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摘要:首次提出用滞育指数对桡足类滞育能力进行相对量化处理,并对 102种桡足类的滞育能力同迁移能力、体长、栖息地之间

的关系进行了数学分析,初步得出了滞育在桡足类中的分布规律: 在桡足类中滞育与迁移呈负相关,两者之间存在一定程度的

置换;个体较小的桡足类一般具有较强的滞育能力和较弱的迁移能力,个体较大的桡足类一般具有较弱的滞育能力和较强的迁

移能力;淡水桡足类一般比海洋桡足类具有较强的滞育能力。最后探讨了这种分布模式的成因。
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Prel im inary stud ies on the rule of copepod d iapause
J IAN G X iao2Dong, W AN G Gu i2Zhong, L I Shao2J ing, KON G X iang2H u i, GUAN G W ei2B ing　 (D ep artm en t of

O ceanog rap hy , Institu te of S ubtrop ica l O ceanog rap hy , X iam en U niversity , X iam en 361005). A cta Ecolog ica S in ica , 2004, 24 (3) : 517～ 523.

Abstract: M any copepods have in tegrated a state of diapause in their life h isto ry to avo id the crit ical condit ions. It has been

show ed that the diapause trait is by no m eans even ly distribu ted w ith in copepods, such as differen t diapausing fo rm s (D iapause

occu rs in eggs, copep idites o r adu lts. ) and differen t diapausing locat ions ( in w ater co lum n o r in sedim en t). In th is paper w e

attemp t to invest igate the distribu t ion of diapause among copepods based on the pub lished data of 102 species from 3 o rders of

pelagic copepods. T he index of diapause and the index of m igrat ion are adop ted in o rder to m athem atically analyze. T he index

of diapause is described as fo llow : (1) low est diapause, species diapausing w ith the fo rm of copep idites o r adu lts in the w ater

co lum n; (2)moderate diapause, species diapausing w ith the fo rm of copep idites o r adu lts in the sedim en t; (3) h ighest diapause,

species diapausing w ith the fo rm of eggs in the sedim en t. T he index of m igrat ion is ranked as fo llow : (1) low est m igrat ion,

pond and lake dw elling species; (2)moderate m igrat ion, species living in the coastal areas; (3) h ighest m igrat ion, species living

in the open sea.

T he relat ionsh ip betw een the index of diapause and the index of m igrat ion is h igh ly negatively sign ifican t (R 2 = 0. 3932,

P ν 0100001, n= 102) 1 It suggests that there is a h igh ly negative relat ionsh ip and a trade2off betw een the diapause ab ility and

the m igrato ry ab ility among copepods. T he relat ionsh ip betw een the index of m igrat ion and the body length is h igh ly po sit ively

sign ifican t (R 2 = 013220, P ν 0100001, n = 102). A nd the index of diapause negatively covaries w ith the body length (R 2 =

011871, P < 0100001, n = 102) 1T he resu lts show that strong diapause and w eak m igrat ion are mo re common among sm all

copepods, w hereas large species have w eak diapause and strong m igrat ion. T he index of diapause of freshw ater copepods is

h igher 2513% than that of m arine copepods. It suggests that species w ith p ro longed diapause tend to be found in in land w ater.

Tw o po ssib le exp lanat ions fo r tho se uneven distribu t ion of diapause are discussed. T he one is m icroevo lun tionary. T he

pattern s reflect select ion p ressu re exerted on copepods by the environm en t in w h ich they live: diapause is favo red in som e

hab ita ts and no t in o thers. A no ther exp lanat ion is m acroevo lun tionary. T he pattern s are the resu lt of phylogenetic h isto ry: if

the ancesto rs of som e taxa did no t evo lve diapause, their descendan ts m ay also lack the trait w hatever the select ion p ressu re

m ay have been.
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文章编号: 100020933 (2004) 0320517207　中图分类号: Q 958　文献标识码: A

