摘   要

營建署國家公園組為籌備東沙海洋國家公園，委託本團隊進行東沙海域環境監測及測站規劃，以供嗣後海洋國家公園維護之參考。
本計畫現場設立兩個潮波流水質定點測站，分別為東北(NE)站及南(S)測站（如圖1.1)，兩站分別放置一組海流波浪儀、自記式波浪計以及自記式水質儀。還設立兩個氣象站分別位於東(E)站及西(W)測站，兩站分別有氣壓計、氣溫計、風速風向計、以太陽能電板及110V電源供電。本計畫執行3次現場動態監測，時間為2006年11月、2007年03月及05月，在颱風及東北季風惡劣天候中，總計完成20站的水樣分析及25站的水質剖面資料，其位置資料分別列於表1-1中（如圖1.1)。
成果報告，含現場觀測、資料分析、環礁變化推演、測站評估等。觀測部分依合約所需收集逐時資料2季各45天共2160筆，計畫執行結果水文觀測NE測站共有4848筆，S測站共有2232筆；而氣象逐時資料中，氣象E站共有3411筆，氣象SE站及氣象W站共有2331筆；定點觀測水質逐時資料共有1824筆；共有3次動態觀測並採集20測站的海水，25次的水質垂直剖面資料。除合約規定設置2點測站之外，為了解內外環礁海水交換，于環礁內加設立C測站，取得逐時水溫資料共有3600筆。本計畫在水文資料部分達成率為224%(NE)及103%(S)，氣象資料達成率為100%(E)及108%(W)，水質資料達成率為85.5%(NE、S)；水質資料因定點水質儀器不穩定，加上天候因素使得採水不便，造成資料略有不足，其餘資料皆超出合約所訂定之數量。本研究輔以歷年蒐集資料，配合本計劃觀測，闡述東沙環礁氣海象環境之變化。
由呂宋海峽往東傳遞的內波，會經過東沙環礁，造成海水溫度日變化可達6~8℃，於NE、S測站皆發現此現象。由於內波將南海下層的冷水團抬升可以緩和表層暖水的溫度，此種現象可證明東沙環礁外珊瑚生長情況較環礁內良好(戴昌鳳，2006)。
觀測結果分析統計：(1)潮位方面，NE測站，最大日潮差1.72m，最小日潮差0.26m，平均日潮差1.06m，以全日潮，小潮時半日潮振幅與全日潮同樣重要。S測站，最大日潮差1.69 m，最小日潮差0.28 m，平均日潮差1.06 m，主要以全日潮為主，小潮時半日潮顯現。(2)波浪方面，NE測站，全期平均波高1.94m。每月最大波高之平均為2.38m，週期8至11秒，波向來自東北方為主。S測站，全期平均波高0.75 m。每月最大波高之平均為1.59m，週期7至11秒，波向來自東南方為主。(3)海流方面，NE測站，平均海流速度為27.33 cm/s，標準偏差22.03cm/s。每月最高海流速度之平均為155.45 cm/s。S測站，平均海流速度為18.75 cm/s，標準偏差13cm/s。每月最高海流速度之平均為110.54 cm/s。(4)水溫方面，NE測站，平均水溫為22.87℃，平均日溫差為2.93℃。C測站，平均水溫為21.19℃，平均日溫差為0.42℃。S測站，平均水溫為22.26℃，平均日溫差為2.67℃。(5)水質方面，東沙動態水質採樣分析結果顯示，各測站溫度均以表層最高，並隨著深度的增加而遞減；而鹽度則均以表水較低，中層及底層海水則鹽度明顯較高；pH值則以表水最高並隨著深度而降低；溶氧部份，以表水為最高，接近飽和，而後隨深度逐漸降低。由營養鹽分析結果顯示(本海域所屬之甲類海域水質標準，本海域各測站海水中正磷酸鹽及硝酸鹽垂直濃度分佈相似，且與大洋海水垂直分佈方式相近。東沙海域中Redfield ratio得氮磷比約為12.9:1可將氮視為此海域營養鹽限制因子。而正磷酸鹽、硝酸鹽及矽酸鹽濃度部份，該研究測值亦與本研究中各測站表水測值相近。
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圖1.1 東沙海域環境測站以及動態測站位置。符號說明:星號為定點測站，含NE、S、C站，其餘為水文測站，藍圓圈為OR3C972航次、紅色正方形為OR3C1194航次、 黃色方塊為OR3C1209航次、淺藍色三角形為OR3C1218航次。。
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圖1.2  東沙海域環境定點測站NE測站、S測站、C測站、E測站及W測站之資料收集累積圖。分別表示各測站收集各參數的資料量。

