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摘要
本計畫之目的為經由文獻蒐集及野外實地調查，建立北方三島(彭佳嶼、棉花嶼及花瓶嶼)和基隆嶼的自然資源基礎資料。調查項目包括: 地質及地形資源、陸域生態資源、海域生態資源和漁業資源等。
位在台灣東北海域之彭佳嶼、棉花嶼、花瓶嶼和基隆嶼，是上新世晚期至更新世火山噴發所堆積而成的島嶼。彭佳嶼有四期火山產物，包括最早期之凝灰岩和火山礫凝灰岩，第二期之矽質玄武岩和高鋁玄武岩熔岩流，第三期之火山渣與凝灰岩，以及最晚期之高鋁玄武岩岩脈，在該島東側海崖有完整的火山噴發層序出露；棉花嶼火山活動與彭佳嶼相當，但未見高鋁玄武岩熔岩流與岩脈；花瓶嶼則主要由矽質玄武岩所組成。基隆嶼全島由石英安山岩所構成，具有典型的斑狀
組織，在岩性上與其它三島明顯不同。這些島嶼有相當完整的火山地形和多樣而優美的海蝕景觀，包括火山口、火山錐、海崖、海蝕洞、海蝕平台、海蝕溝、海蝕凹壁、海蝕柱、壺穴、蜂窩岩等火山地質地形景觀資源。由於它們具有極高的觀光與教育價值，建議未來能夠規劃成為國家級的「火山地質公園」。
陸域植物調查中，北方三島與基隆嶼的維管束植物本調查共計得73 科195種，其中包含朝鮮紫珠、密毛爵床、綿棗兒等三種稀有植物。植被型態依照地形劃分為平頂植被、海崖植被、海岸礫石植被等三種，其中彭佳嶼、棉花嶼同時具有三類型植被，而花瓶嶼僅有海崖植被，基隆嶼則有海崖植被與海岸礫石植被。此外，較特別的植被為棉花嶼的蘄艾型灌叢，幾乎完全由蘄艾所組成，為過去所未報導過之植被類型。陸域動物資源方面，本調查共計發現有脊椎動物21 科33 種，無脊椎動物24科41 種。其中特有種有台灣草蜥1 種，主要發現於基隆嶼，台灣草蜥通常無法藉游泳擴散，除成體外，尚發現卵粒，推測島上有穩定的常駐族群，並且在早期便北方三島自然資源調查計畫成果報告已擴殖於島上。此外，玄燕鷗及白腹鰹鳥屬於稀有的鳥種，主要發現於棉花嶼。
玄燕鷗為澎湖貓嶼的代表性鳥種，其他地區並不常見；白腹鰹鳥則主要出現在北部及東北部沿海。兩者皆於陡峭海崖岩壁築巢，推測棉花嶼為其潛在繁殖棲地。海域生態資源共完成棉花嶼、花瓶嶼、彭佳嶼及基隆嶼共13 個測站的潛水調查。在底質組成方面，石珊瑚覆蓋率介於1.2~47.5%，以棉花嶼西測站及彭佳嶼西南測站最高(分別為47.5%, 37.2%)，花瓶嶼的西北測站最低(1.2%)；大型海藻除了基隆嶼西測站因有嚴重的泥沙淤積情形不利生長(7.7%)，在其他測站都佔有相當高的比例(14.2~86.7%)，另外，其他生物也占相當比例。整體而言，底棲生物群聚屬於非礁型的邊緣型珊瑚群聚，各測站皆未發現珊瑚礁形成，可能為受到冬季水溫較低、季風及海流強勁、海藻及海綿的競爭作用、海膽的生物侵蝕作用旺盛等因子影響之結果。
珊瑚資源調查共記錄到石珊瑚類112 種，八放珊瑚類21 種。石珊瑚類以菊珊瑚科和軸孔珊瑚科的種類最多，其中，單獨軸孔珊瑚(Acropora solitaryensis)在各測站(基隆嶼東及南測站除外)皆為明顯的優勢種。珊瑚群聚物種組成的聚群分析結果顯示，主要可分為四群，並大致與各島嶼符合。整體而言，棉花嶼、花瓶嶼及彭佳嶼珊瑚群聚的物種數及平均覆蓋率與島嶼面積大小有關。
底棲無脊椎動物方面，在棉花嶼、花瓶嶼及彭佳嶼三島之優勢及常見物種大致相似，皆以海綿、刺胞動物、軟體動物雙殼類和棘皮動物最具代表性。其中，棘皮動物最常見者為白尖紫叢海膽 (Echinostrephus aciculatus) 及枝手目瓜參科的小型海參(Plesiocolochirus sp.)。雙殼綱的黑蝶珍珠蛤 (Pinctada margaritifera) 與五爪牡蠣蛤 (Lopha cristogalli)為本區常見的大型軟體動物。基隆嶼以海綿、刺胞動
