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Species diversification  is considered as one of 
the important management practices for sustainable 
aquaculture (NACA/FAO, 2000). In recent years, 
freshwater aquaculture sector of many south-east Asian 
countries witnessed inclusion of several new species into 
the culture systems. In India too, attempts have been made 
for species diversification in carp polyculture system 
by  inclusion of new candidate species such as Labeo 
fimbriatus, which is a ‘medium carp’, commonly called 
“fringe-lipped carp”. It is widely distributed throughout 
central and peninsular India. Though  slow growing, this 
medium sized carp is in good demand due to its excellent 
meat quality (Basavaraju  et al., 1995). It is reported to 
graze on algae, protozoa, rotifers and diatoms that grow on 
submerged rocks and twigs (Talwar and Jhingran, 1991; 
Das, 2011). Jena et al. (2011b) demonstrated compatibility 
of this species with major carps in polyculture system. 
Culture of L. fimbriatus along with Indian major carps is 
now being taken up by farmers. However, for taking up 
large scale farming of the species, there is a need for mass 
scale production of fingerlings for stocking.
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ABSTRACT
A 90 days experiment was conducted in outdoor circular cement tanks to evaluate the growth and survival of Labeo 
fimbriatus fry when provided with sugarcane bagasse as a periphyton substrate. In all, there were six treatments viz., feed 
(T1), substrate (T2), substrate + feed (T3), substrate in tank bottom + feed (T4) and substrate + feed + double stocking 
density (T5). Sugarcane bagasse was hung vertically at 2 t ha-1, except in T3, where it was applied at the tank bottom. 
L. fimbriatus fry were stocked @ 30 nos. m-3 in all tanks, except in T5 which received double stocking density of 60 fry m-3. 
No significant variation  was observed between the different treatments with respect to water quality parameters monitored 
viz., pH, temperature, dissolved oxygen, total alkalinity and secchi disc visibility. On termination of the experiment, in 
treatment T4,  significantly higher (p< 0.05) growth in terms of length and weight,  specific growth rate (SGR) and percent 
weight gain were recorded as compared to the other treatments. Provision of substrate in the water column or at the tank 
bottom in addition to feed, significantly (p<0.05) enhanced weight, specific growth rate (SGR) and percent weight gain. 
Survival was lower when the substrate was provided at the tank bottom. The results indicated that stocking density can be 
doubled in tanks provided with substrates, without compromising growth and survival of L. fimbriatus fry.
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Information on seed rearing of L. fimbriatus is 
limited. Pawar et al. (2009) evaluated the growth 
performance of fringe-lipped carp seed along with catla 
(Catla catla), rohu (Labeo rohita) and olive barb (Puntius 
sarana) in concrete tanks at a combined density of 
50 nos. m−2 with provision of 4 – 12 h aeration. Over 90 
days, fringe-lipped carp attained 5.0–5.5 g with a survival 
of 62–84% in aerated treatments as against 4.5 g and 28% 
respectively of the control. In another study (CIFA, 2008), 
fringe-lipped carp fry reared with rohu in concrete tanks at 
a combined density of 20 nos. m−2 at varied species ratios, 
attained 4.26–5.66 g weight with 82.8–89.2% survival 
after two months of rearing. 

Supplemental feeding is an important management 
measure in the intensification of aquaculture for enhancing 
fish production (De Silva and Anderson, 1995). High feed 
costs discourage subsistence farmers from adopting this 
practice. An alternative approach is to provide ponds with 
substrates for the growth of periphyton that can be eaten by 
herbivorous or planktivorous fish. The feasibility of using 
periphyton based systems has been explored and found 
to enhance primary production, food availability and fish 
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production as compared to the traditional system of fish 
culture (Azim et al., 2002; Keshavanath et al., 2002; Azim 
et al., 2004). Specialist (macro) herbivores, more general 
detritus and benthos feeders can also thrive on periphyton 
(van Dam et al., 2002). Higher survival of carps was 
recorded in periphyton based growth trials (Wahab 
et al., 1999a; b; Keshavanath et al., 2001a; 2002). 
Grow-out studies by Keshavanath et al. (2002) and Mridula 
et al. (2003) have revealed that L. fimbriatus is a good 
periphyton grazer. Sugarcane bagasse has been reported 
to be a good periphyton substrate (Keshavanath et al., 
2001a; Mridula et al., 2003; Gangadhar and Keshavanath, 
2008) that enhances fish growth (Ramesh et al., 1999; 
Keshavanath et al., 2001b; Gangadhar and Keshavanath, 
2012). Periphyton based systems can be considered 
suitable for fry and fingerling production (Keshavanath 
et al., 2002). The present study evaluated the performance 
of L. fimbriatus in periphyton enhanced culture systems 
during fry to fingerling rearing. 

