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PREFACE 

The work described in this report was performed under Contract No. 

DACW39-80-C-0035 between the U. S. Army Engineer Waterways Exp eriment Station 

(WES), Vicksburg, Miss., and the University of Florida, Gainesville. The 

work was sponsored by the U. S. Army Engineer District, Jacksonville, and the 

Off ice, Chief of Engineers, U. S. Army, Washington, D. C. 

This report represents a port ion of the progress achieved toward 

completion of the contrac t and was wr itten by Mr. Charles R. Smith and 

Dr. Jerome V. Shireman, University of Florida. The report documents the work 

done on an extensive literature search on the subjec t of the white amur. The 

report is comprised of the findings of that search and a complete bibliography 

of documents considered. 

The work was moni tored at WES in the Environmental Laboratory (EL) by 

Dr. Andrew C. Miller under the general supervision of Mr. B. 0. Benn, Chief, 

Environmental Systems Division. Mr. J. L. Decell was Manager of the Aquatic 

Plant Control Research Program; Dr. John Harr ison was Chief of EL. 

Commanders and Direc tors of WES during the conduc t of the work and 

pub l ication of the report were COL Nelson P. Conover, CE, and COL Tilford C. 

Creel, CE. Technical Direc tor was Mr. F. R. Brown. 

This report should be cited as follows: 

Smith, C. R., and Shireman, J. V. 1983. "White Amur Bib liography," 
Miscellaneous Paper A-83-7, prepared by the University of Florida, 
Gainesville, Fla., for the U. S. Army Engineer Waterways Experimen t  
Stat ion, CE, Vicksburg, Miss. 
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1. IDENTITY 

1.1 Taxonomic nomenclature 

Cuvier and Valenciennes (1844) originally named the species 

Leuciscus idella which was retained also by Richardson (1846). 

Steindachner (1866) redescribed the species as the orthotype 

Ctenopharyngodon laticeps (Jordon 1963). Gunther (1868) synonymized 

laticeps while retaining the genus, but changed the specific epithet 

to idellus. Ctenopharyngodon idella is the accepted name today 

(Pflieger 1975a). Nichols (1943), Berg (1949), and Fischer and 

Lyakhnovich (1973) discuss other synonyms which have appeared in the 

literature. Nelson (1976) provides the most up-to-date and accurate 

suprageneric classification. 

1.2 Common names 

Grass carp and white amur are the two most frequently used 

English common names today. Common names used in other languages 

and autho.rs are presented in Table 1. 

2. DESCRIPTION 

2.1 Gross morphology and anatomy 

Gross taxonomic characters and descrip�ions are given in Cuvier 

and Valenciennes (1844), Richardson (1846), Gunther (1868), Nichols 

(1943), Berg (1949), Berry and Low (1970), Fischer and Lyakhnovich 

(1973), and Pflieger (1975a). Ontogenetic changes occur in the relative 

length of some body dimensions and in the relative weight of certain 

body parts (Fischer and Lyakhnovich 1973). Stroganov and Buzinova 

(1971) observed both seasonal and age-related variation in the liver 

1 
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Table 1. StandamCommon and Vernacular Names (Shireman and Smith 1981) 

COUNTRY 

China 

Czechoslovakia 

Denmark 
Germany 
Hong Kong 
Hungary 
India 

Israel 
Japan 
Malaysia 

Mexico 
Poland 
Romania 
Soviet Union 

United States 

Vietnam 

STANDARD 
COMMON NAME 

Hwan yu 

Chow hu 
Waan ue 
Huan 

" 
Huan-yu 

·Whan yu 

Ts'ao-yu 

Amur b ily 

Grasesklrpe 
Graskarpfen 
Waan yu 
Amur 
Grass carp 

Karpion haesef 
Sogyo 
Chow bu 

Carp herbivora 
Bialy amur 
Crap-de-iarba 
Amur 

Gi:ass carp 
White amur 
Ca cbam 

VERNACULAR NAME 

Hwan yu 
Hwan u 
Chow hu 
Waan ue 
Huan 
Wan (Cantonese) 
Huan-y\i 
Waan yue (Cantonese) 
Wuan yu 
Ts'ou 
Ts'oyu 
Waan yu 
Ts'ao-yu 

Amur b ily 
Amur b iely (Slovakian) 
Graseskarpe 
Graskarpfen 
Waan yu 
Amur 
Grass carp 

Karpion haesef 
Sogyo 
Chow bu 
Wan yu 
Carpa hervivora 
Bialy amur 
Crap-de-iarba 
Amur 
Belyi amur (Lake 

Khanka ) 
·Grass carp 
White amur 
Ca cham 

AUTHORITY 

Richardson (1846 )  
Richardson (1846 )  
Birtwistle (193la) 
Herre (1932 ) , Lin (1935a) 
Chow (1958) 
Chow (1958) 
Gidumal (1958 ) 
Gidumal (1958) 
Naik (19 7 2 )  
Naik (19 7 2 )  
Naik (19 7 2 )  
Naik (19 7 2 )  
I-kui e t  al . (1966, 1 9 73) , 

Roberts et al . (19 73) 
Blanc et al . (197 1 )  
Blanc et  al . (19 7 1 )  
Blanc e t  al . (19 71)  
Molnar (19 6 9 )  
Naik (19 7 2 )  
Blanc e t  al . (197 1 )  
Alikunbi et a l .  (19 6 2 , 

19 63a ) 
Blanc et al . (1971)  
Oj ima et al . (19 7 2 )  
Naik (19 7 2 )  
Naik (19 72)  
Rosas (197 6 )  
Blanc et al.  (19 7 1 )  
Blanc e t  al� (19 71) 
Berg (194 9 )  
Berg (1949)  

Naik (19 7 2 )  



and intestines. Kafuku (1977) reports on the ontogenesis of intestinal 

coiling. Inaba and Nomura (1956), Hickling (1966), Verigin. (1969), 

Berry and Low (1970), and Hark.a (1974) report in detail dentition, buccal 

cavity, and internal anatomy. Slack (1962) examines changes in ovarian 

appearance during maturation, while Babrova (1969) and Shelton and 

Jensen (1979) report on anatomical differentiation of the gonads. Lin 

(1935b) describes the appearance of milt. Russian workers provide 

3 

the best description of mature and overripe spawn (Anon. 1970i); others 

may be found in Lin (1935b), Inaba et al. (.1957), Alikunhi et al. (1962, 

1963b, 1973), and Chen et al. (1969). A diffuse adrenal gland is found 

in the kidney pronephros (Mezhnin 1975). From commercial and nutritional 

standpoints, the percent compositions by weight of fillet, head, and 

other body parts in grass carp compare favorably with data on silver 

carp (Hypopthalmichthys molitrix) and common carp (Cyprinus carpio) 

(Okoniewska and Okoniewski 1968, Ioshev and Boiadzhier 1970, Jahnichen 

1971). 

Numerous investigators have induced hybridization of grass carp and 

bighead carp [Hypopthalmichthys (Aristichthys) nobilis]. Aliev (1967} 

obtained matroclinous off spring resulting from grass carp roe fertilized 

with bighead milt, while Andriasheva (1968), Kraxnai and Marian (1977), 

and Sutton et al. (unpubl. ms .) describe i�termediate hybrids from 

the same cross. The reciprocal cross yields intermediate young with 

morphology as reported by Berry and Low (1970) and Verigin et al. (1975); 

the first authorities pay particular attention to anatomy. Sutton et al. 

(unpubl. ms.) review the literature and history of grass carp hybridization 

with bighead carp. Fertilizing grass carp roe with connnon carp milt has 

been largely unsuccessful and apparently only gynogenetic individuals 

survive (Aliev 1967). The reciprocal cross results in intermediate 
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hybrids, tending toward the common carp, with possible gynogenetic specimens 

occurring infrequently (Makeyeva and Verigin 1974, Makeeva 1976). Stanley 

(1975) and Stanley and Jones (1976) present a comparative morphological 

study of intermediate hybrids from this cross with normal parentals and 

with androgenetic and gynogenetic grass carp. Aliev (1967) provides 

descriptions of patroclinous intermediate yearlings from crosses of the 

grass carp with female silver carp and with male black bream (Megalobrama 

terminalis). Other intergeneric hybridizations involving grass carp 

have yielded inviable larvae, and/or morphological descriptions are 

not available. Sections 2. 2, 2. 3, 11. 1 and 11. 2 review in more detail 

the literature on manipulated reproduction. 

2. 2 Cytology and histology 

Bobrova (1969) and Shelton and Jensen (1979) discuss the cellular 

and histological changes occurring during gonad differentiation in 

grass carp. Berry and Low (1970) describe the gonad cytology and 

histology of young grass-bighead carp hybrids. Reports on ovarian 

maturation include those from Slack (1962 ), Makeeva (1963), Gorbach 

(1966), Chen et al. (1969), and Nicolau and Steopoe (1970). Bobrova 

(1969) investigated the cytology of ovum development from f ertiliza

tion to first cleavage, and Mantelman (1973) compared this process 

in the grass carp with those taking place in the s�lver carp and in 

crosses of grass carp with silver and bighead carps. Makeeva and 

Mikodina (1977) report the structure and chemical nature of the two

layered egg membrane. Chinese researchers have described the cellular 

changes brought about by injection of luteinizing releasing hormone in 

the pituitary (Anon. 1978a, 1978b). Statuva (1974) examines the effects 

of hypophy�eal injections on pituitary cytomorphology. 



Among other cytological and histological studies, Berry and Low 

(1970) give thorough comparative descriptions of the alimentary tracts 

in grass carp, bighead, and their hybrid. Mezhnin (1975) describes 

the adrenal gland. Yamamoto and Ueda (1978) examine the structure of 

the olfactory epithelium. Andriysheva (1969) compares thermostability 

and alcohol resistance of muscle tissue between grass carp and their 

interpopulation hybrids. Discussions of cellular blood characteristics 

may be found in Molnar (1969 ), Molnar and Tammassy (1970) , Lyak.hnovich 

and Leonenko (1971), and Kelenyi (1972). Makeeva (1976), Stanley 

(19 76b), and Stanley et al. (19 76) report erythrocyte sizes of grass 

and common carps in comparison to their hybrid. 

Much effort has been directed toward the karyomorphology of grass 

carp and its hybrids. The diploid chromosome number equals 48 

(Nogusa 1960, Ojima et al. 1972, Manna and Khuda-Buk.hsh 1977). Bozhko 

et al. (1976) also describe karyomorphology. Hybridization with male 

bighead carp results in triploid offspring (Kraznai and Marian 19 77; 

Marian 1978; Marian and Kraznai 1978, 1979 ; Beck et al. 1980). 

Mantel.man (1973) found that fertilizing silver carp roe with grass carp 

milt yielded mostly diploid along with a few apparently polyploid 

larvae. Vasilev et al. (19 75, 19 78) obtained inviable diploid and 

viable gynogenetic progeny by using female grass carp with male 

common carp. In the opposite cross, triploid specimens resulted and 

survived while diploids died. 

2. 3 Proteins and other constittttents 

Jahnichen (1971) reviewed the literature concerning water, protein, 

fat, and ash contents of grass carp. Okoniewska and Okoniewski (19 68) 

determined the percent composition of these constituents as well as 

various amino acids in the flesh and compared them to a reference 

protein (egg albtimen) . Ioshev and Boiadzhiev (1970) also researched 

5 
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the nutritional quality of grass carp. Tan (1971) found different 

plant diets to have little effect on protein content, but to change 

significantly the fat and ash content. In work with grass carp 

fingerlin gs,Dabrowski (1979) reported that increases in dietary 

protein caused increases in both the protein and fat constituents 

relative to ash. Shimma and Shimma (1969) investigated the distri

bution and fatty acid components of lipids in grass carp captured 

from the wild or cultured with different diets. 

Molnar (1969) determined the relative amounts of various chemicals 

in grass carp blood. Mean hemoglobin content was 8.9 g% (Molnar 

and Tamassy 1970). The blood characteristics of grass carp and other 

species have been shown to..correlate with the proportions of animal 

and plant food in the diet (Molnar 1969, Gyula 1970, Molnar and 

Tamassy 1970). Sukhomlinov and Matvienko (1974, 1977a, 1977b ) found 

hemoglobin to have a typical absorption spectrum and was composed of 

two heterogeneous heme proteins differing in their relative amounts 

of various amino acids. Hensel and Paulov (1978) report on similarities 

and differences of grass carp serum protein spectra relative to those 

of other cyprinids. Adamova and Novikov (19,73) investigated serum 

---proteins -by -gel --elect1opho1esi-s. Pokhil (1%9} tl-emcmsttated species 

specific antigens in grass carp blood by comparative agglutination 

experiments with other cyprinid species. 

Hickling (1966) reported. the distribution of amylase, proteases, 

and lipase in the alimentary tracts of grass carp which were starving, 

had empty guts, or were actively feeding on different diets. Workers 

with the Alabama Department of Conservation (1972) investigated the 

proteolytic enzyme responses of the gut to fasting and to seasonal 

changes. Little cellulase activity occurs in grass carp digestion 

.-------------------�----�-��-----�---�-�-��"--··-"� " 
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(Lindsay and Harris 1980). Fish (1960) measured gut pH to vary 

from 7.4 to 8.0. 

Using Sephadex G-100 filtration, Malaysian and Indian researchers 

demonstrated the presence of three gonadotropic hormones in grass 

carp pituitaries (Prowse 1969a, 1970i Sundararaj et al. 1972) . 

Research at the Yangtze Institute of Fisheries revealed ovarian 

enzyme responses to injections of luteinizing releasing hormone 

(Anon. 1978a). Giurca (1970) and Rabega et al. (1973) examined 

quantitating changes in RNA of the pituitary and gonads during gonad 

maturation and after hypophyseal injections. 

Utter and Folmar (1978) performed an electrophoretic survey of 

eighteen enzyme systems and general protein in five tissues (blood 

serum, eye, liver, heart, muscle) of grass carp. Stanley et al. 

(1976) electrophoresed hemoglobin, serum protein, and various 

isozymes from gynogenetic and adrogenetic grass carp, common carp, 

and their hybrid. Burlakov et al. (1973) also compared electro-

pherograms of isozymes from this hybrid cross with those of the 

parentals. Kirilenko and Ermolaev (1976) investigated the absolute 

and relative amounts of adenosine compounds in grass carp muscle. 

June.a and Mat_ei (1975} compared- skeletal- muscle- pr-oteins- o-f� grass-

carp with several other cyprinids. 

3. Distribution 

3.1 Original range 

The grass carp is indigenous to the Amur basin and
.flatland 

rivers of eastern China (Berg 1949, Nikolsky 1954, Fischer and 

Lyakhnovich 1973). The southern distribution includes records from 

the Yangtze, Yellow, and Pearl River basins (Dah-Shu 1957, Herre 1934, 

Lin 1935a, Mori 1936) . Herre (1932), Shaw (1934� and Nichols (1943) 

provide other Chinese localities. A complete description of climate 

7 
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and topography of the area may be found in Hsieh (1973). Zhadin and 

Gerd (1961) give hydrological data on the Amur River. 

3. 2 Present distribution 

The grass carp has been introduced into over fifty countries 

worldwide (Table 2) and is established outside its native range, 

in Japan, the Soviet Union, and Mexico. Kuronuma (1954, 19 55. 1958) 

and Inaba et al. (19 57) documented natural reproduction in the Tone 

River of Japan and Tsuchiya (1979) discusses the present status of this 

population. The Soviet Union has naturally spawning grass carp in 

the Amudarya, Syrdarya, Ili, Terek, Volga, and Kuban Rivers and in 

the Kara Kum Canal (Nikolsky and Aliev 1974). Reproduction has been 

investigated in Amudarya by Bykov (19 70), the Volga by Martino (1974), 

the Ili River by Nezdoliy and Mitrofanov (19 75) and Dukravets (1972), 

the Syrdarya by Zaki Mokhamed (1977) and by·verigin et al. (1978), the 

Kuban by Motenkov (19 66, 19 69), and the 

and Sukhanova (1974) and Aliev (1976). 

Kara Kum Canal by Aliev 

Verigin (1964) and Vinogradov 

and Zolotova (1974) review the introduction and establishment of grass 

carp in the Sov±et Union. Zhadin and Gerd (1961) provide detailed 

climatic and hydrological data for Soviet rivers. Most recently, 

.grass carp�have spawned naturally in the -Rio Balsas system of 

Michoacan, Mexico (Anon. 1975£, 1976c, Rosas 1976, Arredondo-Figueroa 

unpubl. ms. 1976). 

Reproduction in open w�ter bodies has occurred in the Philippines, 

Taiwan, 'YUgoslavia, and the United States, but establislnnent is 

problematical. Spawning in the Pampanga and Agno Rivers on Luzon, 

Philippines, is unverified and the grass carp is rare relative to 

other species (Datingaling 1976, Bailey and Haller unpublished ms. ). 

Reproduction was reported in two �aiwan reservoirs (Tang 1960a, 1960b; 

Lin 1965), but Bailey and Haller (unpublished ·ms.) believe that one of 
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Table 2. fotroductions of Grass Carp (Modified from Shireman and Smith 1981) 

COUNTRY DATE SOURCE PURPOSE 

Afghanistan 1966-67 Ch;J.na CulturH 

Argentina 1970 Ja�>an Experimental weed control 

Austri.1 1970 Ror11ania Experimental 

Bangladesh 1976 1 Culture 

Bulgaria 1964 Soyiet Union Polyculture 

Burma 1969 ln4ia Culture 

Cambodia 1 1 Culture 

Canada 1 1 Experim�ntal 

Cuba 1966 So�·iet Union Experimental 

Czechoslovak ln 1%1-65 Sov;iet Union Polyculturc 

Denmark 'l 1 Experinantal 

East Germany 1965 Sov,·iet Union Experimental weed control 

Egypt (UAR) 1976 Vni.ted States Experimental Culture and 
weed control 

England 1964 Hun1gary Experimental weed control 

Ethiopia 1975 Jap,a
.
n Weed control 

Fiji 1968 Malaysia Experimental weed control 
and culture 

France 1967 Hungary Experimental weed control 

France 1968 Soviet Union Culture 

Hong Kong 1 China Culture and weed control 

Hungary 1963-66 China and Polyculture 
Soviet Union 

India 1959 Hong Kong and Culture and weed control 
Japan 

Indonesia 1964 Japan Culture 

Iran 1966 Soviet Union Experimental 

Iraq 1968 Jap�n Culture 

AUTHORITY 

El-Zarka (1974) 

Mastrurrigo (J 971) 

Liepolt andWeber (1969), Busnita (1970b) 

Bari (1976) 

Boev (1970) Krupauer (1971) 

Anon. (19690) 

Ling (1977) 

Suttun (1977a) 

Anon. (1970b) 

Krupaucr (1968a1 1971) Uolcik (1976a, 1976} 

Blanc et al. (1971) 

Jahnictien (1�'73) 

Bailey (1977) 

Cross (1969) 

Anon. (1975a) 

Adams and Titeko (1970) Marsters (1971) 

Wurtz-Arlet (1969, 1971) 

Anon. (1969a) 

Chow (1958) 

Krupauer (1971) 

Chaudhuri et al. (1976) 

Anon, (1970h) 

Anon. (1970g), Ivanov (1970) 

Anon. (1969n) 



Table 2. Introductions of Grass C'arp (continued) 
COUNTRY DATE SOURCE PURPOSE 

Israel 1952 ? Polyculture 
1965 Ja1fan Polyculture 

Italy 1972 Yug,oslavia Experimental culture 
Japan 1878 Chi.na Culture 

1943-45 China Culture 
Java 1949 China Culture 
Kenya 1970 ? Culture 
Korea. 1967 Taiwan Experimental culture 
Laos 1968 Jap•an Culture 
Malaysia 1930 China Culture 
Mauritius 1977 India Polyculture 
Mexico 1960 Tai.wan andChina Weed control and culture 

Nepal 1966-67 India and Japan Culture 
1972 Hudgary Culture 

Netherlands 1968 Tai.wan Experimental weed control 
New Guinea 1965 Horlg Kong Culture 
New Zealand. 1966 Malaysia Experimental weed control 
Nigeria 1972 1 Culture 
Pakistan (West) 1964 China Weed control and culture 

Panama 1977 1 Culture and weed control 
1978 United States Weed control 

Philippines 2 1966-69 1 Culture 
Poland 1964-67 Soviet Union Culture 

Romania 1959 Chi.na Polyculture and weed control 
Sarawak ? Hong Kong, Taiwan Polyculture 

AUTHORITY 

Yashouv (1958) 
Tal and Zid (1978a, 1978b) 
Anon. (1972g) 
Kuronuma (1954) 
Tsuchiya (1979) 
Schuster (1952b) 
Anon. (1970a) 
Anon. (l 968d) 
Anon. (19690) Chanthepha (1969,1972) 
Gopinath (1950) 
Parameswaran et al. (1977) 
Anon. (1975b), Gandara et al. 

1975, Rosas (1976), Arredondo
. Figueroa unpubl. ms. 
Anon. (1968d), Shrestha (1973) 
Anon. (1973b) 

·Anon. (1969a) 
Anon. (1965) 
Chapman.and Coffey (1971), Anon. (1977d) 
Moses (1972) 
Ahmed (1968), Anon. (19690) Naik (1972), 

Javaid (1976) 
Panama Canal Company (1977) 
Custer et al. (1978) 
Datingaling (1976) 
Gaudet (1967), Opuszynski (1968), 

Anon. (18690), Wolny (1971) 
Krupauer (1971) 
Ji (1976) 

....... 0 



Table 2. Introductions of Gr�ss Carp (continued) 

COUNTRY 

Singapore 
South Africa 

Soviet Union1 
European and 
Central Asian 

Uzbekistan 
Sri Lanka 
Sudan 
Sumatra 
Sweden 
Taiwan3 

Thailand 
United Arab 

Republic 

4 United States 

Uruguay 
Vietnam 
West Germany 
Yugoslavia 

DATE SOURCE 

? ? 
1967 Malaysia 

1937. 195�)2 ? 

1954-60 China 

1961 ? 
1949 China 
1973 ? 
1915 China 
1970 Poland 

? China 
1 China 

1968 Hong Kong 

1963 Malaysia and 

1963 

1 
1969 

-1964 
1 

Taiwan 

Malaysia and 
Hong t>ong 

? 
Taiwan 
Hungary 

? 

l Have established population� 
2 Reportedly breeding in Pampaf1ga River 
3nas reportedly bred in reservoirs. 

PURPOSE 

Culture 
Experimental 

Culture and weed control 

Culture 

Culture 
Culture 
Culture and weed control 
Culture 
Experimental weed control 
Polyculture 
Culture 

Experimental culture and 
weed control 

Experimental weed control 

Experimental 
Experimental 
Culture 
Weed culture 
Culture 

I 4Reportedly breeding in Missi.sippi River (Conner et al. 1980) 

AUTHORITY 

Ling (1977) 
Anon. (1968d), Crass (1969), 

Pike (1977) 
Nikolsky (1971) 

Verigin (1961), Ovchynnyk (1963), 
Vinogradov and Zolotova (1974), 

Borisovd (1972) 
Schuster (1952) 
Anon. (1974-1975c) 
Schuster (1952b) 
Thorslund (1971) 
Lin (1965); Tang 1960a, 1960b) 
Schuster (1952b) 

Anon. (19690) 

Avault (1965b),. Stevenson (1965) 
Guillory and Gasaway (1978) 

Stanley (1978) 
Gaevskaya (1969) 
Anon. (1969e) 
Bohl (1979) 
Jhingran and Gopalakrishnan (1974) 

..... 
..... 

Ill 
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these po!,ulations is no longer extant . S tanley et al . (1978 ) cite 

Dj isalov (1978)  as having reported the cap ture of several thousand 

juveniles from the flood plains of  the Tisa River in Yugos lavia . 

Holcik (1976b)  reports on the possibility o f  natural spawning in 

the Danube River . Guillory and Gasaway ( 19 7 8 )  d is cuss 
.
the zoogeo graphy 

and dis tribution of grass carp in the United States . Pflieger (1975a, 

19 75b , 1978)  gives the occurrence of gras s carp in Mississipp i River 

basin . [ Sutton (1977a)  reports gras s carp dis tribution in North America . ]  

Larvae from natural reproduction have been recently documented from 

the Mis s issippi and Atachfalaya Rivers in Louis iana and southern Arkansas 

( Conner et al. 198 0 ) . 

General geo graphical reviews of  grass carp introduc tions inc lude 

the fo llowing . Stanley (1976d , 19 7 7 )  and S tanley et  al . (1978)  

discuss the requirements for  and occurrence of na tural reproduc tion 

based on a visi t  to the Soviet Union and asses sment of available world 

literatur e .  Schuster (1952b ) and Bailey and Haller (unpublished ms . )  

report on introduction in the Indo-Pacific region . Sut ton et  al . 

( 19 7 7 )  and Miley et al . ( 19 7 9b)  inspec ted sites of  g�ass carp introduction 

in Europe and in the Soviet Union . Europ ean countries are surveyed 

in Blanc et al . ( 19 71 ) , Krupauer (19 7 1 ), and von Zon ( 1 9 7 7a ) . 

3.3 Local oc currence 

Stanley ( 1 9 7 7 )  and S tanley et al . (1978 ) summarize the li terature 

on habitat distribution and migration of gras s carp during different 

life stages . Pap ers pertaining to spawning grounds and migra tion are 

reviewed in Sec tion 5 . 4 .  Descrip tions of movements relating to 



I 
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dispersal, feeding, and over-wintering may be found in Lin (1935a), 

Nikolsky (1963), Borbach (1966), Fischer and Lyakhnovich (1973), and 

Nikolsky and Aliev (1974). The grass carp dispersed through brackish 

water bodies in the Soviet Union (Cross 1970 citing Pavlov and 

Nelovkin (1963), Vinogradov and Zolotova 1974). 

In aquaculture ponds, the grass carp frequents all water strata 

(Chen 1934, 1935, 1976), but apparently spends most of its time in 

the middle layers (Chow 1958). Grass carp often form schools at the 

water surface (Ellis 1974, Buckley and Stott 1977). When introduced 

into ponds, fry swim in compact schools (Shireman et al. 1978c). 

Telemetry studies have been accomplished with fish stocked in reservoirs 

and lakes (Mitzner 1975a, 1978; �ixon et al. 1977; Nixon and Miller 

1978; Nall et al. 1979, Shireman and Haller 1980). 

4. ENVIRONMENTAL TOLERANCE 

Suitability of the environment for grass carp relates to spawning 

requirements, disease, food, predation, and hydrology. Suitable spawning 

conditio"s (Sect. 5.4) seem to be the primary limiting factor in most 

cases. Both reduction of the macrophyte food base and disease have been 

suggested as causes fo-r the - decrease- of the- introduced - gr-as-s- carp-

population in the Kara Kum Canal, Soviet Union (Stanley 1977 and 

Stanley et al. 1978, citing Aliev (pers.comm),' and Kogan 1974). Lack 

of food may have contributed to decreased populations in the Khauz 

Khan Reservoir of Russia (Nikolsky and Aliev 1974) and in the Tone 

River of Japan (Bailey and Haller, Unpub. ms., Tsuchiya 1979). 

13 
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The grass carp can quickly disrupt its own food supply, particularly at 

high densities in closed systems such as culture ponds (Vinogradov and 

Zolotova 1974) and small lakes (Beach et al. 1976, 1977; Gasaway 1978b). 

Predation (Section 9.2), especially by other fish, has hindered stocking 

attempts in the Soviet Union (Stanley 1977, Sutton et al. 1977, Stanley 

et al. 1978), United States (Gasaway 1977e, Shireman et al. 1978c � and 

elsewhere. 

The grass carp can tolerate relatively wide ranges of hydrological 

conditions. Singh et al. (1967a) investigated the tolerance of fry and 

fingerlings for temperature, dissolved oxygen, pH, salinity, turbidity, 

alkalinity, ammonia, chlorine, and sulpgide. The lethal limits for 

oxygen content and temperature depend on size and acclimatization 

(Opuszynski 1967a). Custer et al. (1978) determined fingerling acclimation 

regimes for abrupt changes in oxygen content and temperature. 

�egonovskaya and Rudenko (1974) discuss the effect of decreasing oxygen 

on fry metabolism. Leonte (1969) measured oxygen consumption of embryonic 

and larval stages. The level of and changes in water temperature influence 

egg development and larval survival to different ex�ents (Anon. 1970i, 

Stott and Cross 1973). Salinity has been investigated for its effects 

on general adaptability of grass carp (Doroshev 1963, Cross 1970, Chervinski 

· 1977, Kilambi and Zdinak 1980), consumption and growth rates (Kilambi 1980, 

Maceina and Shireman 1980a), and physiology (Maceina and Shireman 1979, 

Macina et al. 1980). Kilgen et al. (1975) report salinity tolerance of 

hybrids from crosses of male· grass carp and female common carp (Cvprinus 

carpio). 
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5. REPRODUCTION 

5.1 Maturity 

Maturity occurs at ages from one to eleven years in females and 

at an average age of one year earlier in males (Table 3). Ling (1977) 

gives average ages of two years for the tropics and four to five years 

for temperate areas. Nikolsky (1954) sets the earliest age at six to 

seven years for grass carp in the Amur River of the Soviet Union, the 

northern limit of the range. Nutrition acts synergistically with climate 

to influence maturity (Bobrova 1969, Anon. 1970i, Opusz ynski 1972). 

Sexual dimorphism appears only in mature fish during the breeding 

season. Secondary sexual characters include deciduous tubercles (pearl 

organs) on the pectoral fins of milting males and swollen pinkish vents 

and soft bulging abdomens on ripe females (Table 4). Procedures for 

sexing immature or non-breeding grass carp without damage to specimens have 

been largely unsuccessful (Courtney and Miley 1973, Hong and Courtney 1973, 

Hong et al. 1974). Bobrova (1969) and Shelton and Jensen (19i0) describe 

gonadal differentiation. 

5.2 Reproductivity 

Relative gonad weight ranges to 20% of total weight in females 

and to 2.5% in males. Gorback (1961, 1966) provides the best report of 

maturity in a natural grass carp population. In tropical Malaysia, 

Hickling (1967b) found little seasonal change. in gonad siz e as is typical 

of the grass carp in temperate areas. Chen et al. (1969) investigated 

the effects of size, egg maturation stages, and diet on relative ovarian 

weight in cultured Malaysian fish. Slack (1962) observed ripe females 

to have higher gonadosomatic ratios than developing or regressing females, 

but egg development never advanced beyond the secondary yolk stage. 
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Table 3. Initial and Average Age and Size of Grass Carp at Maturity in 
Different Countries �Shireman and Smith 1981) 

LOCATION SEX AGE LENGTH WEIGHT AUTHORITY 
(cm (k 

China: 
Sunchow, 
Kwangsi Prov. 3(4) 3.5(4.1-5.9) Lin (1935a) 

Southern 3-4 Konradt (1968) 

Yangtze River 5-6 Konradt (1968) 

4-5 Opuszynski (1972) 

3-4 Brown (1977) 

Central and 
Southern 4 5 Da-Shu (1957) 

Hungary 6-7 Opuszynsk.1 (1972) 

India: 

Cut tack male
1 

2(3) 75.2-86.0 
2 

4.54-6.61 Alikunhi et al. (1962. 
1963a, 1963b, 1973) 

female 
1 

3 73.8-79.2 
2 

4.76-7.03 Alikunhi et al. (1962, 
1963a, 1963b, 1973) 

male 1 43.9-49.3 
2 

0.95-1.40 Alikunhi and S1.1.kumaran 
(1964) 

female 2 Alikunhi and Sukumaran 
(1964) Alikunhi et al. 
(1965) 

Tamilnadu male 1 Prabhavathy and 
Sreenivasan (1977) 

female 2 Prabhavathy and 
Sreenivasan (1977) 

Israel: 

Dor male 2 4.0 · Yashouv. (1958) 

female 4-5 s.o Yashouv (1958) 

Malaysia: 

Malacca 2 6.0 Slack (1962) 

male 1-2 51-60
2 1.2-2.0(2-3) Hickling (1976b) 

female l-2 
_? 

s8-6r 2.3-3.2 Hickling (1976b) 

Nepal 2 Chen et al. (1969) 

4 Shrestha (1973) 

Poland female 6 3.0-3 • .5 Wolny (1971) 

Romania 6-7 Opuszynski (1972) 

-continued-
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Table 3 .  Initial and Average Age and Size of Grass Carp at Maturity in 
Differ ent Countries (continued) 

LOCATION SEX AGE LENGTH WEIGHT AUTHORITY 
(c.m (k ) 

Soviet Union: 

Amur R. (middle) 6-8 (9-10) 54-55 (68-75)3 Gorb ach (1961) 

female 7-8 (9-10) 60 (68-75)3 
Makeeva (1963) 

male 6-7 (9-10) 60-65 (68-75)3 
Gorbach (1966) 

female 6-7 (9-10) 60-68 (70-75)3 
Gorbach (1966) 

8-9 70-753 Ko-lei-hei-chin (1966) 

Amur R. (lower) 8-9 Ma-k'a1-yeh-wa et al. 
(1966) 

Amur R. (upper) 9-10 Ma-k'ai-yeh-wa et al . 
(1966) 

Turkmen male 2-3 V inogradov (1968) 

female 3-4 V inogradov (1968) 

Kiev male 7-8 Vinogradov (1968) 

female 8-9 Vinogradov (1968) 

Krasnodar male 4 Vinogradov (1968) 

female 5 V inogradov (1968) 

male 3-4 Anon (19701) 

female 4-5 Anon. (19701) 

t1oscow male 9 Vinogradov (1968) 

female 10 Vinogradov (1968) 

10 Opuszynski (19 72) 

Central male 7-8 Bob rova (1969) 

female 8-9 Bobrova (1969) 

South male 2-3 Anon. (19 701) 
Central 

female 3-4 60 Anon (19701) 

Lower Volga R.  5 (6+ ) 60 Martino (1974) 

Taiwan male 3-4 Lin (1965), Chen (19 76) 

female 4-5 3+ Lin (1965), Chen (19 76) 

United States: 

Alabama male 2 Alabama Dept . of 
Conservation (1968) 

female 3 Alabama Dept of 
Conservation (1968) 

-continued-
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Table 3 .  Initial and Average Age and Size of Grass Carp a t  Maturity in 

Different Countries (continued) 
LOCATION S EX AGE LENGTH 

United States: 

Arkansas female 

1 
Brood stock 

2 Total length 

3 Standard length 

4 

3 

(cm 
WEIGHT 

k ) 
AUTHORITY 

Bailey and Boyd (1970,1973) 

Sneed (1971) 
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Table 4.  Secondary Sex Charac ters and Seasonal Occurrence of Ripe Grass Carp (Sh ire111an and Smith 1981 ) .  __ _ 

LOCATION SEX CHARACTER THIE OF YEAR 

Ind i a  (Cut tack) Male Roughness on pec toral fi ns March - September 

Female So f t  d i s t ended abdomen , swollen 
p inkish vent June - Jul y  

Ind i a ( Tamilandu)  Male Rough pe�toral sur faces , serrated 

Japan 

Malaysia 
(Malacca) 

Malaysia 
(Malacca) 

Nepal 
( Kathmandu} 

ridges pn pec toral fin rays , 
thicken�d f i r s t  pec toral ray, 
nup t ial tubercles on head March - Augus t  

Female So f t  bulging abdomen , p inkish 
ven t  May - Augus t  

Male 

Male 

Pearl organs on pectoral, 
dorsal �nd caudal fins 

Roughnes� on pectoral f ins , 
thicken�d f ir s t  pectoral f i n  
ray, pec toral f in longer 
than of 1 female 

Female So ft dis�end ed abdomen , vent 
some t im�s swol len and pinkish 

Male .Roughne s� on pectoral fins 

Female Soft bu l�ing abdomen , swollen 
pinkish' cloaca 

Male Roughnes� on pectoral fins 

Female Dis tended bel l y ,  swollen 
pinkish' ven t 

-cont inued-

Apr i l  - Augu s t  

All months 

A l l  months 

A l l  months 

All months 

May - June 

May - .June 

AUTllORl'fY 

Alikunh i  and Sukamaran (1964) ; 
Al ikunhi e t  al. (1962 , 1963a , 
1963b ,  1973) 

Chau dhuri et a l . ( 1966 )  

Prabhava thy and Sreenivasan 
( 1977 )  

Prabhavathy and Sreenivasan 
( 197 7 )  

Kawamo to ( 1950) 

H ickl ing ( 197 6b) 

Hickl ing ( 1967b) 

Chen e t  al . ( 1969) 

Chen e t  al . ( 1969) 

Shres tha ( 197 3) 

Shres tha ( 1973) 
....... 
\0 



Tab l e  4. Secondary Sex Charac ter� and Seasonal Occurrences o f  Ripe Grass Carp (con tinued ) . 

LOCATION 

Sov iet Union 
(Ukraine) 

Soviet Union 

Taiwan 

Ta iwan 

Uni ted States 

S EX 

Male 

Hale 

Female 

Male 

Fema le 

Male 

Female 

( Arkansas) Male 

United States 
( Florida) 

Female 

Male 

CHARACTER 

Thick�ned f irs t pectoral f i n  ray 

Rough inner surface on pec tora l 
fins 

Sof t  �agging abdomen , occasional 
swe lJ.ing of ven t 

Dec iduous serrat ions on pectoral 
f ins 

Dis t ended belly, swollen 
pinkish vent 

Roughnes s on inner s ides of 
pec tc>ral f ins 

Sof t distend ed bell y,  swo l len 
p inki"sh ven t  

Pearl organs on dorsal s ides 
of pec toral fil1s 

Dis te�ded abdomen 

Deciduous tubercles on pec tora l  
f i ns. f irs t dorsal fin ra y and 
dorsum o f  caudal pedunc le 

TIME OF YEAR AUTHORITY 

June Prikhod 'ko and Nosal' ( 196 3)  

Hay - June Anon . ( 197 0i)  

May - June Anon . ( 1 970i)  

April - September Lin ( 1965 )  

April - September Lin (1965 )  

March - July Chen (197 6 )  

March - Jul y  Chen ( 1976) 

May Bailey and Boyd (1972,  
197 3 )  

May Balley and Boyd (197 2 ,  
197 3) 

May - June Courtenay and Miley ( 1 9 7 3 ) 

N 0 



Alikunhi et al. (1962) gives relative ovarian weights for brood stock 

injected with carp pituitary. Other reports of relative ovarian weight 

include Dah-Shu (1957) for China, Inaba et al. (1957) on one gravid 

female from Japan, and Makeeva (1963) on Amur basin fish, Soviet Union. 

Gradual increases in water temperature can induce maturation outside of 

the regular breeding season (Sutton et al. 1977, Huisman 1978, Shireman 

et al. 1978b). Working with grass carp under tropical Malaysian 

conditions, Hickling (1967b) presents the only direct evidence for 

multiple spawning by individual females in one year. 

21 

Asynchronus development of oocytes was reported in fish from China 

(Lin 1935a, Gorbach 1966), the Tone River, Japan (Inaba et al. 1957), 

Malaysia (Chen et al. 1969), the Amur River (Makeeva 1963, Ko-lei-hei-chin 

1966, Ma-k.ai-yeh-wah et al. 1966, Gorbach 1972), and the lower Volga 

River (Martino 1974). The grass carp apparently spawns one to three 

times per year, depending on climate and seasonal conditions. Females 

are known to resorb eggs under adverse circumstances. Ko-lei-hei-chin 

(1966) claims further that intervals between spawns increase with age of 

the fish. Makeeva (1963) suggests that individuals may not spawn 

every year. 

Absoluce fecundity ranges- from- � of- thousands-to- two-million

eggs and averages 500,000 for 5 to 7 kg brood stock (Anon. 1970i). Table 

5 summarizes literature reports of absolute fecundity. Konradt (1968) 

demonstrated that greater doses of injected hormone can increase the 

number of ovulated eggs. Hickling (1967b) also reports hypophysation 

as increasing the number of yoked ovarian eggs. Alikunhi et al. (1962) 



100• 

960• 

373 

564 

396 

618 

442 

309 

200-300 

485* 

816* 

x - 470 

x - 785 

237-1637 

x - 820* 

x - 1089* 

10-700 
x = 367 

x - 740* 

7.3 

14.6 

4.8 

4.9 

5.5 

5.7 

5.8 

7.0 

4.6 

7.1 

7.4 

x = 7.5 

x = 7.5 

73.8 

75.8 

78.6 

78.9 

75.0 

79.2 

5.1-16.4 66-96
2 

3.7-7.4 

3.7-7.4 

3 

3 

3 

3 

3 

3 

7 

7-15 

3 

3 

wild-caught 

wild-caught 

brood stock 

after injection 

injected 

wild-caught 

wild-caught 

8 mg injection 

24 mg injection 

wild-c:tught 

wild-caught 

in.1ected 

injected 

LOCALITY 

China (West R., 
Kwangsi Prov. 

China, Yangtze R. 

India (Cuttack 

India 
(Tamilandu 

Japan (Waterase R.) 

Soviet Union (Amur 
River) 

Soviet Union 
(Lenigrad) 

Soviet Union 
(middle Amur R.) 

Soviet Union 
(Kara Kum Canal and 

AUTHORITY 

Lin (1935a) 

Chang (1966) 

Alikunhi et al. (1963a) 

Prabhavathy and Sreeniva� 
(1977) 

Inaba et al. (1957) 

Berg (1949) 

Konradt (1968) 

Corbach (1972) 

its reservoirs) Aliev and Sukhanova (1974} 

United States 
(Florida) 

Shireman (1975) 

•Values with asterisks denote number of ovarian eggs and those without are the number of ovulated eggs. 
1

standard lengths 

N 
N 



23 

investigated relative fecundity in fish under Indian culture. Gorbach (1972) 

provides the most extensive report on fecundity in a natural population 

and factors affecting it, including age, size, weight, condition, fat 

contenc, nutrition, and fishing pressure. 

5.3 Spawnin� season 

Lin (1935a) and Dah-Shu (1957) documented that spawning occurred 

from April to September in the Yangtze, Pearl,and West Rivers of China. 

G orbach (1961, 1966, 1972) sets the breeding season in the Amur basin 

from late May to early August with peaks from late June to mid-July. 

Other reports of the Amur breeding season include Verigin (1961), Makeeva 

(1963), Ko-lei-hei-chin (1966), and Ma-kai-yeh-wa et al. (1966). 

Unless maturation is artificially induced (Sect. 5.2 and 11.2), 

naturalized or cultured grass carp spawn at the times given in Table 

6 for various localities. The climate in northern latitudes limits the 

breeding season and makes it more distinct compared to those under 

tropical conditions (Hickling 1967b). Weir or dam construction may change 

hydrological conditions and affect the time of grass carp reproduction 

(Tsuchiya 1979, Bailey and Haller, unpublished ms.). 

S.4 Soawning conditions and grounds 

Grass carp usually spawn their pelagic eggs in the primary channels 

of relatively large rivers. Water temperatures in the 15 to 17°C range 

apparently trigger upstream migration to the spawning grounds (Aliev 1976). 

The hydrological conditions cited most frequently for grass carp reproduction 

are a rise in water level, temperatures above 17°C, and current velocity 

greater than 0.6 m/s (Lin 1935a; Nikolsky 1954, 1963; Dah-Shu 1957: 
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Table 6. Seasonality of Maturation in Naturalized and Cultured Grass 
Carp Populations (Shireman and Smith 1981) 

LOCATION 

Austria 

India (Cuttack) 

(Tamilnadu) 

Japan (Tone River*) 

(Shinga Prefecture) 

Korea 

Malaysia (Malacca) 

Nepal 

Netherlands 

Soviet Union 
Astrakhan 
Ili River* 
Kara Kum Canal* 
Krasnodar 
Moldavia 
Syrdar'ya River* 
Turk.man 
Ukraine, southern. 
Uzbek 
Volga R. (lower) 
Volgograd 

�Taiwan 

United States 
(Arkansas) 

MATURATION SEASON 

June 

May - July 
June - August 
May - Augst 

June - July 

AUTHORITY 

Brown (1977) 

Alikunhi et al. (1963a) 

Chaudhuri et al. (1966) 

Kuronuma (1955) 

June - Early August Inaba et al. (1957) 

June - August (peaks 
late June-mid July) Tsuchiya (1979) 

April - July 

July - August 
1 May - August 

all months 

all months 

mid May - June 

July 

latter June 
peaks mid/late May 
May - June 
latter May 
early June 
latter May 
early May 
late May-late June 
early May 
May - mid August 
latter· June 

-May-early July 
March - July 

May - July 

Kawamoto (1950) 

Kim (1970) 

Slack (1962) 

Hickling (1967a) 

Chen et al. (1969) 

Shrestha (1973) 

Huisman (1978) 

Anon. (1970i) 
Nezdoliy and Mitrofanov (1975) 
Aliyev (1976) 
Anon. (1970i) 
Anon. (1970i) 
Verigin et al. (1978) 
Anon. (1970i) 
Hoa (1973) 
Anon. (1970i) 
Martino (1974) 
Anon. (1970i) 

Lin (19-65) 

Bailey and Boyd (1970, 1973) 

Mav - June Addor and Theriot (1977) 

*Asterisks indicate self-reproducing populations. All other localities relate 
to introduced spawning. 

1 Imported as fingerlings. 



Kuro numa 1958; Verigin 1961; Makeeva 1963; Gorbach 1966; Ano n. 1970i; 

Nezdoliy and Mitro fanov 1975; Ling 1977 ; Verigin et al. 1978; Miley et 
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al. 1979b; Tsuchiya 1979). Spawning gro unds occur immediately downstream 

of a tributary, island, or o ther geo lo gic feature which causes strong 

vertical mixing, and have rock, gravel, or sand as a substrate (Lin 1935a; 

Dah-Shu 1957; Kuro noma 1955, 1958; Inaba et al. 1957; Ko-lei-hei-chin 

1966; Ano n. 1970i). 

The most extensively investigated river with respect to grass carp 

spawning co nditio ns is the Tone River o f  Japan where intro duced fish have 

formed an established populatio n (Kuro numa 1955, 1958; Inaba et al. 1957; 

Tsuchiya 1979). Aliev (1976) gives a thorough acco unt o f  the unique 

spawning gro unds and co nditio ns pertaining to massive grass carp reproductio n 

in the Kara Kum Canal o f  the Soviet Unio n. Bailey and Haller (unpubl. ms.), 

discuss the physio graphic conditions o f  a Taiwan reservoir where grass carp 

have spawned in the past (Tang 1960a, 1960b). Ro sas (1976) describes the 

�exican rivers where grass carp have reproduced recently. 

Many hydrolo gic or physio graphic factors such as turbidity or river 

length may actually influence or merely co incide with successful grass 

carp reproductio n; so the relative importance o f  many factor s  is unknown. 

Leslie et al. (unpubl. ms.) demonstrated that eggs can develo p at a 

current speed of 0.24 m/s, and have suggested, alo ng with Aliev (1976), 

that river lengt h and current may be more imp?rtant to physio lo gical 

preparatio n o f  spawners than to egg develo pment. Martino (1974) reported 

that grass carp reproduced in the Vo lga River may have o�curred in 

adjacent floo ded meadows with current velocities of 0.2 to 0.5 m/s. 
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Based on visits to areas with established populations, or interviews 

with researchers who work with introduc ed grass carp, and on reviews of 

pertinent literature, a number of reports have been published desc ribing 

sites of natural spawning and summarizing habitat requirements for 

successful reproduc tion. Bailey and Haller (unpublished ms. ) and Burress 

(1970) investigated sites in the Far East, including the Tone River, Japan. 

Stanley (1977), Sutton et al. (1977), Stanley et al. (1978), and Miley 

et al. (1979b) draw on experienc e gained in the Soviet Union and Europe. 

Stanley (1976d) reviews grass carp reproduc tion worldwide with emphasis on 

its potential in the United States. Breder and Rosen (1966) and Gerking 

(1978) provide miscellaneous references on grass carp reproduction. 

5.5 Mating 

�ating is promiscuous and has been observed in the Tone River of Japan 

(Kuronuma 1955, 1958; Inaba et al. 1957) and in the West River of China 

(Lin 1935a, Dah-Shu 1957). Natural ? eproduc tion reportedly oc curs during 

daytime, but Tsuchiya (1979) ha s found greatest activity by induc ed 

spawners to take plac e at night. 

6. DEVELOPMENT 

6. 1 Fertilization 

Fertilization is external. Bobrova (1969) describes the syngamy and 

related cytology from first Pre maturation division to the initial cleavage 

division. Mantelman (1969, c ited in Stanley 1976b) and Anon. (1970f) 

have no ted three or more pronuclei in 5% of fertilized eggs, which is 

probably a result of polysperroY'. Stanley (1976b, 197 6c), Stanl� y et al. 
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(1976) , and Stanley and Jones (1976) suggest that polyspermy in conj unction 

with exclusion of the maternal common carp (Crprinus carpio) genome, 

yields androgenetic grass carp . Gynogenetic grass carp may be obtained 

through retention of the second pola r body, equivalent to secondary 

nondisj unction . Using allogenic and/or irradiated milt increases the 

proport ion of gynogenetic specimens. Mantelman (1973) reported that the 

cytological events of syngamy i n  recip rocal crosses of grass carp with 

silver (Hypophthalmichthvs molitrix) or bighead (l!,. nobilis) carp take 

place similarly to those in homogenic crosses. 

6. 2 Ernbryogenesis 

Incubation periods of 16 to 60 hours correspond with temperatures 

from 30 to 17°C with the op timal range from 21 to 25 °C (33 to 23 hours) 

(Lin 1965, Vinogradov and Erokina 1967, Anon 1970). Nikolsky (1954) and 

Swingle et al. (1967) also reported incubation times and temperatures. 

The most thorough descrip tion, including figures, of embryogenesis may 

be found in Anon. (1970i) ; other accounts are given by Lin (1935a), 

Inaba et al. (1957), Alikunhi et a l. (1962, 1963a, 1963b, 1973), Bailey 

and Boyd (1970), Antalfi a nd Tolg (1972), Se in a nd Sukhanova (1972), and 

Fischer and Lyakhnovich (1973). Konradt (1968) photographed develop mental 

stages. 

Overripe spawn and protracted ovulation �an cause increased egg 

mortality during incuba tion (Makeyeva a nd Verigin 1971). Inadequate 

fertiliza tion and various adverse incuba tion conditions can result in 

embryonic or larval deformation and dea th (Vinogradov and Erokina 

1967 , Anon. 1970 i). False development of unfertilized spa wn  and various 
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deformations are described in Anon . ( 1970i)  and Shireman ( 1 9 7 5 ) . S to t t  and 

Cros s  (19 7 3 )  inves tigated abrup t temperature drops during incubation and have 

illus trated resulting d evelopmental deformations . 

6 . 3  Larval stages 

Inaba e t  al . (195 7 ) , Anon . (1970i) , and Conner e t  al . ( 1980)  d iscuss 

and illus trate the larval development period , which consists  of a 

protolarval stage ( first three days ) when exogenous feeding occurs and o f  a 

mesolarval s tage which normally las t s  until one month o f  age . Conner et 

al . (1980)  p rovide meris tic measurement s  as well . Water temperatur es 

hear 3 04 C cause larvae to at tain development s tates more quickly thau 

water at lower temper atures (Alikunhi et al . , 1 9h2) . -Other 

des cr ip tions of larval development include those of Lin (1935a ) , Soin and 

Sukhanova ( 1 9 7 2 ) , and Fischer and Lyakhnovich ( 1 9 7 3 ) . 

S to t t  and Cro s s  ( 1 9 7 3 )  reported tha t 20-hour-old pro tolarvae are 

fairly resis tant to abrup t temp erature drops from 24 . 4  to 1 7 C 0 • Bailey 

(1972a)  no tes a suscep t ib ility to suffocation by silt . Growth and 

survival through larval stages are enhanced with the add ition of  z inc 

sulfate , which apparently participates in me tabo lic processes invo lving 

calcification of bony tissue ( Sabodash 1 9 7 4 ) . 

6 . 4  Pos tlarval stages 

Develop ing grass carp attain the fry s tage at one month of  age and 

two cm in length , become f ingerlings at 1 . 5  months and four to five cm , 

and are i dentical to adults by two months of age and seven cm in length . 

Inaba et al . (195 7 )  and Anon . ( 1 9 7 0 i )  give the best  accounts and 
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illustrations of these stages. Others may be found in Antalfi and Tolg 

(1972), Se in and Sukhanova (1972), and Fischer and Lyakhnovich (1973) . 

Dah-Shu (1957) describes fry . High temperatures of 28 to 33°C permit 

grass carp to reach the fry stage by 18 days of age in India n rearing 

ponds (Alikunhi et al. 1962, 1963a, 1963b, 1973) . Doroshev (1963) and 

Maceina and Shireman (1980) investigate the effect of salinity on fry 

and fingerling growth rates. 
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Internal changes continue to occur during the postlarval period. The 

relative amount of hemoglobin increases during the first year as a re sult 

of increasing red blood cell siz e  (Lyakhnovich and Leonenko 1971). 

Bobrova (1969) and Shelton and Jensen (1979) discuss anatomical and 

cytological differentiation of the gonads during the fingerling stage. 

Hoa (1973) reports some meristic biological indicators and their relation 

to fingerling rearing conditions. Fischer and Lyakhnovich (1973) review 

the relative changes in external dimensions, weight of different body parts, 

and intestinal length during the subadult phase. The relatively long 

j uvenile period seems to be a time of dispersal in wild populations and is 

reviewed by Stanley et al. (1978). 

6 . 5  Adult stage 

Examination of scale annuli indicates that grass carp fished out of 

the Amur basin, Soviet Union, are typically S � to 11 years old (Berg 1959). 

Specimens from 13 to 15 years of age have been taken sporadically (Gorbach 

1966, 1972). A 21+-year-old individual wa s captured in 1958 (Gorbach 1961). 

Reported maximum weights of grass carp range from 32 kg (Nikolskv 

1954, Gaevskaya 1969, Fischer and Lyakhnovich 1973) to 50 kg in the 

Yangtze River (Dah-Shu 1957) to over 200 to 300 catties (120 to 181 kg) 

(Lin 1935a, citing Chen 1933) . The largest specimen measured by Berg 
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(1949) was 110 cm standard length and 15 kg in weight. Of the hundreds 

of fish taken in the Amur basin and examined by Gorbach (1961, 1966, 1972) , 

the largest ranged from 94 to 105 c m  standard length and 11. 9 to 16. 4 kg 

in weight. Desc riptions of reproduc tion, feeding, and growth of adult grass 

carp are disc ussed in appropriate sec tions. 

7. FOOD AND FEEDING 

7. 1 Life stages and selectivity 

Grass c arp first feed exclusively on plankton but change during 

the first year to a diet almost entirely composed of macrophytes. 

Bailey (1972a) provides an extensive literature review and his own 

researc h pertaining to the life stages and selectivity of grass carp 

feeding. Linc hevskaya ( 1966a) and Rozmanova (1966) report that phyto

plankton dominate the exogenous food items in two-to-four day old 

larvae and that zooplankton occur most frequently in the gut by the 

fifth day. Sobolev ( 1970) and Tamas and Horvath (1976) have investi

gated the zooplankton species preference of various larval stages. 

Oth er reports on larval food items include Nikolsky. ( l954) , Dah-Shu 

( 1957) , Inaba et al. ( 1957) , Kuranuma (1958) , Linchevskaya (1966b) , 

Ling ( 1967) , Lupacheva (1967)
°
, Bailey (1972a) , Bardac h et al. ( 1972) , 

Opuszynski ( 1972, 1979) , Woynarovich ( 1975) , Sc hlumpberger and Lievenau 

( 1978) , Bohl ( 1979) , and Miley et al. (1979b) . Appelbaum and Uland 

( 1979) have determined the appropriate food particle siz es for larvae 

of different ages. 

At about two cm the grass carp begins to feed on macrophytes. 

Sobolev (1970) , Opuszynski (1972, 1979) , and Wat kins et al. ( 1981) 

report on the increase in percent composition of plant material in the 



guts o f  fingerling s which mark the transition to ?hytophagy . Fingerlings 

init ially pref er the tender species or parts of aquatic plants (Lin 

193 5a; Fischer 1968 ; Anon . 197 1£ ; Bailey 1972a ; Opuszynski 197 2 , 197 9 ;  

Edwards 1974 , 197 5 ; Willey et al . 1974 ; Prabhavathy and Sreenivasan 

197 7 ; Sutton 1977b ; Watkins et a� 1981) . 

Fingerlings also consume animals under certain conditions . Edwards 

(197 3)  and Willey et al . (1974)  have documented that grass carp 

fingerlings in aquaria with vegetative food available , prey on many 

invertebrates and small fish when they are offered . Singh et al . ( 19 7 6 )  

found that 7 t o  1 3  cm grass carp avidly eat common carp (Cyp rinus 

caru io ) hatchlings while 20 to 25 cm specimens refus e them . In a small 

pond , only trace amounts of invertebrates have been found in the stomachs 

of 6 to 22 cm grass carp (Colle et al . 1978b ) . In devegetated ponds , 

however ,  j uveniles apparently resort to insects for food ( Kilgen and 

Smitherman 197 1 , 1973 ; Forester and Avault 197 8 ) . Opuszynski ( cited 

by Sutton et al . 197 7 )  states that the gut contents of  cultured grass carp 

include 75% vegetation by weight and 25 % zooplankton and bentbos in 

yearlings , 75% plants and 25% food pellets in two year old ' fish , and 90% 

plants and 10% pell ets in three year old fish.  Mitzner ( 197 Sc , 197 8)  

repo rts only trace amounts of  animal material in the gut contents of  

adult s  stocked in a lake . Gaevskaya (1969) , Kilgen ( 1 973 ) , and Niko lsky 

and Aliev ( 1974)  also comment that animals are insignificant in the adul t 

diet and may be inges ted inciden tally along with plants . 

!able 7 presents a cross section of  the many food plants o f  gras s 

carp documented in the lit erature . Carter and Hes tand ( 1979)  devised 

a key for identification of plants ingested by grass carp . Bailey 

(1972a) summarizes changes in selectivity as gras s carp increase in size 

and reviews pertinent papers on the subj ect .  Sutton et al . ( 197 7 )  

3 1  



Ta b le 7 .  Represen t a t ive Food P l an t s  o f . F l nge r l lng and J uven i l e  G r a s s _Ca!".l!. ( S h i reman and Sm i th 1 9 8 1 )  

R E F  REI-' 
S P EC I ES NOS . *  S P EC l ES NOS . * 

R EF 
SPEC I_E_·s����������N_O�S�·-* SPEC I ES 

H E I� 
NOS . *  

A l t e r nanthe r a  
-�1 l l oxeroides l 

!'nacha r i s  s p p . 1 0  

Azo l l a s p p .  1 5  

A .  rubra 3 

Ca l U!.! i d� s p p .  1 3  

c .  s t agna Us 3 

Cera fophy l um demersum 1 5  

Chara spp. 1 , 5 , 9 , 1 0 , 1 1 , 1 2 ,  1 5  

!i_!�:.!�,��!.!!! c r n s�ies 1 , 4  

!�_!-�od1a r f o  H pp .  2 , 1 0  

E .  a c i c u l a r  ls 1 

E l odea canad e ns i s  1 
!· densa 3 , 6 ,  7 , 8 , 1 5  

E r emoc h J ea ophiuro ides 

Fon t i na l is s p p .  