物、與固著性雙殼貝數量最多，棘皮動物種類及數量都不高，在其他測站數量豐富的白尖紫叢海膽，在基隆嶼附近海域數量卻很少見。
在北方三島及基隆嶼沿岸海域共記錄魚類35 科178 種，其中至少有 121 種（68%）也經常出現在東北角沿岸礁岩海域。棲息在這裡的魚類以隆頭魚科的魚種為最多，其次是雀鯛科、粗皮鯛科及蝶魚科。出現尾數較多的主要有霓虹雀鯛、黃光鰓雀鯛、魏氏光鰓雀鯛、金擬花鱸、鈍頭錦魚及鋸尾鯛等；除上述六種魚外，在各島較常出現的魚種還有日本鸚鯛、六斑二齒魨、黃衣錦魚、新月錦魚、斷紋紫胸魚、裂唇魚、克氏蝴蝶魚、多帶海緋鯉、中國管口魚及角鱗魨等等。基隆嶼
與其他島嶼之間的魚種相似性皆為較低。聚群分析結果顯示：基隆嶼及彭佳嶼的魚類群聚自成一群，而棉花嶼及花瓶嶼則可合併為一群。北方三島孤懸於大海，受黑潮的影響大，彼此距離不遠（約17 公里），底棲環境與生物分布也類似，因此呈現較高的魚種相似度。相對而言，基隆嶼鄰近台灣本島，受黑潮的直接影響較少，反而是受到船舶及陸源污染物的影響，而且海底的沈積物較多，足以造成棲地環境上的差異，進而影響到魚類的群聚結構。
底棲大型海藻的調查結果顯示，棉花嶼的海藻種類共計有64 種，以西南側的海藻種類較為豐富，各測站海藻覆蓋率介於33.05%~53.50%之間，由於水質清澈，可在水深10~15 米發現日本石蓴、蕨藻及松藻等綠藻；褐藻以圈扇藻為主，為底質覆蓋率最高的種類。紅藻種類中，除表覆形珊瑚藻外，以海膜、扇形囊膜藻及硬盾果藻的出現頻度較高。花瓶嶼則記錄29 種底棲海藻，海藻覆蓋率約43.77%~86.74%，其中以褐藻的圈扇藻佔最多，紅藻則以仙菜科、耳殼藻及殼狀珊
瑚藻等為主。基隆嶼因水質混濁，底棲海藻種類僅有22 種，為四個島嶼中海藻種類數最少的，覆蓋率介於7.72%~18.66%之間，且以紅藻為主，海膜、耳殼藻及表覆狀珊瑚藻為主要的藻種。彭佳嶼海藻種類數計有47 種， 覆蓋率介於34.72%~58.67%之間，依據礁石上所遺留的部分藻體及過去的調查資料，彭佳嶼應有較豐富的海藻資源，且與棉花嶼的海藻相類似。本調查計有8 種海藻為台灣新紀錄種。整體而言，北方三島海域的海藻種類與生物量尚稱豐富，部分熱帶藻種
的出現，顯示北方三島具有海藻地理分布的意義。
漁業資源調查顯示，臺灣北部水域的漁業產量於1967~2007 年間之年平均約為133,135 公噸，約佔全臺灣沿近海漁業總產量的42%。其漁業產值的年平均為478,253 萬元，約佔全臺灣沿近海漁業總產值的26%。臺灣北部水域的漁業類型約有10 餘種，其主要之漁業類型有：鯖鰺圍網、中小型拖網及火誘網漁業，約佔漁產量之76%。鯖鰺圍網的作業漁場位於彭佳嶼至釣魚臺間100~200 米之陸棚水域，主要漁獲物種為白腹鯖、花腹鯖、拉疆鰺及銅鏡鰺等。中小型拖網漁業的作業漁場位於25º30’~29º N，121º~124º E 的東海陸棚，主要漁獲物種為烏賊、鎖管、蝦類及白帶魚等。火誘網漁業的作業漁場主要位於25~28º N; 121~126º E 間100~200米之東海陸棚，主要漁獲物種為鰹魚、鎖管、剝皮魚、白帶魚及鯖魚等。另有飛魚卵漁業之作業漁場主要集中在臺灣東北部海域，每年4~7 月間為彭佳嶼海域捕撈飛魚卵的盛期。整理歷年研究文獻顯示，北方三島海域為主要經濟物種，如鎖管(火誘網、拖網漁業)、花腹鯖(鯖鰺圍網)及飛魚之產卵場，因此建議將北方三島周邊海域劃定為禁漁區，以保障海洋資源之永續利用。
Abstract

