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ABSTRACT 

The series of experiments c.onducted to study the 
efficacy of grass  carp, Ctenopharyngodon idella ( V a l ,  1 
in control l ing and u ~ i l i z i n g  various aquatic weeds, 
e i t h e r  growing natural ly  or i n t ~ o d u c e d  *om outside,  
gave encouraging r e s u l t s ,  The f i s h  could readily con- 
trol rhick in fes ta t ions  of EydrilZa, Nujas and also 
CeratophyLlwn among submerged weeds; and WoZffh, L m  
and Spiz~ode7-u amozg t h e  f l o a t i n g  ones, Infestations of 
Otte Lia, Va 2 Zisneria, fle chmclzdra, U t r h Z d a ,  Trapa, 
Myriophy 2 Zm, Limnophi la, AzoZZa and SaZvinia could al- 
SG be cleared by grass carp, The fish was observed to 
utilize Potmugeton pectinatus, tiaZophCh ovata, N;teZ- 
Za, Spirogym and Pithcpham. However, the grass carp 
d i d  not appear to feed act ively  on Eichhornia, Pist&, 
NprpSzoCdea nor Apiphaea, Infomat ion on effecti-se rate 
and size of grass carp s t ock ing  in weed infes ted waters 
has also been given. 

The grass carp, Ctsrrophuryngociwl ideZZa ( V a l . )  is one of t h e  Chinese 
carps which is now being very wideiy cultured. The species is a fast growing 
one and feeds avidly on aquatic weeds thereby u t i l i z i n g  what is considered 
obnoxious in fishery waters. In addition, the grass carp in combinatior. 
stocking w i t h  o ther  cul t ivable  varieties of f i sh  is reported to c o n t r i b u t e  
i ad i r ec t l y  towards t h e i r  food by way of consuming the water weeds and h a 
way thereby green-manuring the ponds. The -ombination of a l l  these qualities 
has made this vegetarian f i sh  one oi' t a e  most pogular among the cul t ivable  
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species. The observations made in China, Japan, Taiwan, Israel, T h a i l a n d ,  
Malaya, India ,  Pakistan, t he  U.S.S.R., U.S.A. and r ecen t ly  in U.K. recom- 
mend t he  f i s h  (Lin,  1940; Yashouv, 1957; Swingle, 1957; Kuronuma and Naka- 
m u m ,  1958; Ling, 1960; Tang, 1960; Hickling, 1962;  Sukhoverkhov and Pisa- 
renkova, 1962; Aliev, 1963; Verigin et a1 1963; Alikunhi and Sukumaran, - -* ' 
1964; Avault Jr,, 1965a, 1965b; Konradt, 1965; Pentelow and S c o t t ,  1965; 
Stevenson, 1965; Philipose, 1966). Recent enquiries from Australia (per-  
sonal Communication) indicate an interest in t he  usk of this fish as a 
biological control agent against aquatic weeds in the country. 

In the  tropical countries, p a r t i c u l a r l y  i n  India the 'weed problem' 
in fishery waters is acute. Therefore, to supplement the other  known me- 
thods of weed control and to achieve increased fish production, experimental 
consignments of grass carp were obtained from Hongkong during December, 
1959 and January, 1962, and t he  f i n g e r l i n g s  were introduced at the Experi- 
mental Fish Farm, K i l l a ,  Cuttack. The preliminary observations made sug- 
gested the desirability of the new introduction, and the possibility of 
using t he  fish for aquatic weed control  ( Alikunhi and Sukmaran , 19 64) . 
Also, the poss ib i l i t y  of breeding the f i s h  in ponds by administration of 
f i s h  p i t u i t a r y  hormones was demonstrated in 1962 ( Alikunhi  et a1 . , 19631, 
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and later large scale production of its seed was achieved in 1964 enabling 
its distribution to almost a l l  t he  States i n  the country f o r  fur ther  ob- 
servat ions in different regions ( Chaudhuri , et al.  , 1966 1 .  With an adequate -- 
stock of grass carp thus  b u i l t  up at the farm, a series of experiments were 
conducted in the field as well  as at Cuttack Fish Farm to study and assess 
the efficacy of the fish i n  utilizing and c o n t r o l l i n g  various water weeds. 

The f i e l d  experiments were mostly conducted in protected ponds 
infested with aquatic weeds in Killa arid Chaudwar (about 20 km, Erom Cut- 
tack) f i s h  farms and in a few private ponds located in Cuttack proper. 
The density and species composition of t he  weed in fes ta t ion  w a s  est imated 
statistically, whereever possible,  by using a 1 meter sq. or meter sq. 
quadrat frame employing t he  'systematic sampling' method. 2 

In situations where the in fes ta t ion  was rather  scattered, sampling 
of t he  weed density was done anly in t h e  areas infested after assessing 
by 'eye estimationt the percentage of coverage e . g .  25%, 50%, 75% etc, 
In the  case of patchy or regenerating in fes ta t ions  no detailed sampling 
was considered necessary, but relevant f i e l d  notes were made regarding the 
nature  of infestation. The observations on weed species not  na tu r a l l y  
growing in the protec ted  ponds were made by introducing them in know quan- 
tities from other locali t ies.  As far as possible ,  control  sets of weeds 
were maintained in order to form an idea about the natural changes taking 
place in the weeds (either growhg natural ly  or introduced from outside) .  
This was done by fixing up a 1 meter sq. frame in a corner of the pond 
enclosing a proportionate sample of the healthy weed present outs ide  the 
frame. Later, grass carps of known size and number were introduced in 
the ponds and regular  observation on weed clearance were made. When the 
weeds, under observation, were ful ly cleared, the ponds were netted and 
f i n a l  sampling on t h e  s u r v i v a l  and s i z e  of the f i s h  w a s  done. 



