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ǹǿȬȃĴɇžǉǅ�ȃǱÃƣįƆ͏�ȃǱ̎�ƆˍæȐȃĴɇ�ʧ̯ȐȬ͎

ɒƟŗ:ȃĴƜĿɽˍæȐͅǱ8ǒ͚ǋ͆ÃƣȐǉǅȃǱ͚ŗ:ǖƞ�ʭO*̛�

̉ÙɽŬsȍùȿĿ̴Ȑ˒ǒ͚Ǥ�̀ȮƇȍù̌ʩȐȩȡ�ǧɮĨ 1980Č#˗͚­

Ɯ®Ȥ¿�ǉǅƺƓ�˷ĒǖƞŐŝ%�ƶBˋ˾ȿʠş
͚ʹÃǉ²ȐǹǿȬĮ̀

ʣ˭ɽǊÉ��ǡȐǹǿȬȣȶĨ 1980Č#̚Ðɺ�ąƉʹÃȣȶĹƑȍʢ͚.̑ï

�ǡÿɽ�¨ÿĂǹǿȬˋsȐŪ͎_Ɛ ɤ�͚�ƌɴ�ɻ®�ʯT�ǡǹǿȬȃ

ĴɇȐǺǀ�Ǥ�Ū��ŗ:ƌ8�ǡǹǿȬˋsȐŪ͎_Ɛ͚Ǝʱȉ˴ʞ�͘1͙Ŭ

Ƕ£́ŪǼ�ǡǹǿȐ_/ɽƭ�ˋs͘͜2͙­Z#ʢįȐǹǿȬvǐʻ��ˀƔű

ǁȐ˻ȅį͘͜3͙ĘȹǹǿȬȃĴ˒ǒȐơǓˀƔűǁ͜%�͘4͙ŗ^ǹǿȬȃĴ

˒ǒ?ɲɁǼĘˈ� 

;šŬǶ£́ȐɒƑ͂ȭ͚�ǡÿɽ�¨ÿĂȐȥĐ˔ǉþȑƉǹǿ_/�.�

eǅǈ�ƶBȿġ̹͚ǹǿɨɰɑĹgÅɻ%t£ƮɚǤȇv_ǤtűȐ̷Ȭ±ǹǿ

ɨɰ�{űȐǩĈǹǿȬ�_ƐąĨ 1997ČŎɣɺ��ˀƔƣ͕ǋʏT�ɽ�̃ÿĂ�

7ȅɓ�űǁȐǹǿȬ͎ƦʱȉȐɒƑ͂ȭ͚�ǡȐǹǿċ¯ʪʏǷĨ 1997Čɺ�­

30-50%̜�ǺȵÞȐǂo�ǧɮǹǿȬ͎ƦƲČˀƔȐƣ͕��˳ɣ͚¤ƪ�ƣƇ7

˒ŭbˊȄȃʾĄ�­ȣȶűǁȐƳˤ	͚HɓȐƥļɚ�ƣǁˀƔƆɆǓ͚�ŗ:

ȸ˙ɚƣ͕�ƣǁ�ȸ˙ɚƣƙŌǨ�ƣǁǦǁǐ̎Ȑɨ͎Åñ�ʅʩ7ȅȸ˙ɚƣ

͕�ƣǁ͚gƣ͕̜̩ñŲ 3 V_ȐŒƣ̾ĒŁ�ƹħɽƥļɚˀƔǁȚ-Ȑǹǿʪ

ʏǷ�7ȅƣƙŌǨ�ƣǁȅ 25V_ x 25V_ƣu˳ɣŌŤ 15VõȐȸ˙ɚſ͚ċ

¯ƲAƣƙS̴Ş 30 A̫Ƥƣ͕��ƚȸ˙ɚ	̴Ɖ 1800 ͕Ł�ƹħȵÞȐǹǿʪ

ʏǷ� 

ɕ�Ƴˤ��ˀƔűǁȐǲį͚ƿʌƥļɚ̔ġ\£è͊áțġJȐƥļɚ�ƣ

ǁ­Ʒ
ă4ŧǷ�è͊áă4ſ̜͘_ƐġJĿ̴ſ̜͙�ħģÍȐċʡ͚�ƚ 15

VõȐƥļɚ̴ŌŤ 8_̖ȐġJ͚IȈĶŲ% 50V_Ǥƣ͕̜̩Ȑȸ˙ɚƣ͕�ƣ

ǁ͘5_̖͙͚˺1Ų7ȅȸ˙ɚƣƙŌǨ�ƣǁĿ̴Ȑſ̜͘3ñſ͙�ƅ̌ʩȐž

~>ȆVƵȯÙã˴ʞƷ
ˀƔ��%ŗ:ƆƩȨȐĐƜɨɰ˒ŭ͚rōǹǿŵɨo
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ĴȐ̌ʩ¤Ó-ɨ͎Åñ�ȅƪűǁƲƧǙƷɉ�ˀƔ 5ƚȸ˙ɚǋʏ 75VõȐˀƔɃ

¨͜ƲƚƥļɚȐþ	ġJ˧ˇſ̜ɉ 30_̖� 

Ǝʱȋï7ȅſƤĘˈȚïķȐǹǿȬȃĴ˒ǒơǓˀƔűǁ͚˴ʞ͘1͙VƵ

ȯÙãȀ»ŨɲŕĖ͛ſÝT�ǨǹǿȬ͎ƦȐˀƔűǁˀƔ͐̀�ǦɶƝȃǱ�Đ

˔ɒƟ�˴ʞ͘2͙Ȁ»ţo�&ĥȐĬ˱ŚâˀƔʺ+%�ůƣ͕aƫœp͛ŋʸ

3~5 ƚ 15 Võȿǌȸ˙ɚ͚;ĪǹǿȬ͎ƦȐűǁƿʌˀƔŏơįǦɶƝoǱ�ĿƉ

͚̗͐̀͐̀Þelɴɨ�Đ˔ˀƔg7ȅ̔ġȐƥļɚ�ƣǁ�˴ʞ͘3͙ǹǿȬ̘

ƋȃĴȕǐɽȀ»ġ̹ʺ+͛�ȅ 0-3Võ�4-7Võ�8-11Võ4ǤǌĒv̜͚�ŋ

ʸ�ƚ 15Võ��˞˙ƾ®Ȑȸ˙ɚ͚ȸ˙ɚ̴̜Ț̩ɺò 5Võ�Ʋƚɚ% 5Võ

Ǥ̜˜ȅʮ̓ĻǪ̐4Ǥơʶ�̣�ȕǐȀ»¤Ó�Â͚;ĪǹǿȬ͎ƦȐűǁƿʌ

ˀƔŏơįǦɶƝoǱ�ĿƉ͚̗͐̀͐̀Þelɴɨ�Đ˔ˀƔg7ȅ̔ġȐƥļ

ɚ�ƣǁ͚�ʱɀȸ˙ɚŴ 0.25 VõɃ¨SȐůRǎñǹǿȐˍĒ�ÅñɽȲ̀�ˀ

Ɣ̾Ēg%ȘơǱȲɮȊ͚ȘơǤƉŹ͂ØɂįȐÅ±ʖ̀ȿȃǱſg̴�ČUƧĻ

�Ø�Ƨ̑͜ïØɂįˋoˤñȐǹǿg�%�Č�Ƨ͘żØ͙ǤµǓ͚ʅ˵Å±ţ

o\Ųţoĥ̌ʧˀƔ%̏Ǐţo˲ĹȐġ̹� 

­ǹǿȬȃĴ?ɲĘˈű̸͚Ǝʱiŗ^˩ȱ��ȱ%�̘ȱȐɁǼĘˈ͚˩Ƌ

��ȱȐĘˈrō�̚íãƇˈ͚ŢÞ 2050ČȐǉǅ?ɲʕ«ɽ̿Ɓ͜Ŏɣʋèǉ²

˒ǒ³ǁ͜ĹȹT�Ū�į�˞
#ȐǹǿȬ˒ǒˀƔă4¬̧͚̣�7ȅ�ƣȐˀ

ƔűǁĘȹ̘ƋȃĴȕǐƣ͕%�˴ʞ�ǡǹǿȬȃĴɇ˰ȖƀƔ�Â͚ƅʔȆ˞
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ɓɽ˒ŭē͚Ƌ­ƌ8�ˌTƵ�ɽ͚7ȅơǓȐŌǨűǁŗ:T��®ǉǅȕǐǨ

ǯ͚��ȕǐÅãȐǉǅ�̘ȱȘơǤʋèíãƇˈȄȃȐ 2050ǉǅ?ɲʕ«ɽ̿Ɓ͚
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Abstract 

Coral reefs are one of the most biologically diverse and productive ecosystems on earth. It 

provides the resources needed for the development of human society, such as fisheries, 

tourism, medicine and cultural development. However, since the 1980s, coral reefs have been 

under the threat of the stress from the increased habitat destruction, population, overfishing 

and climate change. Since the beginning of coral reef research in Taiwan in the 1980s, 

several reports have pointed out the decline of coral community in Taiwan, however, an 

overall analysis of the changes in the reefs of Taiwan Island and surrounding islands has not 

been conducted yet. Therefore, the current situation of the coral reef ecosystem in Taiwan has 

not been consistently understood. In order to provide a standard method for monitoring the 

coral reefs in Taiwan, this project (1) reviewed the distribution and historical changes of 

corals in Taiwan; (2) tested the applicability of different survey methods on representative 

coral reefs in Taiwan; (3) proposed a standard survey method for monitoring the ecological 

resources of coral reefs; and (4) the strategy for managing the coral reef ecological resources. 

Corals can be found on the hard substrata around Taiwan Island and surrounding islands 

with two main categories, due to the seasonal variation of sea surface temperature and 

current, non-reefal coral community in northern Penghu and northern Taiwan and tropical 

coral reefs in the rest of areas. Since 1997, the average coral cover in Taiwan was stable with 

the range between 30%--50%, based on Reef Check, the longest duration coral reef 

monitoring project using the standard method covering the highest amount of study sites in 

Taiwan. However, the sample of the coral reef is not continuous, which will also cause errors 

in data interpretation.  

Survey method comparison showed that Line Intercept Transect, LIT, the most traditional 

survey method, is the most accurate with the benefit of providing colony size which cannot 

be measured using either Point Intercept Transect, PIT, nor Photographic transect, 

Photoquad. While using PIT, the interval between sampling points should be no bigger than 3 

cm to obtain the coral cover similar to LIT. Using Photoguad, 30 random points per 25cm x 

25cm sample frame and more than 1800 points per 15m long transect are required to obtain 

stable coral cover.   

Comparing the characteristics of different survey methods showed that the LIT method 

using video recording instead of writing in situ achieves a good balance between the 

underwater working efficiency and the laboratory working time (the time required to analyze 
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the image). The 15-meter transect requires 8 minutes of imaging, which is only slightly 

slower than the PIT method (5 minutes) with 50-cm sample interval, and is much faster than 

the Photoguad method (3 hours). What's more important is that even underwater surveys by 

citizen scientists can provide the equally accurate data on benthic populations, including 

colony size structure, one of the important factors of coral population dynamics. With this 

method, about 5 transects, covering 75 meter length, can be investigated per dive. The time 

required for analyzing the images in the lab is about 30 minutes. 

We propose the goal-oriented survey methods of coral reef ecological resources based on 

the timing of use. (1) Promotion of environmental education for citizen scientists: The survey 

methods of fish, invertebrates, and substrates are following the Reef Check method. (2)  

Damage investigation and assessment after environmental disturbance events and preliminary 

exploration of new study sites: All the surveys are conducted along 3 ~ 5 15-meter long 

transects. Reef Check method is used to survey Invertebrates and all fish. Also, fishes are 

further classified into different functional groups. Substrate surveys are conducted using LIT 

method with video recording. (3) Long-term ecological monitoring and environmental impact 

assessment of coral reefs: Three 15-meter long permanent transects, marked using camp 

nails, are set up on solid hard substrate without crossing sandy bottom at 0-3 meters, 4-7 

meters, and 8-11 meters. The transects must be at least 5 meters apart. Except for monitoring 

environmental factors, the Reef Check methods are used to survey invertebrates and all fish, 

which are further classified into functional groups. The benthic community are studied using 

LIT method with video recording. The abundance, size structure and genus of juvenile corals 

within a range of 0.25 meters apart from the transect are recorded. The frequency of surveys 

is target-specific. For example, If the target creature shows distinct seasonality variation, such 

as macroalgae, the survey interval has to be twice a year or per season. For corals with less 

seasonal change, the minimum requirement of the survey is once annually. It is required to 

conduct a repeated investigation after a significant disturbance.  

In terms of the recommendations of coral reef ecological resource conservation and 

management, we propose short- /medium-range and long-term management 

recommendations. The recent and medium-term proposals include (1) convening an expert 

meeting to formulate a blueprint and vision for marine conservation in 2050; (2) continue to 

implement sea area resource enforcement; (3) the integrated and cross-generation coral reef 

resource survey team. In addition to using the same survey method to establish LTER 

monitoring sites and to conduct a comprehensive survey of the coral reef ecosystem in 
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Taiwan, the more important is to enhance the exchange of experience and talents through the 

participation of cross-generational members and to form the network of future collaboration; 

(4) Establishing the database for automatic identification system of coral reef monitoring, 

which will enable the whole people to participate in the future, using standard photo-taking 

methods to provide photos of marine monitoring throughout Taiwan.  

The long-term goal is to implement the 2050 marine conservation blueprint and vision 

generated by the expert meeting, to achieve natural environmental protection through 

partitioning, to protect the diversity of biodiversity and functional groups and the sustainable 

use of natural resources. Also, we must maintain social and economic operations and develop 

high-quality scientific research and environmental education. Specific practices include the 

implementation of effective law enforcement, continuous environmental monitoring and 

adjustment of relevant laws and regulations, promotion of different levels of marine 

education, in addition to the connection between the people and the sea from scratch. It is not 

only to increase the willingness to engage in marine-related industries, and the establishment 

of high-level international research stations Improve research energy. 
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Ƚ�Ȼ�ă4)iɽ³ʞSä 

��ʱȉɛ˗ 

ǹǿȬȃĴɇžǉǅ�ȃȄkƆ͏�ȃǱ̎�ƆˍæȐȃĴɇ�ʧ̯ȐȬ͎ɒƟ

ŗ:ȃĴƜĿɽˍæȐͅǱ8ǒ͚�ŗ:�̀ȮƇȍùĿ̴Ȑ˒ǒ͚Ǥǖƞ�ʭO*

̛�̉ÙɽŬsȍùȿ̌ʩȐȩȡ� 

ǧɮ͚ǹǿȬȃĴɇȐ®Ǽ0ɥðɻƪȃĴɇɔĉ�e��ȱĒţoȐġ̹�­

Ǧ�ǤĊţȐɹǧıǀ
͚ǹǿȬȃĴɇ�ǺɔĉįĊţȐoĴċʡ͘9Î͚̈́̓Ļ

žØɂįȐ͏Ǖȿ͙�ȋɹǧţoȍȃ­FĔȐǹǿȬvſ͚¤ǹǿȬvǱȲÃƣį

͏͚ȃĴɇ�ȐʖͅįȃǱ�ňfÅ±ʖ̀ȐˍĒ͚7ǹǿɨɰȐˍĒ�­ţoĥ�

ĥ£ĩ�ŎɣɗŎ̀-ȐƒƟɽŗ:Ț�ȐȃĴlɴ͘Berumen and Pratchee 2006, 

Adjeroud et al. 2009, Alvarez-Filip et al. 2013͙�.ž͚ȋ�̀ǇoĚ˗ȐĊţ͘9Î͚

˷ǖ�Ɯ®Ȥ¿ɽƺƓ͙ɽ̘ƋȐȀ»ˋ˾͘9Î͚ǉǅƂsɽ̈s͙̚Ð RȃĴ

ɇȐoĴċʡ͚�ɴˌÅ±ʖ̀ŎɣĹ̘�2̼Ɯ®͚˲ĹǹǿčȃRǎ�ɨ͎Ĺ̘

ɽǹǿɨɰ̌Ęȱď�̞ɮėɜĻEƨ͚Ɔɐðɻʖ̀ĹǤLqȃǱɮƸ�Ǧǁ£ĩ

Ĺ%ǹǿǤ�Ȑɨɰ͚˹eĿ˄�Țˋ˾�͘phase shift͙ȐǳĴ͘« 1͙�ƗšTǻ

ǹǿȬȕǐɘ͘Global Coral Reef Monitoring Network͚GCRMN͙ȐȣȶĹƑ͂ȭ͚˷

�ūwČ̜ǹǿȬ�eÆǧǣâ��̀ǇoȐġ̹͘Î˷ǖ�ƼȴǱ˽ʒ�Ǫ͆͑˷

͏�ƶBˋ˾ȿ͙ą˲ĹTǻ 19 %ǹǿȬȃĴɇāʯ͘Wilkinson 2008͙�9ÎǞǆÅ

¸ȬȐċ¯ǹǿʪʏǷĨ 1985ČȐ 28.0%̠ɺ 2012ČȐ 13.8%͘Death et al. 2012͙�

2016 ČȐǹǿȎs�&ƅðɻĨŃ̲ŮǉĀ͘Torres Straight͙Ģ{ɉ 600 V͚̋t̃

�_��AÅ¸ȬȐɃ¨Sɉ 66%ȐǹǿƯ�͘Hughes et al. 2017͙� 



 

 

 

2 

 

 (˒ŭ8ǒ͛Ǝȣȶʱȉ) 
« 1�Đ˔Țˋ˾ȭĲ« 

�ǡÿ�˼ǉ²͚t˗Ətʮ�{ɺ½�%�̰ÿȐɖÿ�ʗĂ͚ñǽǻ�ǝǑ

ɨÿȑƉǹǿ_/�Yǲį�eƶB�͓Ǜɽ{�§ǉʢ̸ǅǈȐġ̹͘Dai 1989, 

Chen 1999͙Åɻ_Ǥ̷˲Ȭǹǿɨɰ͘non-reefal coral communities͙�ǩĈǹǿȬ

͘tropical coral reefs͙͘Chen 1999͙UÅɨ�̷˲Ȭǹǿɨɰrōt�ǡ�ǝǑSǉ

%�ǝǑtǉȐýþ͚˯�®vȐƷǕ­]ØƇ1Ų˲ȬǹǿȐƆ5ȃ̘ǕĒ͘180C ͙

(Veron 1995͙͚¤ƪȃ̘­¶ȥµ˔	ȐǹǿIɴɗŎɹˡȐÕǇɮǦǁĞĹǹǿȬ�

Ț�Ȑ͚­{�ǡ͚ɖÿ�ʗĂ�ñǽǻ�ǝǑ{ǉȿǕĒˤ˻�ǹǿȃ̘Ȑ®v͚

ǹǿȐĹ̘ǳǀˤ5¤ƪƇĞĹǩĈǹǿȬ͘Chen 1999; Chen and Keshavmurthy 2009; 

Chen 2014͙� 

ǹǿȬȕǐʱȉȆʹÃ̄_ɑĹ͚Ɔ̌ʩȐž;šʱȉȘơƻÞŒȅ3Ȳ�ƣǁ

%�ȃǱ˧ˇȐʯƐĒ�­§̪	˰ȅȐĐƜɨɰ�ƣǁrōƣƙ�ƣǁ͘Quadrat 

method͙�ƥļɚ�ƣǁ͘Line Intercept Transect, LIT, Loya 1972, 1978, Loya & 

Slobodkin 1971͙�ȸ˙ɚƣ͕�ƣǁ͘Point Intercept Transect, PIT, Hodgson 1999, Hill 

and Wilkinson 2004͙�ɒ�ƣƙ�ƣǁ�ȸ˙ɚȐȸ˙ɚƣƙŌǨ�ƣǁ

͘Photographic Transect, Photoquad͙͘ʢ 1͙�Ĩ 1980 Č#ɺ�͚ąƉʹÃ��ˀƔ

űǁʤȅŲ�ǡǹǿɨɰȐ̎sȣȶ�9Îƣƙ�ƣǁʤ˶ȅŲȕǐ�ˬˠ½�^Ʒ

��ĥ¾Ǒ�ĈǹǿɨɰȐˋo͘Dai 1988͙�ʩ˴ʞˤÅɃ¨�ɆɏȐǹǿɨɰȐ

̎sȣȶÃŒȅƥļɚ�ƣǁ͘ě�Ľ 1987͚Ľȿ 1998, 1999͜Dai 1988, 1993̤͜ 

2014͜3ȿ 2016͙�ȸ˙ɚƣ͕�ƣǁžǹǿȬ͎Ʀ7ȅȐơǓűǁ͚ɹĨ 1997Č�



 

 

 

