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ᴯ ᾼӘׄщ ן в ẁϠⱵ ’ ᾼ ȲẔѻ

ⱢṮᾌ ╟ ẁᾼᾬ ⅜ ’ ṿẔᵍắ Є – ѿц

Ȳ Ѧ ♄ ԈȴӐ ѻ ӭᾼⱢ ӣױ Ȳ∂Ӵ

Ⱶ ѠᴣȲⱢӐЁⱵ ֵ ἤ’Ṏ ẁ ᶨ ֮ȴӐ ᴩ ӭҔᵶ

⅍ᾼⱵ Ӣ ṅשׁ ԏ⇔ Ⱶ וֹ ἤᾼ ѿцӘׄщ ן

вṆ ἤ ▲Ȳ֝ ∂ӴⱵ ᾼ ☼ ṳṼ Ԓ

Ὠ ц▐ Ⱶ ӂүȴ 

֯Ⱶ Ӣ ṅѠשׁ Ὠ ӱȲⱵ ᾼֹו ἤ֯׀Ὑ Ȳ

ᾭ ӂ ᾭⱵ ᾼֹו ϩ ὑὬᾭⱵ ȴ֯ ԏ ԈϯɎ12ᴟ 100 

PARɏȲԏ ⇔ϱс Л Ⱶ וֹ ἤ ϯ ȴᵀ ԏ⇔ ᴟ 400 

PAR Ȳ эⱵ ц ᶮ▀Ⱶ ὬᾭⱵ ᾼֹו ἤ ϯ ȴ֯֝דԏ

⇔ϯȲ ẁ ᾬȲ⁄Ҡ ὡ ѫ Ⱶ Ⱶ וֹ ἤȲᵀ Ẕ

҃ Ⱶ ⁄ ȴ 

֯ ҵ ṅѠשׁ ȲӐׁשṅ֯ ד2024 щ ᴩ ԏ Ȳ ԏ╥ᵡ

צ  ѦἨ Әׄщ ן в вⱵ ᾼӪо Ȳṳ ▲ в

Ѭ ᾼѬӂ ₣᾿иӁȳԏ ױ֯ Ѭ ᾼᵮןἤȴѬѝ ▲ Ὠ ӱȲ

ᾼṮᾌ ẁϠṏֻᾼᾬ ⅜ Ȳ юϠ Ⱶ ᾼ᾿ Ȳ

ҏḆⱢ ứᾼӢ  Ȳᵀ ощ Ἤ Ӣᾼᵐ Ѭ⁄ М֯Ἁ Ȳ

ᾎצ ῶ Ѭȴ ҵ ▲ Ὠ ϚḔ ȲӘׄщ ן вᾼⱵ

֯ 2-4еѐ ⇔ ЛὔӪоȲ ṷ ⱢⱵ ӂүᾼ ṾὍ ⇔

ẁϠ Ṽ Ȳ֝ ԏᶾ Ҡצ ᵅⱵ Ӫо ȴ 

Ɫ ᵅⱵ Мᾼ Ȳṳצ ֯Әׄщ ן в∂ӴⱵ

ѠᴣȲӐ ∂ӴѿМ Ɫ ᾼ  Ⱶ ♄ ᶧȲ ѿцṼ

Ԓ ▲ Ὠ ӂүὍ ⇔Ȳ∟כғᵉὍ ֥Әׄщ ן

ԈᾼⱵ ӂүȴ ᴩ ȲӐ Б֯Әׄщ ן в

Ẓ Ⱶ ӂүȲṳ ὧḘȳ ⁮Ѡҳ ȳ Є ȳ ὧȳ Ϝȳ

Њ ֮ Ⱶ ᴟӘׄщ ן ᾼⱵ Ѡᴣв Ȳ ᴟ ד2025 1

ѣ ▲ Ⱶ Ԛ׀♄ 29 74 220 Ⱶ ȴ 

18 ѣᾼⱵ ц ȲẒ Ⱶ Ѡᴣᾼ ҏṜѿὂ

ȳᴫ⁮ ☼ѿцὧҖủ ᾼ ứἤȴ ᴖ֯ Ѡ Ȳ ֵҒᴕ ҍủ

Ⱶ ҉Ṝԏ ᾼ ḖȲᴖ Ϛ ӂүהᾼⱵ Ѡױ֯╟ ЛṜȴ֯׀

∟Ȳױ֪ ѿ ▐ ᴩⱵ Ȳṳ═ Ⱶ Ӣ ᾭᾓȲ֝ ן

Әׄщ ן вᾼѬѝ Ȳ Ɫӑẃ Ⱶ Ѡᴣᾼ Ṽ ȴ 
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Abstract 

The marine area within the Yongan Liquefied Natural Gas (LNG) Terminal harbor in 

Kaohsiung provides a special environment for coral conservation. Its main advantages 

include physical barrier protection from breakwaters that shield against typhoon 

waves and strict harbor management that prohibits fishing activities. The main 

purpose of this project is to utilize these environmental advantages to establish 

Taiwan's first coral ark, providing an important sanctuary for the conservation of 

native coral diversity. This project includes coral physiological research in the 

laboratory to explore the effects of light intensity on coral heat tolerance, systematic 

environmental surveys in the Yongan LNG Terminal harbor, establishing standard 

procedures for coral transplantation, and designing and setting up coral cultivation 

platforms based on preliminary experimental results. 

In terms of coral physiological research, the results showed significant interspecific 

differences in coral heat tolerance, with massive and encrusting corals showing 

significantly higher heat tolerance than branching corals. Under low light conditions 

(12 to 100 PAR), increasing light intensity did not significantly reduce coral heat 

tolerance. However, when light intensity increased to 400 PAR, the heat tolerance of 

branching corals such as Acropora austera and Pocillopora damicornis decreased 

significantly. At the same light intensity, providing food could enhance the heat 

tolerance of Platygyra verweyi and Leptoria phrygia, but had no effect on other coral 

species. 

In terms of field environmental research, shading experiments were conducted in the 

summer of 2024 to investigate whether shading could effectively prevent or reduce 

coral bleaching in the marine area of the Yongan LNG Terminal harbor. We also 

surveyed the horizontal and vertical distribution of water temperature and light 

absorption in this turbid water area. The hydrological survey results showed that the 

breakwater structure of the port provided good physical barriers, significantly 

reducing direct wave impact on corals and creating a more stable growth 

environment. However, the cold water discharged from the LNG liquefaction process 

was concentrated at the bottom and could not effectively cool the surface seawater. 

Field survey results further confirmed that corals at depths of 2-4 meters within the 

Yongan LNG Terminal harbor were less prone to bleaching. These findings provided 

important basis for determining the optimal depth for coral cultivation platform 

placement and confirmed that shading techniques can effectively reduce coral 

bleaching rates. 
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To reduce losses during coral transplantation and effectively establish a coral ark in 

the Yongan LNG Terminal harbor, this project established a long-distance coral 

transport procedure using relay stations as buffer points. We designed and planned the 

cultivation platform placement depth based on preliminary survey results, and 

successfully deployed coral cultivation platforms suitable for the environmental 

conditions of the Yongan LNG Terminal harbor. During the project period, our team 

set up two coral cultivation platforms in the Yongan LNG Terminal harbor and 

transplanted corals from Dongsha, the South Penghu Islands, Taoyuan Datan Algal 

Reef, Taitung, Kenting, and Xiaoliuqiu to the coral ark in the Yongan LNG Terminal 

harbor. As of January 2025, 220 transplanted coral colonies from 29 genera and 74 

species have survived. 

After 18 months of coral transplantation and cultivation, the two coral arks have 

demonstrated stability sufficient to withstand typhoons, southwestern airflows, and 

northeastern monsoons. However, in terms of cultivation, the need for adequate light 

for corals during winter needs to be considered, and the first platform-type coral 

cultivation facility was insufficient in this regard. Therefore, suspended frame devices 

will be used for future coral transplantation, and coral growth will be continuously 

observed, while hydrological data from the Yongan LNG Terminal harbor will be 

collected as an important reference for future maintenance of the coral ark. 
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1  ›ṕ 

Ѭ ⇔ Ȳ Ⱶ ԚӢᾼԚӢ ɎzooxanthellaeȲѻ Ɫ

Symbiodinium spp.ɏ Ⱶ ѻ М Ἠ ҏȲ Ⱶ ҷҟᴥ ᴖᵧ

Ὑᾭ Ȳ ẞӪᴥᾼכ ⱢⱵ ӪоɎcoral bleachingɏȴ ᾭױ

═ ȲҠ Ⱶכ Ϻȴӭ›ѷꜜ֢֮Єײ ᾼⱵ Ӫо Ȳѻ ӦϢ

♄ і ᾼᾼ Ἤ Ȳ Ѭ ⇔ с Ⱶ Ӣ Ṇ

(Hoegh-Guldberg, 1999; Wilkinson and Souter, 2008)ȴ ҟ ד40 ȲⱵ Є

ӪоếײϺṶԈБֵ֯ Ӣ(Donner et al., 2017; Skirving et al., 2019)ȴῺ

Є Ⱶ Ӫо Ӣ֯ 2014ẞ ד2017 ц Ȳד2020 ☺Є ắ яⱢ

(McWhorter et al., 2022)ȴׁשṅᴷ Ȳ ԓ ϱс 1.5 ȲҠ ҷҟ 70ᴟ

90%ᾼⱵ Ӣ Ṇȷ ϱсᴟ 2 Ȳ⁄Ҡ ҷҟ 99%ᾼⱵ (Frieler et 

al., 2013; Hoegh-Guldberg et al., 2018; Schleussner et al., 2016)ȴ Ϡẻ ԓ ю

⅍ Ὅҵѿ Ȳּד Ϸ ҏẔ҃Ⱶ ’Ṏ ȲẂֽȸ

◦’ ȳ וֹ᷄ ᾼⱵ ԚӢ ₇Ṇȳ ᵑ’ ỮӑắӪо№ ᾼ Ⱶ

(Rivera, 2018)ȳ ᷄ Ɫ Ȳᵀ ’ Ⱶ ᵍӪоᾼ Ȳѿц

Ӑ ӣᾼⱵ Ѡᴣ Ἐ(Comte and Pendleton, 2018; Hoegh-Guldberg, 1999)Ȳ

ᴩⱵ ’ ȲⱢӑẃ’ ᶦ ȴ 

Ӧὑԓ о Ьӑ᷁ (Virgen-Urcelay and Donner, 2023)Ȳӭ›ԓ Ⱶ

’Ṏ ậֵѠ֣ṳᴩѠהȲѿ Ғכғᾼ ȴ Ⱶ иӁ֮

⇔ ϩЄɎֽ ϜἨЊ ɏȲἨắԓ о ᾼ Ѭ ϩȲẂ

ֽᴯ ᾼὧḘ Ἠыӂ (Tkachenko and Soong, 2017)ȴ רּ

◦ Є ɎNational Oceanic and Atmospheric Administration, NOAAɏᵓ

ӣ ╦ ԓ Ⱶ ϩᾭ Ȳ⁮ ḕד 8ȳ9ѣⱢⱵ ϩ

ᾼ ủ Ȳ ױ Ⱶ Є Ӫ о ꜙ ᴟ ײ Ϻ ᾼ с

(https://coralreefwatch.noaa.gov/index.php)ȴ Ϡ╖ Ⱶצ ᾼᵘϩѠ ӑᴦ
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(Saravanan et al., 2017)ȴҫҵϚ Ѡ֣╥’ ӑẃᾼᶦ Ȳᵛ ӣ ᴿ ṸѠᴣ

ᾼ ἘⱢⱵ ’ (Zoccola et al., 2020)Ȳṿӑẃ Ḃ Ἠּדᶾ ḔȲᶺ

Ь Ҡẁצ ṎᾼⱵ Ḋ ȴⱵ ᾬЛ֝Ȳḥצ   ԅ ᾼ ІȲᵀⱵ

ӐṝЛ ᴔо(Soong et al., 1999; Bythell et al., 2018)Ȳṏֻ ϯҠ  ȴ♄׀

ױ֯ ԈϯȲ ᷄Ѭ ứᾼᴞ Ἠ ᵍⱵ ӪоˍײϺᾼѠᾎכⱢⱵ

’ ᾼ Ѡ֣ȴ 

ⱢϠ Ⱶ ’ ᾼכғἤȲϠ Ⱶ ӪоᾼӢ ạᴟ ȴׁשṅ

ӱⱵ Ӫо ԚӢ ԏ֥ᵂӣṆ ֯ ԏ Ԉϯ Ӣᾼ о ϩ й

ד ȴ֯ ϯȲ ԏ ԚӢ ԏ֥ᵂӣṆ Ӣ ♄ἤ Ȳ Ẕ

ᶼ оṆ ᾼ ϩȲ ԚӢ Ⱶ Ἠᴞᴩ Ⱶ ȴⱵ

ҷҟ ẃ ∟Ȳ Л ц ⌠ ԚӢ …Ȳ Ϻײ ȴ Ϛ ạȲ

ṅБשׁ Ȳ ᵅѬ ế юԏ ⇔╥ ᵍⱵ ӪоᾼẒ צ

(Tagliafico et al., 2022)ȴ ṷּד ⱢӐ ᾼⱵ ’ ẁϠ ȴ 

֯ Ȳ ᴩⱵ ’ ҠѿиⱢẒ Л֝ᾼ Ѡ֣Ҕᵶ ὑᴞ

ᾼ ҵ’ цϢЏ Ṇ ∂Ӵ(Cohen, 2019)ȴ Ẓ ֢ẓ Ȳ

ӣὑЛ֝ᾼ’Ṏ Ḗ ԈɎῶ 1-1ɏȴ ҵ’ ᴖṕȲ в

цὧḘҵ Ⱶ ⱢẒ ẓ҅ῶἤᾼ ᵿȴὧḘҵ ֪ ѷꜜϱצ Єᾼ

вᾌṆ (Reid et al., 2019; Wang et al., 2007; Tkachenko and Soong, 2017)Ȳ

ᵐѬ ᴟ Ⱶ ȲṿẔכⱢԓ Ⱶ ПϚ(Rivera, 2018)ȴױᴞ

ᵐѬ Ϡ ᾼӢ ȲṿὧḘҵ ᴟЭӑ Є Ⱶ ӪоṶ

ԈȲכⱢԓ ю ᴞ ὂ № ᾼⱵ ֮ȴ ᴖȲ ᾃ ᾼ╥Ȳ֝

ὧḘ ᵀᴯὑ вᾼ Ȳ⁯֯ Ѭ ӢⱵ Є ӪоȲ

Б דȳ2016דȳ2008ד1998 Ⱶװֵ  ϺṶԈ(Cantin et al., 2014; Bakerײ

et al., 2008; DeCarlo et al., 2017)ȲҐ ◦ ἤ Ⱶ Ӣ׀ᾼ ȴ 

ᴯ ᾼӘׄщ ן в ẁϠҫϚ ҵ’ ᾼ Ȳ

֪Ẕẓ ֵ ṿẔכⱢ ᾼⱵ ’ ֮ȴ ԒȲẔ֮ ᴯ ―ᵓȳ



3 

 

Ԉṏֻѹ ᵛ о╥ױ ᾼ ἤȴױ ᵍắᾈ☼ᴆ╬

ế Є – Ȳ֝ ḥצ ⅎД ếӻ ᵺ ȲҠⱢⱵ ẁ ứ

ᾼӢ׀ ȴӘׄщ ן в Ⱶ ᾼ’ Ὠѻ Ҡ ẃᴞϮ ֪

ȸɎ1ɏṮᾌ ╟ ẁᾼᾬ ⅜ ’ ȳɎ2ɏщ о Ӣᾼᵐ Ѭ

ȲѿцɎ3ɏѬ ⇔ Ӣᾼᴞ ԏᵂӣȴ ṷ ἤԚ֝

ҏ ֥Ⱶ Ӣ׀ᾼ ֮ Ԉȴ ᴯὑ ᴫ ḘỴȲᵀẔϢЏ БᶮכϚ

ắ’ ᾼ Ӣ Ṇ ȴ ӴМЍЄ ṅשׁ ▲ Әׄщ

ן вצ 130 ӰⱵ ɎᶚȲ2023ɏȲᶁẓ ԚӢ ц ϩȲ ѿ ѡ

Ҡ ϚḔᶮכⱵ ȴ 

ױ ן ᵂ ẃȲד30ֵ вБֵצ щ   ∟Ӣ ᾼⱵ ȲӢ 

ᾭᾓṏֻȲὙ ӱ ֮ ẁⱵ ֥Ӣ׀ᾼ Ԉȴ ṷ ἤṿẔ ᵑ

֥ᵂⱢⱵ ’Ṏ ֮ȲяẔ ὑ ᴍ Ⱶ Мᾼ ⇔ ᾬ ȳБắщ

ḳ ᾼ ȲἨ ѽẔ҃’ ᾼⱵ ᴩ ’ ȴד ὑ ҵ’