This experiment of 90 days duration was carried out 
in 1000 l outdoor circular cement tanks with 5 cm soil 
base, at the Regional Research Centre of ICAR-Central 
Institute of Freshwater Aquaculture, Bangalore, India. 
Sugarcane bagasse was used as substrate for periphyton 
growth. Fresh bagasse procured from local sugarcane 
juice vending shops was soaked in water for 2 days to 
get rid of the sugar present and was then sun dried for a 
week to remove all the moisture. Water from a nearby bore 
well was filled in the tanks to maintain a water column of 
70 cm. The evaporation loss, which was very meager, was 
compensated fortnightly. Total volume of water in each 
tank was 0.886 m3. Initial fertilization was done with cattle 
dung @ 4 t ha-1 (0.35 kg tank-1) followed by urea and single 
super phosphate (SSP) at 10 and 15 kg ha-1 respectively 
(0.90 and 1.3 g tank-1, respectively). Triplicate tanks were 
allotted for the 5 different treatment combinations viz., 
feed (T1), substrate (T2), substrate+feed (T3), substrate 
in pond bottom+feed (T4) and substrate+feed+double 
stocking density (T5). Sugarcane bagasse was hung 
vertically at 2 t ha-1 (0.18 kg tank-1) (Keshavanath et al., 
2001b) in all the treatments, except in the treatment T4, 
where it was applied to tank bottom, maintaining uniform 
distance between bagasse and tank inner surface. After 
10 days, L. fimbriatus fry (average length 2.68+0.43 cm, 
average weight 0.21+0.10 g) were stocked @ 3 lakh ha-1 
(27 tank-1) (Jena et al., 2005) in all the tanks, except in 
T5, which received double stocking density of 54 fry 
tank-1 (6 lakh ha-1). Subsequent fertilisation was done 
at fortnightly intervals with cattle dung @ 0.5 t ha-1;  
urea at 10 kg ha-1 and and SSP  at 15kg ha-1. Powdered 
mixture of rice bran and groundnut oil cake at 1:1 ratio 
is the most commonly used supplementary feed in carp 
seed rearing (Jena et al., 1996). In order to increase the 

integrity of the feed, the feed was made into pellets using 
finger millet (Ragi) flour at 10% as the binder (Table 1). 
Fish in all the treatments, except T2, were fed at 10% of 
body weight (considering 27 fish tank-1) during the first 
month, followed by 7% and 5% during the second and 
third months, respectively (Jena et al., 2005). Feed was 
provided in two split doses at 09.00 and 15.00 hrs. The 
pelleted feed was made into smaller particles (around 
1 mm) before feeding, to suite the mouth size of the fish. 
Water samples were collected at fortnightly intervals, 
between 09.00 and 10.00 hrs from all the tanks and 
analysed for pH, temperature, dissolved oxygen, total 
alkalinity and secchi disc visibility following standard 
methods (APHA, 1998).  

On termination of the experiment, fingerlings were 
harvested by draining the tanks. All surviving fish were 
counted, length and weight measured (using digital balance 
of 0.1 mg sensitivity). The specific growth rate, percent 
weight gain and biomass were calculated (Gangadhar 
et al., 2014). Comparison between treatments for fish 
growth, survival and water quality parameters was done 
by one-way analysis of variance (ANOVA) procedure of 
SAS version 6.12 (SAS Institute Inc., Cary NC 27513, 
USA), followed by Duncan’s multiple range test at p<0.05 
(Duncan, 1955; Snedecor and Cochran, 1968). 