3 

ǡǹǿȬÙƇĚ˴ǹǿȬɡ͎ƦȐˀƔűǁ�ĥ͚ɺ�ą­T� 114 A®͕ʺ+˷ȋ

®ȐǹǿȬFĔǳǀ͘Chen 2014͜Ľȿ 2001͚2002͚2003͚2004͜Ľ 2005͚2006͚

2007͚2009̇͜ 2008͜�ǡǉǅȀ»ŨɲŕĖzƇɽ�ǡȀ»˒ʲzƇ 2009͜�ǡȀ

»˒ʲzƇ 2010͚2011͚2012͚2013͚2014͚2015͚2016͚2017͚2018͙�Ĩ 2000�

ĥ̫ʌū0ȚƤȐ˴ƫ͚ȸ˙ɚƣƙŌǨ�ƣǁgž˩Č8­½�§ãV©ǉ²%�

�ǡÿɽ̰ÿǹǿȬv˴ʞ̘ƋȃĴˀƔȐ�ʩűǁ͘Meng et al. 2008, Kuo et al. 2012, 

Ho 2014, Keshavmurthy et al. 2019͜űȿ͚2004͚2005͚2006͜Ǹȿ͚2007͜3ȿ͚

2008͚2009͚2010͚2011͚̅͜2007̤͚͜2012͚2015a͚2015b͚2016͚2018a,b̤͜

ȿ͚2013̇͜ȿ͚ 2018͜˅ ͚2008͙� 

ȃǱ˧ˇȐʯƐĒƇ;ǨʱȉȐ̴ƹ�Șơ%�³ʞ��ȐɴkɮƉĿ���Y

�VƵȯÙĉȅȐǹǿȬ͎ƦìĐ˔˧ˇeȥǹǿ�ˢǹǿ�ʖ̀ȿÅ̀�˯žƆɅ

Ȉ.ž�ſ�žR̙ƆɄ��ʴɞſ̜ƆȠ�Ɔ�źƉǬˈȐ̗cʯƐĒ�ƆɆɏȐ

̗cʯƐĒgžìƲAǱȲ˧ˇeȲ͚ǧɮʔȆ±Ĵ˧ˇeȲ̷ĉ¥̱͚�Iʴɞſ

̷̜ĉ̘�ɮ��Õ­¤�Ǥ�ʭbŰĄȊɮ˲ĹȐǬˈ�­˒ŭʘǼ	͚˙ɏȐ̗

cʯƐĒƇŗ͏˒ŭȐ̯ʲðɻ�ź�ǺŪ͎˚q͘Murdoch 2007͙�ƪÂ͚­ǩĈ

ǹǿȬȃǱÃƣį͏�A͎ˍĒ�ÃȐȃĴɇ�͚ʩ­Ɖ̡ȐǙƷſ̜SìƲAȃǱ

A͎̗ceȲ�̷ĉɯſ��źųʞ͘Kuo 2017͙�¤ƪǹǿȬȕǐˀƔ	ĢĢ7ȅ

ˤɅȈȐ̗ˇʯƐĒ͚9Î̗Þeû�ȯ�ȂɺIʳ˂Îȥǹǿ�ˢǹǿ�ʖ̀ȿÅ

̀�Ɖ�̘ƋȐǹǿȬȕǐˀƔʱị̏�7ȅ_̀ÙȐơǓ͚�ìǱȲ±Ĵ`ǤˀƔ

Ȑ̺Ș���9ÎąƉūwČƭ�͚ȆǞǆǉǅȯÙȣȶ̢³ʞȐÅ¸Ȭ̘Ƌȕǐˀ

ƔʱȉôIìȥǹǿv_ǤˣÔǹǿ͘Acropora͙�̷ˣÔǹǿUÅ͚̀\ȅ±Ĵɏ

_˯UÅ̀Ȑǹǿ͘English et al. 1997, Jonker et al. 2008͙� 
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ʢ 1�ĉȅȐǹǿȬĐƜɨɰ�ƣǁ 

�Ŭ�ȳ ʆŬ�ȳ 

ʆŬɠ

ê ˀƔűę L͕ ɤ͕ �ɬŬǶ 

ƣƙ�ƣǁ Quadrat Quadrat ȅ¦ÞÅñ

Ȑƣƙ�ƣ ,

ĻŌǨ 

Ĭ˱,ƉƸ

�ʶ̔,ˤ

ɆȨ 

˒ŭʘǼ

ſ̜̘ 

 

ƥļɚ�ƣ

ǁ 

Line Intercept 

Transect 

LIT ĐƜȃǱʪ

ʏǷǤȸ˙

ɚɡ̘Ȑȏ

_Ƴ 

�ʼɏʶ

̔ȃǱ˒

ʲ 

ſ̜̘ Loya & 

Slobodkin 

1971, Loya 

1972, 1978  

ȸ˙ɚƣ͕

�ƣǁ 

Point Intercept 

Transect 

PIT ĐƜȃǱʪ

ʏǷǤɡƣ

͕ūȐȏ_

Ƴ 

Ĭ˱,äź

èų 

ſ̜̘ Hodgson 

1999, Hill 

& 

Wilkinson 

2004 

ȸ˙ɚƣƙ

ŌǨ�ƣǁ 

Photographic 

Transect 

Photoquad ȅȚƤĻŤ

ġƤƿʌȸ

˙ɚ˴ʞŌ

Ǩ�ƣ��

ĥ˴ʞġJ

_Ɛ 

Ĭ˱,ƉƸ

�ʶ̔ 

˒ŭʘǼ

ſ̜̘ 

  

 

̮ǧĨ 1980 Č#ɺ�ą˴ʞ˷ʹÃ�ǡǹǿɨɰˋoȐȣȶ͚ǧɮÅ̄_Ȑʱȉ

̆ûŲ�Če�ČƋ��ƽƉŎɣ˴ʞ̘ƋȐȕǐ͚ƪÂƲAʱȉ7ȅȐűǁ̆�Ȕ

Ț�͚ðɻʯ̊�Ƴˤ�ʱȉɒƑſƇȄȃƉDĄ�àʭȐɒ˂͚�Ǧǁț^%�ǡ

Ǥ�͎Ȑˋo˚q�\m	�ǡ̂Ɖ̷˲Ȭǹǿɨɰ�ǩĈǹǿȬUȲȃĴɇ͚��

ˀƔűǁ­�ȃĴɇ	Ȑ˻3į ƌȟ͚¤ƪ̴ʩś̭�ɓŪƭČƉ̝ǹǿȬ_/�

ȃĴÃƣįȐȣȶ¹�͚�ǐʻ��ˀƔűǁ­��̀±ȬvȐ˻ȅį�ÎƪŁ�Ę

ȹ�ǡǹǿȬˀƔȐɓ�ơǓ��ŗ:ǹǿȬȃĴ˒ǒ?ɲɁǼȐĘˈ� 
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��ă4̺ȘɽSä 

 
;š̴ƹʿŹ�ă4̺ȘɽSärō: 

 

(�)  ǹǿȬ_ć�ȃĴÃƣį�Ț̝ŬǶʎ̭ 

ʔȆŬǶ£́ĝŪ§̪̜ǹǿȬȃĴɇȐ_/ɽǺǀ�̸ɸȐÒɵɽȚ̝

ȣȶ˴ù͚�ŪǼɼǡ�ǹǿȬȃĴɇǺǀ_ćɽŶƉȚ̝ŬǶ͚Ʈɋ˩Čˋ˾

ǳǀ� 

(�)  ǹǿȬȃĴˀƔ 

­ɼǡZ#ʢį�ǹǿȬvǐʻ��ˀƔűǁȐ˻ȅį�ȞʯYɨɰɑĹ

ɽFĔǳĴǺǀ� 

(�)  ĘȹǹǿȬȃĴ˒ǒȐơǓˀƔűǁ 

;šƎʱȉ�ȃĴˀƔĹƑ͚�ſɬ̎ǹǿȬƜ®­Đ˔��ðɻ_ćǳ

ĴĄȊȐhŗ
͚îŅž�Ɖ�Ì˻��ǡ��ǹǿȬȐˀƔűǁ���ŗ:ơ

ǓŠ4ǈȱ͚r�¦Þƣv�ʸɥǓgɽĥɣˀƔɽȕǐƢę� 

(¢)  ŗ^ǹǿȬȃĴ˒ǒ?ɲɁǼĘˈ� 

 

  



 

 

 

6 

Ƚ�Ȼ�ȣȶűǁ 

 
��ǹǿȬ_ć�ȃĴÃƣį�Ț̝ŬǶʎ̭�

%ŬǶ£́ȐűęĝŪ
ȇ	�ʩĎAǹǿȬȣȶ®vȐŬǶ%�ʯǹǿȬ_/

ɽǺǀ�̸ɸȐÒɵɽȚ̝ȣȶ��ſŪǼĺ§ƭČ8­�ǡ�˼ǉ²˴ʞȐǹǿȬ

ˀƔ%Ʈɋ˩ČǹǿȬȃĴɇȐˋ˾� 

 

��ǹǿȬȃĴˀƔɽűǁǐʻ�

ǹǿȬȃĴˀƔɽűǁǐʻȐƣ͕˿­̍ƕ̷͘Ȭ±ǹǿɨɰ͙�µɪ͘ǹǿº

ǳ_ć͙�ȝȡ͘ǹǿȬ͙�̶ǡSǡ͘ǹǿ_ćɃ¨=̡͙ȿ¢Ȳ#ʢ�ǡ��̀

±Ȑǹǿɨɰ͘ʢ 2͚« 2-5͙�ȆŲǹǿȬ̘ƋȃĴȕǐʌ̌ȐȘơǤ¦ʌ­Îǹǿ

ȬȐȬýĻ¦ÞȐýȡ	ȐĐƜɨɰ͚¤ƪǤ�́Qȸ˙ɚ˞˙Ǧǁŗ:¦ʌįĐƜ

ȃǱȃ̘Ȑƾ®Ļƾǔ͚ƪʱȉŒȅ 15VõȐȸ˙ɚǤˀƔ�0�Ų 2019Č 4͝7ƈ

̜­�ƣ͕Ȑ 3~5Võ͘Ǎv͙�̍ƕ 6Võ͘ǌv͙�ȝȡȐ 10Võ͘ǌv͙ǌʘ

_cŋ�ƚ 15VõȐȸ˙ɚǤ�̌ʧ��ƿʌȸ˙ɚ˴ʞĐƜɨɰ�ŏơįȃǱȐˀ

Ɣ�XˀƔ 18ƚȿǌȐȸ˙ɚ�ˀƔ̾ĒǤ�Ƨ� 

 

ʢ 2�ǹǿȬȃĴˀƔȐ GPS0ɥ 

ɨɰ̀± ®͕ 

ǌĒ 

͘Võ͙ tɝ Əɔ 

̷Ȭ±ǹǿɨɰ ̍ƕ͘ůtĆ͙ 3 25.203963° 121.681284° 

 
̍ƕ͘ůtĆ͙ 6 25.204023° 121.681217° 

ǹǿºǳ_ć µɪ͘�Əɟ͙ 3 23.116620° 121.397059° 

ǹǿȬ ȝȡ͘øƏɟ͙ 5 21.952802° 120.769397° 

 
ȝȡ͘øƏɟ͙ 10 21.949711° 120.770459° 

ǹǿ_/Ƀ¨=̡ ̶ǡSǡ͘ǝǑɟ͙ 5 23.529575° 119.560073° 
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« 2�̍ƕƣ͕ȭĲ« 

 

« 3�µɪƣ͕ȭĲ« 
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« 4�ȝȡƣ͕ȭĲ« 

 

« 5�̶ǡSǡƣ͕ȭĲ« 

 

 

ĐƜɨɰˀƔ 

7ȅƥļɚˀƔǁ͘LIT͙�ȸ˙ɚƣ͕�ƣǁ͘PIT͙�ȸ˙ɚƣƙŌǨ�ƣǁ

͘Photoquad͙ƿʌȸ˙ɚ˴ʞ�ƣ�ƥļɚˀƔǁɈ̔ȸ˙ɚ	Ʋ�V_ƣ͕
ȐĐ

Ɯ̀c͜ȸ˙ɚƣ͕�ƣǁgž%Ʋ 50V_Ǥƣ͕̜Ȑ̜̩�ȸ˙ɚƣƙŌǨ�ƣǁ



 

 

 

9 

7ȅ 25 V_ x25 V_ȐƣƙǤ�ƣ�0�ƲAƣƙȐġJ7ȅ CPCe 4.1 (Coral Point 

Count With Excel extensions, Kohler & Gill 2006)ˢ͎͚ƲAƣƙŞ
 150 A̫Ƥƣ͕�

˧ˇY
ȐĐƜȃǱ�µ˔Ȳ͚̀ʱū�ƣƙSĐƜȃǱ�µ˔Ȑƣ͕ū�ʱɀYʪ

ʏǷ(Hsieh et al. 2016; 3ȿ 2016)��ɬ§̪	ĉ7ȅ͚ȆǞǆǉǅȯÙ̢^ǰȐǩĈ

ǉǅ˒ǒˀƔŀ[͘English et al. 1997)͚ìȡǹǿ̗ÞeˣÔǹǿ�Y"ǹǿUÅ̀

�ƅ˴�ƫɏ_��ȃ̘±͚Y͇�ɬǹǿȬ͎ƦȃĴǙƷ�͘Eco Diver͙ʴɞơǓ

_Ĺ�ˢǹǿ͘ˢǹǿ�ʈʍ͙�ǉə�Å±ʖ̀�ʇȒǳǉʖ�Ʊǳǹǿʖ�Ɔ˩

Ư�Ȑǹǿ�ýȡ�Ȧȡ�Ȣ�ǃɽYÚȿÅ̀�Ɔ˩Ư�ȐǹǿȐÞɩǤǹǿ͍͌

 ģŹ͂óƌȫŚ͚ž˩ƋSȍȃȀ»ˋoȐŏơ� 

 

ŏơįȃǱˀƔ 

Ʋƚȸ˙ɚ̣ˀƔĐƜɨɰÂ͚�ˀƔ͐̀ȐȐAū�͎̘͘« 6͙%�Å±ĐƜ

ǦɶƝoǱȐȃǱ̎͘« 7͙�Å±ĐƜǦɶƝoǱȐŏơǱȲ;Ǩ§̪	ǹǿȬ͎

ƦǇoȐơǓ�͐̀gN˧ˇeǱȲĥ�ɬ§̪ɹǧ?ˉɱȓ͘International Union for 

Conservation of Nature, IUCN͙ȍùȐǹǿFĔŏū͘Coral Health Index, CHI͙ì͐̀

v_e��Ȑlɴɨ͘Kaufman et al. 2011, ̤ 2015b͙͚��ɬ͐̀˒ŭē͘ReefBase͙

ȐVęì͎̘͐̀˥řĹȃǱ̎͘Biomass͙(Froese et al. 2019, ̤ 2015b)� 
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͘˒ŭ8ǒ͛ǹǿȬ͎Ʀŀ[͙ 

« 6�ǹǿȬ͎Ʀŏơį͐̀ 
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͘˒ŭ8ǒ͛ǹǿȬ͎Ʀŀ[͙ 

« 7�ǹǿȬ͎ƦŏơįǦɶƝoǱ 
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˒ŭ_Ɛ 

ɎȴƄɚ͘accumulation curve͙_Ɛ 

1. ƥļɚˀƔǁ͘LIT͙ɽȸ˙ɚƣ͕�ƣǁ͘PIT͙ 

 ɢʦƲƚȸ˙ɚ	“̫Ƥ͕ū vs ǹǿʪʏǷ”�”̫Ƥ͕ū vs ǹǿʪʏǷơǓ

Ą”ȐɎȴƄɚ«�ȅ8ƻÞȸ˙ɚƣ͕�ƣǁ̴ʩȐƣ͕ū�¤Ǥȋȸ˙ɚ̘Ē

¦Þſ͚ƿʌȸ˙ɚ˿�Ȑƣ͕ū̎˙1͚̫Ƥ˿��ū̎Ȑƣ͕ūƧƹħȐǹ

ǿʪʏǷȐˋȊ˙Å͚ʢȭ˙�ZƉ#ʢį͚¤ƪʩȅȸ˙ɚƣ͕�ƣǁ͘PIT͙

�#ƥļɚˀƔǁſ͚̻ˀƔ˛ÄȐƣ͕%Ȩ?ȸ˙ɚƣ͕�ƣǁƹħȐǹǿʪ

ʏǷ˛%ɽƥļɚˀƔǁȐɒƑȚ-� 

ɢʦɎȴƄɚȐȽ�ƫǤĨƲƚȸ˙ɚȐ 1500 Aƣ͕�̫ƤŊ��Aƣ͕�

ƹYʪʏǷ͚ŊeǹǿgƪʙŢǹǿɨɰȐʪʏǷǤ 100%͚��ǹǿʪʏǷǤ

0%͚̌ʧUȏƧĥʱɀƪUȏAʙŢǹǿɨɰȐʪʏǷȐDĄȱĒ͘ơǓĄ͙�

Ƚ�ƫǤ̫ƤŊ�UAƣ͕͚�ƣʱɀUȏAʙŢǹǿɨɰȐʪʏǷ�ʪʏǷơ

ǓĄ�̌ʧ	˪ƫ͋șe7ȅȸ˙ɚ	ȐT̄ƣ͕ʱɀʪʏǷ�ʪʏǷơǓĄ�

ȆŲŊ�͕ū˙Ã͚�.Ț�̫Ƥ͕ūȄȃȐUȏAʙŢǹǿɨɰȐċ¯ǹǿʪ

ʏǷƇ˙Ŕ˩è̪ǹǿʪʏǷ͘1500 Aƣ͕ƹħȐǹǿʪʏǷ͙͚UȏȐʙŢɨ

ɰȐǹǿʪʏǷȐˋȊȱĒ͘ơǓĄ͙�Ƈ˙ñ͚¤ƪȋUȏAʙŢǹǿɨɰȐ

ʪʏǷȐơǓĄñŲ 1.96 ſ͚Ȇƪ̫Ƥ͕ūˀƔ^ȐǹǿʪʏǷ~ʋ­è̪ʪʏ

ǷȐ 95%@˕v̜�S� 

 

2. ȸ˙ɚƣƙŌǨ�ƣǁ͘Photoquad͙ 

�	Ŀ˪Ȑȸ˙ɚƣ͕�ƣǁ͚7ȅȸ˙ɚƣƙŌǨ�ƣǁſ�̴ʩǄĲ­Ʋ

AƣƙSȐ̫Ƥƣ͕ū�Ūƚȸ˙ɚ	7ȅȐ̫Ƥƣ͕Ȑū̴͚̎ʩȨ?Ȇ̫Ƥ

ƣ͕ƹ^ȐǹǿʪʏǷʋ­è̪ǹǿʪʏǷȐ 95%@˕v̜�S�ǤƻÞƲA 25

V_ x 25 V_ƣƙS�Ʋƚȸ˙ɚ	̴ʩÃò̫Ƥƣ͕ŁZƉ#ʢį͚7ȅ	˪

űǁɢʦƲěǨǯS�Ʋƚȸ˙ɚ	 “̫Ƥ͕ū vs ǹǿʪʏǷ”%�”̫Ƥ͕ū vs 

ǹǿʪʏǷơǓĄ”ȐɎȴƄɚ«� 
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��ĘȹǹǿȬȃĴ˒ǒȐơǓˀƔűǁ�

�ɬ̺Ș�ȐˀƔɒƑʺ+Ɔ˻ȅŲ�ǡǹǿȬˀƔűǁ�ŗ:Șơð�Ȑǹǿ

ȬȃĴ˒ǒˀƔųʞűǁ%d³ʞ�0�ɬ�ȘơǋʏVƵȯÙãȀ»ŨɲŕĖ͜ȍ

ȃȀ»ţo�&ſĬ˱Śâʺ+�aƫœpůƣ͕͜ǹǿȬ̘ƋȃĴȕǐɽȀ»ġ̹

ʺ+ȿɃ¨�r�¦Þƣv�ʸɥǓgɽĥɣˀƔɽȕǐƢę� 

 

¢�ŗ^ǹǿȬȃĴ˒ǒ?ɲɁǼĘˈ 

ɕ�ŪǼ§SÂȚ̝ŬǶ�̺Ș�ȐˀƔűǁƳˤɒƑ�ɽ§SÂÙɭíãȐʷ

ˁ%�A�ɔ͚͊ŗ^ǹǿȬȃĴ˒ǒ?ɲɁǼȐ˩ȱ��Ƌɽ̘ȱȘơ�
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Ƚ�Ȼ�ɒƑ 