The f i e ld  observations pertain TO control  and consumption of 
natura l  infes ta t ions  of various weeds in ponds and also consumption 
of known quantities of *esh weeds introduced from t i m e  to time, by 
a known number and size of grass carps. In laboratory expriments known 
quantities of several weeds including filamentous algae and llFiteZZa 
were t r i ed  for  their acceptabi l i ty  by the fish. Fur ther ,  from f i e l d  
observations on weed-infestations consisting of a nvmber of species 
occuring together, an idea about the relative preference of various 
weeds by grass carp could also be formed. 

OBSERVATIONS 

A .  Fie ld  Ex~eriments 

1. Hydri Z Zu vertCciZZah: Observat f ons on control and con- 
sumption of HgdriZZa - one of t h e  most noxious water weeds, by grass 
carp were made by introducing t h e  f i sh  in ponds having a natural  growth 
of t h e  weed or by introducing the  weed from outside. 

(i) In one 0.08 ha. pond 450 kg. of f resh H p i ! r C Z k  was introduced 
and later 97 grass carps (av. length 452 m. av.wt . 955 g ) were released 
which consumed a l l  the weed within 8 days ,  and a g a h  425 kg. of the weed 
was introduced which.was consumed within 4 days. The fish, at the end of 
the experiment, averaged 1070 g. 

l i i )  Thick growth of HydrilZa mixed with Najm indica and w i t h  
scattered patches of mytpho.i.des {dictgn were noticed in one 0.1 ha. pond 
in Chaudwar farm. The submerged weeds covered nearly 25% of the entire 
pond, and  systematic sampling of t h e  weeds w a s  done which worked out to 
744 kg. in t he  entire pond, H g d r i Z k  being 520 kg. and was 224 kg. 
After samplhg the  weed density,  520 grass carps ,  average weight 62 gms. 
(measuring 105 m to 260 mm) were transported some 20 km. in open fry 
carriers from Kil1a f i sh  farm, Cuttack, and were stocked in the pond. In 
the  first week the  rate of consumption of weeds was rather slow, but later 
the clearance was quick, and it took 18 days for  the f i s h  to clear all 
t h e  submerged weeds in the  pond. f lp ipb ides  was not  consumed and was 
manually removed and the pond was later netted. Altogether 450 grass carps 
in goo2 heal th  weighing m an average 113 g (measuring 157 mm to 354 mm) 
were recovered from the pond. h a  WaZZago attu of about 2 to 3 kg. size 
was also caught and could have accounted for the loss of some grass carps 
from the  pond. 

The grass carps (425, fisin average wt. 113 g )  thus reared, were 
transferred to another neighbowing iarge pond ( 0 . 6 5  ha.)  th ickly  choked 
w i t h  Hg&CZZa and XiGus along with an abundant infestation of Npplaoides 
t kd i r 3wr t .  Systematic sampling of .;he shmerged weeds was done which worked 
out te 25,300 kg* of H@+iZZa and 19,100 kg. of NGas ( t o t a l  = 44,400 kg. 
of weeds) in the pond. Within 42 days almost a l l  the submerged weeds were 
cleared and only some small f loa t  h g  masses of f l g M Z Z a  and N&s w e r e  left 



out, and a sl ight  decay of older plants w a s  also not iced in the pond. The 
infestation of flympbides remained as thick as initially recorded. The 
pond was netted out and the f i s h  were recovered i n  good condition weighing 
on an average 322 g (measuring 205 mm to 510 mm). 

The above observations suggested that grass carps great ly  relished 
HydriZZa and voraciously fed on it. The same was observed earlier by 
Alikunhi and Sukumaran ( 1964). 

2. iVqjas CtedCca: It is another obnoxious weed having a very high 
aggressive capacity. The following observations were made in the f i e l d  on 
its control and u t i l i za t ion .  

(i) Twp 0.08 ha. ponds i n  t h e  Killa fish farm, which were dewatered 
and deepened earlier, became thickly choked during the early monsoon season 
with w a s  indica, and also with s m a l l  scattered patches. of Nech&a 
attern<foZia, .Npphoides &statwn3 MmsiZeu q&fuZ.ia. In one pond a 
few VaZZis~sr-ia s p i r d i s  clumps were present. The weed density in the two 
ponds was sampled and was assessed to be 861 kg and 1,103 kg respectively. 
Control for wm was maintained. Later, 100 grass carps (av. length 210 
mm., av.wt. 94 g) were introduced in each pond. Within 6 weeks both the 
ponds were completely cleared of IYajas. However, it was noted t ha t  in the 
absence of flajas, fleehandra started spreading slowly, so also flympkoides. 
Both these weeds, which were avoided by grass carp w e r e  manually removed 
a t  t he  time of f i n a l  sampling. The fish in the two ponds measured 341 mm. 
on an average weighing 470 and 474 gms. respectively. Development of s l i g h t  
algal bloom was noticed in the ponds afterwards. The weeds i n s i d e  t h e  con- 
trol remained healthy. 