The mean water quality parameters recorded in 
the different treatment tanks during the experimental 
duration did not vary significantly (p>0.05) (Table 2). 
The water temperature was generally low (mean 21.52oC). 
Dissolved oxygen (DO) content ranged from 4.18 to 
7.84 mg l-1. Total alkalinity was generally  in a higher 
range (291.43 - 300.10 mg l-1). Fig. 1 shows the variation 
in water quality parameters observed during the study 
period. There was an increasing trend in the water pH 
during the first 15 days of the experiment. The second 
half of the  study period witnessed low water temperature 
(18.53-20.83oC) compared to the first half (22.37-23.77oC). 
Secchi disc was visible at water depth of 70 cm on the 
first sampling day and the visibility depth subsequently 
decreased. A sharp decline in the total alkalinity was 
observed between 0 and 15 days of sampling. 

On termination of the experiment, mean length of 
L. fimbriatus fingerlings was almost  similar in all the 
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Table 1.	 Ingredient proportion and proximate composition 
	 (Mean+SE) of the experimental diets

Ingredient proportion	 (%)	 Proximate composition	 (%)

Groundnut oil cake	 45.0	 Dry matter	 85.5
Rice bran	 20.0	 Crude protein	 26.7	
De-oiled rice bran	 25.0	 Fat	 03.8
Ragi flour	 10.0	 Crude fibre	 12.7
Ash	 10.1	 NFE	 32.2
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T1,               T2,               T3,              T4,             T5

treatments (6.03 cm - 6.48 cm), except in  T4, where it 
was significantly  (p<0.05) higher  (7.88 cm) (Table 3). 
Treatments having feed and substrate were comparable 
in terms of mean weight, specific growth rate (SGR), 
percent weight gain, survival and fish biomass. Provision 
of substrate in addition to feed increased the mean weight, 
SGR, percent weight gain and fish biomass; with out 
affecting survival. Highest fish biomass production was 
recorded in T5 which received double stocking density 
along with feed and substrate. Fish at harvest in treatment 
T5 was comparable  with T1 (feed treatment) in terms 
of length, T2 (substrate treatment) in terms of weight  as 
well as percent weight gain, while  survival in T5 was 
comparable with that of both T1 and T2. 

Water quality parameters were within acceptable 
limits for the seed rearing of carps (Jena et al., 2011a). 
pH was in the alkaline range throughout the experimental 
duration, indicating favourable conditions for biological 
production. Wide fluctuation in temperature can affect 

fish metabolism and growth. With a mean temperature of 
21.52oC, variation between treatments was marginal and 
hence would not have affected growth differently. Jhingran 
(1991) observed that carps thrive well in the temperature 
range of 18.3 to 37.8oC. In a 90 days polyculture of fry 
to fingerling rearing, Jena et al. (2011a) recorded a mean 
harvest weight of 5.31 g, length of 8.26 cm and survival 
of 92.1% with L. fimbriatus stocked at the same density 
(3 lakh ha-1) at a water temperature of 24.7-28.1oC. 
The lower values recorded in the present study may be 
attributed to the lower water temperature that prevailed 
during the study period (18.53 - 23.76oC). In 90 days carp 
seed rearing experiments, Pawar et al. (2009) and Jena 
et al. (2011a) observed that dissolved oxygen reduced 
to below 4 mg l-1 after 45 days. They attributed this to 
increased demand for respiration and mineralisation of 
accumulated feed and faecal residue with the progress 
of the culture period (Boyd, 1990). However, no such 
trend was observed in the present study. Periphyton is 

Table 2.	 Water quality parameters (Mean + SE) recorded during the experimental period

Treatment	 pH	 Temperature	 Dissolved 	 Total alkalinity	 Secchi disc 
		  (oC)	 oxygen (mg l-1)	 (mg l-1)	 visibility (cm)

T1	 8.45 +0.09	 21.54 + 0.76	 6.44 +1.41	 291.91 + 11.41	 60.38 + 3.78
T2	 8.69 +0.15	 21.49 + 0.75	 6.60 +1.44	 291.43+ 11.16	 55.57 + 3.53
T3	 8.48 +0.11	 21.53 + 0.75	 6.70 + 1.46	 296.78+ 0.43	 59.90 + 2.33
T4	 8.51 +0.12	 21.57 + 0.76	 6.43 +1.40	 300.10+ 10.67	 65.57 + 1.46
T5	 8.67 +0.14	 21.49 + 0.73	 6.26 +1.37	 296.72+ 10.41	 55.86 + 4.04