Abstract
In establishing the Dongsha Marine National Park, an environmental monitoring project was carried out which was supported by the Administration Office of Construction and Planning Agency, Ministry of the Interior. The field experiments include two moored stations (NE & S) to monitor the time variation of sea level, flow, wave and water qualities (figure 1.1). Instruments deployed include self-recorded bottom mounted Acoustic Doppler Current Profiler (RDI WH 300 & 1200) and multi-parameter water quality logger (Hydrolab DX5s). In additional, two weather stations (E & W) were established to monitor wind speed, wind direction, air temperature and atmospheric pressure. Three cruises surveys with 20 stations total around the vicinity of Dongsha Atoll (Table 1.1). The project designed to have two seasons of data sampling, November-December of 2006 and March-May of 2007. The sampling stations are indicated in figure 1.1. 

This report includes field operation, data analysis and plans for future monitoring stations. The field experiment designed to collect 45 days of hourly data in each seasons, a total of 2160 data points for each parameters. As a result, the NE moored station obtained 4848 (>100%) data points while S station obtained 2232 (>100%) hourly records (figure 1.2). The weather station have 3411and 2331 (>100%) points of hourly data for the E and W station, respectively. The water quality data records were slightly short with 1824 (85%) hourly data. 20 water sample stations and 25 hydrographic profiles (CTD) were obtained in the 3 cruise surveys. An additional water temperature station was established in the middle of the Atoll to estimate the water exchange in and out of the atoll. Historical data were also collected in associate with current observation to study the variation of environmental conditions.
The results of data analysis show that (1) daily tidal range is 1.06m in average with maximum 1.72m in spring tide and minimum 0.28m in neap tide. Harmonic analysis indicated the area is diurnal tide dominated. (2) For NE station, the averaged wave height is 1.94m and wave period ranged 8s to 11s. The major wave direction is from NE. For S station, the averaged wave height is 0.75m and wave period ranged 7s to 11s. The major wave direction is SE. (3) the averaged current speed is 27.33 cm/s with standard deviation 22.03cm/s (due to tidal variation). The observed maximum current speed is 155.45 cm/s. (4) the averaged water temperature is 22.87℃, and the averaged daily range is 2.93℃. The central station has smaller daily range 0.42℃. (5) the hydrographic profiles show that the surface layer has higher temperature and lower salinity compare to the bottom water. The pH and Dissolved Oxygen also has higher value in the surface layer. The vertical distribution of nutrient concentration decreases with depth. The N/P ratio is 13:1 which is below the reference Redfield ratio (16:1) indicating the region is nitrogen limited.

The impact of Internal Waves (IWs) to Dongsha Atoll is an interesting issue. It is documented that the IWs originated from Luzon Strait propagates west to the continental shelf of Northern South China Sea. Dongsha Atoll is right on the path of these waves. Our observations show that the arrival of IWs may cause water temperature drop 6~8℃, once a day and last for about 4 hours. The IWs bring up the cold nutrient rich water to the surface and into the atoll, which may have positive ecological influence to this tropical coral reef system.
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Figure 1.1 Maps show the depth contours and locations of data collection. Symbols are: stars represent moored station (NE、S、C). The rest symbols are due to hydrographic cruise surveys: circles are cruise OR3C972, squares are OR3C1194, diamonds are OR3C1209and triangles are OR3C1218.
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Figure 1.2  Data periods of moored stations(NE、S、C) and weather stations (E、W). Sampling parameters of each stations are indicated.
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