(ii) Two more farm ponds at Kil la ,  each 0.12 ha. in area, were in- 
fested w i t h  an abundant growth of flajas in&ca. One of these ponds was 
almost completely choked with weeds consisting of mainly Rajas with stray 
patches of H y W  ZZa, Ceratophg ZZm, OtteZia, E7yffphQea, iQmphoides, S p i m -  
de Za, E a t i a ,  Munochol.iia, Ipomoea and Mmsi Zea, also Spipoqypa towards the 
margins. The total  quantity of weed was assessed to be 2,278 kg., and con- 
t r o l  for & j a s  was maintained. Later 200 grass carps (av. length 415 mm., 
av. wt. 789 g) were introduced, and within a fortnight all the submerged 
weeds in addition to SpirodeZa, Momebria and Ipanmoea ( leaves alone) were 
consumed. lVy@iaea, Rg@midss and Pistia ~emained.  Final sampling of the 
fish was done and the fish on an average measured 436 mm. weighing 989 g. 
The Najas inside control remained heal thy .  

In the other  pond weed infes ta t ion w a s  estimated to be nearly 20% of 
t h e  above pond, the main growth being that of iVajas with s t ray  patches of 
iVechmcEndra, OtteZia, m h o i d e s ,  Nympkaea etc. No detailed sampling was 
done, and 114 grass c a q s  (av. length 272 mm., av. w t .  200 g) were intro-  
duced. All the submerged weeds were consumed w i t h i n  3 weeks, and on f i n a l  
n e t t i n g  the f i s h  measured 318 mm. weighting 410 g on an average. 



Among the submerged weeds Iiujas was found to be readily accepted 
by grass carp probably next to EIydriZZa in order of preference as was 
a l s o  observed in the Chaudwar pcnds, 

3 .  Nechamandra altsmij% ZCa: A number of f leid observatio~s were 
made regarding c o n t r o l  of this aggressive weed by grass carp. 

(i) lYechmandra with mixed growth of H&iLZa and Nytphoides covered 
one O O W  ha.  pond. To control  t h e  weeds 5 5  small grass carp (100 - 200 rmn 
in size) were introduced which cleared ali the  H$driZZa wi th in  a fortnight, 
Hawever, f lechandm Has avoided and observaticns with the small f i s h  on 
Eachmnadra done were ccnt inued f o r  another month, but t h e  f i s h  exhibited 
no check on the growth of %he weed. Later, 15  adu l t  grass carps {about 2 

kg. size) were stocked and took one month to clear all ? k c h & a .  The 
f i s h  mostly cut up the p ian t s  and fed on them, but a proportion of the cut  
up portions narura l ly  decayed, The f inger l ings  w h i c h  i n i t i a l l y  weighed 20 g 
grew to 93 g on an average. The adu l t  fish showed s l i g h t  increase in weight 
average being 2 , 1  kg, 

N m h u i d e s  w a s  not eaten, but  many plants were found uprooted, psssi- 
b l y  by the f i s h ,  

The sane pond was later dewatered, d e s i l t e d  and deepened, but  because 
with commencement of monsoon, it again w a s  infested with a t h i c k  growth of 
the fl~chmnaradra along with scattered patches of flynpho2es. In order to con- 
t r o l  t h e  former, 10 grass carps were first introduced, but exercised no marked 
contra1 on the weed density. After 3 weeks ,  1 0  more adult grass carps were 
introduced, the averzge weight for  20 being 1 , 9 2  kg. Altogether, it took about 
33 months to clear -11 Nechmandra which was p a r t l y  consumed, and partly the 
cu t  up portions decayed. Most of the flytphoides were avoided but uprooted. 
The f i n a l  average weight of 20 grass carps was found to be 2.15 kg., and t he  
f i s h  were recovered in goad condition. 

After a lapse  of near 4 months, Nechmmdra again started reinfesting 
t h e  pond vigorously, When the growth became quite t h i c k ,  19 grass carps Iav, 
wt. i kg.) were first introduced, but the need growth appeared to increase 
unchecked. So after one week, 10 more grass carps l av, wt . 525 g) were stocked 
The entire period taken tc bring flechandra under control was one m o ~ t h ,  and 
at the  end the bigger 19 fish weighed 1.1 kg. and the other 10 weighed 570 
grns. on an average. One healthy clmp of O-bteZia, present in the pond was 
consumed quite quick1.y by t h e  f i s h  in the  beginning. The flpiphoides patches 
present in the pond were mostly avoided w i t h  a good number o f  them floating 
uprooted. 

lii) Another 0.04 ha. pond nearly 50% covered with a natmai  growth of  
Il'echmadra mixed with EydriZZa and B y q h i d e s ,  was selected for cbservatkons. 
A t  first 28 small grass carps (100-290 mm size) w e r e  introduced intc the 
pond and consumed all the HgdriZZa within a for tnight ,  but  the fish exercised 
no control over Nechmand21u during t h e  period of observation of one and a half 
months. Later, 1 2  adult grass c a q s  iav. wt. 2 kg.) were stocked and cleared 
the Nechmmdru in 4 weeks. When net ted  out ,  t h e  f i n g e r l i n g s  had increased 



in weight from 35 g to 308 g on an average, and the adult fish weighed 2.1 
kg. flgrphoides was avoided but several plants  were noticed uprooted. No 
regeneration of Nechwnda  has been noticed for t h e  Last 21 years. 
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(iiil Two more nursery ponds becane infes ted with a t h i c k  growth of 
I!echandra, the percentage of coverage being nearly 50 in the first pond 
(0.06 ha.) and 40% i n  the other (0.04 ha.). In t h e  two ponds 10 and 16 
grass carps of average weight 1.83 kg. and 2.0 kg. respectively were in- 
troduced. P.fter 6 weeks and 7 weeks respectively t he  ponds were free from 
h7cchwnlFndra, and the Fish averaged 2.6 kg. and 2.25 kg. respectively. As 
u s u a l  the f i s h  started its work by cut t ing up t h e  vegetation which consisted 
of young plants of Ivechamm?dra without flowers etc. No regeneration of the 
weed has h e n  noticed in t he  ponds for  the  last 10 months. 