　　在水生生态系统中,生命的成功与否受制于系统中捕食者的数目,食物的可获得性,同年龄组的数量,以及水量 (是否干枯

或结冰)等诸多生物因子和非生物因子。为了避开这些严峻条件,许多水生无脊椎动物在生活史中出现滞育阶段。作为水生生态

系统重要组成部分的桡足类同样具有这种典型特征。有关桡足类滞育现象的研究已受到越来越多学者的重视[1～ 4 ]。众多研究表

明,桡足类的滞育特征呈现多样化,如滞育形式有卵滞育、幼体滞育、成体滞育,有些种类还形成胞囊;滞育的场所有的为近海和

湖泊的底层沉积物,有的为大洋深水层。在如此纷繁复杂的现象背后是否存在一定规律是众多桡足类研究者共同关心的问题。

本文利用已报道的 102种桡足类的滞育研究资料对该问题进行了一定的研究探讨。

1　材料与方法

111　滞育能力 (D iapause ab ility)　对术语“滞育”本文采用D ank s的定义[5 ]: 指发育过程的明显中断,受神经激素控制,在自然

界早于不利环境出现。由于对桡足类在不同季节或生活史中的神经激素状况知之甚少,所以尚无法通过神经激素分泌状况来直

接定量分析桡足类的滞育能力。但注意到下面 3个事实:其一,在沉积物中滞育卵有较长的存活能力,如M arcus等[6 ]报道河口

海区两种桡足类滞育卵的平均存活年龄分别为 5a 和 14a, H airston 等[7 ]利用放射性同位素技术研究发现淡水桡足类

D iap tom us sangu inens滞育卵存活能力更强,平均为 70a,最高可达 330a; 其二,在大洋深水层中以个体 (桡足幼体或成体)形式

进入滞育状态过冬或度夏的桡足类,当冬天或夏天结束时即全部结束滞育状态,故滞育时间一般为数个月。典型例子为飞马哲

水蚤 (Calanus f inm arch icus)在挪威海深层水中以桡足幼体第 4期或第 5期形式滞育越冬,春夏季节种群全部停止滞育继续生

长发育[8 ]。其三,在沉积物中以个体 (桡足幼体或成体)形式滞育的桡足类由于有沉积物的覆盖,抵抗外界不良环境能力显著增

强,最直接的证据就是在干枯的沉积物中也有活的处于滞育状态的桡足类存在[9 ]。根据上述事实将桡足类划分为 3类:第 1类,

在大洋深水层中以个体形式滞育的种类;第 2类,在沉积物中以个体形式滞育的种类;第 3类,在沉积物中以滞育卵形式滞育的

种类。这 3类桡足类滞育能力依次增强,提出采用滞育指数 (the index of diapause) 1、2、3分别记之。滞育指数越高代表该种滞

育能力越强。形成胞囊在沉积物中滞育的种类,由于又受胞囊的保护,所以滞育指数记为 215。通过上述办法对桡足类滞育能力

进行相对量化处理,便于下面数学分析。

112　迁移能力 (M igrato ry ab ility)　有关桡足类的迁移能力的研究鲜有报道,因此不可能直接量化处理。将H airston 等[10 ]提出

的划分甲壳动物迁移能力的方法作修改后,将桡足类划分为 3类: 第 1类,生活于池塘湖泊的淡水种类; 第 2类,生活于沿岸近

海的种类; 第 3类,生活于大洋的种类; 这 3类桡足类迁移能力依次增强,采用迁移指数 ( the index of m igrat ion) 1、2、3依次记

之。对于生活于水深超过 20m 的湖泊中的种类,其迁移能力有所提高,记为 115。

113　体长:将文献中雌雄个体体长取平均记之。

2　结果

　　102种桡足类的体长、迁移指数、滞育指数、栖息地数据如表 1所示。

　　102种桡足类的滞育指数与迁移指数关系如图 1所示,图中各圆大小代表在该点处的种类数,也即采取此点所对应的滞育

能力与迁移能力的桡足类的种类数。面积越大,代表采取此种生态对策的桡足类的种类数越多。由图 1可知,滞育指数 (D )与迁

移指数 (M )呈明显的负相关,其回归方程为D = - 016767M + 316044 (R 2= 013832, n= 102, P ν 0100001)。由此可知桡足类的