��ǹǿȬ_/�ȃĴÃƣį�Ț̝ŬǶʎ̭�

͘�͙ǹǿȬ_/ɽǹǿÃƣį�

ĘƟǹǿȬ�ʏľÓ�ƣ̴ʩȪº�ɷ�ȪºȐƷǃ͚­ǹǿȬȃĴɇ͚%˲Ȭ

ǹǿ͘scleractinian corals͙Ǥ�͚m	ʃʝĻÃƴ̀ȿƇʞ̒s4ȅ·ȴȧ͍̈̒͌

ȐȃǱńǗȪºȐʮʀ͚Ʊǳǹǿʖˏˑɷɒȧ̈̒͌Ƙ͚úúȌȌɎȴĹǹǿȬ�

¤ƪ�Ɖ­˲ȬǹǿȐȃ̘˱Ƿ͏ŲȃǱ�ǱǼȐ<ʛ˱Ƿ��ſ�˻�Ʊǳǹǿʖ

ȃ̘Ȑǉ²ŁƇĞĹǹǿȬ͘Kleypas et al. 1999͙��ɾɮʰ͚ǹǿȬ_/­ Ų{

tɝ 30Ē�̜�ċ¯ƷǕ Ų 21-29.5oC�͑Ē Ųx_� 23.2-40.0�ċ¯ 50Võ%

Ǎ�Ǐǜ�ːǪ͆͑Ȑǉ²͘Kleypas et al. 1999͙��ʩȐǹǿȬvrōt˗ʊĤ˓

tȼ�ʨɺ͈8ʨ��}öʨȼ�Əɺ}öƏ̄ɍɧ̙ɨÿȿW§ȐǹǿÅ�ʮ

͘coral triangle͙�Çċǅ	˃ÿ�ǞǆƏ̄ȐÅ¸Ȭ�ʨǞȐǹǿȬ�mnƳǉ�}

Ēǅ�Ɋǉȿ®v͘« 8͙�­Y"Ǧǁ�ſ˹e	˪UAƚ&͚. ˻�˲Ȭǹǿ

ȃ̘Ȑǉ²Ŀ^ǺȐ˲Ȭǹǿ͚ȳǤ̃ɛ±ǹǿɨɰ͘marginal coral community͙͚

�ȳǤ̷Ȭ±ǹǿɨɰ͘non-reefal coral communities͙� 

ǺȃǹǿȬ�v_ĹʹÃ��Ȑ±Ĵ͚ƆŸ˹ǮŬìY_ǤɨȬ͘fringing 

reefs͙�¸Ȭ͘barrier reefs͙�ȀȬ͘atoll͙͘Darwin 1842͙�ɨȬžŏ_/­̥®

�¨ȐǹǿȬ͚ȆŲYɽ̥®șŔȚ˳ĹǴ̘ǳ͘˰ĉȠŲ 100Võ͚.��ė,ū

ȏVõ̘͙Îʥ̃ɮħ�͚žƆĉʫȐǹǿȬ±Ĵ��ǡƎÿ�̰ÿÅÃȐǹǿȬȑ

ûŲɨȬ�¸Ȭ_/­̥®Âɛ͚̩ʌ�Ʒ²͘ǠǑĻɭǌȐƷ˸͙�ɽ�ʩ̥®Ļ

ÿĂșŔ˳Ŕ�ǚǑȐÅñ��͚�ĨūȏVõëeūV̋ë͚9ÎƆƉ�ȐǞǆÅ

¸Ȭ̘ĒǤUx�ȏV̋�Ɔëʘ�˹ 100V̋�ȀȬ͘atoll͙žŏ¸ȬȚ˳Ď�Ĺ

�ªĞ.�̜IƉǠǑɮɤò̥®�Ĺ¤ǭǉǅ�ȐǢüÿ�¨ĞĹɨȬ͚­Ǣüÿ

¤̓s4ȅ�ˮǘƽRǉ̸
ĻǉƷ	yȐ˷ȱ�͚ɨȬŎɣȍɲĞĹ¸Ȭ͚ȋǢü

ÿÝTǊÉgĞĹȀȬ͘Darwin 1842͙͚0Ų{�§ǉt̄ȐƏƾȀȬ͘Dogsha 

Atoll, Pratas Islands͙~Ǥ�ȍɲɿÍȐȀȬ�ƏƾȀȬȐǠǑSũ/ʌ��ÅñȐȬ

͎͚ȳǤºȬ͘patch reefs͙�­¸Ȭ�ȀȬȐÂ¨Ȭ͎͘outer reefs͙	ȐȐǹǿ_
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ć�ǺŹ͂Ȑȷ̜ĄȊ͚˰ĉ­ǚǑSGȆŲƷǈ�řˤĄðɻȴƾıǀˤ¡͚̌ˤ

òǹǿ_ć̸͚ÅǅGƷǈ�řˤ5͚ˤÃǹǿ_ć�ȍɲɿÍ� 

 

 

͘«ǯ8ǒ͛Spalding et al. 2001͙ 
« 8�
ȇǹǿȬ_/« 

«�ȐèɚǤ˖˸͚ʙɚǤ{�t£Ʈɚ�ɖʀǤ̥®͚ʕʀǤǉǅ͚͕͒Ǥǹǿ

Ȭ� 
 

�ǡÿ͘tɝ 21.897°~25.302°͙�ǝǑɨÿ�ɖÿ�ʗĂ�ñǽǻ�Ġ5Ă�ƛ

ʁĂ�ʁȁĂ�͖ü�µ̦ÿȿ�ǡÿ�̃ÿĂ%�0Ų{�§ǉt̄ȐƏƾȀȬ�

{�§ǉ{̄Ȑ{ƾɨÿ�ȐÇċÿ0ŲǩĈɺ�ǩĈ�̜�Y�¨ȐǉǅȀ»�ʩ

�eƶB�͓Ǜ%�{�§ǉʢ̸ǅǈȐġ̹�ȆʊĤ˓ĢtȐ͓Ǜ­�ÜǉĀ�_

Ǥ�͚͓Ǜ�ǈŎɣĨ�ǡƏ̃ĢtǈĢŷƎ͚͓ǛťǈʨtǈR�ǡǉĀ�ǧɮ͓

ǛťǈȐ˟Ħ�Ø̓ġ̹ɮƉØɂįȐˋs�ÁØȐʨ{Ø̓Ƈ͉o{�§ǉʢ̸ǅ

ǈ˴R�ǡǉĀƊ��ǡÿt̄͜]ØȐƏtØ͉̓7�§ƿþǈì͓ǛťǈĢ{

ŕ͚ðɻ]ØſǕƂȐ͓ǛƷ¬I_/­�ǡǉĀ{GȐǝǑɨÿȐ{G͘Wang and 

Chen 1988, 1992; reviewed in Chen and Keshavmurthy 2009͙� 

ȆŲ]ØſǕƂȐ͓ǛƷ¬I_/­ǝǑɨÿ{G͚¤ƪ̮ǧ�ǡÿ��̃ÿĂ

ȐȥĐ˔	ȑƉ˲Ȭǹǿ_/͘« 9͙͘Dai 2011a,b͜Ľȿ 2015�ʽȿ 2018͙͚._

/˚q¤ǉƷƷʢǕĒ͘sea surface temperature, SST͙ȐØɂįˋs�ǅǈġ̹%t

˫ƮɚǤȇ�Åɻ_ǤǩĈȐǹǿȬ͘coral reefs͙��ǩĈȐ̷Ȭ±ǹǿɨɰ͘non-

reefal coral communities͙͘Dai 1989, Chen 1999, Ľȿ 2015�ʽȿ 201͙�­ǝǑS

ǉ�Əǉ�tǉ%��ǡÿt̄ȐƏtʮ�ßʗ�ʁʐȿ®͚ȆŲ]ØȐƷʢǕĒƇ

1Ų˻�˲Ȭǹǿȃ̘Ȑ 180C (Veron 1995)͚¤ƪȃ̘­¶ȥýȡ	Ȑ˲ȬǹǿǦǁ

ɎȴĞĹǹǿȬ�ȚïȐ͚­{�ǡȐ�Ə�½��ɖÿ�ʗĂ�ñǽǻ%�ǝǑɨ
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ÿ�­t˫Ʈɚ%{Ȑ˃ÿȿ®͚Ȁ»ˤ˻ß˲Ȭǹǿȃ̘¤ƪĞĹǩĈǹǿȬ

͘Chen 1999; Chen and Keshavmurthy 2009; Chen 2014͙� 

�ǡÿɽ�̃ÿĂtɸʊĤ˓ǹǿÃƣįƆ͏ȐǹǿÅ�ʮ͘Coral Triangle͙t

ȇ͚�ſǈɔ�ǡȐ͓Ǜ�Ĉ8ˍæȐǹǿčʄ͚¤ƪǹǿǱȲū͏͚Șhąʶ̔ɺ

ò 317Ȳ˲Ȭǹǿ͘Dai and Horng 2009; Hsieh et al. 2016͙�˘˷ 200Ȳˢǹǿ͘Ľ�

Ȱ 2019͙�ǧɮ˲ȬǹǿǱȲˍæĒ­�ǡÿɽ�̃ÿĂƉ͂ʌȐ®ǼĄȊ͚�ɾɮ

ʰ͚ǹǿǱȲˍæĒ̫ɝĒy͏ɮ̠1͚­�ǡÿ{̄ǹǿȬǉ²ɉƉ 300Ȳǹǿ͚

­Ŕ˩t˫ƮɚȐǝǑɨÿ��ǡÿƏ̄ȐÿĂɉƉ 150Ȳǹǿ�­t�ǡgɉ�Ɖ

100Ȳǹǿ͘Dai 1989; Chen 1999; Dai and Horng 2009͙� 

 

͘�ɬ˒ŭ͛�ǡv²ǉǅÙ͙ 
« 9��ǡ˲Ȭǹǿ_/«�͒ʀǤ̷Ȭ±ǹǿɨɰ�ɊʀǤǩĈǹǿȬ� 

 

͘�͙ǹǿȬǺǀ�

ǹǿȬȃĴɇž�AoĴȐȐȃĴɇ͚�eÎ̈́̓ȿɹǧţoȐġ̹ſǹǿȬF

ĔǳǀƇ̠1͚ţo˷ĥǹǿȬƇˮǘİĩ�ǧɮȋ�̀ǇoðɻTǻǹǿȬ¤�e

ˮČ¼ĜȐȠƃ.Ĝǥ͘acute͙�ˤɜ�.̘Ƌ͘chronic͙ţoȐġ̹ſ͚ǹǿȬƽ



 

 

 

17 

Ɖ˛ÄȐſ̜İĩ¤ƪFĔǳǀˮǘ̠1�˩Č8ġ̹TǻǹǿȬƆjǥȐţoǤ

2014-2017ČȐTǻǹǿȬȎs�&͘Hughes et al. 2017a, 2017b, 2018͙�Ĩ 2016ɺ

2017Č͚ǞǆÅ¸ȬȐtư��ưȑ¤ǭȊĉ͏ǕðɻǹǿȍȃȎsǺˎ͚�ðɻ

1/3ȐǹǿƯ�͘Hughes et al. 2017a,b, ͙�0Ųʨ}ĒǅƔĸŮɨÿ͘Chagos 

Archipelago͙­ 2015e 2016Ȑ˳ɣǹǿȎs�&�ŚÉ� 60%Ȑǹǿ͚ǹǿʪʏǷ

Ĩ 2012ČȐ 30%̠e 2016ČȐ 12%͘Head et al. 2019͙�ÁÒÊʨtű
ȇȽ�Å

Ȑǉǅ?ˉv Papahānaumokuākea Marine National Monument (PMNM)SȐǹǿȬ­

2014Č�¤ǤȎs�&ðɻǹǿʪʏǷ͂ʌ̠1�̮ǧȎsȐȱĒ­��ȐƜ®͘˨

̸̓/ɳ̸̓/ǌĒ͙Ļ��ÿĂ˝ǚǑ̜ƉĿĄȊ͚ȎsȱĒƆ¡̌Ȑ®ű­ Lisianski

ÿȐǍƷ²͚ðɻ LisianskiÿȐǹǿʪʏǷĨ 77%̠ɺ 35͗���ǱȲȐȎsȱĒ�

�ɻ͚Ɔ¡̌ȐǤMontipora dilatataǹǿ (Couch et al. 2017)�ǧɮ��ſ̜­�ǡÿ

��̃ÿĂȐǹǿȬȃĴɇIƉ��®v±�ñõĒȐȎs�&͚��JÅ¸ȬĻƔ

ĸŮɨÿȍȃÅʬƢȐȎs�&͘ʢ 3͙͘�ǡȀ»˒ʲzƇ 2016, 2017, ̤ 2017, 

reviewed by Kuo et al. 2018͙� 

�ǡȐǹǿȬȣȶÐŲ 1980Č#͚ɺ��ʩȐ̘ƋȕǐʱȉrōȆ�ǡ̳kV�

ťŎ͚ÑʵÙʟȇ̑ïƖɴ̳ĕőƷ�ő^ȐǕőƷïőƷ�ȃĴɇȐġ̹Ȑ̘Ƌȣ

ȶ���AǤȯŇ̄ɽ½�§ãV©ɁǼʘŔɣťŎȐ½�§ãV©ǉ²ǹǿȬ̘Ƌ

ȕǐʱȉ͘űȿ͚2004͚2005͚2006͜Ǹȿ͚2007͚̅͜2007͜ 3ȿ 2008͚2009͚

2010͚2016̤͚͜2012͚2013͚2014͚2015͚2016͚2018͙�ǧɮ˯UAȕǐʱȉ̆

ûŲ÷̄į�ñõĒȐȕǐʱȉ�ɺ�Ùʟȇ�Ŧđ̙̄óƌƉ'3�A7ȅȚ�ˀ

Ɣűǁ�ǋʏ�ǡÿ%��̃ÿĂȐ̘ƋǹǿȬȕǐʱȉ� 

̣�ȆŦđ̙̄șŔĻÑʵÙʟȇ�ǵ³ʞȐǹǿȬȕǐʱȉ�Â͚óƉ��̀

ȆV̙̄�ÙʟȇǤ�͚Ĉ̼VƵȯÙã�ɽȐǹǿȬȕǐʱȉ- ǹǿȬ͎Ʀ�ɹĨ

1997Č�ǡǹǿȬÙƇĚ˴ǹǿȬɡ͎ƦȐˀƔűǁ�ĥ͚Ȇ�ǡǹǿȬÙƇ͘1997-

2009Č͙��ǡȀ»˒ʲzƇ͘2009Čɺ�͙Ǥ�͚Ɏʱą­T�ǡ 114A®͕ʺ+

˷ȋ®ȐǹǿȬFĔǳǀ͘Chen 2014͜Ľȿ 2001͚2002͚2003͚2004͜Ľ 2005͚

2006͚2007͚2009̇͜ 2008͜�ǡǉǅȀ»ŨɲŕĖzƇɽ�ǡȀ»˒ʲzƇ 2009͜

�ǡȀ»˒ʲzƇ 2010͚2011͚2012͚2013͚2014͚2015͚2016͚2017͚2018͙�Ū

ǼƭČɒƑ͂ȭ͚1997Čſ�ǡÿɽ�̃ÿĂȐǹǿ͘ȥǹǿ�ˢǹǿɽʈʍ͙ˍĒ

ǤƭČ�Ɔ͏͘50.18%͙͚.¤ 1998ČȐTǻǹǿÅȎs�&ðɻ 1999ČȐǹǿʪ
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ʏǷ̠ɺ 35.23%͚­ 2000Čſƅ̠ɺ 28.70%͘ʢ 4, « 10͙�2000Č�ḥ̂� 2005

Č¤ǤIˀƔƏtʮ%�ßʗȿˤ�ȍ˹ȐǹǿɨɰðɻʪʏǷI 23.37%�Â͚Y͇

Č(ǹǿʪʏǷȑ­ 30~46%�̵̜ȗǦ͂ʌˋsȐǺˎ͘ʢ 4͚« 10͚11͙� 

ȆŲɤ�˛ÄȐ�kɽǱkťŎ%�ÆB�ȵÞȿ¤Ɍ͚Ĩ 1997ɺ 2018ČȐ 22

Č̜ƲČˀƔȐƣ͕ Ų 6~32A͚Ɖ̡Ȑƣ͕ǦǁÝŪǋʏ�ǡÿ��̃ÿĂ��Ż

ǹǿȬFĔǳǀȐȜèˋo˚q�ƭČȐȕǐƣ͕�ƽƉ�ɻį͚114AƉˀƔɈ̔

Ȑƣ͕�Ɖ 54Aƣ͕IƉ�ȾˀƔɈ͚̔Ɖ˘˷ 11ȾˀƔɈ̔Ȑƣ͕I 5A�˲Ĺ

ƪ˚qȐ�¤�ɴžhĥUA�ð�0̑ïȐȘơƣ͕��͚¤ƪ̮ǧ��0­�ð

Ƌ̜ȑȔkɗŎ�ɻȐƣ͕͚�6˒ŭ_Ɛ~ðɻƣ͕�˳ɣ͚ðɻˀƔɒƑǦǁ�

ŻȜèȐˋo˚q�%ċ¯ǹǿʪʏǷ­ 2015̚Ð͂ʌ	yȐǝǑǤ9͚�ǡǹǿȬ

ÙƇ­ 1999e 2004Č̜ŎɣˀƔƬ̽�ǏǡSǡ�̶ǡÂǡ�ʚ̽üȿ¢ƣ͕�Y

�̶ǡSǡ­ 2004e 2009Č̜¤Ǥ˷ǖ�ɒʜǫȍɽ 2008ČȐçâ�&ġ̹ðɻǹ

ǿʪʏǷĨ 2004ČȐ 79.6%͘Ľȿ 2004͙̠ɺ 2008ČȐ 25%̇͘ 2008͙� 2009Č

Ȑ 16%͘ʢ 3͙͘Hsieh et al. 2011͜ ˅ 2008͙�çâ�&�ʩġ̹ǝǑtǉɽSǉ͚

ïǝǑ{ǉȐġ̹ˤñ͘˅ 2008͙͚ǧɮ 2008Č­ǝǑˀƔȐ 26Ȑƣ͕�̶ǡSǡ

ž̌ʧƣ͕͚Y"ƣ͕g_ũŲǝǑ�ʘ̇͘ 2008͙�2009Čĥ�ǡȀ»˒ʲzƇì

ˀƔȐɴ̎ŉǄŲ{ǉȐƏĂ°�ʨĂ°�%�Ə�ȿƣ͕͚¤ƪ̘ƋȐʪʏǷ˚q

Ǧǁț^ 2008ČçâïǝǑǹǿȬȐġ̹�ƣ͕�˳ɣȐǺˎ­�ǡY"®vȑ�

ʫ͚¤ƪ­ʯ̘̊ƋˀƔ˒ŭſ̴ǲcñīˆĵ� 

ŬǶŪǼ�͂ȭ�ǡÿĂ�̃ÿĂȐǹǿȬɔĉ�eţoġ̹͘ʢ 3͙͚��ţo

ȐʬƢɽõĒȑ��͚9Î̈́̓�TǻȎs�&Ƈ�ſġ̹ÃA®vȐǹǿȬ͚ûŲ

̸Ȑġ̹��Ǥ˲ĹȐţoġ̹Ƀ¨ˤ=̡͚ûŲ͕Ȑġ̹�ǧɮ�ƣȆŲɤ�˛Ä

Ȑ�kɽǱkťŎ%�ÆB�ȵÞȿ¤Ɍ͚Iòūţo�&ƉˀƔ¬̧˴ʞȽ�ſ̜

ȐŚâʺ+�˴ʞĥɣˬˠ͚Å̄_ţo�&ȑǤÞ̎ȐŖ˪ɮǦɆȨȐ̎sˀƔɒ

Ƒ�ÎƪðɻǦǁƩȨȐʺ+ţoïǹǿȬ˲ĹȐŚâ%�ĥɣĿ̴Ȑİĩſ̜� 
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ē 3�z 1986ā 2018qwń>ÅÐØûþâ�0�Õ�Y: TD�¾ª�-�wń�N: $>ÅâĞ£őReef CheckŒ��´��-�

wń�NA: M3|Ğ£âTDœ´��-'
M��C:wń�­ē�,"Ĺ�ĺâĪÂwń� 

q� �0ņR �0  

2

Ě 

Ć

č 
>

  
ø

k 
đ

l 
V

� 
f

Ö

Ô 

Ã

À 
 

µ

Û

ì 

[

p

k 

:wńM39wńîr 8ü�Í 

1986 ňŇ �]

őPeggyŒ 
NA NA NA NA NA Y NA NA NA NA  Dai 1988 

1987 ňŇ �ōy

őGeraldŒ 
NA NA NA NA NA Y NA NA NA NA �d6Åĕ�iİM3ĩ�F

ĵëXœíĽö80%âûŋœ
'ŉM3âëXÎö20~30% 

Dai 1988, ı 
1996 

1987 ňŇ ×~

őLynnŒ 
NA NA NA NA NA Y NA NA NA NA   

1994 ňŇ ī¦

őDougŒ 
NA NA NA NA NA Y NA NA NA NA TD���9èê3~10%g¼

ĺ+¡ÌÐØûþĭFĵë

Xœ'ŉMŏ��� 

ı 1996 

1995 ňŇ ČÙőGaryŒ NA NA NA NA NA Y NA NA NA NA TD���9÷¤2~25%g¼

+¡ÌÐØûþN:ČÙň

ŇâFĵwńŕxWÀăīĕ

�ìŋ�İ+ÐØûŋĔČ

Ù�ÿËEģ~ňŇ¾Ľŕ'

ŉMŏ��� 

ı 1996 

ÿËőKentŒ 
ģ~

őRyanŒ 

1996 ňŇ ġ�őHerbŒ NA NA NA NA NA Y NA NA NA NA TD��ĜĦwńèê½±S

ÐØûþ 
Chen and Dai 
2004 

1998 ÞoÁr á1��őŌ

ÁŒ 
NA N N Y Y Y Y Y Y NA ÃÀŔ30-40%ÐØá1�đl

ő±ēŖ20%g¼±SŒŔ
Wilkinson 1998, 
Dai 2005, 2019.  
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q� �0ņR �0  

2
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Ć
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V
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f

Ö

Ô 

Ã

À 
 

µ

Û

ì 

[

p

k 

:wńM39wńîr 8ü�Í 

80%ÐØá1�®�Îö
20%� 

2001 ňŇ \°

őChebeiŒ 
N N N N N N N Y NA NA  �ñ 2001 

2001 ňŇ �é

őUnknowŒ 
N N N N N Y N N NA NA  �ñ 2001 

2001 ĄĿ�½ ĻÚ�Ē

őAmorgosŒ 
NA NA NA NA NA Y NA NA NA NA wńòJiļ�}�4k j

ŐO�n�:ĄąČæ�wâ

M3ÐØėČÎ<1%œ�Į�
:wń3=Ĭ68.3%� 

�ñ 2002 

2002 ÞoÁr á1��őŌ

ÁŒ 
N N Y N N Y N N NA NA á1MŏŔV�ĉĴ§�xW

À�ŊďÅ�> ê¨Q��

�>� 

�ñ 2002 

2005 ²¢ ¶²¢ NA NA NA NA Y NA NA NA NA NA wńđlĕ6Ńö1%ĴĹâ
»jú 

>ÅÛUĢě5

� 2011 
2006 ÜÊÈà �ĶŎä»ù   

őTerpios 
hoshinotaŒÈ
à 

NA NA NA Y Y NA NA NA NA NA  Liao et al. 2007�
ľñ2009 

2006 ňŇ ÑÒ

őChanchuŒ 
NA NA NA NA NA Y NA NA NA NA 	Ėwń}�4kĕjâÐØ

ûþœ�ß�L}�4kĕj

<�ĉĴA��å¿ð 

Kuo et al. 2012 
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2007 ÞoÁr á1��őŌ

ÁŒ 
NA NA NA NA NA Y Y NA NA NA V�Ŕ*±;�50%á1ŕ}

�4kĕjE6Å#ö25%á
1�fÖÔö5~30%á1� 

Ïñ 2007, � 
2007, Kuo et al. 
2012ŕ 

2008 ÞoÁr caő�ÁŒ NA NA NA NA NA NA NA Y NA NA ÃÀ2»E#»� Hsieh 2008 
2008 ĄĿ�½ 7hó»��

«p>

őMAIMUNA
HŒ 

NA NA NA NA Y NA NA NA NA NA �½��kœÇķ1â�aĞ

£TD 
� 2008 őÛU
Ģěł^T

https://e-
info.org.tw/node/
38190Œ 

2009 ÜÊÈà ©(»�Èà NA NA NA NA NA NA NA Y NA NA  į 2013 
2009 ĄĿ�½ =�PãBĒ

őColombo 
QueenŒ 

NA NA NA NA NA Y NA NA NA NA �º±jĮ�ÐØ:¶²¢á

1wńòJö0.49km2œ��
.ÐØėČÎö30~50%� 

�ñ 2009 

2009 ňŇ Ĉ� 

őMorakotŒ 
N Y Y Y Y Y Y Y NA NA ĉĴ§�?Ý�ĥêEŊďÅ >Å»¹ÛU�

Ā�u5�E>

ÅÛUĢě5� 
2009ŕ� 2009�
Kuo et al. 2011, 
2012.  