The observatior~s made so far suggest that ~ e c ~ ~ a  is another 
pcrsistcnt t y p e  of weed, that it can be controlled by grass carp, but is 
not  much relished by t h e  fish. The fish weighing about 0.5 kg. and above 
alone were found to be effect ive against t h i s  weed. Invariably the t i m e  
taken i n  clearing f/echmadra infestations was  quite considerable, and in 
cases where I I p d r i Z Z a  or kjas were present alotq with, the coarser weed was 
at first avoided by grass carp. Further, younger plants  of ?/eehm&u 
w i t h o u t  flowers etc. appeared more  acceptable to the fish than old and 
profuselv flowering ones. 

3. ~eratoph~lZwn dmersm: Observations on this submerged, up- 
rooted, abundantly growing weed were also made. 

(i) In one 0.04 ha. pond, 540 kg. of CerurtophyZh was introduced 
and 16 grass c a q s  (av.wt. 2.08 kg.) starved fo r  about a month, consumed 
the weed w i t h i n  a fortnight; however, there was slight decay of the  weed. 
The f i s h  f i n a l l y  weiphed 2 . 7 8  kg, on an average, t h e  unusual1.y high in- 
crease cauLd possibiy be due tc vary avid feeding by starving fish. 

The same fish were again sampled after 6 days, and weighed only 
2.64 kg. on an average before introducing another 227 kg. of &mtop&2Zm 
tn the p ~ i l d .  Wlthin 5 days all the weed was consumed, but sampling ~ould 
bc done m l y  after 7 days and t h e  f i s h  weighed less i . e .  2.61 kg. at the  
end, t'mu~lt f0~11d 31 good condition. The fall in weight was possibly due 
to tilt delay in s a y l i n g  af ter  the introduced weed was completely consunad. 

i'n mother Q . U 8  ha. pond 680 kg, of CemtophyZ%m was introduced 
and l ( j0  g r a s  cams (av.wt. 815 g )  were stocked.  H i t h i n  10 days a l l  the 
wcod w a s  clcmec' a . 2  t ' i t3 f i sh  f i n a l l y  weighed 623 g on an a v e r q c .  

In the same pond, agairl 454 kg. of C~ru topky tZwn  mixed with sme 
AsoZZa was introduced, and t h e  f i s h  took 6 days to consume the  weeds. The 
initial arid f i r , a l  average weights o f  t h e  f i s h  were 623 g and 748 g =spec- 
: ively. 



7. VaZZime~ ia  8piiral.i-s: In one nursery pond some kealthy clumps 
of ~aZZisneria were growing where 4 adul t  grass carps were ixi~roduced t o  
observe the efficacy of t h e  f i s h  in control l ing t h i s  weed. The f k h  were 
not iced  c u t t i n g  the older leaves and browsing upon the tender ones in ad- 
dition to uprooting the  ent ire  p l a n t s  occasionally. Later, ano the r  nursery 
having nearly 10% of the  area infested by VaZEisrseria along w i t h  some growth 
of HydriZZa was selected for furthes observations. Eleven grass carps 
weighing between 1.9 to 3.0 kg. were introduced and took about 5 weeks  ta clear 
VaZZisneria. EIydriZLa was qcickly consumed w i t h i n  t he  first $ew days of 
stocking the f i s h .  . 

8. SpirodeZa poZyrhiza: Two 0,08 ha. rear ing ponds, loczted s i d e  
by side which had been infes ted by an uniformly th i ck  growth of flGas and 
had been cleared by grass carp simultar.eously, were selected For observa- 
t ions  on SpZrodeZa. In each pond 520 kg. of healthy Sp i~odeZa  nixed with  
some WoZffia was introduced, later 100 grass carps were stocked in each 
pond (av. length 341 mrn.) weighing on an average 474 g and 470 g respec- 
tively. Control  fo r  SpirodeZu w a s  maintained. In t he  first pond t he  weed 
s tar ted multiplying f o r  sometime ar.d l a t e r  the older fronds were noticed 
decomposing. The f i s h  took 20 days to clezr t h e  pond completely and in- 
creased in weight to an average of 616 g (av. length 373 mm.). In the 
other pond, t he  weeds sA:arted mul t ip lyrng  very fast and it took 43 days 
to cleas the  weeds completely. The f i s h  at t he  end averaged 830 g (av. 
length 408 m.) .  The grass carps were observed to consume SpirodeZa and 
kulffia very voraciously. 

(i) One 0.1 ha. pond developed a t h i c k  cover of  krtm mixed with 
stray fronds of SpimdeZa and WoZff<a. The total quant i ty  of the weed 
was assessed by systematic sampling at 170 kg. for t he  e n t i r e  pond. C G ~ -  
trol for t he  weed w a s  maintained and 190 grass carps (av. length 211 mm, , 
av. wt. 124 g )  were introduced.  The fish were observed feeding avidly 
on t h e  duckweed, and the feeding ac t iv i ty  was nore vigorous during the 
morning hours .  Within 11 days the pond was completely cleared of a l l  t he  
weeds, and on final sampling a l l  the f i s h  were recovered weighing on an 
average 145 g (av. length 218 m.). The weed inside t he  control remained 
healthy and showed some increase in weight during the period of observa- 
t ion. 

lii) F u r t h e r  observations w e r e  made in one 0-04 ha. pond by intro- 
ducing L e m v t ~  from outside.  in the  p m d ,  164 kg. ~f Lmna and 60 kg. of 
W0Zff.ia ( t o t a l  224 kg.) were introduced, and 1% grass carps (av. length 
196 mm., av. wt. 87 g) wsre stocked. Within 1 2  days z l I  t h e  weed the 
consumed and t he  f i s h  at the end weighed 150 g (av, length 232 ma,). The 
weeds inside the control  remained healthy.  

