFERE * RF4RE
Cheng-Kuen Ho

EBHTER ~ EARSE ~ MERAK ~ REH

Rosario Rivera Rubite + Rochelle
Yongque Brillantes + Danilo N.
Tandang ~ Cecilia B. Moran ~
Mark Gregory Q. Rule ~ #A# 42

Thanh Son Hoang - #A# 4% -
Anh Tai Vu

Thanh Son Hoang - #A# 42

Sheng-Feng Lin ~ 24 »
Man-Miao Yang

Yi-Shan CHAO ~ Wen-Liang
CHIOU ~ Atsushi EBIHARA -
R RES ~ MERiE
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EREARTRERGELRME
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Embedding Boosted Regression
Trees approach to variable selection
and cross-validation in parametric
regression to predict diameter
distribution after thinning

Evaluation of Motor Coordination
and Antidepressant Activities of
Cinnamomum osmophloeum ct.
Linalool Leaf Oil in Rodent Model

NEAREFEZRD ALK
RS

Understanding Public Intentions to
Pay for the Conservation of Urban
Trees Using the Extended Theory of
Planned Behavior

Begonia benitotanii (section
Petermannia, Begoniaceae) a new
species endemic to the Philippine
island of Bucas Grande

A new species and record for the genus
Begonia (Begoniaceae) from Vietnam

Two new species of Begonia (sect.
Platycentrum, Begoniaceae) from
the Central Highlands of Vietnam: B.
villosula and B. lophura

The Erythrina Gall Wasp
Quadrastichus erythrinae (Insecta:
Hymenoptera: Eulophidae): Invasion
History, Ecology, Infestation and
Management

Competition in Abies kawakamii forests

at subtropical high mountain in Taiwan

Taxonomic and nomenclatural novelties
in the Pteris fauriei group (Pteridaceae).

T

MR ST

Forest Ecology

and Management

wE

forests

wEH) B
EERE

43(2) ~ 53-64

Forests
2021,12,948.

16(7):
¢0254791

66(3): 307-
316
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Chemical Composition and
BAF ~ B=% ~ Yu-Chang Su ~ Antimicrobial Activity Against Food-  Natural Product

(AIIREE Borne Pathogens of Calocedrus Communications 16(5): 1-8 Scl
formosana Heartwood Essential Oil

HER - RER - Zs A Study in Reducing Cockling of Sustainability 13(12) scI
Chinese Hanging Scroll

ZITHE ~ fRIZE TSR E R AT h-S RUEFE SR AR 25(2) Hfth

_ SR AR T h- DI A MBS -
S0 H ~ SREEE] ; AR AT 25(2 it
7 iRGEE FEAT 56 K i 2 f

Deep complex morphophysiological

%2 ~ Chiung-Pin Liu dormancy in seeds of Viburnum Seed Science SSR-D-21- e |

Carol C Baskin + Ching-Te Chien plicatum var. formosanum (Adoxaceae) Research 00034R3

from subtropical mountains

Notes on the spread of the genus
= N = Macrotyloma (Wight & Arn.) Verdc.
HE ~ Tl ~ ELE N £K w
S%TFEE%EJ 5%« EXHE ~ 25 (Fabaceae) in Taiwan: description of a ~ #REHTZEET 43(1): 35-44 Hith
= newly naturalized species M. axillare
(E. Mey.) Verdc.
Out of Africa: Origin of the Erythrina
Sheng-Feng Lin ~ E=4 » Gall Wasp Quadrastichus erythrinae Formosan 41:26-36

H

Man-Miao Yang (Hymenoptera: Chalcidoidea: Entomol (2021) At

Eulophidae)

Coryphopteris castanea Bulletin of the
Atsushi Ebihara » Narumi Nakato » (Thelypteridaceae), a polymorphic National Museum 4702): 71-77 SCI
REE) « S0 F diploid species distributed in Taiwan of Nature and ’ '

and Japan Science, Series B
SHIH-HUILIU - §FR#: » Pogostemon monticola (Lamiaceae; Phytotaxa 507 (1): 051- SO
WEI-JIE HUANG - §ZE:53C Lamioideae), a new species from Taiwan Y 066

Applicability evaluation of tree JOURNAL
Pei-Hua Li ~ 228 ~ Hsy-YuT: . i i i : -

ei-Hua Li ~ BXE ~ Hsy-YuTzeng volume equation for Abies kawakamii OF FOREST 26(5): 336 SCI