ȲϢЏ Ṇ ⁄ ẁϠ ⇔Ҡ ᾼ ԈȲ Ѭ ȳԏ ц

Ѭ Ȳ ᵑ ֥ ᴩ ứⱵ ᾼ’ ṅȴשׁ ᴖȲױѠᾎϷ

Ὲ ạế ὗ Ӑכ ╚ Ȳ ѿЄ ӣὑֵ ἤⱵ ᾼ’ Џᵂȴ

Ẓ Ѡ֣ᾼ ѩ ṓῶ 1-2Ȳ֯ạứⱵ ’ Ȳ ’Ṏӭ

ȳ Ԉцӭ ᾬ ᾼ ἤȲ ֥ᾼѠᾎἨ ֵ֥ ѠᾎȲѿ ẞ

Ṿ’Ṏ Ὠȴ 

ὑӘׄщ ן в ᾼ ԈȲӐ ẔᵂⱢⱵ Ѡᴣ

֮ȴ ԓ Ẕ҃Ⱶ ’ṎѠᾎדѩȲ ’Ṏ ה ἤȴЛ֝ὑ №

ֶᾼᵐ Ⱶ І’׀Ѡᾎ (Hagedorn et al., 2012)ȳ֮М ᾼѬ (Ounaïs, 

2008)Ȳּר ᴵ ṭ ᾼиא ’ṎṆ (Guy, 2023)ȲἨ ☺ 800 Ⱶ

Мὑ‍ ӱӣ Є₤Ѭ ᾼ Ѡה(Zoccloa et al., 2020)ȲӐ ҉иᵓӣ

צ ╟֯ҙ Ὅ ᴩ’ṎȲכғӂ Ϡᴞ ϢⱢ ᾼ ȴ  



4 

 

ᴖȲᵛṿӘׄщ ן в ֵצ ἤȲ ᴩ ҵⱵ Ѡᴣ

ȲЬЛҠ ᵍ֮ ắẞԓ ᾼ ȴ ═ ϱсȲ Ѭ

⇔Ϸ Пс Ȳ ҒⱵ Ӫоᾼ ȴ֪ ȲⱢױ ’Ⱶ Ѡᴣ ᾼ  ғȲכ

צ ᾼⱵ Ӫо Ṯ ᴟ ȴ › Ⱶ ӪоᾼӢ ạȲ Ⱶ

ԚӢ Ἤắᾼ ⇔ếԏ ϩ╥Ẓ Ѡ֣ȴ ᾼ ȲҠѿ

ᵅⱵ Ӫоᾼ Ӣ Ȳ ҒⱵ ’ ᾼכғ ȴӐ ṅשׁ ԏế

Ẓ ֯Әׄщ ן в ᾼ ӣ ὨȲѿ юⱵ Ӫо Ӣᾼ

ȴ ѝ ῴḔиέ ὨɎῶ 1-2ɏ ӱȲ ԏѠᾎ֯ ҵ ạȳ ═

צ ȳ ᷾ ế ᵂ ќҏ Ѡ ẓצὙ Ȳ ᵑ ֥֯Әׄщ

ן в ᾼҙ Ὅ М ӣȴ 

МᾒеҨᴖṕȲױⱵ ’Ṏ ҅ῶϠᴞṝ ӣẔ Ȳ

ᴩ ’ ȳῂ ԉếеҨᾙ ɎEnvironmental, Social and Governance, ESGɏ

ԉȴ ╟ Ӣ ’Ṏד ֥ᾼ ה Ϡ ᾼ ᵓӣȲⱢԓ Ⱶ

’Ṏ ẁϠҠ═ ᾼ Ẃȴ ∂ӴӘׄщ ן вⱵ Ѡ

ᴣ ֮ȲҠⱢⱵ ’ ẁ ἬȲϷⱢ ᴿ’Ṏ ӭᾼ ∂ӴҠ ᾼ

ὨכṎ’ױȲṿה ᴟ ếѷꜜϱẔ֥҃ ᾼϢЏ ЀȲЛ ὑщ

ן Ȳ Є’Ṏ ϩȴ 

Ӑ ᵓӣ МᾒеҨӘׄщ ן вᾼ ᴩⱵ Ѡᴣ Ȳ

ן Ӑṝ Ԉ╥Ẕ҃ ᴯ− ᾼכ иȲӭ›Ӗ ῀ṳѹ ֝ ◦

’ ᾼ Ȳ МᾒеҨ֯ ϱ ғכצ Ȳ ᾃȲ

Мᾒ֯ ϱᾼҀҏȲ∂Ӵṏֻ֤ Ȳ − Ȳ ᴥֽῶ 1-3ȴ 
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ῶ 1-1.֯ Ẕ֮҃ Ⱶ ѠᴣПѩ  

Ҡ ᾼ  

֮  

֯щ ן ȸ 

Әׄ 

֯ Ⱶ ȸ 

ὧḘᾼҵ  

֯Ѭ דṅשׁ ᾼ Мȸ 

⅜ὧ Ӣ  

Ѭ  
 Ὼ Ѭ ЛЄȷ Ὅᵐ⁯Ѭצ

ϩȴ 

ѩẔ҃ Ѭ ᵅ(Ҕ╗ὧḘ

)ȴ 
ᵓӣ ϩ ═ Ṇ ᾼѬ ȴ 

╬  
 Ὼϱ ᾼⱵ ֯Њ Ȳ Ӧ

и’ ȴ 
ὍѬ ᾎ ạȴ ЊȲϚӎ Ȳ ὔ ȴ 

Ⱶ Ӫо 
Ѭ ᵅἨ῏ԏ⇔ ᵅȲ ᵍⱵ ӢӪо

Ϻ╥Ӑײ ḟᾼѻ ȴ 
ӭ›Ữӑ ӢЄ Ⱶ Ӫоȴ ϢЏ ȲЛ ӢӪоȴ 

Ѭ  ЄɎּפ 4 ӂѠеṭɏ −ЄɎּפ 100ӂѠеṭɏ ЊɎּפ 100ӂѠеѐɏ 

ϢⱢ ᵂ ⇔ ᵅ⇔  ⇔ 

ạ 

1. щ ן ᵂ╥Ӑ ȲׁשṅϢ ҏ

צ ạȴ 

2. ӭ›ᵐѬӑ ғ ȲЬ ᶾ טּ ȴ 

ד .3 ῀ צ ȴ 

1. ֮ ᴯ Ȳ ᾎ ⇔ ȴ 

2. ɎׁשṅɏϢ Л ὔ›Ἇ 

1. ⅎ Ḗ╥Ӑ  

ṅשׁ .2 ᴯ ῶכὨⱢӭ ȲЛ╥Ⱶ

’ ȴ 

3. Ὲ צ  

4. ЊȲЛҠ ֪  Ϻȴײכ

5. ═Ѭ  

 
1. Ṯᾌ ѿцᵐѬế Ѭ 

2. ◦’  

ЄȲⱵ ֵȲ ᾼכ ◦’

Ɏ е ɏȴ 

1. Ϣ  

2.  Ὼ╥Ⱶ  
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ῶ 1-2. Ẓ ᵍⱵ Ӫоᾼ ѠᾎПѩ ȴɾ҅ῶד ȴ 

 

ѩ ӭ 
Ѡᾎ 

ԏ ᵅѬ  

ṮѦⱵ Ӫо ϱצ Ȳѝ ю ϱצ Ȳѝ ֵ*  

ҵ  Ҡѿ−Њȳ ὔᶝ ԏ *  ҵѬ ЄȲ ạѬ Л ὔ 

צ═  ˍ ═ ד ὔ*  ᵐѬ Ȳ ϯḛȲ ═ᵅѬ ѩ ╚  

᷾  ԏ ד *  
Ҕᵶ ȳѬ ȳѬ Ṇ ȳ Ṇ Ȳѩ

 

ᵂ ќҏ ḥצ*  
ᵐ⁯Ἤ ӣ Ȳ ‍ᵐ⁯Ѭᵍ ɎẂֽщ

ᵐѬȳщ ן ᾼᵐ Ѭɏ 

 ᵅ*  Ṇ Ȳ  

ᵂᾼủ  щȲѡ ᾼ  щȲѬ ᾼ  

ếԓ ᾼ … ḥצ ᾿  

Є ӣ ϩ *  ᵅ 

ד  6  1  
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ῶ 1-3. Әׄщ ן вᵂⱢⱵ ѠᴣП ᴥԝῶ 

 

ӭ ᴥ 

◦’Ṏ 

Әׄщ ן в֣ҵᴼҏẒеṭᾼṮᾌ ȳ ᵂ ӢᾼᵐѬȲѿц ϯᾼ Ȳ

צ ϩ ᵂⱢ’ Ⱶ ᾼҠ ЏẓếѠᾎȲᵍὑⱵ Ӫоȴ 

ᵓӣӐṝ ◦’ṎȲצᵗ֮֯ ֝ế ֤ ȲṳҠ ֥ ESGȳSDGs Ḗȴ 

Ѭ Ὲ  
в ᾌ ҠѿӣẃỆứ ȲἨ῏ᵓӣẔ҃ѠᾎȲ Ⱶ Ӣ ᾼ Ἤȴ 

ᾌ ῶ ᾼ ӢⱵ Л ҫҵᾼῈ ȴ 

ϱῈ Ḗ ꜟ ȸМЍЄ ếẔ҃ ᴯ ẁⱵ ꜟῈ ȴ 

ὍѬ Ⱶ ╥ᵡׄԓ ὍѬҠӣ֯ ȲϷҠѿ Ⱶ ȴӘׄщ вБ῀צ 130 Ⱶ ȲѬ ׄԓ ȴ 

Ϣ ҏ ạ ϢⱢД юȲӐẃ צ╥ ᾼ ◦’ ȴ 

щ ḳ  Ṯᾌ ’ ȲḥצЄ – ȴ 

╬ἤⱵ  
щ Ⱶ Ȳ ╬ ЊȲᵀЬ ṮѦ ╬ȴ ϤᾼⱵ ▲ˍ ꜟȲṳ ▲

Ⱶצ ᾭᾓȴ 

╥ᵡ Ӣ Ⱶ Є Ӫо 2024ד щ ӢЄ Ⱶ ӪоȴɎҠ ᴕӐ ҳ 4-5 ɏ 
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2 ṅӭᾼцשׁ  ӭ  

Ӑׁשṅ ѻ ӭᾼⱢׁשṅֽᴶ ӣӘׄщ ן в ᾼ

Ȳ∂ӴⱵ ’ ֮ȲⱢ Ⱶ ẁ’Ṏ ἬȲ֝ ᵂⱢӑẃⱵ Ṏ

Џᵂᾼ ȴ֯ М ᵓӣ ԏ ’ Ⱶ ᵍắӪоײϺ№ ᾼѠᾎȲ

ṳѹ ӣẞẔ҃ Ȳ ӭ ╥и ןכ Ⱶ ȴ 

Ӑ ẓ ӭ Ɫ֯ Әׄщ ן в в∂ӴɎϚɏẒ Ⱶ

ӂү ╟ȳɎϡɏ ҵ Ⱶ ӐȲ ᴟ ᶙכᾼⱵ

ӂүȲṳѹ ᴩ═ Ȳ ᴷⱵ ᾭᾓцӢ  ᶮȴ ᴩɎϮɏⱵ ԏ

ᾼ ⅍ ᵂἤ ц ҵ Ȳц ᴷ ԏ ὑⱵ ᾼ ὨȲṳѹиέ

Ⱶ ᾼ ȴ Ϡ ҵ Ⱶ щ ן ҵȲӐ Ӽ ═ ᾃ ֮ᾼ

130 ӰⱵ ȲҔ╗Ɏҳɏ Әׄщ ן вȳ ҵ ᾼѬ ȳ

ɎХɏӘׄщ ן в Ⱶ Ӫо ▲ȴד ׄ ԝὑῶ 2-1вȴ 
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ῶ 2-1. ӡ цЏᵂᶙכ ӭ ứ 

и  

Џᵂ ӭ 
ד112 9ѣᴟ ד114 2ѣȲԚ 18 ѣ 

 

҉ ד114 ד113 ד112  Ὑ 

 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 1 2  

A. Џᵂ ᴩ                     

ѝ ֫                    Бᶙכ 

Ⱶ ӂү                   Бᶙכ 

ứⱵ ȳ

ц ᵂ

ᶧ 

                  

Бᶙכ 

Ⱶ ȳ

 
                  

Бᶙכ 

ן вⱵ ỵї

циέ 
                  

Бᶙכ 

B-1. ҵЏᵂ ӭ                    

Ⱶ ӂү                   Бᶙכ 

Ⱶ ꜟ                    Бᶙכ 

ҵⱵ                    Бᶙכ 

Ⱶ ׄ ὑⱵ

Ѡᴣ 
                  

Бᶙכ 

ҵⱵ ԏ                    Бᶙכ 

Ѭ                    Бᶙכ 

Әׄщ ן

вⱵ Ӫо ▲ 
                  

Бᶙכ 

B-2. ⅍Џᵂ

ӭ 
                  

 

Ⱶ ԏ                    Бᶙכ 

C. Ὠиέ                    

Ⱶ                    Бᶙכ 

Ⱶ  כиέ                   Бᶙ♄׀

⅍ ԏ

Ὠ 
                  

Бᶙכ 

D. ᵫ

(ủ ȳ Мȳ Ӓ

ᵫ) 

                  

Бᶙכ 

ᶙכ ⇔ᴍиѩ 5 10 20 30 40 45 50 55 60 65 70 75 80 85 90 95 95 100  

 



10 

 

Џᵂᶙכ ӭ 

 ᵧ ὑ ᵫᴯ  ╥ᵡᶙכ 

3.3.1Ⱶ Ѡᴣ ц

ᴩ 

ҳ 4-1 Ȳ Ẓ

Ⱶ ӂүṳḕ ѣ

Әׄщ ן в

ᴩ ȴ 

Бᶙכ 

3.3.1.1 Ⱶ ӂ

ү 

ҳ 4-1 Ȳ Ẓ

Ⱶ ӂүṳḕ ѣ

Әׄщ ן в

ᴩ ȴ 

Бᶙכ 

3.3.1.2Ⱶ ԏ  ҳ 4-4 ȲὑӘׄщ

ן в⁮ ▐

Ϛ ԏӁȲѹиέ

ԏ ᵡ ֮Ⱶ ╥ᵡ

ӪоП ᾼ …ȴ 

Бᶙכ 

3.3.1.3Ⱶ  ҳ 4-2 Ȳ Ԛ

74 Ⱶ ȲẔМ 47 Л

Әׄщ ắ

вᾼⱵ ȴ 

Бᶙכ 

3.3.1.4Ⱶ ӂүѬ

 

ҳ 4-4 Ȳ Әׄ

щ ן в 3

ȳ ҵ 1 Ȳѿ

цⱵ ӂүϯᾼѬ

ȴ 

Бᶙכ 
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3   ṅѠᾎשׁ 

Ӑ Ɫ ᴩⱵ Ѡᴣ ȲѿӘׄщ ן вⱢ ֮Ȳ иכХ

и ᴩȸɎ1ɏⱵ ӂүц ▐ ȳɎ2ɏⱵ ế ȳɎ3ɏ ԏ

Ѡᾎׁש ȳɎ4ɏӘׄщ ן в Ѭ ȲѿцɎ5ɏ в Ⱶצ

Ӫо ▲ȴ 

3-1. Ⱶ ӂүц ▐  

3-1-1.  