2009 ĄĿ�½ WO─BUDM
OĒ 

NA NA NA NA NA Y NA NA NA NA :Ĉ� ňŇwńý�½�x

ÅœÇķ1â�aĞ£TD� 
�ñ 2009 

2010 ÜÊÈà ©(»�Èà NA NA NA NA NA NA NA Y NA NA <�L$ÃÀ&16��â3�
Ğ£ðç-Yķâ©(»��

ö%Ņö60-160��ŋ� 

ğñ 2010�ĳ 
2010 
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2010 ÞoÁr á1��őŌ

ÁŒ 
N N N N Y Y N N NA NA �đlĕ6ŃEV�¥�t*

±;½3àÜfę¬á1� 
>ÅÛUĢě5

� 2011 
2011 ÜÊÈà ©(»�Èà NA NA NA NA NA NA NA Y NA NA  ĝ 2011 
2011 ňŇ 6ÚĲ

őNanmadol
Œ 

NA NA NA NA NA Y NA NA NA NA  �ñ 2011 

2012 ÜÊÈà ©(»�Èà NA NA NA NA NA NA NA Y NA NA ¯%Ņ=ŌĬ280��ŋ� s 2012 
2012 ÞoÁr caő�ÁŒ NA NA NA NA NA NA NA Y NA NA 6�Gk( @lŒ)Z�HÆ

±ÁĪ�ýá1 
ĳ�� �àēĢ
� 

2013 ÜÊÈà ©(»�Èà NA NA NA NA NA NA NA Y NA NA Lĕ@lõĸ�%Ņ#�190
��ŋ� 

ĤEĐ 2014 

2013 ňŇ Z!

őUsagiŒ 
NA NA NA NA NA Y NA NA NA NA Ł�ê�xWÀEèê� ľñ 2013 

2014 ÞoÁr á1��őŌ

ÁŒ 
NA NA NA NA NA Y NA NA NA NA á1�FĵâV�¥�t*±

;0-5ôö60%á1œ10ô¼ö
20%á1�Ib%K#'
M
ŏpNö30%á1�´�ķ1
âĞ£Ģ�� 

Kuo et al. 2018 

2015 ňŇ ĐĨ/

őSoudelorŒ 
N N N N N N Y Y NA NA  >ÅÛUĢě5

� 2015 
2016 ÞoÁr á1��őŌ

ÁŒ 
N N N Y Y Y N Y Y NA zV�¥�t*±;-6Åµ

ÄĺàÜħ{âá1�ÃÀ6

»â @kEĕ@kö2000p

>ÅÛUĢě5

� 2016�ć 
2016� Kuo et al. 
2018 
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�%g�ĊÉvē_ÐØÆ	

MontiporaâÐØàÜá1� 

2016 ňŇ Ĉđċ

őMerantiŒ 
N N N N N Y Y N NA NA  >ÅÛUĢě5

� 2016, Kuo et 
al. 2018 

2017 ²¢ ¶²¢ NA NA NA N NA NA NA NA NA NA L��â��Løk2ŃE 

2Ń&7%ĴĹâ»júàÓ
¶²¢��LG�Ğ£�m�

Ę¶²� 

>ÅÛUĢě5

� 2017 

2017 ÞoÁr á1��őŌ

ÁŒ 
N N N N N Y Y N NA NA }�4kĕjàÜfę¬á1 >ÅÛUĢě5

� 2017� Kuo et 
al. 2018 

2018 ²¢ ³ïÊ NA NA NA NA NA Y NA NA NA NA Hĕ6`ŇâĠŀeĂxWÀ

¸µėČÐØ�·œ�Çķ1

Ģ�� 

Ď 2018 
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� 4�(^>x,�>?C 1998w 2018Ai@3be�nbe��be-}~��

�a 

�- �phATJ���L�L� 

  K&� ;� {� (K r> �? 7� <dc ]Z A@3 

1997 - - - - 56.05 - 47.25 - - 50.18 

1998 - - 41.00 48.20 48.87 6.95 49.80 16.30 - 43.36 

1999 33.75 - 31.70 38.30 57.46 25.25 39.71 5.60 29.95 35.23 

2000 19.60 16.76 14.80 - 68.80 19.70 35.88 7.40 38.28 28.70 

2001 20.81 21.69 36.10 47.80 64.40 28.40 41.91 8.17 26.31 32.88 

2002 23.74 24.94 24.43 49.79 66.00 27.00 44.25 5.41 30.00 35.84 

2003 24.18 29.10 61.25 37.20 66.55 57.07 49.33 14.60 32.75 40.44 

2004 19.13 24.63 - - 71.23 68.87 48.04 29.53 39.20 41.81 

2005 24.65 15.00 - - - - - - - 23.37 

2006 - 29.00 45.00 34.17 64.63 42.58 - - - 44.87 

2007 - - - - - - 34.09 27.25 - 32.63 

2008 - - - - 38.13 - - - 37.63 37.68 

2009 27.05 - - 40.63 47.38 - 36.98 18.14 31.25 31.59 

2010 30.19 - - 38.13 46.25 50.45 - 18.65 - 35.18 

2011 34.75 - - 45.63 70.63 37.50 - 39.58 34.38 42.45 

2012 34.79 - - 39.69 53.96 28.13 - 32.40 41.25 37.28 

2013 29.58 - - 81.25 52.25 51.04 - 45.00 53.75 44.11 

2014 32.39 - 35.00 46.25 64.27 40.16 - 35.83 36.46 41.19 

2015 31.91 - - - 63.85 61.15 - 36.35 44.58 46.30 

2016 38.06 - 22.50 37.50 59.79 36.88 43.13 14.38 61.88 39.38 

2017 26.03 - 13.75 37.97 50.42 55.10 47.19 18.33 59.79 36.78 

2018 27.56 - 44.38 39.17 47.19 61.46 43.75 14.38 69.22 40.37 

�F�[¡RAbeo�Q6+ 

 



 

 

 

25 

 
0 10�(^>x,�>?C 1998w 2018Ai@3be�nbe��be-}~��

�a�" 
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0 11�(^>x,�>?)2'C 1998w 2018Ai@3be�nbe��be-}

~���a�" 
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��beofD�L�

���BNtv�L�

q�s�LU 

1�A�Li.�P�
iVbe�nbe-�be���a�G 19.39%��M

Y'�- 55.59%�5u�����5uiBNtv�be_�# $E 53.08%in

be- 2.51%i�be���P�ibe��aj�G 50%��/��giO\

�Gomez & Yap 1988� 5uibeo=G��zbeo�(50%-75%) lmX'-

�MY'ibe��a��_ 20.99%- 19.39% =G� %beo�(25%��) �

�$E�^�^�36.93%��lmY'�43.29%�-�MX'�33.58%�=G��

y�(25%-50%)  betvj�nbe_��� 5�� 

1�*bef�i5u-lm BNtv�
be�8��#i_���$E9

4��-|k`W����
5u-lmY'�H�|k`W�_� ��a��_

18.54%- 25.87�¢lmX'94��-|k`W�i��aj1 20-25%����

5��1�	�*bef�i�M-�^�^�2 ���$E94��-|k`W

��-S`be�i��aI�� �:�MY'iBNtv�94��_�

�70.41%��S`be���a�_ 0.6%�� 5� �1�MX' H�S`be�

_��48.19%��94��i��a�� 10.93%�1�^�^�S`be�_�

�33.51%� 94���� 1.58��� 5�� 
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@ 5��
B� I�0!�;B�$�91
��H��8C;�1��A>-J�)�K�(�+ 5	�'�'�+ 10	�

'� 

�I '� 6./ D./ &: ��?H =2,&? #,./? 
F� ( 19.39 (10.92) 0.00 (0.00) 0.00 (0.00) 70.42 (14.07) 6.82 (6.27) 0.60 (0.72) 
F� ' 33.58 (6.70) 0.00 (0.00) 0.00 (0.00) 10.55 (14.28) 2.78 (2.44) 48.19 (4.68) 
�< ( 53.08 (11.58) 2.51 (3.57) 0.31 (0.54) 10.93 (6.19) 18.54 (12.63) 1.31 (1.17) 
34 ( 43.29 (8.30) 2.56 (2.26) 2.36 (1.41) 7.39 (2.71) 25.87 (14.25) 2.16 (1.41) 
34 ' 20.99 (11.41) 6.91 (7.42) 0.09 (0.15) 25.43 (14.73) 21.70 (8.26) 2.27 (2.37) 
G*�* ( 36.93 (2.65) 0.00 (0.00) 0.00 (0.00) 1.58 (2.23) 3.55 (2.91) 33.51 (29.16) 

        
�I '� �E"�1./ �4 74 5 % 
� 
F� ( 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 2.22 (3.85) 0.56 (0.96) 
F� ' 0.16 (0.27) 0.09 (0.15) 0.00 (0.00) 0.56 (0.96) 4.11 (3.57) 0.00 (0.00) 
�< ( 0.22 (0.38) 3.53 (5.72) 2.18 (0.84) 5.04 (3.74) 0.00 (0.00) 2.35 (3.52) 
34 ( 0.00 (0.00) 0.00 (0.00) 0.44 (0.77) 15.74 (11.28) 0.00 (0.00) 0.19 (0.33) 
34 ' 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 22.52 (13.22) 0.00 (0.00) 0.11 (0.19) 
G*�* ( 0.16 (0.27) 2.42 (3.96) 0.00 (0.00) 0.56 (0.96) 16.72 (18.29) 4.57 (6.86) 



 

 

 

29 

ª
«FWDnh�R�

¨ 3.�R4©r@5;C�LZ 100yK"= 0.45�ª�c�c«& 96.93

�ª�Sa+«¬#£4©�g;Co¥&��Ad�S`+ª47.78«�8�a+

ª34.42«�uva+ª41.22«1`+ª22.65«ª� 6«�¨ )��}E3.4©�

�/��:3¨ ;CP¥r�Sa+¬95%r¨ �>L�¢ ¬#£d�¢D1

e�UnhG¢D¨ ª� 6«¬f�3�S`�¬�f�O��¢D¨ dP�*

M�¬�#[��� 54%¬X	�r'd^bnhG¢D¨ ¬�I¤r 35%�38

���¢D�e�Unh�¢D1�¢D{�w¨ d	�]QN¡r�*)��¬

���r[��L 27~33%
�ª� 6«�uva+�OQ�¢D¨ d�*

ª49%«�#Xde�UnhG¢Dª22%«1�¢Dª16%«�¨ )��}E3u

v`+r}EP5�¬(��*)��$%de�UnhG¢Dª27%«��¢D

ª25%«1^bnhG¢Dª25%«�#X'O�¢Dª13%«1�¢Dª9%«�¨

 ;CP�r�c�c���&¢kmD¨ ª� 6«� 

¨ 3.�R4©r@5nh�rx�$�iD1¨ r@5;C�st/¬I

¤��@5nh��LZ 100yK"= 19.18�ª�c�c«& 1457.33�ª�Sa

+«¬z
¥rduv`+ª884.09�«�#£4©r@5nh��L 203.02�ª8

�a+«1 291.40�ª�S`+«
�ª� 6«�¨ )��nh�}E3.4©�

�0lx�?p��:3�Sa+¬93%rnh���L�¢D¨ ���¢D¨ 

H�� 6%rnh�¬;C1#t�re�UnhG¢D¨ <q4nh�r�j�Q

0.1%ª� 6«�3¨ ;Cz
¥r�S`+-Q¡���rnh�¬Z 100yK"

=r¨ r@5nh�� 291.40���fP�*r�¢D¨ H�P¥rnh�

ª30%«¬�#[��� 54%¬X	�r'd^bnhG¢D¨ ¬�I¤r

35%�¬;C� 7%1 1%r�¢D1¢kmD¨ 'H�� 21%1 24%rnh�ª�

6«�8�a+@5nh��¥rd;CX¥r�¢D¨ ª91.65�«1;CP¥r

�¢D¨ ª67.15�«¬;Ct�re�UnhG¢D¨ rnh�'¡�� �

�¬Z 100yK"=� 24.93�ª� 6«�uv`a +r¨ )��nh�}E�*

�/¬`+Q;C��¤6�9r�¢D¨ �j 74%rnh�ª655.07�«¬2Y

Y+r~nh�d ��R4©�rX¥ª884.09�«��¢6¨ r;C3uva

+duv`+r�,¬�@5nh�� 30.65�¬�I¤nh�r 12%��¢D¨ 
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Ouva+	�rnh��j�¬�I¤r 54%ª132.68�«¬�3uv`+r;C

1nh�-��¬Z 100yK"=��Q 2.94��¤¬| 33.69�ª� 6«� 

96BTe�UnhrJ�V�¬�38�ra\7�R&§¦_�¬Z 100@

K"=�@5Q 1.7��¤� 
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4 6���=:�1.

5��>)����?�<�/100,���@���(%7?�/100,���@�	�"� 

�> �� ��-�<� 
?100,���@ 

0;� ;&'� 3;� $2�(%

�;� 
8;� �!(%�

;� 
6�   96.93 (111.47) 0.00 (0.00) 0.00 (0.00) 2.94 (1.41) 0.91 (1.57) 93.08 (109.47) 0.00 (0.00) 
6� � 47.78 (37.81) 0.23 (0.39) 0.68 (0.96) 3.40 (1.18) 0.68 (1.18) 26.04 (15.32) 16.99 (25.32) 
�/   34.42 (6.81) 1.36 (0.68) 0.45 (0.39) 11.55 (3.40) 9.74 (1.71) 11.10 (3.42) 0.23 (0.39) 
*+   41.22 (35.54) 1.13 (1.04) 0.91 (0.78) 6.57 (7.96) 9.06 (9.83) 20.61 (14.77) 2.94 (2.83) 
*+ � 22.65 (14.64) 2.04 (1.80) 0.68 (0.96) 5.66 (5.70) 5.89 (5.10) 2.94 (1.57) 5.66 (5.49) 
9#�#   0.45 (0.78) 0.00 (0.00) 0.45 (0.78) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 
�

�> �� -(%7   ?�
/100,���@ 

0;� ;&'� 3;� $2�(%

�;� 
8;� �!(%�

;� 

6�   1457.33 (1942.15) 0.00 (0.00) 0.00 (0.00) 90.66 (68.55) 2.74 (4.75) 1363.92 (1931.98) 0.00 (0.00) 
6� � 291.40 (205.68) 5.62 (9.73) 70.86 (100.20) 63.90 (39.80) 3.27 (5.67) 88.19 (67.46) 83.18 (128.52) 
�/   203.02 (103.32) 11.00 (8.15) 5.91 (6.36) 67.15 (21.76) 24.93 (15.77) 91.65 (60.76) 2.39 (4.14) 
*+   243.65 (297.55) 30.65 (27.25) 6.97 (9.98) 20.62 (32.76) 40.02 (37.54) 132.68 (189.52) 12.72 (20.92) 
*+ � 884.09 (1218.36) 655.07 (1065.16) 6.84 (9.68) 64.67 (68.48) 116.91 (117.76) 33.69 (17.95) 9.19 (8.85) 
9#�#   19.18 (33.22) 0.00 (0.00) 19.18 (33.22) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 
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ŋ�Ōñå�÷ŋaccumulation curveŌ0¡�

1. «�÷Ę¢¶ŋLITŌĄçğ÷¨ŉ?¨¶ŋPITŌ 

 ñå�÷Lńâçğ÷	?¨×ĸªŉ�Ąċ�ÍÏüā×ÍÏĐĉÌ×Ļ

�ãm}>±ŋL 12�13Ō�ĸªŉ�ğ�ōÛCŉ�ÑÐ× 200 "ċ�üāÍ

ÏĐĉÌğĻ�ō�ĤÉw�J«�÷ÍÏĐĉÌŇ�ÿ�ńĈgÔŋL 12Ō�

�ņÿĒōM 15 ,d×çğ÷	�Òçğ÷?¨¶ŋPITŌ�ōĸªĪ? 30 "¨

ŉ 200®³u×ÍÏĐĉÌ×§½gî 7Ŋ�Õ 30"¨ŉĴĶØÁ 50,0�;Á

ÍÏáņ¬×§½���¶�CÎĸªĪ? 60 "ĸªŉ�×§½gî 5%�Ī? 

300� 500D 750ŉ�×§½g02Á 2.5%�1.5%D 1%ŋL 13Ō�C�þĮŋ1Ō

çğ÷¨ŉ?¨¶³u×ĐĉÌĽ��Ó«�÷Ę¢¶³×]ķĐĉÌ± 2.5%×

ëK)Dŋ2Ō��	× 3wōM 15,d)ĸª?¨ 500ŉ~° 3,0ĕį�®

lĜ�ġBÎ×���q� 

 

2. çğ÷¨¤�Ä?¨¶ŋPhotoquadŌ 

Ò�ùĎçğ÷¨¤�Ä?¨¶×ñå�÷L×çğ÷��¥��ľ¿)¿�

,dōçğ÷	×ÄÆ�02Á 43 rŋL 14aŌ�59 rŋL 14bŌD 56 rŋL

14cŌ�+¥��Ýßō02Á»9ŋ44rÄÆōL 14dŌDº9ŋ46rÄÆōL

14eŌ��Ò*īÄÆ�=°rÄÆ 150 "ĸª¨ŉ³u×ÍÏĐĉÌ02Á

34.91%�39.29%�32.07Ŋ�53.55%D 5.71ŊŋL 14a-eŌ�ñå�÷Lńâçğ÷

¨¤�Ä?¨¶	?¨×ĸªŉ�Ąċ�ÍÏüā×ÍÏĐĉÌ×Ļ�ãm}>

±ŋL 14Ō�ĸª�?×ŉ�ğ�ÑÐ×ċ�üāÍÏĐĉÌğ�æZō�ĤÉ

w�Jçğ÷ÍÏĐĉÌŇ�ÿ�ńĈgÔŋL 14Ō� 

°rÄÆ�Ò 30 "ĸª¨ŉ�ċ�ÍÏüā×§½gîÁ 7%ŋL 15a-eŌŎ

^°¥çğ÷	×¨¤B�ēê�³u×ĐĉÌ§½g�� 1%ŋL 15jŌ~1.7%

ŋL 15f, iŌ�°rÄÆ�Ò 50�75D 100"ĸª¨ŉ�×ÍÏĐĉÌ§½gîÁ

4%~5%�2%~4%D 2%ŋL 15a-eŌŎ^°¥çğ÷	×¨¤B�ēê�ō°rÄ

Æ�Ò 50 "ĸª¨ŉ³u×ĐĉÌ§½gØ�Ň� 1%��Ò 100 "ĸª¨ŉ�

×ĐĉÌ§½g5�ĞĨ 0.5%ŋL 15f-jŌ�J¯ć^*īÄÆB�ō°rÄÆ�

Ò 30ŉ;@ĩ4 95% ĝ9Ĵō�ćþ{°rÄÆ5°rÄÆĽ 100"ĸª¨ŉ� 
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L 12�çğ÷	ĸªŉ�ĄĐĉÌ×ñå�÷L�çğ÷8�ĭ£»9ŋa-cŌ�ĭ£

º9ŋd-fŌ�Rýŋg-iŌ�Ýß»9ŋj-lŌ�Ýßº9ŋm-oŌDľ¿)¿ŋp-rŌ�

ºĊĆ±j÷ÁA¨ŉÓ«�÷?¨¶³u�ÍÏĐĉÌ� 
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L 13�A¥çğ÷	�Cĸªŉ�ÑÐ× 200 "ċ�ÍÏüā×ÍÏĐĉÌ§½g�

°¥]÷�ČL 11 
× a-r çğ÷�ïĆ�©Ć�ňĆ�öĆDĊĆ×±jċ÷�Č

5�2.5�2�1.5 D 1 ×§½g�ĊĆ�öĆ�ňĆ�©ĆDïĆ×PÚ]÷�Č 30�

60�300�500D 750×ĸªŉ�� 
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L 14�çğ÷¨¤�Ä?¨¶	ĸªŉ�ĄĐĉÌ×ñå�÷L�çğ÷��ľ¿)