ZZEE « Tian-Ming Yen (Hayata) Ito based on stem analysis 343

. . RESEARCH

data in Taiwan
Daiki Takahashi + Shota Sakaguchi ~ Geographic and subsequent biotic
Yu Feng ~ Yuji Isagi ~ Ying-Xiong isolations led to a diversity anomaly
Qiu ~» Pan L ~ Rui-Sen Lu + Chang- of section Heterotropa (genus Asarum  Journal of 2021:00:1-13 SCI
Tse Lu ~ #5532 ~ Yang-Shan Lin, : Aristolochiaceae) in insular versus Biogeography o
Yun-Chao Chen + Atsushi J. Nagano,  continental regions of the Sino-
Lina Kawaguchi - Hiroaki Setoguchi ~ Japanese Floristic Region
=TT~ TRIEET e S LB, ARG 25(1) Hith
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#K#T4% + Luong Cong Son Phan Begonia rigidifolia ssp. sonhungii (sect. Phytotaxa 498 (2): 139- sl

Ngoc Hung Nguyen Petermannia, Begoniaceae), a new 144

Christopher Wills ~ Bin Wang »

Shuai Fang  Yunquan Wang ~ Yi

Jin ~ James Lutz ~ Jill Thompson »

Kyle E. Harms ~ Sandeep Pulla ~

Bonifacio Pasion + Sara Germain *

Heming Liu ~ Joseph Smokey ~

EREZfIX ~ Nathalie Butt + Chengjin

Chu ~ George Chuyong ~ Chia-Hao

Chang-Yang ~ H. S. Dattaraja

Stuart Davies ~ Sisira Ediri-weera, Interactions between all pairs of

Shameema Esufali + Christine Dawn neighboring trees in 16 forests PLOS

Fletcher ~ Nimal Gunatilleke ~ Savi worldwide reveal details of unique Computational 17(4): SCI

Gunatilleke » Chang-Fu Hsieh ~ ecological processes in each forest, Biology ¢1008853

Fangliang He + Stephen Hub- and provide windows into their

bell + Zhanging Hao - Akira Itoh evolutionary histories

David Kenfack » Buhang Li

Xiankun Li ~ Keping Ma + Michael

Morecroft » Xiang-cheng Mi »

Yadvinder Malhi Perry Ong ~ Lillian

Jennifer Rodriguez ~ H. S. Suresh ~

I Fang Sun » Raman Sukumar »

Sylvester Tan » Duncan Thomas ~

Maria Uriarte + Xi-hua Wang, Xugao

Wang ~ T. L. Yao ~ Jess Zimmermann
@S EARNER - BITTEER 43(2): 1328

IR MRS FRE - ERE BAETARMEEZREEDR mEwmEsn LUP ap
EES

MIE4E ~ §FR$2 ~ Hong Truong Luu ~ Revision of Begonia (Begoniaceae) 496(1: 077-

Ich Le Phuoc Thanh Nguyen + in Bidoup-Nui Ba National Park, Phytotaxa 089 ’ SCI

B~ R Southern

G HAITEE \ SEM . 2 Elatostema cuneatum nght (Umcac.:eae), HEFEET) 43(1): 45-52 i
a newly recorded species from Taiwan

R ATE IR UEE papillosa, Hemiptera: Tessaratomidae) % (21-34) =
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P21l ~ Junichi Takahashi » Evidence for range expansion and

Wen-Chi Yeh ~ Ming-Lun Lu ~ origins of an invasive hornet Vespa

Jing-Yi Huang - Yi-Jing Lin ~ bicolor (Hymenoptera, Vespidae) in Insects 12,320 S

I-Hsin Sung Taiwan, with notes on its natural status

N o Public perception of forest ecosystem  journal of forest
REY BT BAR S RE 1c pereept
PRERRR ~ ERATER ~ ERSR ~ RET services in Taiwan research 26 Sl
. Risk Analysis of Regions with Suspicious L
2 aY ~ Jun- N -

MR ~ Jun-Yen Lee « Wan-Yu Liu llegal Logging and Their Trade Flows Sustainability 13(6), 3549 SCI

MEBY » Ann-Chang Cheng Using the biochar produced from

Ya-Li Shiu + Ya-Chuan Wong ~ spend mushroom substrate to improve  Aquaculture 52(8): 3532- SCT