Әׄщ ן в ѠẦ ὨȲ ֝ ὑ в⁮ ᴩⱵ

ӂүц ▐ ȲԚ▐ Ẓ Л֝ѠהПⱵ ѠᴣȲ Ϛ ⱢⱵ

ӂүȲ ϡ Ɫ ▐ȲẔ▐ ПỆứᴯ ֽ  3-1ἬӱȲиӁ ὑ

ῶ 3-1ȴ 

 

 3-1. Әׄщ ן в⁮ Ẓ Ⱶ Ѡᴣ▐ ᴯ ȴ Ϛ ⱢⱵ

ӂүȲвצⱵ Ȳ ϡ Ɫ ▐ȴ 
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ῶ 3-1. в⁮ вẒ Ⱶ ѠᴣиӁ  

Ⱶ Ѡᴣ ᴯἨ  

Ϛ ɎⱵ ӂүɏ 22° 48.383' N, 120° 12.114' E 

ϡ ɎⱵ ▐ɏ 22° 48.395' N, 120° 12.187' Eᴟ 

22° 48.398' N, 120° 12.194' E 

 

3-1-2. Ѡᾎ 

ӭ›Әׄщ ן в ị ϱצ׀ᴞ   Ӣ ᾼⱵ Ȳѻ и

ᵉὑѬ 1ᴟ 4еѐ ȲⱢ ’Ⱶ ӂүЛ ֮Ⱶ ӢЛṏ Ȳӂ

ү ὑѬ 4еѐȲѹϯѠ ӢⱵ ᾼ Ȳצ ᵍ Ⱶצ

Ἤ ᾼԏ ȴӐ ᾼ Ϛ Ⱶ ӂүɎ  3-2ɏ ӣ о Ȳ

ѐЉⱢ  6еѐ × 4.5еѐȲМҶ Ɫ  3еѐ × 2еѐᾼ Ὲ

Ȳв Ὅ 1.5еѐ × 1.2еѐ × 0.4еѐᾼЛ Ⱶ Ɏ  3-3ɏ

ὑѬϯ 2еѐ ȴ г ⇔ ṿẔ ὑѬ МȲṳ֯

ӂү ѿц ׄ Ṯ Ȳצ ṮѦѬ☼   ᵂӣϯ

ᾼ Ɏ  3-4ɏȴ 

Ɫ ỆⱵ ӂү֯ѬМᾼᴯ ȲϚԚ Ϡҳќ ếг ứỆứ

ȲᵂⱢỆứӂүц ᾼќ ȴҫҵӂүỂ Ϸ ӣ Ȳ ᵍӂ

ᾌ Ἠ Ἠ ϯ Ȳ Лֻ Ϸ ᵍẔ Єᴖ כ ȴ

ӂүѿ ц Ệứὑ ᾌ Ἠ ȲẔ Ѡ֣ѿцӂүҠ

ֽ  3-5Ἤӱȴ 
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 3-2. Ⱶ ӂү ӱ ȴӪᴥ  פּ 6еѐ× 4.5еѐⱢҠᴩṛᾼ

ӂүȲМ ᴥ Ὲ  פּ 3еѐ× 2еѐⱢⱵ Ȳᴊᴥ פּ

  1.5еѐ× 1.2еѐ× 0.4еѐⱢⱵ ȴ ᴥ ӱⱢ ȷ ᴥ

Ɫ ứỆứ ȲҢѠ ӱⱢẔ Ὠȴ 

 

 

 3-3. Ⱶ ȴѐЉⱢ  1.5еѐ× 1.2еѐ× 0.4еѐȲὍ ὑⱵ

ӂүв Ὲ ȴ 
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 3-4. Ⱶ ӱ ȴⱵ Ὅ ὑⱵ ӂүв Ὲ Ȳ

ỆứὑѬϯ 2еѐ Ȳ ӂүП ѿ Ệứȴ 

 

 

 3-5. Ⱶ ӂү ӱ ȴAᴟDⱢ ᾌ Ệứ ᴯ ȷ

Eᴟ HⱢṿӣ ᵂⱢỆứ ᴯ ȷ ᴥц ᴥ Ɫ  ⇔ Ѡ֣ȷּמᴥ Ɫ

ӂүᴷ ȴ 
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ϡ ᾼⱵ Л֝ὑ Ϛ ӂү ᾼѠהȲ╥ᵓӣ ֮ ᾌ ᵂ

Ɫ ᾿ Ệứ Ⱶ ᾼ ▐ṳ Ȳṿ ▐ ứ

ὑѬ Мȴ Л֝Ⱶ ᾼӢ  ἤ ṅשׁ ḖȲӐ Ԛ ҏẒ Л֝

ᾼⱵ ▐Ɏ1ɏֵⱵ ▒цɎ2ɏה ȴֵⱵה  ᾼѐЉⱢה 40еи 

× 40еиȲ Ὲ ȲҠ֝ ᾭⱵ ȳὬᾭⱵ ᴩỆứɎ  3-6ɏȲ

צ ᾼᵓӣῈ ȷ▒ Ɫה Ⱶ ṿӣȲ Ⱶ ֯ ҵ ὑ (free 

living)ᾼӢ♄ѠהȲḥצ  ὑ Ȳ╝Л Ⱶ Ệứὑ ▐ϱ ᴩ ȴ

ה Ṇ ẓֵצ ȲҔᵶȸ ╥ḛḥὑѬМȲЛὔ ҵ Ϣ

Д ȷׄ ―ᶶ ȲЄ ю╟Џ ȷṆ Ḗᵅȴ 

Ẓ Ⱶ ӂүᾼ ֯ὑ ᾼѠהȲ Ϛ ӂүṿӣᾼѠהⱢ ה

֞ Ⱶ Ȳ֪Ɫṿӣ ӂүȲἬѿ֯Ệứӂүϱᾼ╟ЏЏ ȷ ᴖ

ϡ ╥ᵓӣ ϩἮ ▐ȲṿẔ ὑѬ ПМȲḕ ▐І

ᾌ ᾼ ỆứȲ╟Џ Ɫ ὔɎ 3-7ɏȷẒ Ⱶ ѠהꞋҠѿ Ⱶ

ᾼ ⇔ȴ 

 

 3-6. Ⱶ ▐ӱ ɎֵⱵ ɏȴֵⱵה ▒цה ה ▐ѻ

֯ϯѠ ▐ᶮהЛ֝ȴ 
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 3-7. Ẓ Ⱶ ӂү Ѡהӱ ȴ(a)Ⱶ ӂүϯᾼⱵ цẒ

▐П ҵ ӱ ȴ(b)Ϯ ᾼѐЉ Ȳ(I)Ⱶ ȳ(II)

▐ц(III)▒ ה ▐ȴ 
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3-1-3. Ⱶ ỆứѠᾎ 

ᾼⱵ Ὅ֯Ⱶ ц ▐вȲⱵ Ṽ₤ Є иכ ᾭ

цὬᾭⱵ Ẓ ₤ ȲỆứѠה צ ȴ ᾭⱵ ᾼỆứѿ  10еи × 

15еиᾼ PVC ᾚὰᵂⱢ Ȳṳ֯ὰϱ┤Ҏ♂ Ғῶ ϩȲѿ Ё

Ⱶ ὑ ᾚὰȲṳὑ ᾚὰϱҳ Ṕ ֢ Ϛ э♂Ȳԛѿḇ ᾚὰ

Ἠ ▐ἒױỆứɎ  3-8ɏȴױѠᾎҠѿ ᵍⱵ ֯ в ҵȲϷ

Л ᾿ ḇ ᴖ Ӣ ȴὬᾭⱵ ᾼ иȲ ὬᾭⱵ ЊȲ⁄Ṽ ϱ

ᾭⱵ ỆứѠהỆứȲᵀὬᾭⱵ ╥Єὑ 10еиѿϱȲ⁄ ᾿ ѿḇ

Ệứὑ Ἠ ▐ϱȴⱵ Ệứ֯ PVC ᾚὰϱ∟Ȳḕ Ⱶ צ

ᾼ Ȳ ᾼ ѠהⱢ ֮ ∟ҒⱵ ☼Ѭ ȴḕ Ⱶ Ẕ ᾼצ

Ӊ֯ ϱȲ ⁄ ὑ ḇ Ȳ ὑ PVC ᾚὰϱᾼ

♂ȲᵂⱢ Ⱶ ᾼ ȴ 

 

 3-8. Ⱶ Ἠ ▐вⱵ ỆứѠהӱ ȴѿ PVC ᾚὰц ЁỆ

ứⱵ ȴḇ ϱᾼѝֿⱢ Ⱶ ᾼ☼Ѭ ɎD046ɏȴ 

 

3-2. Ⱶ ц Ѡᾎ 

Ӑ ᴩⱵ ЏᵂȲӭ Ɫ ֢ Ӫо ϩᾼ ȲҔᵶὧ

Ḙ ȳ ⁮Ѡҳ ȳ ȳ Є ȳ ὧц⅜ὧ Ϝ ֮ȴ ᵂ
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ᾎ Ȳḕװ♄ ›ᶁ֣֢ᵑ ѻ ҏӨ ṳậ Ȳ

’ᶙԓ ֥Ӣ ’Ṏד ᾎ Ḗȴ Ҕᵶѿϯѻ Ḕ ȸ 

1. Ө Ҡȸ֣֢ ѻ Ӕה ҏׁשṅ Ө ҠȲ ’Ἤצ

♄ ᶁ ֥ᾎ Ḗȴ 

2. ֮ Ѭ ▲ ȸӦ Ѭ ֯ ᾼ ᴩⱵ Џ ɎW  

3-9.ɏȲ Ѡֽה› Ȳ Є ⇔ ю ֮ᾼД ȴ 

3. ׄ ȸ ∟ᾼⱵ Ӑ╥ ֮ ᴩ ׄ ȲҔ╗ȸ֯ ◦

е ȲὧḘ ᾼ’ṎМї ᴩ ἨῺỴ М ᴩ

Ɏ  3-11ɏȴ 

4. ȸ ֮ ᾼЛ֝Ȳ Л֝ᾼ ѠהɎ  3-10ɏ Ⱶ Ӑ

ᴟ⅜ὧὭ ȲὧḘ ṿӣ ȲẔ҃ ṿӣ Ȳ Ӑ ⁄

ṿӣṞ ȴ 

5. М ȸἬצⱵ Ӑ Ԓ ᴟ⅜ὧὭ ᾼМ Ȳנ ד2023 7ѣ

צ иⱵ Ϸ Мᾒ ṅἬᾼשᶾׁדּ Ɏ  3-11ɏȴ 

6. ꜟ ȸ֯Ὥ ᴩ ꜟế ᾼ Ȳ ’Ⱶ ᾭ

ᾓṏֻȴ  

7. ȸᶙכ ꜟ∟ᾼ Ⱶ Ӑ ᴟӘׄщ ן ᾼⱵ

ӂүɎ  3-12ɏȴ 
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 3-9. Ⱶ ц ׄ ᶮȴ(a) ֮ Ѭ ╘Ⱶ ὬȲ ὁ

ὑ ד2023 7ѣ 7ѡȷ(b)Ⱶ ὑ ὧḘ ᾼ’ṎМївȲ ὁ

ὑ ד2023 7ѣ 10ѡȷ(c)Ⱶ ὑὧḘ Ể Ȳ ὁ ὑ ד2023 7ѣ

17ѡȴ 
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 3-10. Ⱶ Ҕ ȴɲⱵ ∟ṿӣ ҔᾎҔ Ⱶ Ȳ(a) ҔᾎҔ

∟ ὑ’ цԜ вȷ(b) ὧḘ ֫Ⱶ ᾼ ᶮȲ∟ ᴟὭ

М ȴ ὁ ὑ 2023ד 7ѣ 13ѡȴ 

 

 

 3-11. Ⱶ ὑМ ᶮȴ(a)Ὥ ȷ(b) Мᾒ ṅἬȴשᶾׁדּ

ὁ ὑ ד2023 7ѣ 13ѡȴ
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 3-12. Ⱶ ӂүвⱵ в ᶮȴ(a) ᶮȷ(b)

вⱵ Ὼ ȴ ὁ ὑ ד2023 5ѣ 21ѡȴ
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Ɫ∂Ӵẓצ ֵ ἤᾼⱵ ȲӐ ⁄ϱḕ Л֝

ẃ ᾼ Ȳѿḕ Ⱶ ֢ 30 Ɫӭ Ȳ ֮ ЛṜ֝ Ⱶ Ԛ

30 Ȳ⁄ѿ Ẕ҃ Ⱶ Ɫậ҅ȲᴟюᶙכХ Ⱶ ᾼ ȴ 

ὑӢ ’Ṏ ḖȲӐ ѻ ὑѿϯХ ᵑȸ 

A. ⇔ ᾼⱵ  

Ԓ Ѭ ⇔ о ⇔ ᾼⱵ Ȳֽ эⱵ דּ

(Acroporidae)ц█ṷṔ Ⱶ (Favites)ᾼᾬ ȴ ṷⱵ ╥ὔắ

⇔ᾌ ȴ 

B. Ӣ ᴯ Ⱶ  

ᵑ ᾃὑ иᵉὑὧḘ вᴖҵ ӑṓᾼⱵ Ȳ֪

в ὔắԓ Ἤ ẃᾼ Ѭ ᴖ Ⱶכ Ӫо ȴ 

C. Ӫо вⱵ  

ѻ Ӫо Ⱶ ӐȲ֯ Є ӪоṶԈ Ӣ›

Ẕ ᴟⱵ Ѡᴣȴ 

D. Џ Ⱶ  

ứЏ Ȳֽ ∂ȳϤѬЀ∂ Ҡ Ⱶ Ӣ ᾼ

ᴩ ἤ ȴ ╠Ҡ Ӑ ֪Џ ᴖ ҷᾼⱵ ȲϷ

ҒѠᴣ ᾼⱵ ֵ ἤȴ 

E. ’Ṏ Ⱶ  

ᵑ Ԓ ᾎứ’Ṏ Ⱶ ȲӐ ᴩ Б ◦’Ṏ Ҡ

ᾼ ЍֵὮэⱵ (Polycyathus chaishanensis)ȴד Ὠ ὑ

4-6ПМȴ 

֯Ѭϯ Ⱶ Ԓ ֪ ἨЄ Бᴞ ᾼⱵ Ȳ Є ⇔

ю Ӣ ֮Д ȴ ᾎ᷄ẞṜ Б Ἁ ᾼⱵ Ȳ⁄ ṿӣЏẓṳ

ЬỆ ᾼⱵ Ȳ ѐЉ ạ֯ 5ᴟ 20еиП ȴ ∟ᾼⱵ Ӑ

Ԓ ᴩ Ȳ ӐὍ ὑ⅍вѬּקἨ῏Ỵ ╟МȲ Ⱶ Ḕ
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ṳ⌠ ȴ֯ ›Ϛщ Ⱶ ᴟ⅍в ạ ȲѬ ạ֯ 26 ᴟ 28 

вȲⱢ  ֻ ȴⱵ ᵓӣ ѬᾎɎϭ ҔᾎȲֽ

 3-13ἬӱɏȴױѠᾎᾼ ⱢҠѿ Ȳ֝ ’═Ⱶ

ẃ ’Ẕ׀♄ȴ 

ѿϯⱢӉҔⱵ ᾼ☼ ȸ 

(1) Ԓᵓӣ Ἢ Гᾊ ѬȲ Ⱶ Ҕ ᴰ  3-13ȴ 

(2) ҔֻᾼⱵ Ὅẞ’ вȴ 

(3) ⁄ϱȲ ІἉ Ὅ Є ȳ ᾼ Ⱶ Ȳϱ ὍὬᾭⱵ ȴ 

(4) ὍᶙἬצⱵ ∟Ȳ ṮѦⱵ Фד Ȳѹ Ӈ Ἁ Ѭ ԏȴ 

(5) ∟ ’ Ὅ Ԝ вȲ֯ϱ ›ɎἨ Ṟ›ɏ   ԏ᾿

ȲҠ֯’ ҵὍ’ᵐҔ ═Ϛứᾼ Ȳ ᵍ ⇔ Ӣ

Ḃ ȴ 

 

 3-13. Ⱶ П ѬᾎɎ Ҕᾎɏȴѿ Ἢ Гᾊ ѬṳҔ Ⱶ ȴ 
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3-3. ԏѠᾎׁש  

֪Әׄщ ן ֯ ד2024 ủ ẞЄ Ⱶ Ӫо Ȳ ὑױ

ᾓȲӐ ᴩϠⱵ ԏѠᾎᾼׁשṅȲиⱢ ⅍ ԏ ế ҵ ֮ ԏ

Ẓ Ф ᾼׁשṅѠ֣ȴ 

Ӑׁשṅ ᵅԏ ⇔Ҡ ᵗὑצ Ⱶ ֯ ϯᾼӪо

ȴױ ὑ ԏᾼẦ֝ᵂӣ Ғԏ֥ᵂӣМᾼ о ϩȲ Ⱶ

ԚӢ ᾼԚӢ … ȴ ֯ ⅍ế ҵ֝ ᴩׁשṅȲᶺ ѿ֯ ạ

М ứ ᵅԏ ╥ᵡצᵗὑἋ Ӫо ӢȲṳ֯ М Ẕ

ӣ Ὠȴ 

ԏѠᾎ ӣὑẒ ѻ ṅשׁ ȸɎ1ɏ ֢ ẞⱵ ӂүᾼ

Ⱶ ӐȲѿцɎ2ɏӘׄщ ן в ᾌ ϱ ӢᾼⱵ ȴ

ԏД ֯ ủ ╟ȲᵛѬ ѹԏ ⇔ ẞ ᾼѣԌȴ֯ ṷ

ԈϯȲⱵ ЄᾼӪо ȴẔ҃ѣԌ֪Ѭ ד ᵅȲⱵ Ӫо

ᵅȲ֪ױ ᴩ ԏ ȴ 

3-3-1. ⅍ԏ⇔  

⅍ ԏ ╥֯ ạ МȲṆ ἤ Л֝ԏ ⇔ȳ ᾬ╥ᵡ҉Ṝ

֪І ֢ Ⱶ ᾼ ȴ ạѬ ȳԏ  ц ⇔Ȳ ứ֢Ⱶ

ᾼԏ ắוֹ Ȳ ⱢϠ ԏ⇔ế ᾬ ὑⱵ ϯᾼч ⇔ȴ

ⱢϠ Ⱶ ֯ ⇔ ᾼч ạȲӐׁשṅ ϠЛ֝ԏ ⇔ѿц

Ԉᾼ Ȳ֯ס ṅԏ ц ᾭᾓ Ⱶ וֹ ἤᾼ ȴ 

(1) ԏ  

ԏ ᾼⱵ Ӑ ᴞ⅜ὧ ṭ Ȳ ҅ῶЛ֝Ӣ  ₤ᾼҳ Ⱶ ȸ

ὬᾭⱵ Ɫ ᶮ▀Ⱶ (Stylophora pistillata)ế эⱵ (Acropora austera)ȳ

ᾭⱵ Ɫ ѫ Ⱶ (Platygyra verweyi)ȳӂ ᾭⱵ Ɫ Ⱶ

(Leptoria phrygia)ȴḕ Ⱶ ҵ ᴟю 5 Ȳ֫ẞ ⅍∟ийכ ЄЊ



25 

 