The objectives of this project are to collect basic information of natural resourcesof the three northern islets (Pengchiayu, Mienhuayu and Huapingyu) and Keelungyu by reviewing previous reports and conducting field surveys. The surveys includegeological and geographical resources, terrestrial and marine biological resources, and fishery resources. Pengchiayu, Mienhuayu, Huapingyu, and Keelungyu (PMHK), located in the sea off northeast Taiwan, consist of late Pliocene to Pleistocene volcanic projections. The volcanic products in Pengchiayu may be subdivided into four episodes: the lower parts (1st episode) of the volcanic suites are mainly composed of tuff and lapilli tuff, the middle portions (2nd episode) are largely represented by tholeiitic and high-Al basaltic flows, the upper parts (3rd episode) are mainly scoria and tuff, while the high-Al basaltic dike crosscutting the surrounding rock represents the latest volcanic activity (4th episode). These volcanic sequences are well exposed in the eastern cliff.

Mienhuayu is essentially characterized by volcanic suites similar to those in Pengchiayu except the absence of high-Al basaltic flow and dike. In Huapingyu, the dominant volcanics are tholeiites. In comparison with other islets of the PMHK volcanic province, Keelungyu is composed entirely of massive quartz andesites, with typical porphyritic texture. The volcanic rocks with well-developed volcanic topography as well as diverse and beautiful marine erosional landscape were found in the PMHK volcanic province. These landscape resources include volcanic crator, volcanic cone, sea cliff, sea cave, marine erosion platform, notch, sae stack, pothole, and honeycombed rock. These islets have high values in ecotourism and education, accordingly future planning of “National Volcanic Geological Park” is proposed.

In vascular plants, totally 73 families, 195 species were recorded in the study area, including 3 rare species: Callicarpa japonica, Justicia procumbens var. hirsute, and Barnardia japonica. Three types of vegetation were observed, i.e., grassland type, coastal cliff type, and seashore rock type. Pengchiayu and Mienhuayu had 3 types of

vegetation. Huapingyu was represented by coastal cliff type only and Keelungyu had coastal cliff type and seashore rock type. In Mienhuayu, the Crossostephium chinense subtype of grassland vegetation was almost comprised of one species. This is the first report in Taiwan.

As to the terrestrial fauna, 33 species of vertebrates belonging to 21 families and 41 species of invertebrates belonging to 24 families were recorded. One endemic grass lizard, Takydromus formosanus, was found in Keelungyu, including eggs and adult lizards. Because of the poor ability of dispersal by swimming, there should be a stable population on the islet and it represents an early colonization. Two rare sea birds,

Anous stolidus and Sula leucogaster, were found mainly in Mienhuayu. Anous stolidus is the representative bird of Cat Islet in Penghu Archipelago. Sula leucogaster was mainly found in the north and north-east coast of Taiwan. Both bird species nest on the coastal cliff and Mienhuayu is a potential reproductive habitat. Surveys of marine biological resources were conducted by scuba diving at 13 sites

among PMHK. The dominant benthic organisms are macroalgae, corals, sponges and other invertebrates. The coverage of hard corals ranges between 1.2~47.5%, with the highest occur on west of Mienhuayu (47.5%) and the southwest of Pengchiayu (37.2%), and the lowest on the northwest of Huapingyu (1.2%). Marcoalgae predominated at all

the sites (14.2~86.7%), except the west of Keelungyu (7.7%) where the growth of marcoalgae was suppressed by severe deposition of silt. Since the formation of coral reef was not found at all sites, the benthic communities of PMHK are non-reefal marginal coral communities. This is likely due to the influences of low water temperature in winter, strong monsoon and currents, the competition of macroalgae and sponges and the active bioerosion of sea urchins. The results of coral survey showed that totally 112 species of scleractinian corals and 21 species octocorals were recorded in PMHK. Among the scleractinians, Faviidae and Acroporidae are two of the most abundant families, and Acropora

solitaryensis predominate at all sites except the east and south sites of Keelungyu. The result of cluster analysis showed that coral communities could be classified as 4 main groups which were related to each islet. Overall, the species diversity and living coverage of coral communities in PMHK are closely related to those on northern and northeastern coast of Taiwan. In addition to corals, the abundant and common species of benthic invertebrates in PMHK are represented by sponges, cnidarians, bivalves and echinoderms. The most abundant species of echinoderms were Echinostrephus aciculatus and Plesiocolochirus sp., and of bivalves were Pinctada margaritifera and Lopha cristogalli. In comparison

with the abundant echinoderm fauna of the three islets, the abundance and species diversity of echinoderms at Keelungyu were relatively low where abundant sponges, cnidarians and sessile bivalves were found.