In the same pond again 140 kg. of L m a  mixecl w i t h  40 kg. of WoZffiu 
were introduced. The 100 grass carps (sv. length 232 mm., av. wt. 150 g! 
P E s e n t  i n  t h e  pond consumed al l  the weeds w i t h i n  11 days, and the f i s h  
a t t a ined  an average weight of 2G0 g (sv. length 268 mm.). 



L m l a  zeig'ning 144 kg. was i n t r ~ d u c e d  in another  0.04 ha. pond and 
80 grass carps were stocked which consumed the rieed completely within 9 
days, I n i ~ i a L l y  the fish welghed 100 g ( a v .  l e n g ~ h  2 0 1  mm.1 and at  the 
end 163 g ,  .neaub~ing 252 mm, on an average. 

Fhz & o w  observarions clear ly  indicated  that al l  the duck-weeds 
r - 7 .  ied we-e great ly  relf shed by grass caq,  and of these Wo Zf f ia  w a s  readily 
accepted even Sy early f ingeriings (see also below), 

iO, AzoLZa pinmta:  Ir. tws pocds (0,035 ha, and 0.04 ha.) 350 kg. 
and 418 kg. of AzoZZa were introduced, and control  frame was f ixed enclosing 
1 kg, of t h e  weed, Afterwards 100 grass carps (av. size 172 mm., 45.5 g, 
and 168 mm , 45.4 g )  were introduced in esch pond. A few days later, the 
weed started Purming unhealthy and decaying, and in about 16 days all the 
weed cotnple t e l y  disappearaed inc luding  wharr w a s  f n s i d ~  the frame, However, 
feeding af the flsn an AaoZla was d i r e c t l y  abserved in t h t  pond. At the 
m d  aii i'r.6 g ~ w s  tacos rrera netted ~ ; x t  In healthy condition weighing on 
an avesagt 87 g (196 m m . )  and 100  g (201 mm.> respectively..  This indicated 
that Axo?Za was u t i l i zed  by grass carps possibly botb in f-resh and semi- 
decaying f om, 

In a n o t h s r  C-04 ha. p a d  fresh AxoZZa weighing 360 kg. was introduced, 
Ccmtrol was maintained, 2nd 20 grass carps [av. length 463 m., av, wt. 995 
g) were stocked. As noticed above, after a f e w  days t h e  weed started natura l ly  
dying off and w i r h i n  3 weeks nc weed ,was left in the pond nor in the control. 
O n  f i n a l  n e t t i n g  t he  fish weighed 1,066 g (466 mm.) on an average. 

The abcve expesirnents demonstrate that grass carps feed upon AaoZZa. 

11. ~ a ~ & a i a  cwuZZata: Fresh fronds of SaZvinia weighing 250 kg. 
a1s1:g with stray plants of Trupa mtms were introduced in one 0.08 ha. 
pond, and control for t he  weeds w a s  maintained. In the pond, 95 grass carps 
i zv. w t .  958 g )  were stocked. Within 17 days all rhe SclZ&a and Trapa 
were consumed, though the weeds were not very actively fed upon. O n  f i n a l  
sampling t h e  fish wzighed 1 kg. on an average. The weeds inside the control 
remained healehy 

12, Eichhurnia crussipee, fiskta stratwtes and C02ocasf-a antiquom: 
The generlal field observations made earlier at the Research St at ion indicated 
t h a t  these weeds are not accepted by grass carp as feed, and that the f i s h  
could hardly control them in ponds. T ~ E  fi~st two weeds are amongst the most 
obnoxious ones, so field experiments were conducted again to study whether 
these weeds could be u t i l i z e d  by t h e  f i sh  as feed. In nursery ponds, free 
from other  aquatic weeds, grass carps ( s i z e  range 121 rmn, to 305 mm.1 were 
stocked @50 per pond, and cu t  bits of Eichhornia, Hstia and also Cb~ocasia  
were intraduced in separate pnds  as feed regularly, but none of these ap- 
peared acceptable to t he  fish which l o s t  cond i t im  during t h e  period of ob- 
serva-tion. However, t he  grass carps were noticed occasionally to gulp in 
bits of water h y a c i n ~ h - .  (Eiehhomia) but these Here mostly disgorged sub- 
sequent ly . 



( i )  I n s i d e  a p las t i c  pool (height = 60 m s . ,  d i m ,  = 80 m s . )  
grass carps ranging between 160 man. to 170 rmn. were fed upon Potmogeton 
pectiw&w and IIaZophiZca ovata growing abundantly in the brackish w a t e r  
of Chi l k a  Lake ( ~ r i s s a )  , 'and also on w r i o p h y  ZZwn kberr?ulcetm, Utrictita- 
ria stellmis,  OttsLia aZh&des, NiteZZa s p . ,  S p i m g y r a  and P i t b p h ~ ~ .  
The last three algal forms were quickly consumed, and the f i s h  were ob- 
served to browse ugon the other species, 

Inside giass aquaria and p l a s t i c  pools observations on the  ac- 
c e p t a b i i i t y  of cut  bits of Efkhhornia and Xstih by grass carp were 
repeated. The f i s h  (av. length 165 m.1 were observed to t a k e  in bits 
of Eichhonta occasionally but these were rnos t l y  disgorged later .  

(1%) In glass j a rs  advanced fry and fingerlings of grass carp 
(27 mm. - 42 m. size range) were observed to feed  on WoZffik. The 
early fingerlings ce -1d also .consume Lama, but bits of Sp.l'i;2:k7k and 
flq-as graminea, but  preferred plankton to any other feed. 