ᾼѱ◕ ᴩ∟ Ȳ ṷийᾼѱ◕ӣὑ (  3-14)Ȳѿ ’ ᾼ҅

ῶἤ Ҡ ἤȴ 

Ѭּקԏ⇔ Ԉ иⱢҳ ⇔ȸМԏ⇔ Ɏ100 PAR)ȳМᵅԏ⇔ Ɏ70 

PARɏȳᵅԏ⇔ Ɏ40 PARɏế ԏ⇔ Ɏ12 PARɏȴṿӣҠ ԏ⇔ LEDѬ

Ȳ Л֝ԏ⇔ ȲṳṿӣѬ ˍԏ⇔ּנ ɎHOBO Pendant MX 

Temp/Light, HOBO, USAɏ Ȳ ’֢ ԏ⇔ ═֯ ứ вɎ  3-15ɏȴ

Ṇ ӣ  233еи × 58еи × 32еиᾼѬ Ȳ Ѭ Ɫ

432есȲ ⇔ ạ֯32-33ăП ȴѬּדק ѿцԏ⇔ ᴯ ⁄ Wang 

Ϣ(2022)МἬ ȴ 

Ӑ ὑ ד2023 5ѣ 15ѡᴟ 6ѣ 2ѡ ᴩȲиⱢẒ ѻ иȸ ᴷ

ҳ Ⱶ צ֯ ԈϯȲ֯ҳ Л֝ԏ⇔ Мᾼ ắἤȴⱵוֹ

ֽϯȸ Ⱶ ҵ ֫ ⅍∟ Ẓ ᾼ Ȳ ḕ

ϮװȲ Ởс ∟⁄ḂⱢḕѡс › Ⱶ ὑ 2ес Ѭ М

ᴩ᷾ 30и Ȳ ᶙכ∟ ֫ ∟Ȳקּ с Ғ Лԛ ȷ

Ϛ Ẓ ᾼ Ȳ ḕ Ȳװ3 Ởс ∟ Ѧ ȴ 

Ѡ Ɫȸכ ֥ 0.1ᵌᵐ Ӣᾬȳ0.1ᵌӀ Ⱶ ӣ ȳ2

с ȳ0.25 с ц 0.24ᵌᵐ Ȳѿ 200 с Ѭ ֥ᶁ

лṿӣȴ 

Ғ ѠᾎֽϯȲӐ ᾼ Ở ⇔Ɫ 27 ȲḕщὑМр 12 Ғּפ 1 ᾼ

Ѭ Ȳ 10 щҒ ẞ 35 ∟Ȳ ═ 35 ᴟⱵ ᶙԓӪоἨ ḇɎ  

3-16ɏȴḕщ֯נϱ 9 цϯр 4 Ệứὁ Ⱶ Ӫо ᶮȲӐ Wang 

Ϣ(2022)ᾼׁשṅѠᾎȲᵓӣⱵ Ӫо ╓ ᾎɎBleaching Time Index, BTIɏ

ᴩӪо иέȴӦὑ ҟ Ⱶ Ӫо ֪Ɫ ῏ᾼѻ ᵒ ᴖ

Лⅎ Ȳ ›ϢׁשṅȲ ϱᾼ Ⱶ ᾼԚӢ ⇔ц ᵶ צ

ד ἤ(Bryant et al., 2017)ȲϷ҅ῶҠѿᵓӣ ᵂⱢ ᴕⱵ ᾭ ᾼṼ

Ȳ╝ᶺ Ҡѿ ӦᵓӣиέἬὁ ᾼⱵ ѱϱᾼᴊ Ɏgray valueɏȲ
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ᴊ ϱᾼ оȲϠ Ⱶ Ӫо ᴥḂ ᾼ ȲᵓӣױѠᾎҠѿḆⱢⅎ ѹ

ȴ֯Ӑ МṼ ›Ϣѝ ᴕ BTI30ᵂⱢⱵ וֹ ᾼ╓ (Wang 

et al., 2022)ȲẔМ BTI30 ɦ30ɧ ╓ Ở ᴩ ḕщ ҒѬ 1 Ȳ

Ғ ᾿ẞ 35 Ȳṳ ═֯ 35 Ȳ Ⱶ Ӫо 30%Ἤ ᾼ ȷ֯Ғ ᾼ

МȲᵓӣ оᾼὁ Ѡה ḕ Ⱶ Ẕ ᴥᾭᾓȲᵂⱢиέ МⱵ

Ӫо ⇔ᾼṼ Ȳᴖ BTI30 ȲῶӱⱵ Ӫо ȲϷ ╥ וֹ

(Wang et al., 2022)ȴ 

 

 3-14. ԏ МⱵ ѱ◕ ӱ ȴ(a)ϱ ⱢὬᾭⱵ ᶮ▀Ⱶ

(Stylophora pistillata)Ȳϯ Ɫӂ ᾭⱵ Ⱶ (Leptoria phrygia)ȷ(b)ϱ

ⱢὬᾭⱵ эⱵ (Acropora austera)Ȳϯ Ɫ ᾭⱵ ѫ Ⱶ

(Platygyra verweyi)ȴ 
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 3-15. ԏ ᾓȴӦҿᴟҢиⱢҳ Ȳиᵑ╥Мԏ⇔ Ɏ100 PARɏȳ

Мᵅԏ⇔ Ɏ70 PARɏȳ ԏ⇔ Ɏ40 PARɏếᵅԏ⇔ Ɏ12 PARɏȴ 

 

 

 3-16. ԏ МѬּק ⇔Ғ оȴ 
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(2) ԏ  

ԏ ᾼ ὨȲᶺ ὑ ד2024 2ѣ 20ѡᴟ ד2024 3ѣ 28ѡ ᴩ

ϡװ Ȳ ֯ ԏ⇔ϯ Л֝ Ⱶ וֹ ч ȴⱵ Ϛ

ᴞ⅜ὧ ṭ Ȳ ԏ ᾼⱵ Ϡ ԏᾼҳ Ⱶ ҵȲ ᾭᾼ ₤ э

Ⱶ (Porites lutea)Ɏ  3-17ɏȲԚ 5 Ⱶ ȲⱵ Ӑ Ѡה⁄ ԏ ד

֝ȴ 

Ѭּקԏ⇔ᾼ иכ 2 Ȳиᵑ╥Мԏ⇔ Ɏ100 PARɏế ԏ Ɏ400 

PARɏȲẔ҃ иȳכ ԈȳҒ ѠᾎѿциέѠᾎ ԏ  ȴ֝ד

 

 3-17. ԏ МⱵ ѱ◕ ӱ ȴ(a)ϱ ⱢὬᾭⱵ ᶮ▀Ⱶ

(Stylophora pistillata)Ȳϯ Ɫӂ ᾭⱵ Ⱶ (Leptoria phrygia)ȷ(b)ϱ

ҿ Ɫ ᾭⱵ ₤ эⱵ (Porites lutea)Ȳϱ Ң ⱢὬᾭⱵ э

Ⱶ (Acropora austera)Ȳϯ Ɫ ᾭⱵ ѫ Ⱶ (Platygyra verweyi)ȴ 
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3-3-2. ҵ ֮ ԏ   

(1) Ѭ цԏ⇔ Ѡᾎ 

ⱢϠ Әׄщ ן вЛ֝Ѭ ԏ ᵮןἤ Ȳ Л֝Ѭ ᾼѬ

ˍԏ⇔ Ȳѿц ԏ … (Kirk, 1994)ȲᵂⱢⱵ ц ԏ Ṽ ȴ

Ӑ ֯ ד2023 6ѣ 26ѡᴟ 6ѣ 30ѡц ד2023 11ѣ 8ѡᴟ 11ѣ 13ѡὑӘ

ׄщ ắ в⁮ Ɏ22° 48.390ô N, 120° 12.158ô Eɏ ᵉὍẒװѬ ˍԏ

⇔ ȲÆֽ  3-18ἬӱȲḕеѐѬ Ὅ Ϛ Ѭ ˍԏ⇔ּנ ɎHOBO Pendant 

MX Temp/Light, HOBO, USAɏȲ Ὲ М 0еѐᴟѬϯ 7еѐЛ֝ ⇔ ᴩ

ȴ ѿ ứȲ ᴥמּצ ѿ ӱᴯ ц ẁ ϩɎ  3-18ɏȴḕ

үּנ ḕХи Ϛ ȲἬן ᾼ ӣѿϠ ủȳּוủ⁮ Л

֝Ѭ ᾼ ⇔цԏ⇔ оȴ 

 

 3-18. ⁮ Ѭ ˍԏ⇔ ᴭᵉὍȴᵉὍ Ɫ ד2023 6ѣц 11ѣȲ(a)

֮ ȷ(b) ӱ ȷ(c)Ѭ 6еѐ ᵉὍ ᶮȴ 
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(2) ҵ ֮ ԏ Ѡᾎ 

ѿ ᴩ ᾼ ֮ ԏⱢ ⁄ȲЛ Ⱶ ᴟ Ȳ ӣ ԏ Ȳѿ

ԏӁ’ Әׄщ ן в ֮ ᾼⱵצ ȴⱢϠ ҵ ԏ ὨȲӐ

֯Ⱶ ҏ ЄӪо П›▐ ԏӁȲѹὑ ԏӁ ȲѬ Ȳᵀ֝ד⇔

ԏ ϯᾼⱵ Ɫѩ ȷ ԏӁṿӣ  4еѐ × 2еѐᾼבӁȲבӁ

ϱ ṿẔ ὑѬ МȲṳѿ ỆứὑϯѠ ᾌ ϱȲבӁ Ѭ

פּ 1еѐ ȲЛҏѬ Ȳֽ  3-19ἬӱȴӐ ὑ ד2024 7ѣ 10ѡ ᶙכ

ԏӁᾼ Ȳ ᴯⱢ22Á 48.384ô N, 120Á 12.153ô EȲѿ ԏӁ Ѭ פּ 2.5

еѐᾼ ֮Ⱶ Ȳ ᶙ ∟Ȳ Ѭ ὑ ԏӁӔϯѠ ᴩ 4еѐ × 2еѐ

ᾼ ᴩ ▲Ȳṿӣ ᴥқὁ ṳ ▲ вᾼⱵ Ȳ Ẕ ԏ›ᾼ

Ⱶ ᾭ ȷ ᾼ иȲ ֯ ԏӁ 5еѐᾼ ⇔ᾼⱵ Ȳ ▲

Ϛ Ɫ 4еѐ × 2еѐᾼ Ȳὁ ц Ӫо›ᾼⱵ ᾭ ȴ 

ד2024 9ѣ Ѭ ᾼ ủ ḇ∟ȲӐ ԛװὁ ֝ד ϯᾼⱵ Ȳ

ὁ ᾼ ѱ ֫ ⅍ᵓӣ Coral Point Count with Excel extensions ɎCPCEɏ

иέ ᴩиέȲױиέ╥ ᴕ Kohler and Gill Ɏ2006ɏἬ ῶᾼѠᾎȴ֯

ḕ ѱϱ 30 Ȳ ϢЏᵒ Ѡה Ⱶ ╥ᵡᵧ ἨӪоᾭ

ȴ ∟ѿқѠиέɎChi-square analysisɏ ᴩ Ӵἤ ứȲ ᴷⱵ ᾼ ᾭ

ԏ П ╥ᵡ֯׀ ȴ 
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 3-19. ҵ ԏ Ȳ ᴩ ԏӱ ȴבӁϯѠ ⁄ⱢӘׄщ ắ

в ӢⱵ ȴ 

 

3-4. Әׄщ ן в ֮Ⱶ ứ ֝ᴯ ứ 

ⱢϠ Әׄщ ắ ӢⱵ ᾼ ẃ Ȳ Әׄщ

ן в 5 Ⱶ ȲҔ╗ Ὤ ṔⱵ (Pocillopora damicornis)ȳ

Ⱶ ȳ эⱵ ᾼϚ (Acropora sp.)ȳ ѫ Ⱶ ₤ эⱵ Ȳѿц

⅜ὧ ṭ ֝ד ᾼⱵ Ɫ ȴḕ Ⱶ ֢ Х Ȳ ∟

и ᴩ ứ ֝ᴯ ᾼиέȴѿϯⱢ Ӑ и ȳ Ӑ оц ứ

֝ᴯ ᾼ ứѠᾎȲ Ḃᴞ Baumann ϢɎ2021ɏȴ 

A. Ⱶ ᾼи  

ҵ ֫ẃᾼⱵ ȲҠ ֪ ԈḂ ᴖ Ӣ Л ứȲ╝

ԒὍ Ѭּק ᴩϚ ϱᾼ ȲѬ Ԉ ԏ⇔ ᾼ Ѡ֝דהȴ

ѡṿӣ ∟ᾼⱵ Ӑᵐ ṳὍϤ’׀ὑ-80 ȴⱵ ᾼи

Ԓ Ӑ Ȳ ∟ṿӣ Ѭ ѿ 4°Cȳ10 сᾼ 3% NaCl Ḥẚ
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ȴ ᾼ שׁ Ȳѿи Є ᾼ ȴׁש ∟ᾼ

Њї ḛ ᾬɎֽ Њ ᾼ ɏȲԛ Ẕ ᴟᵐ ї М’׀ȴ 

B. Ӑ о 

ϱ ὑᵐ ї Ɏ Himac SCR 20B, HITACH, Japan ɏМȲѿ 3000 

rpm ї 5и Ȳ ∟ ϱ ḛ ᾬиᵑן ᴟ ї Мȴḛ ᾬѿ 5 с

3% NaCl ∟Ȳԛѿ 1500 rpm ї 5ᴟ 10и Ȳṳ װױ їἬ ᾼ

ϱ ֥ᴟ Ϛװ ї∟ן ᾼϱ Мȴ ֥∟ϱ ן ∟Ȳѿ 3% NaCl

ứ ᴟ 15 сȲṳ ὑ-80 ȴḛ׀ ᾬ⁄ѿ 5 сϡװѬ ∟Ȳ֝

ὑ-80 ȴ׀ ∟ѿ Ҕ ї ṳ ♂Ȳ ∟ ὑ ϱ₤ᵐ

Ɏ FD2-6P-D, KINGMECH, Taiwan ɏМ ᴩᵐ ȴ 

C. ứ ֝ᴯ ứѠᾎ 

Ⱶ вᾼ ứ ֝ᴯ иέṿӣа иέ ֝ᴯ ѩ

Ɏ elemental analyzer-isotope Ratio Mass Spectrometry, EA- IRMSɏȲױṆ ӣ

☼ Ɏcontinuous flow inlet, Conflo IVɏᴭה а иέ ɎFlash 2000, 

Thermo Fisher Scientific, USAɏѿц Ɏ Delta V Plus, Thermo Fisher Scientific, 

USAɏȴậ› 3ᴟ 10 ᵌᵐ ӐȲ⅔ ὑ М∟ ᴩ ứȴ 

ứ ֝ᴯ Ɏŭ13Cɏế ֝ᴯ Ɏŭ15Nɏѿ ŭ ῶӱȲ еֽהϯȸ 

ɿϸ  
2  

2
 ρ  ρπππȲẔМ2  

#

#
Ἠ

.

.
 