5 

7 

R EF .  
NO . 

1 
2 
3 
4 

5 

6 
7 
8 

AUTI IOR I TY 
Avau l t ( 1 965b) 
Co Ile e t  a l .  (J  9 78h) 
Edwa r d s  ( 1 9 7 4 , 1 9 7 5 )  
Johnson a n d  Lawrence 

( 1 9 7 3 )  
K l l gcn and Smi therman 

( 1 9 71 . 1 9 7 3 )  
K ru pauer ( 1 9 7 1 )  
Opuszynskl ( 1 9 7 2 , 1 9 7 9 )  
l'e n l e l ow and S t o t t ( 1 965) 

Glyc e r i a  aqua t i ca 

G. max ima 

llyd r l l l a  spp.  

!!· v e r t l c i l l a t a  

Laga tos lphon ma J o r  

Lemn1!_ s p p .  

6 

7 

9 
1 2  

J 

7 

1 1  

I. . m i nor - ---
!.1'��!� s p p .  

�r iophy l l ma spp 

M. b r a s l l iense 

!!· prop inquum 

M. s p i c a t um 

Naj a� spp . 

3 , 1 1 . 4 , 1 5 

I S  
1 5  

1 

3 

N .  f l ex i s 

1 , 5 , 1 2  

1 0  

2 , 15 

1 , 1 1 , 1 2 N .  guadalupens.i s 

EXPER I MENTAL 
ENV I R()NMENT 

"1ma l l  poo l s  
smal l l a k e  
sma l l  ponds 

ponds 

pond s 
pond s 
ponds 
pond s 

S I Z E  OR AGE 
OF SPEC IMENS 

30-40 cm 
6 . 3 - 2 2  cm 

o+ - 1+ 

1 60 - 1 90g 

year l i ngs 
2+-4+ 

2 50g 
19 cm, 1 4 0g 

Nas t u r t ium o f f i c i na le 

N i t e l l a  hooker !  

Paspa lum no ta tum 

l'ha l a r u s  a rund inacea 

Phragm f tes conuuunis 

l' i t hophora spp . 

Polygonum s p p .  

P .  amph i b i um 

l'otau1ogeton spp . 

_r. c r l spus 

I' . d i ve r s l fo l ius 

r .  fol f osus · 

P .  i l l i noens i s  

P .  l ucens 

P .  na tans 

P .  pec t inatus 

R E F .  
NO . AUTllOR ITY 

3 

3 

1 0  

6 

6 , 7  

1 , 1 5  

1 0  

6 

9 

J , 1 5  

1 , 5  

1 5  

2 . 1 2  

6 

6 

!• pus i l lus 1 5  

Ranuncu lus c i rc in a t u s  1 1  

R .  f l u i ta n s  6 

Sa g i t t a r i a g r a m f ne a  2 

� · sagl t t l f o l i a  7 

Sc hoenopl ec t u s  
l a c us t r l s  7 

S i rogon lum s p p .  

Spi rode l l a �i za 

1 5  

1 

T r<!J!..� �!!.!!.!.'.!. 6 

�!.!! .!l.!!1��-!!o l l a  6 
T .  l a t  Ho l l a  6 

Va l l i snerla s p p .  9 

V .  ame r i cana 1 , 1 2  

Wo l f f i a  columblana 1 5  

*Ref . No . Key Below 

EXPER I M ENTA i. S I Z E  OR AC:E 
OF S l'EC UIENS ENV I RONMENT 

9 P rabahava t hy and S reen i vasan 
( 1 97 7 )  

1 0  S t evenson ( 1 965) 
ll Sut ton ( 1 9 7 7b )  
1 2  Sut ton and Bl ackburn 

( 1 9 73a , 1 9 7 3 b )  
1 3  S u t ton e t  a l .  ( 1 9 7 7 )  
1 4  V a n  Dyke ( 1 9 7 3 )  
1 5  W i l ley e t  a l .  ( 1 9 7 4 )  

ponds 
pond s 
sma l l  poo l s  
37 0- 1 tanks 
sma l l  poo l s 
ponds 
55-1 aqua r i a  
5 7 - 1  a<111a r i a 
64 - 1  ba r re l s  

3 0  c m  
o .  9 - 1 .  3 kg 

f l n ger l i ng 
J t . 1 .  l - 3 . 5 kg 
4 0-400g 

200- )00 g 
22 5- 589 g 

1 5  cm 
1 5  cm 

·---- -- --------------· --- ·- - - - - -

VJ 
N 



discuss food selection based on information gained during a visit to 

various European countries and the Sovi et Union. Edwards (1973, 1974) 

has observed that larger body siz e and higher water temperature broaden 

the species range of plant selection. Tender, s ucculent plants are 

highly preferred at all ages, but especially in young fish (Krupauer 

1967, 196 8b; Prowse 1971; Sutton and Blackburn 1973a, 1973b). Other 

inves tigations of plant selectivity have been carried out in the Soviet 

Union ( Strogonov 1963, Verigin et al. 1963, Nikolsky and Verigin 196 6, 

Zolotova 1966, Prikhodka and Lupacheva 1967, Gurova 1972), United States 

(Alabama Department of Conservation 1965 ,  196 7; Stevenson 1965; Kilgen 

and Smitherman 1971, 1973; Johnson and Lawrence 1973; Willey et al. 1974; 

Sutton 1977b), India (Mehta and Sharma 1972, Mehta et al. 1976), Poland 

(Penzes and Tolg 1966; Opusz ynski 1972, 1979), and Holland (von Zen 1974, 

1979; von Zon et al. 1977). Dutha and Kilgen ( 1975 ) and Theriot and 

Sanders (1975 ) re port on food selection in fingerling hybrids of male 

gr as s carp crossed with female common car p (Cyprinus carpio). In studies 

of the grass carp and other species, blood char acteristics have correlated 

with degree of carnivory or phytophag� (Molnar 1969, Gyula 1970, Molnar 

and Tamassy 1970). 

7. 2 Feeding grounds , conditions, and behavior 

In the Amur basin of the Soviet Union, grass carp feeding exhibits 

a marked seas onality, dependent on w,.ater temperature and inundation of 

terrestrial vegetation on the floodplain (Nikolsky 196 3, Gaevskaya 

1969). Condition and fat content are influenced by both food availability 

and the extent of flooding in the pr evious year (Gor bach 1971, 1972). 

Feeding activity is directly related to water temp erature and 

usually ceases at 10 to 14°C and below (Stroganov 196 3; Beridz e and 
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Chkhaidze, 1966; Bobrova 1966, 1968; Nikolsky and Verigin 1966; Penzes 

and Tolg 1966; Woynarovich 1968; .-\non. 197 0i; Gurova et al. 197 2; 

Vietmeyer 1976; Colle et al. 197 8b). Sudden temperature drops and 

windy weather als o inhibit feeding ( Stroganov 1963 , Hickling 1966, 

Gurova et al. 197 2). Disturbance by transplantation or fishing may caus e 

grass carp to ceas e feeding for one or more days (Hickling 1962, 

Prowse 1966b). 

Size, age,and many other factors affect feeding behavior. Fry 

only take inanimate food particles when they are sus pended in the water 

column (Stevenson 1965, Appelbaum and Uland 1979). They generally 

feed in the lower and middle water layers ( Inaba et al. 1957). The 

omnivorous f ingerlings do not disturb the bottom while foraging 

(Edwards 1973). Des criptions of the buccal cavity in adults and of the 

process of mastication may be found in Inaba and Nomura ( 1956), Stroganov 

( 1963), Hickling (1966), and Berry and Low (1970). The decrease in 

food selectivity with increasing size and temperature is ref erred to in 

the previous section. Relative consumption rate als o decreas es as gras s 

carp grow from j uvenile to adult s ize ( Chapman and Coffee 1971). 

Reported obs ervations of feeding activity indicate that any time of 

the day or night is s uitable (Hickling 1962, Stroganov 1963, Woynarovich 

1968, Anon. 197 0i). 

7.3 Cons umption rate 

Woynarovich (1968) and Vietmeyer ( 197 6) state that daily consumption 

rates range from 80% to . several times the body weight under optimal 

conditions. The daily ration for grass carp in Soviet fis h culture 

averages 40% ( Anon. 197 0i). · The high feeding rate is primarily due 

to the quick pass age and imcomplete diges tion ( Sect. 7.4) of food in 



the gut (Hickling 1962 , 196 6 ; S troganov 1963 ) . 

Body size and food type inf luence consump t ion . The effects of 

size on feeding rate have been investigated in f ingerlings by Shireman 

et al . ( 1978a) and in j uvenile to adul t  gras s carp by Chapman and 

Cof fee (19 7 1 )  and Mehta et al . ( 1 9 7 6 ) . Shireman and Maceina (1980)  

estimated that 6+ kg grass carp sto cked in a lake ate 26  to 28% of their 

body weight per day . 

Food type affects consumpt ion rate which is used as a primary 

indicator o f  food select ivity (Se c t ion 7 . 1) in grass carp . F ingerling 

feeding rates have been investigated wit h  respect to various vegetable 

and artificial diets ( Shireman et al . 1 978a) , to the proportion o f  

animal or vegetable content (Fischer 1 9 7 3 ) , and t o  various plant 

species (Fischer 1968) . Verigin e t  al . ( 1 9 63 ) , Nikolsky and Verigin 

( 1 9 6 6 ) , Krupauer ( 19 6 7 , 1 9 6 8 ), and Mehta e t  al . ( 1 9 7 6 )  provide data 

on consump tion rates of  differen t  plant species by j uvenile to adult 

specimens . 

Environmental factors , par t icularly temperature , also influence 

consump tion. Chapman and Coffee ( 19 7 1 )  and Edwards ( 19 7 4 )  report 

seasonal variation in f eeding rate . Using rela t ive gut content weight 

as an inde..� ,  Colle et a l .  ( 1978b)  observed reduced consump tion as 

temperature dropp ed , especially below 14°C , with fingerlings s tocked -

in a pond . In a contro lled experimental environment ,  feeding rate was 

highly correlated with temperature which accounted for mos t o f  the 

variation ( Sutton and Blackburn 1 9 7 3a , 19 73b ; Sutton 1 9 7 4 ) . In ano ther 

study , temperatures of 18 and 2 9 ° C  had ins ignifican t  effects on fingerl ing 

consumpt ion rates (Kilambi .and Robison 1 9 7 9 ) . Consump tion can also be 

affected significantly by sal inity (Doroshev 1 9 6 3 , Kilamvi 1980 , Maceina 

and Shireman 1980) and by oxygen content ( S tanley 1 9 7 3 a , Shireman 1 9 7 5 , 

3 5  
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Shireman et al. 1977a, von Zon 1977a citing van Starkenb urg and van der 

Zweende, 1976). The eff ects of stocking density on consumption have 

been reported in Shireman (1975), Shireman et al. (1977a), and Kil ambi 

and Robison (1979). The eff ects of ab rupt temperature drops, wind, and 

disturbance (Hickling 1962, 1966; Stroganov 1963) have been mentioned 

in the previous section. 

7.4 Food conversion 

The grass carp is relatively inefficient in the utilization of food. 

The absence of cellulase, which consequently requires mechanical rupture 

of plant cell memb ranes for digestion, and the quick passage of food 

through the gut (l ess than eight hours at 28 to 30°C) result in 

assimilation of around 50%, according to Hickling (1962, 1966). Gaevskaya 

(1969) points out that the tightly packed bolus may be e.xposed to 

digestion only in its outer layer. Other reported digestion rates of 

plant material range from 50 to 70% (Stroganov 1963; Van Dyke 1973; 

Stanley 1974a, 1974b; Vietmeyer 1976; Van Dyke and Sutton 1977). Working 

with 40 to 120 g fingerlings, Fischer (1972b) reports assimilation 

values of 40% with animal food and 20% with plants. 

Much research has investigated f ooJ conversion under various 

dietary conditions. Literature values of food coef f icients include 

14 to 54 (x • 18) in a Russian pond (Stroganov 1963), 6. 9 for concentrated 

. feed to 57 for cattail (Tvpha latifolia) in a Russian study of 2+ 

year old fish (Arikhod'ko and Lupaecheva 1967), 30 for Soviet fish 

culture (Anon 1970i) and cage culture at 30 to 34 ° C  (Verigin et al. 

1963), 48 for Napier grass (Pennisetum . purpureum) consumed in �laysian 

aquaculture (Hickling 1960), 18 to 22 in Chinese culture (Woynarovich 

1968), 20 to 73 with hydrilla (Hvdrilla verticillata) as food (Sutton 
I J 
I 
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and Blackburn 1973a, 1973b; Sutton 1974), and 16 to 79 in grass carp 

fed duckweed (Lemna sp p.) under different conditions (Van Dyke 1973, 

Sutton 1977b, Van Dyke and Sutton 1977). Venkatesh and Shetty (1978) 

obtained conversion values of 27 for hybrid nap ier grass (Pennisetum 

purpureum x sajje), 94 for hydrilla; and 128 for coontail (Ceratophyllum 

demersum) fed to fingerlings in Indian culture. Shireman et al. (1978a) 

report higher conversion efficiency with duckweed than with pelleted 

diets. Dabrowski (1979) and Dabrowski and Koz ak (1979) examine the 

effects of cassein, fish meal, and soybean diets of different compo-

sitions on the protein efficiency ratio and net protein utiliz ation in 

fry. The energy balance and conversion of protein and other dietary 

constituents have been determined for grass carp fed with duckweed 

(Lemna spp.) (Van Dyke 1973, Van Dyke and Sutton 1977) .and with egeria 

(Egeria densa) (Stanley 1974a, 1974b). 

The relative proportions of animal and vegetable matter in the grass 

carp diet greatly influence food conversion and related parameters. 

Fischer (1970, 1972a, 1972b) has investigated the energy balance and 

assimilation of maj or dietary constituents in fingerlings and j uveniles 

reared on lettuce (Lactuca sativa) or tubificid worms (Tubife.�). He 

later reports that a diet with 75% animal and 25 % plant material is 

optimal_ (Fischer 1-971} . Working� with duckweeds (Wolffia, Spirodella) 

and invertebrates (Moina, Chrv omyia) as food items, I-kuei et al. 

(1966, 1973) have demonstrated that a dietary� animal content of 30% 

or more results in optimal conversion rates in fry and fingerlings. 

Many factors other than diet affect food conversion in grass 

carp. Huisman (1978) rep orts that fry fed pelleted food under intensive 

culture steadily become less efficient converters as they grow to 

300 g and lower temperatures apparently decrease efficiency as well. 

3 7  
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The effec t s  of body size on fingerling convers ion have also been 

inves tigated for duckweed (Lemna spp . ) and various pelleted diets 

( Shireman 1975 ; Shireman e t  al . 1 9 7 7 a ,  1978a) . Tal and Ziv ( 19 7 8a ,  

1 9 7 8b )  do cument a decrease in conversion efficiency from one to two 

years of  age , and Sut ton ( 19 74)  reports a similar reduction from 100 g 

to 1 kg in weight . Seasonal variation in convers ion rate has been 

observed with hydrilla (Hydrilla vert icillata) as food ( Sutton 

and Blackburn 1973a , 1 9 7 3b ; Sut ton 1 9 7 4 ) . The influence of salinity 

(Maceina and Shireman 1980a) and the interdependent ef fects of dens ity 

and oxygen content ( Shireman 1 9 7 5 , Shireman e t  al . 1 9 7ia) on food 

conversion have been s tudied in fingerlings given duckweed . Kilambi 

( 19 80) found conversion efficiency to be negatively correlated with 

salinities from 3 to 9% at  18 . 5 ° C  but it was unaffec ted by these 

salinities at 2 9 . 5 ° C .  Sut ton ( 19 7 7 b )  found that underfed yearl ings had 

the highest convers ion rates in various experiments involving fingerling 

to adul t grass carp and different feeding cond itions . 

8 .  Growth 

8 . 1  Growth oatt ern 

The weight-length relationship in gras s carp u�u ally does no t dif fer 

s ignificantly from the typ ical cubic growth equation {Table S ) . 

Shireman and Maceina ( 1980) determined that females were signif icantly 

heavier than males at the same lengths and had signif icantly higher 

cond ition co efficients .  Larger gr�ss carp also weighed significantly 

more for their s ize than d id smaller specimens . Adams and Titeko ( 1970)  

report the length and weight of grass carp from fry to·  5 6  cm and 

Hickling ( 1 960)  gives the same data from 57 to 6 6  cm . Hoa ( 1 9 7 3 )  

observed that weight-length variab ility of j uvenile gras s carp increased 

when growth was retarded because of poor culture condit ions . 
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Tab le 8. We ight-Leng th Relat ionships Repo rted for Grass Carp 

WE IGHT-LENGTH RELATIONSH IP 
(W in g ,  L in  mm) 

-5 3 . 1 0 8 
W ; . 0566 x 10  L 

S IZE 
RANGE (nuu) 

� 7 0-660 

log1 0
w ; -4 . 916  + 3 . 002 log

10
L 29-252 

log10w 4 . 82 1  + 3 . 005 log10
L 450-700 

log
10

w ;  -5 . 2 3 9  + 3 . 12 7  log
10

L 700-1 , 1 11 

log
1 0

w ;  -5 . 157 + 3 . 101 log
10

L 7 , 650 

COND ITION 
FACTOR (K)  

1 . 09 - 1 . 13 

1 . 3 92 

1. 311 

GROWTH 
1 :  CONDIT I ONS 

Hong Kong 

Culture ponds 

Tempera te lake 

Cul ture tanks 

Tempera te lake 
bo th sexes 

Temperate lake 
both sexes 

Females 

Males 

AUTHORITY 

Chow ( 1 958) 

M i tzner (1 975c)  

Shireman (1975)  

Shireman and Maceina 
(1980) 

Shireman and Mac eina 
(1980) 

Shireman and Maceina 
(1 980) 

Shireman and Maceina 
(1980) 
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Gorbach (1961) provides growth data of native grass carp in the 

Amur basin, Soviet· Union. Length increases 9 to 10 cm annually in 

the first four or five years , 6 to 7 cm in the sixth and seventh 

years, and 2. 5 cm after the eighth year. Growth rate by weight 

increases with age, particularly from the fifth to seventh years, 

and decreases in older fish if adverse conditions develop. No 

difference in growth between the sexes was noted in Gorbach ' s  study, 

but Hickling (1967b) did find females to grow significantly faster 

than males in Malaysian culture. Reported growth rates usually 

range from 10 to 22 g per day for intermediate to· adult size grass 

carp with good feeding conditions (Hickling 1960, 1967b ; Alikunhi 

and Sukumaran 1964 ; Crowder and Snow 1969 ; Sinha 1973 ; Mitzner 1975c; 

Shireman 1975 ; Sinha and Gupta 1975 ; Mehta et al . 1976 ; Miley 

et al. 1976 ; Shireman et al . 1980 ; Shireman and Maceina 19 80).  

Size effects on grass carp growth have been noted most frequently 

in cultured or introduced populations. Huisman (1978) describes 

the pattern of fry growth under controlled hatchery conditions . 

Mehta et al . (1976) report growth rates in g/d of 0 . 6  in the first 

6 to 7 months of . Indian culture, 3 to 5 from 7 to 13 months, and 

17 to 22 from 13 to 15 months of age. Chapman and Coffee (1971) 

·-found a · nig her growth ---ntte -±n -1 0 . 2 kg -specimen-s -than in those · 

weighing 3 . 3  kg . General patterns of growth, usually for the first 

four years of culture, have been reported for China ( Dah-shu 1957, 

Giduma 1958), India (Jhinghr�n and Gopalikrishnan 1974, Prabhavathy 

and Sreenivasan 1977), . and South Africa (Pike 1977) . Linear growth 

has been observed in grass carp growing from 20 cm and 90 g up to 

13 to 14 kg over periods of up to 4 years in temperate lakes (Gasaway 

1978b, Shireman et al. 1980 , Shireman and Xaciena 1980). Extrinsic 



factors which influence growt h are discussed in the following section. 

8. 2 Growt h rate 

Under optimal conditions, the grass carp may gr ow fast er than any 

ot her fish species of comparable size. In tropical countries, specimens 

in fish c ulture have attained 7. 0 to 8. 5 kg in one year wit h  rates of 

increase averaging 1 kg per mont h in the last 6 months (Anon. 1970g, 

Vietmeyer 1976). In the temperate Amur basin of the Soviet Union, the 

greatest growth rate of wild fish amount s to 2.7 kg per year and 

occurs in fish older than 6 years (Gorback 1961). Factors which have 
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been demonstrated to influence grass carp growth inc lude diet, c onsump tion , 

temperature, dissolved oxygen, salinity, and density. 

Many natural and prepared foods have been tested for their effec ts 

on growth in all sizes of grass carp .  Appelbaum and Uland (1979) found 

Alkan yeast with a vitam in and protein sup plement to be superior to 

other diets, such as Artemia sali na nauplii,  for larval rearing. A similar 

yeast diet proved better than ground nut oil cake, rice bran, or aquatic 

weeds (Hydrilla verticillata and Potamogeton perfoliatus) for fry and 

and fingerling culture in an Indian study (Sharma and Kulshrestha 1964). 

Dabrowski (1979) determined the optimal protein content of a cassein diet 

to be 52. 6! 1.93% for the greatest growth and conversion efficienc y  in 

fry . Dabrowski and Kozak (1979) tested soybe�n and fish meal diets with 

fry . Meske and Pfeffer (1978) investigated different diets suc h as trout 

feed, a prepared mixture of whey powder and soyb ean meal, and green alga 

(Scenedesmus obliq uus) meal, and obtained the best fry and fingerling 

growth with a combi nation of 80% algae wit h  20% of · the pr epared mixture. 
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Shireman et al . (1978a) observed faste r growth in finge rling s reared 

on duckweed (Lemna minima) than in those g ive n comme rcial or prepared 

pelle ted diets . Anothe r study indicated that f ingerlings grew better 

on duckweed (Lemna gibba and minor) than on two othe r plant diets 

(Naj as guadaluoensis and Chara sp. )  (Sutton 1977b) . 

Diets with varying proportions of plant and animal components 

also affect fingerling growth . Fisc her (1972a) reported much highe r 

growth rates with animal (Tubifex sp. )  than with plant (Lactuc a  sativa) 

mate rial . I' kuei et al . (1963, 1973) determined a proportion of 30% 

animal food in the diet for optimal f inge rling g r�wth, the value also 

reported for Soviet f ish culture (Anon. 1970i) . 

Most die t research with re gard to juvenile growth has concentrated 

on various plant spe c ies. Sutton and Blackburn (1973a, 1973b) investi

gated the growth of 40 to 616 g grass carp in outdoor pools with a 

variety of aquatic plants and found poor utilization of water hyacinth 

(Eic hhornia crassipes) by small fish . Poor growth on water hyac inth, 

especially with small individuals, has been noted in othe r studie s 

(Blackburn and Sutton 1971; Baker et al . 1973,1974) • .  Blackburn and 

Sutton (1971) obse rve d greate r grass carp growth with hydrilla (Hvdrilla 

ve rtic illata) and southern naiad (Naj as guadaluoensis) diets than with 

commercial feed. Duckweed (Lemna sp . )  also appears to be superior to 

pelle ted feed as a diet for grass carp (Tal and Ziv 1978a, 1978b) . 

Hydrilla promote s faster growth �hin eithe r Napie r grass (Pennistum 

purpure um) or tapioca (Manihot utilissimus) leaves (Tan 1970) . Intere stingly, 

Venk.atesh and Shetty (1978) obse rved signif icantly highe r growth in 

f ingerlings given hybrid napier grass (R._. puroureum x �) than in 

those fed hydrilla or coontail (Ce ratophv llum demensum) . Othe r growth 
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studies have dealt spec if ically with duckweed (Van Dy ke 1 973 , Van Dyke 

and Sutton 1977) and with h. ydrilla (S utton 1974). Grass carp grow 

best in polyculture when given supplemental vegetation (Sen et al. 1978). 

Greatest grass carp growth occurred with high protein pellet and with 

manure plus grain diets in Israeli investigations involving polyculture 

with Tilapia and other carps (Voav et al. 1977). 

The effects of consumption rate (S ect. 7.3) on grass carp growth 

have only been reported in a few instances. Fischer (1973) obtained 

the highest consump tion and best growth in 74 to 235 g specime� with 

a mixed plant and animal diet. Fish averaging 295 g had highest 

consumption rates on plant material but greatest growth on the mixed 

diet. Growth was significantly related to hydrilla consumption but 

the relationship exp lained only 39.2% of the variation in growth, which 

apparently also depended upon conversion rate which fluctuated over 

time (S utton and Blackburn 1973a, 1973b; S utton 1974). With a duckweed 

(Lemna sp. ) diet , growth in 16 to 589 g fish was highly correlated with 

consumption which explained as much as 84% of the variation in growth 

(Van Dyke 1973 , S utton 1977, Van Dyke and Sutton 1977). 

A general review of reported grass carp growth rates reveais that 

growth is fastest in the tropics and in the warmer seasons of temperate 

areas. Colle et al. (1978b) obs erved that 48- to 186-mm- fingerllngs in 

a pond grew slower at low temperatures , particularly below 14°C. Seasonal 

variation in growth rates of fingerling to adult grass carp has been 

documented in New Zealand studies (Chapman and Coffee 1971 , Edwards 

1974). Sutton (1974) determined that the growth rates of 0.1 kg individuals 

increased to a greater extent with a temperature change from 23 to 29° C 

than did those of larger 1 kg specimens. Opuszynski (1967b) ob served 
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that grass carp growth rates increased along with temperature , but 

Kilawbi and Robison ( 19 7 9 )  found similar growth rates in fingerlings 

raised at water tempera tures o f  18 and 29 ° C .  

Dens ity and oxygen content usually act toge ther in their effects 

on grass carp growth rates . Dens ity-dependent growth has been no ted 

for 0 . 1  to 0 . 9  kg fish at stocking rates from 49 to 3800 per hectare 

( Blackburn and Sutton 19 7 1 ;  Kilgen and Smitherman 1971 , 19 7 3 ) . Shel ton 

et al . (1981) observed a strong dependence of growth on dens ity in the 

first year of life and a more variab le relationship during the second 

year . Kilambi and Robison ( 19 7 9 )  inves tigated the effects o f  stocking 

rates on fingerling growth . The role o f  dens ity in polycul ture produc tion 

has been investigated by Murty et al . ( 1 9 7 8 )  for fry and by Moav et al . 

( 19 7 7 )  for fingerling to harves table sizes o f  grass carp . Sharma and 

Kulshres tha ( 1974)  found that dens ity and oxygen content affected the 

growth o f  fry and fingerlings . S tanley (1975 ) has es tabl ished that 

grass carp cease feeding at approxima tely 2 . 5  ppm oxygen . Density did 

no t affect fingerling growth in tanks until oxygen content approached 

4 mg/ l  when large reduc tions in consump tion o ccurred ( �hireman 19 7 5 , 

Shireman et al . 19 7 7a) . 

Depending upon the origin o f  the seawater used in his experiments , 

K�roshev (196 3 )  ob served normal fingerling growth at sal ini ties up to 

7 and 9 Ofo0 , but large scale mortality occurred at 10 to 14 . 5  °bo . 

Maceina and Shireman (1980) found signif icant reduc tions in fingerling 

growth rate at 3 to 6 ° 100 salinity and some mortality at 12 0/00 • 
Kilamb i (1980)  de termined the growth rate  in fresh water to be three time s 

greater than those at salinit ies from 3 to 9 Ofo0 • Growth was no t 

significantly different in this salinity range . 



Grass carp growth rates under numerous culture conditions have been 

reported in the literature . Huisman (19 7 8 )  reports on intens ive rearing 

of fish from larva to yearling in the Netherlands . Growth rates in pond 

cultur e are availab le for the United S tates ( S tevenson 1965 , Alabama 

Department of Conservation 1966 , Crowder and Snow 1969 ) , India (Alikunhi 

and Sukumaran 1964 ; Sinha 1973 ; Chau·dhuri e t  al . 1975 ; Sinha and Gup t a  

1975 ; �ehta e t  al . 19 76 ; Prabhavathy and Sreenivasan 19 7 2 ,  1977 ) , China 

(Dah-Shu 195 7 , Gidumal 1958 ) , Fij i (Adams and Titeko 19 70) , Israel 

(Yashouv 195 8 ) , Malays ia (Hickling 1960) , Poland (Penzes and Tolg  196 6 ) , 

Soviet Union (.Bobrova 1965 , Beridze and Chkhaidz e 1966 , Gurova 1 9 7 2 ) , 
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and South Africa (Cross 1969 , P ike 197 7 ) . Bizyaev and Chesnakova (1966)  

inves tigated the rearing and growth of fingerling and yearling grass 

carp in fallow and sown rice fields . Long t erm growth in United States 

lakes has been reported by Mitzner (19 7 5 c ) , Gasaway (1978b ) , Shireman et 

al . (1980 ) ,  and Shireman and Maceina (1980) , Aliev (1963a )  provides 

gras s carp growth ra tes in a vegetated lake of the Sovi e t  Union . 

9 .  INTERSPECIFIC INTERACTIONS 

9 , i  Paras ites and d isease 

In both its indigenous and non-native habitats , the grass carp 

harbors numerous parasites (.Table 9)- , particuiar-ly- in- the-- dis�-se

prone condit ions of  dense fish culture . Riley (1978 )  reviews the 

literature on grass carp parasites and documents the occurrence of a 

pentas tomid worm in fish introduced into the United States . Other 

more or les s extens ive discuss ions of symp toms and treatments o f  

paras itic diseases in grass carp under fish culture conditions include 



Table 9. Para s ites of  Grass Ca rp ( Mod i f i ed from Shi reman and Smi th 1981 ) 

V I RUSES 
Rhabdovi rus s pp. 
!· carp io 

BACTERIA 
Achromabacter spp. 
Aeromonas spp. 
A. punctata 
A.  salmon i c ida 

var. achromogen�s 
Flexibacter co l umnd ris 
Myxoccus pisc icola 
Pseudomonas spp. 

FUNGI . 
Branch iomyces sangt! inis 
Saproglenia spp. 

PROTOZOA 
Apiosoma 

3 , 9  
9 

28 
28 

9 
5 

19  

9 
12 , 13 , 16 , 24 

cyl ind ri formis 1 7 , 21 , 25 (a , b , e) 
A. magna 25 ( f ) 
!· minimicr� nucledta 2 5 ( f )  
A. p isci cola 1 7 , 21 , 25 ( f) 
Balan t id ium ctenopl laryngododon t l s  

Chilodone lla s pp. 
5 , 7 , 21 , 24 , 2 5 (a , b , e )  

f·  cyp rini  11 , 11 , 18 , 2 1 , 22 , 24 , 2 5  
9 , 3 1 

(d , e ) 
18 Chloromy zum spp. 

f. cyprini 
C. nanum 

- ---

Cos t ia neca tr ix 
Cryptobia s pp. 
C. b ranch ial i s  
�- cyprin i 
E imer i a  carpe l l i  

2 1 , 2 5  (a , e )  
21 , 2 5 (a , e) 

1 1 , 2 5 ( b )  
9 

25 ( a , b , e ) 
1 , 21 

2 5 ( f )  

-con t inued-

PROTOZOA , cont inued 
Eimeria mylopharyngod oni 
E. s inens is 
Ent amoeba 

c tenopharyngodon t i  
Ep i s tyl i s  spp. 
E. lwo f f i  

1 7  
1 7  

2 5 ( a , b )  
2 5 ( f )  
25 (d )  
25 ( b )  
25 ( b )  

2 5 (a , b) 
25 ( b , g) 

9 

Euglenosoma caudata 
Glaucoma pyriformis 
llemiophrys macros toma 
llexami ta spp. 
lcthyophthy r iu s  spp. 
I .  mul t i f  i l iis 

Myxid ium spp. 
!!· c tenopha ryngodon i s  
Myxobo lus d ispar 
!!_. e l l ipsoides 

10 , 1 1 , 13 , 1 7 , 18 , 19 ,  21 , 
25 (b , d , e) , 26 

2 5 (e)  
25 ( a )  

2 1 , 25 ( e )  
2 5 ( a )  

2 5 ( e , f ) Sphaerospora caras s i i  
Spironucleus spp. 
Te trahymena pyri formis 
Thel ohanellu s  oculi-leu c i s c i  
Trichod ina spp. 
T. bulbosa 
T. carasii  
T.  domergu e i  
T .  merid iona l i s  
T .  n i gra 
T. nobi U s  
T. ova l i formis 
T. ped iculus 
T. ret iculata 
Trichod inella epiot ica 

25 ( 3 )  
2 5 ( a )  

3 3  
l l , 22 , 25 ( g )  

25 ( b , d )  
2 5 ( d )  

21 , 25 ( c , d )  
21 , 2 5 (d )  

21 , 2 5 (d , f )  
2 5 ( d ) J0 , 3 3 
21 , 25 ( a , b) 

21 , 25 (a , b , c , f ) 
1 7  , 25 ( f ) 

21 , 25 ( c , e) 



Tab l e  9 .  Paras:f tes o f  G rass Carp (con t i nued ) 

KEY TO REFERENC E NUMBERS : 

1 )  Anon . 1 9 72d 

2 )  Anon . 1 9 76b 

3)  Ahne 1 9 7 5  

4 )  Alikunhi and Sukumaran 1 9 6 4  

5 )  Astakhova and S tepanova 1 9 7 2  

6 )  Bardach e t  a l .  19 7 2  

7 )  Bauer 1 9 6 8  

8 )  B isseru 1 9 7 0  

9 )  Bohl 1 9 7 9  

1 0 )  Cross 1 9 6 9  

1 1 )  Dah-Shu 1 9 5 7  

1 2 )  Doroshev 1963 

13)  Edwards and Hine 1974 

14) Fau s t  and Khaw 1927 

15)  Gidumal 1958 

16)  Huisman 1978 

1 7 )  Ivasik e t  a l . 1969 

18)  Konrad t and Faktorovich 1966 

19)  Laboratory of  Fish D�seases (date unknown) 

20) Laboratory o f  Fish Diseases 1 9 7 7  

2 1 )  Musselius 1969 

2 2 )  Musselius and S trelkov 1968 

23)  Orchynnyk 1963 

24) P rabhavathy and Sreenivasan 1 9 7 7  

2 5 )  R iley 1 9 7 8  c i t ing ; ( a )  Bykovskaya-Pavlovskaya 

et al . 1962 ; (b) Chen 1955 ; ( c )  lvanova 1966 ; 

Kashkovski i  1964; ( e )  Molnar 1 9 7 1 ; ( f )  S tepanova 

1971 ; ( g )  Sullivan and Rogers , pers . conun . 

2 6 )  S tevenson 1965 

27) S u t ton e t  a l . 1 9 7 7  

2 8 )  Szakolczai  and Molnar 1 9 6 6  

29)  Tomasec 1 9 6 8  

3 0 )  Wu 1 9 7 1  

31)  Vanyatinskii 1 9 7 8  

3 2 )  Yukhimenko 1 9 7 0  

3 3 )  Yukhimenko 1 9 7 2  
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Dah-Shu (1957 ) ,  S tevenson ( 1 9 65 ) , Konradt and Faktorovich ( 19 66 ) , 

Bauer (1968 ) , Musselius and S trelkov (1968 ) , Ivasik e t  al . ( 1 9 6 9 ) , 

Bardach et al . ( 1 9 72 ) , Edwards and Hine ( 1 9 74 ) , Prabhavathy and Sreenivasan 

(1 9 7 7 ) , Sutton et al . (197 7 ) , and Bohl (197 9 ) . 

The e ggs , larvae , and fry are suscep tib le to external fungal and 

bacterial infect ions ( Chen e t  al . 1969 ; Bailey and Boyd 1971 ; Anon . 

1 9 7 2e , 19 72b ) . Adverse incubation conditions may cause drop sy which 

results from hydration of the body cavities (Anon . 1 9 7 0 i ) . Ano ther 

developmental deformity is curvature o f  the spine which apparently resul ts 

from imbalanced diets in some cases ( Shireman 1 9 7 5 , Meske and P feffer 

1978 ) . Molnar ( 1 9 7 1 )  discusses the protozoan parasites of  fry . Astakhova 

and S tepanova . ( 1 9 7 2 )  and Yukhimenko ( 1 9 7 2 )  have inves ti gated paras itic 

infec tion in f ingerlings and yearlings . }1olnar (Anon . 1971c)  described 

symp toms and effects of  dac tylogyrosis . Ahne (19 7 5 )  and Bohl (197 9 )  

p rovide accoun t s  of  Rhabdovirus s p . , the e t io l o gic a gent of  "s p r ing 

viremia" or acute dropsy . Bact erial gill rot has been s tudied by the 

Laboratory of Fish Disease (no dat e )  in China and bac terial enteri tis by 

Anon . (1971c ) , Wu ( 19 7 1 ) , and the Laboratory of Fish D i,sease · (197 7 ) . The 

incidence and treatment of  columnaris disease has been detailed in Kim 

( 1 9 7 0 ) , Shireman (197 5 ) , Shireman et al . (19 7 6 ) , and Huisman ( 1 9 7 8 ) . 

Perhap s the mo s t  dangerous nat ive grass carp parasite, which has been trans

planted along with the fish , is Bothriocephalus ache ilo gna thi ( = gowkongens is ) 

(Ovchynnyk 196 3 , Bauer 1968 , Tomasec 1968 , Yukhimenko ' 1 9 7 0 ) . Bohl ( 1 9 7 9 )  

gives a full account o f  this nonspecific ces tode which ha s caused los ses 

in European carp culture . I t  has been introduced into the United States 

along with grass carp (Ano n .  1 9 7 6b ) . The trematode , Clonorchis (•Onis thoreis ) 

s inens is , which also parasitizes man and other mannnals , uses the gras s  
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carp as an intermediate hos t  (Faust and Khaw 192-7 , Bisseru 19 70) . 

Trus t et al . (1979 ) describ e  the nonpathogenic gastrointestinal bacteria 

found in cultured grass carp . 

9 . 2  Predators 

Many aquatic predators utilize the grass carp . Invert ebrates such 

as copepods (especially Cyc lops ) ,  belastomid and no tonectid diving bugs , 

predaceous diving bee tles and their larvae , and dragonfly nymphs at tack 
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the early life stages (Lin 1949 , Dah-Shu 1957 , Gidumal 1958 , Anon .  19701 , 

Bailey and Boyd 19 7 1 , Wurtz-Arlet 197 1 ,  Bailey 197 2 ,  Boyd and Bailey 197 2 ,  

Chen 1 9 7 6 ) . Voracious predat ion of  grass carp eggs by fish has been 

observed in an experimental release (Leslie et al . unpubl . ms . ) .  

Piscivorous fish in the gras s carp ' s  native China include Parasilurus 

asotus , Siniperca chuatsi , and Luciobrama � (Dah-Shu 195 7 , Gidumal 

1958 ) . Channa (=Ophicephalus ) , Gob ius , Elouichthys bambusa ,  Clarias , and 

Anabas cause losses in Taiwanese and Malays ian fish culture (Birtwis tle 

193la , Lin 1949) . In the Soviet Union, snakehead (Channa), pike perch 

(Luc ioperca luc ioperca) , and pike (Esox luc ius) prey on grass carp in pond 

culture and may limit introduced populations (Efimova and Nikanorov 1977 , 

Stanley 19 7 7 , Sutton et al . 197 7 , Stanley e t  al . 1978 ) . In the United 

States , considerable research has been direc ted toward the theoretical 

size limits of largemouth bas s (Micropterus sal��ides ) predation on grass 

carp ( Shireman et al . 1978c ) , aquarium studies of bass predatory behavior 

toward grass carp (Hatton 197 7 ) , and lake and pond stocking trials to 

determine the extent of bass consumption o f  grass carp (Gasaway 19 7 7 e , 

Shireman et al.  1978c ) . Shireman et al . ( 19 7 8 c )  concluded tha t grass 

carp should be at leas t 4 50 mm TL at stocking . 
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Other vertebrate predators of  gras s carp include wa ter snake s ,  

piscivorous birds , and o tters ( Birtwis tle 19 3la , Gidumal 1958 , S tanley 

19 7 7 , Sutton et al . 19 7 7 ,  Stanley et al . 1978 , Thomas et al . 19 79) . Frogs 

(Rana ) have caused losses in fry rearing ponds ( Sutton et al . 197 7 ) . 

9 . 3  Competition and o ther indirect interac tions 

Grass carp competition with other species is always related to food . 

Grass carp fry reportedly compete with o ther fish spec ies for zoop lankton 

in polyculture rearing (Opuszynski 1968 , 1 9 7 9 ; Grygierek 1973) . Sobo lev 

(19 70) determined that this c ompetit ion is ins ignif icant at reas onabl e  

stocking rates . If vegetative material is or becomes scarce , adult gras s 

carp may prey on animals and compete with o ther benthophages such as 

common carp (Cyprinus carpio ) and gamefish (Bobrova 1966 , Gaevskaya 1969 , 

Vinogradov and Zolotova 1974 , Lewis 1978 ) . Other s tudies have reported 

that grass carp provide little competition with carnivorous fish and may 

actually starve in devegetated ponds with animal food present (Kilgen and 

Smitherman 19 71 , 19 7 3 ;  Terre ll 1975a ; Terrell and Fox 1974 , 1975 ; Terrell 

and Terrell 1 9 75 ) . Much apparently depends on the prior feeding history 

of  the individual fish ( Zolotova 1961) . 

Grass carp apparently competed with crayfish (Procambarus clarkii) 

for ·vegetative food in small culture ponds and consequently reduced 

crayfish produc t ion ( Forester and Avaul t 1978) . Grass carp may possibly 

reduce the food base o f  herb ivorous waterfowl , especially overwintering 

populations (Gasaway 1977b , 1978a ;  Gassaway et al . 1 9 7 7  unpub l .  ms ; 

Gasaway and Drda 19 7 7 ; Land 1980 ) . 



Because of food selectivity, the grass carp sometillles increases 

in unpalatable plants at the expense of preferred species (Vinogradov and 

Zolotova 1974, Sutton 1975b, Fowler and Robson 1978, Koblinski et al. 

1980, �tlley et al. 1980, Nall and Schardt 1980a) . The quick elimination 
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af macrophytes and abrupt influx of nutrients in grass carp faeces can 

result in plankton blooms, especial ly of blue-green algae (Alikunhi and 

Sukumaran 1964 ; Opuszynski 1972, 1979 ; �ikolsky and Aliev 1974 ; Vinogradov 

and Zolotova 1974; Crisman and Kooijman 1980) . Many studies have noted 

changes in the species composition as well as abundance of plankton 

populations in various pond and lake situations where grass carp have been 

introduced (Grygierek 1973, Mestrov et al. 1973; Gasaway 1977b, 1977c, 

unpubl. ms . ; Lemhi and Ritenouer 1977 ; von Za n et al. 1977 ; Gasaway Drda 

1978 ; Lemh i et al. 1978) . Fry and Osborne (1980) observed no changes in 

the zooplankton of ponds which they felt could be directly attributed 

to grass carp introduction. Grass carp had lb effect on algae in Polish 

ponds while stocking of silver (Hypop thalmichthvs molitrix) or bighead 

(!!. nobilis) increased algal populations (Janusz ko 1974) . Bogdanovich 

(1970, 1974) found that grass carp increased the abundance and biomass 

of bacteria in the sediments of Soviet ponds. 

The presence of grass carp may affect macroinve rtebrate populations 

both positively and negatively. Increases in macroinvertebrate standing 

crops are generally credited to increased nutrient input via grass carp 

faeces (Aliey 1976, Haller and Sutton 1977, Lemhi and Ritenouer 1977, 

Lemh i et al. 1978, Kobylinski et al. 1980, Miley et al. 1980) . When 

stocked at high densities, grass carp may eliminate vegetative refugia 

and decrease invertebrate diversity and numbers by exposing them to 
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predation (Vino gradov and Zolotova 1974 ; Beach e t  al . 1976 , 197 7 ; Ga saway 

1 9 7 7a , 1977b ; Newton et al . 1 9 7 6 ) . In other studies , no signif icant 

changes in macroinvertebrates have occurred with the introduction o f  

grass carp ( Rottmann 1976 , Ro ttmann and Anderson 1976 , Crisman and 

Kooij man 1980) . In Russia , ec toparas itic dipterans such as mo squ itoes 

have been controlled by stocking grass carp to eliminate vegetation used 

fo r larval development (Aliyev and Bessmertnaya 1965,  Aliev 1 9 7 6 ) . 

Grass carp have been no ted to decrease shrimp product ion in polyculture 

trials (Kuronuma and Nakamura 195 7 ) . 

S tocking grass carp can have complex effects on o ther fish 

populations , a fact reflected in the conflicting lit erature . Reduc tion 

of ve getative refugia may lead to increased v ulnerab ility of small fish 

to piscivores (Aliyev and Bes smertnaya 1965 , Vinogradov and Zolo tova 

1974 , Beach et al . 1976 , Baur et al . 1 9 7 9 ) . Macrophyte removal can also 

reduce spawning sites for phytophilous f ish ( Opus zynski 1 9 6 8 , 19 7 9 ;  

Kr�pauer 1971) . Af ter int roduction o f  gra ss carp , drops in reproduction 

have b een reported for p ike and perch (Lucioperca fluviatilis ) in small 

Rus s ian lakes ( Sutton et al . 19 7 7 )  and for largemouth bass and bluegill 

(Lepomis macrochirus ) in small Amer ican ponds (Fores ter 1 9 75 , Fore ster 

and Lawrence 1 9 7 8 ) . In the latter study , foraging gras s carp may have 

interfered wi th reproduction by wandering onto spawning beds . �ewton et 

al . (1976)  introduced grass carp into a reservo ir where they elimina ted 

the vegetation , apparently disrup ted the macro invertebrate food base , and 

cut centrarchid b iomass in half . With grass carp in polycul ture ponds , 

however ,  production o f  companion species increased . Polyculture with 

grass carp has enhanced cypr inid and centrarchid produc tion in o ther stud ies 

(Stanley 1 9 7 3a , Buck et al . 1975 , Chaudhuri et al . 1975 , Haller and 



Sut ton 1 9 7 7 , van Zen e t  al . 19 7 7 )  ( Se c t ion 12 . 1) . 

Perhap s the mo s t  intens ive s tudies and controversial s tudy o f  grass 

carp e f fect s  on o ther fish invo lves several lakes and ponds in Florida , 

United S tates . Negative effects were document ed for the abundance and 

condition o f  many species , especially game f ish , a t  mos t  sites af ter 

grass carp were s tocked (Gasaway 1 9 7 7a , 19 7 7b unpubl .  ms . ;  Ware and 

Gasaway 197 6 ) . However ,  according to Beach e t  al. ( 19 7 6 ,  1 9 7 7 )  and 

Xiley e t  al . ( 1 9 7 9 c )  the se resul t s  might have b een af fected fish 

popula tions to a significant ext ent (Beach e t  al . 19 7 6 , 197 7 ; Miley 

e t  al . 19 7 9e ) . Grass carp introduc t ions have adversely aff ec ted p ike , 

perch , Crucian carp ( Caras s ius carassius ) ,  and roach (Rutilus rutilus ) 

in the Soviet Union (Vino gradov and Zolo tova 1 9 7 4 ) . In temperate United 

S tates lakes , Bailey ( 1 9 7 8 )  found tha t  grass carp controlled or eliminat ed 

vegetation but had ins i gnificant ef fects on o ther fish populations . 

10 . POPULATION ( STOCK) 

10 . 1  S tructure 

Gorbach ( 19 6 1 )  provides the mo s t  extensive data pertaining to sex, 

age, and size compos it ion o f  a native gras s  carp populat ion . Drawing on 

publications by Nikolsky ( 1 95 6 )  and Konstant inova (1958 ) , and on his 

own research , he shows that the average age and size of gras s carp in the 

Amur Rive r , Soviet Union , have decreased drastically from the 1 9 3 0 ' s  to 

1959 , apparently due to overfishing of spawning individuals . 
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The s ex ratios o f  catches from self-reproducing gras s carp populations 

have been repo rted as femal e  dominat ed in the Amur River (Borbach 1 9 6 1 )  

and in Japan ( Inaba et al . 1957 ) , while Chang ( 1 9 6 6 )  writes tha t males 
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comprise 75 t o  80% o f  Chinese catches . Spawning observa tions indicate 

that one to three males accompany each female (Lin 1935a , Dah- Shu 19 57 , 

Inaba et al . 195 7 ) . Shel ton and Jensen ( 1 9 7 9 )  document a 1 : 1 ratio in 

young cultured grass carp . 

10 . 2  Natalitv and recrui tment 

No informa tion is available on na tality rates or recruitment in 

wild populations . Hatching rates of artific ially fertilized eggs range 

from 0 . 05 to 1 0% (Alikunhi et al . 19 6 2 ,  1963b , 1973 ; Alabama Department 

of Conservation 1966 ; Bailey and Boyd 19 7 0 ,  1 9 7 1 ,  1973 ; Boyd and Bailey 

1972 )  with an average of 40% in Soviet fish culture (Anon . 1970i) , and 

indicate that high egg mortality occurs under natural conditions . Eggs 

are prone to infect ion by bacteria and fungi ( Bailey and Boyd 19 7 1 ; 

Anon . 1972e , 1972b ; Shres tha 19 7 3 ;  Bohl 19 7 9 )  and t o  at tack by copep.ods 

(Anon. 1970i) . Extens ive predation by fish on experimentally released 

eggs (Leslie et al . unpubl .  ms . )  and the narrow hydrolo gic conditions 

required for proper development (Sections 5 . 4  and 6 . 2 ) also suggest  that 

natality rates are low in the wild . Differential mortal�ty of_  the life 

stages which inf luenc es recruitment is discussed in the following sec tion . 

10 . 3  �ortality ,  morbidity ,  and condition 

The available information on grass carp mo rtali ty rates deals with 

. cul tured or introduced populations in closed systems . Vladirnirov ( 1 9 7 5 )  

identifies two periods o f  low laI'Val survival , the first  two days af ter 

hatching and the fourth to sixth days when exo genous feeding begins . Soviet 

culturis t s  ob tain 50% or better survival during this period (Anon . 1970i) . 
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Rates and sources of mortality for fingerling (mon thly attrition o f  3 . 2%)  

to  2 + year-old (monthly a ttrition o f  1 . 9% )  fish  in  small ponds free  o f  fish 

predators are reported in Thomas and Carter (19 7 7 )  and Thomas et  al . (197 9 ) . 

Surviva� ranges f rom 30 to 40% through the larval period , 50 to 70% during the 

finger ling s tage , and 80 to 90% in over-wintering yearlings in Russ ian f ish 

culture (Anon . 1970i) . Mor tality rates o f  40 to 5 0% in first-year fish and 

20 to 30% in second- and third-year f ish are report ed for Chinese cul ture 

(Dah-Shu 195 7 ) . Introduction of  fingerlings into a pond with an es tablished 

largemouth bass (Microo terus salmo ids )  population resulted in almost  to tal 

mortality ( Shireman et al . 1978c , 1980) . Colle et al . (1978b )  observed 

92 . 9% mortality o f  fingerlings in a pond po isoned to remove predators and 

suggested p iscivorous birds as the probable cause . Survival o f  0 . 13 to 1 . 9  

kg grass carp varied from 1 to 96%  mortality o f  f ingerlings in a pond 

poisoned to remove predators and sugges ted piscivorous birds as the probable 

cause . Survival o f  0 . 13 to 1 . 9  kg grass carp var ied from 1 to 96% in 

four ponds over two years and apparently depended on the extents o f  predation 

by bass and of macrophytes for food (Beach et al . 19 76 , Gasaway 1978b ) . 

Colle et al . (1978a)  estimated a 94 . 6% reduction in grass  carp 2 . 5  years a f ter 

stocking in a lake . Bird and fish predators reportedly limit na turalized 

gras s carp populations in the Sovie t  Union ( S tanley 19 7 7 , Sutton et al . 197 7 , 

S tanley et  al . 1978) . 

Causes o f  morbid ity in grass carp inc lude disease ( Sec tion 9 . 1 ) , 

s tarva tion , and hydrologic conditions ( Sect io� 4 ) . Decr eased macrophyte 

abundance in four ponds may have inc reased grass carp mortality (Beach et 

al . 19 7 6 , Gasaway 1978b ) . Behavio ral ef fects induced by morbidity are 

describ ed by Opus zynski ( 1 9 6 7a)  fo r extreme water temperatures and by 

�egonavs kaya and Rudenko (1974)  for low o xygen content . Maceina and 
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Shireman ( 1 9 7 9 )  and �ceina et al . (1980)  inve s tigated the phys iolo gical 

e ffec ts of increas ing salinity . Gras s carp sens itivi ty to rotenone 

and other fish toxicants is reported in Marking ( 1 9 7 2 ) , Henderson ( 1 9 74 ) , 

Willey et al . ( 1 9 7 4 ) , Cumming et al . (19 7 5 ) , Miley et al . ( 1 9 7 6 ) , �rtin and 

�far t in (19 7 9 ) , and Hardin ( 19 8 0 ) . Colle e t  al . ( 1 9 7 8 a )  provide the mo s t  

extens ive data o n  rotenone dosage . 

Gorbach ( 1 9 7 1 )  describes annual var ia tion in cond ition and fat cont ent 

in the native grass carp population o f  the Amur River , Soviet Union . Mit zner 

(19 75 c , 1 9 7 8 )  and Shireman and Maceina ( 1 9 8 0 )  report condition coef ficients 

for grass carp introduced into American lakes . Hoa ( 1 9 7 3 )  found that 

increases in weight-length variability , increased pos itive skewness o f  

distributions b y  weight-length classes , and decreased rela t ive intestinal 

length indica ted poor growth conditions for pond-raised under-yearlings .  

10 . 4  Popula tion dvnamic s  

N o  information is available o n  annual cycles in the demographic 

parameters of self-repro duc ing grass carp populations . Fishery statis tics 

provide the only information on changes in gras s carp abu�danc� over long 

periods of time in the Soviet Union and Ja p an .  Gorbach ( 1 9 6 1 )  documented 

large scale populat ion reduct ions and decreases in averag e  age , length , and 

weignt of grass carp in the ir native Amur basin from the 1 9 3 0 ' s  to 1 9 5 9  

due t o  fishing pressure . Variable growth rates in fish from different 

localities indica ted the presence of several local s tocks . Innna ture fish 

comprised much higher proportions . o f catches during the 1960 ' s  (Gorbach 1 9 7 2 ) . 

The annual take dropped by a factor of 15 from 1965 to 1 9 7 0  due to overfishing 

and to large reductions in the annual population fecundity . Krykhtin 

( 1 9 75 ) observed that the youngest grass carp caugh t to a cons iderable 

extent in the Amur fishery were 5 to 6 years old . In the Amur region , 



grass carp have always been uncommon relative to mos t  other species (Nikolsky 

and Aliev 1974 , Miley 198 0 ) . 
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Small reproducing stocks of non-native grass carp occur in several 

Soviet river systems (Section 3 . 2 ) , but estab lishment and dynamics are 

difficul t to determine because of  continuing introductions ( S tanley 19 7 7 , 

Stanley et al . 19 7 7 , Sutton et al . 19 78 , Miley e t  al . 19 79b ) . Reporting on 

the freshwater fisheries of  Turkmenis tan in general and the Khauz Khan 

Res ervoir in particular , Al iev ( 19 7 6 )  documented grass carp increases until 

197 1  when they represented . 10 . 2% o f  the Reservo ir catch , and decreases 

thereafter to 0 . 2  to 1 . 8% of  the 1974 f isheries . The population reduct ions 

in the Khauz Khan Reservo ir and its associated Kara Kum Canal are also 

d iscus sed in Nikolsky and Aliev (1974 ) , S tanley ( 19 7 7 ) , Stanley et al . 

(1978 ) , and Miley ( 1980 ) .  Gras s  carp reportedly migrated from the Kara 

Kum Canal through brackish waters of the Aral Sea and es tablished populat ions 

in freshwater lakes , dominat ing the fishery of at leas t one lake ( Bykov 

1970 , c ited in Stanley 19 7 7  and Stanley et al . 197 8 ) . Annua l grass carp 

catches from res ervoirs associated with the Tone River in Japan declined from 

a high of 47 metric tons (MT ) in 1959 to O to 9 MT from 1960 to 1975 

(Tsuchiya 19 7 9 ) . 

10 . 5  Relationships o f  population 'to ecosvs tem 

A varie ty of  environmental factors apparently affec t  grass carp 

populations . Overf ishing causes large decreases in the Amur River population 

by reduc ing the average age , size , and fecundity (Gorbach 1 9 6 1 ,  19 7 2 ; 

K' o-lei-he i-chin 19 66 ) . Successful self-reproduction of  introduced grass  carp 

has no t resulted in lar ge populations in mos t  Soviet r iver systems where 

predat ion by b irds and other f is h  s eems to limit their abundance ( S tanley 

19 7 7 , Sutton et al . 19 7 7 , S tanley et al . 1978 , Miley et al 1979b , Miley 198 0 ) . 
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Preda tion ha s hindered many o ther stocking attempts ( Sections 4 and 9 . 2 ) . 

The interp lay of sto cking rates , f ishing effort , es tab lishment o f  self

reproduc tion , and extent of the macrophyte food base regulates abundance 

of grass carp introduced into Turkmenis tan (Aliev 197 6 ) . Because of  their 

high consump tion ra tes , grass carp may disrup t their own food supply 

(Vinogradov and Zolo tova 1974) . Reductions of grass carp numbers in the 

Khauz Khan Reservo ir s ince 1970 occurred along with decreas es in macrophyte 

beds (Nikolsky and Aliev 1974) . Stanley (1977)  and Stanley et al . (1978)  

report that the popula tion decline in the Kara Kum Canal sinc e 1970  may 

have resulted from exhaus tion o f  the food base (citing Ko gan 1974)  or from 

paras ite disease ( S . S . Aliev pers . comm. ) .  Reduced spawning success because 

of dam and weir cons truc tion and decreased aquatic plants used as adult food 

and j uvenile cover have apparently caused a decline in grass carp abundance 

in the Tone River , Japan (Tsuchiya 1979 , Bailey and Haller unpubl .  ms . ) .  

Sections 3 . 4  and 5 . 4  review accounts of areas where introduced populations 

have spawned success fully . 

Grass carp populations can have ef fects on o ther species ( Section 9 )  

and on water quality o f  an ecosys tem. Beach et al . (19 7 6 , 
·
1977 ) and Gasaway 

(197 7b, 1977c , unpubl ; ms . )  document increases in nitrate-nitrite and 

chlorophyll levels of four Florida ; United States , ponds after stocking of  

grass carp . In a temperate flow-through Iowa lake , water quality showed 

no significant short-term effects af ter grass carp introduction (Mitzner 

1975b ) but improved in the long run as evidenc ed by reductions in nitrate

nitrite , biolo gical oxygen demand , and turbidity (Mi tzner 1978) . Grass 

carp may eradicate ve getation and cause decreased dissolved oxygen and 

increased COz as observed in Indiana ponds (Lemb i and Ritenour 197 7 ,  Lemb i 

et al . 1978)  and in a Yugo slavian lake (Mestrov et al . 1973) . In Missouri , 
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carp ponds exhib ited higher oxygen contents than did control 

(Rottmann 19 76 , Ro ttmann and Anderson 19 76) . The presence o f  

carp in the Kara Kum Canal and Khauz Khan Reservoir o f  the Soviet 

Union improved the oxygen level regime after they eliminated mo st 

vegetation whtc� died off seasonally in the pond and decomposed , resulting 

in low oxygen levels (Aliev 19 76 , Stanley 197 7 , S tanley et al . 1978 ) . 