滞育能力与迁移能力呈负相关,桡足类或者具有较高的滞育能力,或者具有较高的迁移能力。

　　102种桡足类体长与迁移能力的关系如图 2所示,对二者进行回归,结果表明体长与迁移指数之间呈明显的正相关 (R 2=

01322, n= 102, P ν 0100001)。这说明桡足类的体长与迁移能力正相关,也即个体较大的桡足类比个体较小的桡足类具有较强

的迁移能力。

102种桡足类体长与滞育指数关系如图 3所示,回归分析表明体长与迁移指数之间呈明显的负相关 (R 2= 011871, n= 102,

P < 0100001) ,这表明桡足类的体长与滞育能力负相关,个体较大的桡足类一般滞育能力较弱,而个体较小的桡足类一般具有

较强的滞育能力。

按照公式D = ∑f iD i (其中 f i代表具有滞育指数D i的桡足类占总种类数的百分比) ,分别计算淡水桡足类和海洋桡足类

的滞育指数: 淡水桡足类滞育指数D f = 215198,海洋桡足类的滞育指数D m = 210106,淡水桡足类的滞育指数比海洋桡足类的

滞育指数高出 2513% ,这表明生活于淡水中桡足类比生活于海洋中的桡足类具有较高的滞育能力。

3　讨论

　　探讨滞育分布规律,首先要解决的关键问题是对不同物种滞育能力的量化处理,本文根据滞育形式及滞育场所首次将桡足

类分为三大类,用相应滞育指数表示,这是一种相对量化处理的方法。虽然这种相对量化方法仍无法明确定量桡足类滞育能力

的绝对数值,但这种相对量化法已符合本研究的需要,因为本研究并不需要知道桡足类滞育能力的绝对数值。最后分析结果表
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表 1　102种桡足类的体长、迁移指数、滞育指数列表

Table 1　L ist of the 102 copepods spec ies and the ir body length, index of m igration , index of diapause and habits

种名
T axa

体长 (cm )

L ength

迁移指数
T he index of m igration

滞育指数
T he indexof diapause

栖息地
H abit

参考文献
Reference

Cy clop s scu tif er 1119 115 2 淡水 freshw ater [ 11 ]

C1bicolor 116 115 2 淡水 freshw ater [ 3 ]

C1aby ssorum 118 1 2 淡水 freshw ater [ 12 ]

C1boha ter 2103 1 2 淡水 freshw ater [ 12 ]

C1aby ssorum ta tricus 117 115 2 淡水 freshw ater [ 13 ]

C1v icinus v icinus 2104 115 2 淡水 freshw ater [ 3 ]

C1strenuus strenuus 1169 115 2 淡水 freshw ater [ 14 ]

C1lacustris 1167 115 2 淡水 freshw ater [ 15 ]

C1kolensis 113 115 2 淡水 freshw ater [ 15 ]

D iacy lop s thom asi 1113 1 2 淡水 freshw ater [ 3 ]

M esocy clop s leuckarti 0188 115 2 淡水 freshw ater [ 16 ]

T herm ocy clop s oithonoid es 018 115 2 淡水 freshw ater [ 15 ]

T 1crassus 0175 115 2 淡水 freshw ater [ 3 ]

A can thocy clop s robustus 112 1 2 淡水 freshw ater [ 17 ]

P ontella m ed iterranea 2169 2 3 海洋m arine [ 18 ]

P 1m ead i 2173 2 3 海洋m arine [ 1 ]

A nom alocera p a terson i 2194 2 3 海洋m arine [ 3 ]

Calanop ia thomp son i 117 2 3 海洋m arine [ 19 ]

C1am ericana 1183 2 3 海洋m arine [ 20 ]

L abid ocera aestiva 1194 2 3 海洋m arine [ 3 ]

L 1w ollaston i 2. 32 2 3 海洋m arine [ 21 ]

L 1bip inna ta 2109 2 3 海洋m arine [ 22 ]

L . trisp inosa 2133 2 3 海洋m arine [ 22 ]

L 1scotti 212 2 3 海洋m arine [ 3 ]

Ep ilabid ocera amp h ritrites 215 2 3 海洋m arine [ 20 ]

E 1long ip ed a ta 2145 2 3 海洋m arine [ 3 ]

T em ora long icorn is 1121 2 3 海洋m arine [ 21 ]

E u ry tem ora af f in is 1133 2 3 海洋m arine [ 3 ]

E 1p acif ica 0185 2 3 海洋m arine [ 22 ]

E 1velox 1163 2 3 海洋m arine [ 3 ]

Centrop ag es p on ticus 1131 2 3 海洋m arine [ 3 ]

C1ham atus 1112 2 3 海洋m arine [ 21 ]

C1abd om ina lis 115 2 3 海洋m arine [ 19 ]

C1y am ad a i 1142 2 3 海洋m arine [ 19 ]

C1velif ica tus 1137 2 3 海洋m arine [ 23 ]

S inoca lanus tenellus 116 2 3 海洋m arine [ 22 ]

A cartia clausi 1108 2 3 海洋m arine [ 19 ]