Separately f n j a s ,  f ingerr ings  of grass c a q  ( av, 6 5 mm . I  were 
given f l i t e z k ,  Sp<~ogym and PitMhora which were actively f e d  upon by 
the f i s h .  

From these observations it has been possLble to calculate roughly 
the numbers and s i z e  of grass carp per hectare required to control  various 
types and density of weed infes ta t ions .  The d e t a i l s  are presented in 
Table I. 

The rates shorn above are to be judiciously employed and the number 
and size of f i s h  to be varied according to the size of t he  water area and 
nature and exter,t of weed Infestation. Also, in the  case of duck-weed in- 
festat ions,  r h e  rate of stocking m a y  at  times need considerable adjustment 
when the weeds multiply at a fast rate. 

For t h e  following weeds, the per day consumption by grass carp  has 
been culculatzd in T a b l e  11. 

From Table II some idea can be formed regarding d a i l y  consumption 
of several weeds by grass carps of varying s izes ,  However, no calculations 
regarding ' forage ratio etc. are attempted, because the results given 
are tentative and only m e a n t  to show the -rends in the feeding of the fish 
on cerrtain weeds. 



TABLE 1 

INFORMATION ON EFFECTIVE RATE OF STOCKING OF GRASS CARP 
TO CONTRCL VARIOUS WATER WEEDS 

Initial.  Stocking Weed Duration 
Weed species av. wt. ratc/ha. quantity of H e ~ s ~ k s  

cf f i s h  in Clearme 
tons /ha. 

-do- 

CdZea 

-do- 

-do- 
Ceratuphtj Z Zm dmerosm 

-do- 

- do- 
-do- 

-do- 

10 days 

18 days 

42 days 
41 days 

41 days 

14 days 

5 days 

10 days 

6 days 

6 days 

49 days 

4 3  days 

18 days 

9 days 

20 days 

11 days 

9 days 

12 days 

11 days 

17 days 

Weed iatrcdilced 

n a t u r a l  infesta- 
rion 
-do- 

-do- 

-do- 

Weed introduced 

natural  in fes ta -  
tion 

Weed inrroduced 



DAILY CONSUYPTION OF SOm WI;EDS BY CRASS C A W  

- 
Cansmptim f n i t f  a1 Fins1  

Nama of t h e  wee2 in g l d a y j  av.size av+size Period of observation 
f i a h  in  1T in g 

1,070 Apr.  32 - May 4, 1966 

470 July 3 - Aug.17, 1965 

47L -do - 
999 O e r .  28 - Nov.11, 1965 

113 A v .  23 - May 11, 1965 

200 Oct . 6 - 19, 1965 
975 Maqt 23 June 1, 1g66 

(900 May 33 c; June 16, 1966 Y 



DISCUSSION 

The series of experiments described in the foregoing clearly 
bmo:z%trate t h e  p o s s i b i l i t y  of u t i l i z i n g  grass carp as effective 
biological zgent to control  several noxious aquatic weeds. 

The observations made with floating weeds in the f i e l d  as w e l l  
as in t he  laboratory indicated that advanced fry and ear ly  fingerlings 
I27 mm. - G2 mm,) of grass carp accepted Wulffia, and as they grew they 
could take bigger duckweeds viz; Lmma and SpirodeZa, but still appeared 
to prefer zooplankton most as food. The advanced fingerlings, juveniles 
and adults of grass carp which are predominantly herbivorous in h a b i t ,  
were found t o  relish and effectively control  the duckweeds, and the fish 
could also assist in clearing AzoZZa infesta t ions .  The observations made 
on S a h 6 n h  suggested t h a t  grass carp could control t h i s  weed too. Ling 
(1960 mentions t he  use of SQZoin.ia in China as alternative feed 
for grass ca rp  in the absence of other suitable water plants. 

Among the submerged weeds,  HgdrYiZ2.a and rJajas are perhaps the most 
obnoxious ones, but these  were found to be avidly consumed and controll@d 
by grass carp. The other troublesome weeds namely, Ceratophy&un and 
OtteZia were preferred next, and the grass carp also appeared to be ef- 
fective against infestations of flechandra and i%~cuZaria, possibly 
VdZ%sner& also, thouqh the f i s h  did  not seem to re l i sh  them much. It 
w a y  be mentioned here -;hat grass c a r p  weighing nearly 0,5 kg. and above 
alone were found effective against flechm& whereas, m e  fingerlings 
could hardly exercise any check on its growth. 

From the experiments ccmducted, t h e  pos s ib i l i t y  of u t i l i za t ion  and 
contml of Bqa, IcfyrwphyZZwn and LimmphiZa by grass carp also appeared 
likely.  The f i s h  w a s  also observed to feed on the leaves of Monoehoria 
and Z p m e a ,  though the data available is rather scanty. Potmqeton 
psctimtus and HaZophiZa ovata, which often grow abundantly in brackish 
waters, are also taken by the f i sh .  Th i s  information is quite useful as 
grass carp is already known to withstand a good range of sal inity (see 
Domshev, 1963). The algal  forms such as NiteZZa, Sgirogyra and &tho- 
pkom were also actively consumed by grass carp. However, in nmsery 
ponds the  fish was noticed to feed on S p i r o g p a  and Pitkophora, but 
whether it could curb their growth was not def in i te ly  established. 