While nutrient influx via gras s carp faeces has been credited with causing 

phytoplankton blooms and die-offs  which consequently lower oxygen levels , 
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the simultaneous stocking o f  planktophagic fish with gras s carp has apparently 

prevented this s ituation in the Soviet Union . Terell (1974 , 1975b ) also 

demons trated that orthophosphate , magnesium, and iron depo sited in ponds 

via gras s carp excreta became bound in the bottom sediments and were not 

available to the plankton community . Other water quality changes resulting 

from grass carp introduction include increased turb idity and po tas s ium 

levels in Indiana ponds (Lemh i and Ritenour 1977 , Lemhi et al . 1978)  and 

decreased pH and incteased Kj edahl nitro gen in a Florida lake (Kobykinski 

et al . 1980) . In o ther studies , such as that by Fry and Osborne ( 1980) , 

no water quality changes occurred with grass carp stocking . Hichewicz 

et al . (19 72a) demonstrated that gras s carp effects on the water quality 

correlated with the s ize  o f  their enclo sure .  

11 . FISHERIES 

11 . 1  Fishing equipment and technioues 

The literature describes many devices and methods for cap turing larval 

to adul t crass carp . Long , conical nets o f  closely woven bamboo or linen 

are mo st  frequently used for collection of fry and eggs in Chinese rivers 

(Birtwis tle 19 3lb , Dah-Shu 195 7 , Bardach et al . 1972) . Dipne ts , 

pushnets , and seines are also used ( Brown 19 7 7 ) . 
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Though they are commerc ially important in many areas , adult grass 

carp rarely comprise a large proportion of the catch . Commercial gear 

includes gill nets , trammel nets , seines , hoop s nets ; tro tlines , hook 

and line , fish traps , and rotenone are used in other applications 

(Vietmeyer 1976 , Pflieger 1978 ) . The Chinese f ish with o tters and 

cormorants as well as with nets ( Chang 1966) . Lin ( 1935a) describes 

the typ ical fishing vessel as a small sampan in China , but commercial 

operations use large motor craft today . Successful f ishing o f  gras s 

carp with hook and line apparently depends on bait selec tion and amount 

of aquatic ve getation present (Bailey 1972a ; Terrell 197 5 a ;  Terral and 

Fox 1974 , 1975 ; Terrell and Terrell 1975 ; Buckley and Stott 1977 ; Sutton 

et al . 1977 ; Wilson and Co ttrell 1979) . 

11 . 2  Fishing areas 

The Chinese trap fry and sometimes eggs in the lower Yangtze River 

from Hupei  to Kian-Su Provinces and in the Pearl River complex up stream 

on the Wes t  River as far as Poseh (Lin 19 35a , Dah-Shu 195 7 ) . Adul ts are 

harvested in the same areas as well as farther upstream. Chang (1966)  re-

Views maj or phytophagous fishery areas in China . Mo st of the Soviet catch 

from the Amur River is taken in the lower part of the middle reaches 

(Gorbach 1961 , 19 6 6 ) . Fisheries for grass carp are deve loping in a few 

areas where introduct ions have occurred . The Soviets take gras s carp 

in the Syrdar ' ya and Amudar ' ya bas ins and in Turkmenistan , particularly 

the Khauz Khan Reservo ir and Kara Kum Canal (Maksunov 197 3 ,  �ikolsky 

and Aliev 1974 , Aliev 1976 , Verigin et al . 19 78) . Signi f icant catches 

are also reported from lakes bordering the Aral Sea ( S tanley et al . 19 78 , 
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citing Bykov 197 9 ) . In Japan , most grass carp are harves ted from Lakes 

Kasumi and Kita near the mouth of the Tone River and eggs are collected 

from the Edo River (Tsuchiya 1 9 7 9 ) . Man and Hodgkiss (1977)  report stock

ing and yield of grass carp in a Hong Kong reservoir . A potential fishery 

may develop in the Rio Balsas system of Mexico where thous�nds o f  fry from 

natural spawning have been documented (Anon . 19 76c , Ro sas 1976) . 

1 1 . 3  Fishing seasons 

Adult grass carp are harves ted primarily during the spawning season 

from May to September in the Amur basin (K' o-lei-hei-chin 1966 , Gorbach 

1971) . In China , all life sta ges are taken during the warm months from 

early May to July on the Yangtze River and from early April to la te 

Sep tember in the Pearl River basin (Lin 19 35a , Dah-Shu 195 7 ) . Chang 

(1966)  mentions that f ishery activity d uring the breeding season was 

restricted for conservation purposes during various Chinese dynas ties . 

1 1 . 4  Yields and commercial importance 

Though commercially exp loited in a number of areas , the grass carp 

is almost invar iably uncommon compared to other species such as common 

carp ( Cyprinus carpio ) or silver carp (HypoPhthalmichthys mo litrix) , 

probably because few ecosystems can produce the macrophyte food base 

neces sary for the support of a large populati?n ·  Annual yields in the 

Amur bas in avera ge:i 30 metric tons (MT) in prewar years (Nikol sky and 

Aliev 1974 ) , attained 110 MT in the primary f ishery section of  the river 

from 1957 to 1966 (Gorbach 1966 ) , and dropped quickly during the late 

1960 ' s due to over fishing (Gorbach 19 7 2 ) . In the Khauz Khan Reservoir , 
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the annual catch reached a high of  36 . 4  � (21 . 2% o f  fisheries production) 

in 1970 (Niko lsky and Aliev 1974 ) . Grass carp have never rep resented 

more than 2% o f  the annual catch in the freshwater Turkmenis tan fishery 

(Aliev 19 7 6 ) , but they have dominated the catch in at least one lake on 

the Aral Sea ( Stanley et al . 1978 , c it ing Bykov 1970) . In the Tone 

River basin of Japan , grass carp have approached 80% o f  the phytophagous 

fish  catch in the past , but currently comprise less than 10% with annual 

production ranging from 0 to 9 MT from 1960 to 1975 (Tsuchiya 197 9 ) . 

Lin (19� 9 )  estimated annual harvests o f  11 billion fry , including grass 

carp and other cultured cyprinids , from Chinese rivers , but today ' s  

induc ed spawning techniques have decreased demand for wild fry and 

depressed this fishery ' s  activity . 

11 . 5  Fisheries management and conservation 

In the Amur bas in ,  regulations such as size and season limits , catch 

quo tas , and suspens ion of f ishing have been proposed to allow rehab ilitation 

of depressed grass carp stocks (Borbach 19 6 1 ,  19 72 ; Makeeva 1963 ; 

K ' o-lie-hie-chin 196 6 ; Ma-k ' ai-yeh-wa et al . 1966) . Ma-k: ai-yeh-wa et 

al . (1966) also pointed out that planned reservoir cons truc tion was needed 

to avo id negative impacts on spawning . In the Soviet Union , fishing for 

phytophagous species is usually prohib ited until several years after 

stocking (Aliev 197 6 ) . Chang (1966) reviews current and past regulation 

of the Chinese fishery and the need for better planning o f  hydrolo gical 

proj ects . Prior to development of induced spawning techniques , demand for 

wild-caught fry nearly caused overexp loitat ion of Chinese stocks ( Job 19 5 2 ) . 



12 AOUACULTURE 

12 . 1  Ro le and culture o f  grass carp in fish farming 

Polyculture o f  Chinese cyprinids ,  including the grass carp , is 

documented as beginning in the T ' ang Dynas ty (618-917 AD) (Dah-Shu 195 7 , 

Lin 1965 , Chang 1966 , Roberts et al . 197 3 ,  Brown 1977 ) . Chang ( 19 6 6 )  
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re fers frequently to the grass carp in his his torical review of Chinese  

aquaculture . In most farm operat ions , grass carp are stocked in small 

quantities to provide weed contro l .  They are used as the dominant species , 

which require supp lementary feeding with terrestrial grasses or s ilkworm 

cocoon in southern China , Southeast Asia , and Malay sia (Lin 1954 , Ji 1976 , 

Anon .  1977a,  Ling 197 7 ,  Tapiador et al . 1977) . 

Procedures for induced spawning are discussed in Section 14 . 1 , but 

one of the bes t  descrip tions of  artificial reproduction and rearing o f  

grass carp i s  that published b y  the All-Union Scientific Research Ins t itute 

of Pond Fishery in the Soviet Union (Anon . 19 70i ) . Diets and contro lled 

enviro nments for intensive rearing of larval to fingerling s tages ( Sections 

7 and 8) are inves tigated in I-kuei et al . ( 1966 , 1 9 7 3 ) , Fischer ( 1970 , 

1972a , 1972b , 19 7 3 ) , Sabodash ( 1974) , Sharma and Kulshrestha (1974 ) , Shireman 

(197 5 ) , Tamas and Horvath (1978 ) , Shireman et al . (1977a , 19 78a) , Huisman 

(1978) , Meske and Pfeffer ( 19 78 ) , Murty et al . ( 19 78 ) , Venk.atesh and She t ty 

(197 8) , Appelbaum and Uland (197 9 ) , Dabrowski (1979 ) , Dabrowski and Ko zak 

( 197 9 ) , and Rottmann and Shireman ( 19 7 9 ) . 

Grass carp are sui tab le for a wide variety of  polycul ture operations . 

They are commonly used in fish-cum-duck polyculture (Anon . 1969j , 19 7la ; 

Ling 1971 ; Pekh 19 7 1 ;  Cheng 1976b ; S in and Cheng 19 76)  and on farms where 

lives tock (especially swine ) was tes are recycled for pond fertilization 

(Gopinath 1950 ; LeMare 19 5 2 ;  Prowse 1967b ; Ling 1977 ; Moav et al . 19 7 7 ;  

Buck e t  al . 1978z , 1978b , 197 9 ) . Grass carp to lera te high densities o f  
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8400 to  27 , 000 fish per hectare (Opus zynski 1968 ) . In Indian polyculture , 

their presence enhanced production o f  other species to the same extent 

as fertilization with manure ( Sen et al . 1978 ) . The grass carp makes 

available nutrients which are normally bound up in macrophytes (Lowe-

McConnell 1971)  and its presence has increased yields of o ther cyprinid 

and centrarchid species in nu mer ous stud ies (Kuronuma and Nakamura 

195 7 ,  Bobrova 1968 , Nikolsky and Verigin 1968 , Opus zynski 1968 , Stanley 

19 7 3a , Buck et al . 1975 , Chaudhuri et al . 1975 , Ro ttman 1976 , Ro ttmann 

and Anderson 1978 , Haller and Sut ton 19 7 7 , von Zon et al. 1977 , Newton 

et al . 197 6 ) . 

Results of grass carp polyculture with o ther Chinese and Indian 

maj or carp s  are reported in Chen ( 19 34 , 1935 ) , Alikunhi and Sukumaran 

(1964 ) , Alikunhi et al . (1965 ) , Lin and Chen (1967) , Rabanal (1968 ) , 

Sinha (197 3 ) , Jhingran (197 4) , Anon . (1975c) , Das et al . ( 1 9 75 ) , Raj a  

(1967 ) , S inha and Gup ta (1975 ) , Chakrabarty et al .  (1976) , Parameswaran 

et al . ( 1 97 7 ) , Prabhavath and Sreenivasan (197 7 ) , Sinha (1977 ) ,  and 

Srivastava and Chawdhary ( 1 9 79 ) . Tang (197 0a ) deals with grass carp in 

Taiwan polycultur e .  Tal and Ziv (1978a , 1978b )  discuss its positive 

and negative aspec �s in Israeli fish culture . Bizyaev and Chesnakova 

(1966)  describe grass carp rearing experiments in sown and fallow rice 

ti�lds . ---Peat�ag ponas can also serve !or rearing -(Mints and Xhairulina 

1968) . Table 10 enumera tes other shor� references to grass carp 

culture . 

The maj or reported disadvantage of  grass carp is that , in the absence 

of  plant food , they eat pelle ted food , which they convert inef f iciently , 

compared to other cultured species (Vinogradov and Zolo tova 1974 ; Tal 

and Ziv 1978a , 1978b ) . Other general aquaculture ref erences , which 
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Table 10 . Aquacultural References on Grass Carp in Various Countries 

COUNTRY 

Bulgaria 

Burma 

China 

Cuba 

ABSTRACT OF REFERENCES 

Better growth and survival were obtained with 
Hypoothalmichythys nobilis x .!!· molitrix 
hybrids than with grass carp in pond culture . 
Report s induced breeding on a commercial scale.  
Improved total yields were obtained in common 
carp polyculture with grass carp and other 
herbivorous carp s .  
Determined yields and conversion in experimen
tal polyculture of common , grass, and o ther 
herbivorous carp s .  

Grass carp exhib ited very high growth rates 
in polyculture with Indian and Chinese carps .  

General des cription and yields of grass carp 
in Chinese pisciculture . 

Grass carp culture in reservoirs . 
High growth rates and induced breeding are 
reported for introduced grass carp . 

Czechoslavakia 

Eas t Germany 

France 

Hong Kong 

Discus ses importation , transportation, rearing, 
feeding , weed cor. ;=ol, and polycul ture . 
Reports difficul ty o f  artificial reproduction 
of grass carp for culture . 

Prewarmed water maximizes yields in artifi
cial reproduction . 
Growth and feeding of grass carp fry in trough 
culture with silver carp fry . 
Rearing, st ocking, feeding, and survival of  
grass and other Chinese carp s .  

Observations on growth under different 
condi tions . 

Reports spec ial unit for reproduction o f  
Chine se carps . 
Marketing and price o f  grass carp . 
General description of fish culture, diseases, 
and commercial importanc e .  

-cont inued-

AUTHORITY 

Boev (1970) 

Grozev et al . (1970) 
Anon . (1974a) 

Boyadj iev and Petrov (1977 ) 

Anon . (1970d) 

Drews (l961 ) , Anon .  (1977a) 

Anon . (1970b ) 
Anon . (1970g) 

Krupauer (1966, 1968a) 

Berka (1969) 

Jahnichen (1968)  

Schlumpberger and 
Liebenau (1978 ) 

Wolf et al . (1978) 

Wurtz-Arlet (1969) 

Anon . (197la) 

Cheng (1967a) 
Cheng (1976 b )  
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Table 10 . Aquacultural Re ferences on Grass Carp in Various Countries ( continued ) 

COUNTRY 

Hungary 

India 

Iraq 

Israel 

ABSTRACT OF REFERENCES 

Hybrid off spring of female common carp ' and 
male grass carp have high growth rates . 
A hatchery for induced spawning of grass carp 
is announced . 
Polyculture of common carp with grass and 
Chines e  carps is int egrated with duck rais ing 
and farm crops . 
Gives anticipated yields of Chinese carps 
from a b reeding and nursery farm utilizing 
heat ed effluent from a power station . 

Survival , stocking rates , product ionl weed 
control , and induced spawning of grass carp 
in polyculture .  
Succes sful induced spawning by hypophysation . 
Describes training activities of center for 
induced spawning of grass and other carp s .  
Reports successful hybridization of grass 
carp with co:mnon and silver carp . 
Feeding , growth, and production in polyculture 
using grass carp . 
Growth rates , feeding, and maturation of grass 
carp in brackish water ponds . 
Induced spawning by fractional pituitary 
inj ect ion . 
Experimental polyculture of Indian and Chinese 
carps in sewage-fed ponds . 
Stocking rates , growth, and production of grass 
and other carps in ponds and reservoirs . 
A pituitary do s e  of 6 mg/kg was effective in 
inducing ovulat ion in grass carp . 

Reports feeding and ini tial growth of grass 
carp . 

-A��em�ts at _acclimatization and artificial 
reproduct ion were unsucces sful . 
Densities , feed ing1 and yields in intensive 
polyculture of grass carp , other carps and 
tilap ia • 

AUTHORITY 

Anon . (l969c) 

Anon . (1969h) 

Anon . (1969i) 
Pekh (19 71)  

Pekh (1971)  
Thuransky (19 7 2 )  
Anon . (19 74b) 

Anon .  (1968b) 

Anon. (1969f) 
Anon. (l969j ) 

Anon . (19 7 1e) 

Anon .  (19 7 2j ) 

Prabhavathy and 
Sreenivasan (19 72)  

Sreenivasan (19 7 2 )  

Anon . (1974c) 

Gopalakrishnon (1974)  

Mathew et al . (1978)  

Anon . (l969k) 

Yashouv (1958) 

Moav and Wohlfarth (197 5 )  

. Korea 
Induced spa�"tling ,  ma turation , fry cultureJ Kim ( 19 7 0) 
and disease are discussed with respec t to grass 
and silver carps . 
Ind.uced spawning , fry culture, and yields of Kim and Paik C.191 1 )  
grass and s ilver carp s .  

-continued-
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Table 10. Aouacultural Re ferences on Grass Carp in Various Countries (continued) 

COUNTRY 

Laos 

Malaysia 

Mexico 

�epal 

�igeria 

Pakistan 

Philipp ines 

ABSTRACT OF REFERENCES 

Artifical b reeding and reservoir stocking 
are planned for grass carp . 

AUTHORITY 

Anon . (1972a) 

Inorganic fertilizers can be more economical Prowse (1962) 
than organic fertilizers for use in polycul ture 
with grass and other carps .  
Experiments indicated that growth o f  grass and Prowse (1968) 
other carps can be influenced by absolute size 
of  their enclosure .  
Reports success ful induced spawning and Anon . (1969d) 
suggests that nutrit ion may influence maturat ion . 
Gives production o f  Chinese carp fry at culture Anon. (1973a) 
center . 
D iscusses stocking rates, feed ing, disease Ji (1976) 
control, and marketing of cultured grass carp . 

Documents success ful induced spawning and 
growth rates in different areas of the 
country for grass carp . 

Anon . (19721) 

Stock from artificial reproduction to be used Anon . (19721) 
in polyculture trials . 
Succes s f .4 .!.ly induced spawning through pituitary Woynarovich (1972) 
inj ections . 
Gras s carp used in polyculture with other carps Anon . (1973e) 
and integrated with duck farming . 
Reports fry distribution and use o f  grass carp Anon . (1974-iSa) (1974-75d) 
in polycul ture . 
General description of grass carp and its Woynarovich (1975) 
role in polyculture as a manuring and weed 
control agent . 
Grass carp used in polyculture integrated Anon . (1979g) 
with duck and rice farming . 

Introduct ion and breeding of grass carp are 
planned . 

Grass carp suggested for culture and weed 
control.  

Induced spawning and culture of  grass carp 
in Candaba swamp . 
Cultured grass carp success fully marketed 
in 1960. 

-cont inued-

Moses (1972) 

Javaid (1976) 

Anon (1969b) 

Anon. (1970c) 
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Table 10 . Aguacultural References on Grass Carp in Various Countr ies ( con tinued ) 

COUNTRY ABSTRACT OF REFERENCES AUTHORITY 

Philippines (cont ' d) 

Poland 

Romania 

Discusses polyculture yields of grass and 
o ther carps and a commercial hatchery 
operation . 
Describes commercial polycul ture of grass 
and o ther carps in rotation with melon 
farming . 
Polycul ture o f  grass and o ther carp s in 
reclaimed flood lands . 
Development of polyculture and commercial 
fry production of grass and other carps . 

Anon . ( 1 9 70e) 

Tang ( 1 9 7 0b )  

Anon. ( 19 7 lb )  

Anon . (1972c)  

Grass and silver. carp increased yields of carp Opuszynski (196 9 )  
culture ponds b y  25% without additional feeding . 
Reports success ful induced spawning o f  gras s Balicki (1971)  
carp . 
Documents second successful spawning and Okoniewski ( 19 7 1 )  
start o f  commercial culture . 
Reports success ful culture of grass and other Thors lund (1971)  
Chinese carps along -with weed control in heat-
polluted lakes . 
Artificial reproduct ion and maturat ion in Wolny (1971)  
grass and other Chinese carp s . 
Techniques and yields o f  artific ial reproduc- Jachnichen and Wolf (1978)  
tion in 19 7 6 .· 

Larvae and f ingerlings are reared in 50 to 150 
ha impoundments on the Danube del ta . 
Four breeding stations produced 222 million 
larvae of grass and o ther Chinese carp . 
Stocking o f  grass and other Chinese carps 
in brackish waters and reservoirs for culture 
and weed c9ntrol is being tes ted . 
S tocking and feeding o f  grass carp in pond 
culture . 
Research on dosage and timing of hormone 
i�j ect ions for induced spawning . 
Opt imal time for artificial reproduction ana 
fertility data o f  grass carp are given . 
Influences on ma turat ion and induced 
spawning of grass carp are discussed . 
Yields and stocking rates in polycul ture of  
grass carp wi th other carps . 

-continued-

Anon . (1968c) 
Mirica (1968)  
Mirica ( 19 6 9 )  

Busn.ita ( 1 9 7 0a) 

Cure ( 19 70)  

. Niculescu-Davas (1970)  

�opescu e t  al . ( 1970) 

Nicolau e t  al . (19 71) 

Teodorescu-Leonte (1971) 
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Table 10. Aquacultural Re ferences on Grass Carp in Various Countries (continued ) 

COUNTRY 

South Africa 

Soviet Union 

Thailand 

ABSTRACT OF REFERENCES 

Art ificial reproduction and rearing of grass 
carp fry . 

Feeding , gro�th, and yields in pond culture . 
Grass carp have acclimatized and are suitable 
culture fish in Central Asian and 
Kazakhs tan U . S . S . R. 
Feeding and growth in Georgian ponds . 
Pond production increased with less feed when 
grass carp were cultured with common carp . 
Reviews his tory of introduction, breeding, 
and culture of grass and o ther Chinese carp s .  
Cul tured grass carp competed with conunon 
carp at high dens ities , increased pond 
production without additional food , and tolera
ted low oxygen levels . 
Suggests gras s carp for weed control and 
increased production in Belorussian ponds . 
Feeding , growth, and interspecific ef fects of  
grass carp in mono- and polyculture .  
Op timal stocking rates and yields o f  grass 
carp cultured with common carp . 
Polyculture of grass carp with other carps 
and trout . 
Grass carp control :;iacrophytes , fertilize 
ponds, and raise production in polyculture . 
Growth and survival of grass carp in a cooling 
reservo ir of a power station . 
Reports optimal stocking rates o f  grass and 
other Chines e  carps for highest production 
and use of fallow rice fields for rearing . 
Rearing grass carp in vegetated ponds with 
other Chinese carps increased product ion 
without additional feeding or decreas ing growth 
of other species . 
Rearing of grass carp larvae in cooling ponds . 
Hydrobiology o f  polyculture ponds with grass 
and other carp s .  
Discusses fish farms , breeding, and use o f  
heated effluents for culture o f  grass carp 
and- o ther fish. 

Increased induced breeding o f  Chinese carps 
produced 150 , 000 fry . 
Demand and ha tchery product ion o f  grass and 
other Chinese carp fry . 
Use of gras s carp in aquaculture . 

-continued-

AUTHORITY 

Pike (1974-75) 

Verigin (1961) 
Aliev (1963b) 

Beridze and Chkhaidze (1964) 
Bobrova (1965) 

Babyan (1966) 

Bobrova (1966) 

Lyakhnovich (1966) 

Bobrova (1968) 

Kharitonova and Tarasova (l96e 

Lavrovsky (1968) 

Niko lsky and Verigin (1968 )  

Zubareva (1968) 

Batenka and Sorokhima (1969) , 
Chizhov and Anoshin (1969) 

Khyng (1970) 

Gurova et al . (1972) 
Tashpulatov (1973) 

Bobrova (1977) 

Ling (1969) 

Anon . (1970a) 

Anon .  (1975-75b) 
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Table 10 . Aguacul tural References on Grass Carp in Various Countries (continued ) 

COUNTRY ABSTRACT OF REFERENCES 

United S tates 

West Germany 

Yugoslavia 

Season and techniques of induced spawning . 
Reports emphasis o f  and centers for research 
on grass carp for culture and weed control . 
Increases total polyculture yield without 
additional feeding . 

Specula tes on causes o f  uns uccess ful induced 
spawning . 
Describes hatchery , spawning techniques: and 
fry rearing o f  grass and o ther Chinese carps . 

Investigation o f  induced spawning o f  Chinese 
carps . 
Induced spawning techniques for grass carp . 

Grass carp success fully induced to spawn 
in 196 8 .  

AUTHORITY 

Jef frey (1970)  
Burress (1972)  

Walsh ( 19 78) 

Miley and Leslie (1980) 

Lin (unpubl .  ms . )  

Anon. (197ld) 

Meske (1974)  

Fij an (1970) . 



t 
l 
i 
l 
I 

i I 
I 

l 

l 
i 
� 
f 

deal with induced spawning and/or rearing o f  gra ss carp , inc lude Dah- Shu 

(1957 ) ,  Gidumal ( 1958) , Hickl ing ( 1960 , 19 6 2 ,  1968) , Lin ( 1965 ) , 

Verigin ( 1966 ) , Ling (196 7 ) , Tubb ( 196 7 ) , Anon . (1968b , 1970i) , Chaudhuri 

(1968 ) , Kuronuma (1968 ) , Bardach et al . ( 1 9 7 2 ) , Roberts et al . ( 1 9 7 3 ) , 

Aquacul ture Development and Coordinat ion Programme (1976 ) ,  Chen ( 19 7 5 ) , 

Brown (197 7 ) , Ling ( 1 9 7 7 ) , Gerking (1978 ) , and Huisman ( 1 9 78 ) . 

12 . 2  Disease control 

Mus selius and S trelkov (1968 ) , Ivasik et al . ( 196 9 ) , Edwards and 
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Hine ( 1974), and Bohl ( 1 9 7 9 )  provide the mos t  recent and complete information 

on the prevention and treatment of important grass carp diseases occurring 

in fish culture.  The non-specific endoparas itic ces t odes , Bothriocephalus 

and Khawia , are given part icular attention . Lin ( 1954 ) states that grass 

carp are particularly suscep tible to bacterial diseases and canno t tolerate 

foul wa ter to the extent  that o ther cyprinids can . Antib io tics are 

adminis tered orally , in inj ections , or by prop hylaxis to combat viral and 

bac terial diseases such as dropsy and gill ro t (Laboratory o f  Fish Diseases 

no date , Dah- Shu 195 7 , Anon .  197lc , Wu 19 7 1 ,  Bohl 197 9 ) . Prophylact ic 

ba ths with Furanace (Kim 19 7 0 , Huisman 19 7 8 )  and copper sulfate ( Shireman 

1975 , Shireman et al . 1976)  have proved eff ective agains t co lumnari s  

disease.. Ereventio_n_ a_f_ cryptobla.s-is- im.ro lve-s- e-ra-dicat:ion of the- hirudinear�-

vectors in ponds (Anon . 1972d ) , and trea tment of  infec ted f ish inc ludes 

baths with copper sulfate , saline , and ammonia � solutions (Dah-Shu 195 7 ,  

Ivasik et al . 196 9 ) . Chemicals used to control ec toparas it es and admin-

istered by prophylaxis o f  fish or by pond treatment are l i s ted in Dah- Shu 

(1957 ) ,  Gopalakrishnan (196 8 ) , Cross ( 1 9 6 9 ) , Edwards and Hine (197 4 ) , 

Ji ( 1 9 7 6 ) , Prabhavathy and Sreenivasan ( 1 9 7 7 ) ,  and Bohl (1979 ) . 
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12 . 3  Yields and commercial imo ortanc e 

In Chinese polyc ulture of grass carp with other spec ies, total annual 

produc tion a verages 1 . 5  to 3 . 8  metric tons per hec tare (MT/ha ) nationa lly 

and ranges up to 18 MT/ha on fa rms in the Pearl River delta (Anon. 1977g) . 

Yashoav (1968) and Bardach et a l. (1972) estimate average a nnua l  yields 

from 3 to 8 MT/ha in Far Ea st polyculture . A monoculture of grass carp 

in a blocked-off Chinese ri ver where supplementary plant food was given 

produced yearly 13 to 19 MT/ha (Da h-Shu 1957). Annual yields in Indian 

polyculture have ranged up to 9 . 1  MT/ha with grass c a rp c ontributing 19% 

by weight (Gopalakrishnan 1974, Jhingran 1974, Anon. 1975c ,  Cha udhuri et 

a l .  1976, S inha 1977) . S ection 12 . 1  mentions studies which detail inc reased 

production of companion species when grass carp are added to polyc ultures. 

Table 10 provides litera ture reports of yields in various c ulture operations . 

Little information on national produc tion is published, but grass 

carp market sales are second only to bighead carp (Hyo oohtha lmic hthys 

nobilis) in �alaysia (Ji 1976). Brown ( 1977) reports 20 MT per year for 

Austria and 0.13 to 1 . 8 MT annually in Korea from 1971 to 1974. 

13 . TRANSPLANTATION 

The a vailability of rapid · transport and ind uced spawni ng cf {S ection 

14.1) grass carp allowed for its introduc tion throughout the world, whereas 

it was previously restricted to ea stern China and adj acent areas (Huet 

1970) .  Countries where it has been imported and the reasons for 

importa tion are listed in Ta ble 2 .  

Waterproof baskets and other containers ca rried· o n  foot have been 

used for transport over short distanc es (Lin 1949, Brown 1977). Flow

through barges ha ve ca rried fry in freshwa ter waterways ( Brown 1977). 



Mechanically aerated wooden tubs have served in both air and sea 

transport (.Birtwis tle 19 3lb , Bidumal 1958) . Sealed tins (Gidumal 1958 , 

Lin 1949)  and plas tic bags (Brown 1977)  are typ ically used now . A 

description o f  Soviet methods and shipping boxes for the transport of  

grass carp is given in Anon . (19 70i) . Fish may be starved beforehand 

and kep t at low temp eratures to reduce their metabolism and to slow 
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fouling of  the wa ter (Chang 1966) . The tranquilizer , MS-222 , can reduc e 

mortality during transportation (Popesca et al . 1968 , Gup ta and Sharma 

1974) . Custer et al . (1978)  successfully shipped gras s carp in a tank 

truck on a airplane and inves tigated procedures for ac climating fingerlings 

to dif ferent water condi tions in short time periods with minimal mortality . 

14 . MANIPULATED REPRODUCTION 

14 . l  Induced spawning 

The first instance of non-natural reproduction in grass carp is re

ported by Lin (1935a , 1949)  who cap tured wild spawners , hand-s tripped 

the eggs and milt ,  and hatched the fertilized eggs in boxes anchored in 

a watercourse . This method had little impact on the Chinese  fry indus try . 

Induc ed spawning techniques became commercially viable in both China 

and Rus sia during the early l960 ' s (Verigin 1963 , Lin 1965 , Kuronuma 1968 , 

Vino gradov 1968 ) and greatly depressed the demand for wild-caught fry . 

Artificial breeding probably prevented overexp loitation o f  Chinese  stocks 

and per:nit ted fulf illment o f  increas ing demands for fry (Job 195 2 ,  

Tubb 196 7 ) . Hickling (1968)  and Kuronuma (1968)  review the history and 

techniques of induced spawning in grass carp . Short references on the 

subj ect may also be found in Table 10 . Table 11 summarizes the proc edures 

and resul ts which have been reported in the literature for succ ess ful 

artificial rep roduc tion . 



Tab l e  11. I n j ection P rocedures and · Yields in l nduct!d Ovu l ati on o f  Grass Carp ( Sh ireman a nd Smi .th._12�8.a..l ).__ _______ _ --------'----------�·--------------
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NO-:-Z--

LOCALITY 

China 

Ind ia (Cuttack) 

(Tamilnadu) 

Japan 

Malayasia (Malacca) 

Nepal 

Sov iet Union 
(Leningrad) 

NO. OF WEIGH-f 
FEMALES (kg) 

1 

1 
1 
l 
l 
1 
l 
1 

1 
1 
1 
1 
1 
l 
1 
1 
1 

3 
14 
1 4  

6. 8 

2. 3 
1. 6 
2. 6 
3. 2 
3. 0 
3. 4 
2. 8 

4. 0 
4. 0 
6. 0 
6. 0 
6. 0 
5. 0 
4. 0 
3. 5 
5. 0 

5-7 
7. 5 
7. 5 
7. 5 

I NJECT IONS l 

2-8 
0. 5 LH-Rll3, 6. 5 Lil-RH] 

� - 0 ,  6. 0 

4. 0 , 6. 0  
4. 0 , 7. 0  
1. 0, 3. 0 , 6. 0  
1. 0 , 3. 0 , 7. 0  
1. 0 , 4. 0 , 6. 0  
4. 0 , 7. 0  
4. 0 , 8. 0  
2. 0-3. 0 , 5. 0 , 8. 0  

5. 0-10. 0 
2. 5-5. 0 , 2. 5-5. 0 

. 0-7. 0 , 5. 0-7. 0 

5. 3 , 2. 7  
3. 0 , 2. 3 , 2. 3  
3. 0 , 3. 0 
1. 0 , 3. 5 
0. 5 , 3. 5 
1. 6 , 3. 5 
1. 5 , 3. 0  
1. 7 , 2. 6  
1. 8 , 3. 6  

0. 5 , 3-6 
3. 7 
0. 5 , 3. 7  
0. 5 , 3. 7  

-continued-

BETWEEN 
INJ ECTIONS 

(hours) 

OF OF FRY 
EGGS OBTA INED 

(x  103) (x 1 03) 

8 

1 

7 
7 
3 
3 
3 
4 
4 
4 

6 

5 

6 
3 
6 

11 
14 

6 
6 
6 
1 

24 

2 4  
6 

yes* 
yes 

428 

yes* 

yes* 
yes* 

yes 

500 
156 

1 1000 
6600 

yes* 
yes 

5 

80 
50 
35 

2 
3 

30 
40 
yes* 

yes* 
Yes* 

yes 

0. 1 
0. 2 

3 
18 

9 
35 
30 
50 
55 

200 
yes 
yes 
yes 

AUTHORITY 

Anon. (1 978a) 
Anon. (1 978a) 

Alikunhi et al. ( 1 962 , 
1963a 1 al63b , 1 973) 

Chaudhur i  et al. (1 966) 

Prabhavathy and 
Sreenivasan (1977) 

Chen et . al. (1969) 

Shrestha (1 973) 

Anon. (1970i) 



Ta b l e  1 1 .  I n j e c t i on Proc ed u re$ and 

LUCAl. l 'l'Y 
NO . 01" WEI Gll1' 
I-' EMA I.ES (k�) 

Taiwan 

Un i ted S t a t es 
( A l abama ) 1 4 . 1  

1 3 . 4  
1 3 . 9  

1 3 . 0  
1 2 . 7  
1 3 . 0  
l 5 . 7  
1 3 . 6  
l 3 . 0  

3 . 7-: 6 . 8  

l 4 . 4  
l 4 . 7  

(Arkansas ) 4 5 . 0  

l 6 . 4  
3 
2 
1 
1 
1 
1 
8 5 . � . 9 . 8  
5 6 . �- 8 . 4  
2 6 . �- 7 . 3  

Y i e l d s  in I nduced Ovu l a t ion of Grass Car� ( cont inued) 
No . 2 No . 2 I NTERVAL 

I NJECT IONS I Bln'Wl·:l-:N o f  01'' FRY 
I N.J t-:<:T I ONS EGGS OliTA l N ED 

( ho u r s )  (x 1 03 ) (x l o 3) 

1 . 5- 2 . 0  +5** , 1 . 5-2 . 0 t l O** 6 yes yes 

0 . 8 5 , 2 . 9  + 500* 2 1  300- 5 00 2 

1 . 0 , 3 . 5  + soo , 3 . 5  + 5 00* 2 1 , 7  2-3 0 . 01 
Q . 5 , 2 . 1  + 1 30* 24 yes yes 

0 . 1 , 2 . 1 + 1 7 0* , 3 . 0  + 1 7 0* 2 4 , 1 2  yes yes 
0 . 7 , 3 . 3  + 180* , 3 . 3  + 180* 2 4 , 2 2  yes yes 
0 . 7 , 3 . 0  - 1 7 0* 2 4  yes yes 
0 . 4 , 2 . 6  + 180* , 2 . 6  + 180* 2 4 , 12 yes yes 
0 . 6 , 2 . 5  + 280* , 2 . 5  + 280* 2 4 , 1 2 y e s  yes 
0 . 7 , 3 . 0  + 340* 2 4  yes yes 
0 . 3 - 0 . 5 , 2 . 2- 4 . 0  + 1 000* 24 , 1 2 yes yes 
2 . 2-4 . 0  + l OOO* (opt iona l )  
6 . 6 , 6 . 6  yes yes 
4 . 4  y e s  yes 
220* , 1 8 70* , 2 . 2  2 4  7 1 8 5  270 

220* , 18 7 9 * , 2 . 2  2 4  
220* , 1 8 7 0• , 0 . 2 , 2 . 2  2 4  2 500 600 
2 20 * , 1 870 * , 0 . 2 , l . 3  2 4  600 60 
2 2 0* , 1 870 * , 0 . 2 , 0 . 2 , 0 . 2 24 , 1 2 7 1 0 500 
220• , 2200• . o . 2 , 2 . 2  2 4  3 5 0  2 2 7  
2 2 0* , 2 2 00* , 0 . 2 , 4 . 4  2 4  630 358 
0 . 2 , 4 . 4  24 7 2  0 . 7 
2 2 0* , 1870* , 2 . 2  2 4  6850 3000 
2 20* , 1 8 70* , 2 . 2  24 7 000 2 2 5 0  
2 20* , 1 8 7 0 * , 2 . 2  2 4 , 4 8 2 7 00 1 300 
440* , 1 760 * , U . O  2 4  yes yes 
J 00* , 400k , , 0- 3 . 0  2 4  ycB ycH 

-con t i nued-

AUTHORITY 

I. i n  ( 1 96 5 )  

Al abama Dep t .  o f  
Conserva t i on ( 1 9 6 6 )  

Alabama Dep t .  o f  
Conserva t ion ( 1967 ) 

Alabama Dep t .  o f  
Conserva t i on ( 1 968) 

Ventura ( 1 9 7 3 )  
• 

B a i l e y  and Boyd ( 1 970 , 
1 9 7 3 )  

Bailey and Boyd ( 1 9 7 1) 

Boyd and Bai l ey ( 19 7 2 )  

Stanley ( 1 9 7 5 )  

...., 
\Jl 



'fable 11. Injection Procedures and Yields i� Induced Ovulation of Grass Carp 
NO . OF WEIGHT I NTERVAL 

LOCALITY FEMALES (kg) INJECTIONS1 B ETWEEN 
INJ ECTIONS 

(hours) 

United States (Arkansas) - continued -
400*, 1600*,10. 0 24 

88 440*,1760*, 3. 0-5. 0 12,24 
(Florida) 3 440*,1879*,9 . 0  1 6,15 

West Germany 0 . 4,3. 2-3 . 4  24 

1 * Values with one asterisk denote l. U. /kg of human chorionic gonadotropin . 
1 ** Va lues with two asterisks denote rabbit units/kg of Synahorin . 

(continued) 
NO .  NO.  
OF OF FRY 

EG<;s OBTA I NED AUTHORITY 
(x 103) (x 103) 

yes yes Stanley 1967d) 
4 6900 yes Thomas (1977) 

1950* yes* Rottman and Shireman 
(1979) 

yes yes Bohl (1979) 

2 . 
Values without asterisks indicate eggs or fry ob�ained by hand stripping and dry fertilization . An asterisk 
denotes cases where ·eggs were collected from spawning ponds or tanks . 

3Luteinizing-releasing hormone. 

-----------
·--· _, -· ·"''�· ---

·-·---· · - -..-..... --·-�--��-··--··-----·------- --·-···-----------· --�---------,-···----·--· 
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The manual published by the All-Union Scientific Research Ins titute 

of Pond Fishery (Anon . 1970i) describes the Soviet me thod of  induced 

spawning which is probably the most  widely used . Ripe 5- to 7-kg females 

are inj ected with a small initial do se and a larger resolving dose of 

pulverized cyprinid pituitary suspended in saline . Males receive a single 

inj ection . The sexual products  are hand-stripped and fertilization is 

by the dry method . Egg incubation takes place in ��eiss or similar 

apparatus where the proper temperatures , turbulence ,  and oxygen leve ls 

can be maintained . Lin (1965 ) , Konrad t (1968 ) , Vinogradov (1968 ) , Chen 

et al . (1969 ) , Boonbrahm et al . (1970) , Makeyeva and Verigin ( 1 9 7 1 ) , and 

Bardach et al . (197 2 )  describe almost ident ical technique s .  

Chinese researchers used intraperitoneal inj ections o f  luteinizing� 

releas ing hormone or its synthetic analo g to induce spawning in grass 

carp (Anon . 1978a) , but Ventura (1973)  was unsuccess ful with luteiniz ing 

ho rmone . Mammalian chorionic gonado trop ins have also been used to rein-

force the effects of pituitary infections (Ling 19 7 7 )  (Table 11) . Tang 

( 1965 ) more than doubled the percentage of ovulating females by giving 

supplemental inj ections o f  Synahorin , but Chen et al . (1969)  reported no 

ef fects at all with the same gonadotropin . 

A number of variations of the basic me thod outlined above have been 

used success fully . By manipulating temperature and photope riod , grass carp 

can be brought into reproductive condition at any time of year ( Sutton 

et al . 1977 , Huisman 1978 , Shireman et al . 1978b ) . Inducing ovulation 

appears to be less difficult in no rthern lati tudes than in southern ones 

where se asonal clima tic changes are lacking (Anon . 1967 , Hickling 1967a) . 

Males do no t always require art ificial stimulation to produce milt 

(Shre s tha 197 3 ) . Breeders are selec ted on the bas is  of secondary sexual 

7 7  
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characters (Table 4 ) . Ripe females may be identif ied by cathe te rization , 

but this technique can cause inj ury and o ther comp lications ( Chen et al . 

196 9 ) . Anes thes ia wit h  quinald ine has been used to reduce inj ury as a 

result of  handling ( Alabama Department o f  Conservation 1968 ; Bailey and 

Boyd 1970 , 19 73 ; Jeffrey 1 9 7 0 ; Boyd and Bailey 19 7 2 ; Shireman 1975 ; 

S tanley 1 9 75 ) . MS-222 is ano ther promis ing tranquilizer for this app lica tion 

(Popescu et al . 1 9 68 , Gup ta and Sharma 194 0 , �eske 197 5 ) . The non-

specificity o f  hyp ophyseal hormones allows the use o f  many cyprinid 

species as dono rs (Alikunhi et al . 1962 , 1963a , 1963b , 1 9 7 3 ; Chaudhuri 

e t  al . 1966 , 1967 ; Hickling 1967a ; Bardach et al . 1 9 7 2 ) . Bac terio s tat ic 

or dis tilled wa ter can serve as a carr ier ( Alabama Depar tment of Conser-

vat ion 1966 , 196 7 ; Boyd and Bailey 1 9 7 2 ) . Bot h  intraperitoneal and 

intramuscular inj ections are used and s i tes inc lude the ba ses o f  dorsal , 

pectoral, and pelvic fins and the t ip o f  the caudal peduncle . Kuronuma 

( 19 68 ) and Chen et al . ( 1 9 6 9 )  did no t no t e  any d i f f erences in eff ects o f  

introperitoneal versus intramuscular inj ections o r  o f  the sites used . 

We t-fert ilization , o r  spawning g rass carp in ponds o r  tan�s ,  could 

potentially decrease damag� to b reeders ,- reduce labor , imp rove spawn 

quality , and increase fert ilization rates , but the technique makes 

environmental control and egg co llection more  
·
diff icul t than with dry 

fert iliza t ion (Lin 1965 , Ling 1 9 7 7 , Tap iador et al . 19 7 7 , Ro ttmann and 

Shireman 19 79 , Tsuchiya 1 9 7 9 ) . Environments us ed successfully for we t-

fe rtilization include ponds (Lin 1965 , Kuronuma 1968 , Ling 1 9 7 7 , Tsuchiya 

1979 , Bailey and Haller unpub l .  ms . ) , ne t-enclo sed pond sections or 

haoas ( Chaudhuri et al . 1 9 6 6 , 196 7 ) , pools , (Tap iador et al . 1 9 7 7 ) , and 

circular· 1 . 8  m diame ter tanks ( Ro t tmann and Shir eman 197 9 ) . Tanin and 

formal in are used to combat bact erial and fungal infections in egg (Anon.  

I I 
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I , 

1972e , 1972i ; Shres tha 19 7 3 ;  Bohl 19 79 ) . Ha tching ves sels include pools 

(Tang 1965 , Tap iador et al . 19 77 ) , ne t or clo th conta iners set in streams 

and raceways (Lin 1949 , 1965 : Kuronuma 1968 ; Shrestha 197 3 ;  L ing 197 7 ) , 

circular fish tanks (Ro t tmann and Shireman 1 9 7 9 ) , and j ars and troughs 

(Konradt 1968 , Kuronuma 1968 , Chen et al . 1969, and many o thers ) .  

14 . 2  Hvbridiza tion 

Induced spawning techniques permitted hybridization of grass carp 

with many other cyp rinid species . The cross attracting the mos t  interest 

is tha t with bighead (Hypophthalmichthvs nob ilis ) ,  which is reviewed in 

Sut ton et al . (unpubl .  ms . ) .  Using bigheads as the paternal parent has 

yielded matroclinous (Aliev 196 7 )  and intermediate (Andriasheva 1968 , 

Makeeva 196 9 )  hybrids . Triplo idy has been documented in the intermediate 

o f fspring (Kras znai and Mar ian 19 7 7 ; Marian and Kras znai 1978 , 19 79 ; 

Lynch 19 79 ) . Intermediate young have been ob tained in the opposite cros s  

(Makeeva 1969 , Berry and Low 19 7 0 ,  Verigin et al . 19 7 5 ) . Bakos et al . 

(1978)  report  success ful reciprocal crossing o f  these species . Andrias heva 

(1968) also obtained viab le larvae by br eeding female bigheads with male 

grass carp , but he gave no morphological descrip tio n .  

Gras s carp have also been crossed frequently with common carp ( Cvprinus 

carDi0-} � Gynogenetic progen� (Section 14-. 3 )  have resulted- in hybridization__ 

with male common carp (Aliev 1967 , Vasilev et  al . 197 5 ) . S tanley (1974c , 

19 7 5 )  and Avault and �erkowsky (1978)  report undescribed but viab le larvae 

79  

from this cross . In the oppo s ite cross  us ing female common carp , intermedia te 

hybrids are reported by Makeeva (1969 , 197 6 ) , Stanley (197 3a , 1974c , 1976b , 

1976c ) , �akeyeva and Verigin (1974) , Therio t and Sanders · ( 19 7 5 ) , and Stanley 

and Jones (19 7 6 ) . Vasilev e t  al . (197 5 , 1978)  found their intermed ia tes 

to be tri? lo id , and Stanley ( 1 9 7 5 )  and Avault and �erkowsky ( 19 78 ) de ter-

mined theirs to be fer tile . :1atroc linous (Makeyeva and Verigin 19 7 4 ,  �fakeeva 
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19 7 6 )  and andro gene tic ( S tanley 1 9 7 3a ,  19 74c , 1 9 7 6b , 1 9 7 6c ; S tanley and 

Jone s 1975 ) ( Section 14 . 3 ) o f f spring have also occurred when hybridiz ing 

female common carp with male gras s carp . 

Aliev ( 1 9 6 7 )  obtained patroclinous young in breed ing female silver 

carp (Hypq>lthalmichtys mo litrix) with male gras s carp . Andriasheva ( 1968)  

performed success ful reciprocal crosses with these species but did no t 

describe the results . Reciprocal cro sses o f  grass carp and gold f ish 

( Carass ius aura tus ) yielded intermediate hybrids ( S tanley 1 9 7 3a ,  1974c ; 

S tanley and Sneed 1 9 7 3a , 1 9 7 3b ) . Fertilizing female gra s s  carp with 

eas tern bream (Abramis brama o r ientalis) produced intermediate to matro

clinous of fspr ing (Ryabov 1 9 7 3 ) . Use o f  male black bream (Megalobrama 

terminalis ) yielded intermediate yearlings (Aliev 196 7 ) . Other more or 

less success ful grass carp hybridizat ions in which morphological descrip tions 

have no t been reported are documented in Alikunhi et al . ( 19 6 2 , 1963a , 

1963b , 19 7 3 )  for  male and female rohu carp (Labeo rohita) and for male 

catla ( Catla catla ) , Hickling (1968 ) for female mrigal ( Cirrhina mrigala ) 

and male white bream (Parabramis pekinens is) , Boonbrahm et  al . (1970)  for 

male and female punt ius carp or tawes · [ Puntiu s  (=Barbus ) gonionotus ] ,  Chen 

( 1 9 6 9 )  for female snail carp (Mylopharvngodon piceus ) , and Prabhavathy 

__and _Sr_aeni'.raSan _U9 7 1 )  _fo_r _Labeo ariza . Nikolsky et al . ( 1 9 6 8 )  investiga ted 

numerous hybrids from interspecific b reeding of Chinese carp s .  

14 . 3  Gyno genis , androgenes is , and sex reversal 

�os t  of the grass carp research published by S tanley ( see Sec t ion 

16 APPENDIX I) has been devo ted to produc t ion of gyno gene tic and andro

gene tic f is h . Thomas ( 19 7 7 )  also describes a method for obtaining gyno

gene tic progeny by fer t iliz ing grass carp eggs with irradiated common 

carp milt . Stanley and his associates .have used irradiated milt from 

go ldf ish as well as from common carp . At temp ts to increase yields with 



cold s hocks . pressure , high incubation temperatures , or colchic ine have 

been unsuccess ful (Anon . 1975d , S tanley 1975 , S tanley et al . 19 7 5 ) . 

Andro genetic o ffspring resul ted spontaneously at very low rates when 

common carp eggs were fertilized with grass carp sperm . The cytological 

mechanisms involved in produc tion of andro genetic and gyno genetic gras s  

carp are discussed in Anon ( 1 9 7 3 c ) , S tanley et  al . ( 19 7 3b , 1975 , 1976b , 

1976e) , Stanley and Sneed ( 1 9 7 3a ,  19 7 3b ) , and Stanley et  al . (1976) . 

Morp holo gical , biochemical , and cytological analyses indicate that 

andro gene tic and gyno genetic grass carp have pure inheritance from a 

s ingle parent ( S tanley et al . 1976 , Stanley and Jones 1976) . All gyno

gene tic grass carp produced thus far have proved to be female s , indicating 

sex determination through a sys tem of female homo gamety (S tanley 1976a , 

19 7 6b ; Stanley and Thomas 19 7 8 } . 

8 1  

Early experiments on sex reversal in grass carp were unsuc cess ful 

(Jensen et  al . 1978 , Stanley and Thomas 1978 , Stanley 197 9 ) . Shelton and 

Jensen ( 19 7 9 )  treated normal and gyno gene tic grass carp with me thyl

tes tosterone g iven orally and in silas tic imp lants , and obtained sex

reversed males ( geno typic female s ) , intersexes , females with depressed 

gonal development , and apparen t neuters . Morp hological and histological 

examina tion demons trated the occurrence of  s ex reversal which was success

ful only with implants but  did  not nec essarily depend on  methyltes tosterone 

adminis trat ion during the period of gonadal differentiation.  

15 . WEED CONTROL 

15 . 1  Apo licabil itv of  �rass caro to aoua t ic weed problems 

The grass carp is valuable for mac rophyte control , as evidenced by 

the tremendous amo unt of li terature on the subj ect . Mo st revi ews o f  

biolo gical and other aqua tic weed control me thods cite the grass carp 
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as a promi s ing bio control ( S chus ter 1952a ; Swingle 19 5 7 ; Hall 1961 ; 

Avaul t 196 5a ; Hickl ing 1965 ; Avaul t e t  al . 1968 ; Philipose 1968 , 19 7 6 ; 

Prowse 1969b ; Huet 1 9 7 0 ; S il l s  1 9 7 0 ; Timmons 19 7 0 ;  Yeo and Fisher 1 9 7 0 : 

Bohl 1 9 7 l ; Krupaue r 1 9 7 1 ; Wurtz-Arlet  197 1 ; Gup ta 19 7 3 ;  Legner e t  al . 

19 7 3 ; Andres and Bennet t  1975 ; Dow 19 75 ; Gandara et al . 1975 : All en 19 76 ; 

Gangs tad 1976 ; Mani e t  al . 19 7 6 ;  Pie terse 19 7 7 ; von Zon 1 9 7 7b ; Haller 

1979 ; Lawrence unpubl . ms . ) .  Thermal and chemical po llution have in

creased aquatic macrophy t e  problems in many areas (Glago lev 19 6 3 ,  Krupauer 

1967a , Liepolt and Weber 1979 , Verigin 1 9 7 9 ) . Introduc tion o f  highly 

competi t ive exo tic plant s  suc h ·  as hydrilla (Hvdr illa vertic illata) (Mi l ey 

et al . 19 7 9 c )  has also  aggrava ted the prob lem in the southern Un i ted 

States . Hall ( 1 9 6 1 ) , Aliev ( 19 6 3a , 1 9 76 ) , Aliyev and Bes smertnaya ( 1965 ) , 

Bailey ( 1 9 7 2a� Gup ta ( 1 9 7 3) , Niko lski and Al iev ( 19 74 ) , Burkhal ter ( 1 9 7 5 ) , 

Dow (19 7 5 ) , Aliyev ( 1 9 7 6 ) , Beach e t  al . (19 7 6 , 19 7 7 ) , Pieterse ( 1 9 7 7 ) , 

Ro ttmann ( 19 7 7 ) ,  and many o thers describ e  the detrimental e ff e c t s  o f  

aqua tic weeds o n  navigation , d rainage , water transpor t , recrea t ion , 

fisheries , parasitic inse c t  contro l , and o the r uses o f  wat.er bodies . 

The gras s carp presents a viable al terna tive to oth�r aquatic  weed 

control measures . Using gras s carp �f ten co sts  less and las t s  longer 

than .other me thod s -CA..tiev -196 3a ,  -Bailey 19 7 2a ,  Beach 19 7 3 ,  Anon . 19 7-4d , 

Decell 1975 , Dow 1 9 7 5 , Provine 1975 , Aliev 19 7 6 ,  Aliyev 197 6 ,  Pie terse 

1 9 7 7 , Ro t tmann 1 9 7 7 , Sut ton l 9 7 7 a ) .  Chemical control leave s all the 

nutrients from dead plants  in th� water for future weed growth and may 

have non-specific o r  long term toxic e f fects ( Schus ter 1952a ; Bailey 

19 72a ; Opus zynski 19 72 , 1 9 7 9 ; Walker 1972 ; Adamec 197 3 ;  Provine 1 9 7 5 ; 

Mani et al . 19 7 6 ; Guillory 1979 ; von Zon 197 9 ) . Chemical app lications 

may be severely res tr icted in wa ter used for domes tic and agricul tural 
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use s (Dow 1975 , Kobylinski et  al . 1980) . Dewa tering of  water bodies 

for weed control of ten is no t desirable or phys ically po ssib le (�ley 

et al . 1979a ) . Grass carp gradually control macrophytes which prevents 
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abrup t nutrient influxes and inc reased protein produc t ion ( Ba i l ey 1 9 7 2 a , 

Miley e t  al . 1979 c , von Zon 197 9 ) . The gras s carp tolera tes mo re extreme 

wa ter tempe ratures than any o ther phytophagous fish with po tential for 

weed control (Prowse 1969b , Hue t 1970 , Xichewic z  et  al . 19 7 2b , Dow 

1975 , von Zon 1975 , Sut ton 1 9 7 7a) . 

Some o f  the ne gative aspects o f  us ing grass  carp have to do with 

its adverse impacts  on water quality (Section 10 . 5 ) and on other species 

( Sec tion 9 . 3 ) .  Succ ess ful weed contro l with grass carp depends upon its 

food selectivity ( Section 7 . 1 )  and s tocking ra te (Avault et  al . 1968 ; 

Killgen and Smitherman 19 7 1 ,  1 9 7 3 ; Opuszynski 19 7 2 ,  1979 ; Chaudhuri 

et al . 19 76 ; Sutton 1976b ; Vie tmeyer 1976 , Fowler and Robson 1978 , 

Stevenson 1 9 8 0 ) . Dens i t ies high enough for e f f ec t ive weed control may 

become prohib itively expens ive (Anon . 1969e , 196 9g ; Sto t t  et al . 1 9 7 1 ) . 

Cagni et al. ( 1 9 70 ) , Opus zynski (19 7 2 ,  1979) , Vie tmeyer ( 1 9 7 6 ) , Ro t tmann 

(1977 )� and Shireman (197 9 )  provide general · reviews on the gras s carp 

and its use as an aquatic weed b iocontrol .  Evalua tions o f  grass carp 

for macrophyte control in various countries have been done for Canada , 

(Fedorenko and Fraser 19 78 ) , Czechoslovakia ( Krupauer 196 6 ) , England 

(Cro ss 1969 ; Stott  1967 , 1 9 7 7 ),. Ind ia ( Chaudhuri et al . 197 6 ) , �e ther

lands (von Zon 19 7 3 , 1974 , 19 7 7 a ,  197 9 ) , Phil lipines (Gangs tad 1 9 7 6 ) , 

Sovie t Union (Nikolski and Aliyev 19 74 , Vino gradov and Zolo tova 1974 , 

Aliev 1976 , Al iyev 19 7 6 ) , United States (Greenf ield 1971 , Xichewic z  et 

al . 1 9 7 2b , Walker 1 9 7 2 , Sutton 1977a) , and Wes t  Germany (Bohl 1 9 7 1 ) . 
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In the United S ta tes , general reviews of grass carp b io lo gy and weed 

control potential include those for Arkansas (Bailey 19 72a ) , Ca lifornia 

(Pelzman 19 7 1 ,  Dow 1 9 7 5 ) , Florida ( Sut ton and Vandiver 1 9 7 6 , Haller 

1979 , Flor ida Game and Fresh Water Fish Commiss ion unp ubl . ms . ) ,  

Louis iana ( Carver e t  al . 1 9 7 1 ) , New York (Adamec 1 9 7 3 ) , and Texas 

(Provine 1 9 7 5 ) . 

