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摘  要 

 
磷是南海北部生态系统的限制性营养物质，对初级生产和浮游植物群落演替

起重要的调控作用。本论文应用群落水平和单细胞水平碱性磷酸酶活力测定方

法，分别于 2008 年夏季、2008/2009 冬季与 2009 年夏季，研究了中国南海北部

中尺度物理过程（冲淡水、上升流等）对浮游植物磷胁迫的影响，同时探讨了环

境因子对浮游植物磷胁迫的影响与调控，取得如下主要结果：  

1. 对于南海北部调查海域，冬季和夏季均存在一点程度的磷胁迫，冲淡水

是影响该海域磷胁迫强弱的主要因素。对冲淡水区而言，发现其与整个南海北部

调查区不同，该海区浮游植物磷胁迫的季节差异明显，夏季明显高于冬季，而不

同年份的夏季差别并不大。 

2．群落水平和单细胞水平 APA 结果显示，珠江冲淡水区磷胁迫程度明显高

于上升流区，表明冲淡水区存在较为严峻的磷胁迫，以及上升流区由于营养盐补

充缓解磷胁迫的现象；与冲淡水区、陆架陆坡区域不同，海盆区的优势浮游植物

为束毛藻，且胁迫程度高于其它近岸区域；在吕宋海峡西侧，束毛藻并没有显示

出磷限制，这可能与束毛藻并非通过 AP 裂解 O-P 键来获取 P 源有关。 

3．APA 及浮游植物磷胁迫与冲淡水强弱动态存在密切的关系，APA 与盐度

呈负相关，其粒级变化与海区群落水平 APA 与磷胁迫之间关系的假设模型类似。

浮游植物优势种演替与磷胁迫相关联，当脉冲式冲淡水减弱，营养盐被消耗而减

少，磷胁迫加重，优势种由中肋骨条藻演替为海线藻，后者易诱导表达 APA，

可有效利用海水中溶解有机磷库。 

 

关键词：浮游植物；磷胁迫；碱性磷酸酶；中尺度物理过程；冲淡水；南海北部 厦
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Abstract 
 

By using bulk and single-cell alkaline phosphatase activity (APA) assay, three 

cruises were carried out to study influence of mesoscale physical process (plume, 

upwelling) on phosphorus stress of phytoplankton in northern South China Sea (SCS) 

during summer of 2008, winter of 2008/2009 and summer of 2009, respectively. The 

main results were as follows: 

1. For the whole study area of northern SCS, there was P stress of phytoplankton 

during study period of summer and winter, Pearl River plume is major factor 

influencing P stress. For the plume area, there were significantly seasonal variations 

of P stress of phytoplankton, with higher in summer than that in winter, while without 

significantly variations of P stress between summers of 2008 and 2009. 

2. Both bulk APA and single-cell APA data showed that P stress of phytoplankton 

in plume water was significantly higher than that in upwelled water, suggesting that 

there was serious P stress in plume area, and P stress was recovered with P input by 

upwelling event. Difference with plume, shelf and shelf slope, the dominant genera 

was Trichodesmium in basin area of SCS, which was higher P stress than in other 

areas. In western Luzon Strait, there was not P stress for its dominant genera 

Trichodesmiu,m suggesting that it could use phosphonates by C-P lyase rather than 

O-P-bond DOP compound by alkaline phosphatase. 

3. APA was significantly negative with salinity in the plume area, which 

suggested that APA was closed coupling with plume. Bulk APA and its 

size-fractionation were matched well with the model of relationship between APA and 

P stress. There was connection between phytoplankton dominant species and P stress, 

dominant species changed from Skeletonema costatum to Chaetoceros and 

Thalassionema, when plume declined and P concentration went down, because 

Skeletonema was the more advantaged competitor in SRP-rich condition while 

Chaetoceros was the more advantaged competitor in P-poor and DOP-rich system.  
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缩略词中英文对照表 

 

缩略词 英文名称 中文名称 

5’-PN 5’-nucleotidase 5-核苷酸酶 

AP Alkaline phosphatase 碱性磷酸酶 

APA Alkaline phosphatase activity 碱性磷酸酶活性 

DIC Dissolved inorganic carbon 溶解无机碳 

DIN Dissolved inorganic nitrogen 溶解无机氮 

DOC Dissolved organic carbon 溶解有机碳 

DON Dissolved organic nitrogen 溶解有机氮 

DOP Dissolved organic phosphorus 溶解有机磷 

DOP Dissolved organic phosphorus 溶解有机磷 

EEA Extracellular enzyme activity 胞外酶活性 

MUF 4-Methylumbelliferyl 4-伞基酮荧光素 

MUF-P 4-Methyumbellyferyl phosphate 4-伞基酮磷酸盐 

P Phosphorus 磷 

POM Particular organic matter 颗粒有机物 

POC Particular organic carbon 颗粒有机碳 

SNP Soluble nonreactive phosphorus 溶解态非活性磷 

SRP Soluble reactive phosphorus 溶解态活性磷 

TDN Total dissolved nitrogen 总溶解态氮 
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