A 1tonsa 1123 2 3 海洋m arine [ 24 ]

A 1hud son ica 1139 2 3 海洋m arine [ 25 ]

A 1josep h inae 1137 2 3 海洋m arine [ 26 ]

A 1ca lif orn iensis 1126 2 3 海洋m arine [ 3 ]

A 1ery th raea 1143 2 3 海洋m arine [ 19 ]

A 1p u lm osa 1109 2 3 海洋m arine [ 19 ]

A 1p acif ica 1119 2 3 海洋m arine [ 27 ]

A 1la tisetosa 114 2 3 海洋m arine [ 26 ]

A 1steueri 1132 2 3 海洋m arine [ 28 ]

A 1bif ilosa 111 2 3 海洋m arine [ 29 ]

A 1tseunsis 1133 2 3 海洋m arine [ 22 ]

A 1long irem is 1 2 3 海洋m arine [ 20 ]

T ortanus f orcip a tus 112 2 3 海洋m arine [ 19 ]

T 1d iscaud a tus 215 2 3 海洋m arine [ 20 ]

Calanus f inm arch icus 317 3 1 海洋m arine [ 30 ]

C1helg oland icus 2175 3 1 海洋m arine [ 3 ]
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续表 1

种名
T axa

体长 (cm )

L ength

迁移指数
T he index of m igration

滞育指数
T he indexof diapause

栖息地
H abit

参考文献
Reference

C1hyp erboreus 2175 3 1 海洋m arine [ 31 ]

C1g lacia lis 219 3 1 海洋m arine [ 30 ]

C1p acif icus 217 3 1 海洋m arine [ 3 ]

C1p acif icus ca lif orn icus 3117 3 1 海洋m arine [ 32 ]

C1austra lis 315 3 1 海洋m arine [ 3 ]

C1p rop inquus 311 3 1 海洋m arine [ 33 ]

C1m arsha llae 312 3 1 海洋m arine [ 3 ]

Calanoid es acu tus 215 3 1 海洋m arine [ 3 ]

C1carina tus 216 3 1 海洋m arine [ 31 ]

P seud ocana lus acusp es 1 3 1 海洋m arine [ 30 ]

P 1elong a tus 114 3 1 海洋m arine [ 34 ]

P 1m inu tus 115 3 1 海洋m arine [ 35 ]

N eoca lanus p lum ch rus 3112 3 1 海洋m arine [ 30 ]

N 1p lum ch rus 2105 3 1 海洋m arine [ 36 ]

N 1f lem ing eri 3125 3 1 海洋m arine [ 36 ]

N 1crista tus 3116 3 1 海洋m arine [ 37 ]

M etrid ia long a 4 3 1 海洋m arine [ 30 ]

M 1lucens 2125 3 1 海洋m arine [ 3 ]

A 1long irem is 112 3 1 海洋m arine [ 35 ]

O ny chod iap tom us sang u ineus 0153 1 3 淡水 freshw ater [ 38 ]

O 1berg ei 0161 1 3 淡水 freshw ater [ 39 ]

L ep tod iap tom us m inu tus 0145 1 3 淡水 freshw ater [ 40 ]

A can thod iap tom us d en ticorn is 116 1 3 淡水 freshw ater [ 41 ]

A g laod iap tom us lep top us 1168 1 3 淡水 freshw ater [ 42 ]

A 1clav ip es 1156 1 3 淡水 freshw ater [ 43 ]

D iap tom us sicloid es 2145 1 3 淡水 freshw ater [ 44 ]

D 1cy aneus in term ed ius 2165 1 3 淡水 freshw ater [ 3 ]

H em id iap tom us ing ens p rov incae 415 1 3 淡水 freshw ater [ 3 ]

Ep ischu ra nord esk iolk i 0191 1 3 淡水 freshw ater [ 45 ]

T herm od iap tom us g a lebi 1121 1 3 淡水 freshw ater [ 46 ]

A rctod iap tom us bacillif er 1148 1 3 淡水 freshw ater [ 3 ]

A 1w ierz ejsk ii 1151 1 3 淡水 freshw ater [ 3 ]

S inoca lanus tenellus 1123 1 3 淡水 freshw ater [ 47 ]

M ix od iap tom us kup elw ieseri 1192 1 3 淡水 freshw ater [ 3 ]

M 1lacin ia tus 113 1 3 淡水 freshw ater [ 3 ]