15 . 2  Aoolications and res earch 

The mos t  popular app lica t ion o f  grass carp for weed contro l  is in 

small pond s , in particular those used for cul ture ( Schus ter 1952a , 

Kuronuma and Nakamura 1957 , Swingle 1957 , Hickling 19 6 2 ,  Bhimacher 

and Tripathi 1967 , Blackburn 1968 , Fielding 1968 , Lawrence 1968 , 

Timmermans 1968 , Anon .  1 9 7 1 £ ) . Use o f  gras s carp to contro l weeds and 

to increase fisheries produc t ion in reservo irs , lakes , canals , and rivers 

has also been cons idered o r  tes ted in the S oviet Union (Verigin 1961 ; 

Aliev 1963 , 19 7 6 ; Nikolsky and Aliev 1974 ; Nikolsky e t  al . 1968 ; Aliyev 

1 9 7 6 )  and China ( Chang 1 9 6 6 ) . Grass carp have potent ial f
_
or cul ture and 

weed control in both 9-Ctiv
·
e and fallow rice fields ( Bizyaev and Che snokova 

1966 , Yudin 1968 , Batenko and Sorokhina 196 9 , Chizhov and Ano shin 1969 , 

· v±ngr�dov -and Zolotova ·1: 974 ) ,  ·and -fo ·the ·cool ing reservo irs o f  ?Ower 

generation s tations (Verigin 1969 , 19 6 3 , 1 9 7 9 ; Glago lev 19 6 3 ) . Aqua tic 

plant control with grass carp in the Soviet Union reduced larval hab itat 

for noxious insec ts such as mo squitoes (Al iyev and Bes smertnaya 1969 , 

Aliev 1 9 7 6 , Verigin 1 9 7 9 ) . Grass carp have been suggested for weed contro l 

in enriched waters from sewage treatment p lants  ( Sutton 19 7 3 ,  19 75a , 1 9 7 6a , 

19 7 7b ' 197 8 ) . 
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Various comb ina tions o f  grass carp wi th o ther aquatic macro�hyte 

control measures have been proposed or tes ted . Grass carp in conj unc tion 

with the mo ttled wat erhyac inth weevil (Neochetina eichho rnia e)  re tarded 

water hyac inth (Eichhornia crassipes ) more than e i ther control a gent 

alone (Del Fosse et  al . 1976) . Initial removal of  macror hytes by hand 

or with herbiciJes aad subsequent control with grass carp has been 

sugges ted by Sutton (1974 , 19 75a)  and o thers . Manual methods and grass 

carp gave adequate control in Indian fish ponds ( S ingh 1976 ) . Results 

of grass carp comb ined with chemical treatment are reported in Sutton 

(1975a , 1976b ) , Gasaway (1977d) , Shireman and Haller ( 1 9 7 9 ) , and Shire

man and Maceina ( in pres s ) . 

Cons iderable interest  exis ts in non-reproducing stocks o f  gras s 

carp or  its hyb rids for weed control . Gyno genes is (see Stanley in 

Sec tion 16 , Sections 14 . 3  and 15 . 4 ) is a somewha t expens ive method o f  

producing mono sex stocks due t o  low yields . Breeding gyno gene tic fish 

with sex-reversed females could overcome this prob lem but sex-reversal 

is still in the developmen tal stage ( Shel ton and Jensen 19 7 9 , Sec tions 14 . 3  

and 15 . 4 ) . Florida Game and Fresh Water Fish Commission (1980c)  reviews 

research on the grass carp -b ighead carp (Hypoothalmichthvs nobilis ) 

hyb rid for weed control in Florida . Feeding hab its have been inves tigated 

for hybrids of grass carp witli female common carp (CYprinus carpio r  

(Dathu and Kilgen 19 7 3 ; The riot and S anders 1 9 7 5 )  and wi th male b ig-head 

carp ( Cassani 1981) . Bo th hyb rids exhib ited similar food preferences 

and were less herbivorous than grass carp . 

Shireman (1979)  summarizes current research and app lica tions o r  

grass carp a s  a weed control in the United S tates , Sovie t Union , and 

Europe . Other reviews of  gras s carp as an aqua tic plant mana gement 

tool in Europe and the Sovie t Union are provided in Krupauer ( 1 9 7 1 ) , 

Sut ton et al . ( 1 9 7 7 ) , and �iley et al . ( 1 9 7 9b ) . 
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A tremendous amount of  research effort has been devo ted to grass 

carp for weed control in the Uni ted S tates . Guscio and Gangs tad ( 19 7 0 )  and 

Gangs tad , Raynes , and Burres s ( 1 9 7 2 , 1 9 7 3 )  review orientat ions and locat ions 

of research centers . Meyer et a l . ( 1 9 7 5 )  report on the status of grass carp 

and on spec ific  research needs relative to i t . Lewis et a l . ( 19 7 8 )  sum

marized a collect ion of  research papers and evalua ted the grass carp ' s  

potent ial for weed control in the Un it ed States . Mos t  work on this subj ec t 

has been done in Florida , Arkansas , and Alabama . 

Numerous field tes t s  o f  the grass carp for weed contro l in Flo rida 

have been or are being carried out . Thi s  and other research in the 

state are reviewed in Wallace ( 1 9 7 0 ) , Hudson ( 1 9 7 3 ) , Burk.ha l ter ( 1 9 75 ) , 

Florida Department of  Na tural Resources ( 1 9 7 9 ) , and Florida Game and Fresh 

Water Fish Commis s ion (unpubl .  ms . 1980c ) . The mos t  intens ively studied 

and controvers ial investiga t ion to date invo lved four ponds located 

throughout Flor ida . Martz ( 19 7 3 ) describ ed the study s ites prior to 

s tocking . Grass  carp controlled aqua tic vegeta t ion to widely varying 

extents in different ponds ( Beach et al . 19 7 6 , 19 7 7 ; Drda 1 9 7 7 ; Gasaway 

1977b ; Gasaway and Drd� 197 8 ) . Subs tantial negat ive effects were observed 

on sportf ish populations in two pon�s (Anon . 1975e , Ware et al . 1975 , 

-Ware -3:nd - .G-a-saway -19-1 6 ,  Gasaway 19-7-7b) -. Beach -et -aL. (_1976_, -1977 )  and 

Xiley et al. ( 1 9 7 9 c )  theo rized tha t pre-stocking samp ling me thods rather 

than grass carp cau sed these ef fects . The ponds were also investigated 

for grass carp ef fects on water quality (Gasaway 1 9 7 7c ) , chlorophyll 

contetts ( Gasaway and Drda 1976 , Gasaway unpub l .  ms . ) ;  community s t ruc ture 

( Gasaway 1 9 7 7b ) , benthic macro invertebrates (Gasaway .1 9 7 7 a ) , and wa ter

fowl hab itat (Gasaway and 
0
Drda 197 7 , Gasaway et al . 1977 ) . Beach et al . 

( 19 7 6 ,  19 7 7 )  also provided compr ehens ive reports on these fac tors . 



The U . S .  Army Corp o f  Engineers initia ted a weed control study with 

grass carp in Lake Conway in 1976  (Dec ell 19 7 7 , Aqua t ic Plan t Control 

Research Pro gram no date) . Proj ect overviews are given in Decell 

(1975 , 1 9 7 6 ) , Adder and Therio t 1977 , Hamil ton (19 7 7 ) , Theriot ( 1 9 7 7 ) , 

Therio t and Decell (197 8 ) , and Buglewicz (1980) . Ewel and Fontaine 
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(1975 , 197 7 , 1980)  devised a theoretical model to predic t gras s carp 

effects on the Lake Conway eco system .  Fox e t  al . ( 1 9 7 7 )  performed a 

comprehens ive baseline evaluation o f  bio tic and phy&ia:hemical parameters . 

Specific investigations were direc ted at  water quality ( Sawicki 19 7 7 , 

Kaleel 1980) , aqua tic macrophytes (Nall et  al . 1977 ; Nall and Schardt 

1978 , 1980) , benthos (Chrisman and Kooij man 1980) , herpetofauna (Godley 

et al . 1980) , and f ish , wa terfowl , and mannnals (Guillory et al . 19 7 7 , 

Guillory 19 7 9 ,  Land 1980) . Anthropo genic influences on Lake Conway 

during the proj ect  nec ess ita ted a human factors s tudy (Williams 1980 ) . 

New me thodology develop ed during this study included the us e of  a re

cording fathometer for determina tion o f  hydrilla dis tribut ion and biomass 

"(Maceina and Shireman 1979b ) , and rad io teleme try tracking of  grass 

carp (Nall et al . 1979 , Keown 198 0 ,  Nall and Schardt 198 0 ) . 

Miley et al . (19 7 6 )  reviewed ongo ing field tests in Flo rida and 

report success ful hydrilla control and inc reases o f  eutrophica tion 

characteris itics in several lakes (Miley et al . 19 7 9a , 1979c ; Miley 198 0 ) . 

Kobylinsky et al . (1980)  found few changes which could be attributed to 

grass carp in Deer Po int Lake , a flow-through sys tem where weed control 

was gradually attained . Nixon et al . ( 19 7 7 ) provide a baseline analysis 

o f  this lake . Ultrasonic teleme try was used to track carp during the study 

(Nixon" et al . 19 7 7 , Nixon and �il ler 1978) . During the fir s t  two years 

a f ter stocking , grass carp failed to control hydrilla in Lake Wales 

(�ontegut et  al . 1976 , Shireman 1976) . In the third year , grass carp 
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were the maj or influence on hyd rilla and had caused changes in sport fish 

and other animal populat ions ( Shireman et al . 1 9 7 7 b , 19 7 9 ;  Gasaway 1978a) . 

Grass carp contributed to a decline in waterfowl by decreasing their 

hydrilla food base (Gasaway 1 9 78a , Gasaway e t  al . unpub l .  ms . ) .  Shireman 

and Gasaway ( 19 7 6 )  p rovide baseline informa t ion on Lake Baldwin where 

a ccn.bination of grass carp and chemical control proved unsuccess ful in 

reduc ing hydrilla (Gasaway 1 9 7 7 d ) . A more intens ive stocking o f  larger 

fish in 1 9 7 8  eliminated hydril la in less than two years ( Shireman and 

Maceina 1980 , in press ) . Grass carp decreased hydrilla b iomass 45 . 7% 

in Little Lake Barton within two year s (Osborne and Sassic 1 9 7 9 ) . Shire-

man and Maceina ( 1 9 8 0 )  success fully measured hyd rilla distribut ion and 

biomass by means of a recording fathome ter in several Florida lakes . 

Sut ton and his co lleagues in southern Florida have investigated the 

grass carp ' s  weed CDntrol po tential in various contro lled s itua tions . 

Success ful hydrilla , contro l was ob tained in several small pond s b y  use 

of grass carp , some t imes supp lemented with initial herbic id e  app lications 

( Sut ton 19 75a , 1 9 7 6b , 1 9 7 9a , 1 9 7 9b ; Sutton and Vand iver 1 9 7 9 ; Sut ton et 

al . 197 9 ) . In ear then ponds , gras s carp controlled hydril la , while 

permitting eelgrass (Vallisneria amer icana ) to increase ( Sut ton 1 9 7 2 , 

-19 2.Sh ;  Ha l l er _and _S_ut_ton -19 7 7 ; Sut t on et al . 1 9 7 9 ) . Inves tigations o f  

water hyac inth control have been carried out with grass carp ( Baker et 

al . 19 7 3 ,  1 9 7 4 ; Sutt on and B lackburn 19 7 3a , 1 9 7 3b )  and in comb ina t ion 

with the mo t tled water hyacinth weevil (Del Fosse et al . 1 9 7 6 ) . Sutton 

(19 7 3 ,  1 9 7 5a , 1 9 7 6a , 1 9 7 8 )  demons trated that grass carp would e f ficiently 

utilize duckweed (Lemna minor) grown in sewage e f f l�ent . 

One o f  t he first  s tates to import grass carp , Arkansas ,  began research 

in 1 9 6 3  when S tevenson ( 1 9 6 5 )  reported the grass carp ' s  selective 

accep tance o f  dif ferent food plants .. Success ful weed control was 

at tained with gras s carp in Lake Greenlee in le ss than a year ( Bailey 
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1972a , 19 72b ; Bailey and Boyd 1 9 7 2 ) , and by 1975 , they were controlling 

aqua t ic macrophytes in over one hundred large lakes (Bailey 

1975 , 1978 ) . Phytop lankton b looms and changes in fish populations 

occurred , but were either shortlived or incons equential . Newton et  al . 

(1976)  introduced grass carp into an Arkansas reservoir where they 

eliminated vegetation and caused a 5 0% decline in centrarchid biomas s . 

High grass carp s tocking dens ity apparent ly was respons ible for the 

deleterious environmental effects . Hend erson (l9 7 8 )  reviewed grass 

carp research in Arkansas . 

Alabama also imported the gras s carp in 1963  and numerous experiments 

on its plant-fee ding selec t ivity in small pools and its weed control 

po tential in ponds were conducted (Avaul t 1965a , 1965b ; Swingle et al . 

1967 ; Avault e t  al . 1968 ; Sills 19 7 0 ; Kilgen and Smitherman 19 7 1 ,  197 3 ;  
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Johnson and Laurence 197 3 ;  Lawrenc e unpub l .  ms . ) .  The Alabama Depar tment 

o f  Conservat ion ( 1965-1968 , 19 7 2 )  has provided much info rmat ion on grass 

carp weed control in sna ll clo s ed sys tems . Crowder and Snow ( 19 6 9 )  

demons t rated that  small grass carp could control filamentous algae 

(Pi thoohora and Hydrodictyon ) in ponds . Grass carp eradica ted the 

filament ous alga Lyngbya in a lake within one year (Zolczynski and Smi th 

1980) . In Alabama culture ponds, grass carp reduced water hyacinth 

standing crop s- and indirect!� increased- channel catfish - (Ic talurus- punctatus )  -

and striped bass (Merone saxatilis ) b iomass (Kil gen 1978 ) . 

Mi tzner ( 1975b , 197 5 c ,  1978 , 1979 , 1980) reported that grass carp 

reduced aquatic plant biomas s  91% over four years at  Red Haw Lake , Iowa , 

without adversely affecting wa ter qual i ty . A telemetry study documented 

movement and activity of the grass carp (Mi tzner 1975a , 19 7 9 ,  1980) . The 

positive resul ts prompted gras s carp s tockings in numerous public and 

priva te waters o f  the s ta t e  (Mitzner 19 7 9 ,  198 0) . Grass carp quickly 
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removed aquatic plants in Ind iana ponds but  caused changes in dissolved 

oxygen , turb idity , and pota s s ium (Lemb i and Rit enour 1 9 7 7 , Lemb i et al . 

1 9 78 ) . Small f is h  were tes ted for their sel ectivity o f  common Indiana 

aquatic plants and for po ten t ial carnivory (Doskocil et al . 197 3 ,  Willey 

et al . 1974 ) . Grass carp controlled aquatic vege tation and increased 

to tal production in Illino is culture ponds with golden shiners 

(Notemigonus chrvsoleucus ) and bluegill (Lepomis macrochirus ) (Baur et al . 

1 9 7 1 ,  Buck et al . 1975 ) . In ponds with bass (Microp terus ) ,  gamef ish 

recruitment declined ( Buck 197 5 ) . In Illinois  hatchery ponds , grass carp 

contro lled filamentous algae and did no t prey on j uvenile fish (Lewis 

1 9 7 8 ) . In Mis souri ponds , grass carp subs tantially reduced aquat ic plants , 

improved water qual ity , increased to tal production , and apparently caused 

increases in fathead minnows (P imephales promelas ) and j uvenile blue gills 

(Ro t tmann 1976 , Ro ttmarin and Anderson 19 7 6 ) . Terrell and Terrell (1975 ) 

reported satisfac tory weed control with gras s carp in Georgia catfish  

( Ictaluridae ) ponds . Kansas cul ture pond s  b enef i tted f rom weed control 

by gras s carp ( S tevens 1980 ) . Dow ( 19 7 5 )  describes encouragi� g results 

o f  s tocking grass  carp for weed control in California reservo irs - and 

current s tudies to determine po tential , competition between gras s carp 

and - bluegill . - Sch:caum1 (197 9 )  -devised a -s toc-kin-g rate model i�r use in 

grass carp cont ro l o f  hydrilla . 

Much foreign , especially Chinese , research on the grass carp is 

unavailab le in the U . S .  The Soviet �nion has a tremendous gra ss carp 

literature , but relatively few artic les are trans lated into English . 

Verigin ( 19 6 1 )  reviewed early Soviet wo rk on grass carp ·introduc tion and 

po tential for weed control . S tro ganov ( 1 9 6 3 )  and Verigin et al . ( 19 6 3 )  

carried out experiments o n  gras s carp feeding behavior and p lant s e lect ivi ty . 

Nikolsky and Ver igin ( 1 9 6 8 )  reviewed these studies . By far the mos t  
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successful Soviet introduc tion of  grass carp took place in the inland 

waters o f  Turkmenis tan , in particular the Kara Kum Canal , where large scale 

grass carp reproduc t ion , complete weed control , and increased fisheries 

production were achieved (Aliev 1963a , 197 6 ;  Niko lsky and Aliev 1974 ; 

Aliyev 1976) . Efimova and Nikanorov (19 7 7 )  discuss the prospects of  

weed control with grass carp in Ivan ' kovskoyo Reservo ir . Other reports 

of weed control by grass carp in the Soviet Union inc lude a 66% reduc tion 

in an irrigation canal within two months (Zolo tova 1970)  and app lications 

in ponds (Lupacheva 1968 , Zolo tova and K.hromov 197 0 ) . Several Soviet 

studies have dealt with integration of grass carp cul ture with weed 

control in rice fields (Bizyaev and Chesnokava 1966 , Yud in 1968 , Batenko 

and Sorokhina 19 69 , Chizhov and Ano shin 1969 ) . 

Preliminary pond experiments in England indicated that grass carp 

could control Elodea canadensis and Myrioohv llum spicatum (Pentelow and 

Stott 1968 , Sto t t  196 7 , Anon . 19 68a , Minis try o f  Agriculture , Fisheries 

and Food 1968) . S to t t  and Robson ( 19 7 0 )  det ermined s tocking densities 

necessary to remove specific amount of  waterweeds from ponds . S to t t  and 

Orr (1970)  estimated the amount o f  aquatic vegetation consumed by gras s 

carp through the use o f  food conversion values . Fowler and Robson (1970)  

researched interac tions between food preference and s tocking ra te , and 

found that understocking o f  grass carp in a mixed aquatic plant community 

could permit unpala table species to increase weed b iomass to pre-s tocking 

levels , even though preferred plants were elimina ted . Supp lementary 

chemical control might be required for unpalatable plant species . Tooby 

et al. (1980)  determined that grass carp could tolerate ten herb ic ides 

at  their maximum application rate . S to t t  et al . ( 1 9 7 1 )  showed tha t 

weed control in a pond would cost  f 120 per hectare annually with gras s 

carp compared to .£-87 with herbicides . �oore ( 1 9 7 9 )  describes a proj ect 

designed to evalua te gra ss carp for weed con tro l and for their ef fect 
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on o ther fish . Behrendit  ( 19 7 3 )  reviews research progres s  on the 

grass  carp in England . 

Xany European countries have inve s t i gated gras s carp for weed contro l .  

Von Zan ( 1 9 7 3 ,  197 4 )  reported adequate  aquatic weed management by grass 

carp in Dutch ditches . Further f ield tests ind icated that gras s carp 

contro lled weeds wit h  less exp ense and less environmental degradation 

than did either mechanical or chemical me thods (von Zan et al . 19 77 ) . 

Von Menze l  (197 7 )  described gras s carp use for weed control in Wes t  

Germany . In northern Germany , weed control usua lly requires dens e grass 

carp s tocks which are uneconomical (Anon . 1 9 6 9 e , 1969g) ' .  Riechert 

and Trede ( 19 7 7 )  found that two- to three-year-o ld gras s carp showed 

promise for contro lling water hyacinth .  Grass carp demons trated great 

pot ential for alleviat ion o f  aqua t ic plant prob l ems in Eas t  German canals 

(Jahnichen 197 3 ) . They controlled a wide varie ty o f  weed species in 

Bulgarian (Anon . 1969e , 1 9 6 9 g )  and Czecho s lovakian (Anon . 1969c ) ponds . 

Partial reduction of  Mvriophyllum and some o ther aqua t ic weeds was 

obtained with grass carp in a small Swedish lake (Ahling and Jernelov 

1 9 7 1 , Tho rslund 19 7 1 ) . Grass carp severely reduced aqua ti� macrophytes 

and negatively affected wa ter quality and plankton populat ions in a 

Yugo slavian lake (Mes tror e t  al . 19 7 3 ) . 

Xanf et al . (197 6 )  and Philipose ( 1 9 7 6 )  review research on gras s carp 

as a wee d  management tool in Ind ia . Gras s carp provided effec t ive 

control o f  submerged plant s  and duckweeds in cul ture ponds ( S ingh et al . 

1967b ) . Pond ve geta tion was ini t ially removed by hand and sub sequently 

controlled by grass carp in ano ther study ( S ingh 1 9 7 6 ) . Mehta and Sharma 

( 1 9 7 2 )  inves t igated weed control with gras s carp in ponds and canals . 

Meh ta et al . ( 1 9 7 6 )  determined plant feeding selectivitiy o f  diff erent 



s ize grass carp and demons trated their use for aqua tic weed mana gement 

in canals o f  the Chambal Irrigation sys tem.  
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Ahmad (1968)  and Naik ( 19 7 2 )  discussed grass carp stockings in 

Halij i Lake , Pakis tan , where it became apparent that much denser s tocks 

were needed for effec tive weed contro l .  Grass carp could no t reduce 

water hyacinth or o ther floating weeds in Ubolra tana Reservoir , Thailand 

(Bhukaswan and Pholprasity 19 76a , 19 76b ) . Prowse ( 1967a , 197 1 )  reviews 

research on weed management with gras s carp in ponds at Malacca , Malaysia . 

Research in Taiwan demonstrated that grass carp pref erred terres trial 

grass to hydrilla (Anon . 1972n) . Grass carp controlled aquatic vegetation 

and increased fish production in Japanese farm ponds (Kuronuma and 

Nakamura 195 7 } . 

Chapman and Brown (1966 ) f irst sugges ted grass carp for weed control 

in �ew Zealand . Chapman (.197 0) , Chapman and Co ffey ( 1 9 7 1 ) , and Edwards 

(1974)  performed preliminary investigations of feeding pref erenc es on 

local aquatic vege tat ion . Differential reductions occurred with diff erent 

plan t species when grass carp were s tocked in a drainage ditch ( Edwards 

and �oore 1975 ) and a lake (Mitchell 1 9 7 7 ) . Init ial feeding s tudies in 

the Rewa River , F ij i (Adams 1 9 7 0 , Adams and Titeko 1970), indicated the 

feasib ility of hydrilla control  by gras s  carp . Riverine predators pre

cluded direc t release o f  fingerlings even if large numbers could have 

been imported economically into the country . For these reasons , induced 

spawning and culture operations were ini tiated (Hughes 197 1 ,  Chaudhuri 

19 74 ) . 

�exico and Panama imported grass carp for weed contro l .  After pre

liminary tes ts demons trated high consumpt ion of water hyacinth by grass 

carp (Anon . 1972h) , one million f ingerlings were stocked into the Endho 
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Reservo ir , Yexico (Anon . 1975b ) . Grass carp res earch in �exico was 

reviewed by Gandara et  al . ( 1 9 7 5 ) . The grass carp was hoped to provide 

hydrilla control in the Panama Canal Zone , but transpo rt and acclJlnation 

difficulties prevented large scale field tes ts (Panama Canal Company 19 7 7 , 

Cus ter et  al . 1978 , Parr is 1980) . 

Africa has had little experience with the gras s carp ; however ,  the 

spec ies has b een recommended for weed control in Kenya (Gaudet 1 9 7 6 ) , 

Sudan (Anon . 1974-19 75c ) ,  Ethiop ia ( 19 7 4a ) , and Egyp t (Bailey 1 9 7 7 ) .  

15 . 3  Re gulatiora on introduc t ion 

Careful evaluation should precede grass carp introduc tion to avo id 

harmful environmental ef fects (Nikolski and Aliev 1974 , Prowse 1966a) . 

In England impor ters are licensed and local laws control further 

dis tribution ( S tott 197 9 ) . British Columbia , Canada , banned gras s carp 

introduc t ion in 19
.
7 7  ( Fedorenko and Fras er 1 9 7 8 ) . Aus tria permi t s  

purchase and stocking o f  gras s carp by any interes ted party ( Sutton e t  

al . 1 9 7 7 , �iley et al . 1979b ) . 

Pap ers discuss ing the introduc tion and contro l of gras s.  carp in 

the United S tates include Lachner et al . ( 1 9 7 0 )  and Rosenthal ( 1980 ) . 

In 1969 , the Conference on Importation and Use o f  Exo tic Fishes recommended 

a halt  to further gras s carp s tockings in open wa ters (Anon . 1969m ,  

Northrup 197 2 ) . The S o i l  Conservation Service also oppo�ed further 

gras s carp introductions in 19 7 3  (Anon . 1 9 7 3d ) . 

The number o f  states restricting po ssession o f  gras s carp to thos e  

with o f f ic ial permits grew to 35 b y  1 9 7 6  (Anon . 1973d , 1977b , 1977c , 

1977e , 1 9 7 7 f ) . Florida , which researched the use of  gras s  carp for 

vege tation control , has fairly strict laws controlling distribution 

(Nor thrup 19 72 ; Ogilvie 19 72 : Florida Game and Fresh Water Fish Commiss ion 



1980a , 1980b ; Courtenay no date) . Specific information on o ther state 

regulations is available for Califrnia (Anon . 1976a) , �ichigan (Anon.  

19 720 ) , Missouri (Anon . 1972m) , and New York (Anon 19 7 3f ) . Arkansas has 

a liberal policy which permits grass carp distribution to the public 

and private parties (Anon . 1972b , 197 2 f , 19 72k ) . Hend erson (1979)  

reviews the gras s carp controversy and reasons for  Arkansas ' liberal 

introductions of the f ish . 

15 . 4  Control of  introduc ed popula t ions 
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Phys ical means o f  removing grass carp from a water body include nets  , 

elec tro shocking , and fish toxicants . Shireman and 'Maceina (1980)  found 

that electro shocking was cos tly and time-consuming;  gill ne ts  were a 

cos t-e f fective means o f  removal but had to be set at night and were more 

effective in winter ; haul-seines were e f fective if large groups o f  fis h  

could b e  found : and ro t enone trea tment in comb inat ion with b locknets 

produced few grass carp but caused high mortality in gamefish.  Hardin 

(1980)  also tried selective removal with ro tenone but. signif icant lar gemouth 

bass (Microp terus salmoides) mortality occurred which may have been 

aggrava ted by low oxygen levels causing s tres s .  Colle e t  al . ( 19 78a) 

were success ful in selective removal o f  Rras s carp with ro tenone and caused 

small mortality on other sp ecie s . Grass carp sens itivi ty to ro tenone 

and o ther chemicals such as antimycin and thanite a l s o  has b een inves t i

gated (Marking 197 2 ,  Henderson 1974 , Willey et al . 19 7 4 ,  Cumming et al . 

1975 , �iley et al . 197 6 ,  and Lembi and Ritenour l9 7 7 ) . Greenland et al . 

( 1 9 7 8 )  describe a labor-intens ive but  e f f ec t ive method o f  removing gra s s  

carp from ponds with haul-seines .  

Leslie et al . (unpub l .  ms . )  demons trated that grass carp po tential 

for feral reproduc tion mi ght be greater than previously assumed , but 
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rep roduc tion could be obvia ted by us ing mono sex stocks o r  s terile hy-

brids ( S tanley 1 9 7 3c ) . The food pref erences o f  hyb rid s resul ting from 

male gras s carp cro ssed with female common carp ( Cyprinus carpio )  were 

similar to tho se of grass carp but tended sl ightly toward carnivory 

( Dathu and Kilgen 1 9 7 5 , Therio t and Sanders 1975 , Avaul t  and Merkowsky 

1 9 7 8 ) . The hybrids comp e ted with channel ca t f ish ( Ic talurus ounctatus ) 

in ponds (Merkowsky and Avault 19 7 6 ,  Avault and Merkowski 1 9 7 8 ) . These 

hybrids also turned out to be fer t ile ( S tanley 1 9 7 5 , Avault and 

�erkowsky 197 8 ) . 

The o ther po tential grass carp hybrid for weed control involves 

cro s ses with b i ghead carp (Hypopthalmichthys nobil i s )  (Miley 1980 ) . 

Hybrid fingerling food hab its tended toward herb ivory , but hybrids would 

feed on invertebrates (Cassani 1981 ) . Res earch planning mee t ings on 

this hybrid have been held (Anon . 1 9 7 9 , 1 9 7 9b ) . Sutton et  al . (unpubl . ms . )  

review the literature and rep o r t  obs ervat ions on this hyb rid . 

The produc tion o f  mono sex s tocks invo lves the use o f  gyno genesis and 

sex reversal ( S tanley 19 7 3c ) . Economical produc tion o f  monosex stocks 

mus t  c ircumvent the prob lem o f  s ex identification ( Court enay and Miley 

19 7 3 ,  Hong and Courtenay 1 9 7 3 , Hong et  al . 1 9 7 4 )  ( Sec t ion 5 . 1 ) .  Stanley 

(19 7 3a ,  1 9 7 4c ) produced gyno gene t ic gras s carp ( Section 14 . 3 ) and dis-

covered tha t  they were all females ( S tanley 1 9 7 5a ) . Gyno gene s is is un-

economical for p roducing large monos ex stocks because o f  low yields in 

induced spawning ( S tanley e t  al . 1 9 75 ) . The current s trate gy is to breed 

female fish wi th sex-reversed females ( pheno typ ic mal e s )  to ob tain mono sex 

female stocks and to obvia te the need to sex determinat�on ( S tanley 

1 9 7 3b , 1 9 7 5 , 1 9 7 6 ; Thomas 1 9 7 7 ) . Sex reversal in gras s  carp has been 

mo s t ly unsuccess ful (Jensen e t  al . 1978 , Stanley and Thomas 1 9 7 8 , 
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Stanley 197 9 ) , but Shelton and Jensen ( 1 9 7 9 )  recently have had positive 

results and are rearing sex-reversed f ish to determine their fertility . 



98 

16 APPENDIX I :  SCIENTIFIC LITERATURE 

Important biblio graphies relevant to the gras s carp include �air ( 1 96 8 ) , 

Weed Research Organiza tion ( 1 9 7 1 , 1 9 7 6 ) , and Li t t le ( 1 9 7 9 ) . �ore or less 

extens ive literature synop ses and b io lo gical reviews are Lin ( 1 9 35 a ,  1 9 3Sb ) , 

Dah-Shu ( 1 95 7 ) , Hickling ( 19 6 7b ) , Schne ider ( 1 9 6 9 ) , Fischer and 

Lyakhnovich ( 1 9 7 8 ) , and Shireman and Smith ( 19 8 1 ) . 

Journal s  which frequent ly pub lish papers on grass carp are lis ted 

below . 

Aquaculture 

FAO Aquaculture Bull e t in ( FAO Fish Cul ture Bulle tin) no longer 
pub lished 

Journal of Aquatic Plant Management (Hyacinth Control Journal )  

Journal o f  Fish Bio lo gy 

Journal o f  Ichthyo lo gy (English trans lation o f  Vopro sy Ikh t io lo gii ) 

Malays ian Agriculture Journal 

Proceedings of the Inda-Pacific Fisheries Counc il 

Pro gressive Fish-Cul tur i s t  

Sport Fisheries Ins t i tute Bulletin 

Transac tions o f  the American Fisheries Society 
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Impo rtant collections of  papers have appeared in the following publica tions . 

Problemy Rybokho zyays tvenno go Ispol ' zovaniya Ras ti tel ' noyadnykh Ryb v Vodoyemakh 
SSSR [ Prob lems o f  the Fisheries Exp lo itation o f  Plant-Eating Fishes in the 
Water Bodies o f  the USSR ] . 

T ' ai-p ' ing-yang Hs i-pu Yu-yeh Yen-chin We i-yuan-hui Ti-ch ' i-zz ' u  Ch ' uan- ti 
Hui-i Tun-wen-chi (Collec t ed Articles of the 7 th Plenary Conference o f  
Fishery Research o f  the Wes t  Pacific ) . Peip ing , China . February 19 6 6 .  

Pillay , T . V . R. ( Ed . ) .  1967-196 8 . Proceedings of  the World Sympos ium o n  Warm
Water Pond Fish Cul ture . Rome , 18-25 �1ay 196 6 . FAQ Fisheries Reports �o . 
44 , Volumes 1-5 . 

Cherfas , B . I .  (Ed . ) .  1969 . Gene tics , Selection , and Hyb ridiza tion o f  Fish 
(Genetika , selekts iya i gibridizatsiya ryb ) . Jerusalem : Israeli Pro gram 
for Scientific Translations (1972) . 

Gangs tad , E . O .  ( Ed . ) .  197 3 .  Herbivorous Fish for Aquatic Plant Contro l .  Aqua tic 
Plant Control Program . Technical Report 4 .  Vicksburg ,  MS : U . S .  Army 
Engineer Waterways Experiment S tation . 

Florida Game and Fresh Water Fish Commiss ion . 197 7 . The Grass Carp : A Special 
Research Report to the Governor and Cab inet .  Tallahassee , FL: Florida 
Game and Fresh Water Fish Commis sion . 

Freeman , T . E .  (Ed . ) .  1 9 7 7 . Proceed ings o f  the 4th International Symposium on 
Biological Control of Weed s .  Gainesville ,  FL :  University of Florida , 
Ins titute o f  Food and Agricul tural Sciences . 

Smi therman, R . D . , W . L .  Shelton , and H . H .  Grover (Eds . ) .  1978 . Sympos ium on 
Culture of Exo tic Fishes presented at Aquaculture/Atlan ta/ ' 78 ,  Atlanta , 
Geogria , January 4 ,  1978 . 

Transac tions o f  the American Fisheries Society . 1978 . Volume 107 , Number 1 .  

Shireman , J . V .  (Ed . ) .  1979 . Proceedings o f  the Grass Carp Conferenc e .  
Gainesville , Fl : Aqua t ic Weed s Research Center , University o f  Florida , 
Ins titute o f  Food and Agricultural Sciences . 

Decell , J . L .  (Ed . ) . 198 0 .  Proceedings , 14th Annual Meeting , Aquatic Plant 
Control Research Planning and Operations Review . Vicksburg , �S : 
U . S .  Army Engineer Waterways Experiment Station . 
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17 . APPENDIX I I : POPULAR ARTI CLES 

Many popular publ ica tions have been wri t ten concerning gras s carp . 

There is even a humorous song titled "Grassy Carp " sung by Dale Crider on 

the album P ioneer Ethics ( 1 9 7 5 ; Gainesville , FL :  Arhinga Roos t Mus ic ) . 

In any event., the fo llowing article · c itations are appended primarily to 

provide sources for gauging pub lic opinion relative to gras s carp use . 

Anon . 1 9 6 9 . The weed-eating carp . Gardener ' s Chron . 165 ( 21 ) : 2 8 .  Reviews 

value of grass carp for weed control as well as for pro tein produc tion . 

Re sults o f  field experiments in England indicate it  can control some 

weed species . Cites need for research on s tocking rates ,  interspecific 

ef fects , and po tential for becoming a nuisance species in open waters . 

Anon . 197 1 .  Aquatic vegetation control . Illino is Nat . His t .  Surv . Rep . 

107 : 1- 2 . Discusses advantages o f  biological agents over chemicals for 

aquatic weed control .  Recommend s grass carp distribut ion be limited 

until potential effec t s  of introduct ion into Uni ted S tates waters are 

known . 

Anon . 197 1 .  As iatic grass carp caught in Mis s is s ipp i .  Spr ingf ield ( Ill . )  

S tate Journal , Feb 5 .  Documents capture o f  21-pound spec imen in 

river near Urbana . Recommends res triction becaus e gras s carp could 

potentially des troy other f ish habitat . 

Anon . 19 7 1 .  County leaders take bo ld s tep toward control o f  hydril la . 

Winter Garden ( FL . ) Times , �ar . 25 . Reports  start o f  gras s carp f ield 

testing for aquatic weed control in pond s . 

Anon . 19 7 1 .  Lack o f  cooperat ion hit in water weed contro l .  Orlando (Fl . ) 

Sentinel , Nov . 18 . Conf lict ing op inions o f  different governmental 
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agencies on the advisab ility of introducing grass carp for weed 

control have hind ered research . 

Anon . 19 7 1 .  Lake Erie grass carp ? Sport Fis h .  Ins t . Bull . No . 223 : 5-6 . 

Criticizes U . S .  Fish and Wildlife Services ' intention to s tudy and 

possibly introduce gras s carp into Lake Erie for weed control . 

Anon. 19 7 1 .  Let nature find a way . Orlando (FL . )  Sentinel , Jan . 16 . 

Compares grass carp favorably with mechanical and chemical weed 

control ,  but points out that its  use is still experimental . 

Anon . 19 7 1 .  Tiny fish may control water weeds . The Tampa (Fl . ) Tribune 

Times , May 2 .  The hydrilla problem in Florida and the advantages of 

control by grass carp rather than chemical or mechanical methods are 

discus sed . 

Anon . 19 7 1 . Weed-eating fish discovered to clear Florida waterways . 
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Jacksonville ( Fl . ) Times-Union , Feb . 18 . Documents  s tart of coop erative 

research between Florida Department of Natural Resources and U . S .  

Department of Agriculture . 

Anon . 197 2 .  Cab inet okays weed-eating fish s tudy . The Tampa ( Fl . ) Tribune , 

on Aug .  30 . Reports authorization of  research by Florida Department 

of �atural Resources on grass carp for aquatic weed contro l .  

Anon . 19 7 2 .  A fish story provide s answer to a very weedy prob lem . Market 

Bulle t in ( Florida Department o f  Agricul ture and Consumer Services ) ,  

July 1 .  Summarizes cooperative governmental research on grass carp 

for weed control in Florida . 

Anon.  19 7 2 . Fish that  weed the water . Agri c . Res . U SA 20 (11 ) : 6-7 . 

Summarizes cooperative governmental research on grass carp for weed 

control in Florida . 
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Anon . 19 7 2 .  Grass carp problem . Sport Fish.  ;ns t .  Bull . No . 2 4 0  

( repr inted in Farm Pond Harves t  Winter , 19 7 3 : 18-1 9 ) . Reports new 

res triction on gras s carp introduction by several states and reviews 

research demons trating grass carp feeding on animal material , selec tive 

control of water weeds , and inten s ive fertilizat ion of water as a 

result o f  gras s carp faeces . 

Anon . 1 9 7 2 .  Man ' s  bes t friend? Time , Jan . 31 . An extremely dis torted and 

inaccurate article on gras s carp . 

Anon .  19 7 2 .  Restoring (mana ging ) aquatic  ecosys tems . Sport Fish . Ins t . 

Bull . No . 2 3 2 : 1- 3 .  Though directed primar ily at common carp , this 

art icle also crit icizes premature claims of  the grass carp as a panacea· 

for aquatic weed contro l .  

Anon . 19 72 . Turning the tide against aquatic weeds . World Farming 

14 ( 9 ) : 18- 22 . Reviews aquatic  weed problem and various approaches to 

control , including Indian , Rus sian , and Amer ican research on gras s carp . 

Anon . 1 9 7 2 . Weed-eating fis h : Is it good or bad? Crops and Soils 

25 ( 1 ) : 2 7-28 . Advises caution in stocking grass carp for weed control and 

further research on ecosys tem impacts . 

Anon . 19 72 . White amur in Arkansas . Sport Fish . Ins t .  Bull . No . 239 : 4-5 . 

Summarizes panel discuss ion o f  researchers from various states . Calls 

for halt in gras s carp introduc t ions and for mo re investiga t ion of its 

environmental ef fects . 

Anon . 1 9 7 3 . I ID fund research proj ec ts to solve canal weed pes t s . San 

Diego (Cal ) Union , Feb . 5 .  Reports on a cooperat ive s tate proj ect to 

investigate gras s carp for weed control in irrigation canals .  



Anon . 197 3 .  White amur shows promise in biological weed control . Fla . Cons . 

�ews 9 ( 3) : 1 . Reviews Florida ' s  aquatic weed problems and cooperative 

research on grass carp as a biocontrol . 

Anon .  1974 . White amur controls aquatic weeds .  Illinois Nat . His t .  Surv . 

Rep . 136 : 1- 2 .  Reports status of  grass carp in Illino is and research 

demons trating its ab ility to control weeds in ponds . 

Anon . 19 75 . Additional experiments with the white amur . Illino is Nat . 

Hist . Surv . Rep . 148 . Gives tentative results of  experiments where 

grass carp succes sfully controlled weeds in ponds but negatively affec ted 

other fish species . 

Anon . 19 7 5 . Grass carp b inge . Sports Fish.  Inst . Bull . No . 265 . -Discus ses 

control of  grass carp introduction and criticizes administrative 

approaches to grass carp research in Florida . 

Anon . 1975 . Grass carp could mean trouble . Bass Research Foundation 

Report �o . 2 : 4 .  Reports on research in Alabama and Florida which 

indicates adverse impacts of grass carp on gamefish.  

Anon . 1976 � Good or  bad?  Controversy heats up over white amur/ grass 

carp . Comm .  Fish Farmer and Aquacul t .  News 2 (5 ) : 16-21 . Presents 

pro and con views of  grass carp for aquat ic weed control . 

Anon . 19 7 6 .  Grass carp no panacea . Sgort Fis h .  Ins t . Bull . No . 274 . Advises 

extreme caution in grass carp introduct ion for weed control and reviews 

po tential ne gative impacts . 

Anon . 1976 Lake Louise first  for grass carp ? Outdoor �ews 9 ( 10) . 

Reports up coming test introduc tion o f  gras s �arp in Minneso ta lake . 

Anon . 19 76 . Status o f  grass carp . Sport Fis h .  Inst . Bull . �o . 2 7 3 : 4-6 . 

Reviews state prohibit ions on grass carp , current res earch in Florida , 

and distribution in North America , inc luding mas s ive rep roduc tion in 

Mexico . 
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Anon .  1 9 7 7 . Approval needed for  amur use . Jacksonville (Fl ) Time s-Union , 

Jan . 2 6 . Repor t s  control o f  grass carp in Flor ida and research 

conflicts  be tween governmental departments . 

Anon . 1 9 7 7 . A grass carp problem . Sport Fish . Ins t .  Bull . No . 28 8 : 4 .  

Records occurrence o f  grass carp in Ind iana , Minnesota , and Calif ornia . 

Anon .  1 9 7 7 . A look a t  the grass carp . Grass carp fact shee t . Florida 

Game and Fresh Water Fish Connnis s ion . Release No . 63-1 . 3pp . The 

Commiss ion opposes further s tocking of grass carp unt i l  ongo ing 

. research is concluded . Weed control requires large numbers of grass 

carp which can have advers e  effects on o ther fish . 

Anon .  1977 . Weed-eating fish fails t o  do j ob in Orlando . Gainesville (Fl . )  

Sun , Oc t .  19 . Higher stocking rates would be needed to control hydrilla 

in Florida lakes . 

Anon . 1 9 7 7 . Weed-ea t ing white amur fails Baldwin test • .  Jacksonville (FL)  

Tilnes-Union . Hydrilla control in Florida lake would require higher 

stocking rates . 

Anon . 19 78 . Shields , legislators , o thers see Deer Point Lake stocked . 

DNR Digest Sep t : 1 .  Pos�tive weed control is achieved with grass carp in 

a Florida lake . 

-anon . -197-9 . -.G-rass �arp ban -ends . The -Marthasville -(MO ) Record , Nov� 23� 

Restrictions on gras s carp are lifted since surrounding states have 

s tocked the f ish so widely . 

Anon . 1 9 79 . Weed-eating f ish takes to Florida waters . Boca Raton (.Fl . )  News , 

Aug .  20 . Reports init iation o f  field tes t o f  grass carp hybrid for weed 

control in Florida . 



Anon . 1980 . Hyb rid carp and aquatic weeds . Illino is Nat .  His t .  Surv . Rep . 

198 : 3 .  Reports on up coming research on gras s carp hybrid for weed 

control in Illinois . 

Ables , A.  19 7 2 .  The white amur • • •  A star . The Amer . Fish Farmer May : 4-5 .  

Reviews pros and cons o f  weed control wi th grass carp , articles for 

and agains t ,  and f ield tes ts in Arkansas . 

Allen , H. 1972 . White amur no t answer to water weed prob lem. The Tampa 

(FL . ) Tribune , Dec . 7 .  Cites research indicating carnivory in grass 

carp, its inappropria teness  as a weed control agent . 

Anderson , A. 19 7 9 .  Grass carp no t the answer . The Dallas (Tex) Morning 

News , Jan . 3 0 .  S tates that grass carp could not control weed problems 

in Texas waters but would cause detrimental ecosys tem effects . 

Bailey , B .  ·White amur/ the uncommon , exo tic carp . Arkansas Game and Fish 

5 (4 ) : 2 6-29 . Reviews the reasons for and research on gras s carp 

stockings for weed control in Arkansas . 
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Ball , J. 1 9 7 7 . Weed-chomp ing fish exp eriment a flop . Orlando ( Fl . ) Sentinal 

S tar , Oct . 18 . Documents failure of grass carp to control weeds in 

Flo rida lake because of inadequat e s tocking . 

Bhatia , H . L .  1970 . Grass carp s can control aqua t ic weeds .  Indian Farming 

20 ( 2 ) : 36-37 . Reports success ful weed control by gras s carp and their 

potential usefulne ss in fish ponds . 

Bosley , R. W .  1975 . White amur- the wonder fish- 50Nes water source problems . 

Amer . �urseryman 141 ( 9 ) : 9 , 8 3 .  Dis cus ses weed control ab ility , tas te 

quality , and regulations of  gras s carp . 

Bowring , D .  19 7 3 .  Big brother and the bas s . Ba s s  Magazine . Jan / Feb : 1 7-18 . 

Reviews spread and regulat ions o f  gras s carp in United States . Expresses 
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concern about introduced diseases and other nega tive gras s carp impacts 

on native f ishes . 

Burkhal ter , A . P .  1 9 7 1 . Chinaman ' s fish is po ssible weed eradicator . 

S t .  Petersburg (Fl . ) Times , Aug . 1 2 . Describes grass carp and summarizes 

weed control research with it in Florida . 

Burkhal ter , A . P .  1975 . The white amur controversy . Weeds , Trees and Tur f 

14 ( 6 ) : 26-29 , 35 .  Reviews resear ch and regulat ions on gras s carp in s tates 

inves tigating it for weed control . 

Duvall , S .  1979 . Ammonia believed cause of  Conecuh-Escamb ia fish kill . 

The Tri-City (Al ) Ledger , Jun . 28 . Grass carp were identif ied in a 

southern Alabama f ish kill . 

Edwards , D . J .  1975 . Taking a b ite at the waterweed problem.  �ew Zealand 

J .  Agric . 130 ( 1 ) : 3 3- 3 6 . Summarizes preliminary research on gras s 

carp for weed control in �ew Zealand . 

Fender , D . � . 1978 . Too ho t to handle? Golf Superintendent : July : 21-26 . 

Reviews spread o f  gras s carp in the United States , contradictory reports 

in publications , and current research orientat ion . 

Friedl , L . L .  19 72 . Where to go guide . Sports Af ield June : l 6 2 . Documents 

grass carp stocking in Lake Conway , Arkansas . 

Hacker , D . W. 19 72 . Superfis h !  No b ird or plane , it ' s a white amur . The 

�at ional Ob server , Jan . 1 .  A figurative account of the gras s carp which 

describes the controversy over its use for weed control in the United 

S tates . 

Harris , C .  1 9 7 7 . Hydrilla survives experiment . Orlando (Fl )_ Sentinel S tar , 

Oc t .  2 .  Inadequa te stocking or poor survival might exp lain failure o f  gras s 

carp to control hydrilla in Florida lake . 
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Harris , C .  197 8 .  Grass carp : Bane or blessing ? Fla . Sportsman 

�ov : 20-22 , 2 5-26 , 80 . Reviews controversy surr ounding use of grass 

carp for weed control , with the emphasis on Florida . 

Hawke'r ,  J . L .  date unknown . Whither the grass carp ? S t .  Joseph (MO . ) 

Gazette .  Evaluates grass carp for weed control in United S tates , 

particularly Missouri ,  and su ggests that adver se imp acts  outweigh 

benefits . 

Henderson , S .  197 8 .  Don ' t  bel ieve everything you read . Arkansas Game and 
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Fish , Spr ing : 20-23 . Reviews conf licting and inaccura te statements made 

in popular press and scientif ic literature on grass carp for weed contro l .  

Hutt , A .  197 1 .  Amur i s  another name for the • • •  gras s  carp . Fla . Wildlif e 

24 ( 8 ) : 16-20 . Reviews research on grass carp for weed control in the 

United States and its potential for solving Florida ' s  aquatic weed prob lem . 

Jones , D .  1978 . Hippos tend to roam. Go lf Superintendent . July : 16-18 . 

Discusses grass carp use for weed control in the United S tates with 

emphasis on Florida and small lakes . 

Kenhamer , E . F .  1973 . Whit e  amur - nature ' s  watergoing lawnmower . Prog . 

Farmer , 88 ( 9 ) : 86 . Reviews controver sy and res earch on grass carp for 

weed control in the United States . 

Kinnear , H.  19 7 4 .  Ecology ' s  helper for the pond owner . Amer . Farmer , 

Sep-t :- 8-9-.  D-is-cus-s-e-s- weed- c-ontto-1 by- grass- car-?- and- spawning - operation-

in Arkansas . 

Lynch , T .  19 7 9 .  White amur experience leads t o  development o f  grass carp 

hybr id . Aquacul t .  Mag . ,  6 ( 1 ) : 33-3 6 .  Discusses potential of grass 

carp and development of  a hybr id for United S tates weed contro l .  

Mitzner , L .  1974 . Iowa ' s  la test e..'Co tic . Iowa Conervat ionist ,  33 ( 6 ) : 2-3 . 

�eports on current field test of  grass carp for weed control in an Iowa lake . 

�orton , B .  197 9 .  The hydrilla menace . Wa ter Spectrum , Spring : 3 5-43 . 

Describes hydrilla problem in United Statesa and control measures , including 

grass carp . 
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Parker , Jr . ,  W. D .  196 9 . The whie amur . Alabama Conserva tion 39 ( 2 ) : 11-1 2 .  

Describes attributes o f  grass carp for weed control but ci tes need for 

further inve stigation of potential impac t s . 

Pina ,  R .  1 9 7 4 . Las carpas contra el lirio [ Carp against the weeds ] .  Tecnica 

Pesquera 7 ( 80) : 12-13 . [�n Spanish ] .  Points out the inadequacy of grass 

carp for water hyac inth control in Mexico and the need for mechanical , 

chemical , and wat er quality control me thods . 

Pina , R .  1 9 7 6 . P iscicultores chinos y cubanos vis i t an Mexico [ Chinese and 

Cuban f ish cultur i s t s  visi t  Mexico ] .  Tecnia Pesquera Ap ril : 10- 1 2 . 

[ in Spanish ] .  Chines e  and Cubans cultur i s t s  vis i t  Mexico and sugge s t  

improvement s  f o r  artif icial reproduct ion and cul ture o f  grass carp . 

Prewit t ,  R.  19 7 2 .  Ramb ling along . Amer . Fish Farmer Augus t :  18- 21 . Describes 

advisory commi ttee deal ing wi th importation o f  exo tic fish , including 

grass carp . 

Prewi t t , R .  19 7 2 .  Rambling along . Amer . Fish Farmer. November : 22-26 . Cites 

research in Arkansas indica t ing success ful use o f  grass carp for weed 

control without deleterious consequences . 

Pryo r , J . A.  1980 . Arkansas breeder defends
· 

controvers ial weed-eating fis h .  

Arkansas Democr'at , Jun . 22 . Discusses .controversy on gras s carp for 

weed control and interviews a commer1ca-1 culturis t .  

Ramachandran , V .  195 9 .  Weed control is a mus t in f i s h  cul ture . Indian 

Farming 19 ( 1 ) : 75- 7 7 ,  81 . Describes weed control problems· in Ind ian 

pisciculture and the po ten t ial and l imi tatio ns of grass carp . 

Reiger , G .  19 7 6 .  The white amur caper . Audubon Sep tember : 108-111 . Sugge s t s  

tha t introduction o f  the undes irable gras s  carp in to the ' Uni ted S ta tes 

is mos tly a resul t of p o litical inf ighting and ccmpetition of f isheries 

biologi s t s  for research fund ing . 
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Richardson , L. 1974 . The white amur : Friend or foe ? Louisiana Conservat ionis t .  

July-Augus t :  2 2-25 . Reviews aquatic weed problems and grass carp ' s  

applicab ility in Louis iana . Describes current research , particularly on 

product ion of sterile or monosex stocks . 

Ro sas , M. 1976 . Ya nace en Mexico la carp herb ivora [ Now the grass carp is born 

in Mexico ] .  Tecnic Pesquera October : 45-4 7 .  [ in Spanish ] .  Suggests the 

po tential benefits of mas s ive grass carp reproduc tion in Mexico , such as 

that documented in Michoacan . 

Rose , S .  19 7 2 .  What about the white amur ? A superfish or a super curse ? 

Florida Nat .  October : 156-15 7 .  Describes positive and negative characteri s t ics 

o f  grass carp for weed control in the United S tates . 

Sedgeman , J .  19 7 2 .  Biological lawn mower . S t .  Pe tersburg (Fl . ) Times , April 

23 . Reports on grass carp research for weed control in Florida and inter-

views Fish and Game Commiss ion b iologist .  

Sneed , K. E .  19 71 A controversial b iological control .  Amer . Fish Farmer 

2 ( 6 ) : 6-9 . Describes advantages o f  grass carp over o ther methods o f  

weed control and reviews research and controversy surrounding i t s  use 

in the United S tates . 

Sutton , D . L .  Controlling aquatic vegetation with herb icides ,  fish . Grounds 

Maint enanc e 9 : 18- 22 . Describes- weed- c.ontto.L r_esearch us ing_ gJ"ass carp 

in comb ination with herb icides in Florida . 

Sutton , D . L . 1975 . A ho e hand with fins . Weeds Today Spring : 14-15 . 

Discus ses general characteristics o f  grass carp and its app lication to 

aquatic weed control . 

Twi tty , T .  1975 . Amur ' s  future unsettled as agenc ies argue merits . Orlando 

(Fl. ) Sentinal Star , Jun . 29 . Reports on interagency conflicts , research , 

and introduction of  grass carp in Florida for weed contro l .  
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Twi t ty , T .  19 7 7 . Largest  amur stocking coming in Conway tes t .  Orlando (Fl . ) 

Sentinel S tar , Jul . 1 0 . Reports on Army Corps o f  Engineers tes t s tocking 

o f  gras s carp in a Florida lake for weed control . 

Vance ,  J . M .  1 9 7 5 . Amur is a f our-let ter word . Field and S tream �ar ch : 13- 2 0 . 

Emphasizes adverse ef fects o f  grass carp introduc t ion . 

Vance ,  J . M. Grass carp moving on . All Outdoors (Mis souri Depar tment o f  

Conservation) , Mar . 1 7 . C ites reports o f  gras s carp spread in Mis sissippi 

drainage and their po tential for carnivory . 

Willard , H .  19 7 1 .  Can the wo rld s tand a real schmoo ?  Washington (D . C . ) Pos t ,  

Dec . 23 . Reports on pos i t ive and ne gative aspec ts o f  grass carp as a 

weed contro l agent in the United S tates . 

Woods , C .  1975 . · Weed eating f ish released in Florida . Citrus and Vegetable 

Mag .  38 ( 6 ) : 12- 2 7 . Presents research and orientat ions of various s tate 

agencies toward stocking gras s carp for weed control in Florida . 



111 

LITERATURE CITED 

Anon . 1965 . Giant perch e..�ported , grass carp imported .  Fish . Newslett . 
Aus t . 24 ( 3 ) : 27 . 

Anon . 196 i . Chinese fry . Nature , Lend . 215 ( 5105) : 1021 . 

Anon . 1968a . Clearance by carp . Nature 220 (5165) : 322-323 . 

Anon . 1968b . From the research institutes : 
carps , induced br eeding , stocking rates . 
1 ( 1 ) : 11 . 

Culture of  Chinese 
FAO Fish Cult . Bull . 

Anon . 1968 c .  News from development agenc ies : Romania . FAO Fish 
Cult . Bull . 1 ( 1 ) : 11 . 

Anon . 1968d . Recent introductions and transplantations . FAO Fish 
Cul t .  Bull . 1 ( 1 ) : 13 . 

Anon . 1969a . Fish and crayfish introductions . FAO Fish Cul t . Bull . 
1 ( 3 ) : 1 9 .  

Anon . 1969b . Freedom from Hunger Campaign (FFHC ) fresh-water f ish 
culture development proj ect-Philipp ines . FAO Fish Cult . Full . 
1 ( 2) : 17 . 

Anon . 196 9c . From the research ins titutes : Hybridization and species 
combinat ions . FAO Fish Cult . Bull . 1 ( 2 ) : 5 .  

Anon . 1969d . From the research ins titutes : Induc ed breeding . FAO 
Fish Cul t .  Bull . 1 (3 ) : 5 .  

Anon .  1969e . From the research ins titutes : Weed control in ponds . 
FAO Fish Culture Bull . ] ( 2 ) : 6-7 . 

Anon . 1969f . From research institutions : Induced breed ing . FAO 
Fish Cult . Bull . 1 ( 3 ) : 3 .  

Anon.  196 93 . Grass carp doubts . Sport Fis h .  rns t .  Jrulr. No . 205 : 2 �  

Anon . 1969h . News from development agenc ies : Hungary . FAO Fish Cult . 
Bull . 1 ( 2) : 8 .  

Anon . 196 9 i .  News from development agencies :  Hungary . FAO Fish Cult . 
Bull . 1 ( 4 ) : 9-10 . 

Anon . 1969j . News from development agencies : Ind ia . FAO Fish Cult . 
Bull . 1 ( 4 ) : 10 . 

Anon . 1969k .  News from development agencies : Iraq . FAO Fish Cult . 
Bull . 1 (4 ) : 10 . 



112 

Anon .  196 9 1 .  �ews from re search ins t i tut es : Weed control by grass 
carp in C zechoslavakia . FAO Fish Cult . Bull . 1 ( 3 ) : 9 .  

Anon . 196 9m .  
S tates . 

Recent fish introductions ; Gras s carp in the United 
FAO F ish Cul t .  Bull . 1 ( 4 ) : 14-15 . 

Anon . 1 9 6 9n .  Recent introductions : Ct enooharyngodon id ella in 
Iraq . FAO Fish Cult . Bull . 1 ( 2 ) : 12 . 

Anon . 19690 . Recent introduct ions o f  fish , shrimps and · oysters . 
FAO Fish Cul t .  Bull . 2 ( 1 ) : 15-16 . 

Anon . 1 9 7 0a .  Aquaculture development : Kenya , Republic o f  Korea , 
and Thailand . FAO Aquacult .  Bull . 3 ( 1 ) : 11 . 

Anon . 1 9 7 0b .  Fish cul ture development : Cuba . FAO Fish Cult . Bull . 
2 ( 2 ) : 10 . 

Anon . 1 9 7 0c . Fish culture d evelopment proj ect : Philippines . FAO 
Fish Cul t .  Bull . 2 ( 2 ) : 2 0 . 

Anon . 1970d .  Fish culture proj ect : Burma . FAO Fish Cul t . Bull . 
2 ( 2 ) : 20 . 

Anon . 1 9 7 0e . Freedom from Hunger Campaign (FFHC) freshwater f ish 
culture development proj ect - Philippines . FAO Fish Cult . 
Bull . 2 (4 ) : 18-19 . 

Anon . 1 97 0 f .  From research ins t i tutions : Polyspermous fer t ilizat ion 
in cyprinids .  FAO Fish Cul t .  Bull . 2 ( 2 ) : 4 .  

Anon . 1970g . In troduct ions o f  fish.  FAO Aquacul t .  Bull . 3 ( 1 ) : 15-16 . 

Anon . 1970h . Introductions o f  f ish , prawn and crayf ish : Grass carp 
in Indonesia . FAQ_ Fish Cult . Bull . 2 (4 ) : 1 5 . 