A total of 178 fish species belonging to 35 families was recorded. Among them, 121 species (i.e., 68% of the fauna) also occur commonly on the subtidal reefs on the northeastern coast of Taiwan. In the ichthyofauna around these four islets, Labridae is the largest family, followed by Pomacentridae, Acanthuridae and Chaetodontidae. Besides, Pomacentrus coelestis, Chromis analis, C. weberi, Pseudanthias squamipinnis,

Thalasomma amblycephalus, and Prionurus scalprum were by far the most abundant fish species. Other common fishes included Pseudolabrus joponicus, Thalassoma lutescens, T. lunare, Stethojulis terin, Labroides dimidiatus, Chaetodon kleinii, Parupenus multifasciatus, Aulostomus chinensis and Melichthys vidua. Jaccard’s similarity indices beween Keelungyu and each northern island were relatively low compared with those between every two of the three northern islands.

Multi-dimensional scaling (MDS) ordination using Bray-Curtis similarities clustered these fish faunas into four groups, i.e., Keelungyu group, Pengchiayu group, and Mienhuayu-Huapingyu group. The three northern islands are isolated by deep sea waters. However, they are close to each other in terms of distance (approximately 17 km) and share a common marine environment which is subjected to the influence of

Kuroshio and the northeast monsoon in winter. This might explain the higher similarity in ichthyofauna between these three northern islets. In contrast, Kuroshio is expected to affect less the Keelungyu which is close to Taiwan Island. The marine environment adjacent to Keelungyu might be affected more by pollutants from the nearby Keelung Harbor and sedimentations from the land. Thus differences in habitat characteristics might be related to the differences of fish communities between

Keelungyu and northern islets.
 The results of macroalga survey showed that the richest macroalgal flora was found at Mienhuayu (64 species). The macroalgal coverage was about 33.05%~53.50%. Due to high water transparency, the green alga, Ulva japonica, Caulerpa spp., and Codium spp. were common at 10-15 m depth. Zonaria diesingiana was the most abundant species of brown algae. Crustose coralline algae, Halymenia

spp., Sebdenia flabellate and Carpopeltis maillardii were the species with high coverage among the red algae. At Huapingyu, only 29 species of macroalgae were recorded and the coverage was about 43.77%~86.74%, dominated by the brown alga, Zonaria diesingiana. Ceraminaceae, Peyssonnelia spp. and crustose coralline algae were the common red algae. Only 22 species were recorded at Keelungyu, the lowest among

PMHK. Due to the influences of heavy sedimentation, the macroalgal cover was low (7.72%~18.66%). Forty-seven macroalgal species were found in Pengchiayu and the coverage was about 34.72%~58.67%. The macroalgal flora of Penchiayu is similar to that of Mienhuayu. In total, 8 new records were found and the macroalgal flora at the three northern islets was relatively high and was comprised of both tropical and

subtropical macroalgal species.

The annual average of fishery production in the waters off north Taiwan was ca.133,135 metric tons (t) during 1967~2007, which accounted for 42% of the total fishery production in the neritic and coastal waters of Taiwan. The annual revenue of fisheries in the waters off North Taiwan was ca. 4.78 billion New Taiwan Dollars (NTD) during 1967~2007, which accounted for 26% of the total fisheries revenue in the neritic and

coastal waters of Taiwan. There are more than 10 types of fisheries that operated in the waters off northern Taiwan, among which purse seine for mackerel (PSM), drag net (DN) and torch-light net (TN) are the majority, and they accounted for 76% of the production in this region. The fishing ground for PSM fishery is located above the shelf of East China Sea at 100-200 m depths between Pengchiayu and Diaoyutai. The target species are Scomber japonicus, S. australasicus, Decapterus lajang. The fshing

ground for DN fishery is located above the shelf of East China Sea around 25º30’~29º N, 121º~124º E. The target species are Sepia spp., Loligo spp., Penaeus spp., Trichiurus spp. The fishing ground for TN fishery is located above the shelf of East China Sea (25~28º N; 121~126º E) at 100~200 m depths. The target species are Katsuwonus pelamis, Uroteuthis (Photololigo) spp., Aluterus monoceros, Trichiurus spp.

and Scomber spp. In addition, the fishing ground for flying fish eggs is located around waters off northeastern Taiwan (around waters off Pengchiayu), with fishing season from April to July annually. The waters around the three islets off northern Taiwan is the spawning ground for economically important species including coastal squid (torch-light net and drag net), Scomber autralusicus (purse seine for mackerel) and

flying fish. Thus we suggest to delineate a ‘no-take zone’ or marine protected area around the three islets in order to conserve the fishery resources for sustainable utilization.