¿�,d ŋaŌ43rÄÆ�ŋbŌ 59rÄÆ �ŋcŌ56rÄÆ�Ýß�,dŋdŌ44r

ÄÆDÝß:,dŋeŌ46 rÄÆ�ÀĆ±jċ÷ÁAçğ÷	�Ò*īÄÆ
× 150

"ĸª¨ŉ³u�ÍÏĐĉÌ� 
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L 15�ÄÆ¨¤
D^ÄÆB�ēêçğ÷	�Cĸªŉ�ÑÐ× 200 "ċ�ÍÏü

ā×ÍÏĐĉÌ§½g�ŋa-eŌAçğ÷	°rÄÆGÊēê×§½g�÷LŎŋf-jŌ

°¥çğ÷	*ī¨¤B�t/ēê×§½g�÷L�ŋa, fŌ_|L 14aŎŋb, gŌ_

|L 14bŎŋc, hŌ_|L 14cŎŋd, iŌ_|L 14dŎŋe, jŌ_|L 14e�ïĆ�©Ć�

ňĆ�öĆ�ĊĆDðĆ×±jċ÷�Č 5�2.5�2�1.5�1 D 0.5 ×§½g�ïĆ�

©Ć�ňĆ�öĆDĊĆ×PÚ]÷�ČM°rÄÆ�Ò 100�75�50D 30"ĸªŉ

��  
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ŋ�ŌĘ¢�¶õB±ġ�

�CĘ¢�¶M±
f��Ĵ�?¨ëK�]Ņ[f��ĴDìàméŁÙA�

'ûŉŋČ 7Ō��ĵÅx���¶DÍÏıä�Ľď×Ĕø�Ĵ�W�Òìàm�

Ň×«�÷?¨¶ōM±
Ú�íį�¥ 15,dçğ÷Ľ 200İō��Òįs¶$

Ľ 80İŋjO�0İ��+,d×çğ÷Ō;@���¥çğ÷ŎÃÿM±
Ú�

íįt$Ľ 100İ^ĕįÇě�Ģ(ļĂōįs¶5Ľď 300İđÜsÆ=Ģ(ě

�ŋČ 7Ō� 

ĺÃ«�÷Ę¢¶@�Ĺ4�ìò×ě�ō�M±
Ú�íį°èě�ĿiĀ

�ōM 5,dº±Q°®¾±$@Ę¢î 40,d×ĠĻ�J¯M±
�įsH c�

�=×k�Á��U°®¾±@¹ĉ×Ę¢ëKōÖeě�ì½mġ��¹ĉëKġ

n×çğ÷¨ŉ?¨¶�� 50,0Á¨ŉĴĶōĘ¢�¥ 15,d×çğ÷$Ľ 50

İōÃÿě�@ m�Ňō�Ò¯Ę¢�¶Ëu×ÍÏĐĉÌ$�î 10%×ª���

�]ķĐĉÌ� 2.5%×ėgëK)ŋL 13Ō�ĽMçğ÷	ĸªĪ? 500"¨ŉ�~

� 3,0Á¨ŉĴĶ�@^¯ªÌ�Ňă 95%ō��Ľ�ĴĄ�#ô×±
Ú�íį

çğ÷Ę¢¶Û��W¯�$V<Õ1Öeçğ÷¨ŉ?¨¶×1č��Â¶W«�

÷?¨�ą���üņU`�Ĥ"ÍÏüā7z×ĬďJXŋČ 7Ō� 

�Òçğ÷¨¤?¨¶Á�Ò 25,0 x25,0×¨¤´Ĉçğ÷Ħú�Äōł3

�î 200İ@��Y 15,dĲ�- 3.75j�,d×çğhō�ħ¸µ����Ĵ5

�oĲ�¯�¶×tús%0¡�Ĵ�Ĳō�ĴĲÞ5��°"¨¤)ĸª�ŉ�×

T\ÿZ�Õ�çğ÷ÁG�ō°" 25,0 x25,0¨¤)ăaĽ� 30"ĸª¨ŉ

�³u×ĐĉÌ��� 95%×ª���]ķĐĉÌ� 2.5%×ėgëK)ōĽďăa 3

`�0¡s%Ŏć�C¨§½0¡°rÄÆō5°rÄÆĽď� 100"ĸª¨ŉōĽ

ďăa 5`�0¡s%�¯Sōçğ÷¨¤�Ä?¨¶Dçğ÷¨ŉ?¨¶�¨ōØ

Â¶ēêüņU`ŋČ 7Ō� 

õB±ġAĘ¢�¶×Éwō´Ĉ«�÷��s%/I]Ņ[0¡s%×«�÷

Ę¢¶��#ô	±
Ú�íį×ûŉō�&��vĥōjO�0İ@��+,d×

sÆŎĭS���F×ď³ĳ­�ġ�ō�ĽģĖÍÏ4äō$Ľ.�ŀb
w·

6�@��ŇEĜ�¼�s%×¾±F;@�y]Ņ[×Èäģę�FŃÅxÕNÈ

äó}��Ĭď×�$�«�÷Ę¢¶@��ÍÏüņU`×ě��Á0¡�ü7z
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Ò�J¯pĚ�Ò´Ĉ«�÷��s%/I]Ņ[0¡×«�÷Ę¢¶�ÁÍÏál

¦üā×§½Ę¢�¶� 
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\ 7���$5VX^2-?E'<b,G\��W6AB>Z�4 15�!PaUe[^2���FHi��N� 

^2-?  =�"�.k �7Q� 
�m�"�

.k RM% 
J�&��

�	Id 
f�"���j9 

8(U�7? L*Sgp20�hq 15�! 10�h 0n C nrlYc_FH�N 

g&?p8�hq 15�! 0.5 .p

l]Tmq 

0n 1 �r
l�)+O�K

n�`�@/&� 

PaU7o�7

?p; 50��q 
L*Sgp5�hq 15�! C 0�RM C nrlYc_FH�N 

PaU7o�7

?p; 3��q 
L*Sgp20�hq 15�! C :n C nrlYc_FH�N 

PaU73)D

�7?p30oq 
20�h 3.75#-�! 3 . b�RM 1 �r
l�)+O�K

n�`�@/&� 
PaU73)D

�7?p100oq 
20�h 3.75#-�! 5 . RM 1 �r
l�)+O�K

n�`�@/&� 
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 (#ȵȺɢȾř̄Ȏɋǖȏ˲ǀƘǹ 

 

+¹ɋ˲ǀƘǹư}oʢΔΜÌǟUɀɋƧǙʸɑɋƮǲÿ˛UɀRɮ˲ǀƘ

ǹ$WƂ+¹UɀƧǙĸ˷ɋ˲ǀƘǹ�̙ð*Ξ 

 

Κ%ΛzǩɨùăȼáƑʭŷĶ�

zǩɨùΚCitizen ScienceΛƦűɂʬǐəɲ>ÃĨͻǐ΅ɨùăD¬%ʹǩɔ̢

ˏɨùəɲDâ̢ɨùɕ˶Š¤�ƉͥɏȉˣɆɋ̄Ɩ$ɂƙ«ʸ>Ãɋʒ·̒«ĥ

+ΕΜÌǟ̫ſ˲ǀƘǹɋWƂȝlͬɖƧ͔ɋ˦ʚ§²Ő̞)Ť#l̿ĎĄƣ̕˰

ɋɑǖȬɮƉͥƭÜɣ̄Ɩ§²$ÔȵȺɢ˲ǀ.ƭ̝ɀɋzǩɨù˲ǀǹȝȵȺɢ

ΈǛΚReef CheckΛΜ}˲ǀƘǹƐ̙ð*Ξ 

 

1. ˲ǀ>ƔΞ10 >$ 

2. ˲ǀȅıΞ2-6 zĔÁ 6-12 zĔ$ 

3. ǧǈɴ̈ʗ͐ıΞ20 zĔ$ 

4. ǧȅıɴ̈ʗƔ̼Ξ4 ǈ$ 

5. ĢS�̶Ξ 

ĢS >Ɣ 

NʗÃ 2 

Ί΁˲ǀÃ 2 

įǌéØȡʱǎ�Ȭ˲ǀÃ 2 

įǌʦʫ˲ǀÃ 2 

ɨùűďÃ 1 

ûwş˸/ȥŖ˲ǀǘΔɋȔǮƑʚ 1 

 

6. ǿɬΞ 

1. Nɴ̈ʗΞ 

a. ʺȔΞɂûwş˸ƑʚʸNʗÃpˏtǮΜŨ�ɴ̈ʗ̇ñΔńû

wş˸Ƒʚ¢̇ǮͱȀǖ̝ɕȔǮÃȏhtǮΜ¹ƧNʗÃ͓ñN
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Ƌɴ̈ʗ$ʺ)ȔǮÃtǮńƙɴ̈ʗ̇ñΔńƘ 5 zĔˌͥʍɺ

ŃDtīƆΊ΁ˏȝ$ 

b. ĜȔΞwΈ%̇*ǮΜŨ�ɴ̈ʗ̇ñΔńNʗÃ͓ñNƋɴ̈

ʗΜ}΅>Ãƙɴ̈ʗ̇ñΔńƘ 5 zĔˌͥʍɺŃDtīƆΊ΁

ˏȝ$ 

c. NʗÃNýʗń§dɄÔʗĕɺŃ}΅˲ǀÃ$ 

d. ʽͯÎÿɴ̈ʗΜ�]Űɴ̈ʗÔɓ¹ȅı ͔ǨŬ%ǈɹɒM̍

̈+¹ȅı ͔̺˛D̬tǌÕȭŔƊ˺�Ȟ$ 

2. Ί΁˲ǀΞ 

a. ƭS˲ǀƧ͔Ξ09:00 – 10:00$ 

b. ˲ǀɿÐΞ5 zĔĈ#20 zĔ͐#5 zĔΉɋǂȮɴ̈ǂÊǈΜɂɴ

̈ʗ�ȝÖɺɋx£$xNΊ΁˲ǀÃ¶ʵ̀́%£ɋ˲ǀɿÐ

ΚÒ 16Λ$ 

c. Ί΁˲ǀÃ]ŰÔɴ̈ʗxgǮĘ.͔ɋNʤΜʙŚÕ,ɰÿɋD

ɒʗƘĹ�̢.¹Ƨ˨͇űǖŔΊɮ(Ò 18)$}.˗ʮ΋ȝɱĖ

ŔΜÔȊ�ƧĄƣŒɅΜÌǟ̝ĩƮɂȡʱǎʆ͇Ã¤�̢ˏʆ͇

(˓ 9#Ò 17)$ 

d. ɈNʗÃ�ɉ 15 �͍#ŃΊʦËŉĬĩ�ħȮǸń§²͓ñ̢ˏΊ

΁˲ǀ$ 

e. Ôǧǈɴ̈ʗɋʗͼdɄ 1 �͍ΜÔ̜ 1 �͍. 

i. �ɀ̏ΈÁ˖hɟ˰ 2.5 zĔɋɟ�Ĉı$ 

ii. Uɀɴ̈ʗ�ǜɟ˰ 20 Á 30 z�ɋ͐ı$ 

iii. ȔI͔8ɓȐ̝$ 

iv. ͓ñʆ͇Ôɴ̈ʗvɋűǖΊ΁Ί΁`ΈƔ$ 

f. ɂƙΊ΁ÔȊ�.Ʈ̍̈+¹˲ǀÃ̀́ɋɴ̈ʗΜÌǟxNΊ΁

˲ǀÃͬ8ɓȐ̝D̬t̺˙ˣɼΊ΁Ɣ̼$ 

g. ǧʆ͇ 5 zĔńdɄ 1 �͍D͙PĎΊ΁ɋīƆ$MÔ̜ 1 �͍v

Aʠʡ˨͇Ɨ�ȷɋΊ΁#̺ƗǛǀĎ 2.5 zĔɋHˣ#]ŰȔI8

ɓȐ̝$ 
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h. ˨Ň 20 zĔʍƷńư 5 zĔ+ɀʆ͇ΚʽUɀ 50 Š 100 zĔɴ̈

ʗΛ$ 

i. ˲ǀýţưɴ̈ʗńdɄÔƭń%ǈɴ̈ʗĕɺŃ}A˲ǀÃ$ 

3. ȡʱǎ˲ǀΞ 

a. ˲ǀɿÐΞ5 zĔĈ#20 zĔ͐ɋɴ̈ĨÊǈΜɂɴ̈ʗ�Şģµ

¶%£ΜxNȔǮÃ%>̀́%£ΚÒ 16Λ$ 

b. ŃΊ΁˲ǀÃ�ɉ 10-15 �͍ń�͓ñ˲ǀ$ 

c. ÔɺŃƳ͔�ɀ̏ΈÁ˖hɟ˰ 2.5 zĔɋɟ�Ĉı$ 

d. D U Ø�̢Μǧ` U Øʇ 2 zĔĈ$ǧ 3-4 ` U Øń̺ƗǛǀ 2.5

zĔɋ̌ͨ$ 

e. �̢ƧŞ̓Ŋͼ)ʳ*ó�DǛǀɢěʛ.̐ˉɋȡʱǎȾȬΚ˓

10#Ò 18Λ$ 

f. Ôʆ͇Ƨ͜5űǖŔȡʱǎȾȬæΜ°æ˛¤�ɄŘ˗ʮ΋ΚÒ

17ΛΜD¬ȵȺɋŻĂȮǸʸʣ˝ȾȬɋ�ȷ(Ò 18)$ 

g. ȔI͔8ɓȐ̝$ 

h. ˨Ň 20 zĔʍƷńư 5 zĔ+ɀʆ͇ΚʽUɀ 50 Š 100 zĔɴ̈

ʗΛ$ 

i. ˲ǀýţưɴ̈ʗńdɄÔƭń%ǈɴ̈ʗĕɺŃ}A˲ǀÃ$ 

4. į̆˲ǀΞ 

a. ˲ǀɿÐΞ 20 zĔ͐ɋɴ̈ʗÊǈΚÒ 17Λ$ 

b. ŃΊ΁˲ǀÃ�ɉ 10-15 �͍ń�͓ñ˲ǀΜ²ʸȡʱǎ˲ǀÃ¹

Ƨ�ɉ$ 

c. ]Űʻï.ŔȀ�ΜͼɭŊƲ*$ 

d. ǧ 50 z�ʆ͇%`ǘΔ*ɋį̆΁�Κ˓ 11#Ò 19Λ$ 

e. UɀŵǉŠ͈͂�̀ʗɟ]ƦÔ 50 z�ɋNʤ.,͙P>ȝˠĆɋ

˱ĥ$ 

f. ʆ͇FRŵǉŠ͈͂Άpɞ�ɋį̆Μʪ+Ʀ}*Ƙɋį̆$ 

g. ʽɴ̈ʗĦäÔį̆)²DȈǏ̕˶Μ�+ͬ˛�UɀŵǉŠ͈͂

D̬tĎȾȬ̟ŞkĂ$ 

h. ʽŵǉŠ͈͂˂Ô�ƾØȵȺɋ�ƾ.�˨͇ȝȵȺ$ 
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i. ˨Ň 20 zĔʍƷńư 5 zĔ+ɀʆ͇ΚʽUɀ 50 Š 100 zĔɴ̈

ʗΛ$ 

5. Ńƭń%ͷ˲ǀΚį̆Šȡʱǎ�ȬΛdýńΜɂûwş˸ƑʚĨͻ͸˄

ɴ̈ʗË�ɸ%ǈɴ̈ʗɋ̇Δ$NʗÃȊÔƭńͱƉʗ$ 

 

 

Κ7ΛɉȾȼáƆ�6EΚWðʺͣƄȆΛƧŐ̞ŻĂ˫H#�Ǡŵ�ƗǘΔ�

Ő̞ŻĂ˲ǀʸƗǘΔ�Ǡŵ�ɋɑǖȝÔư͚ɋƧ͔vĎɈÕȼáưýƓɋ�

Ǡ5ˢΜÌǟ̫ſ˲ǀƘǹɋʩ̼ȝÔ+ëª̄Ɩȏɟıɋ�Ÿ*ΜÔ%ǜȔǮɋƧ

͔v²Ɏ̼ƅé˲ǀɿÐ$˲ǀƘǹˮ̙ð*Ξ 

1. ˲ǀ>ƔΞ8 >$ 

2. ˲ǀȅıΞWˣɆͬǰʪÿ$ 

3. ǧǈɴ̈ʗ͐ıΞ15 zĔ$ 

4. ǧȅıɴ̈ʗƔ̼Ξ3~5 ǈΜɴ̈ʗ͔͔͡ 5 zĔΚɂƙÓ͟ŞÃ²ʰ+ȥŖǟ

ǘΔΜÌǟUɀ 100 zĔɴ̈ʗSȝûw«ʩʗ.D 20 zĔ �ȝ%ˍƃɴ̈

ʗΚ15 zĔɴ̈ʗ�) 5 zĔɋʙˑΛ̢ˏ˲ǀ$ʶđ˲ǀ(ǈɴ̈ʗSȝ(

̺˙Μƭçȝ 5 ǈΛ$ 

5. ĢS�̶Ξ 

ĢS >Ɣ 

NʗÃ 2 

Ί΁˲ǀÃ 2 

įǌéØȡʱǎ�Ȭ˲ǀÃ 2 

įǌʦʫ˲ǀÃ 2 

6. ǿɬΞ 

1. Nɴ̈ʗΞ 

a. ʺȔΞɂNʗÃpˏtǮΜ̫ÿ̇ñΔńp¢̇ǮͱȀǖ̝ɕȔ

ǮÃȏhtǮΜ�ł6pǲÿïɋƘ»NƋɺȅɋ 100 zĔɴ̈

ʗ$ʺ)ȔǮÃtǮńƙɴ̈ʗ̇ñΔńƘ 5 zĔˌͥʍɺŃD

tīƆΊ΁ˏȝ$ 
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b. ĜȔΞwΈ%̇*ǮΜŨ�ɴ̈ʗ̇ñΔńNʗÃ͓ñNƋɴ̈

ʗΜ}΅>Ãƙɴ̈ʗ̇ñΔńƘ 5 zĔˌͥʍɺŃDtīƆΊ

΁ˏȝ$ 

c. NʗÃNýʗń§dɄÔʗĕɺŃ}΅˲ǀÃ$ 

2. Ί΁˲ǀΞ 

a. ƭS˲ǀƧ͔Ξ09:00 – 10:00$ 

b. ˲ǀɿÐΞ 5 zĔĈ#15 zĔ͐#5 zĔΉɋǂȮɴ̈ǂ 3~5

ǈΜɂɴ̈ʗ�ȝÖɺɋx£$xNΊ΁˲ǀÃ¶ʵ̀́%£ɋ

˲ǀɿÐΚÒ 16Λ$ 

c. Ί΁˲ǀÃ]ŰÔɴ̈ʗxgǮĘ.͔ɋNʤΜʙŚÕ,ɰÿɋ

DɒʗƘĹ�̢.¹Ƨ˨͇ţưΊ΁ɋΈ͐ʸ`ΈƔΜΊ΁̕˶

ʶ�ʰʦΚ˓ 12Λ$}.˗ʮ΋ȝɱĖŔΜÔȊ�ƧĄƣŒɅΜ

Ìǟ̝ĩƮɂȡʱǎʆ͇Ã¤�̢ˏʆ͇$ 

d. ɈNʗÃ�ɉ 15 �͍#ŃΊʦËŉĬĩ�ħȮǸń§²͓ñ̢

ˏΊ΁˲ǀ$ 

e. Ôǧǈɴ̈ʗɋʗͼdɄ 1 �͍ΜÔ̜ 1 �͍. 