From the above account it is clear that the problem of controlling 
most of the noxious weeds, especially the submerged ones where clearance 
is very expensive, can be effectively tackled by grass carp. However, 
the 'weed problemt of E i o h b e a  (water hyacinth , Phtin,  @@aides and 
?$&am does not seem yet to be solved. Ling (1960 E 1966 1 repor ted  the 
use of young leaves of EicWzornia and Pist& for feeding grass carps. 
Avam Jr. (1965a, 1965b) observed cont ro l  of Eichkomia Sy grass carp, 
but separately states that t h i s  p lan t  was least preferred by the fish. 
As regards P<st&, he c i t e s  the observations of Lin (1946) that the Chinese 
US@ t h i s  weed to feed grass carps. The acceptability and su i tabi l i ty  of 
Ekhhorn<a and as feeds by grass carps were however, not  demonstrated 
during the present investigations.  The density of in fes ta t ions  of nFymp@idss 



was mostly not affected by t h e  f i s h ,  however, some p l a n t s  cf Pi, cristctm 
were observed uprooted in ponds where grass carps were s tocked ,  

In Japan, Kurunuma and Nakamura (1958) observed in farm ponds that 
grass carp proved mry effective in control water weeds, and among t h e s e ,  
IcfyriophyZtm specatwn, CeratophyZi!m dmeroswn, P o t m o g e b n  ~ p p . ,  %jdriZZa 
ve~tfciZZata and Trapa spp. were brought under control by the f i s h ,  

Hicki ing (1962 and Avault Jr. (l965a) reported effective control  
of Chars by grass carp. Stevenson C 1965 1 observed eradication of Cham, 
R a j a s  and Anackis  by the  fish, but not Wat of Spimgy~a.  

Interestfng observations with grass cmp have been made in Russia 
where t h e  fish has been stocked in large rese~voirs, t a n k s  and even in 
the  sea (see  Aliev , 196 3 ; Doroshev, 196 3 ; Konradt , 1966 ; Sukhoverkhov 
and Pisarenkova, 1962; and Verigin, 1963). Aliev (1963) reported that 
in the Karakwn canal, choked with pond weed (Potmugeton pectimttss and 
P. perfoZiattss),  water m i l f o i l ,  hornwort, reeds, ~ushes  etc., the  sub- 
merged weeds were readily destroyed and further spread of the weed was 
checked. Verigin et al. (1963)  s t u d i e d  food selectivity and daily ra t ion  -- 
of grass carp i n s i d e  specially designed cages, and arranged t he  vaxlious 
weeds i n  the order of preference exhibited by the f i s h ,  He classif ied 
Potmgetun peetinatus, CeratophyZZwn d e m e r m ,  EZodea canadensis and 
Lemna h&uZea as most preferred ; and ValZisneriu spiraZis - and Mpiophg 2 Z w n  
s p .  as average, Sukhoverkhov and Pis-nkova (1963) reported. tha t  two year 
old grass carps c h i e f l y  consumed Potarnogeton and Ce~atophyZZm, but n o t  
L a  t~suzea, and he further s ta ted  that three  year old grass carps at 
greater population dens i t i es  also a t e  Lemna, During the present  investi-  
gations, no such difference between the feeding h a b i t  of two year old  and 
th ree  year o ld  grass carps has been noticed and the above observation on 
Lwmut could possibly be due t o  lower rate of stocking of grass carp and 
fast rate of mult ip l ica t ion of the weed. 

In the present  s tudy quanti tat ive estimates of weed densi ty  were 
made and detailed records of number and size of f i s h  used etc. were main- 
tained. In predator free ponds grass carps weighing on an average 62 g 
and above w e r e  found effective against a number-of duckweeds and submerged 
plants. However in waters where presence of predators is apprehended, t h e  
stocking of su i tab le  sizes of grass carp, big enough to escape predation . 

is essent f a1 to give satisfactory results. Alikunhi and Sukumaran ( i962> 
in t h e i r  preliminary observations reported that ponds choked with HydriZla 
could be cleared by grass carps s tocked  at 300-375, weighing between 78.8 
to 173 kg. per hectare f n  one month's time, Fur the r ,  they cbserved tha t  
grass carp d i d  n o t  prefer  fldas and flechumapzdra in the presence of flyd~?:ZZa, 
also t h e  fish could grow satisfactorily when fed cn BgdriZZa, L m u  and 
AzoZla. Aliev (1963) mentioned th& 30.6 kg, of grass carps (weighing be- 
tween 110-200 g) per hectare zonsumed 12.5 tons of submerged weeds within 
a short time and considerably raised the f i s h  product iv i ty  of the body 
of water. Kuronuma and Nakmura (1958) make a t en t a t i ve  statement that 
grass carps stocked at 30 p e r  hectare weighing in total about 35 kg. could 
enslme sat is  factory control  of weeds, 



In t ~ o p i c a l .  waters of India where l a rge  numbers of highly p r e d a t c q  
fishes such as KaZZcrgro a t t x  and OphicephcaZzcs spp. exist ,  it is impo~tant  to 
ensure the release of grass c q s  which are big  enough in size to escape 
predation. Further, a higher ra te  of stccking of grass cmps m y  be neccs-  
sary as compared to temperate w a t e r s ,  because of t he  vigorous rate of grod,n 
of weeds in warn waters. 

The authors express their grateful thanks to Dr. 3.5. Bhinachar, 
former Director of the I n s t i t u t e  for taking keen interest in the  ?rohlern, 
and t o  Dr. V.G. Jhingran, Director In-Charge for going through t h e  mawscr ip t  
critically; atld to Dr. H. Chaudkuri, Officer In-Charge of the S=lb-Station 
for guidance in the work, m d  for h i s  valuable comnents suggesting imp~ove- 
mnts in the manuscript. 