Canthocamp us stap hy linus 0175 1 215 淡水 freshw ater [ 3 ]

C1stap h linoid es 0176 1 215 淡水 freshw ater [ 3 ]

C1m icrostap hy linus 0167 1 215 淡水 freshw ater [ 3 ]

C1robertcokeri 0171 1 215 淡水 freshw ater [ 3 ]

A tthey ella northum brica 0171 1 215 淡水 freshw ater [ 3 ]

A 1w u lm eri 0175 1 215 淡水 freshw ater [ 3 ]

A 1am ericana 0168 1 215 淡水 freshw ater [ 3 ]

M osoch ra sp1 0176 1 215 淡水 freshw ater [ 3 ]

C letocamp tus retrog ressus 0171 1 2 淡水 freshw ater [ 3 ]

H eterop sy llus nunn i 0156 2 215 海洋m arine [ 3 ]

H 1p seud onunn i 0163 2 215 海洋m arine [ 3 ]

T ig riop us f u lvus 0175 1 2 海洋m arine [ 48 ]

T 1brev icorn is 1105 1 2 海洋m arine [ 49 ]

T 1jap on icus 0195 1 2 海洋m arine [ 19 ]

明这种方法确实有一定的可行性。H airston 等[10 ]在研究滞育在甲壳动物 (其中包括 50种桡足类)中分布情况时,采用滞育持续

时间来表示滞育能力,虽然这种思路可行,但在处理桡足类数据时陷入了困境,因为至今对桡足类滞育持续时间研究较少,没有

足够的实验数据可供使用,在处理时作者不得不对许多桡足类的滞育持续时间进行主观估算,因而带来许多偏差,正如作者在
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图 1　102种桡足类滞育能力与迁移能力的关系