Shinn-Pyng Yeh ~ Tohap the environmental condition of Research 3539

Simangunsong + Chun-Hung Liu aquaculture pond

HEER IR BEH - BF  TTEBRHERIKEDONEEE  SERFERR 70(1) Hfth

'KeCao » Richard Condit ~

Xiangcheng Mi ~ Lei Chen ~

Haibao Ren » Wubing Xu ~ David

F. R. P. Burslem + Chunrong Cai +

Min Cao ~ 3REI%E + Chengjin

Chu + Fuxin Cui ~» Hu Du - Sisira

Ediriweera ~ C. S. V. Gunatilleke ~

I. U. A. N. Gunatilleke + Zhanqing

Hao ~ Guangze Jin ~ Jinbo Li + )

Buhang Li ~ Yide Li » Yankun Liu, Speci ” d the latitudinal ILrO;eedllllgss O_f 288(1948)-

Hongwei Ni, Michael J. O’Brien ~ PeC1es packing an t.e atitudina the oya oclety ( ): SCI

. : gradient in beta-diversity B: Biological 20203045
Xiujuan Qiao ~ Guochun Shen ~ Sei
. . ciences

Songyan Tian + Xihua Wang - Han

Xu, YaozHan Xu, Libing Yang ~

Sandra L ~ Yap ~ Juyu Lian ~

Wanhui Ye + Mingjian Yu - £

fik ~ Chia-Hao Chang-Yang ~ Yili

Guo ~ Xiankun Li + Fuping Zeng ~

Daoguang Zhu ~ Li Zhu ~ I-Fang

Sun » Keping Ma ~ Jens-Christian

Svenning
Modeling biomass allocation strategy

Chieh-Yin Chen ~ f[;flE - of young planted Zelkova serrata trees L

Tzeng Yih Lam in Taiwan with component ratio method Scientific Reports 569166667 Sl
and seemingly unrelated regressions

N . LW = B o
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Joe Chun Chia Huang * Yun Chen
Hsieh ~ [EZ2|l| ~ Wen Chi Yeh +
Jia Yuan Liang « 2R~ B

ZmEt ~ ERIT ~ MERIG ~ Wen-
Liang Chiou - &R
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Flower-visiting insects of genus
Melastoma (Myrtales: Melastomataceae)
at the Fushan Botanical Garden Taiwan

Vincetoxicum (Apocynaceae:
Asclepiadoideae) in Taiwan: Two new
combinations and a new record

Phenology and leaf lifespan of seven
fern species in a broad-leaved forest of
southeastern Taiwan

B R B E BRI A 1 B AR
ALIREAYR - R kEERENRAE
EMZEtEREE

Mechanism of cracking failure in
curved stems due to transverse stress
under a bending moment.

Journal

The International
Journal of Plant
Reproductive
Biology

Journal of
Theoretical
Biology

%(H#) - Ei5  TCCC/
EEEE SCIEI
35(2): 69-78 Hith
9 SCI
478(2): 287-
590 SCI
13(1): 38-49 Hith
35(1): 1-8 Hib
509 + 110516 SCI
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Pei-Hsin Hsu » &5
Chih-Liang Chao ~
Dau-Jye Lu » Wei-Lin Chen
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2021 ICLEE (International
Consortium of Landscape
and Ecological Engineering)
CONFERENCE

2021 25 23 [ERE ~ B5E8 - #RE
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BBV E 5 AT E SR RS
MIRE R WS

PEMEE0FRMEIRK
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20215523 [F(RME ~ B2 ~ B
R BT 2B R EHRE

13TH INTERNATIONAL
LONG-TERM ECOLOGICAL
RESEARCH - EAST ASIA-
PACIFIC REGIONAL NETWORK
REGIONAL CONFERENCE (2021
ILTER-EAP)

14th Asia Pacific Federation of
Pharmacologists (APFP2021)
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Social vulnerability and natural
resource management
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A RODENT PEST DOMINATES
THE DIET OF ANEW URBAN
DWELLER OF RAPTOR

Anti-allergic activity of extracts
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Changes in species composition
and plant functional traits during

[ER7ZE0N, ~ David Zeleny 63rd IAVS Symposium the landslide succession in high-
mountain coniferous forest in
central Taiwan
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for vegetation science
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Spore diversity and abundance

Z&{f ~ Tzu-Chao Lin of arbuscular mycorrhizal fungi
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