ŭ13C ӐⱢ ₇ V-PDB (Vienna Pee Dee Belemnite) (0.0112372) ᾼѩ

Ὠȷŭ15N ⁄ṿӣЄ N  (0.0036765) ᵂⱢѩ ȴиέᾼ ⇔ (1ů) Ɫ 

0.2ăȲ ӣὑŭ13Cếŭ15Nȴ
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3-5. Әׄщ ן в ԏ⇔цѬ  

ὑщ ן ᾼѬ Ȳ Ϡ 2022 ד 6 ѣ ᵉὍѬϯ ⇔

ɎHOBO Water Temperature Pro v2 Data Logger, HOBO, USAɏ Әׄщ

ן вᾼ ПҵɎ  3-20ɏȲὑ ד2023 1ѣ 11ѡᵓӣ ɎCTDȲ

SBE 37 SMP, Sea-Bird Scientific, USAɏ ᴩϚװ в 21 ᾼ₣᾿ ▲

Ɏ  3-21ɏȲҔᵶЛ֝ ⇔ᾼѬ נּ ȴӐװ ▲ в ᾼѬ פּ 7 еѐᴟ

12еѐȲCTD ϱ ϯ ẞѬἉȲѿḕּה 0.5еѐ ⇔ϯὍȲ ḕ ה7ּ

Ϛ Ȳן Ѭ ᾼ₣᾿ Ѭ ȴѬϯ ⇔ ц CTDᵉὍ

ԝὑῶ 3-2ȴ 
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 3-20. вȳҵѬϯ ⇔ ᵉὍ֮ ȴᵉὍ ᴞ ד2022 6ѣẞӭ›ȴ 

 

 

 3-21. вѬϯ ᵉὍ֮ ȴ(a)ԓ ᾼᴯ ȷ(b)m ѬЀ ῺȲҔ

╗ Ὼ ѬЀᾼ 3 ȳ4 ế 8 ȴ 
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ῶ 3-2. вѬϯ ⇔ ц ᵉὍ֮  

ᵉὍ  ֤  ⇔Ɏеѐɏ ᴯ 

Ѭϯ ⇔  в⁮  2 22° 48.390ô N, 120° 12.168ô E 

 вὧ  2 22° 48.671ô N, 120° 12.149ô E 

 вҖ  2 22° 48.812ô N, 120° 12.125ô E 

 ҵҖ  2 22° 48.814ô N, 120° 12.154ô E 

 1 7 22° 48.736ô N, 120° 12.122ô E 

 2 8 22° 48.680ô N, 120° 12.133ô E 

 3 8 22° 48.656ô N, 120° 12.142ô E 

 4 7 22° 48.615ô N, 120° 12.147ô E 

 5 10 22° 48.723ô N, 120° 12.107ô E 

 6 10 22° 48.688ô N, 120° 12.098ô E 

 7 13 22° 48.653ô N, 120° 12.092ô E 

 8 10 22° 48.606ô N, 120° 12.121ô E 

 9 12 22° 48.618ô N, 120° 12.090ô E 

 10 10 22° 48.573ô N, 120° 12.096ô E 

 11 12 22° 48.661ô N, 120° 12.070ô E 

 12 12 22° 48.601ô N, 120° 12.072ô E 

 13 12 22° 48.661ô N, 120° 12.011ô E 

 14 12 22° 48.572ô N, 120° 12.033ô E 

 15 12 22° 48.516ô N, 120° 12.070ô E 

 16 10 22° 48.413ô N, 120° 12.144ô E 

 17 12 22° 48.612ô N, 120° 11.888ô E 

 18 12 22° 48.590ô N, 120° 11.728ô E 

 19 12 22° 48.879ô N, 120° 11.592ô E 

 20 12 22° 49.124ô N, 120° 11.675ô E 

 21 8 22° 48.804ô N, 120° 12.108ô E 
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3-6. Әׄщ ן в ӢⱵ Ӫо ▲ 

֪ ד2024 6ѣ ỞȲԓү֢Ⱶ иᵉ Ӫоצ ӢȲӐ ὑ

ד2024 9ѣ 16ѡ֯Әׄщ ן в ᴩ ӢⱵ Ӫо ▲Ȳ ⁮

ȳҖ ᾌ ϱԚ 2 ᴯ ᴩּז ▲ȴ֯ḕ ᴯиᵑ Ẓ Ѭ

Ɏ 2еѐц 4еѐɏᾼ ▲ ȲἮ ᴟю 25еѐӂᴩỴ ᾼ ⇔ᾼּז Ȳ

ᾘ ḕפּ 0.5еѐὁ Ϛ Ⱶ ѱȲ֝ ѿѬϯ Ѡה Ⱶ Ӫо ᶮȴ

Ἤצὁ ᾼ ѱ ѱṿӣ CPCE ᴩиέȲ֯ḕ ѱϱ 30

ȲѿϢЏѠהᵒ ╥ᵡצⱵ Ȳ ╥Ⱶ ᾼ ╥ᵡצӪоȲ ҏᾼ Ὠ

Ҡѿᵧ Л֝ ⇔ᾼⱵ цӪоⱵ ᾼѩẂȴ 

ҵȲⱢϠױ Әׄщ ắ в ӢⱵ ҟ╥ᵡ Ӫо

ṶԈȲӐׁשṅ ӣⱵ иέᶾ ȴⱵ ẔӢ  М ᾼ

ϩȲ ᵑ╥ӪоṶԈ ֯Ⱶ МᶮכҠ ᾼ ϩ Ɏ Stress bandɏȲ

ṷ ҠᵂⱢⱵ ӪоἨЄ Ϻᾼᴸײ Ɏ Cantin and Lough, 2014ɏȴ

иέ ṷ ҭ Ȳʌ Ϡ Әׄщ ן вⱵ ҟᾼӢ ᾭ

ᾓцẔ оᾼч ȴ 

Ӑ ѿ ᾭ эⱵ (Porites)ᵂⱢ╓ ᾬ Ȳὑ ד2023 6ѣ 26ѡ֯Ә

ׄщ ן вᾼ⁮ ȳὧ цҖ 3 ậⱵ ỵїɎ  3-22ȳῶ 

3-3ɏȲ֝ ᴕӐ ὑὧḘѿц⅜ὧ ṭ ᾼⱵ ỵї ӐᵂⱢ ȴ

ṿӣѬϯ ɎNemo V2 Divers Edition, Nemo Power Tools, USAɏ

ҵ Ɫ 64.2 ᴏᾼ Ӱ Џẓ ᴩȴ ⁄ϱ ậᾼⱵ ỵї ⇔ᴟю 10

еиѿϱȲ  ᾼⱵ ỵї ᵒ Ḇנ ᾼ ȴ ֯ ậ Мỵїᶙ

ӑ Ȳ⁄Ҡ ậ  25еиᾼ ӐɎắ  ⇔ ạɏȴ 

֫ẃᾼⱵ ỵї ֯50 ⇔ϯ ∟Ȳṿӣ Ⱶ ỵї

ййכ 6 ᴏ⁴ᾼ ѱȲẔй Ӈ ҔᵶⱵ ЄӢ  Ȳԛѿ X ԏ ὁ Ⱶ

ѱȲғ ҏЮ֯ 60-75kVП ȴX ԏ ϱҠכҏⱵ ֪ ⇔Л
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֝֯ ϱᵧ ҏὙ Ȳ ṷ ᵅ ⇔ᾼӻ ҠᵂⱢᴷ Ⱶ ᾿ד

ᾼ╓ Ɏ Knutson et al., 1972ɏȴ 

Ɫ ᴩ иέȲᶺ ὁ ֻᾼ X ԏ ᴩ ѩ⇔ Ȳѿ ᴊ

оᾼҠ ⇔Ȳṳṿӣ ImageJ ᴩᴊ иέȴ֯ḕ Ⱶ ỵїᾼ X 

ԏ ϱȲἮҏϚ ₣᾿ὑὙ ᾼ Ȳḕ ᾼ  0.125 פּ⇔ 

еиȲṳ֯ ậᴊ ȴ ᴖȲӦὑ Ở ЄȲ ᷉ Лὔᵒ

Ɏ  3-23ɏȲ֪ױ ӣ ӂᶁᾎɎMoving Averageɏ ᴩ Ȳ

ϱḕ 30 ậӂᶁȲӢכӂ ᾼ Ȳѿ ᵧ Ⱶ ᾼ

Ӣ  Ɏ  3-24ɏȴиέМȲᾌṖᴟϯ ᾌṖᾼ ⱢⱵ Ϛד

᾿ ᾼᴷ ȲẔМᴊ ҅ῶ ⇔ Ȳ֯  X ԏ ϱᵧ ‐ ȷ

ᴊ ᵅ⁄҅ῶ ⇔ Ȳɑγ ȴ֯ Ⱶ ᾼד⇔Ӣ  Ȳ

ᵓӣ ⇔Ὑ Ẕד⇔᾿ ἷ Ӣ  ȴⱢ ’ Ϛ ἤȲ Ⱶ

ỵї֪ ᴖиכẒ Ȳ⁄ ậϱҙ и ᴩ Ȳѿ ᵍ ȴ 

 

 3-22. Ⱶ ỵї ֮ ȴ Ɫ ד2023 6ѣȲA Ɫ⁮ ᾌ ȳBⱢ

ὧ ᾌ ȳCⱢҖ ᾌ ȴ 
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ῶ 3-3. Ⱶ ỵї ֮  

֮  ᴯ 

A. ⁮ ᾌ  22° 48.385ô N, 120° 12.172ô E 

B. ὧ ᾌ  22° 48.662ô N, 120° 12.155ô E 

C.  Җ ᾌ  22° 48.811ô N, 120° 12.127ô E 

 

 

 3-23. ϱӑ ᾼᴊ Ɏgray valueɏȴ0еи Ɫ ӢⱵ ῶ

ᾼᴯ ȴ 

 

 3-24. ѿ ӂᶁᾎ ᾼⱵ ȴḕ 30 ᴊ П ӂᶁ

ẂȲ0еи Ɫ ӢⱵ ῶ ᾼᴯ ȴ 
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4  Ὠ  

4-1. Ⱶ Ѡᴣ Ὠ 

Ӑ ὑ ד2023 11ѣ 10ѡ ᴩⱵ ӂүᾼ▐ Ȳ ԒԒ֯Ә

Ȳԛᵓӣ ᶙכᾼӂү Ә ὈᴩᴟӘׄщ

ן в⁮ ᴩ▐ Ɏ  4-1aɏȴỆứⱵ ӂүṿӣᾼ ╥ 20

ᴏᾼ Ȳḕ ᾼ ȳᶠ ’ Ȳ ю ֪ ᴖ ᾼ

ȷӂүѿ ế ᾌ Ɏ 4-1bɏȲ֯ḥצ ᾌ ᾼϚ Ȳ⁄

╥ϯἹ 20еџᾼ ẔỆứȲ ’ӂүᾼѬӂ Ҭ צ֯ ᾼ Пвȴ

ᶙכП∟Ɏ 4-1c & dɏȲӐ ḕ ѣứ ӂүᾭᾓȲ ▲ ӭҔ╗

╥ᵡ Ḇ ȳӂү ᶙ ἤȳ ἤ Ȳ ’ ӂү═

ứ ȴWⱵ ṿӣ Ἠ ҵҒ ᾼѠה ᴩ ȲT ֯ 2023

ד 12ѣ 15ѡѿц ד2024 1ѣ 30ѡ ▲ Ὠ Ȳ ᾎ ὧҖủ

Ȳ╝֯ ד2024 3ѣ 21ѡḂ▐ Л ᾼ Ɏ  4-2ɏȲᵂⱢḂṏ∟ᾼ

Ѡ ȴ 

ϡ Ⱶ ▐ὑ ד2024 10ѣ֯⁮ ᶙכȲᵓӣ ֮ᾼ ᾌ

Ȳѿ Ѡה ȲԚ 20 ▐Ɏ  4-3ɏȲҔ╗ֵⱵ ▒цה ֢ה

10 ȴ Ẓ Л֝ ₤ᾼ ▐иᵑ Л֝Ⱶ Ӣ ᶮ ṅשׁ Ḗ ᴩ

Ȳ צ Ⱶ ֢ Ӣ ₤ ᾼ Ḗȴ 
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 4-1. Ⱶ ӂү▐ ȴ▐ ѡ Ɫ ד2023 12ѣ 15ѡȲ(a) Ә

ὈᴩⱵ ӂүПῈὁ ȷ(b)ѬϯϢ ἮᴟỴ ᾌ ᴩỆ

ứȷ(c)ѬϯϢ Ệứὑ ᾌ ϱȷ(d) ᶙכᾼⱵ ӂүȴ 
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 4-2. Ḃṏ∟ ▐ ᾼⱵ ȴ ὑ ד2024 3ѣ 21ѡȲ Ԓᾼ

ȴ 

 

 4-3. Ⱶ ▐ ȴɲ ▐ Ѭ פּ 4еѐȲ(a)ֵ Ⱶ ȷה

(b)▒ ȴה ὁ ὑ ד2024 10ѣ 17ѡȴ 
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4-2.  Ⱶ ế Ὠ 

֯ ᴩӐׁשṅ ᾼ 18 ѣ МȲӐ ѹכғ׀♄ᾼⱵ Ȳ ᴟ

ד2025 1ѣԚצϠ ד12ּ 29 74 Ⱶ ȲԚ 220 Ⱶ ( ֽῶ 4-1ȳῶ 

4-2ȳ  Ϯ)ȲҔ╗ ὔắẞ № ᾼ эⱵ ȳ(Acroporidae)דּ ṔⱵ דּ

(Pocilloporidae)ȳ Ⱶ ȳ(Fungiidae)דּ ṓᾼ эⱵ ȳ(Poritidae)דּ Ⱶ

ᾼᾬ(Merulinidae)דּ ᴩ ȲϷҔᵶ֣ ’ Ө ᾼ 3 ЍֵὮэⱵ ȴ

ῶ 4-1Ɫ Ϛ Ⱶ ӂүв ᾼⱵ ц Ȳ ד2024 5ѣϚԚ

Ϥ 104 Ⱶ Ȳ֯ ד2024 10ѣ Ȳ צ 10 Ⱶ ײ Ȳ׀

♄ 90.4%Ȳ ᴖẞϠ ד2025 01ѣ ▲ Ὠ ӱ׀♄Ⱶ 12 Ȳ

♄׀ ≡ ϯ ᴟ 12.7%ȴҠ Ⱶכ Ϻᾼײ ֪ ὑ∟ȴ 

ῶ 4-2⁄ԝҏὍ ὑ ϡ Ⱶ ӂүᾼⱵ Ȳ2024ד 11ѣ 5ѡϚ

Ԛ צ 69 208 Ⱶ Ȳׄ ὑ 20 ᾼ ▐Мȴ ד2025 1ѣ ▲

Ὠ ӱ ὑ ▐Мᾼ Ⱶ Ӣ ᾭᾓṏֻȲ׀♄ 100̟ Ȳ ӱ ▐

Ѡה Ϛ ӂүḆⱢ ứצ ȴ 

ᴟ ד2025 1ѣᾼ ▲Әׄщ ן в ӢⱵ цӐ ҵ

ϤᾼⱵ Ȳ в צ ד13ּ 38 177 Ⱶ ȴӐ Ἤ ᾼⱵ צ

27 ֮Ⱶ Ɏ  4-4ɏȲ47 Л Ȳ сϠ вⱵ ᾬ ֵ ἤȴ

ֵᾼⱵ ⱢῶэⱵ ц Ⱶ ᾬ ȲẔװⱢ эⱵ цṔ Ⱶ

ᾬ ȴ Ӑשׁװṅ ᾼіϤȲӭ› вⱵ иӁ ᾓⱢȸ эⱵ

ᾬ ֵȲԚ 29 ȷῶэⱵ ПȲԚװ 22 ȷ ╦Ⱶ ȳṔ Ⱶ ế

Ⱶ ֢ 12 ȴ Х Ⱶ ᾼ БҜ Ⱶ ᾼῺϚҙɎ 

ϚɏȲ ϤᾼⱵ Ἤׄ ᾼ цᾭ ṓ  ϡȴ 

ҫҵȲ ◦ỗ ◦’Ṏ ц Ӏ╜ἈӼ֝ Є Ѝֵ

ὮэⱵ Ϯ ᴟӘׄщ ן вȲ ц ὑ 4-6ȴ 
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 4-4. Әׄщ ן в ֮ ПⱵ ȴⱵ ӭ

ԝὑ  ϚȲӘׄщ ן ᴕᴞᶚɎ2023ɏȲ ӂүц ▐вᾼ

Ⱶ Ɫ ד2025 1ѣ ▲ Ὠȴ 
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ῶ 4-1. Ⱶ ӂүвⱵ ֯ ד2024 5ѣ ϤȲ∟ ֯ ד2024 10ѣѿц ד2025 1ѣ ᴩ׀♄

ȴ 

  Мѝ֤  ֤  ֤ ֤דּ

  