F ig. 1　 T he relationsh ip betw een diapause ab ility and m igrato ry

ab ility fo r 102 copepods species

讨论中所言,应该对桡足类滞育能力重新考虑。本文提出滞育指

数对桡足类滞育能力进行相对处理,较好地解决了这个问题,同

时为解决同类问题提供了新的思路。

进化生态学的一个重要研究领域就是生活史策略, 这其中

就包括滞育和迁移。V enab le等[50 ]和L evin 等[51 ]提出,在植物的

生活史中存在种子休眠能力和扩散能力之间的可选择性置换

( t rade off) ,他们认为当环境变化时,植物或者通过种子休眠或

者通过种子扩散而避开不利环境,随着扩散能力的增强,休眠能

力就相对下降,反之亦然。本文对 102种桡足类研究表明,其滞

育能力与迁移能力呈显著负相关,迁移能力弱的种类的滞育能

力比迁移能力强的种类的滞育能力要高,这与在植物中的结论

相符。可以认为滞育和迁移是桡足避开不利环境的两大对策,并

图 2　102种桡足类体长与迁移能力的关系

F ig. 2　T he relationsh ip betw een m igrato ry ab ility and body length

fo r 102 copepods species

且这两种对策存在一定程度的置换。桡足类或者采取强滞育弱

迁移方式,或者采取弱滞育强迁移方式来适应环境变化而达到

避免种群灭绝的目的。不同种类的桡足类采取的置换比例往往

不同,这也就表现为不同桡足类采取不同的滞育方式,这在一定

程度上解释了桡足类滞育形式的多样性。T emp leton 等[52 ]提出

滞育可看作是时间上的迁移,按此观点,滞育和迁移这两种表面

上有较大区别的生态对策从某种角度看可达到统一,一种为时

间上的迁移,另一种为空间上的迁移,物种通过迁移 (时间或空

间) ,达到避开生活周期中遇到的恶劣条件,维持种群的沿续。

通过数学模型研究表明,理论上滞育在桡足类中的分布可

能存在如下规律: 桡足类滞育能力与迁移能力负相关; 个体较小

的桡足类一般具有较强的滞育能力和较弱的迁移强力,个体较

大的桡足类一般具有较弱的滞育能力和较强的迁移能力; 淡水

桡足类的滞育能力明显比海洋桡足类的滞育能力要高。对这种

图 3　102种桡足类体长与滞育能力的关系

F ig. 3　T he relationsh ip betw een diapause ab ility and body length

fo r 102 copepods species

分布规律可能有两种解释:其一为微进化 (m icroevo lu t ion)解释,

滞育在桡足类中的分布模式反映了桡足类所生活的环境对桡足

类的选择压力,在有些生境中滞育对桡足类生存有利,在另一些

生境中可能并不一定有利,或者有利的程度较小。如淡水生态系

统的环境条件波动一般比海洋生态系统要剧烈,在这种情况下,

在进化中出现较强滞育能力的桡足类可能在竞争中就具有较大

的优势。其二为大进化 (m acroevo lu t ion)解释,这种模式可能是

桡足类系统发育史 (phylogenetic h isto ry)的结果,也即在桡足类

形成不同种类时,不同种就具有了不同的滞育形式,因此它们的

后代就表现出滞育多样性。虽然还无法对这两种解释进行验证,

但可以认为这两种解释可能并不是绝对独立的,因为选择的方

向和力量与生物已具有的特征有关,这些特征又与过去的选择

压力有关,两者可能是互相促进,互相作用[10 ]。

有关桡足类的进化生态学的研究正处于起步阶段,但由于桡足类个体发育各期容易区分以及容易获得有代表性的种群组

成的样本和环境参数,所以桡足类是进化生态学中生活史策略研究的理想材料,其研究成果必将促进进化生态学和桡足类生物

学的发展。

References:

[ 1 ]　Grice G D and Gibson V R. Resting eggs in P ontella m ead i (Copepoda: Calano ida). J ou rna l of the F isheries R esearch B oard of Canad a,

1975, 34: 410～ 412.

1253期 姜晓东　等:桡足类滞育规律研究 　



[ 2 ]　H airston N G and D e Stasio B T. Rate of evo lu tion slow ed by a do rm ant p ropagule poo l. N atu re, 1988, 336: 239～ 242.

[ 3 ]　W illiam s2How ze J. Do rm ancy in the free2living copepod o rders Cyclopo ida, Calano ida, and H arpactico ida. O ceanog rap hy and M arine

B iology : an A nnua l R ev iew , 1997, 35: 257～ 321.

[ 4 ]　M urray M M and M arcus N H. Survival and diapause egg p roduction of the copepod Centropages ham atus raised on dinoflagellate diets.

J ou rna l of E xp erm en ta l M arine B iology and E cology , 2002, 270: 39～ 56.

[ 5 ]　D ank s H V. Insect do rm ancy: an eco logical perspective. B iolog ica l S u rvey of Canad a M ong rap h. Series N o. 1. O ttaw a, Canada, 1987.

1～ 439.

[ 6 ]　M arcus N H , L utz R , Burnett W , et a l. A ge, viab ility, and vertical distribu tion of zoop lank ton resting eggs from an anoxic basin:

Evidence of an egg bank. L im nology and O ceanog rap hy , 1994, 39: 497～ 506.

[ 7 ]　H airston N G, V an B runt R , Kearns C M , et a l. A ge and survivo rsh ip of diapausing eggs in a sedim ent egg bank. E cology , 1995, 76:

1706～ 1711.

[ 8 ]　H ind A , Gurney W S, H eath C M , et a l. O verw in tering strategies in Calanus f inm arch icus. M arine E cology P rog ress S eries, 2000, 193:

95～ 107.

[ 9 ]　M aria C B, W illiam F L , Janet W R , et a l. D iapause in copepods (C rustacean) from ephem eral hab its w ith differen t hydroperiod in

Everglades N ational Park (F lo rida, U. S. A. ). H y d robiolog ia, 2001, 453ö454: 295～ 308.

[10 ]　H airston N G and Caceres C. D istribu tion of crustacean diapause: m icro2 and m acroevo lu tionary pattern and p rocess. H y d robiolog ia,

1996, 320: 27～ 44.

[ 11 ]　E lgmo rk K. A bo ttom resting stage in the p lank ton ic freshw ater copepod. Cy clop s scu tif er (Sars). O iko s, 1962, 13: 306～ 310.

[ 12 ]　W ierzb icka M. O n the resting stage and mode of life of som e species of Cyclopo ida. P olsk ie A rch iw vn H y d roiolog ii, 1962, 10: 216～ 229.

[ 13 ]　Pap inska K. T he effect of fish p redation on Cyclop s life cycle. H y d robiolog ia, 1988, 167: 449～ 453.

[ 14 ]　E lgmo rk K. Seasonal occurrence of Cy clop s strenuous strenuous in relat ion to environm ent in sm allw ater bodies in southern N o rw ay. F olia

L im nolog ica S cand inav ica, 1959, 11: 1～ 196.