Anon . 1970i . ( transl .  from Russ ian by R . M .  Howland 197 1 )  Manual on 
the bio t echnology of the propagat ion and rearing of phytophagous 

- f i-she-s . - Fishery -llinistry _a__f _t_he USSR_, All-Union S c ientif ic 
Research Inst itute of Pond Fishery . 4 9  pp . 

Anon . 197la .  Aquaculture development : China (Taiwan ) and Hong Kong . 
FAO Aquacult .  Bull . 4 ( 1 ) : 10 . 

Anon . 197lb . Fish culture development proj ect : Philipp ines . FAO 
Aquacul t .  Bull . 3 (3 ) : 17 . 

Anon . 197lc . Fish diseases and their control : Diseases o f  grass carp . 
FAO Aquacult .  Bull . 4 ( 1 ) : 1 3 . 

Anon . 197ld .  From research ins t i tutions : Culture of  Chinese carp s . 
FAO Aquacul t .  Bull . 3 ( 3 ) :  5 .  



Anon . 197le . From res earch institutions : Hybridization o f  Ind ian 
carps . FAO Aquacult . Bull . 3 ( 4) : 4 .  

113 

Anon.  1971£ . Use grass carp for weed control . Indian Farming 21 ( 5 ) : 45-4 7 . 

Anon . 197 2a . Aquaculture development : Laos . FAO Aquacult . Bull . 
5 ( 1 ) : 1 1 .  

Anon .  1972b . Arkansas gras s carp policy . Sport Fish.  Ins t .  Bull . 
No . 237 .  

Anon.  1972c . Fish culture development proj ect : Philippines . 
FAO Aquacult .  Bull . 5 (1 ) : 23 . 

Anon . 197 2d .  Fish diseases and their control : Parasite on grass 
carp . FAO Aquacult .  Bul . 4 ( 2) : 14 . 

Anon . 1972e .  Fish diseases and their control : Tanin treatment for 
Chinese carp eggs . FAO Aquacult .  Bull . 5 ( 2 ) : 18 . 

Anon . 197 2 f .  Fish introductions : Grass carp distribution in 
Arkansas , U . S . A .  FAO Aquacult . Bull . 5 ( 1 ) : 18-19 . 

< Anon. 197 2 g . Fish and shell fish introductions : Recent introductio�s . 
FAO Aquacult .  Bull . 4 ( 4) : 16 . 

Anon . 1972h .  From research ins titutions : Control o f  aquatic 
weed s .  FAO Aquacult . Bull . 4 ( 2 ) : 7 .  

Anon. 1972i . From research ins titu t ions : Induced spawning of grass 
carp . FAO Aquacult .  Bull . 4 ( 2 ) : 4 .  

Anon .  1972j . From research institutions : Polyculture o f  carps . 
FAO Aquacul t .  Bull . 5 (2 ) : 6-7 .  

Anon . 1 9 7 2k .  Grass carp policy . Sport Fish .  Ins t . Bull . No . 23 6 :  3 .  

Anon . 197 21 . Inland f ishery proj ect : Nepal . FAO Aquacul t .  Bull . 
5 (1 ) : 23 . 

Anon . 1972m.  Missouri outlaws white amur .  Sport Flsli .  rnst . S-ulL 
No . 235 : 2 .  

Anon. 1972n.  Primary study o f  Hvdrilla verticillat.a feeding gras s 
carp in Taiwan . ChuP ei Branch S tation . Cheelung , Taiwan : 
Taiwan Fisheries Research Inst itu t e .  2 pp . 

Anon . 19720 . Weed-cleaning white amur banned in state : S tirs 
guarded interes t of  DNR fisheries men . News Bull . , �ich . Dep t .  
o f  Nat . Resources 3-8- 7 2 : 1-4 . 

Anon . 1 9 7 3 a .  Aquaculture development : Malaysia . FAO Aquacult .  Bull . 
6 ( 1 ) : 13-14 . 



114 

Anon . 1973b . Fish and shellf ish introduc t ions : Recent introduct ions . 
FAO Aquacult .  Bull . 5 ( 2 ) : 20 . 

Anon . 1973 c .  From research ins titutions : Produc t ion o f  unisex and 
s t erile fish . FAO Aquacul t .  Bull . 5 ( 3-4) : 5 .  

Anon . 1 9 7 3d . Gras s carp in the United S tates . FAO Aquacult .  Bull . 
5 ( 3-4) : 1 9 .  

Anon . 1973e . Inland fishery proj ect : Nepal . FAO Aquacul t .  Bull . 
6 ( 1 ) : 25-26 . 

Anon . 19 7 3 f . New York S tate wants  grass carp out o f  its water s . 
Water Newsletter 15 ( 5 ) : 2 .  

Anon . 1974a . Aquaculture development : Bulgaria . FAQ Aquacult . 
Bull . 6 ( 4 ) : 9 .  

Anon . 1 9 7 4b . Aquaculture development : Hungary . FAQ Aquacul t .  
Bull . 6 ( 2-3 ) : 14-tS .  

Anon . 1974c . Aquaculture development : India .  FAO Aquacult . Bull . 
6 ( 2- 3 ) : 15 . 

Anon . 1 9 7 4d . Aquatic weed control: Central and Southern Florida 
Flood Control District 25 th Annual Repo r t , 197 4 : 17 . 

Anon . 1 9 7 4-19 75a . Aquaculture development :  Nepal .  FAO Aquacul t .  
Bull . 7 ( 1-2) : 1 9 .  

Anon . 1974-1975b . Aquacul ture development : Tha iland . FAO 
Aquacult .  Bull . 7 ( 1-2 ) : 19 . 

Anon . 1974-1975c . Fish and s hellfish introduc t ions : Introduc t ion 
o f  carps into Sudan . FAO Aquacult .  Bull . 7 ( 1- 2 ) : 25 . 

Anon . 19 7 4- 1 9 7 5d . Int egrated inland fishery and fish cul ture 
development : Nepal . FAO Aquacul t .  Bull . 7 ( 1- 2 ) : 34 . 

Anon . · 1975a . Fish and shellf ish introduc t ions : Ctenooharvngodon 
idella in E thiop ia . FAO Aquacult .  Bull . 7 ( 3-4 ) : 24 .  

Anon . 1 9 7 5b . From research ins titutions : Control o f  aquatic weeds . 
FAO Aquacult .  Bull . 7 ( 3-4 ) : 11 . 

Anon . 1975c . From research ins titutions : Intensive fish culture in 
stagnant ponds . FAO Aquacul t .  Bull . 7 ( 1-2) : 6 .  

Anon . 1 9 7 5d . From research ins titutions : Product ion o f  mono sex grass 
carp . FAO Aquacult .  Bull . 7 ( 1- 2 ) : 6 .  

Anon . 1 9 7 5 e .  Grass carp update.  4 pp [ mimeo ] 



Anon.  19 7 5 f . North American reproduction of  grass carp . Sport Fish.  
Inst . Bull . �o . 269 : 5 .  

115 

Anon . 1976a . California grass carp ban . Sport Fish.  Ins t .  Bull . No . 275 . 

Anon . 1976b . Grass carp hosts As ian tapeworm. Sport Fish.  Ins t .  Bull . 
No . 276 : 2-3 . 

Anon . 1976c . S tatus of gras s carp . Sport Fish.  Ins t .  Bull . No . 273 . 

Anon . 1977a.  Aquaculture development : China . FAQ Aquacult .  
Bull . 8 (2 ) : 16-17 . 

. .U-,on . 1977b . Fish and shellf ish introduc tions : Control of grass 
carp in the United S tates . FAQ Aquacul t .  Bull . 8 (3-4 ) : 2 0 .  

Anon . 19 7 7 c . Fish and shellfish introduc tions : Fish introductions 
in New z�aland . FAQ Aquacul t .  Bull . 8 ( 2 ) : 2 7 . 

Anon . 1977d . Gras s carp banned in 33 states . Sport Fish . Inst . 
Bull . No . 281 . 

Anon . 1977 e .  Grass carp outlawed in 35 states . Sport Fis h .  Ins t .  
Bull . No . 282 : 5 .  

Anon . 1977 f .  Int egrated fishery and fish culture development : Nepal . 
FAQ Aquacul t .  Bul . 8 ( 3-4) : 24-25 . 

Anon . 1978a . The role of LH-RH in induct ion of spawning in grass carp 
(Ctenouharvngodon idellus ) .  I .  Cytological and histochemical 
studies of the pituitary and the ovary . Scientia Sinica 21 ( 3 ) : 390-396 . 

Anon . 1978b . The role of LH-RH in induc tion of  spawning in grass 
carp (Ctenopharvngodon idellus ) .  II . Ultras tructural study of 
pituitary gonadotrophs . Scientia Sinica 21 ( 3 ) : 39 7-400 . 

Anon . 1979a.  Research Planning Meeting on Hybrid Grass Carp . U . S .  
Fish and Wildlife Service .  Divis ion o f  Fishery Ecology Research . 
August 29-30 , 19 7 9 .  7 pp . 

Anon . 1979b . Hybrid grass carp research coordination meet ings . 
August 29-30 , 1g7g. !Jenver , Colorado [Agenda-] -. -

Adamec , J .  197 3 .  Control of aqua t ic vege tat i on in New York S tate . 
[ abs trac t ]  Report SS-404 (PB-237  207 ) , National Technical Information 
Service : Springfield , VA . 68 pp . 

Adam.ova , L . G . , and G . G . Novikov . 197 3 . Issledovanie belkovogo sostova 
syvoro tki krovi ras ti tel ' noyadnykj ryb . [ S tudy of the pro tein 
composition of blood serum o f  hervivorous fish. ] Bio l .  Nauki 
16 ( 5 ) : 44-49 . [ Biol .  Abs t .  57 : 1257 , No . 12065 ] [ In Russian] 

Adams , A. E .  197 0 .  From rfisearch ins titions : Weed control by 
grass carp . FAO Fish Cult . Bull . 2 ( 4) : 4 .  



116 

Adams , A . E . , and V.  Tit eko . 1 9 7 0 .  A progress report on the 
introduc tion of grass carp (Ctenonharvngodon idellus ) in Fij i .  
Fij i Agric . J .  3 2 ( 2 ) : 43-4 6 .  

Addor ,  E . E . , and R . F .  Theriot .  1977 . Tes t  plan for the large-scale 
operations management tes t of the use of the white amur to 
control aquatic plants .  Ins truc t ion Repo r t  A- 77-1 . Vicksburg , 
MS : U . S .  Army Engineer Waterways Experiment S tat ion . 73 pp . 

Ahling , B . , and A .  Hernelov . 1 97 1 .  Weed control with grass carp 
in Lake Osbysj on .  Rep . Swed . Wat'er Air Pollut . Res . Lab . 
(B94 a ) : 24 pp . Is sued also in Vatten 27 ( 2 )  253-264 . [ abs t .  
in Little ( 19 7 9 ) , p .  106 ] . 

Ahmad , � .  1968 . Review o f  research wo rk done by the directorate 
of f isheries , Wes t Pakis tan . Agric . Pakistan 19 ( 3 ) : 5 57-5 7 2 . 
[ Weed Research Organization Anno t .  Bibl . No . 3 1 : 1614 ] . 

Ahne , W .  1 9 7 5 . A rhabdovirus isolated from grass carp (Ctenopharvngodon 
idella Val . ) .  Arc h .  Virology 4 8 : 181-18 5 . 

Alabama Department o f  Conservat ion . 19 65-1968 , 197 2 .  Annual Report . 

A.l iev , D . S .  1963a . Experience in the use o f  white amur in the 
struggle against the overgrowth o f  water bodies . In : Problemy 
Rybokhozyays tvennogo Ispol ' zovaniya Ras titel ' noyadnykh Ryb v 
Vodoyemakh S S S R  [ Problems o f  the Fis heries Exploitat ion of  
Plant-Eating Fishes in the  Wat er Bodies of the USSR] . Ashkhabad , 
Akad . Nauk Turkmen . SSR . pp . 89-92 . 

Aliev , D . S .  1963b . S o s toyanie i perspektivy rabo t s rastitel ' noyadnumi 
rybami v Srednei Az ii i Kazakhstane [ Present state and prospects 
of  the cul tivation of the herbivorous fishes in Central As ia 
and Kazakhs tan] . In : Mater ialy vsesoyuznogo soveshchaniya po 
rybokozyasis tvenromu osvoeniyu ras titel ' noyadnykh ryb•belogo 
amura i tos tolobi�- vodoemakh S S S R ,  1 96 1 . [Material o f  the 
All-Union Conferenc e on the cul t ivat ion o f  the herbivores , 
gras s carp and silver carp , in USSR  waters , 196 1 . ] Akad . �auk 

-Tur-km . --SSR -Ashkhabad : 203- 208 . _[ Bio l .  Abst .  46 : 1867 , �o . 23344 ] 
[ In Russ ian] 

Aliev , D . S .  1 9 6 7 . Morpholo gy of  young-of-the-year hybrids o f  
phytophagous fis h .  ( trans . from Russ ian b y  J . G . Stanley) Vopr . 
Ikh t io l .  7 ( 1) : 1 9 1-194 . 

Aliev , D . S .  1 9 7 6 . The role o f  phytophagous fish in the recons truction 
of commercia l  ichthyo f auna and biolog ical me liorat ion of water 
reservo irs . Vopr . Ikhtio l .  16 ( 2 ) : 247-2 6 2 .  [ transl .  f rom Russian in 
J .  Ichthyol . 16 ( 2 ) : 2 1 6-22 9 ]  



Aliev , D . S . , and A. I .  Sukhanova . 1974 . 0 plodovitosti  belogo amura 
[ Ctenopharvngodon idella (Val . ) ]  ii bebgo tostolobika 
[ Hvoophthalmichthvs molitrix (Val . ) ]  v Karakumskom kanale .  
[ Fecundity o f  the grass carp , Ctenopharvngodon idella (Val . ) , 
and the silver carp Hvpopthalmichthys moli trix (Val . ) , in the 
Kara Kum Canal and its reservoirs . ]  Izv . Akad . Nauk Turkm. 
SSR. Serv. Bio l .  Nauk 4 :  7 7-83 . [ Biol . Abs t .  60 ( 9 ) : 5136 , 
�o . 47861 ] [ In Russ ian with English summary ] 

Alikunhi , K. H . , and K . K .  Sukumaran . 1964 . Preliminary observations 

1 1 7  

o n  Chinese carps in Ind ia . Proc . Indian Acad . S c i .  60B (3 ) : 1 7 1-18 9 .  

Alikunhi , K. H . , K. K .  Sukumaran , and S .  Parameswaran . 196 2 .  Induced 
spawning of  the Chinese grass carp , Ctenooharyngodon idellus 
( C . & V . ) and the silver carp Hvpophthalmichvthvs molitrix ( C . &  V . ) 
in ponds at Cuttack , India .  Tech . Pap . Indo-Pac . Fis h .  Counc . 
No . 16 . 22  pp . 

Alikunhi , K . H . , K. K .  Sukumaran , and S .  Parameswaran . 1963a . Induced 
spawning of the Chinese grass carp , Ctenopharyngodon idellus 

� 

( C .  & V . ) and the silver carp , Hypopht halmichthys mo litrix ( C . & V . )  
in ponds at Cuttack , India . Pro c . Indo-Pac . Fish.  Counc . Seoul , 
Korea . 1962 . 1 0 ( 2 ) : 181-203 . 

Alikunhi,  K. H . , K. K .  Sukumaran , and S .  Parameswaran . 196 5 . Observat ions 
on growth , maturity and breeding o f  induc ed-bred , pond-reared 
s ilver carp , Hvpoohthalmichthys molitrix , and grass carp , 
Ctenopharvngodon idellus , in India during July 1962  to August  
1963 . bulletin �o . 2 .  April , 196 5 . Bombay , India : Central Institute 
of  Fisheries Education . 19 pp . 

Alikunhi , K. H . , K. K.  Sukumaran , and S .  Parameswaran . 197 3 .  Appendix G .  
Induced spawning o f  the Chinese carp s (Ct enooharvngodon id ellus (C . &  V . ) 
and Hvooohthalmichthvs molitrix ( C .  & V . ) in ponds at Cuttack , Ind ia . 
In : Gangs tad , E . O .  ( Ed . ) 1 9 73 . Herbtvorous Fish for Aquatic 
Plant Control . Aquatic Plant Control Program .  Technical Report 
4.  Vicksburg , MS : U . S .  Army Engineer Wat erways Experiment 
S tation . pp . Gl-Gl2 . 

Aliyev , D . S .  19 7 6 .  What ' s  new in the use o f  the biological method for 
preventin� the over�rowth and siltation of collect ing_ and drainage 
network canals . In : Gidrobiologiya Kanalov SSSR i Biologicheskiye 
Pomekhi v Ikh Ekspluatasiya [ Th e  Hydrob iology of Canals of the USSR 
and Biolo gical Intervention in their Operation ] . �aukova Dumka : 
2 97-308 . 

Aliyev , D . S . , and R. Y .  Bessmertnaya . 1965 . Use o f  the grass carp 
[ C tenopharvngodon idella (Val . ) ]  to control the larvae o f  blood
sucking mosquitoes . J. Ichthyo l .  5 :  319-321 . 

All en , G . E .  19 7 6 .  Workshop I :  Guidelines for the control of aquat ic 
weeds . Group D :  Biological control .  In : Varsheny , C . K . , and 
J .  Rz oska ( Eds . ) .  1976 . Aquatic Weeds in South Eas t Asia . The 
Hague , �etherlands : Dr . W.  Junk . pp . 15-17 . 

And res , L . A . , and F . D .  Bennet t . 197 5 .  Biological control of  aquatic 
weeds .  Ann . Rev . of Entomo l .  20 : 31-46 . 



118 

Andriasheva , M.A. 196 8 .  Some results obtained b y  the hybridization 
of cyprinids . In : Pillay , T . V . R .  (Ed . ) .  1968 . Proceeding s of 
the World Symposium on Warm-Water Pond Fish Culture . Rome , 
18-25 May 196 6 .  FAO Fisheries Reports �o . 44 , Vol .  4 pp . 205-214 . 

Adriyasheva , M . A .  1969 (1972) . Cyto-phys iological me thods in the 
investigation of  fish hybrids . In : Cherfas , B . I .  (Ed . ) .  1969 
(197 2 ) . Genetics , Selec tion and Hybridizat ion of Fish (Genetika , 
selektsiya i gibridizatsiya ryb ) . Jerusalem : Israel Program .for 
Scientific Trans lations . pp . 189-202 . 

Antalfi , A. , and I .  Tolg . 197 2 .  Novenyevo Halak. [Herb ivorous Fish . ] 
Bu4apes t ,  Hungary : Mezogazdasagi Kiado [Agricul tural Publishin� 
House ] . 202 pp . [ In Hungarian ]  

Appelbaum , S . , and B .  Uland . 197 9 .  Intensive rearing of  grass carp 
larvae Ctenopharyngodon idella (Vallenciennes 1844 )  under 
contro lled conditions . Aquaculture 17 : 75-179 . 

Aquatic Plant Control Research Program.  No date .  White amur in 
Lake Conway . Vicksburg , MS : U . S .  Army Engineer Waterways 
Experiment S tation (Aquatic Plant Research �ranch) . 6 pp . 

Aquacul ture Development and Coordination Programme ,  Regional 
Workshop on Aquaculture Planning . 1976 . Aquacul ture Planning 
in Asia . Food and Agriculture Organization of  the United States , 
United �at ions Development Programme . Rome , 1976 . 154 pp . 

Arredondo-Figueroa , J . L . Unpubl . ms . Aquatic animal species of 
nutritional importance introduced in �exico . 5 3  pp . 

As takhova , T . V . , and G . A. Stepanova . 1972 . Paras ite fauna of  
Ctenooharvngodon idella from pond- and spawning-nursery fisheries 
in the Volga delta . Paraz itologiya 6 ( 4 ) : 364-368 . [ In Rus sian 
with English summary ] 

Avault ,  J . W . , Jr . 1965a; Biological weed control with herbivorous 
fish . Proc . Seventh Weed Control Conf . 18 : 590-591 . 

Avault , J . W . 1963b . 
weed control . 

Preliminary studies with grass carp for aqua�ic 
P rog . Fish-Cult .  27 (4) : 207-109 . 

Avault ,  J . W . , Jr . , and A .  Herkowsky . 1978 . Evaluation of  hybrid 
.(common X grass)  carp for weed control . In : Smi therman , R. O . , 
W. L .  Shel ton , and J . H .  Grover (Eds . ) .  1978 . Symposium on 
Cul ture of Exo tic Fishes present ed at Aquaculture/Atlanta/ ' 78 
Atlanta , Georgia , January 4� 1�78 . pp . 184-193 .  

Avault ,  J . W . , Jr . , R . O .  Smitherman , and E . W .  Shell . 196 8 . Evaluation 
of eight species of f ish for aquatic weed control . In : Pillay , 
T . V . R . (Ed . ) .  196 8 .  Proceedings o f  . the World Sympos ium of Wa rm-Water  
Pond Fish Culture . Rome , 18-25 May 1966 . FAO Fisheries Reports �o . 
44 , Vol .  5 pp . 109-12 2 .  



Babayan , K. E .  19 6 6 .  Novyi etap v razvedenii ras t itel ' noyadnykj 
ryb .  [ A  new stage in the culture o f  plant-eating fish. ] Rybn . 
Khoz . 42 ( 6 ) : 4-7 . [ transl .  from Russian by W. E .  Ricker , 
Fisheries Research Board o f  Canada , 1966 . ]  

Bailey , �� . M .  1972a.  Arkansas ' evaluation of  the desirab ility of  
introducing the white amur (Ctenopharvngodon idella , Val . ) 
for control o f  aquatic weed s . Presented at 102nd Ann . 
Meet . Amer . Fis h .  Soc . and Internat .  Assoc . Game and Fish 
Comm. Ho t Springs , Arkansas . 59 pp [mimeo ] 

Bailey , W . M .  197 2b . A review of  Arkansas ' grass carp proj ect . 
Arkansas Game and F·ish Commission . 3 pp . [mimeo ] 

Bailey , W .M .  197 5 .  Operational experienc es with the whit e  amur 
in weed control programs . In : Brezonik , P . L . , and J . L . Fox 
(Eds . ) .  197 5 . Proceed ings o f  the Symposium on Water 
Quality Management through Biolog ical Control . Jan . 23-30 , 
19 7 5 . Gainesvill e ,  FL : Department o f  Environmental 
Engineering Scienc e ,  University of Florid a .  Report 
ENV-07-75- 1 .  16 pp . 

Bailey , W . M .  197 7 . Fish and shellfish introduc t ions : Intro
duct ion of Ct enopharvngodon idella into Egyp t .  FAO 
Aquacul t .  Bull . 8 (2 ) : 27 . 

Bailey , W . M .  197 8 .  A comparison o f  fish populations before and 
af ter extensive grass carp stocking . Trans . Amer . Fish . 
Soc . 107 ( 1 ) : 181-206 . 

Bailey , W.M. , and R . L .  Boyd . 1970 . A preliminary repo rt on 
spawning and rearing of grass carp (Ctenooharvngodon idella ) 
in Arkansas . Presented at 24th Ann . Con£ . Southeas t .  Asso c .  
Game and Fish Comm. Atlanta , Georgia . 13 pp [mimeo ] 

Bailey , W . M . , and R . L .  Boyd . 1971 . White amur proj ect , 197 1 .  
5 pp [mimeo ] 

Bailey , W-. M. , and R. L .  B·oyd. 
white amur in Arkansas . 

197·2-. Some- observa-tl-ons- on- the
Hyacinth Cont . J .  10 : 20-22 . 

Bailey , W . M . , and R . L .  Boyd . 1973.  AppendL� C :  A preliminary 
report on spawning and rearing of grass carp (C tenopharvngodon 
idella) in Arkansas . In : Gangstad , E . O .  (Ed . ) .  1973 . 
Her bivorous Fish for Aquatic Plant Control . Aquatic Plant 
Control Program. Technical Report 4 .  Vicksburg , MS : 
U . S .  Army Eng ineer Wat erways Experiment S tation.  pp . C ; -Cl6 . 

Bailey , W .M . , and W . T .  Haller . unpubl . ms . A survey of reported 
natural spawning sites of  the grass carp (Ctenooharvngodon 

119 

idella Val . ) in the Far Eas t .  Univers ity o f  Florida Agricul tural 
Experiment Stat ion Journal Series �o . 1164 , 14 pp . 



120 

Baker , G . E . , D . L . Sutton , and R . D .  Blackburn . 197 3 .  Feed ing 
habits o f  the whi te amur on waterhyacinth. In : Sutton , 
D . L . , and R . D .  Blackburn . 197 3 . Feasibility o f  the Amur 
(Ctenopharvngodon idella Val . ) as a Biocontrol of Aquatic 
Weeds . Progress Report for Fis cal Year 19 73 . Fort 
Lauderdale , FL : Agricultural Research Center . pp . 5-18 . 

Baker , G . E . , D . L .  Sutton , and R . D .  Blackburn . 1974 . Feeding 
habits of the white amur on wat er hyacinth .  Hyacinth 
Contr . J .  12 : 58-62 .  

Bakos , J . , A .  Krasznai , and T .  Marian . 1978 . Cross-breeding 
experiments with carp , tench and Asian phytophagous 
cyprinids .  Aquacult .  Hung . (S zarvas ) 1 :  51-5 7 . 

Balicki , A .  197 1 .  Fish introductions : Acclima t ization of  
Coregonus and Chinese carps in Poland . FAQ Aquacult .  
Bull . 3 ( 4 ) : 14 . 

Bardach,  J . E . , J . H .  Ryther , and W. O .  Mclarney . 197 2 .  Aquacul ture . 
New York and London : John Wiley & Sons , Inc . 868 pp . 

Bari , A .  19 7 6 .  Aquaculture development in Bangladesh. Indo
Pac . Fish Counc . Proc . 17 ( 3 ) : 189-194 . 

Batenko , A . I . , and Z . F . Sorokhina . 196 9 .  Fish rearing as a 
method o f  controlling weeds in rice paddies . Trud . Vses . 
Nauch . - Issled . Inst . Prud . Ryb . Knoz .  1 6 : 204-206 . [Weed 
Research Organization Anno t .  b ib l .  No . 32 : 1176 ]  [ In 
Russ ian wi th English summary ] 

Bauer , o . � . 1968 . Control of  carp dis eases in the USS R .  In : 
Pillay , T . V . R. (Ed . ) .  196 8 .  Proc eedings o f  the World 
S ymposium on Warm-Water Pond Fish Cul ture . Rome , 18- 2� 
May 1966 . FAQ Fisheries Reports No . 44 , Vol . 5 .  PP.• 344-3 5 2 .  

Baur , R . J . , D . H . Buck , and C . R . Rose . 197 1 .  Effects  o f  grass 
carp and Karmex in de nsely ve_getated pools containing 
golden shiners and bluegills . 4 pp [mimeo ] 

Baur , R . J . , D . H . Buck,  and C . R. Ros e .  197 9 .  Production o f  
age-0 largemouth bass , smallmouth bas s , and bluegills in 
ponds stocked with grass carp . Trans . Amer . Fish.  Soc . 
108 ( 5 ) : 496-4 9 8 .  

Beach , M . L .  197 3 . A study t o  determine the feasibility of us ing 
Chinese grass carp (C=enopharvngodon idella Val . ) as a 
biological control agent for noxious aquatic vegetation . 
Annual Report of  the Florida Department o f  �atural Resources . 
Tallahas see , FL .  173 pp . 



Beach , M . L . , R . L .  Lazor , and A . P .  Burkhalter . 197 7 .  Some 
aspects of the environmental impact of  the white amur 
( C tenooharvngodon idella (Val . ) )  in Florida , and its 
use for aquatic weed contro l .  In : Freeman , T . E .  (Ed . ) .  
197 7 . Proceedings o f  the 4 th International Sympos ium 
on Biological Control o f  Weeds . Gainesville , FL :  
Univers ity o f  Florida , Inst itute o f  Food and Agricultural 
Sciences . pp . 269-28 9 .  

Beach , M. L . , W . W .  Miley , I I ,  J .  Van Dyke , and D . M .  Riley . 197 6 .  
The effect o f  the Chinese grass carp ( C t enoo haryngodon 
idella (Val . ) )  on the ecology of four Florida lakes , and 
its use for aquatic weed control . Final Report . 
Tallahassee , FL : Florida Department o f  Natural Resources . 
246 pp . 

Beck , M. L . , C . J .  Biggers , and H . K . Dupree . 1980 Karyological 
analys is of Ct enopharyngodon idella , Aristichthvs nob ilis , 
and their F1 hybrid . Trans . Amer . Fish . Soc . 109 ( 4 ) : 43 3-438 . 

Behrendit , A.  1973 . Two lakes , Ramsey , Hampshire . Angling 
club ' s  report of grass carp as a weed contro l .  The Two 
Lakes Fifth Fis hery Management Training Course Report . 
London : Janssen Services . 6 pp . 

Berg , L . S .  1949 (1964 ) . 
Adj acent Countries 
stran) . Vol .  I I . 
Translations . pp . 

Freshwater Fishes of the USSR and 
(Ryb presnykh vod SSSR  i soprendel ' nykh 
Jerusalem : Is rael Pro gram for Scientific 

134-13 5 .  

Beridz e ,  I . O . , and R . I .  Chkhaidz e .  1964 . �eko torye voprosy 
akklimizatsii ras titel ' noyadnykh ryb v Gruz ii . [ Some 
aspects o f  the acclimatization of herbivorous fishes in 
Georgia . ] Trudy Nauch . -Issled . Ryboko z . S ta • .  Gruzii  
9 :  30-37 . [ Biol . Abs t .  48 : 8396 , No . 9433 7 ] [ In Rus s ian ] 

Berka , R. 196 9 .  News from research ins titutes : Grass carp 
cul ture in Europe . FAQ Fish Cult . Bull . 1 ( 3 ) : 1 1 .  

Berry , P .  Y. , and M. P-. tow . 197 0·. Comparative- stud±eS- on- some 
aspec ts o f  the morpholo gy and histology of  Ctenooharvngodon 
idellus , Aristichthvs nob ilis , and their hybrid ( Cyprinidae ) .  

Bhimachar , B . S . , and S . D .  Tripathi . 196 7 . A review ' o f  culture 
fisheries activities in India . In : Pillay , T . V . R. (Ed . ) .  
1967 . Proc eedings of the Wo rld Symposium on Warm-Water 
Pond Fish Culture . Rome , 18-25 May 1966 . FAO Fisheries 
Reports �o . 44 , Vo l .  2 .  pp . 1-33 . 

1 2 1  



122 

Bhukaswan , T . , and S .  Pholpras ith . 1967a . The fisheries of 
Ubolratana Reservo ir during the first  ten years o f  
impoundment . Indo-Pacific Fisheries Counc . Proc . 
17 ( 3 ) : 195-205 . 

Bhukaswan , T . , and S .  Pholprasith. 1 9 7 6b .  The fisheries of 
Ubolratana Reservo ir in the first ten year s o f  impound
ment . Freshwater Fisheries Division , Department of  
Fisherias , Bangko k ,  Thailand . Technical Paper No . 16 . 
36 pp . 

Birtwis tle , W .  
Agric . J .  

193la . 
19 ( 8 ) : 

Rearing of  carp in pond s .  
372-383 . 

Malay . 

Birtwis tle , W .  193lb . Transportation o f  carp fry from China . 
Malay . Agric . J .  19 ( 10) : 4 90-493 . 

Bisseru , B .  197 0 .  
Geogr . Med .  
No . 16839 ) 

Clonorchis sinensis in West  Malaysia . Trop . 
22 ( 3 ) : 352-35 6 .  [ B io l .  Abst .  52 : 1773 , 

Bizyaev , I . W. , and T . V .  Chesnokova . 196 6 .  Experiment s on 
rearing phytophagous fishes in rice fields . Ryb Kho z .  
3 ;  19- 2 0 .  

Blackburn , R . D .  196 8 .  Weed cont rol in f ish ponds in the 
United S tates . In : Pillay , T . V . R. (Ed . ) .  1968 . 
Proc eedings o f  the World Symposium on Warm-Wa ter Pond 
Fish Culture . Rome , 18- 25 May 1966 . FAO Fisheries 
Reports No . 44 , Vol . 5 .  pp . 1-17 . 

Blackburn , R . D . , and D . L .  Sutton . 19 7 1 .  Growth cf  the white 
amur ( C tencpharyngcdon idella Val . )  on selected species 
of  aquatic plants .  Proc . Euro . Weed Res . Counc . 
3rd Internat . Symp .  Aquatic Weeds : 87-93 . 

Blanc , M. , P . Banarescu . J . L  • .  Gaudet , and J . C .  Hureau . 19 7 1 .  
European Inland Water Fis h .  A !-tul tilin§ual Catalogue . 
European Inland Fisheries Advisory Commiss ion , Food 
and �gricultural Or_ganizat ion of the United Na tions . 
London : Fishing News ( Bocks ) Ltd . 



123 

Bob rova , Y . P .  1965 . Opyt vyrashchvaniya dvukh-i trekhletkov belogo 
amura sovmes tno s dvukhletkami karpa v Moskovsko i ob las ti . 
[ Experimental rearing o f  2- and 3-summer grass carp in association 
with 2-summer carp in the Moscow region . ] Trudy Vseros Nauc h . -Issled . 
Ins t .  Pruduvo go Rybn . Khoz . 13 : 41-45 [ Biol .  Ab st . 48 : 148 9 , �o . 
16190 ] [ In Rus sian ] 

Bobrova , Y . P .  196 6 . Vyrashchivanie belogo amura v polikul ' ture s drugi.mi 
rybami v prudakh Mo skovsko i oblas ti . [ The rearing o f  gras s carp 
in polyculture with o ther fishe s  in ponds  o f  the Mo scow region . ] 
Trudy Vs es . Nauch . -Issled . Ins t .  Prudovogo Ryb Khoz . 14 : 3-14 . 
[ Biol . Abs t . 49 : 10384 , No . 114618 ] [ In Rus sian ] 

Bob rova , Y . P .  1968 . The diet and growth o f  grass carp in fish farm ponds 
of  the Central Russ ian Republic . In : Nikolsky , G . V .  (Ed . ) .  1968 . 
Novye Issled . Ekol . Razved . ras t . -yadn . Ryb . [ New Inves tigations in 
the Ecology and Breeding o f  Herb ivorous Fish . ] Moskva : Nauka . 
pp . 106-116 . [Weed Abs t .  20 ( 2 ) , No . 743 ] [ In Russian ] 

Bobrova , Y . P .  1969  (19 7 2 ) .  On development o f  the gonads and the process 
o f  fertilization in the white amur . [O  razvitii gonad i pro tsesse 
op lodo tvoreniya u belogo amura . ]  In : Cher fas , B . I . (Ed . ) .  1969 
( 1 9 7 2 ) . Genetics , Selection and Hyb ridization o f  Fish (Genetika , 
Selekts iya i Gibridizatsiya Ryb ) . Jerusalem : Israel Pro gram for 
Scientific Trans lat ions . pp . 123-128 . 

Bobrova , Y .  1977 . Rabo ta s ras ti tel ' noyadnymi rybami . [ Selective 
breeding of  herb ivorous fis h . ] Rybovod . Rybolov . 4 :  14-15 . 
[ Bio l .  Abs t . 108 , �o . 2 294 ] [ In Russ ian ] 

Boev , P .  19 7 0 .  From research ins titutions : Induc ed breed ing o f  Chinese 
carp s and culture of hybrid carp . FAO Fish Cult . Bull . 2 ( 2 ) : 4-5 .  

Bo gdanovich , O . I .  19 7 0 .  Dynamics o f  the abundance and biomass o f  bacteria 
in soils of ponds in the Fish Farm Karamet-Niyaz and the Karakum 
Canal . Gibrobiol . Zh . 6 ( 1 ) : 16-22 . [ Transl .  from Russian in Hydrobiol . 
J .  6 ( 1 ) : 16-22 ] 

Bo gdanovich , O . I .  1974 . Reproduction rate and produc tivi ty o f  bacteria 
in the ponds o f  the Karamet Niyaz fishery farm Turkmen- SSR USSR.  
G idro-b-iol . Zh. 10-( 2 )- :  22-28 .- [t-ra.nsl .- from- Russ ian- in- HydrohioL _ J_. _ 
10 ( 2 ) : 15 -20 ] 

Bohl , M.  19 7 1 .  The pond management significanc e of  aquatic plan ts and 
the possibilities of  controlling them under spe�ial cons ideration 
of the Chinese phytophagous fishes . [ Die Teichwirts chaf tliche 
Bede tung der Was serpflanzen und die Mo glichkei ten ihrer Bekamp fung 
unter Besonderer Berucks ic htigung der Chine s ischen Pf lanzenfressenden 
Fis che . ] Wasser-und Abwass er-Forschung NR 3 / 7 1 : 1-17 . 

Bohl , M .  1979 . Disease control and rep roduc tion o f  grass carp in Germany . 
In : Shireman , J . V .  (Ed . ) .  1979 . Proceedings o f  the Grass Carp 
Conference . Gainesville , FL :  Aquatic We eds Re search Cent er , Unive rsity 
o f  Florida , Ins titute o f  Food and Agricultural Sc iences . pp . 243-25 2 . 



1 2 4  

Boonb rahm , M. , W .  Tarnchalanuki t ,  and W .  Chuapoehuk . 1970 . Induced 
spawning by p ituitary ho rmones inj ection of pond-reared fishes . 
Indo-Pac . Fish . Counc . Proc . 13 ( 2 ) : 162-17 0 .  

Borisova , A . T .  1972 . Ac cidental introduc tions o f  fishes in to the wa ters 
of Uzbekis tan . J .  Ichthyo l .  12 ( 1 ) : 41-45 . 

Boyadj iev ,  A . , and P .  Pe trov . 1977 . Ehksperimentirovanie metoda 
v ' yirashchivaniya karpa pri stushchennoj posadke . [ Experimentat ion 
of a me thod for carp rearing at high dens ity stocking rates . ]  
In : Filiala po Sladkovodno Ribars tvo-Plovd iv [ Proceedings of  the 
Freshwater Fishery Research Station - Plovdiv ] .  Vol .  12, pp • •  139-15 2 .  
[ Bio l .  Abs t . 108 , No . 468 7 ]  [ In Bul garian with English summary ] 

Boyd , R. L . , and W . M . Bailey . 197 2 .  White amur spawning proj ect . Arkansas 
Game and Fish Commiss ion. 7 pp . [mimeo ] 

Bozhko , S . I . , A .  Horvath , and B .  Meszaros . 19 7 6 .  Karyological examina tions 
for four species of Cyprinidae from Hungary . Acta Biol . Debrec ina 
13 : 237-254 . [ Bio l Abs t .  64 ( 1 2 ) : 6608 , No . 6 7 602 ] 

Breder , C . M . , Jr . ,  and D . E .  Rosen .  1966 . Modes o f  Reproduc tion in Fishes . 
Garden City ,. N .  Y . : Natural Hist:ory Press 941 pp . 

Brown , E . E .  1977 . World Fish Farming : Cul tiva tion and Ec onomics . Wes t
port , CT : The Avi Publishing Comp any , Inc . 397 pp . 

Buck,  H .  1975 . Additional experiments with the white amur . Illino is 
Na tural His tory Survey. 3 pp . [mimeo ] 

Buck , D . H . , R. J .  Baur , and C . R. Ros e .  1975 . Comparison o f  the ef fec t s  
o f  grass carp and the herb icide diuron in densely vegetated pools 
containing go lden shiners and bluegills . Pro g . Fish-Cul t .  
37 ( 4 ) : 185-190 . 

Buck , D . R . , R. J .  Baur , and . C . R . Rose . 1� 78a . Polycul ture o f  Chines e  carp s 
in ponds with swine was tes . In : Smitherman , R . O . , W . L .  · Shel ton , and 
J . H .  Grover (Eds . ) .  1978 . Symposium en Cul ture o f  Exo tic Fishes 
presented at Aquaculture/Atlanta / ' 7 8 ,  Atlanta , Geo rgia , January 4 ,  

- 1975 • .. 
-pp . -144-lS-5 . 

Buck , D . R . , R . J .  Baur , and C . R . Ro se . 1978b . U t ilization o f  swine manure 
in a po lyculture o f  As ian and North American f ishes . Trans . Amer . 
Fish . Soc . 107 ( 1 ) : 2 1 6-22 2 . 

Buck , D . H . , R. J .  Baur , and C . R . Ro se . 1979 . Experiments in recycling 
swine manure in fishponds . In : Pillay , T . V . R . , and W . A . Dill (Eds . ) .  
1979  Advances in Aquaculture . Farnham and Surrey , England : Fishing 
News Books , Ltd . , U . N .  Food and Agriculture Organization . pp . 489-492 . 

Buckley , B . R. , and B .  Sto t t . 1 9 7 7 . Grass �arp in a sport fishery . 
Fis h .  Management 8 ( 1 ) : 8-10 . 



... 

125 

Buglewicz ,  E . G .  1980 . Large-scale operations mana gement tes t using the 
white amur at Lake Conway , Florida . An overview . In : Decell , J . L .  
1980 . Proceedings , 14 th Annual Mee t in g ,  Aquatic Plant Control Research 
Planning and Operations Review . Vicksburg ,  MS : U . S .  Army Engineer 
Waterways Experiment S tation . pp . 246-248 . 

Burkhalter , A. P .  1975 . The State o f  Florida aquatic weed control pro gram. 
In : Brezonik , P . L . , and J . L .  Fox (Eds . ) . 1975 . Proceedings o f  the 
Sympos ium on Water Quality Management through Biological Control . 
Jan . 2 3- 30 , 19 75 . Gainesville , FL :  Department o f  Environmental 
Engineering Science , University of  Florida . Report No . ENV-0 7-75-1 .  
pp . 15 -17 . 

Burlakov , A. B . , A. P .  Makeeva , and I . N .  Ryabov . 19 7 3 .  Isozyme comp o sition 
of hybrid and gyno genetic forms o f  several cyprinid fishes in the 
early states of onto genes is . In : B iochemical Genetics of Fish . Ins t . 
Tsitol . Akad . Nauk SSSR , Mos cow . p .  85 [ in  Russ ian ] 

Burress ,  R .  19 7 0 .  Appendix D :  Reproduction o f  introduced populations o f  
white amur . In : Gus cio , F . J . , and E . O .  Gangs tad . (Eds . ) . 1 9 7 0  Research 
Planning Conference on the Biological Control of Aquatic Weeds with 
the White Amur . Washington , DC : Office of the Chief  of Engineers . 10 pp • 

Burres s ,  R . M .  19 7 2 . 
North America . 

Current status o f  research on the White amur in 
Proc . Southern Weed Sci . Soc . 25 : 390 . 

Burress , R. , and C .  Walker . 197 6 . Tentative outline of  white amur 
investigation . Evaluation o f  the white amur as an aquatic weed 
control agent and sport f ish . Life his tory information on the white 
amur . U . S .  Bureau of Sport Fisheries and Wildlif e ,  Division o f  
Fishery Research . 55  pp . 

Busnita , T .  1970a . Fish culture development :  Fish culture development 
in Romania . FAQ Fish Cul t . Bull . 2 (3 ) : 9 .  

Busni ta , T .  1970b . Introduc tions o f  fish : Introduction o f  � rass carp 
and silver carp from Romania to Aus tria . FAO Aquacult . Bull . 3 ( 1 ) : 15 

Bykhovskaya- Pavlovskaya , I . E . , A . V .  Gus ev , M . � .  Dubinina , � . A .  Izymova , 
T .  S .  Smirnova , I . L .  So-ko-lovskaya , G . A. Shte-ln-, S-. S -. Shul-' man .,  and 
V . M .  Epshtein . 19 6 2 . ( transl . by Of f ice o f  Technical Services , 
Department of  Commerce , Washington , D . C . TT 64-11040) ( In Rus s ian ] 
Key to the Parasites of Freshwa ter Fish o f  the USSR . Zoo l .  Ins t . , 
Acad . Sci .  USSR . 919 pp . 

Bykov , � . E .  1970 . Herb ivorous f ishes in the Aral Sea bas in . Tr . Vses . 
�auchno-Issled . Inst . Mo rsk . Rybn . Kho z .  Okeanagr . 7 6 : 196-199.  

[In Rus sian ] 

Cagni , J . E . , D . L .  Sutton , and R. D .  Blackburn . 19 70 . Appendix q :  A review 
o f  the amur . In : Guscio , F . J . , and E . O .  Gangstad . ( Eds . ) .  1 9 7 0 .  Research 
Planning Conference on the Biological Control of Aqua tic Weeds with 
the :.fui t e  Amur . Washington , D . C . : Of fice of  the Chief o f  Engineers . 
pp . 27-4 1 .  



1 2 6  

Carter , C . C . ,and R. S .  Hes tand . 19 79 . Taxonomic charac teris tics o f  aquatic 
plants from the al imentary track of  grass carp . J.  Aquat . Plant 
�nage . 17 : 49-53 . 

Carver , D . C . , L .  Richardson , B . J .  Fonteno t ,  Jr . 19 7 1 .  The White Amur . 
Louis iana Wild Life and Fisheries Commission . Fish Divis ion 
Administrative Report . 9 pp . 

Cas sani , J . R. 1981 . Feeding behavior o f  underyearling hybrids of  the 
grass carp , Ctenopharyngodon idella � and the b ighead , Hvpooh thalmic thvs 
nob ilis � on selec ted species of  aquatic plants . J .  Fish Bio l .  18 ( 2 ) : 
127-1,3 3 .  

Chakrabarty , R . D . , D . S .  Murty , P . R . Sen . A . C .  Nandy , and D . P .  Chakrabarty . 
1976 . Short- term rearing of  Indian and exotic carp s . J .  Inl . 
Fis h .  Soc . India 8 : 180-183 . 

Chang , Y .  ( Chairman) . 1966 . Cul ture o f  Freshwater Fish in China . 
In : Gangs tad , E . O .  (Ed . ) .  1980 . Chinese Fish Cul ture . Report 1 .  
Technical Report A-79- . Aquat ic Plant Conro l Research Pro gram. 
Washington , DC : U . S .  Army Engineer Waterways Experiment Station . 
(draft trans l .  by T . S . Y .  Koo 1980)  

Chanthepha , S .  19 6 9 . Fish culture development : Fish culture in Lao s . 
FAO Fish Cul t .  Bull . 2 ( 1) : 11 . 

Chanthepha , S .  19 72 . Aquaculture development :  Laos . Fish culture 
development in Laos . FAO Aquacul t .  Bull . 5 ( 1) : 10-11 . 

Chapman , V. J .  19 7 0 .  A his tory o f  the lakeweed infes tation of  the Ro torua 
lakes and the lakes o f  the Waikato hydro-elec tric sys tem . In fo . Ser . 

. �ew Zealand Dep t .  Sci .  Ind . Res . 78 : 52 [Weed Research Organization 
Anno t. Bihl . No . 31 : 2 .  

Chapman , V . J .  and J . M. A .  Brown . 1966 . The lakeweed problem in " the �orth 
Island of New Zealand . Phykos 5 :  7 2-82 . 

Chapman , V . J . , and B . J .  Cof fey . 197 1 .  Experiments wi th grass carp in 
contro lling exo tic macrophytes in New Zealand . Hydrob iologia , 
Buchares t 12 : 313-323 . 

Chaudhuri . H .  1968 . Breeding and selec tion of  cul tivated warm-wa ter 
fishes in As ia and the Far Eas t- A review . In : Pillay , T . V . R. ( Ed . ) .  
1968 . Proceedings o f  the Wo rld Sympos ium on Warm-Water Pond Fish 
Culture . Rome , 18-25 May 1966 . FAO Fisheries Report No . 44 , 

· Vol . 4 .  Pp .  30-6 6 . 

Chaudhuri ,  H .  19 74 . Report to the government o f  Fij i on the gras s 
carp proj ec t . Cuttack , India : Central Inland Fisheries Research 
Sub s tation . 19 pp . 



... 

117  

Chaudhuri , H . , R. D .  Chakrabar ty , P . R. Sen , N . G . S .  R.ao , and S .  Jena . 1975 . 
A new high in fish produc t ion in Ind ia with record yields by composite 
fish culture in freshwa ter ponds . Aquacul ture 6 (4 ) : 343-35 5 . 

Chaudhuri ,  H . , D . S .  �urty , R . K. Dey , and P . V . G . K . Reddy . 19 7 6 .  
Role of  Chinese grass carp C tenooharyngodon ide lla (Val . )  in 
biological control of noxious aquatic weeds in Ind ia : A review . 
In : Varshney , C . K . , and J .  Rzoska ( e:is . ) .  19 7 6 .  Aquatic Weeds in 
South Ea st  As ia . The Hague , Netherlands : Dr . W .  Junk . pp . 315-32 2 .  

Chaudhuri ,  H . , S . P .  S ingh , and K. K .  Sukumaran . 1966 . Experiments  on large
scale production of fish seed o f  the Chinese grass carp , Ctenooharvngodon 
idellus ( C . & V . ) and the silver carp , Hvpoohthalmichthvs mo litrix 
( C .  & V. ) by induced breeding in ponds in Ind ia .  Proc . Indian Acad . 
Sci . 63B ( 2 ) : 80-95 . 

Chaudhur i ,  H . , S . B . Singh , K. K.  Sukumaran , and P . C . Chakrabart i .  196 7 . 
no te on natural spawning o f  grass carp and silver carp in induced 
breeding experiments . Sci .  Cult . 33 ( 11 ) : 4 9 3-494 . 

Chen , C . L .  1955 . The pro to zoan paras i tes from four species o f  Chinese pond 
fishes : Ctenopharyngodon idellus , Mylopharvngodon aethioos , 
Aristichthvs nobilis , and Hvpophthalmichthvs mo li trix . Part I .  
The protozoan paras ites o f  Ctenopharvngodon idellus . Acta Hydrob io l  . 
Sinica 1955 ( 2 ) : 15 0-164 . 

Chen , c . z .  19 33 . Me thods of  Fish Culture . Shanghai ,  China : Commercial 
Press . [ In  Chinese ] 

Chen , F . Y . , X. Chow , and B . K . Sim .  1969 . Induced spawning o f  the three 
maj or Chinese carps in Malacca , Malays ia . Malay . Agric . J.  47 : 211-238 . 

Chen , T . P .  19 34 . A preliminary s tudy on associa tion o f  species in 
Kwantung fish ponds . Lingnan Sci .  J .  13 ( 2 ) : 275-283 . 

Chen , T . P .  1 9 35 . Effic iency fac tors o f  certain fish foods with reference 
to assoc ia tion of species . Lingnan Sc i .  J. 14 : 621-6 2 6 .  

Chen , T . P .  196 9 .  From research ins titutions : Hybridization and culture 
of hyb rids in Taiwan . FAO Fish Cult . Bull . 2 ( 1 ) : 4 .  

Chen , T . P .  1976 . Aquacul ture Prac tices in Taiwan . Surrey , England : 
Fishing �ews Books Ltd . 162  pp . 

Cheng , K . '.-1. J .  19 76a . �rke ting and utiliza tion o f  fnland culture fish 
in Hong Kong . Inda-Pac . Fish . Counc . Proc . 17 ( 3 ) : 424-430 . 

Cheng , K . W . J .  1976b . National persp ective o f  inland fisheries in Hong 
Kong . Inda-Pacific Fish . Coun . Proc . 17 ( 3 ) : 32-40 . 

Chervinski , J .  19 7 7 . No te on the adap tablility of silver carp 
Hvpophthalmichthvs mo litrix (Val . ) ,  and grass carp Ctenonharvngodon 
idella (Val . ) ,  to various saline concentrations . Aquaculture 
11 ( 2 ) : 179-182 � 



12�  

Chizhov , N . I . , and A . I .  Anos hin . 1969 . [ Fish culture on rice fields under 
water fallow . ] Trud . Vses . Nauch. -Issled . Ins t .  Prud . Ryb . Kho z .  
16 : .  187-193 . [ Weed Research Organiza tion Anno t .  Bibl . No . 31 : 117 7 ]  
[ In Russ ian with English summary ] 

Chow , T .  1958 . 
Hong Kong . 

Growth characteristics of four species of  pondfish in 
Hong Kong Univ . Fish . J .  2 :  29-36,  

Colle , D . E . , J . V .  Shireman , R . D .  Gasaway , R . L .  S t etler , and W . T .  Haller . 
1978a . Utilization of  selec t ive removal o f  grass carp (Ctenopharvngodon 
idella ) from an SO-hectare Flo rida lake to obtain a population 
estimate . Trans . Amer . Fis h .  Soc . 107 (5 ) : 724-729 . 

Colle , D . E . , J . V .  Shireman , and R . W .  Ro ttmann . 19 78b . Food selection 
by grass carp fingerlings in a vegetated pond . Trans . Amer .  Fish. 
Soc . 107 ( 1 ) : 149-15 2 .  

Conner ,  J . V . , R . P .  Gallagher , and M. F. Chatry . 198 0 .  Larval evidence 
for natural reproduc tion of the grass carp (CtenopharVngodon idella) 
in the lower Mis sissippi River . Proc . Four th Ann . Larval Fish 
Canf . 198 0 .  U . S .  Fish and Wildlife Serv . , Biological Services 
Program , National Power Plant Team , Ann Arbor , Mich . FWS/ OBS-80/43 . 
179 pp . 

Court enay , W . R . , Jr . No date . Res tricted Fish Bulle tin -- White Amur . 
Florida Game and Fresh Water Fish Conmtission , Law Enforce ment / 
Fisheries . 4 pp . 

Court enay , W . R . , Jr . ,  and W . W .  Miley , II . 197 3 .  Sex determination in 
the grass carp , Ct enooharyngodon id ella . Annual Report . Tallahassee . 
FL :  Bureau o f  Aquatic Plan t Research and Contro l ,  Florida Department 
of Natural Resources . 15 pp . 

Courtenay , W . R . , Jr . ,  and C . R. Robins . 1972 . The grass carp enigma . 
Bioscience 2 2 (4) : 210 . 

Court enay , W . R. , Jr . ,  and C . R .  Robins ·. 1975 . Exp t i� prganisms : An 
unsolved complex problem.  Biosc ienc e 25 : 306-313 

Courtenay , W. R . , Jr . ,  H . G .  Sahlman , W.W.  Miley , II , and D . J .  He rrema . 
1974 . Biol . Cons . 6 (4) : 29 2-302 . 

Cras s ,  R . S .  1969 . Recent fish introduc tions : Grass carp in Natal . 
FAQ Fish Cult . Bull . 1 (4) : 15 . 

Crisman , � . L . , and F . M .  Koo ijman . 198 0 .  Large-scale opera tions mana ge
ment tes t us ing the whi te amur at _Lake Conway , Flor ida . Benthos . 
In : Decell , J . L .  (Ed . ) .  198 0 .  Proceedings , 14th Annual �e eting , 
Aquatic Plant Control Research Planning and Operations Review . 
Vicksburg , MS : U . S .  Army Engineer Waterways Experiment Station . 
pp . 298-304 . 



... 

Cross , D . G .  1969 . Aquatic weed contro l us ing grass carp . J .  Fish 
Biol . 1 ( 1) : 27-30 . 

Cro ss , D . G .  19 70 . The to lerance o f  gras s carp , Ct enoo harvngodon idella 
(Val . ) ,  to seawater . J .  Fish Biol . 2 ( 3 ) : 231-233 . 

129 

Crowder ,  J . P . , and J . R . Snow . 1969 . From research ins ti tutions : Use of 
grass carp for weed control in ponds . FAO Fish Cult . Bull . 2 ( 1) : 6 .  

Cumming , K. B . , R . M .  Burress , and P . A. Gilderhus . 1975 . Controlling 
grass carp ( Ctenoo haryngodon idella) with antimycin , ro tenone , and 
thanite and by electrof ishing . Pro g .  Fish-Cult .  37 ( 2 ) : 81-84 . 

Cure , V.  19 70 . Dezvo ltarea specei Ct enopharvngodon idella (Val . ) in 
iazul Frasine t . [ The development of  gras s carp Ctenoo harvngodon idella 
(Val . )  in Fras inet pond . ] Bul . Cercet . P iscic . 29 ( 4 ) : 31-51 . 
[ Biol . Abs t . 54 ( 7 ) : 3516 , No . 36516 ] [In Romanian with Engl is h 
summary ] 

Cus ter , P . E . , F . D .  Halverson , J .  Malone , and C .  Von Chong . 1978 . The 
white amur as a b iological control agent of aquatic weeds in the 
Panama Canal . Fisheries 3 ( 5 ) : 2-9 . 

Cuvier , G . , and A .  Valenciennes . 1844 . His to ire Na turelle des Pois sons • 

Vol .  XVII ,  p .  362 . [ In French ] 

Dabrowski , K. 197 9 .  Protein requirements o f  grass carp fry (Ctenooharyngodon 
id ella Val . ) .  Aquacul ture 1 2 : 63-7 3 .  

Dabrowski , K . , and B .  Ko zak . 19 79 . The use o f  fish  meal and soybean 
meal as a pro tein source in the diets of grass carp fry . Aqua
culture 18 : 107-114 . 

Dah- Shu ,  L .  1957 The me thod o f  cultivation o f  gras s  carp , black carp , 
silver carp and b i g  head carp . China : Aqua tic Bio lo gy Research 
Ins titute , Academica Sinica . 90 pp . ( trans l . from Chinese by 
Language Services Branch,  U . S .  Depar tment o f  Commerce ,  Washington , 
D . C . ) 

Das , P . , D .  Kumar , and M . K .  Guha Roy . 197 5 .  �at ional demonstration 
on compos-ite fish culture- ill- Wes_t- Bengal,_ India._- L- InL _ Fish. _  
Soc . India 7 :  112-11 5 . 

Da tingaling , 3 . Y .  19 76 . The po tential of the fre shwa ter fish culture 
resources of the Philipp ines . Indo-Pac . Fish . Counc . Proc . 
17 ( 3 ) : 120-12 6 .  

Decell , J . L . 1975 . Large-scale field tes t with the monosex white amur 
in Florida . In : Dec ell , J . L .  (Ed . ) .  19 75 . Proceedings o f  the 
Research Planning Conferenc e o f  the Aqua tic Plant Control Program . 
Miscellaneous Paper A- 76-1 . Vicksburg , MS : U . S .  Army Engineer 
�aterways Experiment Station . pp . 112-12 6 .  



130 

Decell , J . L .  1976 .  Nat ional Briefing on the White Amur Re searc h 
Proj ect . 
Wa terways 
Pro gram . 

Lake Conway , Flo rida . Vicksburg , �S : U . S .  Army Engineer 
Experiment S tation . Aqua tic Plan t Control Research 
32 pp . 

Dec ell , J . L .  19 7 7 . Overview o f  the U . S .  Army Co rps o f  Engineers 
Aqua tic Plant Control Research Pro gram . In : Rushing , W . N .  (Ed . ) .  
19 7 7 .  Proceedings o f  the Research Planning Confe rence on Aqua tic 
Plant Control Pro gram . Misce llaneous Paper A-7 7-3 . Vicksburg ,  �S : 
U . S .  Army Engineer Wa terways Exp eriment Station . pp . 8-15 . 

Del Fosse , E . S . , D .  L .  Sutton , and B . D .  Perkins . 19 7 6 .  Comb ina tion 
of the mo ttled waterhyacinth weevil and the white amur for biolo gical 
control of waterhyacinth . J .  Aquatic Plant Xanagement 14 : 64-6 7 . 