i. �ɀ̏ΈÁ˖hɟ˰ 2.5 zĔɋɟ�Ĉı$ 

ii. Uɀɴ̈ʗ�ǜɟ˰ 20 Á 30 z�ɋ͐ı$ 

iii. ȔI͔8ɓȐ̝$ 

iv. ͓ñʆ͇Ôɴ̈ʗvɋΊ΁�ʰʦʸ`ΈƔ$ 

f. ɂƙΊ΁ÔȊ�.Ʈ̍̈+¹˲ǀÃ̀́ɋɴ̈ʗΜÌǟxNΊ

΁˲ǀÃͬ8ɓȐ̝D̬t̺˙ˣɼΊ΁Ɣ̼$ 

g. ǧʆ͇ 5 zĔńdɄ 1 �͍D͙PĎΊ΁ɋīƆ$MÔ̜ 1 �͍

vAʠʡ˨͇Ɨ�ȷɋΊ΁#̺ƗǛǀĎ 2.5 zĔɋHˣ#]Ű

ȔI8ɓȐ̝$ 

h. ˨Ň 15 zĔʍƷńư 5 zĔ+ɀʆ͇$ 

i. ˲ǀýţưɴ̈ʗńdɄÔƭń%ǈɴ̈ʗĕɺŃ}A˲ǀÃ$ 

3. ȡʱǎ˲ǀΞ 

a. ˲ǀɿÐΞ5 zĔĈ#15 zĔ͐ɋɴ̈Ĩ 3~5 ǈΜɂɴ̈ʗ�Ş

ģµ¶%£ΜxNȔǮÃ%>̀́%£ΚÒ 16Λ$ 
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b. ŃΊ΁˲ǀÃ�ɉ 10-15 �͍ń�͓ñ˲ǀ$ 

c. ÔɺŃƳ͔�ɀ̏ΈÁ˖hɟ˰ 2.5 zĔɋɟ�Ĉı$ 

d. D U Ø�̢Μǧ` U Øʇ 2 zĔĈ$ǧ 3-4 ` U Øń̺ƗǛǀ

2.5 zĔɋ̌ͨ$ 

e. �̢ƧŞ̓Ŋͼ)ʳ*ó�DǛǀɢěʛ.̐ˉɋȡʱǎȾȬ

Κ˓ 13#Ò 18ΛΜ.Ô�ƻ̄ƖƧċȡʱǎȾȬʋ�Ş+¹ɋ

�ʰʦΚÒ 7Λ$ 

f. Ôʆ͇Ƨ͜5űǖŔȡʱǎȾȬæΜ°æ˛¤�ɄŘ˗ʮ΋ΚÒ

17ΛΜD¬ȵȺɋŻĂȮǸʸʣ˝ȾȬɋ�ȷ(Ò 18)$ 

g. ȔI͔8ɓȐ̝$ 

h. ˨Ň 15 zĔʍƷńư 5 zĔ+ɀʆ͇$ 

i. ˲ǀýţưɴ̈ʗńdɄÔƭń%ǈɴ̈ʗĕɺŃ}A˲ǀÃ$ 

4. į̆˲ǀΞ͇Łɋǚšʗ˲ǀǹ 

a. ˲ǀɿÐΞ 15 zĔ͐ɋɴ̈ʗ 3~5 ǈ 

b. ɺŃΊ΁˲ǀÃ�ɉ 10-15 �͍ń�͓ñ˲ǀΜ²ʸȡʱǎ˲ǀ

Ã¹Ƨ�ɉ$ 

c. ]Űʻï.ŔȀ�ΜͼɭŊƲ*$ 

d. %ÃŭƇŁm#°%ÃĪŏÎÿɴ̈ʗ.ɟÿɴ̈ʗɋz�ÇN

ͱƲ)$ 

e. D 1 �͍ 2 zĔɋ̞ıǷ˄ 15 zĔɋǚšʗŭƇį̆ΚÒ

20ΛΜƇŁǙŠɓǙͬWȅı˲ƓɊĬ˒ŠUɀǮ*ƇŁȧ$ɟ

]ŁmȢ̌Ǟɟ$ 

f. Ôͫʲ)žƋŁȪ.˨͇ǧz�*ɋį̆΁�$ 

g. ͜5ɜȵȺæΜ}΅į̆΁�DȵȺɢΈǛɋǖȏΚÒ 19Λ$ 

i. ċɜȵȺ �ȝ̑õȵȺʸͯ̑õȵȺΜ�̢%ǠWľř ��

ʰʦΜ�ůĊ͒ɋ�ƾľ#͓Ƌɋ�ƾľ#ǂľ#ʞľ#űľ#

˓˜ľ#˃Ȫľ#Óàľ#;Óàľ#Ǉľ$ 

5. Ńƭń%ͷ˲ǀΚį̆Šȡʱǎ�ȬΛdýńΜͥ·Ƿ˄ɴ̈ʗË�̇

Δ$NʗÃȊÔƭńͱƉʗ$ 
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Κ(ΛȵȺɢ͐ƳȾřɏȉʸȼáŁʹ˫H�

ȵȺɢȾřʅ̄Ȏ˼ą#ȾȬçǘŔΉΜÔȵȺɢ)ɓ̌¡zĔɋȵȺɢ²ʰǑ

ȝ+¹ɋȾřǘ˾$¹Ƨ>΁ͯǮȾȾȬΜ̢ˏȔǮ˲ǀSǐƧ+lȔǮ>ÃɋǾ�

ɬıD¬²˝˟̻®͚Οʢ1ȈǏɋÕľÕ˾ǖ˨ȬƫŸΉȔǮSǐɋÍͩıΜÌǟ

̢ˏǮ*˲ǀƧłłƮɉȷ˲ǀɿÐvæɋȾȬ˽+ýw%ʷ$ǡĭUɂŎĢ̢ˏɋ

ȵȺΈǛǾ�ʍƽ3ɉȷ§Yǵư®�éØƆ�īƆΜ¹%ǘΔ+¹ĭıɋΈǛǛʍ

ƽư΂˄ɋĥɇΜŷȉƦɂƙǵưUɀÎÿɴ̈ʗΜ+¹ĭͦȣɏȉǘΔɓ¹ΜMɴ

̈ʗƋʤɋNʤ+ýwɓ¹ţʷ$Ìǟ˛̢ˏ͐ƳȵȺɢȾř̄Ȏ˲ǀʸɏȉɋɸ%

,ōdɋ%Ǡ§ȝ˩ɶÎÿǘ $ 

 

• ˩ɶÎÿǘ  

1. ̫ÿǘ ʸȅıΜ²ċ 0-3#4-7#8-11 SȝʃɅɋ�˩WƂΜMć͢ȅı ͔

ɂǧǘΔȵȺɢʦʫȭŔǲÿ$ 

2. Ƌʤʶđ(ǈ 15 zĔɴ̈ʗΜɂƙˣɆɑǖȝȵȺɢȾř̄ȎΜÌǟ̫ͬſʶ

đ 15 zĔ͐D)ɋɢɗ˩ʤɴ̈ʗ.̬͓ǶÕΜǧǈɴ̈ʗģµ 3 zĔ3͹ȝ

ɓLɋǌÕ$ʽɢɗèĈ�ɴ̈ʗ²8ɓĬˏΜ.͔͔͡ʶđ 5 zĔΟʽȝȯ

͐ØɢΈΜ�ɴ̈ʗ²̠ʡƋʤMɴ̈ʗ0͔͔͡ʶđ 5 zĔ$ʽɢɗͱɯ+

̋D¹ƧƋʤ(ǈĬˏŠͼĕɓ̠ɋɴ̈ʗΜ�ɴ̈ʗ²�ƒÔ̗͘ɢɗ)$ 

3. Ôǧǈɴ̈ʗɋͼĕD¬.͔ǧ͔͡ 5 zĔÔɢě)ŧtȨ̾Šˡ͆dȝɴ̈

ʗɋǖ˨ΚÒ 21Λ$ǺŘǖ˨̬͓ͬǾȵȺ$ʽ©̫ÿɋɴ̈ʗͼưǾȵȺ�

˲Ɠɴ̈ʗɋ̇ñNʤΟʽ 15 zĔǖ˨ˌưǾȵȺΜ�²ɭŊķKɴ̈ʗD̬

͓ȵȺΟʽǧ 5 zĔɋǖ˨ˌưȵȺ�ķɴ̈ʗ�ńɫ�ǖ˨D̬͓ȵȺ$Ô

ǧǈɴ̈ʗʗͼǖ˨ƚ̒Ĭʙgͨǖ˨ 30-40 z�ˌ�˩%ǅǖ˨.ʑ)Ʒʗ

ĨΜǟǖ˨SȝŸ̹ńʡ̢ˏɏȉƧɋƘ»$ 

4. Ôƭ̩ɋɴ̈ʗͼʑ)ǴǮĐȀȸDŸΉǖ˨ɋ²˝ıΜ.˨͇ǟǖ˨ɋ GPS

NʤD�ƴUŨËɴ̈ʗ$ 

5. ʟ˘ǘ ɋȁįÕÒ#ǖ˨Ƣ΂ɋ«ʩÕǖ.ŭƇǘ éƩSȝ«ʩ̄Ɩ$ 
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• ȼáÌôɏȉ 

ɏȉNʤΞD¶ǘΔ¶ȅıȝÇNƉͥȼáÌô̄Ɩ$ 

ɏȉͷɑΞ 

ȑıΞ 

1. ċ͗ǮɋǮ*̠ʡȑıˣʑÔÎÿǓŠɢěʛ.$ʆ͇ǧɹȑı̄ƖɋƧ͔

͔͡WƂ²Ë�̺˙ǘΔɋƧ͔ʪÿΜWðʽƦ%ĭ%ǜɋɏȉǘΔΜ�͹

ɟ]ȑıˣ²˨͇ʶđ%ĭɋȑı̄ƖΜMDʶđͬǧĐƧʆ͇%ǜȑıȝ

ƭPǖȏ$Ôȼáȑı˺�̒Ő̞ɋÕ �͹WȤȑı˺�ɋͽı˲Ɠ̄Ɩ

ɋƧ͔͔͡ΜWðÔ®�ȕǱ̟ŞɋȌ¢ǿŁʹɋã&¥ȜvÁǄ(ĵ�Ǯ

¯˚gĐȜɺÕΜʆ͇ͽı²ŸΉ�ǧ£ĐƧŠ 15 �͍%ɹD˨͇Ȍ¢ǿ

ĨUɋŐ̞ȑı˺�$ 

 

ǳɯȬΞ 

1. ŴǘͽȲΞDǧøȝ©�$ 

2. Uɀ 11.5 z�͐#ɒņ 5 z�ɋ PVC ɽSȝǳɯȬǳ͙ɽ$%̮ɀǮɽ˅

ĊǢΜ°%̮ÔɽvΑ)ʇ 1 z�ʕɑɋ+͎͌͆ʕD̬tȾȬP�ǳ͙ɽ

.$Dʶđ(ǅȝ%ʌÔÎÿǓ)Μǳ͙ɽį̲ͬ̌ȁį 20 z�.]Űǳ

͙ɽ͓¯ǮĬƲǮͱ$ 

3. Ƌʤǳ͙ɽɋƧ͔D¶Õȼáȭŋȝ0ΜǴɯȬçɋȁÙͬ˛̒ͽʝËƉǳ

͙ɽΜMǳɯȬđɋȁÙA͹ɟ]ÔĐØȾȬtPǳ͙ɽ0�ƉË$ËƉƘ

ĹȝÔǮ*ɀ°%` PVC ɽ˅ĊPǳ͙ɽΜ˖tì͋˕.ĨËć·ā$ 

4. ċǳ͙ɽvȁǮʸǳɯȬa�ΜpɀȄǮǼųΎHńpɎ̼ċȄǮț4�ʤ

ƙ 60oC ȟɾȟ4ńɩ̺$ 

 

Ǯ̆ 

1. ŴǘͽȲΞDǧøȝ©�$ 

2. ŴǘȅıΞWƂ¶ɏȉǘ ʪÿ$ 

3. ǧǘΔŴ­(̺˙ɋǮǘ�˖Ô+¹0]öȽΜWȼ]ʥz¿0Ƙǹ�D]

ö(NIEA 102.51C)Μ Ô˞ÿƧ͚0v̛Ëć·āΜ.W˞ÿ0Ƨ͚v̢ˏ�

ù�ƻ$ 
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4. �ù�ƻƘǹΞǮǘŴͥńUɀǿ�Ǻt�ƻm(FIA)ż̶�rrıˣȉÿ;

ɚ̸Ύ#ɚ̸Ύ#Ǭǭ#ɠ̸Ύ¬ɘ̸Ύɺ$ǬǭZUɀǿ�Ǻt�ƻǹ-ͭ

̷ǹ(NIEA W437.51CΜPai et al.,2001);ɚ̸ΎZŲʾɡʯ¬í7ʯ΂ʼńȉ

ÿ(NIEA W436.50CΜPai and Yang, 1990a);ɚ̸ΎZUɀ͊ʐ̭©ȝ;ɚ̸Ύ

ńΜŲ;ɚ̸ΎƘ ǹȉÿ(APHA 418F ɸ 16 ȫ;NIEA W436.50C; Pai and 

Riley, 1994)$ɠ̸ΎZʸ̸̓ͅʍ·Şˈʼ˙·Ȭńȉÿ(NIEA 

W443.51C ΜPai and Yang, 1990b)$ɘ̸ΎZʸ̸̓ΎȾŞΐʼ˙·ȬńΜ�

Uɀɛ̸̷̭́ͅ©ȝˈʼ0̸̓Ύ�·Ȭȉÿ(NIEA W450.50B ΜAPHA 

425C & 425D ɸ 16 ȫ)$ 

• ȾȬÌôɏȉ 

1. ˲ǀ>ƔΞ8 >$ 

2. ˲ǀȅıΞ²ċ 0-3#4-7#8-11 SȝʃɅɋ�˩WƂΜMć͢ȅı ͔ɂɈÕ

ȵȺɢʦʫȭŔǲÿ$ 

3. ǧǈɴ̈ʗ͐ıΞ15 zĔ$ 

4. ǧȅıɴ̈ʗƔ̼Ξʶđ 3 ǈ$ 

5. ĢS�̶Ξ 

ĢS >Ɣ 

NʗÃʸƗtȇĐȵȺ˲ǀÃ 2 

Ί΁˲ǀÃ 2 

įǌéØȡʱǎ�Ȭ˲ǀÃ 2 

įǌʦʫ˲ǀÃ 2 

6. ǿɬΞ 

1. Nɴ̈ʗΞ 

a. ʺȔΞɂNʗÃpˏtǮΜŨč�ÎÿǓńp¢̇ǮͱȀǖ̝ɕ

ȔǮÃȏhtǮΜ�Ƿ˄ÎÿǓNƋɴ̈ʗ$͜5Ί΁˲ǀÃ

æΜʺ)}΅ȔǮÃtǮń§�ʌ̢ˏ˲ǀ$ 

b. NʗÃNýʗń§̢ˏƗtȇĐȵȺ˲ǀΚˮ̙ð*Λ$ 

2. ȡʱǎ˲ǀΞ 
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a. ˲ǀɿÐΞ5 zĔĈ#15 zĔ͐ɋɴ̈ĨΜɂɴ̈ʗ�Şģµ¶

%£ΜxNȔǮÃ%>̀́%£ΚÒ 16Λ$ 

b. p�ɀ̏ΈÁ˖hɟ˰ 2.5 zĔɋɟ�Ĉı$ 

c. D U Ø�̢Μǧ` U Øʇ 2 zĔĈ$ǧ 3-4 ` U Øń̺ƗǛǀ

2.5 zĔɋ̌ͨ$ 

d. �̢ƧŞ̓Ŋͼ)ʳ*ó�DǛǀɢěʛ.̐ˉɋȡʱǎȾȬ

Κ˓ 13#Ò 18ΛΜ.Ô�ƻ̄ƖƧċȡʱǎȾȬʋ�Ş+¹ɋ

�ʰʦΚÒ 7Λ$ 

e. Ôʆ͇Ƨ͜5űǖŔȡʱǎȾȬæΜ°æ˛¤�ɄŘ˗ʮ΋ΚÒ

17ΛΜD¬ȵȺɋŻĂȮǸʸʣ˝ȾȬɋ�ȷ(Ò 18)$ 

f. ȔI͔8ɓȐ̝$ 

g. ˲ǀýţưɴ̈ʗńɫ��6pǲÿɋͥ·ÕΔɺŃ}A˲ǀ

Ã$ 

3. į̆˲ǀΞ͇Łɋǚšʗ˲ǀǹ 

a. ˲ǀɿÐΞ 15 zĔ͐ɋɴ̈ʗ 3~5 ǈ 

b. ]Űʻï.ŔȀ�ΜͼɭŊƲ*$ 

c. D 1 �͍ 2 zĔɋ̞ıǷ˄ 15 zĔɋǚšʗŭƇį̆ΚÒ

20ΛΜƇŁǙŠɓǙͬWȅı˲ƓɊĬ˒ŠUɀǮ*ƇŁȧ$ɟ

]ŁmȢ̌Ǟɟ$ 

d. Ôͫʲ)žƋŁȪ.˨͇ǧz�*ɋį̆΁�$ 

e. ͜5ɜȵȺæΜ}΅į̆΁�DȵȺɢΈǛɋǖȏΚÒ 19Λ$ 

f. ċɜȵȺ �ȝ̑õȵȺʸͯ̑õȵȺΜ�̢%ǠWľř ��

ʰʦΜ�ůĊ͒ɋ�ƾľ#͓Ƌɋ�ƾľ#ǂľ#ʞľ#űľ#

˓˜ľ#˃Ȫľ#Óàľ#;Óàľ#Ǉľ$ 

g. ƗtȇĐȵȺΚɒņ< 5 z�Λ˲ǀ 

i. ˲ǀɿÐΞ Ôǧǈɴ̈ʗ)ǧN˲ǀÃ̀́˲ǀ 0.25 zĔ 

x 15 zĔɋɿÐ$ 

ii. ˲ǀƘĹΞŭƇǧ;ƗtȇĐȵȺʸǨWĔɋȤȪSȝ͏

ÿɮ΁ɋWƂΜȵȺ͏ÿ�ęΚÒ 22Λ 
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4. į̆ʸȡʱǎ�Ȭ˲ǀʍƷńͥ·Ë�ȔǮʺ)ΜźΊ΁˲ǀÃ*Ǯ̢ˏ

˲ǀ$ 

5. Ί΁˲ǀΞ 

a. ƭS˲ǀƧ͔Ξ09:00 – 10:00 

b. ˲ǀɿÐΞ 5 zĔĈ#15 zĔ͐#5 zĔΉɋǂȮɴ̈ǂ 3~5

ǈΜɂɴ̈ʗ�ȝÖɺɋx£$xNΊ΁˲ǀÃ¶ʵ̀́%£ɋ

˲ǀɿÐΚÒ 16Λ$ 

c. Ί΁˲ǀÃ]ŰÔɴ̈ʗxgǮĘ.͔ɋNʤΜʙŚÕ,ɰÿɋ

DɒʗƘĹ�̢.¹Ƨ˨͇ţưΊ΁ɋΈ͐ʸ`ΈƔΜΊ΁̕˶

ʶ�ʰʦΚ˓ 12Λ$}.˗ʮ΋ȝɱĖŔΜÔȊ�ƧĄƣŒɅΜ

Ìǟ̝ĩƮɂȡʱǎʆ͇Ã¤�̢ˏʆ͇$ 

d. Ɉ}AŞÃË�ʺ)ń§²ȏh˄˖Μʇ 15 �͍#ŃΊʦËŉ

Ĭĩ�ħȮǸń§²*Ǯ̢ˏΊ΁˲ǀ$ 

e. Ôǧǈɴ̈ʗɋʗͼdɄ 1 �͍ΜÔ̜ 1 �͍. 

i. �ɀ̏ΈÁ˖hɟ˰ 2.5 zĔɋɟ�Ĉı$ 

ii. Uɀɴ̈ʗ�ǜɟ˰ 20 Á 30 z�ɋ͐ı$ 

iii. ȔI͔8ɓȐ̝$ 

iv. ͓ñʆ͇Ôɴ̈ʗvɋΊ΁�ʰʦʸ`ΈƔ$ 

f. ɂƙΊ΁ÔȊ�.Ʈ̍̈+¹˲ǀÃ̀́ɋɴ̈ʗΜÌǟxNΊ

΁˲ǀÃͬ8ɓȐ̝D̬t̺˙ˣɼΊ΁Ɣ̼$ 

g. ǧʆ͇ 5 zĔńdɄ 1 �͍D͙PĎΊ΁ɋīƆ$MÔ̜ 1 �͍

vAʠʡ˨͇Ɨ�ȷɋΊ΁#̺ƗǛǀĎ 2.5 zĔɋHˣ#]Ű

ȔI8ɓȐ̝$ 

h. ˨Ň 15 zĔʍƷńư 5 zĔ+ɀʆ͇$ 

i. ˲ǀýţưɴ̈ʗńƉËw̲ɴ̈ʗ.Ë�ȔǮʺ$ 
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˓ 8#Ǯ̆ɏȉ΁�#Ǜ·ͷɑ#ɏȉͽȲ¬Ǜ·Ƙǹ˓ 

Ǜ·ͷɑ� ɏȉͽȲ� Ǜ·Ƙǹ�

Ǯȑ� ̠ʡȑıˣ� ����������	���

Ύı� ǧø� ��������������

 �� ǧø� ����������	���

Ȓǫ� ǧø� ���������������������	���

șı� ǧø� ����������"� ����������������
�	���

Ǯ.ŝȀÎΈ� ǧø� ����������	���

Ⱦ�ͬǫ̼� ǧø� ������	���	���

Ǭǭ� ǧø� ����������	���

ɚ̸Ύ� ǧø� ��������
�	���

;ɚ̸Ύ� ǧø� ��������
�	���

ɠ̸Ύ� ǧø� ����������	���

ɘ̸Ύ� ǧø� �������	��	��Ο�������	������	��ɸ �
 ȫ�

˃ʓʉɃ� ǧø� ������	�������

Κ̄ƖUȎΞ«͕ȼ]ʥz¿ƘǹΟ͝ɺ 2013Λ$ 
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˓ 9#ȵȺɢΈǛΊ΁Ǯ*˲ǀ˓ 

 
  

Site name�調查地點: TS 科學指導員:

Depth�深度: TL調查隊長:

Date 日期: Time�時間:

Data recorded by 資料記錄者 :

0 - 20m�米 25-45m�米 50-70m�米 75-95m�米

Butterflyfish (Chaetodontidae) 
蝶魚

Sweetlips (Haemulidae) 石鱸

Snapper (Lutjanidae) 笛鯛

Barramundi cod (Cromileptes 

altivelis) 老鼠斑

Humphead wrasse (Cheilinus 

undulatus ) 蘇眉

Bumphead parrotfish 

(Bolbometopon muricatum ) 
隆頭鸚哥、拿破崙

Other parrotfish (Scaridae) 

only >20 cm 其他種鸚哥魚

Moray eel (Muraenidae) 
裸胸鯙

30-40 cm

40-50 cm

50-60 cm

>60 cm

Total # grouper 總數

Rare animals sighted (type/#) 
罕見生物（種類/數量） 

Comments 意見: 

Grouper (Serranidae) sizes (cm)  (count ONLY >30cm) 七星斑、紅條（體長超過30公分者）:

穿越線調查表-魚類� Line Transect (Fish)
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˓ 10#ȵȺɢΈǛȡʱǎ�ȬǮ*˲ǀ˓ 

 

Site name 調查地點: TS 科學指導員:

Depth 深度: TL 調查隊長:

Date 日期: Time 時間:

Data recorded by 資料記錄者 :

0 - 20m 米 25-45m 米 50-70m 米 75-95m 米

0 - 20m 米 25-45m 米 50-70m 米 75-95m 米

環境衝擊：珊瑚疾病/白化/垃圾/其他 0 - 20m 米 25-45m 米 50-70m 米 75-95m 米

Banded coral shrimp (Stenopus hispidus) 
櫻花蝦、清潔蝦

Diadema urchins (including Echinothrix spp.) 
魔鬼海膽

Bleaching (% of coral population) 
白化（佔族群比例）

Bleaching (% of colony) 白化（佔群體比例）

Coral Disease (% of coral affected if yes) 
珊瑚疾病（受影響比例） 

Rare animals sighted (type/#) 
罕見生物（種類/數量）

Comments 意見: 

0 = none, 1 = low, 2 = medium and 3 = high

Coral damage: Boat/Anchor 珊瑚損害：船/錨

Coral damage: Dynamite 珊瑚損害：炸藥

Coral damage: Other 珊瑚損害：其他

Trash: Fish nets 垃圾：魚網

Trash: General 垃圾：一般垃圾

30-40 cm

40-50 cm

>50 cm

Total # giant clams observed 硨磲貝總數

Impacts: Coral Disease/ Bleaching/Trash/Other

Lobster ( Palinuridae) 龍蝦

Giant clam (Tridacna sp.) sizes 硨磲貝

<10 cm

10-20 cm

20-30 cm

穿越線調查表-無脊椎動物 Line Transect (Invertebrate)

Triton (Charonia tritonis) 大法螺

Invertebrates 無脊椎動物

Pencil urchin  (H. mammilatus) 鉛筆海膽

Collector urchin  (Tripneustes spp.) 馬糞海膽

Sea cucumber (Holothuridae) 海參

Crown of thorns (Acanthaster plancii) 棘冠海星
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˓ 11#ȵȺɢΈǛį̆Ǯ*˲ǀ˓ 

 
  

Depth 深度: Date 日期:
TS 科學指導員: Data recorded by 資料記錄者 :
Time 時間: TL 調查隊長:

  4. NIA nutrient indicator algae

  2. SC soft coral 軟珊瑚               營養鹽指標-藻類
  3. RKC recent killed coral   9. SI silt/clay 泥/黏土
        最近死亡的珊瑚                          

0 - 19.5 m 米 25 - 44.5 m 米 50 - 69.5 m 米 75 - 94.5 m 米

0 10 25 35 50 60 75 85

0.5 10.5 25.5 35.5 50.5 60.5 75.5 85.5

1 11 26 36 51 61 76 86

1.5 11.5 26.5 36.5 51.5 61.5 76.5 86.5

2 12 27 37 52 62 77 87

2.5 12.5 27.5 37.5 52.5 62.5 77.5 87.5

3 13 28 38 53 63 78 88

3.5 13.5 28.5 38.5 53.5 63.5 78.5 88.5

4 14 29 39 54 64 79 89

4.5 14.5 29.5 39.5 54.5 64.5 79.5 89.5

5 15 30 40 55 65 80 90

5.5 15.5 30.5 40.5 55.5 65.5 80.5 90.5

6 16 31 41 56 66 81 91

6.5 16.5 31.5 41.5 56.5 66.5 81.5 91.5

7 17 32 42 57 67 82 92

7.5 17.5 32.5 42.5 57.5 67.5 82.5 92.5

8 18 33 43 58 68 83 93

8.5 18.5 33.5 43.5 58.5 68.5 83.5 93.5

9 19 34 44 59 69 84 94

9.5 19.5 34.5 44.5 59.5 69.5 84.5 94.5

Comments�意見:

Segment 4 第四段Segment 1第一段 Segment 2 �第二段 Segment 3 �第三段
(For first segment, if start point is 0 m, last point is 19.5 m) 以第一段為例，要是起點是 0米，終點便是19.5 米。

  8. SD sand 沙
  5. SP sponge 海綿

Site name 調查地點:

  6. RC rock 岩石 10. OT other 其他

穿越線調查表-底質 Line Transect (Substrate)

  1. HC hard coral 硬珊瑚
簡稱代碼:

  7. RB rubble 碎石
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˓ 12#Ί΁Ǯ*˲ǀ˨͇˓Κ15 zĔΛ 

 

Site name�%��14 GPS�

Depth���4 Date�
�4

Data recorded by�&�$)��� Time��+4

$)/*��/�
0 - 15m�� 20-25m�� 30-45m�� 50-65m�� 70-85m��

Carnivore                   
�-�

Corallivore                 
-���

Herbivore                   
 -�

Invertivore 
� ���
-�

Omnivore                   
,-�

Planktivore 
����
-�

Rare animals sighted (type/#) 
�#��2�-��(3�

Comments 	#��

�'�%�"�/-� Line Transect (Fish)
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˓ 13#ȡʱǎ�ȬǮ*˲ǀ˨͇˓Κ15 zĔΛ 

  

Site name������ GPS=

Depth�	�� Date����

Data recorded by�
���
�� Time����

0 - 15m�' 20-25m�' 30-45m�' 50-65m�' 70-85m�'

0 - 15m�' 20-25m�' 30-45m�' 50-65m�' 70-85m�'

��0�=�� !/"�/�
/�� 0 - 15m�' 20-25m�' 30-45m�' 50-65m�' 70-85m�'

0 = none, 1 = low, 2 = medium and 3 = high

&5(3�1-�+��� Line Transect (Invertebrate)

Triton (Charonia tritonis ) 
�/

Invertebrates��#�
�

Pencil urchin  (H. mammilatus )�*��$

Collector urchin  (Tripneustes  spp.)�,��$

Sea cucumber (Holothuridae) ��

Crown of thorns (Acanthaster plancii )��	��

Impacts: Coral Disease/ Bleaching/Trash/Other

Lobster ( Palinuridae)�/(

Giant clam (Tridacna  sp.) sizes #$4

<10 cm

10-20 cm

20-30 cm

Coral damage: Boat/Anchor�����2&�+

Coral damage: Dynamite�����2�'

Coral damage: Other�����2��

Trash: Fish nets�
�2. 

Trash: General�
�2�%
�

30-40 cm

40-50 cm

>50 cm

Total # giant clams observed���)!�

Banded coral shrimp (Stenopus hispidus ) 

�-.���.

Diadema  urchins (including Echinothrix spp.) 

:9�,

Bleaching (% of coral population) 

"�;��*��<

Bleaching (% of colony)���0�"-��1

Coral Disease (% of coral affected if yes) 

�� !;	�7��< 
Rare animals sighted (type/#) 

)2��;%8/�6<

Comments �2: 
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Ò 16#ȵȺɢΈǛ˲ǀɿÐʸ Ǥ 

 
Ò 17#űǖŔΊ΁Ò͏ 
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Ò 18#űǖŔȡʱǎȾȬÒ͏ 

 

 
Ò 19#į̆é΁Ò͏ 
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Ò 20#Uɀ͇Łǹʆ͇ǚšʗ*įǌʦʫɋŁmšÒ 

 
Ò 21#ÎÿǘǓɤŘÒ 
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Ò 22#ƗtȇĐȵȺΚ̑õȵȺΛ 
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Ê#ȵȺɢȾř̄Ȏ]ʭɽȹĸ˷$ 

ȵȺɢ®�êȣÁ>ȝƆ�ɋȾöä̘ʪ¾ȷ˔ƏΜȣʪĐĔıɋʒȹɽȹĎƙ

éĔıêȣƆ�ɋ�ƍ̒+΂˄ΜÌǟċȾř̄Ȏ]ʭɽȹɋ̺Ō˄̺ƙ͙P>ȝǾ

�ĎȾřʅɋŁʹΜWð�˩]˸ ˞ɿ>΁Ǿ�Ḓʎéʵȣʵˏ̦Sɋʰ�ĦŞ

ȝÏ͔͢ɋ|˶ΚSobel & Dahlgren 2004Λ$ʵ 1984 ĭã&ÏăzÑŞɶ0ńΜƹǶ

ȼɢÏăzÑΚ2007 ĭΛÁȖȋ¥ƘÊĝÏăzÑΚ2014 ĭΛ3͞ʡŞɶΜ}.ȁÙ

ͱɯ��ȝ 14891.16#353498.38#35473.33 zͶ$¶ÏăzÑɽȹˌ͜5ƈŰɓ͖ə

ɲDâ̢ĎȵȺɢȾřʅɋ5ˢΜÔʒȨɽȹƘͱɋ��3Ď͙PÑ vɋ>ȝŁʹ

ư%ÿɋŞƍ$ 

�ÿ]ʭɽȹƘ̿ͬ˛é̼,ʄȏɋɨùəɲƔƂƈŰΜDtÔ+~B˓Ŕɋ̄

ˤ*ƃ�+·̩ɋƌɻ$ȣʪWƂ@ĭɋəɲʍƽ΂ɤΜɽȹǙ͖ͱʴɋƭǅƵÄͿ

ȝʢ1UɀʅʏŔ˲ǀƘǹƉͥɋ²Ͱ̄Ɩ$͜5ã&ÏăzÑɿÐvưŰʡƈŰə

ɲÓ͟Uɀ̒ʄȏɋƘǹ̢ˏ͐ƳȾřɏȉ0æΜ}΅Õ éçȝɖƳ,+̠ʡɋ˲

ǀ̄ƖΜ+¹ˣɆ͔͜5˲ǀƘǹʸ˄̺ɋͱɓ+¹0æΜǘΔ3+%ÿɓ¹$°%

`Uɀʏ%ƘǹɋȵȺɢΈǛΜͦȣʶ@Ħʊˣ˲ǀ̧w³ 114 `ǘ Μȣʪlưđ

Ɣȝǧĭ̺˙˲ǀɋǘΔΜĒ}Ô 2008 ĭȝ%`�Ǯğ �ɏȉǘΔ$éç 2008 ĭ

�ư˲ǀɋǘΔÔ 2008 ńɋ˲ǀ̄Ɩ̴ʢ1Μǵư˩ɶÎÿɴ̈ʗ3̟Şĭ͔ɋɏȉ

ʍƽ˺��ȞΜ̟Şȡǹ�˹˺�̊�Μǟæ@ĭɋƘǹǨ̒3ɉȷȵȺɢΈǛɋį

̆˲ǀƘǹ+èʄɟΜȿȾɋ̄Ɩ²^ı̒PΜÔ˞�͐ƳɏȉˣɆƧ̺ͬƗˣ�$ 

@ĭɋ˲ǀʍƽ�΂ͬ˛ɂƌİĸɶČ́ɋǞĹÇNΜÎÿʘ�ͺɼ̢ˏČʬǧ

ĭıɋw³ȵȺɢ̄Ȏ˲ǀ$%`ƭïɋWô§ȝȘé�;ȁǻɨù͛ΚAustralian 

Institute of Marine Science, AIMSΛɋ͐ƳɏȉˣɆΚLong-term Monitoring Program, 

LTMPΛ$ǟˣɆň 1983 ĭ͓ñ§ȝ AIMS vɋǞĹ͐ƳˣɆ0%ʶ@ΜDxĭȝ%

`̡ƳÿƳɏȉéÝɢvʇ 100 `ȵȺɢɋeĳȮǸΜɏȉͷɑ�ůǮ̆#įǌʦʫ

ʍǒ#Ί΁#ȡʱǎ�Ȭ#}AȵȺɢȾȬɺ0æΜȭ�̿ĎǊ�ȁƤɋƛʦ̢ˏˮ

ʋɋɏȉ$ͦȣ LTMP ƞƳlUɀ monta tow ̢ˏéɿÐMʃɅÕįǌʦʫʍǒH

ˣΜň 2004 ĭ͓ñ3˩ʤÎÿɴ̈ʗ̢ˏʄʋɋɏȉ$Ô̜ 30 ĭ.ΜǟˣɆ͜5Ű

ʡɏȉéÝɢɋeĳȮǸ.ǧxĭ�ȫ%ǜ˲ǀÞ¿æΜ3�ȫ5˪ç̺˛ɋȵȺɢ

əɲɓ͖ƬʂΜWðʶ@ƭýƓɋȦĨȁǻ̄Ȏ˲ǀŤ�Κsurvey manual for tropical 
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marine resources, English et al. 1997Λ$ɏȉŞƽ3ŞȝȘǽ�ÿðÏăȁǻɨùˣɆ

ΚNational Marine Science Plan 2015-2025, National Marine Science Committee & Gunn 

2015Λɺȁǻɓ͖ƌɻɋ̺˛«ʩ̄Ɩ$͜5ɨùəɲ0æΜLTMP 3~ưʒ·jũ

Á[̢=ǿɋ�ʰ$Ó͟ŞÃˇɂŮ�ư˼ąȔǮʒ·ɋéùŠəɲȾƁFŎĢ#ʸ

éù·S|¹űď¦åȶùȾɺƘĹŰʡjũĉ̂ɋʒ·Μ[̢+¹-B͔ɋ=ǿD

¬ĸɶ·SΓî$ 

ˇǟΜ̗ɬÁ.ƳD¬͐Ƴɋɽȹĸ˷Μ�̙ð*Ξ 

 

̗ɬÁ.ƳɑǖΞ 

1) ±͓ČăƮ˷˥˴ȵȺɢ]˸ ΚȾř̄Ȏ]ʭ ΛˈÒΜ�ů]˸ 

ΚȾř̄Ȏ]ʭ Λɑǖ#˩ÿ]˸ Κ]ʭ Λ¶ɮűǖ$D¬³Ȝȵ

ȺɢȾřʅ̄Ȏ]ʭɋ͐ɬɑǖ$ 

2) ˂ćȁÙ̄Ȏ]ʭÚǹΞÔ̝ɐǛ˥ȷˏȵȺɢ UɀƘĹƧΜŰʡWȤ

ȷˏȵȺɢ ɋ� �ɀƘĹ̢ˏưƍÚǹΜ͙P>ȝŁʹɬı$ 

3) ŸŽʒ̃Şɶw³ȵȺɢ̄Ȏ˲ǀĢSÓ͟ΜÓ͟ŞÃ͹�½ȵȺɢ ͱ

»ΜWðȁǻȬȹ#ȁǻ�ù#+¹ȁǻȾȬʸɥƮʒȚɺ+¹ͱ»ɋČ

ăΜUɀǖȏ�ɋ̼�˲ǀƘǹ̢ˏw³ȵȺɢȾřʅ̝ɐƨǀΜDĸɶ

͐ƳȾřɏȉǘ ΜɑɋÔƙƉͥɂČăƮ˷ȿȾ|˶ɋ¶ɮűǖɋÜɣ

̄Ɩ$ƫ̺˛ɋƦ¶ͻÙɌͬ˛ư̍-BɋŞÃ«ʸΜ͜5ˇɂÚˏˣɆ

ɋǙƮjũɕ˶æΜ3Û΄ƴUɋȁǻɓ͖>ťʸĸɶƴU|¹·SɋΓ

î$ 

4) ͐ƳȾřɏȉǘΔɋ̫ſ²�Ş(`ĘͱΞ 

a. op˲ǀǘΔΞ�ůƵˣ�Þ¿.��ΜĦưȵȺɢΈǛǡ´̄Ɩ

ɋǘΔ#¶ÏăzÑɿÐvɋ̺˛ɏȉǘΔ#}A+¹Ęʈ]˸ 

vɋB˓ŔǘΔ$ 

b. ǜop˲ǀǘΔΞƓȹǡĭUʺͣƄȆɋNʤʸȁ˽ɺɓ͖̄ƖΜ

UɀȁǻȬȹʸǮƕʅʏǗƃŷH�³ȜÀÐȁÙʺͣ²ʰƄȆɋ

ȔÔȦΔ$ƉͥÜɣ̄ƖĦh+Ƨ0ͬ$ 

c. ͓ɉˣɆɓ͖ǘΔΞ�̥�ȁĜ͓ɉˣɆΜ�͹Ôɸ%Ƨ͔WȤǖ

ȏ˲ǀƘǹĸɶ͐ƳȾřǘ D̎̚ɈÕȾřȮǸɋ˺�$ 
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5) ˫HďʷĦưǘΔȵȺɢʦʫ¾ȷ˔Əɋ0Ì.ĸɶƊÆƘǹ$ 

6) ĸɶȵȺɢȾř˲ǀʵ�̕˶ʅʏΞɑ�0ǿɋ˲ǀƘǹɌɂČǐ>Ã̢

ˏćÕŠŁm̕˶ΜȣʪČǐ>Ã΄Ş+ƣΜ˛ČʄēͬČ͑ūtÇ%΁

ʦɋȾȬ$ȵȺɢȾřʅȾȬçǘŔΉΜͬ˛ƫçɋČǐ>Ã̢ˏ̕˶Ģ

SΜÌǟ̒ïɋɻɅȝɉė>ĢƪśΚAIΛ̢ˏŁmʵ�̕˶ΜČǐ>Ã

lͬǃǞÁ�˱$ͦȣɑ� AI ʵ�̕˶ɋȬɮ̕˶ˢƻıAͬ˛�ĻΜM

%Ɲĸɶʵ�̕˶ʅʏΜ²ƿ˩ʕɷĶ˳ȔǮÃUɀǖȏĢ~ŭƇŁm.

)jΜ%¹ɏȉéăɋȁǻ$ 

 

͐ɬɑǖ 

³ȜȵȺɢȾřʅ̄Ȏ]ʭɋ͐ɬɑǖȝD 2050 ĭɋǪbǈEȝ�Ÿ*Μ

ˇɂ�˩� UɀɋƘĹ̨Şʵȣȼá]˸Μ]˸ȾȬçǘŔÁ�ʰʦçǘŔ¬

ʵȣ̄Ȏɋǯʡ�ɀ$ǟæ̭˛ʔŰɥƮʒȚ̦SΜɉėΉÂ̆ɋɨùəɲ¬ȼ

áƑʭɺ�ʰ$~ΈSǹ�ů˂ćưƍÚǹ#Űʡ̢ˏȼáɏȉ.˲Ɠɓ͖ǹ

C#ŷĶ+¹͠ĘȁǻƑʭΜ͜5˻>ʸȁɋ̠ʍňĐ͓ñŦǅΜŸΉň6ȁǻ

ɓ͖ȿǐɋŘ΀Μ3ĸɶΉǮȏɋÏ͢əɲɷDŸΉəɲʰ̼$ 
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«ʩƕȱ 

Ƙ�ˏ#̰Ķƥ#÷Ûh#Ǖ¹ͪ#͝ǞĬ#ɁƕƎ#͝Ƣ̔#�̈́ǝ#͉Ï¥#ĺ

Źɧ#ƼĮ�$2004$ã&ÏăzÑȁÙ͐ƳȾřəɲˣ�->ȝǾ �ĎȁÙȾř

ţ̟Ş0ˑƀəɲΚ�ΛʸȼáƑʭ0ŜɀΚIΛ$vƌ̲Ȩ ĸʥã&ÏăzÑɽ

ȹˌò˧əɲÞ¿$262 ͵$ 

Ƙ�ˏ#̰Ķƥ#÷Ûh#Ǖ¹ͪ#͝ǞĬ#͝Ƣ̔#�̈́ǝ#͉Ï¥#ĺŹɧ#Ƽ

Į�$2005$ã&ÏăzÑȁÙ͐ƳȾřəɲˣ�->ȝǾ�ĎȁÙ Ⱦřţ̟Ş0

ˑƀəɲΚ9ΛȼáƑʭ0ŜɀΚ7ΛÜƵȾř̄Ɩ0ĸɶ Κ7ΛʸȼáȾř̄

ƖĲ̄ˤʅʏ0ĸɶΚ%Λ$vƌ̲Ȩĸʥã&Ïăz Ñɽȹˌò˧əɲÞ¿$

295 ͵$ 

Ƙ�ˏ#̰Ķƥ#÷Ûh#Ǖ¹ͪ#͝ǞĬ#͝Ƣ̔#�̈́ǝ#͉Ï¥#ĺŹɧ#Ƽ

Į�$2006$ã&ÏăzÑȁÙ͐ƳȾřəɲˣ�->ȝǾ�ĎȁÙ Ⱦřţ̟Ş0

ˑƀəɲΚ{ΛȼáƑʭ0ŜɀΚ(ΛÜƵȾř̄Ɩ0ĸɶ Κ(ΛʸȼáȾř̄

ƖĲ̄ˤʅʏ0ĸɶΚ7Λ$vƌ̲Ȩĸʥã&Ïăz Ñɽȹˌò˧əɲÞ¿$

233 ͵$ 

ȳʔ̅#̰Ķƥ#÷Ûh#Ǖ¹ͪ#͝ǞĬ#͝Ƣ̔#�̈́ǝ#ĺŹɧ#ƼĮ�#R

Ĭ·$2007$ã&ÏăzÑȁÙ͐ƳȾřəɲˣ�->ȝǾ�ĎȁÙ Ⱦřţ̟Ş0

ˑƀəɲΚ&ΛȼáƑʭ0ŜɀΚÊΛÜƵȾř̄Ɩ0ĸɶ ΚÊΛʸȼáȾř̄

ƖĲ̄ˤʅʏ0ĸɶΚ(Λ$vƌ̲Ȩĸʥã&Ïăz Ñɽȹˌò˧əɲÞ¿$

226 ͵$ 

³ȜȁǻȼáƑʭŷĶ¤Ʈ#³Ȝȼá̄ˤ¤Ʈ$2009$2009 ³ȜȵȺɢʜΈǛ

ΚReef CheckΛʍǆÞ¿$³ȜȁǻȼáƑʭŷĶ¤Ʈ#³Ȝȼá̄ˤ¤ƮΜ86

͵$ 

³Ȝȼá̄ˤ¤Ʈ$2010$2010 ³ȜȵȺɢʜΈǛΚReef CheckΛŞƽÞ¿Ƭ$³Ȝ

ȼá̄ˤ¤ƮΜ97 ͵$ 

³Ȝȼá̄ˤ¤Ʈ$2011$2011 ³ȜȵȺɢʜΈǛŞƽÞ¿$³Ȝȼá̄ˤ¤ƮΜ88

͵$ 
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³Ȝȼá̄ˤ¤Ʈ$2012$2012 ³ȜȵȺɢʜΈǛŞƽÞ¿$³Ȝȼá̄ˤ¤ƮΜ