[ 15 ]　Sarvala J. Benth ic resting periods of pelagic cyclopo ids in an o ligo troph ic lake. H olarctic E cology , 1979, 2: 88～ 100.

[ 16 ]　E lgmo rk K. D ynam ics of zoop lank ton comm unities in som e sm all inundated ponds. F olia L im nolog ica S cand inav ica, 1964, 12: 1～ 83.

[ 17 ]　M aier G. Coexistence of the p redato ry cyclopo ids A can thocy clop s robustus (Sars) and M esocyclop s leuckart i (C laus) in a sm all eu troph ic

lake. H y d robiolog ia, 1990, 198: 185～ 203.

[ 18 ]　Santella L and Iano ra A. Fertilization envelop s in diapause eggs of P ontella m ed iterranea ( C rustacean, Copepoda ). M olecu lar

R ep rod uction and D evelopm en t, 1992, 33: 463～ 469.

[ 19 ]　Kasahara S, U ye S, O nbe T. Calano ida copepod eggs in sea2bo ttom m uds. M arine B iology , 1974, 26: 167～ 171.

[ 20 ]　M arcusN H. Calano id copepod, cladoceran, and ro tifer eggs in sea2bo ttom sedim ents of no rthern Califo rn ia coastal w aters. M arine

B iology , 1990, 123: 459～ 465.

[ 21 ]　L indley J A. D istribu tion of overw in tering calano id copepod eggs in sea2bed sedim ents around southern B ritain. M arine B iology , 1990,

104: 209～ 217.

[ 22 ]　U ye S. Resting egg p roduction as a life h isto ry strategy of m arine p lank ton ic copepods. B u lletin of M arine S cience, 1985, 37: 440～ 449.

[ 23 ]　B lades2Eckelbarger P I and M arcus N H. T he o rigin of co rtical vesicles and their ro le in egg envelope fo rm ation in the“sp iny”eggs of a

calano id copepod, Centrop ag es velif ica tus. B iolog ica l B u lletin, 1992, 182: 41～ 52.

[ 24 ]　M arcus N H. Recru itm ent of copepod naup lii in to the p lank ton: impo rtance of genetic variat ion. B u lletin of M arine S cience, 1984, 37: 684

～ 690.

[ 25 ]　Sullivan B K and M cM anus L T. Facto rs contro lling seasonal succession of the copepods A cartia hud son ica and A . tonsa in N arragansett

Bay, Rhode Island: temperature and resting egg p roduction. M arine E cology P rog ress S eries, 1986, 28: 121～ 128.

[ 26 ]　Belmonte G and Puce M. M o rpho logical aspects of sub itaneous and resting eggs from A cartia josep h inae (Calano ida). H y d robiolog ia,

1994, 292ö293: 131～ 135.

[ 27 ]　U ye S, Yo sh iya M , U eda K, et a l. T he effects of o rgan ic sea2bo ttom po llu tion on survivab ility of rest ing eggs of nerit ic calano ids.

C rustacean ( supp l. ) , 1984, 7: 391～ 403.

[ 28 ]　U ye S. D evelopm ent of nerit ic copepods A cartia clausi and A . steu ri　É . som e environm ental facto rs affecting egg developm ent and the

nature of rest ing eggs. B u lletin of the P lank ton S ociety of J ap an, 1980, 27: 1～ 9.

[ 29 ]　V iitasalo M. Calano id resting eggs in the Balt ic Sea: imp lications fo r the population dynam ics A cartia b ifilo sa (Copepoda ). M arine

B iology , 1992, 114: 397～ 405.

[ 30 ]　Peterson W T , Kimm ererW. P rocesses contro lling recru itm ent of the m arine calano id copepod T em ora long icorn is in L ong Island Sound:

225　 生　态　学　报 24卷



egg p roduction, egg mo rtality, and coho rt survival rates. L im nology and O ceanog rap hy , 1994, 39: 1594～ 1605.

[ 31 ]　Conver R J. Comparative life h isto ries in the genera Calanus and N eocalanus in h igh latitudes of the no rthern H em isphere.

H y d robiolog ia, 1988, 67ö168: 127～ 142.

[ 32 ]　O hm an M D , D rits A V , E lizabeth C M , et a l. D ifferen tial do rm ancy of co2occurring copepods. D eep S ea R esearch P art I I , 1998, 45: 1709

～ 1740.

[ 33 ]　Ko sobokova K N. Rep roduction of the calano id copepod Calanus p rop inquus in the southern W eddell Sea, A ntarctica: observations in

labo rato ry. H y d robiolog ia, 1994, 292ö293: 219～ 227.