Dj isalov , N .  1978 . Some information on the occurrenc e of young 
herb ivorous f ish in the Tisa River in the territory of the SFR 
Yugoslavia . Inve s t ii ( Belgrade ) :  in press . [ In Yugoslavic ] 

Doroshev , S . I . 1963 . The survival o f  whi te amur and tols tolobik fry 
in Sea of Azov and Aral Sea water of varying salinity . 
In : Problemy Rybokho zyays tvennogo Ispol ' zovaniya Rastitel ' 
noyadnykh Ryb v Vodoyemakh S S SR [ Prob lems of the Fisheries Exploitation 
of Plant-Ea ting Fishes in the Water Bodies of the USSR] , Ashkhabad , 
Akad . Nauk Turkmen . SSR .  pp . 144-149 . 

Doskocil , M . J . , R .  Willey , and C . A .  Lembi . 197 3 .  Studies on the w hite 
amur as a b iological control for waterweeds in Indiana . Proc . of 
the N. Central Weed Control Conf . 28 : 107-108 . 

Dow , R. J • 19 7 5 • 

ve ge tation . 
43 : 5 5-58 . 

The use of fish for the biolo gical control o f  aqua tic 
Proc . Papers Ann . Conf . Calif . Mos quito Control As soc . 

Drda , T .  1977 . Grass carp proj ect vegetation s tudy Four Pond Proj ect -
Completion Report . In : Florida _Game and Fresh Water Fish Comm . 
19 7 7 . The Grass Carp . 23  pp . 

Drews , R . A .  1961 . 
Borgs t rom , G .  
Bi.ochemistry , 
pp . 122-14 3 .  

Rais ing fish for food in Southeast Asia . In : 
(Ed . ) .  1961 . Fish as Food . Volume I .  Produc tion , 
and Microbiology . New York and London : Academic �ress . 

Dukrave ts , G . �. 19 7 2 . White amur in the Ili Rive r bas in .  Izv . Akad . 
Nauk . Kas . S SR Ser . Biol . 1 :  52-57 . [ In Russ ian ] 

Duthu , G . S . , and R . H .  Kilgen . 1975 . Aquarium stud ies on the selectivity 
o f  16 aquatic plants as food bi fingerling hybrids o f  the cro ss 
be tween Ctenopha rvn:f.odog id ella d' and Cyprjpus car-pin � ·  
J .  Fish Biol . 7 :  20 -20 • 

Edwards ,  D . J .  197 3 .  Aquarium s tudies on the consump tion o f  small animals 
by 0-group grass carp , Ctenopharvngodon idella (Val . ) .  J. Fish 
Bio l .  5 ( 5 ) : 599-605 . 



... 

Edwards ,  D . J .  1974 . �eed preferenc e and growth o f  young grass carp in 
�ew Zealand . N . Z .  J .  Marine and Freshwa ter Res . 8 ( 2 ) : 341-35 0 .  

131 

Edwards ,  D . J .  1975 . Taking a bite a t  the waterweed problem .  
130 ( 1 ) : 33 , 35-36 . 

New Zealand 
J .  Agric . 

Edwards , D . J . , and P . M.  Hine . 1974 . Introduction , preliminary handling 
and d iseases of grass carp in New Zealand . N . Z .  J .  Marine and 
Freshwater. Res . 8 ( 3 ) : 441-45 4 . 

Edwards ,  D . J . , and E .  Moore . 19 75 . Control of  water weeds by Grass carp 
in a dra inage ditch in �ew Zealand . N . Z .  J .  Marine Freshwater 
Res .  9 ( 3 ) : 28 3-29 2 .  

Ef imova , T . A. , and Y . I .  Nik.anorov . 19 7 7 . Perspektivy vseleniya 
ras t i tel ' noyadnykh ryb v Ivan ' kovskoe vodokhranilishche . 
[ Prospects of  introduc tion o f  herb ivo rous fish into the Ivan ' kovskoe 
Reservo ir . ] Vopr . Ikhtiol . 17 ( 4 ) : 7 1 5 -726 . [ transl . from Rus s ian 
in J .  Ichthyol .  17 ( 4 ) : 634-644 ] 

Ellis , J . E .  1974 . Observa tions on the j ump ing and escapement o f  whi te 
amur . Pra g .  Fish-Cul t .  36 ( 1 ) : 15 . 

El-Zarka , S .  19 74 . Aquaculture development : Af ganistan . Fish culture 
development in Afghanis tan . FAQ Aquacult . Bull . 6 ( 2- 3 ) : 12  • 

Ewe l ,  K. C . , and ! . D .  Fontaine . 1975 . Pos s ible effec t s  o f  the introduc tion 
of the white amur into Lake Conway , Florida . In : Decell , J . L .  (Ed . ) .  
1975 . Proceedings o f  the Research Planning Confe rence o f  the 
Aquatic Plant Control Program . Miscellaneous Paper A- 76-1 . 
Vicksburg ,  MS : U . S .  Army Engineer Waterways Experiment Station . 
pp . 64-84 . 

Ewe l ,  K . C . , and T . D . Fontaine , III . 197� Proposed relationship s between 
white amur and the aquatic eco sys tem at Lake Conway , Florida . In : 
Rushing , W. N .  (Ed . ) 19 7 7 . Proceedings o f  the Research Planning Conference 
on the Aquatic Plant Control Pro gram . Miscellaneous Paper A-7 7-3 . 

Vicksburg , MS : U . S .  dm!ny Engineer Wat erways Experiment S tation . pp . 159- 17 6 . 

Ewe l ,  K . C . , and T . D .  Fontaine , I I I . 1980 . Large-scale operations 
management test us ing the Wbi te amur at Lake Conway , Florida . Ecosystem 
modeling o f  the ef fects of  w hite amur grG1.Zing on · energy flows . In : 
Decell , J . L . (Ed . ) .  1980. Proceeding s ,  14th Annual Meet ing , Aquatic Plant 
Control Re search Planning and Opera tions Review . Vicksburg , MS : 
U . S .  Army Engineer Wa terways Experiment S tation � pp . 315-329 . 

Faust � E . C . , and O . K . Khaw . 1927 . S tud ies on Clonorchis sinens is ( Cobbo ld ) . 
Amer . J .  Hygiene , Mono graphic Series , �o . 8 .  284 pp . [abs trac t from 
Lingnan Sc i .  J .  ( 1 9 2 8 )  6 ( 1-2 ) : 170-17 1 . ] 

Fedorenko , A . Y . , & F . J .  Fraser . 1978 . Review o f  g ras s  carp biology . 
Fisheries and Marine Service Tech . Rep . No . 786 . 15 pp . 



1 3 2  

F ielding , J . R. 1968 . New systems and new f ishes for culture in the 
United States . In : Pillay , T . V . R . ( Ed . ) . 1968 . Proceedings o f  
the World Symposium o n  Warm-Water Pond Fish Cul ture . Rome , 18- 25 
May 1966 . FAO Fisheries Reports No . 44 , Vol . 5. pp . 143-161 . 

Fij an , N.  1970 . From research ins titutions : Induced breeding of 
s ilver carp in Yugos lavia . FAO Fish Cul t .  Bull . 2 ( 2 ) : 3 .  

Fischer , z .  1968 . Food selec t ion in grass carp (Ctenopharyngodon 
idella Val . ) under experimental conditions . Pol . Arch.  Hydrobio l .  
15 ( 1 ) : 1-8 . 

Fischer , z .  1 9 7 0 .  The elements o f  energy balance in gras s carp 
(Ctenopharyngodon idella Val . ) .  Part I .  Po l .  Arch . Hydrob iol .  
17 ( 3 0 ) : 421-434 . 

Fischer , z .  1972a.  The elements of energy balance in grass carp 
( C tenopharyngodon id ella Val . ) .  Part I I .  Fish fed wi th animal 
food . Pol . Arch . Hydrob iol.  19 ( 1 ) : 65-8 2 .  

Fischer , z .  1972b . The elements o f  energy balance in grass carp 
(Ctenopharvngodon idella Val . ) .  Part I I I .  Ass imilability 
of proteins , carbohydrates and lip ids by fish fed with plant 
and animal food . Pol .  Arch. Hydrobiol . 19 ( 1) : 83-95 . 

Fischer , Z .  1 97 3 . The elements of  
C tenopharyngodon idella Val . ) .  
of  grass carp fed on dif f erP�t 
Hydrobiol .  2 0 ( 2 ) : 309-318 . 

ener5y balance in grass carp 
Part IV . Consump tion rate 

types of food . Po l .  Arch.  

Fischer , z . , and V . P .  Lyakhnovich. 1 973 . Biology and bioenergetics 
o f  grass carp ( Ctenooharvngodon id ella Val . ) . Pol . Arch . 
Hydrobio l .  2 0 ( 4 ) : 5 21-5 5 7 . 

Fish , J . R. 196 0 .  The comparative activity o f  some digestive 
enzymes in the aliment ary canal of Tilapia and per.ch . 
Hydrobiolo gia 15 ( 1-2) : 161-1 7 8 .  

Florida Department o f  Natural Resources . 19 7 9 . Monthly Report .  
Divis ion o f  F isheries . September 197 9 .  Florida Department of 

• -Natural �esources . -5 pp . 

Florida Game and Fresh Water Fish Commission . Draft .  1980a . 
Chapter 3 9-8 . Rules Relating to the Use of the Grass Carp , 
Bighead Carp or the Triploid Grass Carp Hybrid for Research 
Purposes in the S tate of Florida . Florida Game and Fresh 
Water Fish Commission . 5 pp . 

Florida Game and Fresh Water Fish Commission . Draf t .  1980b . 
Chapter 3 9  - Rules Relating to the Use o f  the Triplo id Grass 
carp Hyb rid for Noxious Submersed Aquatic Vegetation Contro l .  
Florida Game and Fresh Wa ter Fish Commission . 9 pp . 

Florida Game and Fresh Water Fish Commission , Divis ion o f  Fisheries . 
1980c . Gras s carp /hybrid workshop . FGFWFC . Eus t is , Flor ida . 
April 2 9-30 , 198 0 .  29  pp . 



Florida Game and Fresh Water Fish Cormnis sion . unpublished ms . 
The gras s carp - A beneficial tool or potential hazard to 
Flo rida . 8 pp . [ mimeo ] 

Flo rida Game and Fresh Water Fish Commis sion . unpublished ms . 
Grass carp fact shee t . Research S tatus Repo rt . 5 pp . 
[ mimeo ] 

Fo res ter , T . S . , and J . W . Avault ,  Jr . 19 7 8 .  Eff ects  o f  grass 
carp on freshwater red swamp crawfish in ponds . Trans . 
Amer .  Fis h .  Soc . 107 ( 1 ) : 156-16 0 .  

Fores ter , T . S .  19 7 5 .  Ef fects o f  white amur , C tenopharvngodon 
idellus (Valenciennes ) , and common carp , Cvprinus caru io 
Linnaeus , on P op ulations of pond fishes . M. S .  Thesis . 
Auburn , AL : Auburn University . 49 pp . 

Fores ter , T . S . , and J . M.  Lawrence .  19 7 8 . Ef fects o f  grass carp 
and carp on populations o f  bluegill and largemouth bass in 
ponds . Trans . Ame r .  Fish . Soc . 107 ( 1 ) : 172-1 75 . 

Fowler , �.C., and T . O .  Robson . 1978 . The ef fects o f  the food 
preferences and sto cking rates of gras s carp (Ctenouharvngodon 
idella Val . ) on mixed plant communit ies . Aquat . Bo t .  5 ( 3 ) : 
261-276 . 

1 3 3  

Fox , J . L . , E . C .  Blancher ,  F . M .  Kooijman , R . A .  Conley and C . P .  Feerick . 
19 7 7 . Biological baseline s tudies o f  the Lake Conway , Florida 
syst em .  In : Rushing , W . N .  (Ed . ) .  1 9 7 7 . Proceed ings of the 
Research Planning Conference on the Aquatic Plant Control Progra m .  
�iscellaneous Paper A- 77- 3 . Vicksburg,  MS : U . S .  Army Engineer 
Waterways Experiment S tation . pp . 1 2 3 - 14 5 . 

Fry ,  D . L . , and J . A .  Osborne . 1980 . Zoop lankton abundance and 
diversity in central Florida gras s carp ponds . Hydrob iologia 
68 ( 2 ) : 145-15 5 . 

Gaevskaya , N . S .  196 9 .  ( trans l .  from Rus s ian by D . G .  Maitland 
Muller) The Role of Higher Aquat ic Plants in the Nutrition 
of the Animals of Fresh-Water Bas ins (Rol ' vyss hikh vodnvkh rastenii 
v pitanii zhivotnyk.h. p.resnY-kh- v.odo.emov_)_ ,_ V-01.- I-. - Chapte�s - 1- &- 2 . 
Yorkshire , England : National Lending Library for Sc ience and Technology . 
pp . 148-165 . 

Gandara , J . A . M . , P . M .  Sanchez , and F . R . V .  Herrera . 19 7 5 .  Control de 
malezas acuaticas en la zona central y sur de Mexico . [Aquatic 
weed control in central and southern MexicoJ 23  pp . [ mimeo ] [ In 
Spanish with English suim11ary ] 

Gangs tad , E . O .  19 76 . Potent ial growth o f  aqua tic plan�s in the 
Repub lic of the Philippines and proj ected me thods of control . 
J .  Aquatic Plant �anagement 14 : 10-14 . 



134 

Gangs tad , E . O . , J . J .  Raynes , and R.M.  Burres s .  19 72 . Technical 
repor� on herb ivorous fish for aquatic plant contro l .  
Aquatic Plant Control Program ,  Interagency Research Advisory 
Committee and Office o f  the Chief o f  Engineers , Department o f  
the Army . 

Gangs tad , E . O . , J . J . , Raynes , and R . M .  Burress .  19 7 3 . Herb ivo rous 
fish for aquatic plant control .  In : Gangstad , E . O .  ( Ed . ) .  
1973 . Herb ivorous Fish for Aquatic Plant Control . Aquatic 
Plant Control Program . Technical Rep ort  4.  Vicksburg , MS : 
U . S .  Army Engineer Waterways Experiment S tat ion . pp . 1-13 . 

Gasaway ; R . D .  19 7 7a . Benthic macroinvertebrate response to gras s 
carp introduc tion in four Florida lakes . In : Flo rida Game 
and Fresh Water Fish Commis sion . 19 7 7 . The Grass Carp : A 
Special Research Report to the Governor and Cabinet . 
Tallahas see , FL : Florida Game and Fresh Water Fish Commis s ion . 

Gas away , R . D .  19 7 7b . The e ffects o f  grass carp on community 
s t ruc ture in four Florida lakes . In : Florida Game and Fresh 
Water Fish Commission . 1977 . The Gras s Carp : A Spec ial 
Res earch Report to the Governo r and the Cabinet . Tallahassee , 
FL :  Flo rida Game and Fresh Water Fish Commis s ion . 

Gasaway , R . D .  1977c . The effects o f  grass carp introduc tion on water 
quality o f  four Florida lakes . In : Florida Game and Fresh 
Water Fish Commiss ion . 19 7 7 . The Grass Carp : A spec ial 
Research Report to the Governor and the Cabinet . Tallahasee , FL : 
Florida Game and Fresh Water Fish Commission . 

Gasaway , R . D .  197 7d . Eff icacy o f  gras s carp (Ctenopharvngodon idella) 
and chemical treatment with endo thal to control hydrilla 
(Hvd rilla ve rtic illata ) .  Final Report . Lake Baldwin Proj ect.  
Tallahassee , FL . �  Florida Game and Fresh Water Fish Commiss ion . 

Gasaway , R . D .  1 9 7 7 e  • .  Predation on introduc ed grass carp (Ctenooharvngodon 
idella ) in a Florida lake . Fla . Sci . 40 ( 2 ) : 167-1 74 . 

r ? � �way , R . D . 19 78a . Changes in Lake Wales three years after stocking 
-:gr-a-s-s -carp . --Fl--ori-da - G-ame -and -Pre-sh -water -F-i-sh -Cumnrlss-ion . 5 3 -pp . 

Gasaway , R . D .  1978b . Growth , survival and harves t  o f  grass carp in 
Flor ida lakes . In : Smitherman , R . O . , W . L .  Shelton , and 
J . H . Grover (Eds . ) .  19 78 . Symposium on C ulture ·  o f  Exotic Fishes 
pre sented at Aquaculture /Atlanta ' 78 ,  Atlanta , Geo rgia , January 
4 ,  19 78 . pp . 167-183 . 

Gasaway , R . D .  unpublished ms . The e f fects o f  gras s carp introduc tion 
on chlo rophyll concent rations . 9 pp . [mimeo ] 

Gasaway , R . D . , and T . F .  Drda . 1977 . Ef fects  o f  grass carp introduc tion 
on waterfowl hab itat . Trans . 42nd North Amer . Wildl . and Nat . 
Res .  Conf . 19 7 7 :  7 3-85 . 



135 

Gasaway , R. D . , and T . F .  Drda . 19 7 8 .  Ef fects of g ras s carp introduc tion 
on macrophyte ve getation and chlorphyll content of phytop lankton in 
four Florida lakes . Fla . Sci . 41 ( 2 ) : 101-109 . 

Gasaway , R. D . , T . F .  Drda , and F . J .  Ware . 19 7 7 . Ef fects o f  gras s carp 
introduct ion on water fowl hab itat . In : Florida Game and Fresh 
Water Fish Commission . 19 7 7 . The Gras s Carp : A Special Re search 
Report to the Gove rnor and the Cab inet . Tallahassee , FL : 
Florida Game and Fresh Water Fish Commission . 

Gasaway , R. D . , S .  Hardin , and J .  Howard . unp ub lished ms . Fac tors 
influencing waterfowl abundance ; chrono logy and aggregations in 
a central Florida lake . 12 pp . 

Gaudet ,  J . L .  196 7 .  The status o f  warm-water pond fish culture in Europe .  
In : Pillay , T . V . R .  (Ed . ) .  19 67 . Proceedings o f  the Wo rld 
Symposium on Warm-Water Pond Fish Culture . Rome , 18-25 May 196 6 . 
FAO F isheries Reports No . 44 , Vol .  2 .  pp . 70-87 . 

Gaudet , .J . L .  1976 . Salvinia infes tation on Lake Naivasha in Eas t  
Africa (Kenya) .  In : Varshney , C . K . , and J .  Rzoska (Eds . ) .  19 76 . 
Aquatic Weed s in South Eas t  As ia . The Hague , Netherlands : 
D r .  W. Junk . P.P · 19 3-209 • 

. , 

Gerking , S . D .  (Ed . ) .  1978 . Ecology o f  Fre shwater Fish Produc tion . 
New York : John Wiley & Sons . 

Gidumal , J . L .  1958 . A survey o f  the b iology o f  the grass carp , 
Ctenouharvngodon ide llus (C . & V . ) .  Hong Kong Univ . Fish . 
J .  2 :  1-6 . 

Giurca , R .  19 70 . Cercetari asupra dinomicii cantitative a A . R . N .  
din hipo f iza s i  gonada d e  Ct enouharvngodon idella (Val . )  
(Pisces , Oste ichthyes , C Yr' rinidae ) in functie de gradul 
de maturare a ovarelor .  [ Invest igations on RNA quantitative 
dynamics in pituitary gland and gonads from the gras s carp 
(C tenouharvngodon idella (Val . )  Pisces , Osteichthyes , Cyp rinidae ) 
dep ending on ovary maturity stage . ] Bul . Cercet . Piscic . 
29 ( 4 ) : 13-19 . [ Biol .  Abs t r . 55 ( 1 ) : 180 , No . 1599 ] { In 
Romanian with English summary ] 

Glago lev , E . V .  19 63 . On the prob lem o f  the improvement o f  the coolant 
reservo irs of thermo-electric power stat ions and their fishery 
exp lo itation . In : Prob lemy Ryb okhozyays tvennogo Ispol ' zovaniva 
Ras t itel ' noyadnykh Ryb v Vodoyemakh SSSR [ Problems o f  the F is heries 
L�plo itation of  Plant-Eating Fishes in the Water Bod ies of  the 
USSR} , As hkhabad , Akad . �auk Turkmen . SSR.  pp . 97- 100 . 

Godley , J . S . , R . W .  �cDiarmid , and G . T .  Bancro f t .  1980 . Large-scale 
operations management test using the whi t e  amur at Lake Conway , 
Florida . Herpeto fauna . In : Decell , J . L . ( Ed . ) . 1 9 8 0 . Proc eed ings , 
14th Annual �ee ting , Aquatic Plant Control Research Plannine and 
Operations Review. Vicksburg , �S : U . S .  Army Engineer Wate�ays 
Exper iment Stat ion . pp . 305- 314 . 



1 3 6  

Gopalakrishnan , V .  1968 . Diseases and paras ites o f  fishes in warm
water ponds in As ia and the Far Eas t .  In : Pillay , T . V . R .  (Ed . ) .  
1968 . Proceedings o f  the World Symposium on Warm-Wa ter Pond 
Fish Culture . Rome , 19-25 May 19 66 . FAO Fisheries Reports �o . 44 , 
Vo l .  5 .  pp . 319-343 .  

Gopalakrishnan , V .  19 74 . From research ins titutes : Intens ive 
po lyculture of carps in India . FAO Aquacult .  Bull . 6 ( 2-3 ) : 7-8 . 

Gopinath , K .  1950 . Fresh water fish farming in the Malay 
Archipelago . J .  Zoo! . Soc . India 2 ( 2 ) : 101-108 . 

Gorbach , E . I .  1961 .  Vozras tnoy sos tav ,  res t i vozras t nas tup leniya 
polovoy zrelos ti belogo Ctenopha rvngodon idella (Val . )  i 
chernogo MvloohaNtgodon piceus (Rich . ) amurov v basseine R .  
Amura (Age composition , growth and age  o f  ons e t  of  sexual 
maturity of the white C tenopharyngodon idella (Val . )  and the 
black Mvlopharvngodon piceus (Rich . )  amurs in the Amur River 
basin) . Vopr . Ikhtiol . 1 (1 ) (18) : 119-126 . (transl . from 
Russian by R . M .  Howland 1971)  

Gorbach , E . I .  1966 . · Characteristics o f  maturat ion and propo gation of  
Ctenooharvngodon idella Val . in the Amur valley of the Soviet 
Union . In : T ' ai-p ' ing-yang Hs i-pu Yu-yeh Yen-chin Wei-yuan
hui Ti-ch ' i-zz ' u  Ch ' uan-ti Hui-i Tun-wen-chi . [ Collected 
Articles of the 7 th Plenary Conference o f  Fishery Research 
of the Wes t  Pacific . ]  Peiping , China . Feb ruary , 1966 . 
pp . 1 7 6-180 . 

Gorbach , E . I .  1971 . Condition and fatness o f  the grass carp 
[ C tenooharyngodon idella (Val . ) ]  in the Amur basin . J .  
Ichthyol . 11 ( 6 ) : 880-890 . 

Gorbach , E . I .  · 197 2 .  Fecundity of the gras s carp [ C tenoo haryngodon 
idella (Val . ) ]  in the Amur basin . J .  Ichthyol . 12 (4 ) : . 6 16-625 . 

Greenfield , D . W . 19 71 . An evaluation of  the advisability of  the 
release of the g ras s carp into the na tural wa ters of the U . S .  
Trans . Illinois State Acad . Sci . 6 6 , 66 ( 1-2) : 47-5 3 .  

- Gree-nland , - D . C . , - -R  .. -R .  - Carter , -R . L .  -Gill , - &  -D .-L . Tac-k-e-t t . 19 7£ . 
liarvesting monosex g rass carp . Prog . Fish-Cult . 40 ( 1 ) : 50 . 

Grozev ,  G . , A .  Boiadzhiev , and P .  Hachev . 1970 . Pyrvi op iti po 
razmnozhavane i otglezhdane na ras titelno iadnite · ribi v 
Byl gariia . [ P reliminary experiments in art if ic ial hat ching and 
br eeding of  plant-eating fish in Bulgaria . ]  Izv . Stn .  Sladkovod . 
Ribar . Plovdiv 7 :  89-98 . [Aquat . Sci . and Fish . Ab s t .  2 ( 2 ) : 155 , 
No . Aq . 1 3 7 8 f ]  [ In Bulgarian ] 

Grygierek , E .  19 7 3 .  The influence of  phytophagous f i�h on pond 
zooplankton .  Aquacul ture 2 :  19 7-208 . 



... 

Guillory , V .  1979 . Large-Scale Operations Management Tes t of Use of  
the White .  Amur for Control of Prob lem Aquatic Plants . Report 
1 .  Bas eline Studies . Volume I I . The Fish , Mammals ,  and 
Waterfowl of  Lake Conway , Flo rida . Technical Report A- 78-2 . 
Vicksburg , MS : U . S .  Army Eng ineer Waterways Experiment 
Station . 163  pp . 

19 78 . Zoogeography of  the grass 

1 3 7  

Guillory , V . , and R . D .  Gasaway . 
carp in the United States . Trans . Ame r .  Fish.  Soc . 107 ( 1 ) : 105-112 . 

Guillory , V . , R .  Land , R .  Gasaway . 19 7 7 . Baseline data repo rt--
Lake Conway �ras s carp proj ect . In : Rushing , W. N .  (Ed . ) .  1 9 7 7 . Pro
ceedings of the Research Planning Conference on Aquatic Plant 
Control Program .  Miscellaneous Paper A- 7 7- 3 . Vicksburg , MS : 
U . S .  Army Engineer Waterways Experiment S tation . pp . 97-11 2 . 

Gunthe r ,  A .  1868 . 5 7 .  Ctenopharvngodon . In : Catalo gue of the 
Fishes in the British �us eum. Vo lume Seventh . Catalo gue o f  
the Physostomi Containing the Families Heteropygii , 
Cyprinidae , Gono rhynchidae , Hyodontidae , Os teogloss idae , 
Clupeidae , Chiro centridae , Alepocephalidae , No top teridae , 
Halosauridae . London : British Mus eum . pp . 261-262 . 

Gup ta ,  O . P .  19 7 3 .  Aquatic weed contro l .  World Crop s 25 ( 4 ) : 182-190 . 

Gupta , �. V . , and B . K. Sharma . 1974 . A note  on the transport of  
Chinese carp breeders us ing MS-22 2 .  J .  Inland Fish . Soc . India 
6 :  99-100 . 

Gurova , L . A . 19 7 2 .  Pi tanie i rost  ras t itel ' noyadnykh ryb v prudakh 
Chitinskoi GRES . [ Feeding and growth o f  plant-eat ing fish in 
ponds of  the Chita State Reg ional Electric Powe r Plant . ]  
Zap. Zabaik . Fil . Geogr . 0-Va . R 62 : 74-84 . [ Bio l .  Abs t .  
57 (11 ) : 6 39 6 , No . 59830 ] [ In Russ ian ] 

Gurova , L . A . , V . P .  Gurov , E . L .  Zubarova , and N . M .  Pronin . 1972 . 
Pervyi opyt vyrash:hivaniya mo lodi ras titel ' noyadnykj ryb v 

prudakj Chintinskoi GRE S .  [ First experiment in raising fry 
of plant- feeding fish in ponds of the Chita State Regional 
Elec tric Power Plant . ]  Zap . Zab aikal Fil . Geogr . 0 . -Va . 
SSSR 62 : 59- 7 3 . [ Bio l .  Abs t .  56 : 6 6 5 1 ,_  No . 6580 7 ]_ (_In 
Rus sian ] 

Guscio , F . J . , and E . O .  Gangs tad . 1970 . Research Planning Conference 
on the Biological Control of Aquatic Weeds with � the White 
Amur . Washington ,  DC : Office of  the Chief of  Eng ineers . 45 pp . 

Gyula . � .  19 70 . From research ins titutions : Index of feeding 
habits . FAO Aquacul t .  Bull . 3 ( 1 ) : 5 .  



1 3 8  

Hall , T . F .  19 61 . Principles of  aquatic plant control . Adv . in Pest 
Cont . Res . 4 :  211-24 7 . 

Haller , W . T .  19 79. Aqua tic weeds in Flor ida . In : Shireman , J . V .  
( Ed . ) .  Proceedings o f  the Grass Carp Conference . Gainesville , 
F lorida : Aquat ic Weeds Research Center , Unive rs ity of Florida , 
Inst i tute of Food and Ag ricultural Sciences . pp . 1-14 . 

Haller , W. T . , and D . L .  Sutton . 1977 . Biocontrol of aquatic plant 
growth in earthen ponds by the white amur (Ctenooharvngodon 
idella (Val . ) ) .  In : Freeman , T . E .  (Ed . ) .  1977 . Proceedings 
of �he 4th Internat ional Symposium on Biolog ical Control o f  
Weeds . Gainesville , Fl : Univers ity of Flo rida , Inst itut e o f  
Food and Agricultural Sciences . pp . 261-268 . 

Hamil ton , H . R .  19 7 7 . The aquatic plant program: Goals and 
obj ectives . In : Rushing , W. N .  (Ed . ) .  19 7 7 .  Proceedings 
of  the Research Planning Conference on Aquatic Plant Contro l 
Program .  Mis cellaneous Paper A- 7 7- 3 .  Vicksburg , MS : ·  U . S .  
Army Eng ineer Wa terways Experiment Station . pp . 4-7 . 

Hardin , S .  1980 . Selective removal and populat ion estimat ion o f  
gras s carp in Lake Wales , Florida . Florida Game and Fresh 
Water Fish Commiss ion Report . 12  pp . 

Harka , A .  19 7 4 .  Contribut ions to the morphology of the lower 
pharyngeal teeth of some plant-eating fishes . Vertebr . 
Hung . 15 : 7-10 . [ Biol . Abs t . 61 (9 ) : 4922 , No . 4759 5 ]  [ In 
German with English summary ] 

Hatton, D . C .  19 7 7 .  Predatory behavior o f  largemouth bass on soft  
,and sp iny-rayed forage species . Ph . D . Dissertat ion . Gainesville , 
FL : University of Florida . 7 3  pp . 

Henderson , S .  1974 . Preliminary studies on the to lerance o f  the white 
amur , Ctenooharvngodon idella , to ro tenone and other commonly 
used pond treatment chemicals . Proc . Ann . Conf . Southeas t .  
Assoc . Game and Fish Comm . 27 : 4 35-4 3 7 . 

Henderson , S .  19 7 8 .  Review of  the use of the grass carp in fisheries 
managemen t -in -Arkansas . -In: -Snrii:hennan ,  -R . D . , W .-L .  Sh-elto-n , 
and J . H . Grover ( Eds . )  1978 . Sympos ium on Cul ture of  Exo tic 
Fishe s .  Presented at Aquacul ture /Atlanta/ ' 7 8 ,  Atlanta ,  Georgia , 
January 4 ,  19 7 8 .  pp . 165-166 . 

Henderson , S .  19 79 . Grass carp : The scientific and policy is sues . 
In : Shireman , J . V .  ( Ed . ) .  19 7 8 .  Proceed ing s of the Grass 
Carp Conference . Gainesville , FL : Aquatic Weeds Research 
Center ,  University of Florida , Ins titute of Food and Agricul tural 
Sciences . pp . 25- 3 0 .  

Hens el,  K. , and S .  Paulov . 19 7 8 .  The se rum protein spec tra of  four 
species of cyp rinid fishes (Osteichthyes , Cyp rinidae ) .  Acta 
Fae . Renn .  �at . Univ . Comenianae Zool . 23 : 101-104 . [ B iol . 
Abs t .  69 ( 1 ) : 109, �o . 1064 ] [ In Czech with Eng lish summary ] 

Herre , A . W .  19 32 . F ishes from Kwangtung Province and Hainan Is land , 
China . Lingnan Sci .  J .  11 : 4 2 3-44 3 . 



l 
t 
t 

I 
6 

I 
I 
i 
l 

Herre , A . W .  1934 . No tes o n  the hab itat of  some Chinese fresh water 
fishes . Lingnan Sci . J. 13 ( 2 ) : 3 2 7 - 3 28 . 

Hestand , R . S . , and C . C .  Cart er . 197 8 .  Comparat ive effects of  grass 
carp and selected herb icides on macrophyte and phytop lankton 
connnunities . J. Aquat . Plant Management 16 : 43-50 . 

Hickling , C . F .  1960 . Observations on the growth rat e o f  the Chinese 
grass carp Ct enooharvngodon idellus (C . & V . ) .  Malay . Agric . 
J .  43 ( 1 ) : 49-5 3 .  

139 

Hickling , C . F .  196 2 .  Fish Cul ture . London : Fab er and Fab er . 295 pp . 

Hickling , C . F .  1965 . Biolo g ical control o f  aquatic vegetation . 
Pes t Art ie . News Summ. 11 ( 3 ) : 237-244 . 

Hickling , C . F . 19 6 6 .  On the feeding process in the white amur , 
C tenooharvngodon idella . J .  Zoo l .  14 8 (4 ) : 408-419 . 

Hickling , C . F .  19 6 7a .  The art ificial inducement o f  spawning in 
the grass carp , Ctenooharvngodon idella Val . Proc . Indo-Pac . 
Fish . Counc . 12 : 236-24 3 .  

Hickling , C . F . 1967b . IV . --On the biology of  a herbivo rous fish , 
the white amur or grass carp , Ctenopharvngodon idella Val . 
Proc . Roy . Soc . Edinb . 7 0 B  Pt . 1 ( 4 ) : 62-81 . 

Hickling , C . F .  1968 . Fish-hyb ridizat ion . In : Pillay , T . V . R .  (Ed . ) .  
1968 . Proceedings of the World Sympos ium on Warm-Water Pond 
Fish Cul ture . Rome , 18-25 May 1966 . FAO Fisheries Reports 
No . 44 , Vol .  4.  pp . 1-11 . 

Hoa ,  D . T .  19 7 3 .  Variability of  j uvenile grass carp [ C tenopharvngodon 
idella (Val . ) ]  and pond carp [ Cvprinus caro io (L . ) ]  reared a� a 
hat chery in the southern Ukraine . J .  Ichthyol .  13 ( 2 ) : 305-309 . 

Ho lcik,  J .  1976a .  List o f  lamp reys and fishes of Slovakia . Biolog ia 
(Bratisl ) 31 ( 8 ) : 641-64 7 . [ Biol . Abs t. 63 : 427 1 ,  No . 4338 2 ]  [ In 
Czech with English summary ] 

Holcik , J .  19 7 6b . On the occurrence o f  Far Eas t plant ivo rous fishes 
in the Danube River with regard to the pos s ib ility of the ir 
natural rep roduct ion . Ve stn .  Cesk . Spol . Zool . 40 ( 2 ) : 88-103 . 
[ Biol . Abs t .  63 : 1409 , No . 14 3 6 9 ] 

Hong , S . L . , I . E .  Clavij o ,  C . R .  Hard in ,  and W . R .  Court enay , Jr . 1974 . 
Sex de terminat ion in the grass carp , Ct enopharvngodon idella . 
Final Report . Tallahassee , FL : Bureau o f  Aquatic Plant Re search 
and Control , Florida Department of  Natural Resources . 20 pp . 

Hong , S . L . , and W . R .  Court enay , Jr . 197 3 .  Sex det erminat ion in the 
Grass carp , Ctenooharvngodon idella . Quarterly Report submit ted 
to Bureau of Aquatic Plant Research and Control , Flo rida Depart
ment of  Natural Re sources , Tallahas see , FL . 3 pp . 



140 

Hs ieh , C . M .  19 7 3 .  Atlas of  China . New York:  McGraw-Hill Book Company . 
282 pp . 

Hudson ,  J . C .  1973 .  The Florida Department o f  Natural Resources 
and its role in aquatic plant research contro l .  Hyacinth Con tr . 
J .  11 : 2-4 . 

Huet , M .  19 7 0 .  Textbook o f  Fish Culture : Breeding and Cultivation 
o f  Fish . Surrey and London : Fishing News (Books ) Ltd . 436 pp . 

Hughes , H. R.  197 1 .  Control o f  the wa ter wee d  problem in the Rewa 
Rive r .  Fij i Agr .  J .  33 ( 2 ) : 67- 7 2 .  

Huisman , E . A . 1978 . .  The culture o f  grass carp (Ctenopharvngodon ide lla 
Val . ) under artificial conditions . --An experienc e paper . 
Hamburg , West  Germany : European Inland Fisheries Advisory 
Commission.  June 20-23 , 19 78 . 16 pp . 

I-kuei , C . , C .  Chin-hs ia , and C .  Tsi -t ' ao .  196 6 . A study · of the 
nutrition and bait materials of Ctenopharvngodon idella 
(Valenciennes ) . In : T ' ai-p ' ing-yang Hs i-pu Yu-yeh Yen-chin 
Wei-yuan-hui Ti-ch ' i-zz ' u  Ch ' uan- ti Hui-i Tun-wen-chi . 
[ Collected Articles of  the 7 th Plenary Conference o f  Fishery 
Research o f  the Wes t  Pacific:] Peiping , China . February, 
19 6 6 .  pp . 88-94 . 

I-kuei , C . , C .  Chin-hs ia ,  and C .  Ts i-t ' ao .  197 3 .  Appendix H.  
Nut rition and bait materials o f  Ctenopharvngodon idella (Val . ) .  
In : Gangstad , E . O .  (Ed . ) .  19 7 3 .  Herbivorous Fish for  Aquatic 
Plant Control . Aquatic Plant Control Program . Technical 
Report 4 .  Vicksburg , MS : U . S .  Army Eng ineer Waterways 
Exp eriment Station . pp . Hl-Hl9 . 

Inab a ,  D . , and M .  Nomura . 195 6 .  On the diges tive system and feeding 
habits o f  young Chinese carps collec ted in the Rive r Tone . 
J .  Tokyo Univ . Fish . 42 ( 1 ) : 17-25 . 

Inaba ,  D . , M .  Nomura , and M .  Nakamura . 1957 . Preliminary report 
on the spawning of  grass carp and s.ilver carp in the Tone River , 
Japan , and the development o f  their eggs . J .  Tokyo Univ . Fish . 

· 4J (l} : -81-101 . 

Ioshev , L . , and A .  Bo iadzhiev . 1970 . Kranitelna stoino st  i vkusovi 
kaches tva na beliia amur . [ The nu tritive value and tas te quality 
of  the grass carp . ]  Izv. Stn .  Sladkovod . Ribar . Plovdiv 7 :  99-105 • 

. [Aquat . Sc i .  and Fish . Abst . 2 ( 2 ) : 160-161 , No . Aq l402F ]  
[ In Bulgarian ] 

Ivanov , A .  1970 . Introduct ions o f  fish : Chinese carp s in Iran . 
FAQ Aquacult . Bull . 3 ( 1 ) ; 15 . 

Ivanova , N . S .  1966 . Urceolariidae ( S tein , 186 7 )  o f  white amu r (grass 
carp ) , Chinese silver carp and bi ghead from wa ter bodies of 
the Moscow Region and the Krasnodar Territory . Trud . Vses . 
Nauchno-Issled . Inst . Prud . Ryb . Khoz . 14 : 5 7 �61 . 



... 

: 1  

Ivas ik , V . M . , O . P .  Kulakovskaya , and . I . Verona . 1969 . Paras ite 
exchange between herb ivorous fish species and carp in ponds of  
the west ern Ukraine . Gidrqb io l .  Zh . 5 (5 ) : 100-103 . ( trans l .  
from Rus sion in Hydrobio l .  J .  5 (5 ) : 68- 7 1 )  

141 

Jaehnichen , H . , and K. Wol f .  19 78 . S tudium der Bio techno lo gie zur 
kuens tlichen Vermerhung von pflanzenfressenden Fischen 
(Ctenooharvngodon idella , _Hvooohthalmichthvs mo litrix , and 
Aristichthvs no b ilis ) in der Warmwasseranlage Gos lavice (VR 
Polm ) .  [ A  study o f  the biotechno lo gy o f  artif ic ial rep roduc t ion 
of herb ivorous fish (Ctenopharvngodon idella , Hypophthalmichthvs 
molitrix , and Aristichthys nob ilis ) in the Gos lavice warm 
water station ( Poland ) ] .  z. Binneniisch . D .  D . R . 25 ( 7 ) : 194-201 . 
[ Biol .  Abs t .  110 , No . 2485 ] [ In German ] 

Jahnichen , H .  1968 . Uber die kuns tliche Vermehrung p fla�z enfressender 
Fische . [ On the artifical rep roduc t ion of plant eating fish . ] 
Deu t .  Fisch . Ztg . 15 ( 3 ) : 5 7-66 . [ Biol . Ab s t .  51 : 7475 , No . 7636 8 ] 
[ In German ] 

Jan ichen., J .  19 7 1 .  Organmassen und chemis che Zusammensetzun des 
Fleisches van Graskarp f en (Ctenooharvngodon idella ) und Silb erkarp f en 
Hvpothalmichthvs mo litrix ) . [ Organ weight and chemical composition 
of the flesh of grass carp ( Ctenooharvngodon idella) and silver 
carp (Hvpopht halmichthvs mo litrix ) . ]  Dt . Fis cherei-Z tg . 18 ( 2 ) : 35-40 . 
[ In German ] 

Janichen , J .  19 7 3 .  The effectiveness o f  grass carp in the biological 
control of  aquatic plants in the watercourses of the East  German 
Repub lic (Die Wirksamkeit  van Amurkarp fen (Ct enopharvngodon 
idella) zur biologis chen Was serp flansenbekamp fung in den Wass erlauf en 
der Deuts chen Demokratischen) . Zeitsch . Binnenfisch . DDR 20 ( 1 ) : 14-28 . 
( trans l .  from Ge rman by L .  Brownlow 1 9 7 3 )  

Janus zko , M .  1974 . The e f fect o f  three species o f  phytophagous fish 
on algae development . Pol . Arch . Hydrobiol . 21 ( 3-4 ) : 431-454 . 
[ Bio l .  Abs t .  60 : 7025 , No . 65686 ] 

Javaid , � . Y .  19 76 . St rat egy for development o f  inland fisheries 
resources of Pakis tan . Inda-Pacific Fis h .  Coun . Proc . 17 ( 3 ) : 
109- 111 . 

Jensen , G . L . , W. L .  Shelton , and L . O .  Wilken . 19 7 8 .  Use o f  me thyl
tes tos t erone silas tic imp lants to control sex in . grass carp . 
In : Smi the rman , R . O . , W . L .  Shel ton , and J . H . Grover (Eds . ) .  
19 7 8 .  Symposium on Culture o f  Exo tic Fishes presented at 
Aquacul ture /Atlanta/ ' 78 ,  Atlanta , Georgia , January 4 ,  19 7 8 .  
pp . 200-21 9 .  

Jhing ran , V . G .  19 74 . Polyculture o f  carps in India . FAO Aquacult . 
Bull . 6 ( 4 ) : 7 .  

Je f frey , � . B .  1970 . Spawning the grass carp (Ctenooharvngodon 
idella ) .  FAO Fish Cult . Bull . 2 ( 2 ) : 3 .  



1 4 2  

Jhingran , V . G . , and V .  Gopalakrishnan . 19 7 4 .  A catalogue of  cultivated 
aquatic organisms . FAQ Fish . Tech . Pap . �o . 130 . 8 3  pp . 

Ji , L . S .  19 76 . Status and potential for deve lopment o f  freshwater 
fish culture in Malaysia . Inda-Pac . Fish.  Counc . Proc . 17 ( 3 ) : 
9 6-108 . 

Job , T . J .  1942 . Internat ional fish seed exchange ( fish seed conserva
tion and dis tribution in the Inda-Pacific area ) . Inda-Pacific 
Fis h .  Coun . Proc . 4 ( 2 ) : 208-209 . 

Johnson , M . , and J . M .  Laurence .  19 7 3 .  
control with the white amur . In : 
Herb ivorous Fish for Aquatic Plant 
Control Program.  Technical Report 
Army Engineer Waterways Experiment 

Appendix E .  Biological weed 
Gang stad , E . O .  (Ed . ) .  1 9 7 3 . 
Control . Aqua tic Plant 
4 .  Vicksburg , MS : U. S .  
S tation . pp . El-El2 .  

Jo rdan , D . S .  196 3 .  The Genera o f  Fishes and a Classif ication o f  
Fishes . Stanford , CA : Stanford University Press . �· 343 .  

Jurca , V . , and C .  Matei . 1975 . The proteins in skele tal mus cles 
in some species and lines of Cyprinidae . Stud . Cerce t .  Biochim.  
18 ( 2 ) : 115-118 . [ Biol . Abst .  64 : 6607 No . 67590 ] [ In Romanian 
with English summary ] 

Kafuku , T .  19 7 7 .  An ontogenetical s tudy o f  intes t inal coiling 
pattern on Indian maj or carp s . Bull . Freshw .  Fish . Re s .  Lab . 
(Tokyo ) 27 ( 1 ) : 1-20 . [ Biol .  Abst .  66 , No . 322 7 7 ]  

Kaleel , R . T .  1980 . Large-s cale operations management tes t using 
the wh ite amur at Lake Conway , Florida . Water quality . In : 

. Decell , J . L .  {Ed . ) .  198 0 .  Proceedings , 14th Annual �leeting , 
Aquat ic Plant Control Research Planning and Operations Review . 
Vicksburg , MS : U . S .  Army Engineer Waterways Experiment S tat ion . 
pp . 285-29 7 .  

Kashkovskii ,  V . V .  1974 . Paras ites and diseases o f  herbivo rous fishes 
of pisc icultural farms of the Ural Area . In : USSR Fish 
Disease Conference Skrj ab illanus Amur : 1974 Nema . USSR !VB .  
pp . 108-111 . 

Kawamo to , N . Y .  1950 . The influence of  sex hormones on the reproduc tive 
organ of  a so gyo Ctenopharvngodon idellus { C . & V . ) .  Jap . J .  
Ic thyol . 1 ( 1 ) : 8-16 . 

Kelenyi , G .  19 7 2 .  Phyl o genesis o f  the azurophil leukocyte granules 
in vertebrat es . Experientia {Basel)  28 ( 9 ) : 1094-109 6 .  

Keown , M . P .  1980 . Large-scale operations mana gement test us ing the 
W hite amur at Lake Conway , Florida . Radio teleme try tracking o f  
w hite amur . In : Dece ll , J . L . (Ed . ) • .  1980 . Proceedings , 14th 
Annual Meeting , Aquatic Plant Control Research Planning and 
Operations Review . Vicksburg , MS : U . S .  Army Engineer Wa terways 
Experiment Station . pp . 330-335 . 



14 3 

Khari tonova , N . N . , and O . � .  Tarasova . 1968 . Comb ined rearing o f  common 
and grass carp s in the Ukraine . In : Niko l ' s kii , G . V .  (Ed . ) .  
1968 . Novye Issled . Ekol . Razved . ras t-yadn . Ryb . [ New Investi
gat ions in the Ecology and Breeding of Herbivo rous Fish . ] 
Xoskva : Nauka . pp . 89-9 3 .  [ Weed Ab s t .  20 ( 2 ) , No . 74 2 ]  [ In Russ ian ] 

Khyng , D . T . 19 70 . [ Food requirements o f  gras s carp fingerlin gs reared 
in polycul tures (wi th common and silver carp and b ighead ) . ]  
Dokl . Tim . S . -Kh .  Akad . 164 : 33 7-341 . [ Weed Research Organization 
. .\nno t .  Bih l .  No . 31- 4 ] 

Kilambi , R . V .  1980 . Food consump tion , growth and survival o f  grass 
carp Ctenooharvngodon idella Val . at four salinities . J. Fish . 
Biol . 1 7 ( 6 ) : 613-618 . 

Kilamb i ,  R . V . , and W. R .  Rob inson . 1979 . Effects o f  temperature and 
stocking dens ity on food consump t ion and growth of  grass carp 
Ctenooharvngodon idella , Val . J .  Fish . Biol . 15 : 337-342 . 

Kilambi , R . V . , and A .  Zdinak . 1980 . The e f fec ts o f  ac climat ion on 
the salinity to leranc e o f  gras s carp , Ctenooharvngodon idella 
(Cuv .  and Val . ) .  "'J. Fish . Biol . 16 ( 2 ) : 1 7 1-1 7 5 . 

r,· Kil gen, R. H .  19 7 3 .  Food habits o f  white amur , largemouth bass , 
bluegill , and redear sunfish receiving supp lemental feed . Proc . 
2 7 th Ann . Con f .  Southeas t Assoc . Game and Fish Comm . 1973 : 620-6 24 . 

Kilgen , H .  19 78 . Growth o f  channel catf ish and striped bass in  small 
ponds stocked with grass carp and water hyacinths . Trans . 
Am .  Fish.  Soc . 107 ( 1 ) : 176-180 . 

Kilgen , R . H . , J . M .  Guidry , R .  Romaire , and J .  Bossier . 1975 . 
Salinity tolerance and acclimation studies o f  the hyb rid carp , 
Ctenooharyngodon idella <f x Cyprinus carpio 'f . Pree . La . 
Acad . Sci . 38 : 31-35 . 

Kilgen , R. H . , and R . O .  Smitherman . 19 7 1 .  Food hab its o f  the white 
amur stocked in ponds alone and in comb ination with o ther 
species . Prag . Fish-Cult .  33 ( 3 ) : 123-12 7 .  

Kilgen , R . H . , and R . O .  Smitherman . 19 7 3 .  Appendix F .  Food habits 
of the white amur ( C tenopharvngodon idella ) s tocked in ponds 
alone and in comb inat ion with o ther species . I n : Gangstad , 
E . O .  (Ed . ) .  197 3 .  Herbivorous Fish for Aquatic Plant Contro l .  
Aquatic Plant Control Pro gram . Technical Report 4 .  Vicksburg , 
MS : U . S .  Army Engine er Waterways Experiment Station . pp . Fl-Fl3 . 

Kim , I .  B .  19 70 . Propagation of  grass carp and silve r carp . Bull . 
Pusan Fis h .  Coll . (Nat . Sc i . ) 10 ( 1 ) : 33-49 . [ In Ko rean wi th 
English summary ] 

Kim , I . B . , and E . I .  Paik . 19 71 Propagation o f  grass carp and s ilver 
carp , 19 7 1 .  Bull . Ko rean Fish . Soc . 4 ( 3-4 ) : 113-120 . 



144 

Kirilenko , N . S . , and K . K .  Ermolaev . 19 7 6 .  Comparative charac teris tics 
of  high energy compounds in the muscles of  fish und er various 
rearing conditions . Gidrobiol . Zh . 12 ( 2 ) : 7 7-81 . ( transl . from 
Rus s ian in Hydrobio l .  J .  12 ( 2 ) : 6 2-65 ) 

Kobylinski , G . J . , W . W .  Miley , I I , J . M .  Van Dyke , and A . J .  Leslie , Jr . 
1980 . The effects o f  grass carp (Ctenopharyngodon idella Val . ) 
on vegetation , water quality , zoop lankton , and macro inverte
brates of Deer Po int Lake , Bay County , Flo rida . Tallahas see , 
FL :  Bureau of  Aquatic Plant Research and Contro l ,  Florida 
Department of  Natural Resources . 114 pp . 

Kogan , S . I .  19 7 4 .  O n  the overgrowing of  the Kara Kum Canal and some 
consequences o f  the introduct ion o f  the grass carp into a body 
of  water . Gidrob iol .  Zh . 10 ( 2 ) : 110-115 . [I n Rus sian ]  

K ' o- lei-hei-chin , M. L. 196 6 .  Bio logical basis for the rat ional 
conduct of fresh water fishery in the Amur valley . In : T ' ai
p ' ing-yang. Hs i-pu Yu-ye h Yen-chin Wei-yuan-hui Ti-ch ' i ' zz ' u  
Ch ' uan-ti Hui-i Tun-wen-ch i. [ Collec ted Articles of the 7 th 
Plenary Conference of  Fishery Research o f  the Wes t  Pacifi c}



Peip ing , China . February , 1966 . pp . 181-186 . 

Konradt , A . G .  1968 . Methods o f  breeding the grass carp , Ctenopharvn
godon idella , and the silver carp , HyPoohthalmichthvs mo litrix . 
In : P illay,  T . V . R .  ( Ed . ) .  1968 . Proceedings of the World 
Symposium on Warm-Water Pond Fish Culture . Rome , 18-25 May 1966 . 
FAO Fisheries Reports No . 44 , Vol .  4 .  pp . 195-204 . 

Konradt ,  A . G . , and K . A .  Faktorovich . 1966 ( 1 9 70 ) . A case o f  dropsy 
in grass carp . In : Kirpichnikov , V . S .  (Ed . ) .  1966  (1970) . 
Selective Breeding o f  Carp and Intens ification of  Fish Breeding 
in Ponds (Selekts iya karpa i vop ro sy intens if ikatsii p rudovogo 
rybovodstva ) . Jerusalem : Israel Program for Sc ientific 
Translations . pp . 216-218 . 

Kons tan tinova , N . A  • .  1958 . Nektorje dannye or vozras te i ros t e  
amurskogo chebaka Leuc iscus waleckii (Dyb . )  i belogo amura 
Ctenopharvngodon idella (Val . ) [ Some data on age and growth o f  
the amur bream Leuciscus waleckii (Dyb . )  and the white amur 

- C tenopharvngodon -idella - (-Val-. -) -]-. -T-rudy --Amursk. Ikhtio1-. Ek.sped .. 
·· 1945-1949 [ Results o f  the Amur Ichthyolog ical Expedition 1945-

1949 ] . ·vor .  IV .  Moscow : Akad . Nauk SSSR .  [rn Russian ]  

Krasznai , Z . , and T .  Marian . 1977 . ( transl .  from Hungarian by 
Language Services Branch ,  U . S .  Department of  Commerc e ,  Washing ton , 
D . C . )  Cros s-b reeding experiments with gras s carp and bighead . 
Results o f  karyological and morpholog ical examina tions of the 
F1 hyb rid (Az amur es pe ttyes busa keres z tezese , a faj hibrid 
mo rfologiai es kariolo giai vizs galatanak eredmenyei] . Szarvas , 
Hungary : Fish Breeding Research Ins titute . 13  .PP · 



... 

Krupaue r ,  V .  1966 . Akli.matizace bylo zravych ryb f s ludij ni ap rava ] .  
[ Acclimatization o f  herbivo rous f ish (A review) . ]  Stud ij ni 
Inf . zivoc . Vyroba 5/  6 :  1-108 . [Weed Research Organizatiel'?· 
Anno t .  Bib l .  No . 31: 10 ( In Czech with English summary ] 

Krupauer ,  V .  196 7 .  f Food selection o f  two year old grass carp . ]  
Bull . V . U . R. Vodnany 3 ( 1 ) : 7-17 . ( Weed Research Organization 
Anno t .  Bib! . No . 3 1 : 2 703 ] f In Cz ech with English summary ] 

145 

Krupauer , V .  1968a . Experience gained i n  the rearing o f  herb ivo rous 
fish in Czechoslavakia .  Buletin vyzk.  Ust . ryb . Vodnany 4 ( 2 ) : 3-15 . 
( Sport Fis h .  Abstr . No . 14 7 3 6 )  

Krupauer ,  V .  19 68b . f The plant consump t ion capacity o f  3- and 4-year
old grass carp . ]  Zivocisna Vyroba 13 ( 7 ) : 46 7-474 . fWeed Re search 
Organization Annot .  Bibl . No . 31 : 1609 ] f In Czech with English 
summary ] 

Krupauer , V .  19 7 1 .  The use o f  herbivorous f ishe s  for ameliorative 
purposes in central eas tern Europe . Proc . Euro . Wee:i Res . Coun c . 
3rd Internat . Symp . Aquat . Weeds . pp . 95-10 3 .  

Krykhtin , K . L .  19 75 . Causes o f  periodic fluctua tions i n  the 
abundance of the non-an adromous fishes of the Amur River . J .  
Ich thyol . 15 ( 5 ) : 826-828 • 

Kuronuma , K .  1954 . Do Chinese carps spawn in Japane se waters ? 
Proc . Indo-Pac . Fis h .  Coun c . 5 ( 2-3 ) : 12 6-130 . 

Kuronuma , K .  1955 . What I hear about the spawning o f  grass carp 
in the Tone River , Japan . Indo-Pac . Fis� . Counc . Contr . Puhl 
No . 2 7 . 

Kuronuma , K .  19 5 8 .  Spawn taking o f  Chinese carp in the Tone 
Rive r ,  Japan ( record of 1957 ) . Indo-Pac . Fish . Counc . Curr . 
Aff .  Bull . No . 22 : 1-4 . 

Kuronuma , K .  1968 . New systems and new fishes f o r  cul ture i n  the 
Far Eas t . In : Pillay , T . V . R .  ( Ed . ) .  1968 . Proceedings o f  
the Wo rld Symposium o n  Warm-Water Pond Fish Culture . Rome , 
18-25 May 1966 . FAO Fisheries Reports No . 44 , Vol .  5 .  pp . 123-142 . 

Kuronwna , K . , and K .  Nakamura . 195 7 . Weed· centrer in farm pond - and 
experiment by s tocking gras s carp . Proc . Indo-Pac . Fis h .  Counc . 
7 ( ? ) : 35-42 . 

Laboratory of  Fish Diseases , Ins titure o f  Hydrobio logy , Hup e i ,  
China . 19 7 7 . Advances in research o n  the causative agent o f  
enteritis i n  grass carp ( C tenooharvngodon idellus ) .  Acta 
Hydro bio l .  Sinica 6 ( 2 ) . 4 pp . ( t rans l .  from Chine se by Language 
Services Branch,  U . S .  Department of Commerce , Washington , D .C . )  

Laboratory o f  Fish Diseases , Ins titute o f  Hydrob iology , Hupei , China . date unknown 
Studies on the gill dis eases of the gras s carp (f.tenooharvngodon 
idellus ) . 30 pp . ( transl . from Chinese by Language Services Branch , 
U . S .  Departmen t o f  Commerce , Washington , D . C . )  



146 

Lachner ,  E . A . , C . R . Rob ins , and W. R .  Court enay , Jr . 19 7 0 .  Exotic 
fishes and o ther aquatic organisms int roduced into No rth America . 
Smithson . Contrib . Zoo l . No . 5 9 . 29 pp . 

Land , R. 1980 . Large-scale operations management test using the white 
amur at Lake Conway , Florida . Fish , mannuals , and waterfowl . In : 
Decell , J . L .  (Ed . ) .  1980 . Proceedings , 14 th Annual Meeting , 
Aquatic Plant Control Research Planning and Op erations Review . 
Vicksburg , MS : U . S .  Army Engineer Waterways Experiment S tation . 
pp . 2 7 3-284 . 

Lavrovsky , V . V .  1968 . Rais ing o f  rainbow t rout ( Salmo gairdneri 
Rich . ) together with carp (Cvprinus carpio L . ) and other fishes . 
In : Pillay , T . V . R . {Ed . ) .  1968 . Proceedings of the World 
Symposium on Warm-Wat er Pond Fish Culture . Rome , 18- 25 May 19 66 . 
FAO Fisheries Reports No . 44 , Vol .  5, pp . 213-217 . 

Lawrence ,  J . M .  1968 . Aquatic weed control in fish ponds . In : 
Pillay , T . V . R .  {Ed . ) .  1968 . Proceedings o f  the · World Symposium 
on Warm-Water Pond Fish Culture . Rome , 18-25 May 1966 . FAO 
Fisheries Reports No . 44 , Vo l .  S. pp . 7 6-9 1 . 