Fig. 1.  Variation in water quality parameters recorded in the experimental tanks during the study period

pH

Se
ch

i d
is

c 
vi

si
bi

lit
y 

(c
m

)

D
is

so
lv

ed
 o

xy
ge

n 
(m

g 
l-1

)

9.2

9

8.8

8.6

8.4

8.2

8

7.8

7.6

8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5
4.0

75
70
65
60
55
50
45
40

370

350

330

310

290

270

250

25

24

23

22

21

20

19

18

17
0     15     30     45     60     75    90

0     15    30    45     60    75    90
Day

0     15    30    45     60    75    90
Day

0    15   30   45    60    75    90 0      15     30     45     60    75      90

To
ta

l a
lk

ak
in

ity
 (m

g 
l-1

)

Te
m

pe
ra

tu
re

 (0 C
)

Periphyton based nursery rearing of Labeo fimbriatus



121

known to entrap organic detritus, remove nutrients from 
the water column and help control the dissolved oxygen 
concentration and pH of the surrounding water (Azim 
et al., 2002; Dodds, 2003; Bender et al., 2004). 

The comparable mean length, weight parameters and 
survival recorded between treatments receiving feed and 
substrate  combinations indicate that fringe-lipped carp 
young ones can efficiently utilise periphyton growing on 
the substrate as a food. Provision of substrate in addition 
to feed, improved the growth performance (p<0.05) of 
fish. This is attributable to the grazing of periphyton by 
the fish. Higher survival of carps has been recorded in 
periphyton based growth trials, compared with systems 
without substrates (Wahab et al., 1999a,  b; Keshavanath 
et al., 2001a; 2002). 

Provision of substrate at the tank bottom resulted 
in higher body length of fringe-lipped carp compared to 
the treatments where substrate was provided vertically 
in the water column. This species is a herbivorous 
bottom feeder, consuming mainly vegetable debris, 
decaying organic matter, algae (Chlorophyceae and 
Myxophyceae) and macrovegetation in adult stages 
and planktonic crustaceaens, protozoa, rotifer, copepod 
and Bacillariophyceae during fry and fingerling stages 
(Mohanta et al., 2008). Periphyton growth on substrates  
provided at the tank bottom would have had the advantage 
of benefiting from nutrients released at the water-sediment 
interface, as compared to periphyton growing on substrates 
hung in the water column. Moreover, it could also benefit 
from trapping suspended sediment and microphytobenthos 
present at the bottom of the pond (Richard et al., 2009). 
Possibly the comparatively better growth of periphyton on 
the bagasse substrate at the tank bottom  were efficiently 
grazed upon by the fringe-lipped carp leading to better 
growth. However, due to lower survival, the total fish 
biomass produced in this treatment was only comparable 
with the treatment where bagasse was provided vertically 
in water column. With the available data, it is difficult 
to explain the reason for lower survival obtained when 
bagasse was provided at the tank bottom. Substrates at 
pond bottom are prone to faster mineralisation than those 

in the water column  which can lead to lower oxygen 
availability particularly for species like fringe-lipped carp, 
which prefers to be in pond column and bottom, causing 
mortality. 

It is interesting that body length and survival of 
fishes were comparable between T1 (feed treatment) and  
T5 (substrate + feed + double stocking density). Fish in 
the latter received the same amount of feed as that of the 
former. Hence, comparable performance of the fish at the 
double stocking density is attributable to the utilisation 
of periphyton as food in addition to the artificial feed. 
According to Dharmaraj et al. (2002) and Keshavanath 
et al. (2002), L. fimbriatus can utilise periphyton and 
provision of substrates can be an alternative to feeding in 
grow-out rearing. Results of the present study revealed 
that  young ones of this species can also utilise periphyton 
as food.  

It is evident from the present study that in fry to 
fingerling rearing of L. fimbriatus, provision of substrate 
can replace supplementary feeding and stocking density 
can be doubled in tanks provided with substrates, without 
compromising fingerling growth and survival. 
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