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ABSTRACT. Two live feeds, Artemia nauplii (AN) and Anguillula-silusae. known as 
microworm (MW), and three formulated feeds varying in their source of lipid i.e., cod-liver 
oil (A J), soybean oil (A2) and coconut oil (A3) were tested with guppy larvae for 20 days • 
covering the entire larval period. Along with these diets culture medium (CM) ofMWwas 
also included as a test diet. Each treatment/test diet had three replicates and the unfed 
control (DC) had two replicates. Water quality was maintained by regular daily water 
exchanges. Survival was 75% or more at the end of the feeding trial except for UC where 
survival was 0%. The test diet AN resulted in significantly higher (p<0.05) growth, in 
terms of larval length, weight and specific growth rate (SCR) than all other diets tested. 
There was no significant difference (p>0.05) among fish fed with diets Al, A2 and A3 on 
the above trails. This suggests that costly cod-liver oil can be replaced with cheaper 
soybean or coconut oil in formulatedfeedfor guppy. The results indicate that AN is the 
best diet tested in this study. However when production costs are considered MW is a much 
cheaper feed that results in satisfactory larval performance. 

INTRODUCTION 

Ornamental fish culture is a high income generating practice when economic return 
per fish is considered. The value of total exports of ornamental fishes from Sri Lanka, 
which was 93 million rupees in 1991, increased up to S30.7 million rupees in 1998 (NARA, 
1999). This increase was mainly attributable to development in technology, both in 
capturing and culturing fish. Presently there are three large-scale exporters and about 40 
medium and small-scale exporters (Edirisinghe, 1999). One of the major strengths and 
prospects of bright future of Sri Lankan ornamental fisheries sector is that Sri Lanka, being 
located in the centre of the vast indo-pacific faunal region, has a unique and diverse 
composition of both freshwater and marine fish species. Also Sri Lanka has.both the 
necessary climatic and water resources required to develop successful production of many-
species of freshwater ornamental fishes and plants. Nevertheless comparatively little 
research effort has been paid to this sector. 

Several drawbacks have been identified in Sri Lankan ornamental aquatics sector. 
Understanding and awareness of fish, particularly larval fish nutrition among ornamental 
fish farmers are poor (Mee, 1993). Furthermore imported cyst forms of live feeds are costly 
to the small and medium-scale ornamental fish farmers in Sri Lanka. This necessitates the 
search for new live feeds. The nematode worm Anguilulla silusae, commonly known as 
microworm (MW) is a promising larval feed. Meanwhile low cost formulated feeds that 
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M A T E R I A L S A N D M E T H O D S 

Preparation of test diets 

Artemia nauplii (AN) were obtained by hatching Artemia cysts (origin: Great Salt 
Lakes, Utah, USA) following the method described by Bengston et al. (1991). Here an 
adequate amount of salt was added to tap water to increase the salinity up to about 28 ppt. 
When cysts hatched after 24 h, nauplii were sieved through a 150|i mesh and those trapped 
were used for feeding. 

Microworms (MW) were cultured and separated using the method described by 
Hirimuthugoda et al. (1999). The third test diet, the microworm culture media (CM) was 
a mixture of bread and soybean powder at a ratio of 9:1. CM was used in the experiment 
in order to determine the nutritional superiority of M W relative to the CM. 

The ingredients commonly used by farmers were used in different combinations 
to develop the three formulated diets. Cod-liver oil (commonly used by farmers), soybean 
oil and coconut oil were used as sources of lipid in formulating the diets A l , A2 and A3, 
respectively. The composition's of these diets are given in Table 1. Dry ingredients were 
mixed thoroughly and water was added adequately to make a thick paste and then dried in 
an oven at 60°C for 24 h. The dried feed was then ground with a grinder and sieved to 
obtain fine particles. The prepared feeds were stored in a refrigerator. 

Proximate analysis : l 

A proximate analysis was conducted to determine the nutritional quality of all six' 
test diets used in the experiment. Crude protein was determined by the Kjeldahl method 
(N*6:25) (Tecator Kjeltec System, 1026 Distilling Unit). Fat content was determined by 
Sohxlet extraction method. Ash content was determined by the standard method, by 
incinerating the diets at 550°C for 16 h in a muffle furnace. Energy content was determined 
by a ballistic bomb calorimeter. All of the above analysis'followed standard AOAC (1980) 
procedure (Table2). ' ' 
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results m satisfactory growth in fish larvae should also be developed. One possible-way.to 
achieve this is to cut down the production cost by replacing marine oils with terrestriai plant 
oils. Development of low cost feeds is important especially to guppy, Poecilia reticulata, 
which constitutes 60% of the total exports by number (Edirisinghe, 1999). 

Hence the objectives of this study were to develop low cost formulated feeds and 
compare them with the common live feed Artemia nauplii (AN), MW and its culture media 
(CM) in terms of total length, wet weight', specific growth rate (SGR) and survival of guppy 
for 20 days covering the entire larval period. 
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Table 1. The ingredients (each given as a percentage of the total on the basis of 
weight) and the proximate composition of the six test diets. 

Test diets 

Al A2 A3 CM MW AN 

Ingredients 

Fish meal 50 50 50 -

Wheat meal 15 15 15. . .-

Soybean flour 20 . 20 20 10 

Bread powder - - - 90 

Vitamin mineral premix . 5 5 5 -
Cod-liver oil 10 - - -

Soybean oil • -;' - 10 

Coconut oil 10 

Proximate composition (% dry basis) 

Crude protein 39.30 40.10 39.70 27.10 45.3 52.2 

Fat (ether extract) 12.60 12.80 12.40 4.30 19.8 18.9 

Crude fibre 0.33 0.41 0.55 0.58 - -
Energy (cal/g) 52.70 55.40 53.10 35.10 - -

Table 2. Total length, wet weight and SGR of guppy larvae fed with diets CM, 
AN, MW, Al , A2 and A 3 and the unfed negative control (DC) 1 . 