Lawrence ,  J . M .  unpubl .  ms , 

aquatic weed control .  
9 pp . [mimeo ] 

A discus s ion o f  the use o f  fish for 
Auburn , Alabama : Auburn Univeristy . 

Legner ,  E . F . , T . W .  Fisher , and R . A .  Medved . 1 9 7 3 . Biological 
control of aquatic weeds in the Lower Colorado River Basin . 
Proc . Papers Ann . Conf . Calif . Mosquito Control Assoc . 41 : 115-117 . 

Le Mare , D . W. 1 9 5 2 .  Pig rearing , fish farming and vegetable growing . 
Malay . Agric . J .  35 ( 3 ) : 156-166 .  

Lemh i ,  C . A . , and B . G .  Ritenour . 19 77 . The white amur as a b iological 
control for aquatic weeds in Indiana . Technical Report �o . 9 5 .  
Wes t  Lafaye tt e , IN : Purdue University Wa ter Resourc�s Research 
Cente r .  95  pp  • .  

Lemhi , C . A . , B . C .  Rit enour , E . M .  Iv.erson , and E . C .  Forss . 19 78 . 
The e f fects o f  vegetation removal by �rass carp on water chemis try 

-and phytoplankton -in -Indiana -ponds . Tr-an-s . -Amer .  Fi-sh . Soc .  

·· 107 ( 1 ) : 161-1 7 1 .  

Leonte ,  E .  19 69 . Cercetari asupra me tabolismului energetic la 
speciile Ctenopharvngodon idella si Hvpoph thalmichthvs mo litr ix 
in stadiile emb rionare si in primele s tadiile emb rionare si 
in primele s tadii larvare . [ Comparative study o f  the oxygen 
consump tion in Ct enopharyngodon idella and Hvpooh thalmich thvs 
molitrix emb ryo s and larvae 1st s tages . ]  Bull . Ins t . Cercet . 
Pro i ec t . Piscic . 28 ( 4 ) : 33-40 . [ In Romanian with English 
summary ] 

Leslie , A. J . , Jr . ,  J . m .  Van Dyke , L . E .  Nall , and W . W . Miley , II . 
unpublished ms . Movement o f  gras s carp eggs intro duced into a 
a small Florida river . 8 pp . 



Lewis , W .M.  1978 . Ob servat ions on the grass carp in ponds containing 
fingerling channel catfish and hyb rid sunfish . Trans . Amer . 
Fish . Soc .  107 ( 1 ) : 153-15 5 . 

Lewis , W . M . , R . C .  Heiding er , and R . O .  And erson . 1978 . ?ummary and 
evaluat ion. Trans . Amer . Fish . Soc . 107 ( 1 ) : 223-224 . 

Liepolt , R . , and E .  Weber . 1969 . Versuche :nit phytophagen Fis chen 
(Ctenooharvngodon idella) [ S tudies with phytophagous f ish 
(Ctenooharvngodon idella) ] .  Revu Roum . Bio l .  ( Ser . Zool . )  :. 
14 ( 2 ) : 1 2 7-132 . ( transl . from German) 

Lin , S . Y .  19 35a . Life-history o f  waan ue , Ctenooharvngodon idellus 
(Cuv . & Val . ) .  Lingnan Sci . J .  14 ( 1 } : 129-135 . 

Lin , S . Y .  19 35b . Life-history o f  waan ue , C tenoEharvngodon idellus 
(Cuv.  & Val . ) .  Lingnan Sci . J .  1 4  (2 ) : 271-274 . 

Lin , S . Y . 1949 . Notes on fish fry industry of  China . Proc . In do-
Pac . Fish.  Counc . 1 :  65- 7 1 .  

Lin , S . Y .  195 4 .  Chinese systems o f  pond stocking . Tech . Pap . 
Indo-Pac . Fish . Counc . 5 ( 2 ) : 1 13-125 . 

Lin, S . Y . 1965 . Induced spawning of  Chinese  carps by pituitary 
inj ection in Taiwan (a  survey o f  technique and application) . 
Chinese-American Joint Commission on Rural Reconstruc t ion . 
Fish Series No . 5 .  28 pp . 

Lin ,  S . Y .  unpub l .  ms . No tes on the propagation of  Chinese carp s in 
Arkansas . 8 PP • 

Lin , S . Y . , and T . P .  Chen . 196 7 .  Increase o f  product ion in fresh-water 
fish ponds by the use of inorganic fertilizers . In : Pillay , 
T . V . R. (Ed . ) .  196 7 .  Proc eedings o f  the World Symposium on 
Warm Water Pond Fish Cul ture . Rome , 18- 25 May 1966 . FA0 ° 
Fisheries Reports No . 44 , Vol .  3 .  pp . 210- 225 . 

Linchevskaya , M . D .  1966a . [ The diet o f  grass carp fry . ] Dokl . 
Akad . �auk S SSR 166 ( 3 ) ; 729- 7 3 1 . [ Weed Re search Organization 
Anno t .  Bib l  • .  No . 31 : 2706 ] [ In Rus s ian ] 

147 

Linchevskaya , M . D .  1966b . Rol ' fitop lanktona v pitanii belo go amura 
na rannikh stadiyakh ego razvitiya . [ The  role of phytop lankton 
in the diet of grass carp during early stages of its deve looment . ]  
In : Biolog icheskie osnovy rh ' ohogo kho zyais tva na vodoemakh 
Srednei Az ii i Kazakhs tana . [,Biological Bases of the Fish in Industry 
in Central As ian and Kazakhstan waters . ]  Nauka : Alma-Ata.  pp . 255-25 7 .  
[ B io l .  Abst . 49 : 10386 , No . 114 647 ] [ In Russian ] 

Lindsay , G . J , H . , and J . E .  Harris . 198 0 . Carboxyme thylcellulase activity 
in the diges tive trac ts of . fish.  J .  Fish Bio l .  16 ( 3 ) : 219-233 . 



14 8 

Ling , S . W .  19 6 7 .  Feeds and feeding of  warm-water fishes in ponds in 
Asia and the Far East . In : Pillay , T . V . R .  ( Ed . ) .  1967 . 
Proceedings o f  the Wo rld Symposium on Warm-Wat er Pond Fish 
Culture . Rome , 18-25 May 1966 . FAO Fisheries Reports No . 44 , 
Vol .  3 .  pp . 29 1-309 . 

Ling , S . W. 1969 Aquaculture development :  Thailand . FAO Fish Cult . 
Bull . 1 ( 3 ) : 55 . 

Ling , S . W .  19 7 1 .  Aquacul ture development : China (Taiwan ) . Fish
cum-duck farming in Taiwan . FAO Aquacult .  Bull . 4 (1 ) : 8 .  

Ling , S . W . 1 9 7 7 .  Aquaculture in Southeast As ia : A Historical 
Overview . A Washingt on Sea Grant Publicat ion . Seattle and 
London : University o f  Uashington Press . 108 pp . 

Little , E . C . S .  197 9 .  Handbook o f  utilization o f  aquatic plants :  
A review o f  world literature . Food and Agriculture Organization 
of the Uni t ed Nations : Rome . FAO Fisheries Technical Paper 
No . 187 . pp . 104-113 . 

Lowe-McConnell , R . H .  19 7 1 .  Fish Communi ties in Trop ical Freshwaters : 
Their Distribut ion , Ecology and Evolution . London and 
New York : Longman . 

Lupacheva , L . I .  1967 . �ekotorye osobenosti ekologii i pitaniya segoletkov 
b elogo amura v prudakh yuga Ukrainy . [ Some ecological and feeding 
patterns o f  fingerling grass carp in South Ukrainian ponds . ]  
Ryb. Khoz . Resp . Mezhved . Temat . Nauch . Sb . 4 :  65-67 . [ Biol . 
Abs t .  49 : 983 9·, No . 1089 3 6 ]  [ In Rus s ian ] 

Lupacheva , L . I .  1968 . [ Higher aquatic vegetation in ponds o f  the 
Tsyrup insk spawning-b reeding farm. ] Ryb . Khoz .  Respub . Mezhved . 
Temat . Nauch . Sb . 6 :  98-101. [Weed Research Organization Anno t .  
Bibl . No . 3 1 :  29 2 ]  [ In Russian ] 

Lyakhnovich , V . P .  1966 . Increas in2 the fish productivity o f  oonds 
in Beloruss ia . Kirp ichnikov , V . S .  (Ed . ) .  1966 . Select ive 
Breeding o f  Carp and Intens ificat ion o f  Fish Breed ing in Ponds . 
Bulletin o f  the State Scientific Research Institute o f  Lake 
and River Fisheries 6 1 : 224-234 . 

Lyakhnovich , V . P . , and Y . N . Leonenko . 19 7 1 .  Age-related changes in 
some o f  the charact eris t ics o f  the b lood o f  the silver carp , 
the grass carp , and the pond carp . J .  Ichthyo l .  11 ( 5 ) :  743-750 . 

Lynch , T .  1979 . White amur experience. leads t o  development of 
grass carp hybrid . Aquacult .  Mag . 6 ( 1 ) : 33- 36 . 



Maceina , M . J . , F . G .  Nordlie , and J . V .  Shireman . 1980 . 
The influence o f  salinity on oxygen consumption and plasma 
elect rolytes in gras s carp , Ctenopharvngodon idella Val . 
J .  Fish Bio l .  16 : 613-619 . 

Mace ina , � . J . , and J .V .  Shireman . 1979 . Grass carp : Effects of 
salinity on survival , weight los s , and muscle tissue water 
content . Prog . Fish-Cult .  41 ( 2 ) : 69-7 3 .  

Maceina , M . J . , and J . V . Shireman . 19 80a . Effects of  salinity 
on ve getation consumption and growth in grass carp . Prog . 
Fish-Cult . 42 ( 1 ) : 50-5 3 .  

Mace ina , M . J . , and J . V .  Shireman . 1980b . Large-scale operations 
management· test using the Whita . amur at Lake Conway ; ' Florida . 
Use of  a recording fathome ter for determining dis tribution 
and b iomass of  h vdrilla . In : Decell , J . L .  (Ed . ) .  1980 . 
Proceedings , 14th Annual Meeting , Aquatic Plant Control Research 
Planning and Operations Review . Vicksburg , MS : U . S .  Army 
Engineer Waterways Experiment S tation . pp . 370- 38 3 .  

Ma-k ' ai-yeh-wa , A . P . , S . G . Su-yin , and T . L .  Po-t ' a-po-wa . 19 66 . 
... The maturity and propagation of  economic Pisces laying floating 

eggs in Amur River . In : T ' ai-p ' ing-yang Hs i-pu Yu-yeh Yen-chin 
Wei-yuan-hui Ti-ch ' i- z z ' u  Ch ' uan-ti Hui-i Tun-wen-chi . 
[ Collec ted Articles o f  the 7th Plenary Conference of  Fishery 
Research on the Wes t  Pacific . ]  Peiping , China . Feb ruary , 
196 6 .  pp . 1 64-170 . 

Makeeva ,  A . P .  1963 . The maturation o f  grass carp and silver carp 
females and the rep roduction o f  these species in the Amur 
basin .  In : Problemy Rybokhozyays tvennogo Ispol ' zovaniya 
Ras titel ' noyadnykh Ryb v Vodoyemakh SSSR [ Problems o f  the 
Fisheries Exploitation of Plant-Eat ing Fishes in the Water Bodies 
oi the USSR ] , Ashkhabad , Akad . Nauk Turkmen . SSR .  pp . 203-209 . 

Makeeva , A . P .  1969 ( 19 7 2 ) . Characteristics of  emb ryonal and fry 
development in hybrids of some pond Cyprinidae . In : Cherfas , 
B . I . ( Ed . ) .  1969 (19 72 ) . Gene t ic s , Selection , and 
Hybridization of Fish (Geni:ctka-, se-lektsfya- t g±b-rl-d-i--zatsi.ya
ryb ) . Jerusalem : Is rael Program for Scientific  Translations . 
pp . 148-1 74 . 

Makeeva , A . P .  19 7 6 .  The nature o f  rnatroclinous individuals in 
remo te hybridization of fishes . Genetika 12 (11 ) : 72-82 . 
( transl. from Rus s ian in Sov . Gene t . 12 ( 11 ) : 1362-13 7 1 .  

Makeeva , A . P . , and E . V .  Mikodina . 19 7 7 .  Structure o f  egg membranes 
in Cyp rinidae and some data on their chemical nature . Bio l .  
Nauki (Mose . )  20 ( 9 ) : 60-64 . [ B iol .  Abs t .  6 6 ( 9 ) : 5428 , No . 55 340 ] 
[ In Rus sian ] 

149 



150 

Makeyeva , A . P . , and B . V  Ver igin 19 7 1 .  Use of a method o f  pi tuitary 
inj ections in the propagation of  silver carp and grass carp . 
J .  Ichthyol . 11 ( 2 ) : 174-185 . 

Makeyeva , A . P . , and B . V .  Verigin.  19 74 . Hyb ridizat ion of  the pond 
carp [ Cvprinus caro io ] with the grass carp [ C tenopharvngodon 
idella ] .  J .  Ichtho l .  14 ( 2 ) : 254- 25 9 . 

Maksunov , V . A .  197 3 .  Use of  the Kayrakkum Reservo ir , USSR , by the 
f ish indus try . J .  Ichthyol . 13 ( 4 ) : 511-51 7 .  

Man , H . S . H ,  and I . J .  Hodgkiss .  19 7 7 . Studies on the ichthyo fauna 
in Plover Cove Reservo ir , Hong Kong . Part I .  Sequence o f  
fish population changes . J .  Fish Bio l .  10 (5 ) : 49 3-503 . 

Mani , V . S . , K . C .  Gautam ,  and G .  Kulshrestha .  1976 . Progress of 
aquatic weed control in India and suggest ions for further 
research . In : Varshney , C . K . , and J.  Rzoska (Eds . ) .  19 7 6 .  
Aquatic Weeds in South Eas t As ia . The Hague , Ne therlands : 
Dr . W .  Junk . pp . 224-23 2 .  

Manna , G . K. , and A . R .  Khuda-Bukhsh . 19 7 7 .  Karyomo rpho logy o f  
cyp rinid fishes and cvtological evalua t ion o f  the family . 
�ucleus /.0 ( 1-2) : 1�9-127 . 

Mantelman , I . I .  19 69 . On the possib ility o f  polyspermy in Teleo stei . 
Dokl . Ak.ad . Nauk S S SR Bio l .  Sci . Sect . 189 : 820-823 . [ In Russian ] 

Mantelman , I . I .  19 7 3 . Cytolog ical study on some phytophagous fish 
and their hybrids . Izv .  Gosud . Nauchno-Issled . Inst . Ozer . i 
Rech . Ryb . Kho z .  85 : 87-9 3 .  [ In Russian with English summary ] 

Marian , T .  19 7 8 .  Halkariologiai vizsgalatok . [ Karyolog ical studies 
of fish species of the families Cyprinidae , Siluridae and 
Amiuridae . ]  Halhus term. Fej l .  6 :  78-86 . [ Bio l .  Abs t .  110 , 
No . 3 19 2 ]  [ In Hungarian with English Swmnary ] 

Marian , T . , and Z .  Krasznai : 19 78 . Kariolog ical inves t igat ions 
on Ct enopharyngodon idella and Hvpoohthalmichthys molitrix 
and their cross-breeding . Aquacult . · Hung . ( S zarvas ) 1 :  44-50 . 

Marian , T . ; and Z .  Krasznai . 1979 . Comparat ive karyological 
studies on Chinese carp s . Aquaculture 18 : 325-336 . 

Marking , L . L .  19 7 2 .  Sensi t ivity o f  the white amur t o  fish 
toxicants .  Prog . Fish-Cult . 34 ( 1 ) : 26 . 

Martin ,  B . B . , and D . F .  Mar t in .  19 7 9 . Rotenone as a causat ive 
agent in the mas s  mortality o f  w hite amur in an Orange County , 
Florida pond . J .  Environ . Sci . Health Al4 ( 8 ) : 709-715 . 

Mart in , R. G .  19 7 6 .  Exotic fish prob lems and opportunities in the 
the Southeast . Draft of remarks -at 30th Annual Conference of the 
Southeastern Associat ion of Game and Fish Commiss ioners .  
Jacks on , MS . 6 pp . I 

I 
l 



Mart ino , K. V .  19 7 4 .  The natural reproduct ion o f  the grass carp in 
waters of the lowe r Volga . Gid rob io l .  Zh . 10 ( 1 ) : 9 1-9 3 . 
(trans l .  from Rus s ian in Hydrob io l .  J .  10 ( 1 ) : 7 6- 7 8 ) 

Mart z ,  R . A .  197 3 .  Grass carp (white amur )  proj e c t . Fish inves t i ga
tion . Pre- s tocking evaluat ion . Annual Progress Rep ort for 
1 9 7 2-19 7 3 . Florida Game and Fresh Water Fish Commission . 2 6  pp . 

Mas t rarrigo , V .  19 7 1 .  
carp in Argentina . 

Fish int roduct ions : Introduct ion o f  grass 
3 ( 3 ) : 14 . FAO Aquacult . Bull . 

Matthew ,  P . M . , K. P . P .  Nambiar , and B . K . S ingh . 1 9 7 8 . A not e  
on the induced breeding of s ilver carp , Hvpophthalmichthvs 
molitrix ( C . & V . ) and grass carp , Ctenooharvngo don idella 
(C . &  V . ) at Hadap sar Fish Farm , Pune . J. Inl . F ish . Soc . 
India 10 ( 0 ) : 110- 11 2 .  

Mehta , I . , and R . K.  Sharma . 1 97 2 .  Control o f  aquat ic weeds b y  the 
wbite amur in Raj as than , India . Hyacinth Control J. 10 : 16-19 . •  

Mehta , I . , R . K. Sharma , and A . P .  Tuank . 19 7 6 .  The aqua t i c  weed 
problem in the Chambal irrigated area and i t s  control by grass 
carp . In : Varshney , C . K . , and J .  Rzoska ( Eds . ) . 197 6 .  
Aqua t i c  Weeds in South Eas t  As ia . The Hague , Netherlands : 
D r .  W .  Junk . pp . 307-314 . 

Merkowsky , A . , and J . W .  Avault ,  Jr . 
cat fish and hybrid grass carp . 

1 9 7 6 . Polycul ture o f  channel 
Pra g . F ish-Cult . 3 8 ( 2 ) : 76- 7 7 . 

Meske , C .  19 74 . Methoden der kuns tlichen Laichgewinnung beim 
Gras f isch (Ctenopharyngodon idella } . Z t .  Binnenfisch . 
24 ( 3 ) : 2 pp . [ In German ] 

Meske , , c . ,  and E • .  Pf effer . 1 9 7 8 .  
grass carp . Arch . Hydrobiol . 

Growth experiments with carp and 
Beih . Ergebn . Limno l .  11 : 98-10 7 . 

Mes trov , M . , L .  Ilij anic , V .  Tavcar , and J .  Koprek . 19 7 3 . 
Utj ecaj populacij e b ij elog amura (Ctenopharvngodon id ella Val . }  
na vegetacij u i ekosistem Trakoscanskog Jezera . [ The inf luence 
o f  grass carp population (Ctenooharvngodon idella Val . ) on 
the vege tation and et:o-system- Lake· Trakoscan-. ]· Acta· Bot-. 

Croat . 32 : 125-13 4 .  [ In Yugoslavian with English summary ] 

Meyer ,  F . P . , H . K . Dupree , R . J .  Muncy , G . B . Pardue , and J . G .  Stanley . 
1975 . Report on the status of the grass carp in �he United 
States . 10 pp . [ mimeo ] 

Mezhnin , F . I .  19 75 . Morphology of the adrenal gland of some carp 
(Cyprinidae ) .  Vop r .  Ikhtiol . 15 ( 6 ) : 1024-10 3 2 .  ( trans l .  from 
Russ ian in J . Ichthyo l .  15 ( 6 ) : 9 13- 9 20 . 

Michewicz , J . E . , D . L .  Sutton , and R . D .  Blackburn . 1972a .  Wa ter 
quality o f  small enclosures stoc ked with wh ite amur . 
Hyac inth Cont . J .  10 : 22- 25 . 

151 



152  

Michewicz , J . E . , D . L .  Sut ton , and R . D .  Blackburn . 1972b . The white 
amur for aquatic weed control . Weed Sci . 20 (1) : 106-110 . 

Miley , II , W . W .  1980 . Current status of  the grass carp and the 
grass carp hybrid in the USSR and Hungary . Pr c .  South . Weed 
Sci . Soc . 33 : 208-210 . 

Miley , II , W . W . , and A . J .  Leslie . 19 80 . Grass carp spawning tes ted . 
Florida Conservation News 1980 : 9 .  

Miley , II , W . W. , A . J .  Leslie , Jr . , . and J . M .  Van Dyke . 1979a .  
The effects o f  grass carp (C tenopharvngodon idella Val . ) on 
ve getation and water quality in three central Florida lakes . 
Tallahassee , FL : Bureau of Aquatic Plant Research and Contro l ,  
Florida Department o f  Na tural Resources . 119 pp . 

Miley , II , W . W. , D . L . Sutton , and J . G .  S tanley . 19 79b . The role 
and impact of introduced grass carp (Ctenopharvngodon idella 
Val . ) in the Union of Soviet Socialis t Republics and several 
other European countries . In : Shireman , J . V .  (Ed . ) .  19 79 . 
Proceedings of  the Gras s Carp Conference .  Gainesville , FL :  
Aquatic Weeds Res earch Center , University of  Florida , Ins titute 
of Food and Agricultural Sciences . pp . 177-184 � 

Miley , I I ,  W . W . , J . M .  Van Dyke , A . J .  Les lie , Jr . , and G . J .  Kobylins ki . 
1980.  Final report on weed control in four Florida lakes 
us ing grass carp . Abs tract . Proc . South Weed S c i . Soc . 
3 3 : 211-212 . 

Miley , II , W . W. , J .  Van Dyke , and D .  Riley . 197 6 . Effects o f  the white 
amur in large natural lakes in Florida . Tallahassee , FL : 
Bureau of  Aquatic Plant Research and Control , Florida Department 
o f  Natural Resources . 60 pp . 

Miley , II , W . W. , J . M .  Van Dyke , and D .M .  Riley . 19 7 9 c . The use .of  
grass carp for b iocontrol of  aquatic weeds and their implication 
for natural reso urces .and fisheries ·in Florida . In : Shireman , 
J . V .  (Ed . ) .  19 79 . Proceedings o f  the Grass Carp Conference . 
Gainesville ,  FL : Aquatic Weeds Research Center , University of  
Florida , Ins titute of Food and Agricultural Sciences . pp . 159-17 6 .  

Ministry of Agriculture , Fisheries and Food , England and Wales . 1968 . 
The control of  aquatic weed by g rass carp . Min . Agr . Fisheries 
Food Salmon and Freshwater Fisheries Re� . Pro� . Rep . 1968 : 13-14 . 
( Weed Research Organization Annot .  B ib l . No . 31 : 5 ]  

Mints ·, A . G . , and E . N .  Khairulina . 1968 . Intens ive forms o f  rearing 
fish in ponds in peat-hags . In : Pillay , T . V . R. ( Ed . ) .  1968 . 
Proceedings of  the World Symposium on Warm-Water Pond Fish 
Culture . Rome , 18- 25 May 196 6 .  FAO Fisheries Reports �o . 44 , 
Vol .  � PP • 2 3 3-24 3 .  

Mirica , G .  1968 . Re zultatele unei experimentari c u  pes t i  fitofag i ,  
recent aclimat izati in delta Dunarii . [ Results of  an exp eriment 
on phytophagous fishes recently acclimated in the Danub e Delta . ] 
Bul . Ins t . Cercet . Pro 1 ec t  Piscic . 27 ( 1 ) : 45-49 . [ B iol . Ab st . 
50 : 3796 , No . 39921 ] [ In Romanian wi th English sUCinary ] 



15 3 

Mirica,  G .  19 6 9 . 
in Romania. 

Fish culture development : Chinese carp propagation 
FAQ Fish Cul t . ·Bull . 2 ( 1 ) : 1 1 .  

Mit chell , C .  1 9 7 7 . The us e o f  carp for submerged weed control .  
Pro c . N . Z .  Weed Pest Control Conf . 30 : 145-148 . [ abs t . in Li ttle 
(19 79 ) , p .  109 ] 

Mitzner , L .  1975a . Behavioral activity patterns o f  whit e  amur . 
In : Mitzner,  L .  19 7 5 .  Evaluation o f  Bio lo gical Control o f  
Nuisance Aquatic Vegetation b y  White Amur .  Study No . 504- 1 .  
Iowa Cons ervat ion Commis s ion , Fisheries Sect ion . Job No . 3 .  
pp . 5 7-68 . 

Mitzner , L .  19 75b . S tanding crop of vascular plants , primary 
productivity and water quality a t  Red Haw Lake . In : Mi tzner , 
L .  19 7 5 .  Evaluat ion o f  Bio logical Control o f  Nuisance Aquatic 
Vegetat ion by White Amur . S tudy No . 504-1 . Iowa Conservation 
Commi s s ion , Fisheries Section . Job No . 1. pp . 37-50 . 

Mitzner , L .  1 9 7 5c . Vital s tatis tics o f  white amur in Red Haw Lake . 
In : Mitzner , L .  19 7 5 . Evaluat ion o f  Biological Control o f  
Nuisance Aquatic Vegetation by White Amur . S tudy No . 504-1 . 
Iowa Cons ervation Commis s ion , Fisheries S e c t ion . Job No . 2 .  
pp . 5 1-56 . 

Mitzner , L .  19 7 8 .  Evaluat ion o f  biological control of nuisance 
aquatic vegetation by gras s carp . Trans . Ame r .  Fish . Soc . 
107 ( 1 ) : 135-14 5 . 

Mitzner , L .  19 7 9 . Research
.
and management app licat ion o f  grass 

carp in Iowa . In : Shireman , J . V .  (Ed . ) .  19 7 9 . Proceedings 
o f  the Grass Carp Conf erence . Gainesville , FL :  Aqua t ic Weeds 
Research Center , University of Florida , Ins titute of Food 
and Agricultural Sciences . pp . 31-48 . 

Mitzner , L . R. 19 80 . The us e o f  the white amur in Iowa . Ab s tr ac t . 
Proc . South . Weed Sci . Soc . 3 3 : 204 . · 

Mo�v , R . , and G .  Wohlfarth . 19 7 5 .  From research ins titutions : 
Intens ive polyculture in Israel . FAO Aquacult .  Bull . 7 ( 3-4 ) : 6 .  

�!oav , R . , G .  Wohlfarth , G. L .  Sd1roeder , G-. Hula t a .  and· H�  Barash . 
1977 . Intensive tnly-culture of fish in fresh water ponds . 
Part 1 .  Sub s titution o f  expensive feeds by liquid cow manur e .  
Aquaculture 10 ( 1 ) : 25-4 3 . 

Molnar , G .  1969 . On the hemato logy o f  Eas t As ian herbivorous carp s: 
s po tted·  s ilver carp Hypophthalmichthvs nob ilis , w nite s ilver 
carp Hypoohthalrnichthvs mo litrix , and g rass carp Ct enopharyngodon 
idella . Arch . Fis chereis iss . 20 ( 1 ) : 98-105 . ( B iol . Abs t . 51 , No . 9 4 8 9 9 )  

Molnar , G . , and E .  Tamas sy .  19 70 . S tudy o f  the haemoglogin· 
content o f  a s ingle erythrocyte (M inde..�)  in various cultured 
fish species . J .  Fish Bio l .  2 :  167-17 1 . 



154 

Molnar , K.  1971 Pro tozoan diseases of  the fry of herb ivorous fishes . 
Acta Ve t .  Acad . Sci . Hung . ' 2 1 ( 1 ) : 1- 14 . 

Montegut , R. S . , R . D .  Gasaway , D . F .  DuRant , and. J . L .  Atterson •. 197 6 .  
Au ecolog ical evaluat ion o f  the effects of  g rass carp 
(Ctenopharvngodon idella ) introduction in Lake Wales , Florida . 
Tallahassee , FL : Florida Game and Fresh Water Fish 
Commission . 106 pp . 

Moore , C .  19 79 . The e f fects o f  introduced grass carp on indigenous 
fish species . Firs t Annual Report from Reading University to 
Thames Water Authority . 39 pp . 

Mo ri , T .  19 3 6 . Studies on the geo graphical dis tribut ion o f  fresh
water fishes in eas tern As ia . Cultural Bureau of  the Foreign 
Office . 88 pp . 

Moses , B . S .  1 97 2 .  Aquacul ture development : 
development in Nigeria . FAQ Aquacult .  

Nigeria . Fis h  culture 
Bull . 5 ( 1 ) : 12 . ·  

Mo tenkov , Y .  196 6 . Rep roduc tion o f  silver carp in the KUlban . 
Rybov.  Rybol . 1 :  16- 1 7 . ( trans l .  from Russ ian by J . G .  S tanley 19 7 3 )  

Motenkov , Y . M .  1969 . The results o f  settling phytophagous f ish 
in natural waters in Krasnodar Krai . Sb . Nauch-Tekh . Inf .  
Krasnodar Fil . Vs es . Nauchno-Iss led. Ins t . Prud . Ryb . Khoz .  
1 :  59-6 1 .  [ In Russ ian ] 

Murty , D . S . , R . K .  Dey , and P . V . G . K . Reddy . 19 7 8 .  Experiments on 
rearing exotic car? f ingerlings in composite fish culture in 
India . Aquaculture 13 ( 4 ) : 331-337 . 

Mus selius , V . A .  1969 . Paras ites o f  phytophagous fishes from the 
Far East complex cultivated in the ponds of the European part 
of  the USSR . Parazitologiya (Leningrad ) 3 ( 3 ) : 236-243 . [ In 
Russ ian ] 

Musselius , V . A . , and J . A .  S trelkov . 1968 . Paras ites and diseases 
of the grass and s ilver carps in fish farms of the USSR.  
In : Pillay , T . V . R .  ( Ed . ) .  1968 . Proceedings of  the Wo rld 

- Sympos.iwn -on - warm-Water - Pond -Fish -cu-lture . Rome , 18- 2-S }iay 
1966 . FAQ Fisheries Reports No . 44 , Vol .  5 .  pp . 353-360 . 

Naik , I . U . 19 7 2 .  Introducin� grass carp (C tenooharyngodon ide llus 
Cuvier andy Valenciennes ) in Pakistan . Pakis tan J .  Sci . · 24 ( 1-2 ) : 
45-52 . 

Nair , K . K. 1968 . A Preliminary Bibliography o f  the Grass Carp 
Ctenooharvngodon id ella Valenciennes . FAQ Fisheries Circular 
No . 302 . 15 pp . 

Nall , L . E . , M. J .  Mahle r ,  and J .  Schardt . 19 7 7 . Aqua tic mac rophyte 
sampling in Lake Conway . In : Rushing , W . N .  (Ed . ) .  19 7 7 . 
Proceedings o f  the Research Planning Conferenc e on Aquatic 
Plant Control Program .  Misce llaneous Paper A- 7 7- 3 .  · Vicksburg , 
MS : U . S .  Army Engineer Waterways Experiment Station . pp . 113-122 . 



l 
! . 
( ,  : . 
1 :  
l 
:; 
" 

L 

155 

�all , L . E . , and J . D .  Schard t .  1978� Large-Scale Operations Managemen: 
Test of use of the White Amur for Control of Problem Aquatic 
Plants .  Vol .  1 .  The Aquatic Macrophyt es of Lake Conway , Florida . 
Technical Report A- 78-2 . Vicksburg , MS : U . S .  Army Engineer 
Wat erways Experiment Station. . 1 1 4  pp . 

Nall , L . E . , and J . D .  Schard t .  19 80a . Large-scale operations management 
tes t using the white amur at Lake Conway , Florida . Aquatic 
macrophyt es . In : Dec ell , J . L . (Ed . ) .  198 0 .  Proceedings , 
14th Annual Mee t ing , Aquat ic Plant Control Research Planning 
and Operations Review.  Vicksburg ,  MS : U . S .  Army Engineer 
Waterways Experiment S tation . pp . 249-2 7 2 . 

�all , L . E . , and J . D .  S chard t .  1980b . Large-scale operations management 
test using the white amur at Lake Conway , Florida . Pro cedure for 
radiotagging of white amur for tracking s tudies . In : Dec ell , 
J . L . (Ed . ) .  198 0 .  Proceedings , 14th Annual Meeting , Aquatic 
Plant Control Res earch Planning and Operations Review .  Vicksburg , 
MS : U . S .  Army Engineer Waterways e xperiment S tation . pp . 336-362 . 

Nall , L . E . , J . D .  Schardt ,  B . D .  Billets , and S . L .  Collins . 197 9 .  Radio 
telemetry tracking of  the white amur in Lake Conway . Preliminary 
s tatus report . Tallahassee , FL :  Bureau o f  Aquatic Plant Research 
and Control , Florida Department of Natural Resources . 25 pp . 

�egonovskaya , L . T . , and G . P .  Rudenko . 1974 . Oxygen threshold and .. 
characteris tics of  respiratory me tabolism in young herbivorous 
fish grass carp Ctenooharyngodon idella and bighead Arist ichthvs 
nobilis . Vopr . Ikhtiol . 14 ( 6 ) : 1111-111 7 . ( trans l .  from 
Russian in J .  Ichthyol .  14 ( 6 ) : 965-97 0 .  

Nelson , J . S .  19 7 6 .  Fishes o f  the World . New York : John Wiley and 
Sons , Inc . 416 pp . 

�ewton , S . H . , A . H .  Merkowsky , J . M .  Mart in ,  J . E . Ellis , and J . G .  S tanley . 
197 6 .  Effec ts  o f  white amur o n  populations o f  warm-wa ter fish.  
33  pp . [mimeo ] 

Nezdoliy , V . K . , and V . P .  Mitro fanov . 197 5 .  On the natural reproduction 
of  grass carp (Ctenopharyngodon idella Val . ) in the Ili River . 
Vopr . Ikhtiol . 15 : 103 9-1045 .  ( transl . from Russian in J .  
Ichthyo l .  15 : 927-933 ) 

Nichols , J . r .  1943 . The Fresh-Water Fishes of China . Natural History of 
Central As ia . Volume IX .  New Yor k :  The American Museum of Natural 
History . p .  90 . 

Nico lau , A . , S .  Luscan , and E .  Nichiteana . 19 7 1 .  Reproducerea artificiala 
a pestilor fitofagi s i  planctonof agi la statiunea de cercetari piscicule 
Nac et in perioada 1966-19 7 0 .  [ The induced spawning of the phyto- and 
planktophagous fishes from the e..�perimental stat ion Nacet during 
1966-1970 . ]  S tud . Cercet . P iscic . Inst . Cercet . Pro iect Aliment . 
4 :  273-29 8 .  [ Biol . Abs t .  54 : 6375 , No . 65467 ] [ In Romanian wi th 
English summary ] 



156 

Nico lau , A. , and I .  Steopoe .  1970 . Ovogeneza la pest iifito fagi 
Ctenooharvngodon idella , Hvpoothalmichthvs mo litrix , Aristichthvs 
nobilis ) in conditii de cres tere dirij ata in apele Romanie i .  
[ The oogenesis of phytophagous fish species (Ctenooharvngodon 
idella , Hvpophthalmichthvs molitrix and Ar tist ichthvs nobilis ) ,  
reared in contro lled units , in Romanian waters . ] Bul . Cercet . 
Piscic . 29 ( 3 ) : 5-18 . [ Biol . Abst .  54 ( 2 ) : 3516 ] [ In Romanian 
wi th English summary ] 

Niculescu-Davas , M. 197 0 .  From research institutions : Ar tificial 
propagat ion . FAO Fish Cul t . Bull . 2 ( 3 ) : 3 .  

Nikolsky , G . V . 1954 . Spec ial Ichthyology .  Washington , DC : Office 
of Technical Servic es , U . S .  Department of Commerce . 538  pp . 
( transl .  from Russ ian by J .  I .  Lengy and Z .  Krauthamer 1961 ] 

Nikolsky , G . V .  195 6 .  Ryby Vas seyna Amura . [ Fish of  the Amur Bas in . ] 
Trudy Anursk. Ikht iol .  Eksped . 1945-1949 [ Results o f  the Amur 
Ichthyological Expedition 1945-194 9 ] . Mos cow : Ak.ad . Nauk SSSR.  
551  pp . [ In Russian] 

Nikolsky , G . V .  1963 . 
Academic Pres s . 

The Ecology of  Fishes . London and New York : 
3 5 2  pp . ( transl .  by L .  Virkett) . · 

Nikolsky , G . V .  197 1 .  Aquaculture development : U . S . S . R .  Culture of 
herbivorous Chinese carps in the U . S . S . R . FAO Aquacult . Bull . 
3 (4) : 1 2 .  

Nikolsky , G . V .  and D . D .  Aliev . 1974 . Ro le of  Far Eastern herbivorous 
fish in eco systems of natural water bodies used for acclimatization . 
Vopr . Ikhtiol .  14 ( 6 ) : 974-97 9 .  ( trans l .  from Rus sian in J .  
Ichthyol . 14 ( 6 ) : 842-847 ) .  

Nikolsky , G . V .  and B . V .  Ver igin . 1966 . The main b iological character
is tics of the grass carp and the bighead carp  and their 
acclimatization in the USSR. In : Landa , N . G .  (Ed . ) .  1966 . 
Rastitel ' noyadnye ryby ._ [ Phytophagous fishes . ]  Mos cow : 
Pishchevaya promyshlennos t ' Press . pp . 30-40 [ Weed Research 
Organization Annot . Bihl . No . 31 : 2702 ] [ In Russ ian] 

-Nikolsky , - -G ..-V .- ,  -and --B._'ll . _v__er.igin. -1968 . Results of  researches wit h  
herbivorous f ish , bas ic obj ectives and directions of  future 
investigat ions , In : Nikolsky , G . V .  (Ed . ) .  1968 . Novye 
Issled . Edo l .  Razved . ras t . -yadn . Ryb . [ New Invest igat ions in 
the Ecology and Breeding of Herbivorous Fish. ] Mo skva : . Nauka . 
pp . 12-19 . [ Weed Abst .  20 ( 2 ) , No . 7 4 1 ]  [ In Russian] . . 

Nikol sky , G . V . , B . V . Verigin , A . P .  Makeeva , G . V .  Popova , and S . G .  Soin.  
1968 . Iss ledovaniya ras titel ' noyadnykh ryb i vnedrenie ikh v 
praktiku rybno go khozyais tra i melioratsii vodoemov . [ S tudy of 
phytophagous fish and their inclusion in fishery productions and 
the melioration of water bodies . ]  Vestn . }iosk.  Univ . Ser . 6 Biol .  
Pochvoved 23 ( 2 ) : 24-31 .  [ Biol . Abst . 50 : 9288 , No . 96257 ] [ In Russ ian] 

Nixon , D . E .  and R . L .  Miller . 1978 . Movements  of  grass carp , 
Ctenooharvngodon id ella , in an open reservoir sys tem as determined 
by underwater telemetry . Trans . Amer . Fish . Soc . 107 ( 1 ) : 146-148 . 



I 

I 
I 
I 
t i  
\ /  
H ! 

1 5 7  

Opus zynski , K.  19 79 . Weed control and fish production . In : Shireman , 
J . V .  ( Ed . ) .  1979 . Proceedings of the Grass Carp Confe rence . 
Gainesville , FL : Aquatic Weeds Research Center , Univers ity of  
Florida , Ins titute of Food and Agricultural Sciences . pp . 103-138 . 

Osborne , J . A . , and N . M .  Sassic . 197 9 . Biological control of  Hvdr illa 
verticillata Royle with grass carp (Ct enopharyngodon idella Val . ) 
J .  Aqua t . Plant Manage 17 : 45-48 . 

Ovchynnyk M . M .  
Internat . 

1963 . Fish culture in the U . S . S . R .  
2 ( 3 ) : 279-282 . 

Fish. News 

Panama Canal Company . 19 7 7 .  Draft environmental impact s tatement . 
The introducticn of white amur into Canal Zone waters to control 
aquatic weeds . Balbo a  Heights , Canal Zone : Panama Cana1 Company . 
74  pp . 

Parameswaran , S . , M . I .  Jehangeer , and J . D .  Ardill . 19 7 7 .  Introduc tion 
of Indian and Chinese carps and preliminary observations on 
polyculture in Mautit ius . Rev . Agric . Suer . Ile Mauritius 
124-140 . 

Parris , S . D .  1980 . Aquatic plant control act ivities in the Panama 
Canal Zone . In : Decell , J . L .  ( Ed . ) .  1980 . Pro ceedings , 
14th Annual Meeting , Aquat ic Plant Control Res earch Planning 
and Operations Review . Vicksburg , MS : U . S .  Army Engineer 
Waterways Experiment Stat ion . pp . 384-389 . 

Pavlov , A . V . , and P . D . Nelovkin . 19 6 3 . Some information on the 
results o f  trans ferring white amur and tostolobik to the bas in 
of the lower Volga . In : Prob lemy Rybokhozyays tvenno go Ispol ' 
zovaniya Rastitel ' noyadnyl41 Ryb v Vodoyemakh S S SR [ Prob lems 
o f  the Fisheries E..�p loitation o f  Plant-Eating Fishes in the 
Water Bodies of the USSR ] , Ashkhabad , Akad .  Nauk . Turkmen SSR.  
pp . 169- 1 70 . [ In Rus sian ] 

Pekh , G .  19 7 1  From research ins titutions : Fish-cum-duck rais ing . 
FAQ Aquacult . Bull . 3 ( 3 ) : 6 .  

Pel zman , R . J .  1971 . The gras s carp . The . Resources Agency o f  
California . Department o f  Fish and Game , Inland Fisheries 
Admins trative Report NO . 71-14 8 pp . 

Pentelow ; F . T . K . , and B .  S tott . 1965 . Grass carp for weed contro l .  
Pro g .  Fish-Cult . 2 7 ( 4 ) : 210 . 

Penzes , B . , and I .  Tolg . 1966 . Etude de la cro issance de l ' alimentation 
de la grass carp en Hongrie . [ S tudy of the growth and feeding 
of grass carp (Ctenoohar�mgodon id ella ) in Hungary . ]  Bull . F r .  
Piscic . 39 ( 22 3 ) : 70-7 5 .  [ Weed Research Organization Anno t .  
Bibl . No . 31 : 1610 ] [ In French] 



15 8 

P flieger , W. L .  1 9 75a . 
o f  Conservat ion . 

The Fishes of Xi ssouri . Xissouri Depar tment 
34 3 pp . 

Pflieger , W . L .  1975b . Observat ions on g rass carp in Xis souri streams . 
3 pp . [mimeo ] 

P flieger , W. L .  1978 . Dis tribution and s tatus o f  the grass carp 
( C tenopharyngodon idella ) in Missouri streams . Trans . Amer. 
Fis h .  Soc . 107 ( 1 ) : 113-118 . 

Philipos e , M. T .  1968 . Present trends in the control o f  weeds in 
fish cultural waters of  As ia and the Far Eas t .  In : Pillay , 
T . V . R. (Ed . ) .  1968 . Proceedings o f  the Wo rld Sympos ium on Warm
Water Pond Fish Cul ture . Rome , 18- 25 �y 1966 . FAO Fisheries 
Reports No . 44 , Vol .  5 .  pp . 2 6-5 3 .  

Philipose , M. T .  1976 . Fifty years of aquatic weed control in 
·India . In : Varshney , C . K . , and J .  Rzoska . (Eds . ) .  19 7 6 .  Aquat ic 
Weeds in South Eas t  As ia . The Hague , Ne therlands : Dr : W .  
Junk . pp . 215-223 . 

Phillippy, C . L .  1970 . White amur sympos ium. Fort Lauderdale , 
FL ,  December 15 , 19 7 0 .  3 pp . 

Pieters e , A . H .  19 7 7 .  Biological control o f  aquatic weeds : 
Perspective for the tropics . Aquatic Botany 3 :  133-14 1 .  

Pike , T .  19 74-19 7 5 . From research ins titut ions : Spawning o f  gcass 
carp . FAQ Aquacult . Bull . 7 ( 1-2 ) : 4 .  

Pike , T .  19 7 7 . Fish and shellfish introduct ions : g rass carp in 
South Africa.  FAQ Aquacult . Bull . 8 ( 3-4) : 2 0 .  

Popescue , E . , S .  Dra gasanu , and R .  Giruca . 197 0 . Contr ibutii  
la  i.mbunatatirea procesului technolo gie al  rep roducerii 
arti ficiale a speciei Ctenouharyngodon idella (Val . ) .  
[ Contribut ions to the ·improvement o f  the technique of  induced 
spawning in grass carp ( C tenopharyngodon idella (Val . ) ] · 
Bul . Cercet . Pisc:i.c. 29 (4 ) : 31-51 . [ Biol. Abs t .  54 ( 7 ) : 3516 , 
No . 36515 ] [ In Romanian with English summary ] 

Popes cu , E . , S .  Dra gasanu , and G . D .  Vas iliu . 1968 . Cerce tari asupra 
efectului de anestezie cu MS-222 Sandez la pestii fito fagi . 
[ Cons iderations on the anaes thetic effect of  MS-222 [ Tricaine 
me thanesulfonate ] Sandoz on phytophagous fishes . ]  Bul . Ins t .  
Cercet . Proi ect Piscic . 27 ( 1 ) : 35-4 3 .  [ B io l .  Abs t .  50 : 12585 , 
No . 130001 ] [ In Romanian wi th Engl ish summary ] 

Prabhava thy ,  G . , and A.  Sreenivasan . 1972 . On the growth and 
maturity o f  Chinese carps in Cheapat Fish Farm , �dras . 
[ abs tract ] Indian Sc i .  Cong . Asso c .  Proc . 5 9 (3 ) : 456.  

I 
� 



Prabhavathy , G . , and A .  Sreenivasan . 1 9 7 7 . Cul tural prosp e c t s  o f  
Chinese carp s in Tamilnadu . Proc . Indo-Pac . Fis h .  Counc . 
17 ( 3 ) : 354- 3 6 2 .  

15 9 

Pokhil , L . I .  1969  (19 72 ) . Interspecies and int raspecies differenc es 
in e rythrocyt e an ti gens of pond fish . In : Cherfas , B . I .  (Ed . ) .  
1969 ( 1 9 7 2 ) . Genetics , Selec tion , and Hybridization o f  Fish 
(Gene tika , selekt siya i gibridizatsiya ryb ) . Jerusalem : 
Israel Pro gram for S c ientific Translations . pp . 1 0 7-110 . 

Prikhod ' ko ,  V . A . , and L . I .  Lupacheva . 1967 . K voprosu o kormlenii 
belogo amura .  [ The diet of  grass carp . ] Ryb Kho z .  Respub . 
Mezhved . Temat . �auch .  Sb . 3 :  58-6 0 . [Weed Res earch Organiza t ion 
Anno t .  Bib l .  No . 31 : 2 704 ] [ In Rus s ian ] 

Prikhod ' ko ,  V . A. , and A. D .  Nosal ' . 196 3 .  An at temp t to ob tain 
grass carp pro geny at the Nivka f ish farm .  In : Problemy 
Rybokhozyays tvennogo Ispo l ' zovaniya Rastitel ' no yadnyl<h Ryb v 

Vodoyemakh S S SR [ Problems of  the Fisheries Exp loitation of  
Plant-Eating Fishes in the Water Bodies of  the U S SR ] , Ashkhabad , 
Akad . Nauk Turkmen . S S R .  

Provine , W. C .  1 9 7 5 . The gras s carp . Special Report . Austin ,  TX : 
Texas Parks and Wildlife Department ,  Inland Fisheries Research . 
51 pp . 

Prowse , G . A. 196 2 .  The use o f  fertilizers in f ish cul ture . P roc . 
Indo-Pac . Fis h .  Coun . 9 ( 2- 3 ) : 7 3- 7 5 . 

Prowse , G . A. 1 9 6 6a . Letter to the Editor . Pro g .  Fish-Cult . 28 ( 2 ) : 
119-12 0 .  

Prowse , G . A. 1 9 6 6b . Some aspects o f  trop ical fish cul ture . Ver h .  
Int .  Ver .  Limnol . 16 ( 3 ) : 1405-14 0 7 . 

Prowse , G . A .  1 9 6 7 a .  Grass carp--a glut ton for wa ter weeds . [ Ab s trac t ] 
PANS ( C )  1 3 ( 3 ) : 246 . [Weed Research Organi zation Anno t . Bib l .  
No . 31 : 752 ] 

Prows e ,  G . A. 1 9 6 7 b . A review o f  the me thods o f  fertilizing warm
water fish ponds in Asia and the Far Eas_t_. In : Pillay , _  T .  V . R . 
(Ed . ) .  196 7 .  Proceedings of the World Sympos ium on Warm
Water Pond Fish Cultur e .  Rome , 18-25 }1.ay 1966 . FAO Fisheries 
Reports �o . 44 , Vo l .  3 .  pp . 7-12 . 

Prowse , G . A. 1 9 6 9a . From research ins t i tutions : Induced breeding . 
FAO Fish Cult . Bull . 2 (1 ) : 4 .  

Prowse , G . A. 1 9 6 9b . The role of cultured pond fish in the control 
o f  eutrophication in lakes and dams . Ver h .  Internat . Verein . 
Limnol .  17 ( 2 ) : 7 14-718 . 



160 

Prowse , G . A .  1970 · From research ins titutions : Induced breeding . 
Grass carp . FAO Aquacul t .  Bull . 3 (1 ) : 3-4 . 

Prowse , G . A . 197 1 .  Experimental criteria for s tudying grass 
carp feeding in 

'
relation to weed contro l.  Pro g .  Fish-Cult . 

33 ( 3 ) : 128-131 . 

Rabanal , H. R. · 1968 . S tock manipulat ion and o ther biolo gical 
me thods of increas ing produc tion of fish through pond fish 
cul ture in As ia and the Far East . In : P illay T . V. R . (Ed . ) .  
1968 . Proceed ings of the WorJd Sympo s ium on Warm-Water Pond 
Fish Culture . Rome , 18-25 May 1966 . FAO Fisheries Reports 
No . 44 , Vol .  4 .  pp . 274-288 . 

Rabega , C . , G .  Nicolau , M. Rabega , A. Lungu , and R .  Giurca . 19 73 . 
Variatiile nivelulu i de acid ribonucleic (ARN) in hipofiza 
si gonada la unele sepcii de pesti fitof a&t in periaadele 
de maturare sexuala si reproducere art ificiala . [ Variations 
of the RNA level in hypophys is and gonad of some phytophagous 
fish species during sexual maturation and artificial repro
duc tion . ] An .  Univ . Bucur . Bio l .  Anim.  2 2 : 121-124 . [ Biol .  
Abs t .  60 (12) : 7054 , No . 65935 ] [ In Romanian with English 
summary ] 

Raj a ,  B . T . A. 1975 . From research ins titutions : Composite fish cul
ture . FAQ Aquacult .  Bull . 7 ( 1-2) : 7 .  

Richardson , J .  184 6 . (1972) . Leuc isc�s idella , C .  et V .  In : 
Richardson , J .  1846 ( 1 9 72 ) . Report on the Ichthyology of 
the S eas o f  China and Japan . London : Richard and John E .  
Taylor .  reprinted by Lochem, Ne therlands : Ant iquariaat 
Junk , Dr . R. Schierenberg & Sons . pp . 29 7-298 . 

Riechert , C . , and R .  Trede . 197 7 .  Preliminary experiments on 
utilization o f  water hyacinth by g ras s  carp . Weed Res . 
1 7 ( 6 ) : 35 7-360 . 

Riley , D . M .  1978 . Paras ites of grass carp and native fishes in 
Florida . Trans . Amer .  Fish • .  Soc . 107 ( 1 ) : 207-212 . 

· ·Roi1!=!tts , -T .- R. , - c. ··H. · Park , -and -R . -S-ttaus . 197 3 .  {Revi-ew ·of ] 
Chines e  Freshwater Fish Culture . Trans . Am. Fish.  Soc . 
102 : 668-669 . 

Rosas , M.  19 76 . Ya nac e en Mexico la carpa herbivora . [Now 
the grass carp is born in Mexico . ]  Tecnica Pesquera 
Octover : 45-47 . [ trans l .  from Spanish ] 

Rosenthal , H .  198 0 .  Implications o f  transplantations to aqua
culture and ecosystems . Marine Fisheries Review Xay : 
1-14 . 



Ro t tmann , R . W .  197 6 .  Limno logical and ecological effects of  grass 
carp in ponds . M. S .  Thesis . Columbia , MO : University of 
Missouri . 62  pp . 

1 6 1  

Ro t tmann , R . W .  1 9 7 7 . Management o f  weedy lake s and ponds with gra s s  
carp . Fisheries 2 (5 ) : 8 , 9 , 11-13 . 

Ro t tmann , R . W . , and R . O .  Anderson . 
effects  of  grass carp in ponds . 
and Fish Comm. 30 : 24-39 . 

1 9 7 6 . Limno logical and ecological 
Proc . Southeast .  As soc . Game 

Ro ttmann , R . W . , and J . V .  Shireman . 197 9 .  Tank spawning of  grass carp . 
Aquaculture 1 7 : 257-2 67 . 

Rozmanova , M. D .  1966 . The feeding o f  white amur larvae kept in 
fish-cages . Dokl . Akad . Nauk S . S . S . R.  166 ( 3 ) : 7 2 9-7 31 . 
( transl .  from Russ ian in J .  Biol . Acad . S S SR 166 ( 3 ) : 2 7-28 . )  

Ryabov ,  I . N . 197 3 .  Characterisitics of the embryonic and larval 
development of hybrids of the s ilver carp Hypophthalmichthys 
molitrix and grass carp Ctenooharvngodon idella with eastern 
bream Abramis brama �rientalis . Vopr .  Ikh t iol . 13 ( 5 ) : 
842-857 . ( trans l .  from Russ ian in J .  Ichthyo l .  13 ( 5 ) : 701-714)  

Sabodash ,  V . M. 1974 . Survival rate of  gras s carp larvae after 
exposure to z inc sulfate . Hydrobio l .  J .  10 ( 6 ) : 7 7-80 . 

Sawicki , A . T .  
Conway . 
Researc h  
Program.  
Engineer 

197 7 . Background water-quality analysis of Lake 
In : Rushing W . N .  (Ed . ) .  1 97 7 .  Proceedings of the 
Planning Conference on the Aquatic Plant Control 

Miscellaneous Paper A- 7 7 -3 . Vicksburg , MS : U. S .  
Wat erways Experiment Station .  pp . 146-158 . 

Schlumpberger , W. , and H .  Liebenau . 197 8 . Erfahrungen bei der 
Rinnauf zucht von Brut zu vorgestreckten Amurkarpf en 

Army 

( C t enooharvngodon idella (Val . ) )  und S iberkarpfen 
(Hvpouhthalmichthys moli trix (Val . ) )  in der Maraenen- und 
Hechtauf zuchtanlage Eldenburg .  [ Results of trough rearing o f  
brood of  amur carp (Ctenopharvngodon idella (Val . ) )  and 
s ilver carp ( Hvpouhthalmichthvs molitrix (Val . ) ) . ]  z . 
B innenfisch.  DDR 25 ( 1 1 ) : 343-348 . [ Biol .  Abs t .  110 , No . 3888 ] 
[ In German ] 

Schne ider , R. W .  196 9 .  A synposis of  the literature reviewed on the 
Chinese gras s carp , Ctenou harvngodon idella . Florida Game and 
Fresh Water Fish Commission . 15 p p . [mimeo ] 

Schramm , H . L .  197 9 .  White amur stocking-rat e  mod el . Presented at : 
The Warmwater Workshop . American Fisheries Society .  �ortheas tern 
Divis ion . 14-16 Oc tober 197 9 .  15 pp . 

Schus ter , W . H .  1952a . Fish culture a s  a means of  controlling 
aquatic weeds in inland waters . FAO Fish . Bull . 5 ( 1 ) : 15- 24 . 



162  

Schus ter , W . R .  1952b . A provis ional survey of the introduc tion 
and transplantation o f  fish throughout the Inda-Pacific 
re gion. Proc . Inda-Pac . Fish . Counc . 3 ( 2- 3 ) : 187-19 6 .  

Sen , P . R. , N . G . S .  Rao , R. D .  Chakrabarty , S . L .  Kar , and S .  Jena . 
1978 . Effec t o f  addit ions o f  fertilizer and ve getation on 
growth of maj or Ind ian carps in ponds containing grass carp . 
Pro g .  Fish-Cul t .  40 ( 2 ) : 69- 7 0 .  

Sharma , K. P . , and S . D .  Kulshrestha . 1964 . Preliminary studies on 
food and growth o f  whi te amur fry and fingerlings at Ko ta , 
Raj asthan , India . Hyacinth Cont . J .  12 : 5 5-58 . 

Shaw , T . H. 1934 . No tes on the vertebrate na tural his tory o f  Pai
Yang region , Hope i  Province .  Lingnan Sc i .  J .  13 (4 ) : 661 . 

Shelton , W. L . , and G . L .  Jensen . 19 79 . Produc tion o f  reproduc tively 
limited grass carp for biological control of aquatic weeds . 
Water Resources Research Ins titute Bulle tin 39 . Auburn , AL :  
Auburn University . 173  pp . 

Shimma , Y . , and H .  Shimma . 196 9 .  A comparative study on fatty 
ac id composition of the native and reared silver carp s , 
big heads , and grass carps . Bull . Freshwater Fis h .  Res . 
Lab . Tokyo 19 ( 1 ) : 37-4 6 .  

Shel ton , W . L . , R. O .  Smitherman , and G . L . Jensen . 198 1 .  Dens ity 
related growth of grass carp Ctenopharyngodon idella (Val . )  
in managed small impoundments in Alabama . J .  Fis h. Biol . 
17 ( 1 ) : 45-5 1 .  

Shireman , J . V .  1975 . Predation , spawning and cul ture o f  white 
amur (Ctenooharvngodon idella ) .  Annual Report to the Florida 
Department of Natural Resources . Gainesville , FL :  University 
o f  Florida,  School of Fores t Resources and Conserva tion . 40  p.p . 

Shireman , J .  V .  19 7 6 . Eco lo_gical study o f  Lake Wales , Florida 
after introduc tion of grass carp (Ctenopharyngodon idella ) . 
Annual Report to the Florida Department o f  Natural Resources 
19 76 . Gainesville , FL :  School of Fore st  Resources and 
Conservation , Univers i_ty _o_f _Fl ori da.57 -PP-• 

Shireman , J . V .  19 79 . Summary and aonclus ions . In : Shir eman ; J . V. 
(Ed . ) .  19 7 9 .  Proc eedings o f  the Grass Carp Confe renc e .  
Gainesville ,  FL :  Aquatic Weeds Research Center , Univers ity 
o f  Florida , Ins titute of Food and Agricul tural Sc iences . 
pp . 25 3-25 6 .  

Shireman , J . V . , D .E . • Colle , and !-1 . J .  !-tace ina . 198 0 .  Grass carp 
growth rates in Lake Wales ,  Florida . Aquacul ture 19 : 379-38 2 .  

I , 1  



11 

11 
I 

, I 

Shireman , J . V . , D . E .  Colle , and R . G .  Martin . 19 7 9 .  Ecological 
study of Lake Wales , Flor ida after intro duc t ion of g rass 
carp (Ctenooharvngodon idella) . In : J . V . Shireman (Ed . ) .  
Proceedings o f  the Grass Carp Conference . Gainesville , FL :  
Aquat ic Weeds Research Center , University o f  Flor ida 
Ins titute of Food and Agricultural Sciences. pp . 49- 9 0 .  