137 ͵$ 

³Ȝȼá̄ˤ¤Ʈ$2013$2013 ³ȜȵȺɢʜǛŞƽÞ¿$³Ȝȼá̄ˤ¤ƮΜ67

͵$ 

³Ȝȼá̄ˤ¤Ʈ$2014$2014 ³ȜȵȺɢΈǛŞƽÞ¿$³Ȝȼá̄ˤ¤ƮΜ73

͵$ 

³Ȝȼá̄ˤ¤Ʈ$2015$2015 ³ȜȵȺɢΈǛŞƽÞ¿$³Ȝȼá̄ˤ¤ƮΜ82

͵$ 

³Ȝȼá̄ˤ¤Ʈ$2016$2016 ³ȜȵȺɢΈǛŞƽÞ¿$³Ȝȼá̄ˤ¤ƮΜ116

͵$ 

³Ȝȼá̄ˤ¤Ʈ$2017$2017 ³ȜȵȺɢΈǛŞƽÞ¿$³Ȝȼá̄ˤ¤ƮΜ109

͵$ 

³Ȝȼá̄ˤ¤Ʈ$2018$2018 ³ȜȵȺɢʜǛŞƽÞ¿$³Ȝȼá̄ˤ¤ƮΜ54

͵$ 

RĬ·#͝ƥc#͝þȻ#͝ǞĬ#̯̱ƕ#ƼĮ�#ĺŹɧ$2008$ã&Ï ăzÑ

ȁÙ͐ƳȾřəɲˣɆ->ȝǾ�ĎȁÙȾřţ̟Ş0ˑƀəɲ ΚyΛ#ȼáƑʭ

0ŜɀΚ9ΛÜƵȾř̄Ɩ0ĸɶΚ9ΛʸȼáȾř̄Ɩ Ĳ̄ˤʅʏ0ĸɶ

ΚÊΛ$ã&ÏăzÑɽȹˌò˧əɲÞ¿$270 ͵$ 

RĬ·#͝ƥc#÷Ûh#͝ǞĬ#̯̱ƕ#ƼĮ�#ĺŹɧ$2009$ã&Ï ăzÑ

ȁÙ͐ƳȾřəɲˣɆ->ȝǾ�ĎȁÙȾřţ̟Ş0ˑƀəɲ Κ2Λ$ã&Ïă

zÑɽȹˌò˧əɲÞ¿$276 ͵$ 

RĬ·#͝ƥc#÷Ûh#͝ǞĬ#̯̱ƕ#ƼĮ�#ĺŹɧ$2010$ã&Ï ăzÑ

ȁÙȵȺɢ͐ƳȾřɏȉˣɆ$ã&ÏăzÑɽȹˌò˧əɲÞ¿$300 ͵$ 

RĬ·#͝ƥc#÷Ûh#͝ǞĬ#̯̱ƕ#ƼĮ�# ĺŹɧ#�ļ?$2011$ã&

ÏăzÑȁÙȵȺɢ͐ƳȾřɏȉˣɆ$ã&ÏăzÑɽȹˌ ò˧əɲÞ¿$330

͵$ 

RƟƸ#̵őƠ#͝ĿÈ#̳oŹ#ȑÏŀ#ŅĤȴ#͝ƥc$2016$DȾȬ çǘŔ

�ƻǛ˥ã&ÏăzÑȁÙ� ȷǸ$ÏăzÑùÞ 26(2):60-71$ ³Ȝ$.ˁǩ

Ï$ 
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̯œ˭$102 ĭȖȋ¥ƘÊĝȁÙȵȺɢʜΈǛ¬ɵǊˏ�-]˸Ȗȋ¥ƘÊĝȵȺɢ

Ⱦř$ȁǻÏăzÑ̝ˤ (18)$

http://marine.cpami.gov.tw/epaper/EpaperDetailNewsShow5aa7.html?Cond=7c04d3dc-

aef5-45f0-9b07-9635da6427e7 

ĺĞͤ#ŢơΌ$1987$ã&ÏăzÑȁÙȵȺɢ¬ȁǻȾȬȾřəɲΝȁÙȵȺΘ

ɋ�N¬ʦʫȾřȾřù0əɲ$vƌ̲Ȩĸʥã&ÏăzÑɽΙˌò˧əɲÞ

¿$ 

̳oŹ$2007$³Ȝ¥̲ȁÙȵȺɢįǌʦʫɋʍǒʸ˺�$Ïɶ.ĚéùȁǻȾȬ

əɲţɝå˴ƕ$64 ͵$ 

͝ƥc$2012$ã&ÏăzÑȁÙȵȺɢ͐ƳȾřɏȉˣɆ$ã&ÏăzÑɽȹˌò

˧˲ǀÞ¿$73 ͵$ 

͝ƥc$2014$ã&ÏăzÑȁÙ� ɋǛ˥ʸ˞�$ã&ÏăzÑɽȹˌò˧˲ǀ

Þ¿$133 ͵$ 

͝ƥc$2015a$ã&ÏăzÑʿ΃ŔΊ΁0ǯʡ�ɀ¬}ĎȵȺɢįǌʦʫʍ ǒ0

Łʹ˲ǀ$ã&ÏăzÑɽȹˌò˧˲ǀÞ¿$83 ͵$ 

͝ƥc$2015b$ȵȺeĳűǖ0ĸɶʸ]˸ ɽȹŜɀΞDã&ÏăzÑȵȺɢȾř

ʅȝW$ã&ÏăzÑɽȹˌ$168 ͵$ 

͝ƥc$2016$ã&ÏăzÑȵȺɢȾřçǘŔɏȉ˲ǀˣɆ$ã&ÏăzÑ ɽȹˌ

ò˧˲ǀÞ¿$81 ͵$ 

͝ƥc$2017$Ǫb˺̪*ƹǶȼɢȾřͲŔɳ͔ɇ̆ľĹʸľŞǙ�əɲΚɸ7
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2���                    
 Chaeotodon trifascialis       1            
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 Chaetodon kleinii            2       
 Chaetodon lunulatus         1          
 Chaetodon octofasciatus    2               
 Chaetodon ornatissimus  1                 
 Chaetodon trifascialis         1          
 Heniochus monoceros                 2  
 Plectroglyphidodon 

johnstonianus 
  1                

2(�                    
 Acanthurus nigrofuscus  5 5        5        
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¨Ƒ ųʂ NA NA 
¨Ƒ ăˡƚ NA NA 
¨Ƒ �ƽìǨ 22.86328 121.20712 
¨Ƒ Óɚ 23.11636 121.39708 
¨Ƒ Ə�0Ȧ 22.82972 121.18889 
¨Ƒ Ə��Ȧ 22.82505 121.19403 
ɍĎ ƛ£ 22.68139 121.48278 
ɍĎ u̘ 22.67722 121.49258 
ɍĎ Ƞƈ 22.65483 121.47351 
ɍĎ ßȒǉ 22.63921 121.49196 
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Ç� Ʈ̩ ɏġ ɋġ 
ɍĎ ÿ˄č 22.67750 120.49750 
ɍĎ ȞɗA NA NA 
ɍĎ u̘̪ 22.67971 121.49057 
ɍĎ ̬Ǩ 22.64289 121.48371 
ʂđ ʂđƯÕ NA NA 
ʂđ uHǨ NA NA 
ʂđ ÅÇuĤ 22.07051 121.50824 
ʂđ ˮkǚ NA NA 
ʂđ ʂđ̠0 NA NA 
ʂđ ƥǊ 22.05102 121.51105 
ʂđ Ǽåč 22.08222 121.51778 
ʂđ ƽ́č 22.08306 121.55778 
ʂđ ʃ̐É 22.03984 121.51983 
ʂđ ƈĎǚ 22.08111 121.52972 
ʂđ ƈĎɩXǃĥ 22.08288 121.54078 
ʂđ ̀ǹč 22.08497 121.56876 
ʂđ 4̐Č 22.06621 121.57087 
ʂđ Êoč 22.08782 121.50535 
ʂđ ˄ɲč 22.06621 121.57087 
ʂđ ˡ˥ 22.04180 121.56826 
Ù' įÚǛ NA NA 
Ù' Vƫǃ 21.99610 120.87040 
Ù' zǃ£ 21.93091 120.74442 
Ù' ̚ʀǨ 21.02413 120.83207 
Ù' ȜȠ 21.95156 120.77040 
Ù' ɸ˟Ɵ 21.99793 120.70077 
Ù' «Ȍ 21.95558 120.71189 
Ù' įÚǛ̡̙� 21.93590 120.74708 
Ù' įÚǛǤǛ 21.94634 120.75561 
Ù' įǨ 22.03927 120.69365 
Ù' ɂƛ 21.97234 120.71565 
Ù' ̫È 21.90787 120.86192 
Ù' ȡĎ 21.91233 120.84719 
ăȂȀ ɗAǏ 22.35392 120.36889 
ăȂȀ ßȩǠǚ 22.33049 120.37123 
ăȂȀ ʇƒǨ 22.33750 120.35806 
ăȂȀ �ȠɘȦ 22.32306 120.36556 
ăȂȀ ˅ǾȄ� 22.34607 120.38980 
ăȂȀ ɳȇč 22.35572 120.38063 
ăȂȀ ɢEË 22.35022 120.36486 
ăȂȀ ̡Ïć 22.34928 120.38989 
ǦǛ ƺ̐ NA NA 



 

 

 

80 

Ç� Ʈ̩ ɏġ ɋġ 
ǦǛ ̅ǨrǨ 23.51888 119.55027 
ǦǛ ̅ǨÜǨ NA NA 
ǦǛ ʆ̐Č NA NA 
ǦǛ Ĉǲ 23.82222 119.89166 
ǦǛ ßȒǉ 23.87611 119.70970 
ǦǛ ß˃ 23.98444 119.74055 
ǦǛ Ƒ¬ 23.30138 119.72055 
ǦǛ Ƒ¬ǚ£� 23.25218 119.66571 
ǦǛ ƑđË 23.49138 119.69888 
ǦǛ ƑđËƑ 23.26031 119.51956 
ǦǛ ƑđË� 23.25460 119.51241 
ǦǛ ƑđËʏ 23.26439 119.51633 
ǦǛ ̖ƴ 23.77305 119.55083 
ǦǛ ¬ʶ 23.75250 119.62944 
ǦǛ ɷɺ 23.56805 119.66888 
ǦǛ èê 23.94861 119.68166 
ǦǛ ʃ< 23.63027 119.68472 
ǦǛ ÿ˄č 23.52055 119.56972 
ǦǛ ȗŰđ 23.84527 119.79499 
ǦǛ rÍ 23.74805 119.61444 
ǦǛ ̣đ 23.85638 119.71916 
ǦǛ Čǃ 23.73222 119.76277 
ǦǛ ˎƬ 23.79277 119.63638 
ǦǛ ƠȖ 23.71666 119.61250 
ǦǛ ÜÍ 23.60777 119.61861 
ǦǛ Ɖñ� 23.62638 119.71500 
ǦǛ ƉñƑ� 23.59333 119.62250 
ǦǛ ă¨Ǩ 23.36333 119.61722 
ǦǛ ʏ¬ 23.45833 119.82805 
ǦǛ ʏđËƑ� 23.34416 119.69472 
ǦǛ ʏđË� 23.27346 119.50741 
ǦǛ Ɔ̢ 23.40805 119.68333 
ǦǛ ˪ȣƑ 23.27573 119.50494 

GPSȿɊǪWGS84#NA̰Ʈ̩ȥ|Rɕ,§ɛ# 
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ǘǾȄȦȓʱ�ʿ�̯¿ƹ̃

ʐĽȳÁ÷ɅȓȢȰ»RĀɠ

ːʈ¨ǨǾȄȦȉĺȕǙ# 
 

4. ǾȄ̝̞ȓȥ§ȊIŖMˑĬ
ȓȆ×ʱ�̯ǭɝƹŴǍf§

ȊIŖMˑĬȓǁbʱ˔ɝ,

Ž�žʹʚ#´ƎʙȎŃˤā

ȓ¸̒,­̯ŽċŵșˇșĽ

ȓ˰]# 
 

�éµɶɾ̰ 
1. ƎʙȎɻˠŵǾȄȦʨƙŴǍ1
Ʋʔ̯āƌXș˰ȢȰ1ːʈƨ

x�ɛhc# 
2. ŝʐ˛{̯ʙȎːʈ̊ȗƇůǺ
¾̯̔…ȥʥȢȰǾȄĿǾȄ

Ȧ# 
 
 

3. ȢȰŴǍŪˊ�{Ȼȍ̯Ȉɪɔ
æ(½)ŘzǾȄȦȉĺʹǜ^ɤ1
ȹȁĦʮ̯…�Iʌm#I+¸

̒Ħʮ�Iʧź̰ǙɎ˫ġ 15u
Ć1[š̲ȵ 6̉ʨƙǕġǆô
1[š̲Ʈ̩˕şɛˢ̲ȵ 8̉
ȉǵˢřȸ…�Iʧź̲ 

4. ɉƕ˛{̰ 
(1)ůǺŭȁ-Ȍ0ʐǾȄȦ{
ĕ̯Ūˊ§IƁʴù# 

(2)¨ǨǾȄȦŭȁ(ʊ()̯ĦʮƑ
ǉ"áĜĎĿwFůǺŽ°3

§�I�ɛ̲ţ�¿ì1ŭȁ

Ž°3§Ý={Ɠ# 
(3)®ʡʖ˞…�p̯æ̡̓�ɦ
ɘ̯ßƩɮYƇ¶=ȉǵ# 

(4)æSǆôz 3u{ʝ˧%Ƶ̲ 
 

 
1. ʬʬéµɣô# 

 
 
 

2. ƊzžƇʢ¸ǒ^ɖ̯ɖrʊȧ
ůǺ¾̔ɻˠŵ¨ǨȓǾȄ{

P"ǵȭŮ´ʱ�̯¿ƹÆŝʐ

0ü�¨ǨǾȄȓ{Pɭƻ©ʱ

� # 
3. Ĕ`ƸƊƍÔ²rø# 

 
 
 
 
 
 

 
4.  
̭1̮Ĕ`ƸƊƍÔ²rø# 
 
̭2̮Ĕ`ƸƊƍÔ²rø# 

 
 

 
̭3̮Ĕ`ƸƊƍÔ²rø# 

 
̭4̮¿ı 1500̩˻Ưŉ¡ 500

̩"ˠʎ 200ƵŃǄİȓ
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(5)ÀôƮ�˕ş1Ȇ×ɛˢ̯Ħ
ʮ�Iʧź#ǙɎ˫ġõ%

ɫ# 
 
 
 
(6)Ȇ×¿ìȕǙƮ̩˕ş̯…�
Iʌm# 

(7)ʹǜ^ɤȹȁĦʮ˛{̯Ħʮ
ɥƀʹʚ ș˰ĦʮÝ=ʧ

ź# 
 

200aʑɽǻȓƭǝēƅă
ŵ 2̯ʊȧ˻Ưŉ¡ 500̩
ǄİȓʑɽǻƅɹÆú˺

ʑɽǻȓ 95%_ʼ�˯
r̯¿ƹĦʮ̃ʐ˻Ưŉ

¡ 500̩̯Ǫ5ŠU)Ŵ
\�ʞôǪƾ 3u{ɀ˧
%Ƶ# 

̭5̮ĔÆƊƍÔ²0`ť̯ȋŵ
ȕǙŴǍťĽIȗƭǪĂ

¯̯uǀȪïŴǍȓǿƇū

ƐĔĮĽǯ-ſ ̯¿ƹD

ĦʮǋȊwŴǍ#wFȗƭ

ȓʨƙŴǍǙɎ˫ġɊ%# 
̭6̮ĔÆƊƍÔ²0ʌm# 
 
̭7̮Ĕ`ƸƊƍÔ²rø# 

Ɣéµàʺ̰ 
1. ǦǛ̅ǨȆ×��¥¿ˑǠ̯ņĿ
˘ƇwF¿Ɇ(æǃʻ)̲ 

 
 
2. ȗ�ǾȄȦ̟Ʋȓ 115aʨƙ̩
0̯ƌXɴʐːʈȕǙĿʨƙŽ°

ƇjmĦʮÇ̩# 
 

 
1. ̅ǨrǨǪǦǛrǒƄʕɹ%a
�þ˭ȓǒǨ̯¿ƹmà)ǃǑ

?ř�,V#3ǫ̡ɘʌmˢ# 
 
2. ¨Ǩ,fÇǸAȬ"ǾȄȦÝƮ
Ķ3̠̯ˍ=Ʈ̩ÆˑĬʋ˕Ǫ

ʨƙƮ̩�¿ƇwHʊĶ̯¿ƹ

ȔċŵjmĦʮƮ̩# 

̨éµ¯ṵ̊ 
1. …ʌmŘZ 115aǾȄȦ̟Ʋɭ
ŢǗɱ˽ȓÇ̩ɋɏġĿ�IÇ

Ã±ǿ̯ȗ�ƎɖƇ%=ǃʻȕ

ǙƮ̩̯ɴɭ)ˊƮ̩ș­̯Ŀ

ʟŷį§IØ�ǾȄȦȕǙ# 
2. ȗ�ǾȄȦȉĺȿ^ɤ0¥Ƈ 2
ȭǾȄ}Ǫ^ɤ̯̓3.ǫˤā

ǾȄȦ�ʞȓ^ʯ�̯Ž°Ƈ¶

=ǾȄȦȉĺȿǵȭĿʟ§�ɛ

IUCNĿŽ CITESȓƭǝɛĻ}

 
1. ĔʌmŵƊƍÔ²0# 
 
 
 
 
 
2. ȗ� IUCNƸÆ`ʘųȓ®˧̯
§y�ɛųǴƎ`ť^ɤǵȭ®

˧"�ʞˠʐƣķÇ´^ʯ�# 
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p^ɤǵȭĿŽ[šˡȉ�ǵ^

ɤǍ�ʞˠʐƣķȆ×Ŀ^ʯ

�̲ 
3. Ǝƞ§Řz%äƭǝʨƙŴǍ̯
,̌˔ąǿƇÒʈȓŴħ# 

 
 
 
3. Ĕ`ƸƊƍÔ²rø# 

 
 

ǒǎȉǵ^ɤɈ̰ 
1. ̍ʙƌXuˮƎƞȓƭǝʨƙŴ
Ǎ̯ĖƉªɅȓʨƙŴǍȔɦóŭ

ŗˊ̯˖pI”­)”ȓŴħŗˊ# 
2. ȗ�ȓƭǝʨƙŴħIāʵUǪ�
{̯Ž°ļťIȗȓUǪ�{# 

3. …ʌmʧźƮ�ʨƙžŃʝ˧�ȓ
̡̓ɭßÌǫɧƤ�ǵ# 

4. ĦʮªɅƭǝʨƙŴǍ”ˊį̯§
Ø�ʊƜāǮ̯I�ȟʖªɅʨƙ

Ŵħ1ēȏ# 
5. ȆʠʨƙŴǍ0OĄƌźʘʨƙŴ
ħ̯Ǝƞʓ�ȓªɅƭǝʨƙŴǍ

ĦʮSɜˆ˒«ȊŵȆʠ̲§ZĦ

ʮȆ^ɖØ`ǒǎȉĺʠMŅʉʓ

Ⱥ# 
6. ľÁȗ� AIˉʭǾȄȓȑĉǿǌ
ǪS̲ 
 

 
 
1. Ĕ`ƸƊƍÔ²rø# 
 
 
2. Ĕ`ƸƊƍÔ²rø# 

 
3. ĔʌmŵƊƍÔ²0# 

 
4. ʬʬéµōū# 

 
 

5. ĔʌmŵƊƍÔ²0# 
 
 
 
 
 

6. ˿ǭŭ̟ɝʗ AIˉʭǾȄȓŅʉ
ĄƌɄǯ̯-ȗ�ȓǾȄˉʭŅ

ʉȔŐŚŵÁÜ#OȑĉĽǯį

ƅŽːʈǾȄȦȕǙȓ%ß�

�#¨Ǩ,ʪŽȤ̟ʞeĿŞü

ˉʭ˅̟ȔƇmˀȓɋ̜̯¥ɔ

%aÿ,­̏ÐĀ÷ŭ«ʽXȓ

ëC#Ž%acİʓ�ʹ�ȓˁ

̏Ð«Uȑĉ̊ȗ# 
 

ǽ" ƅʮɉʪ̰�

ƎƞƊƍÔ²Ƃrø…Òʈ»R�ɛéµĸʒ`Ƹ̯éµĸʒ ¾

ļʧź…I˲˧ŴħŵÔ²Ƃ0ʊ}̯.ŵ ��� ĝ �	 Ɔ �
 ŷ�I

uůƲˋ`ťį1ƊƍÔ²Ƃ̯ɋƧ�»Rȥʥįˎˑ̯įɓ[ã

Ɂʓôˈȁ̜Ťɉƞ#�

ŋ"��Ŭƅ̰­ŷ+� �� ž �� {�


