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SUMMARY 

Culture of oyster and clam along the southwest coast of Taiwan is one of the important 
fisheries of this Island (Plates 1 to 3). The production in 1974 were 14,310 metric tons 
of oyster meats and 7,696 metric tons of clams, respectively. These shellfishes have suffered 
high mortalities each year in April-May since 1969. The average death rate was about 40%, 
sometimes reaching as high as 70 to 80絡 (Plates 4 to 5). The loss was estimated to be 
NT$100 million annually. 

Several things have been suspected to be the causes of the mass mortalities, such as: (1) 
water pollution from rivers; (2) disease of the shellfishes; (3) sudden change of environmental 
factors, e﹒忌， temperature or salinity; (4) overcrowding on the culture beds; (5) red tide; 
(6) pesticide pollution. etc. In order to determine the cause of these mass mortalities, the 
possible effects from water qualities, toxic substances, heavy metals and pesticides were studied. 
It was found that water pollution of the streams was the major cause of the large scale 
death of the shellfishes. 

In Taiwan, oyster and clam are cultured in the estuaries of many streams, because there 
are very few bays along the coast of this Island (Fig. 1-1 and Fig. 2-1). There are many 
industrial plants, mostly paper mil1s, located upstream near the railroad (Fig. 2-2). Most of 
these plants discharge their wastes without prior treatment. TheoreticaIly, the oyster and 
clam should be affected by the pollutants from the plants. But many people do not believe 
water pollution to be the cause of the mass mortalities of oyster and clam, because the 
plants discharge their wastes all year around, but the oyster and clam die only in April or 
孔1ay.

However, if we are familiar with the climate and river condition of Taiwan, we shall 
understand that water pollution is the most probable cause of the mass mortalities of oyster 
and clam. In southwest Taiwan, the rainy season is from May to October and the dry season 
is from November to April (Fig. 2-3). In the rainy season, the river is fuIl of water (Plates 
10 to 13). Therefore, the discharged industrial wastes may be diluted by river water, and 
the shellfishes cultured in the estuaries wil1 not be harmed. In the dry season, the quantity of 
the river water is small (Plates 6 to 9) and the flow is very sluggish. Hence, most of the 
pollutants will not reach the estuaries, but settle on the river bed. At the beginning of the 
rainy season, i. e., April or May, the first heavy rain may bring the pollutants concentrated 
on the river bed down to the coastal areas and cause the oyster and clam to die. 

Pu-Tzu River was selected as a model to study whether this postulation is true. Six 
sampling stations along the river, and 4 stations around the estuaries were set up (Fig. 2-2). 
From April 1974 through April 1975, 8 samplings were made to study the water qualities of 
the river: flow rate (Fig. 2-4), COD content (Fig. 2-6), disso1ved oxygen (Fig. 2-7), pH (Fig. 
2-8), color of water (Fig. 2-9), ammonia nitrogen (Fig. 2-10), basic anion and cation groups 
(Fig. 2-5 and Appendixs 2-1 to 2-8), and the dissolved oxygen in the pathway of the plant 

- 1 一



wastes (Fig. 2-11). In addition, the dissolved oxygen in the rivers of the southwest area of 
Taiwan were also studied (Fig. 2-12). Based on these data, it was concluded that these rivers 
were heavily polluted by industrial wastes in the dry season, i. e., from October through April. 
Although the estuaries where the oyster and clam cultured were also polluted by industrial 
wastes in the dry season, the heaviest pollution occured at the beginning of the rainy season. 

In order to know whether the death of shellfishes is related to the toxic substance, the 
water samples from PU白Tzu River and its estuaries were also bioassayed with common carp, 
guppies, and tilapia. It was found that: (1) 0 )1, April 30, 1974, the water sampled either 
from the river or its estuary all contained high toxicites. Even when it was diluted to 4佑，
about half of the test fish died after 96 hr (Table 3-1). This explains the large scale death 
of shelIfishes in the field on April 29-30, 1974. (2) From May 1974 through April 2, 1975, 
in spite of the high concentration of the test water (as high as 25%), almost no fish died 
after 96 hr (Tables 3-2 to 3-8). At this time also no death of shellfishes occured in the 
culture area. 

Sediments settled on the river bed near the industrial plants were sampled on April1975, 
and prepared as suspended solution for bioassay. The results indicated that a 330 ppm sediment 
solution could kill all fishes within 30 min. Even ìf the sediment solutìon was diluted to 
66 ppm, all test fishes died within several hours (Table 3-9). When oyster and clam were 
immersed in the 330ppm sediment solution, almost all oyster and clam died after 72 hr. About 
half of the oyster were kiI1ed after 96 hr in a 66 ppm solution (Table 3-10). Restoration of 
the oyster to clean water after it had been immersed in the toxic sediment solution for several 
hours revived some of the oyster (Table 3-11). But the oyster which had been immersed for 
only 3 hr, stilI had a very high d闊的 rate. This may mean that, in the field, exposure of 
only a few hours to the toxic solution could be lethal to the shellfishes. 

From May 1974 through March 1975, no mass mortalities of shell益shes were reported. 
The flrst heavy rain in 1975 fell on April 5, and large scale death of oyster and clam 0巳cured
on. April 7-8, just as postulated. 

Based on the water qualities, bioassay results and field surveys, the conclusion is the toxic 
s!1Q;>tance(s) dischnrged from the industrial plants sett1ed on the river bed during the dry season. 
",hen first heavy rain fel1 in the rainy season, the toxic substance(s) concentrated on the river 
bed were all brought to the estuaries, killing the oyster and clam. This is the cause of the 
mass mortalities of the shellfishes. 

Since heavy metals and organochlorine pesticides are very toxic to human being. if the 
toxic substance that killed the shellfishes were either of them, eating of the survived shellfishes 
may be harmful to the consumer. Therefore, oyster were sampled once a month from March 
1973 through March 1974 for heavy metals and organochlorine pestìcides analyses. ln April 
1974, both dead and live oysters were sampled and analyzed. It was found that: (1) During 
the entire year, the mercury, lead, cadmium, copper, zinc, nickel, and arsenic contents in 
the oysters were a l1 close to the ordinary levels (Fig. 4-1). (2) No aldrin, heptachlor and 
heptachlor epoxide were detected in the oysters, and only small amounts of DDT, BHC and 
dieldrin were present (Fig. 4-2). (3) The heavy metal or organochlorine pesticide contents 
in the oysters sampled in the "danger season" were not higher than in other seasons. (4) 
Neither the heavy metal nor the organochlorine pesticide contents showed any difference 
between live and dead oysters. (5) Although the sediment did contain organochlorine 
pesticides, but the concentration was not high enongh to have acute toxicities to shellfishes. 
In view of the above resuslts, it could be said that the heavy metals and organochlorine 
pesticides have no direct effects on the large scale death of the shelIfi泊， and no heavy metal 
and organochlorine pesticide intoxication will be caused by eating the survived shellfishes. 
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第一篇 臺灣貝類養殖近視與大量死亡現象