Shireman , J . V . , D . E .  Co lle , and R . W. Rot tmann . 1976 . Incidence 
and treatment of columnaris disease in grass carp brood 
stock. Pra g .  Fish-Cult . 38 ( 2 ) : 116-11 7 .  

Shireman , J . V . , D . E .  Colle , and R .W .  Ro ttmann . 1977a . Intens ive 
cul ture o f  grass carp , Ctenooharvngodon idella , in circular 
tanks . J .  Fish.  Bio l .  11 : 267-2 7 2 .  

Shireman , J . V . , D . E .  Colle , and R . W . Ro ttmann . 19 78a . Growth 
of grass carp fed natural and prepared diets under intens ive 
culture . J. Fish Biol . 12 : 45 7-4 6 3 . 

Shireman , J . V. , D . E .  Colle , and R . W. Rottmann . 1978b . Manipula
tion of temperature and pho toperiod for inducing ma turat ion 
in grass carp . In : Smitherman , R. O . , W. L .  Shel ton , and 
J . H .  Grover (Eds . ) .  1978 . Sympo sium on Culture o f  Exo tic 
Fishes presented at Aquaculture/Atlanta / ' 7 8 ,  Atlanta , Geo rgia , 

... January 4 ,  1978 . pp . 15 6-164 . 

Shireman , J . V . , D . E .  Colle , and R . W. Ro ttmann . 19 78c . Size limits  
to  predation on grass carp by  largemouth bas s . Trans . Amer . 
Fish . Soc . 107 ( 1 ) : 213- 215 . 

Shireman , J . V . and R .  Gasaway . 1976 . Ecolo gical survey of  Lake 
Baldwin aft er introduc tion of the gras s carp . Annual Report 
to the Department  o f  the Navy - 1975 . 68  pp . 

1 6 3  

Shireman , J . V . , and W. T .  Haller . 19 79 . Final Report (Augu s t  l ,  1978 
throu gh July 31 , 19 7 9 )  The Ecolo gical Impact of  Int egrated 
:hemical and Biolo gical Aquatic Weed Contro l .  The Environmental 
Protect ion Agency , Environmental Research Laboratory , Sab ine 
Is land , Gulf Breeze , Floridi. 2 3 9  pp . 

Shireman , J . V . , and W. T .  Haller . 198 0 .  The e colo gical impact o f  
integrated chemical and oiological aquatic weed - control-. 

Report to Environmental Pro tection Agency , Environmental Research 
Laboratory , Sab ine Island , Gulf Breez e ,  FL . 

Shireman , J . V . , and M. J .  Mace ina . 198 0 .  Recording fathometer for 
hydrilla dis tribution and b iomass studies . Annual Report to the 
Corps of  Engineers , Aqua tic Plant Control Research Program , 
Wa terway s Experiment Station , Vicksburg , Mis sissipp i .  
Gainesville , FL :  Univers ity of Florida , School of  Eorest 
Resources and Conservation . 69 pp . 



164 

Shir eman , J . V . , and � . J .  Maceina . in press . The utilizati on of  grass 
carp (Ctenopharvngo don ide lla ) for hydrilla control in Lake 
Baldwin . J .  Fish . Biol . 

Shireman , J . V . , R . G.  Mar t in ,  D .  DuRant , and D . E .  Coll e .  1 9 7 7b . 
Ecological S tudy o f  Lake Wales , Florida after Introduc tion 
of  White Amu r (Ctenopharyngodon idella) . Florida Department 
o f  Natural Re sources Completion Report . Gaine sville , FL :  
School of Fores t Resources and Conservat ion , Univers ity of  
Florida. 39  pp . 

Shireman , J . V . , and C . R .  Smith . 198 1 .  Biological synopsis of  
grass carp (Ctenooharvngodon idella ) . Gaine sville , FL :  
Center for Aquatic Weeds , University of  Florida , Ins titute 
of  Food and Agricultural Sciences . 226 pp . 

Shres tha , S . B . 1 9 7 3 .  Induced breeding o f  grass carp in Nepal . 
Bamidgeh 25 ( 1 ) : 10-1 6 .  

Sill s ,  J . B .  1 9 7 0 . A review o f  herb ivorous fish for weed contro l .  
Prog.  Fish-Cul t .  3 2 ( 3 ) : 158-161 . 

Sin ,  A . W . , and K. W. J .  Cheng . 1976 . !ia.nagement systems o f  inland 
fish culture in Hong Kong . Proc . Indo-Pac . Fish . Counc . 
17 ( 3 ) : 390-398 . 

S ingh,  C . S .  1 9 7 6 . Aquatic weeds in the f isheries ponds and their 
control measures . In : Varshney , C . K. , and J .  Rzoska (Eds . ) . 
1976 . Aquatic Weeds in South East As ia . The Hague , Nether
lands : Dr . W. Junk . pp . 331- 334 . 

Singh , S . B . , S . C . Banerj ee , and P . C . Chakrabart i .  1 9 6 7 a .  
Preliminary observat ions o n  response of  young of  Chinese 
carp to various phys icochemical factors of wa ter . Proc . 
Nat . Acad . S c i . India 37B ( 3 ) : 320-324 . 

Singh , S . B . , R . K.  Dey , and P . V . G . K. Reddy . 19 7 6 .  Some additional 
notes on the piscivorous habits of the grass carp ( C tenopharvn godon 
idella) . Aquaculture 9 ( 2) : 195-198 . · 

Singh , S . B . ; K . K . Sukumaran , K . K. Pillai , and P . C . Chakrabart i .  
1 9 6 7b . Observations on e f f icay of  g rass carp , Ctenopharvngodon 
idella (Val . )  in controlling and ut:i.l iz ing aquatic weeds in 
ponds in India . Pro c . Indo-Pacific Fish.  Counc . 12 ( 2 )  : .  220-2 35 . 

Sinha , · v . R . P .  19 7 3 .  From research ins titutions : Po lycul ture o f  carp s . 
FAO Aquacult . Bull . 6 ( 1 ) : 6-7 . 

Sinha , V. R . P .  19 7 7 .  Economic evaluat ion of  compos ite fish cul ture 
in different parts of India . In : FAO Regional Of fice for 
Asia and the Far Eas t ,  Bangkok (Thailand ) .  19 7 7 .  Indo-Pacific 
Fishe ries Council . Proceedings , 17th Sess ion , Co lombo , Sri 
Lanka . 2 7  October-5 �ovember 19 76 . Section 3 .  Symposium on 

· ·  th e Development and Utilization o f  Inland Fishery Resources . 
p .  399 . 

! 
! 

I 

' 

i '  



Sinha , V . R . P . , and M . V .  Gupta.  1975 . Qn the growth o f  gras s carp , 
Ctenopharyngodon idella Val . irt compos ite f ish culture at 
Kalyani , Wes t  Bengal ( India) . Aquaculture 5 :  283-29 0 .  

Slack,  H . D .  1962 . The maturation of Chinese  grass-carp (C teno
pharvngodon idella ( C .  & V . ) in tropical waters . Malay . 
Agric . J .  43 ( 4 ) : 299- 306 . 

Sobolev , Y . A. 19 7 0 .  Food interrelationship s o f  young grass carp , 
silver carp , and carp reared j o intly in ponds in Belorus s ia .  
J .  Ichthyo l .  10 ( 4 ) : 5 28-5 3 3 . 

Soin , S . G . , and A . I .  Sukhanova . 19 7 2 . Comparative morpho logical 
analysis of the development of the grass carp , the black carp , 
the s ilver carp , and the bighead ( Cyprinidae ) .  J .  Ichthyol . 
12 ( 1 ) : 61- 7 1 .  

Sreenivas.:n , A .  19 7 2 .  From research ins t i tutions : Induced breeding 
of grass carp . FAO Aquacul t .  Bull . 5 ( 1 ) : 4 .  

Srivas tava , J. B . , and S . K. Chowdhary . 197 9 .  Culture o f  Catla 
catla in a lentic impoundment iu Jammu , India . Aquaculture 
18 ( 3 ) : 283-286 • 

... 

Stanley , J . G .  1973a .  Annual report . 19 7 2 .  Annual report to U . S .  
Army Corps o f  Engineers . S tuttgart , AR :  Fish Farming Experi
mental S tat ion , Bureau of Sports Fisheries and Wildlif e .  11 pp . 

Stanley , J . G . 197 3b .  App lication o f  sex control to fisheries 
problems . Abstract o f  paper presented at 103rd Annual 
Meeting o f  the American Fisherie s Society , Orlando , Florida , 
September 14 , 197 3 .  5 pp . [mimeo ] 

Stanley , J . G . 1973c . Production of mono sex and sterile fish.  
FAO Aquacult .  Bull . 6 ( 1 ) : 5 .  

S tanley , J . G.  1974a.  Energy balance o f  whit e amur fed egeria . 
Hyacinth Cont . J .  12 : 62-6 6 . 

S tanley , J . G . 19 74b . Nitrogen and pho sphorus balance o f  grass 
carp , Cte-no-pharvngocl-on- ide-lla-, fed- elodea-, E-geria- densa -. 
Trans . Amer . Fish.  Soc . 103 ( 3 ) : 5 8 7-5 9 2 . 

Stanley , J . G . 1974c . Unisex studies on the white amur . In : 
Proceedings , Research Planning Conference on Integrated 

165 

Sys tems of Aquatic Con trol , Oc tob er 29-30 , 19 7 3 .  Vicksburg , MS : U . S .  
Army Engineer Waterways Experiment Station . pp . 89-95 . 

· 

Stanley , J . G . 1975 . Produc tion of monosex white amur for aquatic 
plant control . Final report to the U . S .  Army Corp s o f  Engineers , 
Aquatic Plant Control Pro gram , Waterways Experiment Station , 
Vicksburg , MS . 49 pp . 



16 6 

Stanley , J . G .  1 9 7 6a .  Female homogamety in grass carp 
(Ctenopharvngodon idella Val . ) determined by gyno gene s is . 
J .  Fish. Res . Board Canada 3 3 (6 ) : 13 72-1 3 7 4 . 

S tanley , J . G . 1 9 7 6b .  Production o f  hyb rid , androgene tic , and 
gyno gene tic grass carp and carp . Trans . Amer .  Fish. Soc . 
105 ( 1 ) : 10-16 . 

Stanley , J . G .  19 76c . Product ion o f  monosex white amur for 
aqua t ic plant contro l .  Contrac t Report A- 7 6- 1 . 
Washington , DC : U . S .  Army Corps o f  Engineers . 4 1  pp . 

S tanley , J . G . 1976d . Reproduction o f  the grass carp (Cteno
pharvngodon idella) outside its native range . Fisheries 
1 ( 3 ) : 7-1 0 . 

Stanley , J . G . 1 9 7 6e . A review o f  me thods for obtaining mono
sex f ish and progress report on produc t ion of monosex white 
amur . J. Aquat . Plant Manage . Soc . 14 : .68-70 . 

S tanley , J . G .  1 9 7 7 . Report on reproductive requirements and 
assessment for environmental damage o f  grass carp in the 
United States . 23 pp . [mimeo ] 

Stanley , J . G .  1 9 7 8 . Introduc tion . Spec ial section : Grass carp 
in the Uni ted S tates . Trans . Amer . Fish .  Soc . 1 0 7 ( 1 ) : 104 . 

Stanley , J . G . 1 9 7 9 . Control o f  sex in fishes , with special 
reference to the grass carp . In : Shireman , J . V .  (Ed . ) .  
1979 . Proceedings o f  the Grass Carp Conferenc e .  Ga inesville , 
FL :  Aquatic Weeds Re search Center , University o f  Florida , 
Ins titute o f  Food and Agricul tural Sc iences .  pp . 201- 242 . 

S tanley , J . G . , C . J . B i ggers , and D . E .  Schult z .  19 7 6 .  Isozymes 
in andro gene tic and gynogenetic white amur , gyno genetic 
carp , and carp amur hybrids . J.  Heredity 6 7 ( 3 ) : 129-134 . 

S tanley , J . G . , and J . B .  Jones . 1 9 7 6 . Morpholo gy o f  androgene tic 
and gynogene tic gras s carp , Ctenooharyngodon idella (Valenciennes ) .  
J .  Fish B iol . 9 ( 6 ) : 5 2 3-5 2 8 . 

Stanley , J . G . , J . M. Mart in ,  and J . B .  Jone s .  1975 . Gyno gene s is 
as a pos sible method for producing monosex gra ss carp 
(Ctenopharyngodon idella) . Pro g .  Fish-Cult .  3 7 ( 1 ) : 25- 26 . 

Stanley ,. J . G . , W . W .  Miley , I I , and D . L .  Sut ton . 1 9 7 8 . Rep roduc t ive 
requirements and likelihood for naturaliza tion o f  escaped grass 
carp in the Uni ted S tates . Trans . Anier . Fish . Soc . 107 ( 1 ) : 119-128 . 

S tanley , J . G . , and K.  Sneed . 1 9 7 3a .  Appendix B .  Scope of Corp s o f  
Engineers cooperative re search aquatic plant control program . 
White Amur s tudies . In : Gangs tad , E . O .  (Ed . ) .  1 9 7 3 . Herb ivo rous 
Fish for Aquatic Plant Control . Aquatic Plant Control Program. 
Technical Report 4 .  Vicksbur g ,  �S : U . S .  Army Engineer Wa terways 
Exper iment S tation . pp . Bl-Bl8 . 

I 
1 



i i 

I 

i 
J l 
r I . I 

' 

I 
I 

Stanley , J . G .  and K . E .  Sneed . 19 7 3b . Artif icial gyno genesis and 
its application in gene tics and selec tive breeding o f  fishes . 
In : Blaxter , J . H . S .  (Ed . ) .  19 7 3 .  The Early Life His tory of  
Fish.  The Proceedings o f  an Interna tional Symposium Held at 
the Duns taf fna ge Marine Research Laboratory o f  the Sco ttish 
Marine Biological Association at Oban , Sco tland , from :Lay 
17-23 , 19 73 . Berlin , He idelber g ,  and New York : Springer
Verlag . pp . 5 2 7-5 3 6 .  

Stanley , J .  G . , and A. E .  Thomas . 1978 . Absenc e o f  sex reversal 
in unisex grass carp fed methyltestosterone . In : Smitherman 
R. O . , W . L .  Shelton , and J . H . Grover (Eds . ) .  1978 . Sympos ium 

167 

on Culture of Exo t ic Fishe s ,  presented at Aquacul ture/Atlanta/ ' 7 8 ,  
Atlanta , Georgia , January 4 ,  1978 . pp . 194-199 . 

Statova , M. P .  1974 . The s tate o f  the anterior pitui tary in 
phytophagous fishes before and after pitui tary inj ections . 
Vopr .  Ikhtiol . 14 ( 2 ) : 273- 28 2 .  (trans l .  from Russ ian in 
J .  Ichthyol .  14 ( 2 ) : 240-24&) 

Steindachner , F .  18 66 . Zur Fischfauna Kashn.irs und der benachbarten 
Landess freiche . Verhandl . Zoo l . -Bot .  Gese llsch . Wien , 
XVI , p .  782 . [ In German ] 

Stepanova , G . A. 19 7 1 .  Paras ites o f  young grass carp C tenooharvngodon 
idella (Valenc iennes )  at fish farms of the Volga Del ta . 
Trud . Kasp . Nauchno-Issled . Ins t .  Ryb .  Kho z .  26 : 250-25 4 .  

S tevens , V .  1980 . Operational use o f  white amur in Kansas . Proc . 
South . Weed Sci .  So c .  33 : 205-207 . 

Stevenson , J . H . 1965 . Observations on gras s carp in Arkansas . 
Pro g .  Fish-Cult .  27 ( 4 ) : 203- 206 . 

Sto t t , B .  19 6 7 . Aquat ic weed control by grass carp Ctenooharvngodon 
idella Val . ) .  Proc . Third British Coarse Fish Conf . 3 :  62-65 . 
[Weed Research Organization Anno t .  B ib l .  No . 31 : 240 ] 

Stott , B .  19 7 7 . On the question o f  the introduc tion of  the g·ras s 
carp (Ctenooharvngodon idella Val . ) into the Uni ted Kingdom . 
Fish . Mgmt . 8 ( 3 ) : 6 3- 7 1 .  

Stott , B :  19 79 . Grass carp research and pub lic po licy in England . 
In : Shireman , J . V .  (Ed . ) .  1979 . Pro ceed ings of  � the Grass 
Carp Conferenc e .  Gainesville , FL: Aquatic Weeds Research 
Center , University of Florida , Inst i tute of  Food and Agricul
tural Sc iences . pp . 147-158 , 

Sto t t , B . , and D . G . Cross .  1973 . A no te on the e f fect o f  lowered 
temperatures on the survival of eggs and fry of  the grass carp , 
Ctenooharvngodon idella (Val . ) .  J .  Fish Bio l .  5 ( 6 ) : 649-65 8 . 



168 

S to tt , B . , D . G .  Cros s , R. E .  Izard , and T . O .  Robson . 1 9 7 1 .  Re cent 
wo rk on g rass carp in the United Kingdom from the s tandpoint 
of its economics in controlling submerged aquatic plants . 
Proc . EWRC In tern .  Symp . Aquat . Weeds 3 :  105- 116 . [ Weed 
Research Organization Anno t .  Bib l .  No . 3 1 : 1-2 ] 

Stott , B . , and L . D .  Orr . 1 9 7 0 .  Estimating the amount of aquatic 
weed consumed by grass carp . Pro g .  Fish-Cul t .  32 (1) : 5 1-54 . 

Stott , B . , and T . O .  Robson . 1 9 7 0 . Efficiency of grass carp 
(Ctenopharyngodon idella Val . ) in cont rolling submerged 
water weeds . Nature 266 (5248 ) : 8 7 0 . 

S tro ganov , N. S .  196 3 .  The food selec tivity o f  the amur fishes . 
In : Problemy Rybokhozyays tvenno go Ispol ' zovaniya Ras ti tel ' 
noyadnykh Ryb v Vodoyemakh S S SR [ Problems of the Fishe ries 
Exp loitation of Plant-Eating Fishes in t he Water Bodies o f  
the USSR] , Ashkhabad , Akad . Nauk Turk.men . S SR .  pp . 18 1-191 .  

S tro ganov , N . S . , and N . S .  Buzinova . 1 97 1 .  Sezonnye i vo zras tnye 
izmeneniya pecheni i kishechrika u belogo amura i tostolob ika . 
[ Seasonal and age rela ted changes in the liver and intestines 
o f  the grass carp (Ctenopharvngodon idel la) and silver carp 
(Hypoohthalmichthys molitrix ).] Biol . Nauk 14 ( 2 ) : 5- 10 . 
[ Biol .  Abs t .  5 3 , No . 7082 ] [ In Rus sian ] 

Sukhomlinov , B . F . , and S . V . Matvienko . 1974 . Hemo globin of grass 
carp (Ctenopharyngodon idella Val . ) .  Hydrob iol . J .  10 ( 5 ) : 83-8 6 .  

Sukhoml inov , .  B . F . , and S . V . M.a tvienko . 19 7 7 a .  S tructural 
dif ferenc e; in hemoglobin from herb ivorous fish . Ukr . Biokhim . 
Zh . 49 ( 6 ) : 24-2 7 .  [ B iol . Abs t .  66 : 6161 , No . 62640 ] [ In 
Ukrainian with English Summary ] 

Sukhomlinov , B . F . , and S . V . Matvienko . 1 9 7 7b . Vidovaya spe t s·ifichnost ' 
gemoglobina : ra s t itel 'noyadnykh ryb . [ Specific specif icitv o f  
hemoglobin in herbivo rous fishes . ]  Zoo l .  Zh . 56 (110 ) : · 1654-1 6 5 7 . 
[ In Rus sian with English summary ] 

Sundararaj , B . I . , T . C .  Anand , and V. R . P .  Sinha . 19 72 . Effect o f  
carp pituitary ·frac t-ions on vitello gene s i s  ovarian -maintenance 
and ovulation in hypophysectomized catfish Heteropneus tes 
fossilis ( Bloch ) .  J. Endocrino l .  5 4 ( 1 ) : 8 7-98 . [ B io l .  Ab st . 
55 ( 4 ) : 1966 , No . 19190 ] 

Sut ton ,  D . L . 19 7 2 .  Annual report to the Florida Depar tment o f  
�atural Resources o n  the Proj ect : Control of aquatic plant 
growth in earthen ponds by the white amur . Fort Lauderdale 
ARC Research Report FL7 2- 1 .  Fort Lauderdale , FL :  Agricul tural 
Research Center , Univers ity of Florida . 7 7  pp·. 

Sut ton , D . L . 19 7 3 .  Annual repo rt to the Rockefeller Foundat ion on the 
Proj ect : Utilization of  aqua tic vege tation by the White amur , 
a herb ivorous fis h .  Fo rt Lauderdale ARC Research Report 
FL73-5 . Fort Lauderdale , FL : Agricultural Research Cen ter , 
Univers ity o f  Flo rida . 1 6  pp . 



Sut ton . D . L .  1 9 7 4 .  Utilization of  hydrilla by white amur.  Hyac inth 
Cont . J .  12 : 66- 7 0 .  

1 6 9  

Sutton , D . L . 1975a .  Annual report to the Florida Department o f  
�atural Resources on the white amur proj ects : ( 1 )  A combination 
of herbicides and the herbivorous white amur fish for aquatic 
weed contro l ,  and ( 2 )  Utilization of was tewater wi th aquatic 
�acrophytes and the white amur . Fort Lauderdale ARC Research 
�eport FL7 5-2 . Fort Lauderdale FL : Agricul tural Research Center , 
University of  Florida. 2 7  pp . 

Sut ton , D . L . 1975b . Effect  o f  the whi te  amur on plant competition 
between Hvdrilla and Vallisneria. [ abstract ] Proc . Southern Weed 
Sci . Soc . 28 : 274 . 

Sut ton , D . L .  1976a.  Annual report to the Florida Department o f  
�atural Resources o n  the whi te amur proj ects : ( 1 )  Utilization 
o f  was tewater with aquatic macrophytes and the white  amur , and 
( 2 )  Effect o f  the· white amur on nutrient cycling of Hvdrilla 
and other aquatic weeds . Fort Laud erdale ARC Research Report . 
Fort Lauderdale , FL : Agricul tural Research Cent er , Univer sity 
of Florida.  25 pp . 

�µt ton , D . L .  1976b . Final report to the Florida Department o f  
�atural Resources on the Proj ect : A combination of herb icides 
and the herbivorous white  amur fish for aquatic weed contro l .  
Fort Lauderdale , FL :  Agricultural Research Center , Univer sity 
o f  Florida . 48 pp . 

Sutton , D.  L .  1977a .  
�orth America . 

Grass carp (Ctenopharvngodon idella Val . ) in 
Aqua t . Bo tany 3 :  157-164 . 

Sutton , D . L .  1 9 7 7b . Utilization o f  duckweed by the white amur . In : 
Freeman , T . E .  ( Ed . ) .  197 7 .  Proceedings of the 4th International 
Sympos ium on Biological Control o f  Weeds . Gaine$;ille , FL : 
Univers i ty o f  Florida , Inst itute of Food and Agricultural 
Sc iences . pp . 257-26 0 .  

Sutton , D . L .  1978 . F inal report  t o  the Florida Department of  �atural 
Resources , Bureau of Aquatic Plant Res earch and Control on 
the Projec t :- Uti 1 i zation_ of was tewater with aqµatic macrop_hytes 
and the white amur . ARC Fort Lauderdale Research Report Series 
No • .  FL- 78-4 . Fort Lauderdale ,  FL :  Agricul tural Re search 
Center , Univers ity of Florida . 35 pp . 

Sutton , D . L . 1979a.  Quarterly report to the Florida Department of 
�atural Resources , Bureau of  Aquat ic Plant Research and Control 
on the research proj ect : Use o f  the whi te amur for aquatic 
weed control in enclosed bodies of  water (Quarter I I ) . Fort 
Lauderdale , FL : Agricul tural Research Center , University of 
Florida . 2 pp . 

Sut ton , D . L .  1979b . Quar terly report to the Florida Department o f  
�atural Resource , Sur eau of  Aquatic Plant Research and Control 
on the research proj ect : Use .o f  the whi te amur for aquatic 
weed control in enc losed bodies of  water (Quart er I I I ) . Fort 
Lauderdale ,  FL : Agricul tural Research Center , Univers ity of 
Florida . l p .  



170 

Sutton , D . L . , and R. D .  Blackburn . 19 73a .  Appendix D .  Feas ib ility 
o f  the .a.mur (Ctenopharvngodon idella ) as a biocontrol o f  
aquatic weeds . In : Gangstad , E. O .  (Ed . ) .  19 7 3 .  Herbivorous 
Fish for Aqua tic Plant Contro l .  Aquatic Plant Control Pro gram 
Technical Report 4 .  Vicksburg , MS : U . S .  Army Engineer 
Waterways Experiment Station . pp . Dl-D4 Z .  

Sut ton , D . L . , and R . D .  Blackburn . 19 73b . Feasib ility o f  the amur 
(Ctenopharyngodon idella Val . )  as a b iocontrol of aquatic 
weeds . Progress Report for Fiscal Year 19 73 , Cooperative 
Investigations Under the Agreement Between the United States 
Department ot Agriculture and the Corps of Engineers . Fort 
Lauderdale , FL: Agricultural Research Center , University of  
Florida . 19 pp . 

Sutton , D . L . , W . W. Miley , II , and J . G .  S tanley . 197 7 .  Report to 
the Florida Department of Natural Resources on the P roj ec t : 
Ons ight inspection o f  the grass carp in the US SR and o ther 
European countries . Fort Lauderdale ,  FL :  Agricultural 
Research Center , University of Florida . 48 pp . 

Sutton , D . L . , J . G . Stanley , and W . W .  Xiley , _II . Unpub lished ms . 
Review o f  literature on grass carp hybridization and 
observat ions o f  a grass carp x bighead hybrid . 12 pp . 

Sutton , D. L .  and V. V.  Vandiver .  19 7 6 .  The white amur . ARC , 
Ft . Lauderdale 7 6-1 . Ins titute o f  Food and Agricul tural 
Sc iences , Univers ity o f  Florida . 4 pp . 

Sutton , D. L . , and V . V .  Vandiver . 19 79 . Annual report to the Florida 
Department of Natural Resources on the research proj ect : 
Use o f  the whi te amur for aquatic weed problems in enclosed 
bodies of  water . Fort Lauderdale , FL :  Agricul tural Research 
Center , University of Florida. 45 pp . 

Sut ton , D . L. , V . V .  Vandiver , R . S .  Hes tand , and W . W .  Miley . 19 7 9 .  
Use o f  the gras s �arp f o r  control o f  hydrilla in smali ponds . 
In : Shireman , J . V . (Ed . ) .  1979 . Proceedings o f  the - Grass 
Carp Conference .  Gainesville , FL :  Aqua tic Weeds Research 

Center , University of Florida , ' Institute of  Food and Agr icul
tural Sc iences . _pp . 91-102 . 

Swingle , H . S .  195 7 .  Control o f  pond weeds b y  the use o f  herb ivorous 
�ishes . Proc . Southern Weed Control Conf . 10 : 11-17 . 

Swingle , H . S . , E . E .  Prather , H . A .  Swingle , T . K . Hill , N. B .  Jef frey , 
and J . H . Add ison . 196 7 . Biological control o f  filamentous 
algae and o ther pond weeds . Job . No . Z .  Auburn , AL :  Alabama 
Department o f  Conservat ion . 6 pp . 

Szakolczai , J . , and K. �o lnar . 1966 . Veterinary-medical investiga
tions on the plant-eating f ish species acc limatized in Hungary . 
Zeit sch . Fisch . Hil fswissensch.  14 ( 1 / Z ) : 139-150 .  [ Sport Fish.  
Abst .  No . 1�372 ]  [ In German] 



Tal , , S .  and I .  Ziv . 197 8a . Cul ture o f  exotic fishes in Israel . 
In : Smitherman , R. O . , W . L .  Shelton , and J . H .  Grover ( Eds . ) .  
1978 . Sympos ium on Culture o f  e xotic Fishes presented at 
Aquaculture /Atlanta/ ' 78 ,  Atlanta , Georgia , January 4 ,  1978 . 
pp . 1-9 .  

Tal , S . , and I .  Ziv . 1978b . Culture o f  exo tic species in Israel . 
Bamidgeh 30 ( 1 ) : 3-11 . 

Tamas , G . , and L .  Horvath . 197 6 . Growth of  cyprinids under optimal 
zoop lankton conditions . Bamidgeh 28 ( 3 ) : 50- 5 6 . 

Tan , Y . T .  19 7 0 .  Composition and nutritive value o f  some grasses , 
plants and aquatic weeds tes ted as diets . J .  Fish .  Bio l .  2 ( 3 ) : 
253-25 7 . 

Tan , Y . T .  197 1 .  Proximat e  composition of  freshwater fish - grass 

171 

carp , Puntius goniono tus and Tilapia . Hydrobiologia 37 ( 2 ) : 361-36 6 .  

Tang , Y . A .  1960a .  Report o f  the investigation on spawning o f  
Chines e  carps in Ah Kung Tian Reservo ir . Tainan , Taiwan : Taiwan 
Fisheries Res earch Ins titute , Taiwan Fish Cul ture Station . 11 pp . 

Tang , Y . A .  1960b .  Reproduction o f  the Chines e  carps , Ctenonharvndogon 
idellus and Hyponhthalmichthvs mo litrix in a reservoir in Taiwan . 
Jap . J .  Ichthyol . 8 ( 1 / 2 ) : 1-2 . 

Tang , Y . A. 1965 . Pro gress in the hormone spawning of  pond f ishes in 
Taiwan . Proc . Inda-Pac .· Fish . Counc . 11 ( 2 ) : 122-12 7 . 

Tang , Y . A. 1970a .  Evaluation of  balance between fishe s  and 
available fish foods in multispecies fish culture ponds in 
Taiwan . Trans . Am .  Fish . Soc . 99 ( 4 ) : 708-7 18 . 

Tang , Y . A .  1970b . Fish culture development : Farming of  fish and 
melon in rotation in the Philippines . FAQ FishCult . Bull . 
2 ( 2 ) : 13 . 

Tapiador ,  D . D . , H . F .  Henderson , M. N .  Delmendo , and H .  Tsutsui . 197 7 . 
Fresh water fisheries and aquacul ture in China . A report of  
the FAO fishe-rie-s aqu-a-cu-lture- mis s ion- to- China-, April- 21-�fay- 12 -, 
197 6 . FAO Fish. Tech.  Pap . No . 168 . 84 pp . 

Tashpulatov , E . A. 197 3 .  Mat ierialy k gidrobiologii rybovodnykh 
pradov ryb khoza "Urai . "  [ Data on the hydrobiology

' 
of the fish 

ponds o f  the "Urai" fishery . ] Uzb . Bio l .  Zh . 17  ( 4) : 48-49 . 
[ Biol . Ab s t .  57 : 6397 , No . 5 9838 ] [ In Russian ] 

Teodorescu-Leonte ,  R. 19 7 1 .  From research inst itutions : Polyculture 
of carp s .  FAO Aquacult . Bull . 4 ( 1 ) : 5 .  



1 7 2  

Terrell , J . W .  1 9 7 S a .  Stocking rates , food habits and catchab ility 
o f  grass carp ( Ctenopharyngodon idella Val . ) .  M . S .  Thesis . 
Athens , GA : University of Georgia . 54 pp . 

Terrell , J . W . , and A •. C .  Fox .  1974 . Food habits , growth and 
catchability o f  grass carp in the absence o f  aquatic 
vegetation . presented at Annual Mee ting , Southern Divis ion , 
American Fisheries Society , White Sulphur Springs , Wes t  
Virigina , November 1974 . 1 5  pp . [mimeo ] 

Terrell , J . W. , and A . C .  Fox.  19 75 . Food hab its , growth and 
catchability of grass carp in the absence of aquat ic 
vege tat ion . Proc . Southeast .  Asso c . Game and Fish Comm . 
18 : 251-25 9 .  

Terrell , J . W. , and T . T .  Terrell . 197 5 .  Macrophyte control and 
food habits of t he grass carp in Georgia ponds . Ver h .  
Internat .  Verein . Limnol . 19 ( 3 ) : 2515- 25 20 .  

Terrell ,T .T, 197 4 .  Effects of  white amur ( C tenopharyngodon idella 
Vai . ) on plankton populations and eutrophication rates of 
Georgia ponds . Athens , GA : Georgia Cooperative Fishery 
Unit ,  School o f  Fores t Resources , University of Georgia . 
13 pp . 

Terrell , T . T .  1975b . The impact o f  macrophyte contro l by the 
whi te amur (Ctenopharyngodon idella) . Verh. Internat . 
Verein . Limnol .  19 ( 3 ) : 2510-2514 . 

Theriot ,  R . F .  197 7 .  The Large-Scale Operations Management Test 
( LSMOT) with the white amur at Lake Conway , Orlando , Florida . 
In : Rushing , W . N .  (Ed . ) .  1977 . Proceedings o f  the Research 
Planning Conference on Aquatic Plant Control Program. 
Miscellaneous Paper A-7 7-3 . Vicksburg , MS : U . S .  Army 
Engineer Waterways Experiment Station . pp . 87-96 . 

Therio t ,  R . F . , and J . L .  Decell . 19 7 8 .  Large-Scale Operations 
Management Test of the use of  the white amur to control 
aquatic plants . In : Smitherman , R. O . , W . L .  Shelton , and J . H .  
Grover (Eds . ) .  1978 . Sympos ium on Cul ture of Exo t ic Fishes 

�Presented -.n -Aquaculture/Atlcmta-/'  7-8 ,  Atlanta ,  -Georgia , 
January 4 ,  1978 . pp . 220-229 . 

Theriot , R . F . , and D . R .  Sanders . 19 7 5 . Food preferences of  yearling 
hybrid carp . Hyacinth Cont . J .  13 : 51-5 3 . 

Thomas , A . E .  1977 . Cul ture techniques for the production o f  mono sex 
white amur . In : Rushing , W� � .  ( Ed . ) . 1977 . Proceedings 
of the Research Planning Conference on Aquatic Plant Control 
Program .  Miscellaneous Paper A- 77- 3 .  Vicksburg , �S : U . S .  
Army Engineer Waterways Exp eriment S tation . pp • .  177-186 . 



Thomas , A . E . , and R. R .  Carter . 1977 . Survival of  monosex grass carp 
in small ponds . Pro g .  Fish-Cul t .  39 ( 4 ) : 184 . 

Thomas , A . E . , R. R.  Carter , and D . C .  Greenland . 197 9 .  Survival o f  
one- and two-year-old monosex grass carp in small ponds . Prog . 
Fish-Cult . 41 ( 1 ) : 38 . 

Thorslund , A. 197 1 .  Fish introductions : Introduction o f  gras s carp 
in Sweden . FAO Aquacul t .  Bull . 3 ( 3 ) : 14-15 . 

Thuransky , A .  19 7 2 .  Aquaculture development : Hungary . Thermal fish 
hatchery and fry production centre in Hungary . FAO Aquacult .  
Bull . 4 (4 ) : 8-9 . 

Timmermans ,  J . A. 1968 . Le controle de la vegetat ion aquatique dans 
les etanges d ' elevage ( Europe) . [ Control of aquatic vegetation 
in fish pond s in Europe . ]  In : Pillay , T . V . R . ( Ed . ) .  196 8 .  
Pro ceedings o f  the World Symposium on Warm-Water Pond Fish 
Culture . Rome , 18-25 May 1966 . FAO Fisheries Reports No . 44 , 
Vol .  5 .  pp . 61- 75 . [ In French with English summary ] 

173  

Timmons , F . L .  1970.  Control o f  aquatic weeds . In : Hols tun , J . T .  ( Ed . ) .  
1970 . FAO International Conference on Weed Control . Urvana , IL : 
Weed Science Socity o f  Amer ica. pp . 357-3 7 3 . 

Tomasec , I .  1968 . Maladie des pois sons dans les etangs a temp erature 
elevee en Europe .  [Diseases of warm-water pond f ishes in Europe . ]  
In : Pillay , T . V . R .  ( Ed . ) .  1968 . Proceedings o f  the World Symposium 
on Warm-Water Pond Fish Culture . Rome , 18-25 May 196 6 .  FAQ Fisheries 
Reports �o . 44 , Vol .  3 .  pp . 2 6 7-27 7 .  [ In French with English summary] 

Tooby , T . E . , J .  Lucey , and B .  S tott . 1980 . The tolerance of grass 
carp , Ctenooharvngodon idella Val . , to aquatic herbicides . J .  
Fish Biol . 16 ( 5 ) : 5 91-5 9 7 .  

Trust , T . L . , L . M .  Bull , B . R . Currie , and J . T .  Bukley . 1979 .  Obligate 
anaerobic bact eria in the gastrointestinal microflora of  the gras s 
carp (Ctenooharyngodon idella) , goldfish ( Carassius auratus ) and 
rainbow trout ( Salmo gairdneri) . J .  Fis h .  Res . Board Can .  36 ( 10) : 
1174-1179 .  

Tsuchiya , M. ig1g. Natural reproduction o f  grass carp ih the TOne River 
and their pond spawning . In : Shireman , J . V .  (Ed . ) .  19 79 . Proc eed ings 
of the Grass Carp Conference . Gainesville , FL :  Aquatic Weeds 
Research Cent er , University of  Florida , Ins titute 9f Food and 
Agricultural Sc iences . pp . 185-200 . 

Tubb , J . A. 1967 . Status o f  fish culture in Asia and the Far East . In : 
Pillay , T . V . R . ( Ed . ) .  1967 . Proceedings of  the World Symposium 
on Warm-Water Pond Fish culture . Rome , 18-25 May 196 6 .  FAO 
Fisheries Report �o . 44 , Vol . 2 pp . 45-53 . 

Ut ter , F . , and L .  Folmar . 1978 . Pro tein systems of grass carp : Allelic 
variants and their applicat ion to mana gement of introduced populations . 
Trans . Amer . Fish . Soc . 107 ( 1 ) : 129- 134 . 

Van Dyke , J . M .  197 3 .  A nutritional study o f  the white amur (Ctenooharvngodon 
idella Val . ) fed duckweed . �. S .  Thesis Gainesville , FL : 
Univers ity of Flo rida . 35 pp . 



1 7 4  

Van Dyke , J . M . , and D . L . Sut ton . 1977 . Diges t ion o f  duckweed 
(Lemna spp . )  by the grass carp (Ctenopharvngodon id ella) . 
J .  Fish.  Biol . 11 : 273- 2 78 .  

Van S tarkenburg ,  W. , and W .  Van der Zweerde . 19 7 6 .  Onderzoek 
Naar de Invloed van Bezettingsdichtheid , van Waterd iepte  
en Zoutgehalte en  van Ver s toring op de Voed selopname en 
Conversie van der Graskarp fer , Alsmede Naar Zij n Gedrag bij 
Aanwezigheid van Dierlikj Voedsel . 28 pp . (mimeo in Dutch] 

Vanyatinskii , V . F .  1978 . Morphobiological characteristics of 
infusoria o f  the Genus Chilodonella ( Clliata Chalmvdon 0ntidae ) 
Parazitol9giya (Leningr . )  12 ( 3 ) : 2 68-274 . [ Biol . Abs t .  67 ( 3 ) : 
1695 , No . _ 1 7 29 7 ]  [ In Russian wi th !nglish summary] 

Vasilev , V . P . ; A . P .  Makeeva , and I . N .  Ryabov . 1975 . Triploidy 
o f  hybrids  of carp wit h  other representatives o f  the Family 
Cyprinidae . Genet ika 1 1 ( 8 ) : 49-5 6 . ( transl . from Rus sian in 
Sov . Gene t .  11 (8) : 980-985 ) 

Vas ilev , V . P . , A . P .  Makeeva , and I . N . Ryabov . 1978 . S tudy o f  
chromosome complexes in cyprinid fish and their hybrids .  
Genetika 14 ( 8 ) : 1453-1460 . ( trans l .  from Rus s ian in Sov . 
Genet . 14 ( 8 ) : 1031-1037 ) 

Venkatesh , B . , and H . P . C . Shetty . 1978 . Studies on the growth 
rate o f  the gras s carp Ctenooharyngodon idella (Valenciennes )  
fed on two aquatic weeds and a terres trial gras s .  Aquaculture 
13 : 45-53 . 

Ventura , R. F .  197 3 .  An exploratory study o f  procedures in artif ical 
breeding of grass carp . In : Alabama Department o f  Conservation 

. 19 7 3 .  Annual Report . 5 pp . 

Verigin , B . V . 1961 . Results of  work on acclimatization o f  Far �as t ern 
phytophagous fishes and measures for their further assimilation 
and study in new regions . Vopr . Ikhtio l . 1 ( 4) : 640-649 : 
( transl f�om Rus sian· by R . M .  Howland 197 1 ]  

Verigin , B . V .  1963 . The problem o f  the ·biological improvement of  
the coo lant reservo irs of  thermo-electric power stations and 
their rishery exploitation . In : Problemy Ryboko zyaystvenno go 
Ispol ' zovaniya Ras t itel ' noyadny� Ryb v Vodoyemalh S S SR 
[ Prob lems o f  the Fisheries Exploitation o f  Plant-Eating 
Fishes in the Water Bodies of the US SR ] ,  Ashkhabad , . Akad . 
Nauk Turkmen . SSR.  pp . 93- 9 6 .  

Verigin , . B . V . 1966 . [ Foreign e..xperienc.e in the rearing , acclimatization and 
b reeding of  grass carp , silver carp and bighead . ]  In : Landa 
N . G .  ( Ed . ) .  1966 . Ras titel ' noyadnye ryby . [ Phy tophagous f ishesJ 
Moscow : Pishc hevaya promyshlennost ' Press . pp . 56-81 . 
[Weed Research Organization Annot .  Bihl . No . 31 : 11 ] 

·
[ In 

Rus s ian] 



1..., , :> 

Verigin , B . V . 19 79 . The role of herbivorous fishes at recons truction 
of ichthof auna under the conditions of anthropogenic evolution 
of water bodies . In : Shireman , J . V. ( Ed . ) .  197 9 .  Proceedings 
o f  the Grass Carp Conference . Gainesville , FL :  Aquatic 
Weeds Research Center , Univers ity of  Florida , Ins titute o f  
Food and Agricul tural Sciences. pp . 139-146 . 

Verigin , B . V . , A . P .  Makeeva , and N . G .  Shubnikova . 197 5 .  Morphology 
of  fingerlings o f  a hyb rid between t:Be bighead Arist ichthvs 
nobilis and the white amur Ct enopharvngodon idella . Vopr . 
Ikhtiol.  15 ( 2 ) : 253-25 8 .  ( transl . from Rus s ian in J .  
Ichthyol .  15 ( 2 ) : 226-23 1)  

Verigin , B . V . , A . P .  Makeeva , and M. I .  Zaki �okhamed . 19 78 . 
Estestvennyj nerest tolstolob ikov--Hypoohthalmichthvs molitrix 
(Val . ) i Aristichthvs nobilis (Rich . ) i belogo amura 
Ctenooharvngodon idella (Val . )  v reke S yrdar ' e . {Natural 
spawning of Hypophthalmichthvs mo litrix (Val . ) ,  Arist ichthys 
nobilis ( Rich . )  and Ctenopharvngodon idella (Val . )  in the Syrdarya 
River . ]  Vopr . Ikhtiol . 18 ( 1 ) : 160-163 . ( transl .  from Rus s ian 
in J .  Ichthyol .  18 ( 1) : 143-146 )  

Verigin , B . V . , N .  Viet , and N .  Dong . 1963 . Data on the food 
... selectivity and the daily rat ion of  white amur . In : 

Problemy Rybo khozyaystvenno go Ispol ' zovaniya Rast itel ' 
noyadnykh Ryb v Vodoyemakh S S SR [ Problems of  the Fisheries 
Exploitation of Plant-Eating Fishes in the Water Bodies of the 
USSR] ,Ashkh abad , Akad . Nau�. Turkmen . SSR.  pp . 192-195 .  

Verigina , I . A . 1969  ( 19 7 7 ) . Ecological and morpho logical peculiarities 
of  the alimentary syst em in some carp s . In : Poznanin , L . P .  
(Ed . ) .  1969  ( 19 7 7 ) . Ichthyology ( Ikht iologiya) . Mo scow : 
VNI ITI Publishers . pp . 88-11 7 . 

Vie tmeyer , N . D .  197 6 .  Gra ss carp . 
Makirg Aquatic Weeds Useful : 
Countries .  Washington , DC : 
pp . 15-21 . 

In : Vie tmeyer , N .  D .  1 9 7 6 . 
Some P erspect ives for Develop ing 

National Academy o f  Sciences . 

Vinogradov, V . K. 1%-8-. Te-c-hn±qu-e-s- of- rearing- phytophagous fbhes . 
In : Pillay , T . V . R. ( Ed . ) . 1968 . Proceedings of the World 
Symposium on Warm-Water Pond Fish Cul ture . Rome , 18-25 May 
1966 . FAO Fis heries Reports No . 44 , Vo l .  5 .  pp . Z27-243 . 

Vino gradov , V . K. , and L . V . Erokhina . 19 67 . 0 vliyanii temperatury 
na embrional ' noe razvitie rastitel ' noyadnykh ryb . [ Effect of  
temperature on  the embryonic development of  herbivorous fish]  
Tr . Vse s .  Nauch . -Issled . Inst . Prud . Ryb Kho z .  15 : 70-7 6 . 
[ B io l .  Abs t . 50 : 846 2 ,  No . 879 35 ] [ In Russ ian with English 
Summary ] 



1 7 6  

Vinogradov , V. K. ,  and Z . K. Zolo tova . 1974 . The effec�  of  the 
grass carp on the eco systems of waters . Gidrobiol . Zh . 10 ( 2 ) : 
90- 98 . (Trans . from Russi.an in Hydro bio l .  J .  10 ( 2 ) : 72-78 . 

Vladimirov , V . I .  1975 . Critical periods in the development o f  
fishes . J .  Ichthyol .  15 ( 6 ) : 851-868 . 

Von Menzel , A. 197 7 .  Gewaesserreinhal tung durch pflanzenfressende 
Fische . [ Water purification us ing herbivorous fish. ] 
Oesterr . Fisch . 30 (1) : 12-14 . [Aquat . S c i .  Abs t .  108 , No . 21 9 3 ]  
[ In German ] 

Von Zon , J . C . J .  19 7 3 .  Studies on the biol o gical control o f  aquatic 
weeds in the Netherlands . Presented at III Internat ional 
Symposium on Biological Control of Weeds , Montpellier , France . 
Sep tember 10-14 , 1973 . 9 pp . 

Von Zon , J . C . J .  1974 . The grass carp in Holland . Proc . 4th 
Internat . S ymp .  Aquat . Weeds , Vienna 1974 : 128-123 . 

-

Von Zon , J . C . J .  1977a .  Grass carp (Ctenopharvngodon idella Val . )  
in Europe .  Aquat . Botany 3 :  143-155 . 

Von Zan , J . C . J .  1977b . S tatus of b iotic agents , other than insects 
or pathogens , as b iocontrols . In : Freeman , T . E .  (Ed . ) .  
1977 . Proc . IV Intern . Symp . B iol . Control Weeds . Gainesville 
FL :  Univ ers ity of Fl9rida , Ins t itute of Food �n.d Agricul tural 
Sciences . pp . 245-250 . 

Von Zon , J . C . J . 19 79 . The use o f  grass carp in comparison with 
other aquatic weed control methods .  In : Shireman , J . V .  ( Ed . ) .  
1979 . Proceedings o f  the Grass Carp Conferenc e .  Gainesville ,  
FL :  Aquatic Weeds Research Center , University o f  Florida , 
Institute of Food and Agricultural S ciences . pp . 15-24 . 

Von Zon , J . C . J . , W .  Van der Zweerde ,  and B . J .  Hoogers . 197{ . 
The grass carp , its effects and side effects . In : Freeman, 
T . E .  (Ed . ) .  197 7 . Proceed ings . o f the 4th Int ernat ional 
Symposium on Biological Control ' o f  WeedS:- Gainesville , FL :  
lJl).rers ity o f  Florida Institut e . o f  Food and Agricultural 
Sciences . pp . 25 1-25 6 .  

Walker, C . R. 19 7 2 .  Evaluat ion o f  the white  amur as an aquatic 
weed control agent and sport fish . 10 pp . [mimeo ] 

Wallace ,  A . T .  1970 . B io logical control research by !FAS . In : 
Rogers , L .  ( Ed . ) .  1970 . Proceedings Aquatic Plant Research 
Conference . Florida ' s  Aquatic Weed Menac e .  Gainesville , FL : 
Governor ' s  Aquatic Res earch and Development Committee . ?P · 39-43 . 

Walsh , D .  1978 . Aquaculture in the United States : Constraints 
and Opportunities . Washington , DC : National Academy o f  Scienc es . 



1 7 7  

Ware , F . J . , and R . D .  Gasaway . 19 7 6 .  Effects of grass carp on 
nat ive f ish populations in two Florida lakes . Proc . Southeas t 
Assoc . Game and Fish comm. 30 : 324-334 . 

Ware , F . J . , R . D .  Gasaway , R . A .  Mart z ,  and T . F .  Drda . 1975 . Inves t i
gat ions of  herbivorous fishes in Florida . In : Brezonik , P . L .  
and J . L .  Fox ( Eds . ) .  1975 . Proceedings of a Sympos ium on 
Water Quality Management through B iological Control . Gainesville , 
FL : Department of  Environmental Engineering S cienc e,  Univers ity 
o f  Florida . Report No . ENV-07-75-1 . pp . 79-84 . 

Watkins , C . E . , J . V .  Shireman , D . E .  Co lle , and R . W .  Rot tmann . unpubl . 
ms . Feeding selectivity of j uvenile grass carp . 

Weed Res earch Organization, U . K. 19 7 1 .  Research on herbivorous fish 
for weed control 1957- 19 7 1 .  Agricultural Research Council . 
Annotated Bib iography NO . 3 1 .  13 pp . 

Weed Research Organizat ion , U . K. 19 76 . Selected ref erences to 
herbivo rous fish . Agricultural Research Council . 

Willey , R . G . , M . J .  Doskocil , and C . A. Lem.bi .  197 4 .  Potential 
of the white amur (Ctenopharvngodon idella Val . )  as a b iological 
control for aquatic weeds in Indiana . Proc . Indiana Acad . 
S c i .  83 : 173-178 . 

Williams , R . R .  1980 . Lar ge-scale operations management test us ing 
the white amur at Lake Conway , Florida . Human factors study . 
In : Decell , J . L .  ( Ed . ). 1980 . Proceedings , 14th Annual 
Mee t ing , Aquatic Plant Control Research Planning and Operations 
Review . Vicksburg , MS : U . S .  Army Engineer Waterways Experiment 
Station . pp . 363-36 9 . 

Wilson , J . L . and K . D .  Cottrell . 19 7 9 . Catchab ility and organoleptic 
evaluation of  gras s carp in east Tennessee ponds . Trans . 
Amer . Fish. Soc . 108 ( 1 ) : 97-99 . 

Wol f , K., W .  Auerbach , and H .  Jaehnichen , 1978 . Erfahrungen bei 
der indus triemaess igen Auf zucht von pflanz enfressenden 
Fis cher im VEB Binnenfischerei Wermsdorf . [ Informat ion 
of the indus trial rearing of herbivorous fish in the VEB 
B innenfis che-re-i We-rmsdorf . ]  z. B-innenfisch-. DDR- 25-(-3) -: - 7 6--SL 
[ B iol . Abs t .  109 , No . 12635 ] [ In German ]  . 

Wolny , P .  19 7 1 .  Fish introductions : Chinese carps in Poland . 
FAQ Aquacult . Bull . 3 ( 2 ) : 14 . 

Woynarovich , E .  1968 . �ew sys tems and new fishes for culture 
in Europe .  In : P illay , T . V . R .  ( Ed . ) .  1968 . Proceedings 
of the World Symposium on �varm-Water Pond Fish Culture . 
Rome , 18-25 �ay 19 6 6 .  FAQ Fisher ies Reports No . 44 , Vo l .  3 .  
pp . 162-18 1 .  

Woynarovich , E .  19 7 2 .  Fish and shellf ish introduc t ions : 
Spawning o f  Chinese carp s in �epal . FAQ Aquacult .  Bull . 
4 ( 4 ) : 16 . 



1 7 8  

Woynarovich , E .  1975 . Elementary guide to f i s h  culture in Nepal . 
Rome : Food and Agriculture Organization o f  the United �ations . 

Wu , W. S . Y .  19 7 1 .  A disease of  the grass carp ( C tenopharyngodon 
idel lus ) and its chemotherapeut ical control . Fisheries Series 
No . 1 1 . Taipei , Taiwan : Joint Commission on Rural Recons truction . 
pp . 87-95 . 

Wurtz-Arlet ,  J .  196 9 .  News from research ins titutes : Grass carp 
in France . FAO Fish Cult . Bull . 1 ( 3 ) : 1 1 . 

Wurtz-Arlet , J .  1 9 71 .  Methodes biolog iques de controle des plantes 
aquat iques . [ B iolo gical methods for the control of  aquatic 
plants . ] 3rd Internat . Symp . Aquat .  Weeds , Proc . Euro . 
Weed Res . Counc . 9 pp . ( transl .  from French by H . A .  Lennon) 

Wars ters , T . J .  1 9 71 .  
carps in Fij i .  

Fish introductions ; Introduction of  Chinese 
FAO Aquacult .  Bull . 3 ( 3 ) : 14 . 

Yamamoto , M. , and K .  Ueda.  19 7 8 .  Comparative morphology of fish 
olfactory epithelium : III Cypriniformes . Bull . Jpn . Soc . Sci . 
Fish . 44 ( 1 1 ) : 1201-1206 . [ Bio l .  Abs t .  68 ( 7 ) : 4463 , �o .  44689 ] 

Yashouv , A .  1958 . Acclimatization of new species in the fishpond s 
of the station .  Bamidgeh 10 : 75-85 . 

Yashouv , A .  1968 .  Mixed f ish culture - an ecological approach to 
increase pond product ivity . In : P illay , T . V . R .  ( Ed . ) .  
1968 . Proceedings of  the World Sy.mpo s ium on Warm-Water Pond 
Fish Culture . Rome , 18-25 May 196 6 . FAO Fisheries Reports 
No . 44 , Vol 4.  pp . 258-273 . 

Yeo , . R. R. and T . W .  Fisher . 1970 . Progress and potential for bio lo�
ical weed c ontro l with fish , pathogens , competitive plants 
and snails . Proc . FAO Inter . Conf . Weed Control .  1 :  1-15 . 

Yudin , V . L .  1968 . Grass carp in a rice-fish ro tation . In: 
Nikolsky , G . V .  (Ed . ) .  196 8 .  Novye Issled . Ekol . Razved . ras t . 
yadn . Ryb . [New Investigations in the �Ecology and Breeding 
of Herb ivorous FishJ Nauka , Moskva . pp . 143-146 . [Weed 
Research Organizat ion Anno t . B ib l .  No . 31 : 1 9 8 ]  [ In Rus sian ] 

Yukhimenko , S . S .  1970 . 0 nakhozhdenii Bo thrioc ephalus gowkongens is 
Yeh , 1955 ( Ces toda , Pseudophyllidea) u molod i karpov.ykh ryb 
r. Amura.  [ The occurrence of  Bothrio cephalus gowkongensis Yeh , 
1955 ( Ces toda , Pseudophyllidea) in the young of  Cyprinidae from 
the Amur River . ]  Paraz itologiya (Leningrad ) 4 ( 5 ) : 480-48 3 .  
[ B io l .  Abs t .  52 ( 1 5 ) : 8558-855 9 ,  �o . 857 38 ] [ In Rus sian with 
English summary] 

Yukhimenko . S . S .  19 7 2 .  Paraz itofauna molodi tostolob ika Hypophthalmichthys 
mo J j trix (Val . ) . i belogo amura Ctenopharvngodon idella (Val . ) 
v reke Amur . [ Paras ites of young silver carp Hvpophthalmichthys 
molitrix (Val . )  and grass carp Ctenopharyngodon id ella (Val . ) 
in the Amur River . ]  Izv. Tikhookean Nauchno-Issled . Inst . Rybn . 
Khoz. Okeanogr . 77 : 151-159 . [ B iol . Ab st 56 : 6303 , No . 62384 ]  
[ In Russian] 



Zaki �1okhamed , M .  I .  19 7 7 . Migrat ion of  eggs and larvae of  fish 
in the Syr Darya River in the Chinaz region . Biol . Nauki 
(Mose . )  20 ( 11 ) : 58-61 .  [ Bio l .  Abs t .  6 7 ( 1) : 17 4 ,  No . 1818 ] 
[ In Rus sian] 

Zhadin , V . I . , and S . V .  Gerd . 1961 (1963). Fauna and Flora of the 
Rivers , Lakes and Reservoirs of the U . S . S . R .  ( Reki , Ozera 
i Vodokhranilischcha SSR.  Ikh Fauna i Flora) . Moskva : 
Gosudarstvennoe Uchebno-Pedagogicheskoe Izdatel ' stvo 
Minis ters tva Prosveshcheniya RSFSR. Jer sualem : Israel 
Program for S cientif ic Translat ions . 626 pp . 

Zolcyns ki , S . J . , and B . W .  Smith .  1980 . Evaluat ion o f  white amur 
for control o f  lyngbya in a 32 hect are public fishing lake . 
Proc . Southern Weed Sci . Soc . 33 : 196-203 . 

179  

Zolotova , Z . K. 19 7 0 .  B iological weed control i n  irrigat ion channels 
with the aid of Grass carp . Sb . Nauchno-Issled . Rabot  Vses . 
Nauchno-Issledrinst .  P rudov . Rybn . Khoz .  18 (4) : 112-12 6 .  
[ abs t .  in Little 1 9 7 9 ) , p .  113 ] [ In Rus s ian] 

Zolo tova , Z . K. 1966 . K voprosu ob izb iratel ' nosti v pitanii belogo 
amura . [ A  note  on the food preferences of grass carp . ] 

... Trud. Vses . Nauchno-Issled . Inst . Prud . Ryb .  Kho z .  14 : 39-49 . 
[ transl . abs tract ( Re f . Zhur . Biol . 1967 No . 11193 )  in Biol . 
Abst  . ( 1968) 49 : 9841 , No . 108 9 6 6 ]  [ In Rus sian] 

Zolotova , Z . K . , and L . V .  Khromov . 19 7 0 .  The weeding role of grass 
carp . Rybovod .  Rybo lov .· 18 ( 4 ) : 8 .  [ abst. in Little (1979) , 
p .  113 ]  [ In Russ ian ] 

Zubareva , E . L. 19 6 8 . Experiment in the introduction o f  herbivorous 
fish to coo ling reservo irs in the Urals . In : Nikolsky , 
G . V .  ( Ed . ) .  19 6 8 .  Novye Issled . Ekol . Razved . ras t .  -yadn . 
Ryb . [ New Inves tigations in the Ecology and B reeding of 
Herbivorous Fish . ]  Moskva : Nauka . pp . 225-227 . [ Weed 
Abst .  20 ( 2 ) , No . 746 ] [ In Rus s ian] 