[ 34 ]　Co lebrook J M. Continuous p lank ton reco rds: overw in tering and annual fluctuations in the abundance of zoop lank tok ton. M arine B iology ,

1982, 84: 261～ 265.

[ 35 ]　N o rrb in M F. Seasonal patterns in gonad m aturation sex ration and size in som e sm all, h igh2 lat itude copepods: imp lications fo r

overw in tering tactics. J ou rna l of P lank ton R esearch , 1994, 16 (2) : 115～ 131.

[ 36 ]　M iller C B and C lemons M J. Revised life h isto ry analysis fo r large frazing copepods in the subarctic Pacific O cean. P rog ress in

O ceanog rap hy , 1989, 20: 293～ 313.

[ 37 ]　Omo riM. Calanus cristatus and subm ergence of the O yash io w ater. D eep 2S ea R esearch, 1967, 14: 525～ 532.

[ 38 ]　H airston N G, W alton W , L i K. T he causes and consequences of sex2specific mo rtality in a freshw ater copeod. L im nology and

O ceanog rap hy , 1983, 28: 935～ 947.

[ 39 ]　W alton W E. Facto rs regulating the rep roductive pheno logy of O ny chod iap tom us birg ei ( Copepods: Calano ida ). L im nology and

O ceanog rap hy , 1985, 30: 167～ 179.

[ 40 ]　H airston N G and V an B runt R. D iapause dynam ics of two diap tom id copepod secies in a large lake. H y d robiolog ia, 1994, 292ö293: 209～

218.

[ 41 ]　Raera O and Tono lli V. Body size and num ber of eggs in dipap tom ids, as related to w ater renew al in mountain lakes. L im nology and

O ceanog rap hy , 1956, 1: 118～ 122.

[ 42 ]　W atras C J. Subitaneous and resting eggs of copepods: relat ive rates of clu tch p roduction by D iap tom us lep top us. Canad ian J ou rna l of

F isheries and A qua tic S ciences, 1986, 37: 1579～ 1581.

[ 43 ]　Geh rs C W and M artin B D. P roduction of resting eggs by D iap tom us clav ip es Schach t (Copepoda, Calano ida). A m erican M id land

N atu ra list, 1974, 91: 487～ 489.

[ 44 ]　Com ita G W. T he seasonal zoop lank ton cycles, p roduction and transfo rm ation of energy in Severson L ake, M inneso ta. A rch iv f u r

H y d robiolog e, 1972, 70: 14～ 66.

[ 45 ]　D e Stasio B T. T he ro le of do rm ancy and em ergence patterns in the dynam ics of a freshw ater zoop lank ton comm unity. L im nology and

O ceanog rap hy , 1990, 35: 1079～ 1090.

[ 46 ]　M ogh raby A I. A study on diapause of zoop lank ton in a trop ical river—— the B lue N ile. F reshw ater B iology , 1977, 7: 201～ 212.

[ 47 ]　H ada A , U ye S, O nbe T. T he seasonal life cycle of Sinocalanus tenellus (Copepoda: Calano ida) in a brack ish2w ater pond. B u lletin of the

P lank ton S ociety of J ap an, 1986, 33: 29～ 41.

[ 48 ]　Ranade M R. O bservations on the resistance of T igriopus fu lvus (F ischer) to changes in temperature and salin ity. J ou rna l of theM arine

B iolog ica l A ssocia tion of the U nited K ing d om , 1957, 36: 115～ 119.

[ 49 ]　D am gaard D M and D evenpo rt J. Salin ity to lerance, salin ity p reference and temperature to lerance in the h igh2sho re harpactico id copepod

T ig riop us brev icorn is. M arine B iology , 1994, 118: 443～ 449.

[ 50 ]　V enable D L and L aw lo r. D elayed germ ination and dispersal in desert annuals: E scape in space and tim e. O ecolog ia, 1980, 46: 272～ 282.

[ 51 ]　L evin S A , Cohen D , H astings A. D ispersal strategies in patchy environm ents. T heoretia l P op u la tion B iology , 1984, 26: 165～ 191.

[ 52 ]　T emp leton A R and L evin D A. Evo lu tionary consequences of seed poo l. T he A m erican N atu ra list, 1979, 114: 232～ 249.

3253期 姜晓东　等:桡足类滞育规律研究 　