I 薑灣貝額養殖近況

牡蠣在臺灣俗稱為蚵仔，它所含的營養成分，極為豐富。在動物性的食物中，社蠣所舍的營養

價值，是最高的一種。臺嚮養蚵的歷史頗久，已極有兩百多年的記載了。養殖牡蠣的種類，以長牡

蠣 Crassostrea gigas 與真牡蠣 Crassostrea laperousei 為主【I) ，養殖地區，大多在西海岸的淺海或

潮溝處，普通係乘機動塑膠役至養蚵場，養殖方法，主要係用垂下式養蚵法 (platc 1) 。其法為以

塑膠索*'穿舊的牡蠣殼，稱為母殼.~串繩索串有母殼五至十一個，蚵串之長度，大約在 1 公尺左

右，長的有近於1.5 公尺者。串有母殼的蚵串係固定於蚵架，置於海中，在年冬至童年之春季產於

海中之蚵苗的附於母殼 (plate 2) ，而成長發育，大約七至八個月，即可收成。

文蛤 Meretrix Lusoria 在臺灣吽做甜仔，或稱掛撓。由砂洲等地接來如細砂犬的劫苗，普通先

在魚揖放養八、九個月，就成為種苗。種苗再養殖於沿岸含沙率 50~90宇宙每次乾潮時露出 1~2 小

時之潮間帶。經一年半左右養殖· @O成為上市的文蛤了。因為大型貝有向深海軍事動的習性，所以養

殖時四周常以尼龍網與竹樁圍起來，並常設有看守寮察君 (plate 3) ，通常係符退潮後，步行或乘

機動使至養殖場管理或收成 O

牡蠣生長餌料主要係靠植物性浮游生物，及部分動物性浮游生物叫。有陸水流入的海岸地方，

牡蠣的餌料能繼續受到補充，營養物質豐富，是養殖牡蠣的適當場所。因此，自牡蠣的餌料量及其

他漁場條件來說，畫灣的西海岸遠較東海岸適宜養殖牡蠣。與養殖牡蠣類傲，丈蛤亦靠天然餌料而

Table 1-l. The change of shellfish culture area (hectare) ìn Taiwan. 

Oyster Clam 
Culture area 一一一一一一一一一一

1953 1963 1973 1953 1963 1973 
一一一一一一一一一一一一一一一一一一一一一一一-

新竹縣 Hsin-Chu Pref. 338 198 447 30 
臺中縣 Tai-Chung Pref. 134 444 339 206 1,103 

彰化縣 Chang-Hua Pref. I 1,185 1,585 2 ,350 377 1,070 
雲林縣 Yun-Lin Pref. 600 1 ,690 3,670 160 513 

嘉義縣、 Chia-I Pref. 850 1,963 1,844 220 1,166 

費高縣 Tai-Nan Pref. 729 745 325 68 237 

臺南市 Tai司Nan City 555 372 74 3 3 

高雄縣、 Kac卜Hsiung Pref. 520 550 480 5 115 

高雄市 Kao-Hsiung Ci.ty 419 125 6 55 2ω 5 

Total 5 ,330 7 ，關 i 9 ,546 60 1,350 4 ,132 
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生，無需供以人工餌料。社蠣典文給這一頓的淺海養殖，不需要特別的餌料，只需要適當的管理與

敵害的驅逐，是一種非常有前途的養殖漁業。

在二十多年前的 1953 年(民國 42 年) ，臺灣牡蠣養殖北起於新竹、畫中，南至臺南、高雄;

其總養殖面積有 5，330 余頃。其時文蛤尚未大規模推廣，僅高雄縣、市有徵量養殖 O 十年後立 1963

年，牡蠣養殖面積增至 7，668 去頃，丈蛤則增至 1 ，350 公頃。到了 1973 年，性蠣典文蛤在全省之

養殖面積，已各連 9，546 及 4， 132 去頃，年產量各為 14，310 及九696 公廟，生產價值共達新臺幣六

億六于萬元之巨叫。由 Table 1-1 可見，蓋灣只類之養殖總面積，雖然年年增加，但是臺南、高

雄一帶卸是逐漸減少。到了 1973 年(民國 62 年)高雄、畫甫一帶養殖具額已值是傲乎其觀了。高

雄、蓋甫一帶，只類的養殖由與盛，而至沒落，主要是高雄一帶之大都市化、工業化‘與璟撞污染

等因素昕致。由 Fig. 1-1 可知，目前臺嚮貝額的養殖'幾乎只剩下嘉義以北的縣份才有了。其中

以毒品化、雲林、嘉義三縣最為重要 O 然而，最近連這幾個縣份養殖的貝餌，似乎也漸漸面臨嚴重的

威脅，那就是最近麓年即發生的牡蠣、文始大量異常死亡的現象。

，學
01] 

I "" <1 

Yun-Li n 雲拌

Chia-f 嘉&

G 

tJ • 
Fig. 1-1. Shellfish cuIture area in Taiwan (1974). 
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E 貝額大量死亡現象

在民國五十七、八年間，彰化、雲林、嘉義→帶的漁民們開始注意到四、五月間，他們所養殖

的牡蠣、文蛤，會有犬量死亡的現象發生。貝頓在養殖過程中，因為敵害及其他因素，其收成不會

達到百分之百，普通都會有或多或少零星的死亡。但是，從民國五十八年後，到今為丘，每年都定

期發生大量死亡的情形，損失率少者在 30~40佑，高者達 60~70佑，死亡的地區，則;涵蓋彰化、

雲林、嘉義一帶，每年損失的金額在新臺幣一億元之講(4) ，漁民所受的損失，不可謂不巨。

這項養殖貝額大量死亡現象，經漁民屢次反映，大采傳播廣為報導，已引起許多人的注意。在

民國六十三年暑期青年自強活動中，臺灣大學的主闊前士，會到雲林縣口湖鄉油村服務一週'關於這

項提審有詳細的報告t吟。怯此之外，筆者等亦詳細訪問了漁家、漁會。綜合各方的報告，這項貝類

犬量死亡的現象，有下列幾項特徵:

(1)從民國五十八年以後，年年皆有死亡事件，但是每年的損失並不相同，有時損失率犬，有時

較少。

(2)幾乎都在四月、五月間，發生死亡的現象，雖然其他月份也有偶而死亡。

(3)只類的死亡，大約發生在下大雨後二、三日，持續死亡→、二星期。在此期間，如民類幸而

不死，則可殘存。

(4)死亡的地區，以東右、口湖一帶死亡較多，布袋、鹿港等地，則死亡較少，同一地區似乎以

靠近溪流和沙溝出口的蚵架損失較重。

(5)牡蠣將死時，漁民若不出有任何徵象，死掉張開殼後才知道日死。文蛤則不再隱鸝於沙中，

跑到沙灘上，雙殼攤開而死 (plates 4, 5) 。

關於這些淺海養殖的貝類「定期J 發生犬量暴斃的原因，有許許多多不同的猜測。其中包括有

一、水質污染，二、疾病，三、赤潮來襲，四、養殖密度過高，五、璟墳因于激變等種種推翻(4) 。

最早的一種猜測，說貝類的死亡是由於「缸潮J '或「赤潮J 所引起的，因為許多人發現當只

類死亡前，有一種條紅色，其臭的潮水浸溢養殖區，貝穎隨即死亡l5 )。這種毒水來時，連犬魚都

漂浮而死，蟹也死掉，蚵也不例外。如果貝額之死亡確因赤潮 (Red tide) ，則養殖場應該會有浮游

生物異常繁殖現象。但是按調查，現場的植物性浮游生物並不多，所以有人推定赤潮並非致死原

因(8) 0 

許多漁民說在二、三月河川上游的紙廠、化工廠放出廢水，四、五月蚵仔、文蛤就大量死亡。

在民國五十八年左右，臺灣的工業有了加速的發展，工蔽犬量設立，或者增添設備，加連生產，所

以工廠廢水最有關係。但是反對的人邦說，主廠並非只在四、五月才排水，而是經年不斷，為何別

的月份不死?所以他們推斷工廠廢水可能是原因之一，但並非是絕對的因素。

生物因疾肩而死亡是常有的事。臺灣社蠣是否因疾病死亡，尚無詳細的實驗報告。但是如果致

死原因是為疾病，應該不會東石地區死的多，布袋地區死的少，因為闊地相差只有幾公里而日，而

且死亡都在每年 4~5 月，且僅持續 1~2 週'疾病似乎不能說明此種現象。

另外有人提出貝類養殖過密，及璟境突變，是其死亡之主因叫。因為養殖過密，因此貝頓在成

長時，食物及氧氣均感不足，甚至有重疊而生活者，身體虛弱，在春夏之交，遇氣溫、水溫或鹽度

驟然變化，就會導致大量死亡。但是何種密度最為適宜，所謂璟境突變之根據為何，位乎皆缺少堅

強的實驗證攘足以證明此項推論。

為了預防及解決此等貝類之大量死亡.'著者等乃自各方面詳加接討，研究其可能致死之原因，

經過許多現場之調查及實驗室之實驗，筆者等已經證明臺簡淺海養殖只額犬畫畫死亡之主要原因，乃

由於河川之水質污染所致，其詳細則如以下之報告。
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