  ד2025  ד2024  ד2024

5ѣ  10ѣ  1ѣ  

Hexacorallia   гὍⱵ     

Acroporidae Montipora  M. gaimardi  ῶэⱵ   1  1  0  

   M. grisea  ‌ᴊῶэⱵ   1  0  0  

    M. tuberculosa  ῶэⱵ   1  1  0  

Agariciidae  Pavona   P. danai  ѫ ⅜Ⱶ   1  0  0  

Coscinaraeidae Psammococora P. exese  ╓ּט Ⱶ   2  1  0  

Caryophylliidae Polycyathus   P. chaishanensis  ЍֵὮэⱵ   3  3  3  

Dendrophylliidae Turbinaria  T. irregularis  Л ⁄ Ⱶ   2  2  0  

   T. mesenterina  ᶮ Ⱶ   2  2  0  

    T. stellulata  Њ╦ Ⱶ   3  3  0  

Fungiidae  Cycloseris  C. sinensis  М Ⱶ   1  1  0  

  Danafungia  D. horrida  ẛ Ⱶ   6  6  0  

   D. scruposa  ẛ Ⱶ   3  3  0  

   D. sp.   9  9  1  

  Fungia  F. fungites  Ⱶ   1  0  0  

  Herpolitha  H. limax  ӰⱵ   2  1  0  

  Sandalolitha  S. dentata  Ⱶ   1  1  0  

   S. robusta  ᶇ Ⱶ   1  1  0  

  Lithophyllon  L. concinna  ế Ⱶ   8  7  5  

  Leptastrea  L. transversa  ▄╦Ⱶ   1  1  1  

  Platygyra  P. pini  Њ Ⱶ   1  1  0  

  Sinuorota  S. hexagonalis  гṔפ Ⱶ   1  1  1  

Lobophylliidae Lobophyllia  L. radians  Ⱶ   3  3  0  

Merulinidae Cyphastrea   C. microphthalma  Њ ╦Ⱶ   1  1  0  

  Dipsastraea  D. danae  ѫ ╦Ⱶ   2  2  1  

    D. faviaformis  ᴿ ╦Ⱶ   1  1  0  

    D. speciosa  ╦Ⱶ   1  1  0  

  Favites  F. abdita  Ṕ Ⱶ   1  1  0  

   F. flexuosa  ▄Ṕ Ⱶ   1  1  0  

   F. magnistellata  ЄṔ Ⱶ   6  6  0  

  Goniastrea  G. edwardsi  ᴦѫṔ╦Ⱶ   13  13  0  

   G. favulus  ᴿ Ṕ╦Ⱶ   1  1  0  

  Hydnophora   H. microconos  Њ Ⱶ   2  2  0  

  Leptoria   L. irregularis  Л ⁄ Ⱶ   2  1  0  

   L. Phrygia  Ⱶ   1  1  0  

  Paragoniastrea  P. deformis  ᶮᴿṔ╦Ⱶ   1  1  0  
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  Мѝ֤  ֤  ֤ ֤דּ

  

  ד2025  ד2024  ד2024

5ѣ  10ѣ  1ѣ  

Poritidae Porites  P. nigrescens  ὼὬ эⱵ   1  1  0  

   P. lutea  ₤ эⱵ   4  2  0  

   P. okinawensis  Ḥ эⱵ   1  1  0  

   P. solida  эⱵ   1  1  0  

    P. sp.    10  10  0  

          

23 ד9ּ     40   104   94   12   
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ῶ 4-2. Ⱶ ▐вⱵ ꞋⱢ ד2024 11ѣ 5ѡ ϤȲ∟ ֯ ד2025 1ѣ ᴩ ȴ 

֤  ֤דּ   ֤   Мѝ֤   
    

ד2024 11ѣ 2025ד 1ѣ   

Hydrozoa    Ѭ     

Milleporidae  Millepora   M. tenera  ӂ ϾэⱵ   1  1  

Octocorallia    ϥὍⱵ     

Helioporidae    Ⱶ     דּ

  Heliopora  H. coerulea  Ⱶ   15  15  

Hexacorallia    гὍⱵ     

Acroporidae    эⱵ     דּ

 Acropora  A. aspera  ӮὬ эⱵ   2  2  

  A. cf. aculeus  ׆ эⱵ   1  1  

  A. cf. anthocercis  ῧḇ эⱵ   1  1  

  A. cf. lutkeni  эⱵ   1  1  

  A. digitifera  ╓ᶮ эⱵ   1  1  

  A. exquisita  эⱵ   1  1  

  A. nana  Ὤ эⱵ   1  1  

  A. secale  Ὤ эⱵ   2  2  

  A. sp.   3  3  

 Astreopora  A. cf. myriophthalma  ╦эⱵ   1  1  

  A. incrustans  ᾭ╦эⱵ   8  4  

  A. sp.   1  1  

  Isopora  I. brueggemanni  Ὤ֝эⱵ   1  1  

Agariciidae    Ⱶ    דּ

   Pachyseris  P. rugosa  ᾌ Ⱶ   1  1  

    P. speciosa  ᶮᾌ Ⱶ   1  1  

Dendrophylliidae    Ⱶ    דּ

 Turbinaria   T. irregularis  Л ⁄ Ⱶ   3  2  

Fungiidae    Ⱶ     דּ

 Cycloseris  C. cf. costulata  ᾿ᴛ Ⱶ   1  1  

  C. cf. cyclolites  Ӕ Ⱶ   1  1  

  C. costulata  ᾿ᴛ Ⱶ   2  2  

  C. cyclolites  Ӕ Ⱶ   22  22  

  C. vaughani  ᴵѫ Ⱶ   4  4  

 Danafungia  D. scruposa  ẛ Ⱶ   1  1  

 Herpolitha  H. limax  ӰⱵ   1  1  

 Lithophyllon  L. concinna  ế Ⱶ   2  2  

 Lobactis  L. scutaria  לᶮ Ⱶ   19  19  

 Pleuractis  P. granulosa  Ⱶ   10  10  

  P. gravis  ḛ Ⱶ   2  2  

    P. moluccensis  Ғ Ⱶ   1  1  
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֤  ֤דּ   ֤   Мѝ֤   
    

ד2024 11ѣ 2025ד 1ѣ   

  Sandalolitha  S. robusta  ᶇ Ⱶ   2  2  

Lobophylliidae    Ⱶ    דּ

 Lobophyllia  L. recta  ᾿ Ⱶ   2  2  

Merulinidae    Ⱶ    דּ

 Cyphastrea  C. chalcidicum  ּט ╦Ⱶ   2  2  

  C. microphthalma  Њ ╦Ⱶ   2  2  

 Dipsastraea  D. pallida   ╦Ⱶ   1  1  

 Echinopora  E. gemmacea  ῤ эⱵ   2  2  

 Favites  F. chinensis  М Ṕ Ⱶ   2  1  

  F. colemani  ■ Ṕ Ⱶ   1  1  

  F. magnistellata  ЄṔ Ⱶ   1  1  

  F. valenciennesii  Ṕ Ⱶ   1  1  

 Goniastrea  G. edwaedsi  ᴦѫṔ╦Ⱶ   2  2  

  G. pectinata  ᶮṔ╦Ⱶ   2  2  

  G. retiformis  Ṕ╦Ⱶ   1  1  

 Leptoria  L. irregularis   Л ⁄ Ⱶ   1  1  

  L.phrygia  Ⱶ   1  1  

 Merulina   M. cylindrica  ▀ᶮ Ⱶ   1  1  

 Montipora  M. cf. turgescens  ῶэⱵ   1  1  

  M. confusa  ῶэⱵ   1  1  

  M. danae  ּטῶэⱵ   2  2  

  M. digitata  ╓ᶮῶэⱵ   1  1  

  M. mollis  ▄ếῶэⱵ   2  2  

  M. peltiformis  ᶮῶэⱵ   1  1  

 Paragoniastrea  P. australensis  ☺Ṕ╦Ⱶ   1  1  

 Platygyra  P. contorta  Ẫפ Ⱶ   1  1  

    P. lamellina  ѱ Ⱶ   3  3  

    P. pini   Њ Ⱶ   2  1  

Pocilloporidae    ṔⱵ    דּ

 Pocillopora  P. cf. brevicornis  Ὤ ṔⱵ   4  4  

  P. cf. grandis  ҽὬ ṔⱵ   3  3  

  P. damicornis  Ὤ ṔⱵ   22  22  

  P. cf. meandrina  ᶮ ṔⱵ   1  1  

    P. verrucosa  ꞉ ṔⱵ   13  13  

     P. sp.     1  1  

Poritidae   эⱵ    דּ

 Porites  P. cf. okinawensis  Ḥ эⱵ   1  1  

  P. cf. stephensoni  ҭѫ эⱵ   1  1  

  P. cylindrica  ▀ эⱵ   15  15  
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֤  ֤דּ   ֤   Мѝ֤   
    

ד2024 11ѣ 2025ד 1ѣ   

  P. lichen  ֮ᴪ эⱵ   1  1  

  P. lobata  эⱵ   1  1  

    P. lutea  ₤ эⱵ   1  1  

                 

27  ד10ּ                   69  216   208   
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4-3. ⅍ԏ⇔ Ὠ 

(1) ԏ Ὠ 

֯ ԏ МȲʌ ṅϠҳשׁ Ⱶ ֯Л֝ԏ⇔ ϯɎМԏ⇔ȸ100 PARȳ

Мᵅԏ⇔ȸ70 PARȳ ԏ⇔ȸ40 PARȳᵅԏ⇔ȸ12 PARɏ с ᴟ35 ᾼ

Ӫоῶ Ɏ  4-5ȳῶ 4-3ɏȴ ӣ BTI30ᵂⱢ ᴷ╓ Ȳ ῶӱⱵ

ᾼֹו ἤ ȴ 

ῶ 4-1 ҠṓȲ֯צ ԈϯȲ ѫ Ⱶ Ⱶ ֯Ἤצ

ԏ⇔ Ԉϯᶁῶ ҏ ᾼ BTI30 Ɏּפ 10.5 ~ 11.7щɏȲᴖ ᶮ▀Ⱶ ế

эⱵ ᾼ BTI30 Ὑ ᵅɎּפ 7.9 ~ 8.7щɏȴ Fridman Test ứиέȲ

Ὠ ӱ֝Ϛ Ⱶ ֯ҳ Л֝ԏ⇔ Ԉϯᾼ BTI30 ṳ ϱᾼ

(p > 0.05)ȴױ и Ὠ ӱ֯Ӑ ứᾼԏ⇔ вɎ12ᴟ 100 PARɏȲԏ

⇔ ֢Ⱶ וֹ ἤᾼ ṳЛ ȴ ᴖȲЛ֝ Ⱶ ᾼֹו ἤ ⁄‍

Ὑ Ȳ ѫ Ⱶ Ⱶ ῶ ҏḆ ᾼֹו ϩȴ 

ϚḔѩ ᵡ Ⱶ וֹ ἤᾼ Ȳׁשṅ Л֝Ⱶ ᾼч ֢

Л֝דɎ  4-5ȳῶ 4-3ɏȴ эⱵ ֯Мᵅԏ⇔Ɏ70 PARɏ ԈϯȲצ

ᾼ BTI30 ὑ Ɏp < 0.05ɏȲ ӱҏ ҉Ҡ Ẕ֯ ứ

ԏ Ԉϯᾼֹו ϩȴ Ⱶ ⁄֯Мԏ⇔Ɏ100 PARɏếМᵅԏ⇔Ɏ70 

PARɏ ԈϯȲצ ᾼ BTI30 ὑ Ɏp < 0.05ɏɎ  4-5ɏȲ

Ὑ ԏ М ҉ Ẕֹו ἤᾼ‚ ᵂӣḆⱢὙ ȴדѩПϯȲ ᶮ

▀Ⱶ ц ѫ Ⱶ ֯Ἤצԏ⇔ ԈϯȲ ‍ ᾼ BTI30 ᶁ

ӑ ẞ Ȳ ӱҏ Ẓ Ⱶ ᾼֹו ἤắ ᾭ Њȴ 

ԏ Ὠ ӱⱵ ᾼֹו ἤ֯׀Ὑ ᾼ Ȳᶺ ᾼ Ὠ ӱȲ

ᾭᾼ ѫ Ⱶ ếӂ ᾭᾼ Ⱶ ᶁῶ ҏ ὑὬᾭ ᶮ▀Ⱶ

ế эⱵ ᾼֹו ϩȴױ и Ὠ Marshall ế Baird (2000)ᾼׁש

ṅ Ὠד Ȳ֯ Є ᾼ ▲М ᾭⱵ ѩὬᾭⱵ ẓצḆᵅᾼӪо
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ἤȴ Ҡ Ⱶ ᶮ йד Ȳ ᾭếӂ ᾭⱵ ẓצḆ

ᾼ ȲҠ ẁ צ ᾼ ạȴױҵȲֽ Berkelmans ếVan Oppen 

(2006)ᾼׁשṅ Ὠ ӱȲԚӢ כ ϷҠ ╥ וֹ ἤᾼ ֪ ȴ 

֯ ԏ ứᾼԏ⇔ Ɏ12ᴟ 100 PARɏвȲԏ ⇔ ֝Ϛ Ⱶ ᾼ

וֹ ἤ ṳЛ ȴ ᴖȲAnthony ϢɎ2007ɏᾼׁשṅῶὙȲԏ ⇔

⇔П Ὑ֯׀ ᾼẦ֝ᵂӣȲԚ֝ Ⱶ ᾼ ӂ ếײϺ ȴ҃ ֯

ԈϯȲ ԏ Ҡѿ Ғ Ⱶ ӪоếײϺ Ȳᴖᵅԏ ⁄Ҡ

ẁϚứ ⇔ᾼ’ ȴᶺ ᾼ Мӑ ẞ ᾼԏ ȲҠ ╥֪ⱢἬ ứ

ᾼԏ⇔ ד ȴ 

 

 
 4-5. ԏ М Ⱶ ֯Л֝ԏ⇔ ᵑϯᾼBTIӂᶁ ѩ ȴԏ⇔

ᵑиᵑⱢȸᵅԏ⇔Ɏ12 PARɏȳ ԏ⇔Ɏ40 PARɏȳМᵅԏ⇔Ɏ70 PARɏц

Мԏ⇔Ɏ100 PARɏȴ ҅ῶ ȴ ῶӱ֯֝דԏ⇔ ԈϯȲ

ᾼ ứ Ὠȴᵔ̔ ῶ p  < 0.05Ȳᵔᵔ̔ ῶ p  < 0.01ȴ 
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ῶ 4-3. ԏ МⱵ ֯Л֝ԏ⇔ Ԉ ϯᾼBTIӂᶁ  ± Ɏщɏ 

Ⱶ ᾬ   ᵅԏ⇔ (12 PAR) ԏ⇔ (40 PAR) Мᵅԏ⇔ (70 PAR) Мԏ⇔ (100 PAR) 

эⱵ  
צ  8.55 ± 0.12 8.70 ± 0.07 8.70 ± 0.07 8.62 ± 0.17 

 8.35 ± 0.38 8.30 ± 0.56 8.55 ± 0.11 8.55 ± 0.13 

ᶮ▀Ⱶ  
צ  7.93 ± 0.05 8.12 ± 0.26  8.01 ± 0.26  8.23 ± 0.26 

 8.16 ± 0.29 8.25 ± 0.29 8.01 ± 0.30 8.16 ± 0.39 

ѫ Ⱶ  
צ  10.53 ± 0.51 11.66 ± 1.79  11.15 ± 1.23 10.93 ± 1.17  

 11.41 ± 1.26 11.54 ± 1.35 10.93 ± 0.99 10.27 ± 0.48 

Ⱶ  
צ  10.50 ± 0.61 10.50 ± 0.42  10.77 ± 0.21  11.11 ± 0.19  

 10.28 ± 0.22 10.09 ± 0.29  10.20 ± 29  10.06 ± 0.44  
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֪ ᾼ ᵧ ҏḆⱢ ᾼ ȴ֯ה ԏ Ɏ70ᴟ 100 PARɏ

ϯȲ эⱵ ế Ⱶ ᾼ ᶁῶ ҏ ὑ‍ ᾼֹו

ϩȴ Fabricius Ϣ(2013)ᾼׁשṅדẻ Ȳ҃ ҉ Л֝Ⱶ

ᾼֹו ἤ ֢ ȴ ἤч Ҡ ч╣ϠЛ֝Ⱶ ֯ и ϱ

ᾼ Ȳ█ṷ Ҡ ḆṼ ậ ẃ ϩȴ 

ᴖṕȲ ԏ ṅשׁ Ὠ ӱⱵ וֹ ἤ╥Ӧֵ ֪ Ԛ֝ ᾼ

ἤȲҔ╗ ἤȳᶮ ȳԏ ц ᾭ ȴ 

 