REFERENCES 

Al i ev ,  D,S. (1963). Experience in t n e  use of w h i t e  mur in the struggle 
against over growth of water b o l i e s .  Ru. Puhl. Problems of ttie 
f isheries  exploitation of plant eatiug fishes in t h e  ~ater bodies 
o f t h a  U.S.S.R Ashkhabad, i - 6  pp. (rnimeo!. 

Alikunhi,  K.H. and K.K. Sukumazsan (196*). Prelimixq observations cn 
Chinese carps in India.  Prcc. Indian Acad. Sci. ,  60315): 171-108. 

, K.K. Sukumaran and S. Parameswaran (1963). Induced spawning 
of the Chinese Graes Carps, Ctenopharyngodon ideZ Zus ( C . 8 V . and 
the Silver carp, H ~ p k t h a h i c h t h y s  motitr.i;l: (C. f V.) in ponds at 
Cuttack, Incia. IPFC Pmcs., 10(2): 181-204. 

Avault , J-W. Jr . ( 1965 ) . Biological weed control w i t h  herbivorous fish. 
Proc. 19th Annual Meet. South, Weed Conf , , Jan. 19-21, Dallas, Texas. 

(19651. Preliminary studies with grass carp fo r  aquatic 
weed c o n t r o l .  Prog. Fish. Cult. ,  27(4): 207-209. 

Chaudhuri, H., S.B.  Singh and K.K. Sukmaran (1956). Experiments on large- 
scale production of fish seed of the Chinese grass carp, C t e m p h u -  
qrrgodon ideZZus {C & V) by induced breeding in p n d s  in India. 
Proc. Indian Acad. S c i . ,  E3(2)  Sec. 0 :  90-95. 

Doroshev, S.1. (1963). The survival of white amur and t o b t o l o b i k  fry in 
aea of Azov and Aral sea water of vary in^ salinity. Ru. Publ. 
Problems of the fisheries exploitatioi cf plant e k i n g  fishes in 
the water bodies of U.S.S.R. Ashkhabad: 144-149. 



H i c k l i n g ,  C. F. (1962). Fish  cul ture .  Faber & Faber , London, 295 pp. 

Konradt , A. G. (196 5). Introduction of plant eating fish i n t o  the fish 
fauna of t h e  European part  of the  U.S .S .R .  and means for repro- 
ducing them. Seminar on Fish Culture i n  the Inland Waters of 
the U . S . S . R . , Leningrad, J u l y  -August, 10 pp . ( type script  1 . 

(1966). Methods of breeding t h e  grass carp, Ctenopha- 
llyngodon ideZZa ( V a l . )  and the Silver carp Hypophthahichthgs 

(Val.). FA0 World Symp. on Warm Water Fish Culture. E'R:/IV E-9, 
10 pp, ( m i m e o ) .  

Kuronum , K. and K. Wakamura ( 1958 ) . Weed control  in farm pond and 
experiment by s tocking  grass carp. lPFC Procs. , 7( 2 ) : 35-42. 

Ling, Saw. (1960). Can-trol of aquatic vegetation. Lecture, presented 
at the In te rna t .  Inland F i s h .  Training Centre, Indonesia, 
O c t  . -Dec. 1955. FA0 Pub1 . , Vol. I, 3.23, 12 pp . 

( 1956 1. Feeds and feeding of warm-water fishes in ponds in 
Asia and the Far  East. FA0 World S p p .  on warm Water Fish Cul ture .  
FAO: III-VIII/R 2, 19 pp. ( m i m e o ) .  

Pentelow, F.T. and 3.  Scot t  (1965). Grass carp for w e d  control. 
Prog. Fish. Cul t . ,  27(4): 210. 

Fhil ipose,  M.T. (1966). P-esent trends in t he  control  of weeds in f i s h  
cultural waters of Asia and the Far East. FA0 World S p p .  on Warm 
Water Fish C u l t u r e ,  3ay 18-25, FR: VII/R-3, 26 pp. 

Stevenson, J . H, (1965  1. Pbservat ions on grass carp in Arkansas. 
Prog. Fish. Cul t . ,  27(4) :  203-206. 

Sukhaverkhov, F. and A .  Pisarenkova (1962). Conparative productive 
quality of grass carp (Ctenophqngo&n ideIZa), Si lver  carp 
(3ypopht.kZmichthp m o l i t r i x )  and big head (Aristiehthys mbiZis1. 
Ru. Publ. Rjlbovolstov, 2 2: 11-16 ( Consulted in Biol . 
Ah., 4?(6), 1963,  f i s .  KO. 20687). 

Swingle, H.S. (1957). Control of pond weeds by the use of herbivorous 
f i s h e s  . Proc. Loth Annual Feet. South, Heed Conf . , Jan. 23-25 : 11-17. 

Tang, Y. A .  ( 1960 1 . Zeproduction of the  Chinese carps, Cterdpharyngodon 
i d e Z Z u s  and Ilypnph5huh<ehkhys so l i t r - -k  in a reservoir in Taiwan. 
Jap. Jour. Ichthyology, l 3 I  1/2 ) : 1-2. 

Verigin , 3. ir . , Nguyen Viet and Kguyen Dong ( 1963). Data on the food selec- 
tivity and the da i ly  r a t i on  of white amup, Ru. P u b l .  Problems of the 
F i s h e r i e s  Exploitation of Plant-eating Fishes in the Water Sodies of 
the U.S,S.R. , P-shkhabad: 192-195. 

Yashouv, A .  (1957).  Fish C u l t u r e  %search Sta t ion DOR. Annual Report 
1357. Bamidgeh, 10(4): 75-80. 