(2) ԏ Ὠ 

ױ иἋ ԏ ᾼ ▐Ȳ ϚḔ Ϡ 5 Ⱶ ֯Ḇ ԏ⇔ ϯ

ᾼֹו ῶ ȴ Ϡ Ԓ֯ ԏ Мṿӣᾼҳ Ⱶ ҵȲ ҒϠ ₤ эⱵ

ᵂⱢׁשṅ ȴ ҔᵶẒ ԏ⇔ ԈɎ ԏ⇔ 400 PARцМԏ⇔ 100 PARɏ

ѿцצ Ȳ BTI30 ẃ ᴷⱵ ᾼֹו ϩȴ Ὠ ӱȲԏ⇔

Л֝Ⱶ ᾼֹו ἤ ӢϠЛ֝ᾼ ȴ 

֯ ԈϯȲMann-Whitney Rank sum testиέ Ὠ ӱȲ эⱵ

ц ᶮ▀Ⱶ ᾼ BTI30 ֯Л֝ԏ⇔ ֯׀ ȲᶁѿМԏ⇔

Мᾼֹו ἤ ὑ ԏ⇔ Ɏ  4-7ȳῶ 4-4ɏȴד ПϯȲẔ҃Ϯ Ⱶ

Ɏ ѫ Ⱶ ȳ Ⱶ ц ₤ эⱵ ɏ֯ ԈϯȲẔ BTI30

Л֪ԏ⇔ оᴖ Ӣ Ɏ  4-6ɏȴ ᾼ Ὠᵧ ᴿ ὨȲ

֝ Mann-Whitney Rank sum testиέ Ὠ ӱȲ эⱵ ц ᶮ▀Ⱶ

צ֯ ԈϯȲ ȳМԏ⇔ ᾼ BTI30ẓצ Ɏ  4-7ɏȲѹᶁѿМ

ԏ⇔ ϯᾼ BTI30 ȴᴖẔ Ϯ Ⱶ ᾼ BTI30֯Мȳ М⇔П ⁄ӑצ

ȴ 

ṷ ԏ ᾼ ὨᶮכϠ ѩȴ֯ ԏ МɎ12ᴟ 100 PARɏȲ

ԏ⇔ о Ⱶ וֹ ἤᾼ ד צ Ɏ  4-5ɏȲᴖ ԏ⇔ ϚḔ ᴟ 400 

PAR Ȳ█ṷⱵ Ɏֽ эⱵ ц ᶮ▀Ⱶ ɏᾼֹו ϩ⁄ ϯ ȴ 
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 4-6. ԏ М ԈϯХ Ⱶ ᾼBTIѩ ȴ МȲ ҅ῶ

Мᴯ ȲX ҅ῶӂᶁ Ȳ Іᾼϱϯ иᵑ҅ῶ Ϛц Ϯᾼҳиᴯ ȲӒ

◕҅ῶ ᾼ Є ế Њ ȴMann-Whitney Rank Sum Test: ᴖ̔ ῶ p <0.05Ȳ

ᵔᵔ̔ ῶ p <0.01ȴ 

 

 

 4-7. ԏ Мצ ԈϯХ Ⱶ ᾼBTIѩ ȴ МȲ ҅ῶ

Мᴯ ȲX ҅ῶӂᶁ Ȳ Іᾼϱϯ иᵑ҅ῶ Ϛц Ϯᾼҳиᴯ ȲӒ

◕҅ῶ ᾼ Є ế Њ ȴMann-Whitney Rank Sum Test: ᴖ̔ ῶ p <0.05Ȳ

ᵔᵔ̔ ῶ p <0.01ȴ 
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ῶ 4-4. ԏ МЛ֝Ⱶ ᾼ BTI30ӂᶁ  ± Ɏщɏ 

Ⱶ   Мԏ⇔ (100 PAR) ԏ⇔ (400 PAR) 

эⱵ  
צ  12.41 ± 0.13 8.86 ± 1.25 

 12.41 ± 0.36 8.63 ± 0.58 

ᶮ▀Ⱶ  
צ  11.42 ± 0.14 10.24 ± 0.38 

 11.02 ± 0.48 9.58 ± 0.82 

Ⱶ  

צ  14.61 ± 1.46 13.42 ± 1.09 

 14.01 ± 1.82 12.78 ± 1.15 

ѫ Ⱶ  

צ  15.12 ± 1.15 13.93 ± 1.38 

 15.42 ± 1.06 13.53 ± 2.19 

₤ эⱵ  

צ  12.84 ± 0.97 11.75 ± 1.47 

 12.97 ± 0.92 12.52 ± 0.96 
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(3) ҵ ֮ ԏ Ὠ 

ד2024 6 ѣ Ȳ ֢Ⱶ иӁ ҏ Ӫо ∟ȲӐ ὑ

7ѣ֯Әׄщד2024 ן в⁮ ᾌ ϱ ԏӁ ᴩ ȴὑ2024

ד 9ѣᾼ ▲ Ὠ ӱȲ֯צ ԏ ᾼ 850 МȲצ 832 Ɏ97.9%ɏ

ӱⱵ ὑ ᾭ Ȳ18 Ɏ2.1%ɏ ӱӪо ȴד ПϯȲ֯ ԏ

ᾼ 656 МȲצ 512 Ɏ78.0%ɏ ӱⱵ Ȳ144 Ɏ22.0%ɏ

ӱӪо ȴ қѠиέɎChi-square analysisɏ ᴩ Ӵἤ ứȲ Ὠ ӱɢĮ 

= 151.7Ȳdf = 1Ȳp-value < 0.0001Ȳ Ⱶ ᾼ ᾭ ╥ᵡ ӣ ԏ П

֯׀ ᾼ ἤɎῶ 4-5ɏȴ 

Ӑ ὑ ד2024 7ѣ 10ѡ▐ ԏ⇔ ὑצ ԏӁц ԏ ᴩԏ

⇔ѩ Ȳᵀὑ ד2024 12ѣ 10ѡ֫ן Ȳԏ⇔ Ȳ╝֯Ӑװ Мḥ

ןצ ẞ ԏᾼԏ⇔ ȴ 

 

ῶ 4-5. Ⱶ ᾼᾭ Ɏ ἨӪоɏ ╥ᵡ ԏП Ӵἤиέ 

        

Ⱶ ᾭ  
ԏ ԏ 

p-value 

(Chi-square) 

 832 512 < 0.0001 

Ӫо 18 144  
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4-4. Әׄщ ן в ֮Ⱶ ứ ֝ᴯ ứ Ὠ 

ứ ֝ᴯ иέ Ὠ ӱȲӘׄщ ן вᾼХ Ⱶ Ẕ ŭĭN

ѩẂᶁ ὑ⅜ὧ ṭ ᾼ֝ Ⱶ ȴ Ϛ ὨῶὙӘׄщ ן вᾼ

Ⱶ ậ ѻה Ɫ ἤ ѠהɎ  4-8ɏȴױиέ Ὠ Бצ ῶ

ᾼּד ѝ ᴿȲֽ Fox ϢɎ2018ɏ ֯ῴ Ӣ ϩ ᾼѬ МȲⱵ

Ғ ἤ ᾼѩẂȴ ṅשׁ ӱȲ ╦ ᾼῺỴ a ⇔Ҡѿ

ԓ Ⱶ о 77%ᾼ Ȳ Ὑ Мᾼ ᾬҠӣἤ╥ḟứⱵ

ᾼ ֪ ȴẔׁ҃שṅכὨϷ╓ҏȲ֯ԏ ắ ᾼ МȲⱵ

Ғ ἤ ẃ ҉ ḖɎAnthony and Fabricius, 2000ɏȴӐׁשṅМӘׄщ

ן вᾼⱵ ῶ ҏ ᾼ ἤȲҠ ч╣Ϡ Мצ

ᾼ צ ᾬ Ἠԏ Ԉᾼ ȴױҵȲFerrier-Pagès ϢɎ2011ɏ ϚḔ

╓ҏȲẓצ ѩẂᾼⱵ Ҡ ֯ ẓצḆ ᾼ⌠ ϩȴ 

 

 4-8. Әׄщ ן вц⅜ὧ ṭ Х ӢⱵ ᾼ ֝ᴯ иέ

Ὠȴ ї҅ῶӘׄщ ắ ȳῈї҅ῶ⅜ὧ ṭ ȷ̑ȸ Ὤ ṔⱵ ȳ ȸᴖ 

ѫ Ⱶ ȳƴȸ Ⱶ ȳƶ: эⱵ ᾼϚ ȳǒȸ ₤ эⱵ ȴ 
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4-5. Әׄщ ן ҵԏ⇔ếѬ Ὠ 

(1) Әׄщ ן вԏ⇔ Ѭ П о 

Ӧὑщ ן Ѭ ȲⱢ ԏ⇔ ⇔ оᾼ Ȳᶺ ṿӣ

ד2023 ủɎ6ѣ 26ѡᴟ 6ѣ 30ѡɏᾼ ᴩиέɎ  4-9ɏȴиέ Ὠ

ӱ 4ᴟ 5еѐᾼѬ ԏ ⇔ ẞ 10,000 luxɎ  4-9ɏȲᴖ֯ 7еѐ

Ѭ ᾼԏ ⇔ Ɫ 1еѐѬ ᾼ 3%Ɏ  4-10ɏȴ Ӧԏ … еה

Ȳ1ẞ 7еѐѬ П ᾼԏ … Ɫ 0.56 m¹Ɏ  4-11ɏȴ Ϛ ӱӘ

ׄщ ן вᾼѬ ѩϚ Ⱶ Ѭ ⇔ Ȳԏ ֯Ѭ М ᵮן

ᶶȴד ПϯȲϚ Є◦ Ѭᾼԏ … ֯ 0.04ᴟ0.20 m ĭП Ɏ

Ѭ Ȳԏ … ᵅɏȴ 

ד2023 11ѣ 8ѡ гщȲӐ ὑӘׄщ ן в⁮ Ѭ

ᴩ ϡװѬ /ԏ⇔ ᴭᵉὍȲ ▲Л֝ ⇔ᾼԏ ⇔ оȴ Ὠ ӱḕщМ

р иᾼԏ⇔ ⇔Ь 10,000 luxɎ  4-12ɏȴ ṷԏ⇔ ▲ ӱȲ

Әׄщ ן в ֥Ⱶ Ӣ ᾼ ⇔Ὲ ד֯ ᾼѬ

вȴ Ϸ Ȳ֯ 6еѐѿϯᾼѬ Ѿ᷄Лẞ Ṽ ԏ֥ᵂӣᾼ

Ⱶ ȴד ᾼ֯Ϛ Ⱶ Ȳ Ⱶ ᾼиӁҠѿ 20еѐѬ ȴ
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 4-9. Әׄщ ן в⁮ ד2023 6ѣ 26ѡᴟ 30ѡЛ֝Ѭ ᾼԏ

оȴ М ӱѬ (Air)ц 1 ᴟ 7 еѐѬ ᾼԏ ⇔Ȳѿ ѐ⇔(lux)ᵧ

ȴ 

 

 

 4-10. Әׄщ ן в⁮ ד2023 6ѣ 26ѡᴟ 6ѣ 30ѡ֢ ⇔ Ѭ

1еѐᾼԏ ד ⇔(%)Ɏד ⇔ȸế 1еѐᾼԏ⇔דѩɏȴ 
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 4-11. Әׄщ ן в⁮ ד2023 6ѣ 26ѡᴟ 6ѣ 30ѡ ԏ

Ѭ ᾼӂᶁ ȴҬᴷ Ѭῶ ԏ Єὑ 10000 lux Ɏ ɏѿцЄὑ 30000 

luxɎ ɏᾼ ◕ȴ 

 

 

 4-12. Әׄщ ן в⁮ ד2023 11ѣ 8ѡᴟ 15ѡЛ֝ ⇔ԏ

⇔ оȴϚԚᵉὍϥ Ѭ ˍԏ⇔ ֯Ὲ Мẞ 7еѐѬ Ȳᵀ 1ế 4еѐѬ

ԏ⇔ ӑ  ȴן֫

 

(2) Әׄщ ן в Ѭ иέ 

Ɫиέ Әׄщ ן вѬ ᾼ Ὲ оȲѿцѬ Ⱶ Ӣ׀ᾼ

֯ ȴӐ ד2022 4ѣ 12ѡ Ở═ ן вȳҵѬ Ȳ∟ ᾼ

иέиⱢϯԝҳ ֣ȸɎAɏ2022דᴟ ֢ד2024 Ѭ оȳɎBɏӘׄщ
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ן вȳҵ щѬ ѩ ȳɎCɏЛ֝ ⇔Ѭ ᾼ оȲѿцɎDɏӘׄ

щ ן вᵐ⁯Ѭ Ὅ Ⱶ Ӣ׀ ᾼ ᴷȴ 

 

A. 2022דᴟ ֢ד2024 Ѭ о 

Ӑ ד2022 4ѣ 12ѡ Ở═ ן вȳҵѬ ȲẔМ֯ױ

Ở ᵉὍ ⇔ ᾼ ╥ ד2023 11ѣ 26ѡȲ╝ Ϡ ד2023 8ѣ 25ѡ

ᴟ ד2023 11ѣ 25ѡ ᾼ ȷᴖӘׄщ ן ҵҖ ד2022 10

ѣ 29ѡᴟ ד2024 8ѣ 12ѡᾼ ȲМ ȳ ЛṓȲ

╝ ҵҖ ᾼ צ ד2022 4ѣ 12ѡᴟ ד2022 10ѣ 28ѡȲѿц ד2024 8

ѣ 13ѡᴟ ד2024 12ѣ 19ѡȴ 

ᴟד2022 ד2024 в⁮ ȳὧ цҖ ᾼѡ иέȲ

ҏ ѣᶁ ɎMaximum Monthly Meanɏּפ ֯ 31-32П Ȳѻ ҏ ֯ϝȳ

ϥѣ ȴױ ∟ ӣ Ɫ ᴷӘׄщ ן вⱵ Ӫо ᾼ

ꜜ ȴ вϮ Ɏ в⁮ ȳὧ цҖ ɏᾼѬ оṳ ыЄ Ȳѿ 31-

32ᵂⱢⱵ Ӫо ꜜ ẃכȲḕדᾼ 6ѣ ỞѬ ῺἨ ױ ꜜ Ȳ᾿

ẞ Ϥ 10ѣ ȲЄ иᾼ И Ở ᴟׄԓ Ȳᴖҍщ Ѭ פּ ֯ 22ᴟ

23⇔П Ɏ  4-13ᴟ  4-15ɏȴ ҵҖ иủ ȲᵀѬ ᾼ о

вדᴿɎ  4-16ɏȴ 



61 

 

 

 4-13. Әׄщ ן в⁮ ד2022 4ѣ 22ѡᴟ ד2024 12ѣ 19ѡḕ

ѡ Ѭ ȴ 

 

 

 4-14. Әׄщ ן вὧ ד2022 4ѣ 22ѡᴟ ד2024 12ѣ 19ѡḕ

ѡ Ѭ ȴ 
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 4-15. Әׄщ ן вҖ ד2022 4ѣ 22ѡᴟ ד2024 12ѣ 19ѡḕ

ѡ Ѭ ȴ 

 

 4-16. Әׄщ ן ҵҖ ד2022 4ѣ 22ѡᴟ ד2024 12ѣ 19ѡḕ

ѡ Ѭ ȴ 

 

B. Әׄщ ן вȳҵ ủѬ ѩ  

Ӑׁשṅѩ Ϡ ד2022 6ѣ 1ѡᴟ ד2022 10ѣ 24ѡȲѿц ד2024 8ѣ 13

ѡᴟ ד2024 12ѣ 19ѡ вϮ Ɏ⁮ ȳὧ ȳҖ ɏ ҵҖ ᾼ

Ѭ ȴиέѠᾎⱢ ҵҖ ḕѡ Ѭ ҟ в֢ ḕѡ Ѭ

ᾼ Ȳ ױ ᴷ вҵѬ о  ȴה
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ṅשׁ Ὠ ӱὙ ᾼủ ἤ ȸ ủ ɎгѣᴟϫѣɏȲӘׄщ

ן вѬ ὑ ҵѬ Ȳ ѻ иӁ֯-1°C ᴟ 0°C П Ȳ

ẞ-1°CɎ  4-17ɏȴדч֮Ȳҍủ ɎяẔ╥ῴҍɏȲ вѬ ⁄ᵅὑ ҵѬ

Ȳ ֯ϥѣῴꜙᴟ ẞӔ 3.7°CȲ ủוּ ϤҍủȲ ЊᵀЬ

═Ӕ Ɏ  4-18ɏȴ 

ủױ ἤ оᾼ Ȳѻ Ҡ ֪ὑ вѬ Њѹ ҵꜜѬ ӻ ắ

ȴ ЊᾼѬ ṿ в ֯ ủḆὔắ Ȳ Ѭ с ȷ֝ Ȳ֯ҍủϷḆ

ὔ ᵐ⁯ȲᶮכѬ ᵅᾼᾭᾓȴ ἤ ֥Њ₤ҙ⅔ Ѭ ד

ὑЄ₤ ὍѬ Ȳ ⇔ оч ḆⱢ ᾼᾬ ἤȴ 

 

 4-17. Әׄщ ן ҵ в ד2022 6ѣᴟ 10ѣḕѡ Ѭ П

ȴ Ɫ ҵҖ ḕѡ ֢ᴞ ҟ вϮ ḕѡ ȴ 
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 4-18. Әׄщ ן ҵ в ד2024 8ѣᴟ 12ѣḕѡ Ѭ П

ȴ Ɫ ҵҖ ḕѡ ֢ᴞ ҟ вϮ ḕѡ ȴ 

 

C. Әׄщ ן вᾼ ѬѬ иצ ?  

ד 2023  ủɎ6 ѣ 26 ѡᴟ 30 ѡɏ  ҍủɎ11 ѣ 8 ѡᴟ 15 ѡɏוּ

ᾼѬ ԏ⇔ ▲ ὨȲ ӱӘׄщ ן в Ѭẓצ ᾼủ ἤ

⇔ о ȴ 

ủӪщȲѬ Ὑ֯׀ ᾼ₣᾿ ⇔и ȲẔМ 1 еѐ  5 еѐѬ

ᾼѬ Ҡד  2.5°CɎ  4-19ɏȲᴖ 2 еѐѬ ᾼѬ ὑѬἉȲ

ӱ Ѭ ắы ЄȴױҵȲ1 ᴟ 7 еѐѬ ᾼѬ ᶁҠ  30°CȲ

ӱ Ѭ ὑ ᾭ Ɏ  4-19ɏȴּוҍủ ȲѬ ᾼ₣᾿ ד

ЊȲ ӱѬ Ɫ ứȲѬ о ⇔ ᵅὑ ủȴỏ ȲЛ֝Ѭ ᾼ

⇔ ЊȲ ӱѬ ֥ᵂӣҒ Ȳṿ֢Ѭ ⇔ ὑᶁлɎ  4-20ɏȴѡỏ

⇔ о Ѡ Ȳ ╥ 6 ѣἨ 11 ѣᾼ ▲Ȳ2 еѐвᾼѬ о ⇔

ЄȲᴖ 3 еѐцḆ ᾼѬ ד⁄ ứȲѡỏ ⇔ о צ⇔ Ȳ ӱ

Ѭ ắѡ ЊɎ  4-20ɏȴ 
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 4-19. Әׄщ ן в⁮ ד2023 6ѣ 26ѡᴟ 6 ѣ 30ѡȲ0 ᴟ 7е

ѐЛ֝ ⇔ᾼѬ о ȴϱ  ӱ Ɏ0 еѐɏцЛ֝Ѭ Ɏ1-7 

еѐɏѬ ᾼ ȴϯ  ⁄ ȲѿḆ ᵧ  1-7 еѐѬ ᾼ

⇔ о ȴ 
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 4-20. Әׄщ ן в⁮ ד2023 11ѣ 8ѡᴟ 11ѣ 14ѡȲ0 ᴟ 7 

еѐЛ֝ ⇔Ѭ ц ᾼ Ȳ ҷ 1еѐц 4еѐ ȴ 

 

D. Әׄщ ן вᵐ⁯Ѭ ҏ ᵗ вⱵ ᵍ֪ⱢѬ ᴖ

ᾼӪо ? 

ד2023 1ѣ 11ѡᵓӣ CTD ᴩӘׄщ ן в в 21 ֮ ᾼ 

Ѭ ₣᾿ ▲Ɏ  3-21ɏȲẔМҔᵶЛ֝ ⇔ᾼѬ נּ Ɏ  4-21ɏȴ֪

Ɫ CTD╥ ϱ ϯ ẞѬἉȲѹ Ɫḕ ה7ּ Ϛ Ȳ֪ױ█ṷ ⇔

צ М ᾼᾭᾓ Ӣȴ Ὠ ӱȲᵐ⁯Ѭ Ὅ∟ᾼҟ֣ѻ М֯

Ὼ ѬЀᾼ 3 Ɏ#3ȳ#4ȳ#8ɏȲ֯ ṷᴯ ȲѬ ҏ Є 3°C ᾼϯ Ȳ

ѹᵐ⁯Ѭѻ ḛ ὑ 2 ᴟ 4 еѐ ᾼѬ Ȳɲ Ϛכ ᵐѬ Ɏ  4-22ɏȴ ᴖȲ

Ẕ҃ 18 ᾼѬ ṳӑҏ оȲ ӱᵐ⁯Ѭᾼ ṳӑ ᾛ

ᴟ вѬ ȴ 

ᵐ⁯Ѭᾼḛ ἤ Ằ Ẕѻ ὑ ἉȲᴖ‍ ᴟ Ѭ ȴӦὑⱵ

Ӣ ᾼѻ ⇔ֵᴯὑ ᾼѬ Ɏֽ 1 ᴟ 5 еѐɏȲ ṷᵐ⁯ѬҠ ᾎ

צ Ⱶ Ӣ  ᾼѬ ȴ ϱҠ ẞᶝ ᵐ⁯ Ȳᵀ

ὑ Ὼ ѬЀᾼю Ȳṳӑ Ḇ ᾛᾼѬ ȴױҵȲ ᶺ

Ὠ ᵐ⁯ѬᾼῴḔ☼ Ȳ֣T ӭ›ᾼ Ь ᾎᶙԓ һҠ ϚḔ

ẞ Пҵᾼ Ɏ  4-22ɏȴ 
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ד2023 .4-21  1ѣ 11ѡ ᵉὍ 21 ᾼѬ ȴ



68 

 

 

 

ד2023 .4-22  1ѣ 11ѡ ▲ 21 ᴯȲẔМ 3 ȳ4 ế 8 ᵐѬ

П Ȳ ╥ Ὼᵐ ѬЀᾼᴯ ȴ 

 

E. Ⱶ в Әׄщ ן Ẕ҃ Ѭ ѩ  

ӐׁשṅᾼⱵ Ἤ֯ᾼѬ פּ 2~3еѐ Ȳᵀ ן֫ ⇔ Ȳ

╝ṿӣ ӂүϯҫϚ Ὅ Ѭ 1еѐᾼ ⇔ ᵂⱢ Ẕ҃ ᾼѩ ȴ

Ѭ ṿӣᾼ╥ 2024/8/13~2024/10/31Ȳ ϥѣ ỞẞϟѣἉ ȲҠѿכҏ

ӂүϯѬ 1еѐᾼѬ ѩẔ҃ Ȳ ᴖ֯ϫѣ צ щѬ ѩẔ

҃ ȲҠ ╥֪Ɫ Ẕ Ẓצ Ȳ Ѭ Ḇ ὔắẞ

ᴖѬ ѩ ᵅɎ  4-23ɏȴ 
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 4-23. ѩ ד2024 8ѣ 13ѡᴟ 10ѣ 31ѡ ȲⱵ в Әׄщ

ן Ẕ҃ ᾼḕѡ Ѭ ȴ 

 

4-6. Әׄщ ן в Ⱶצ Ӫо ᾓ 

(1) Ⱶ ỵїиέ 

ӐׁשṅὑӘׄщ ן вᾼ⁮ ȳὧ цҖ Ⱶ ỵї ӐȲẔ

М⁮  7 ȳὧ  6 ȳҖ  4 Ȳỵї ⇔Юὑ 8 ᴟ 22 еиП Ɏ  

4-24ɏȴиέ Ὠ ӱȲ2018 ᴟ 2022 ד ȲӘׄ вⱵ ד ἷ

Ɏskeletal extension rateɏ оЮὑ 1.5 ᴟ 2.1 еиȲẔМ 2019 ד ד 2020 

ᾼ Ȳ  2.1 еи ± 0.3 еиȲᴖ 2022 ד ᴟ 1.8 еи ± 0.1 еи

Ɏ  4-25ɏȴѩ Л֝ Ⱶ ᾼד ἷ Ȳ⁮ Җ ᾼ ד

ᶶȲӂᶁ  2.1 еи ± 0.1 еиȲᴖὧ ᾼ ⁄ ᵅȲ  1.6 еи ± 0.1 е

иɎ  4-26ɏȴ ṷ Ὠ ӱȲӘׄ вᾼⱵ ἷ ᶶὑẔ֮҃

ȲẂֽὧḘ эⱵ ᾼ Ɫ 1.4 еи ± 0.1 еиȲ⅜ὧפּ ṭ  Ɫ 1.6פּ⁄

еи ± 0.1 еиȴ 

ếẔ҃Ⱶ ᾼ эⱵ ѩȲӘׄד вᾼⱵ Ӣ  ӼὙ

ȴ  Cantin ϢɎ2010ɏᾼׁשṅȲ ֮ ᾼ эⱵ Ӣ  ӂᶁּפ



70 

 

Ɫ 1.2 ᴟ 1.8 еи/דȲᴖ Lough ế BarnesɎ2000ɏ֯Є ᾼׁשṅϷ ӱȲ

Ⱶ Ӣ  ֯ 1.0 ᴟ 1.6 еи/דȴדѩПϯȲӘׄ в⁮ Җ

ᾼ эⱵ Ӣ  ẞ 2.1 еи/דȲ ӱ Ⱶ ֯ῺדẃᾼӢ  ԈҠ

ⱢצᵓȲἨ ϩד Њȴ ᴖȲ ỵї X ԏ Ɏ  4-24ɏ Ȳ

Әׄ вᾼⱵ ṳӑ ӱὙ ᾼ ϩ Ȳ  Knutson ϢɎ1972ɏ Ἤ╓ҏᾼ

ϩɎֽ ⇔ȳ ⇔ оἨᴆ╬ɏҠ Ⱶ ⇔ ᾼ Л֝Ȳ

ϚḔќ═Ϡ Ҡ ẓצ ứᾼӢ  ȴ 

ṷ Ὠ ӱȲӘׄ вᾼ эⱵ ד ὑẔ֮҃ ẓצ ᶶᾼ Ӣ 

ȲᵀẔ ֪Ь ϚḔ Ȳ ᵑ╥ ֪ІֽѬ оȳ ẁ ἨѬ☼

ϩᾼ ȴױҵȲ › ӑ ӱὙ ᾼ ϩ Ȳᵀ  Ь╥Ӈ

ᾼȲѿ ╥ᵡצ ἤ ϩ Ⱶ ᾼӢ  ȴ 

 

 4-24. ᵓӣ X ԏ ὁ ПӘׄщ ן в Ϯ ᾼ эⱵ

йѱȴ 
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 4-25. Әׄщ ן в эⱵ  2018 ᴟ 2022 ד֢ ד⇔ᾼ ἷ

ȴ ӱЛ֝דԌᾼӢ  оȲ Ӑ Ɏnɏ֪ỵї ⇔Л֝ᴖצἬ

Ȳ Ҡиέᾼ⇔ד֢ Ӑ ЛϚ ȴ Ɫ ȴ 

 

 

 4-26. Әׄщ ן в ⁮ ȳὧ ȳҖ ᾼ эⱵ ἷ

ὧḘц⅜ὧ ṭ ֮ ᾼѩ ȴ Ɫ ȴ 
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(2) Әׄщ ן вⱵ Ӫо Ӣ ᶮ 

ד2024 10ѣ ▲Әׄщ ắ вᾼ⁮ ȳὧ ếҖ ᾌ ϱ Ӣ

Ⱶ ᾼӪоᾭᾓȲиכẒ ⇔Ɏ ȸ1ᴟ 2еѐȷ ȸ3ᴟ 4еѐɏȲѩ

Ⱶ ᾼ ếӪоᾼѩẂȴ ▲ Ὠ ӱȲ ᾼⱵ ӂᶁ ѩẂⱢ 64.6 

% ± 5.38%Ȳ Ɫ 64.0% ± 6.49%Ȳ ЛЄɎ  4-27ɏȲⱵ ӪоᾼѩẂиᵑ

Ɫ 42.7% ± 9.71̟ Ȳ֯ Ɫ 21.0% ± 13.39Ɏ  4-28ɏȲẒ ⇔ ᵑ

ɎMann-Whitney Rank sum testɏȲѿ Ⱶ ӪоᾼѩẂѩ ȴ 

 

 4-27. Әׄщ ן вЛ֝ ⇔ᾼⱵ оȴּמᴥ ҅ῶӂᶁ

ȴɎshallowᾼѬ Юὑ 1ᴟ 2еѐȲdeepᾼѬ Юὑ 3ᴟ 4еѐɏȴ 
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 4-28. Әׄщ ן вЛ֝ ⇔ᾼӪоⱵ ἬᴾᾼѩẂȴּמᴥ ҅ῶ

ӂᶁ ȴɎshallowᾼѬ Юὑ 1ᴟ 2еѐȲdeepᾼѬ Юὑ 3ᴟ 4еѐɏȴ 

 

4-7. Є ЍֵὮэⱵ Ὠ 

Ӑׁשṅὑ ѣ 5 ѡ֯Є 6 ד 2024 Ϯ Ҡ ắ ᴖ

Ӣ׀ ᾼ ЍֵὮэⱵ Ȳ иᵑⱢ G2-3-19AɎ  4-29ɏȳG2-3-1AɎ  

4-30ɏȳG2-3-18Ɏ  4-31ɏȲ ṷⱵ ẃᴞҠ ḛ ᾬ ȳѬᴯ

ȲἨ Б Л ứᾼ ȴⱢ ’ ֥ᾎἤȲӐׁשṅṼ ◦

’Ṏ ᾼ ȲἬ ᾼⱵ ѐЉꞋ ạ֯ 30 ӂѠеивȴ֯Є ᾼ

ᵂ МȲӐ ὑ᷄ẞӭ Ⱶ ∟ȲꞋ ᴩ › ∟ᾼ Ȳ ’

ᾼᾼᶙ ἤ ѐЉ ֥ Ɏ  4-29ᴟ  4-31ɏȴ ṿӣ І

ȲЊї֮ Ⱶ ᴞ ϱи Ȳṳ ’Л Ể ᾼⱵ Ӣ ȴ Ể צ ╦

ᾼЊ₤Ⱶ ȲӼ ϚẆן Ȳ ֫Әׄщ ן  ᴩ ∟  ṅȴשׁ

Є ᾼ ЍֵὮэⱵ ֯ Ϛ ӂүϯᾼ МȲ Ὠ

ӱȲG2-3-19A֯ ∟Лϵ Ởҏ Ⱶ Ӫ иײϺᾼ Ȳᴟ 2025 ד 

1 ѣ ȲẔⱵ ѾᶙԓײϺȲѹⱵ Б ḛ ᾬ Ɏ  4-33ɏȴדѩ

ПϯȲG2-3-1A  G2-3-18 ֯ 2024 12 ד ѣ ЬҠṓ׀♄ᾼⱵ Ȳᵀẞ

Ϡ 2025 1 ד ѣȲẒ Ⱶ ӼЛὙ ֪ Ѿԓ Ϻȴײ ᴖȲ֯ ῺϚװᾼ 2025 
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ѣ 26 ѡᾼ 2 ד МȲG2-3-1A  G2-3-18Ⱶ ᾼⱵ ϭԛװ ֫Ȳ

ӱ ЍֵὮэⱵ ᾼӢ  ♄׀ о Ɫṣ ȲҠ ắ Ԉᾼ ᴖ Ӣ

оɎ  4-32ȳ  4-33ɏȴ 

ҵȲ֯ױ ד2024 12ѣ 20ѡ ▲ Ȳ֯ Ϛ Ⱶ ӂүϱ ᾼ

ϱ ẞ   ᾼⱵ ȲӼᵛ Ⱶ ֯ 5 ѣвᵛ ᴟ 3.5 еиɎ  

4-34ɏȲῴḔᵒ Ҡ ╥ Cladopsammia sp.Ἠ Culicia spȴ 

 

 

 4-29. ЍֵὮэⱵ Ɏ G2-3-19Aɏ ȴ 
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 4-30. ЍֵὮэⱵ Ɏ G2-3-1Aɏ ȴ 
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 4-31. ЍֵὮэⱵ Ɏ G2-3-18ɏ ȴ 
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 4-32. ЍֵὮэⱵ ∟Ӣ  ᾓȴⱵ Ɫ ד2024 7ѣ 10ѡ Ϥ Ϥ Ϛ Ⱶ ӂүвȲ∟ иᵑ֯ ד2024 8ѣȳ10ѣѿц 11ѣ

Ȳ ᴷ ∟Ӣ  ᾓȴ 

 


































































