Diets 

CM MW AN AI A2 A3 UC 

Total length (mm) 

(Mean±SES4) 

5*day 09.3'±0.03 ll.8k±0.03 I2.4C±0.09 ICl^OO? 10.1^0.06 10.ld±0.06 09.0**0.05 

10*day . 10.1'±0.04 I2.7k±0.08- r4.5c±O.I2 11.8^0.09 11.8^0.10 ll.7"±0.ll 09.6'±0.06 

15*day 11.4*1:0.06 14.5^0.20 1S.3*±0.06 12.5^0.10 12.5^0.09 12.4*tQ,09..|0.4«±0.09 

20"'day 12.2"±0.06 IS . ^O . 18 16.6°±0.08 14.4^0.10 I4.5*±0.I0 H.S^O.OS 

Wet weight (me) 
(MeaniSEM) 
20 , hday 11.9"±0.32 29.lh±1.21 34.2C±0.562 04.3J±0.71 23.4"±0.67 23.6"±0.59 

SGR (% day 1) 6.2' IQ^" 11.6" 8.5° 8.4J 8.SJ -
1 Within rows means with different superscripts are significantly different (p<0.05). 
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Feeding trials 
: • ' i . 

Newly hatched guppy larvae were collected from the broodstock, maintained at the 
Department of Animal Science, University of Peradeniya, and reared under ambient 
conditions at a stocking rate of 20 larvae per 101 aquarium and fed with the test diets once 
per day ad libitum. The diets were tested in triplicate and two batches of fish (in two tanks) 
served as unfed negative control following the standard procedure of Cahu et al. (1998). 
The feeding experiment was carried out for 20 days covering the entire larval period. Initial 
mean total length and mean wet weight were calculated from IS randomly sampled larvae 
from the entire hatch. Thereafter on the : 5 t h , 10 t h, 15* and 20* days all the living larvae were 
sampled for measurement of total length. As measurement of wet weights usually results 
in death of larvae, wet weights of the larvae were measured only on the 20 , h day. 

Specific growth rates (SGR) were calculated as Tacon (1990): 

_ [In (mean final wet weight)- In (mean initial wet weight)] x ^ 
Number of days 

Survival was measured using the following formula:. 

Survival^ - ^her of fish survived x 1 Q Q 

Number of fish introduced 

Maintenance of water quality 

Tanks were cleaned by.siphoning out the remaining feed, faeces and dead larvae, 
and one third of the water was exchanged daily. Mortality was recorded daily. Water 
quality parameters such as temperature, pH and dissolved Oxygen were recorded once in 
five days by using standard electronic probes. Ammonia content was measured by 
spectrophotometric method. 

Statistical analysis 

Data on total lengths, wet weights and SGR were analysed by the analysis of 
variance procedure to determine the differences among treatments. The means were 
compared using Duncan's test. The' statistical model used was as follows: 

Where; 
Y,j = total length at 5*. 10 t h, 15* and 20 , K days; wet weight on 20 t h day; or 

SGR 
li = overall mean . . . 

~ D i e t , . V= •.i , h treatment effect:(i: 1=CM, 2=MW, 3=AN, 4=Alv5.=?A2-, 6='A3 
and 7=UC) 

e ( / = residual effect 
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RESULTS AND DISCUSSION 
Water temperature in the tanks (ranged from 25.9°C and 26.6°C) was within the 

range (20CC-28°C) recommended by Alabaster and Lloyd (1984). Variation of pi I (between 
7.2-7.7) was also within acceptable limits of 6.5 and 9.0 according to Boyd (1982). 
Dissolved oxygen levels measured (6.2-6.7 mg I'1) were well above the lethal level of 3.0 
mg T' (Boyd, 1982). 

Many cyprinid larvae are quite tolerant to free ammonia. According to Boyd 
(1982), ammonia concentrations between 0.6 and 2.0 mg I"1 are toxic to many fish species. 
During the present experimental period in all the treatments, ammonia levels were found 
to be very low. When fish were fed with fish meal based formulated feeds (diets A l , A2 
and A3), ammonia content was slightly higher. However, these values were within the 
optimum limits as the highest value recorded was 0.114 mg I'1. Survival rates were more 
than 75% in all the treatments except in unfed control (Fig. I). High survival rates of 
larvae, fed with the test diets indicate that even these diels have provided adequate energy. 

-At — A 2 -A3 . — X — A N - M W . •CM TTffrH^ 1 

. Fig..I. Survival of guppy larvae fed with diets AN, M W . C M , A I , A 2 a n d A3 and the 
unfed control (UC). 

Total length of larvae showed a significant (p<0.05) variation among treatments 
(Table 2). However the differences among treatments A l , A2 and A 3 were not significant 
(p>0.05). Similar results were obtained for final mean wet weights and SGR (Table 2; Fig. 
2). The live feeds, AN and MW resulted in significantly better larval growth than all other 
diets (p<0.05). The results indicate that AN is the best feed tested in this study. Live feeds 
are more attractive to young fish larvae, which are mostly carnivorous hunters (Lavcns el 
al., 1995). Also'live feeds make themselves more readily available to the fish by remaining 
in the water'column by their peculiar movements for considerable time than sinking to the 
bottom,' which usually is the case with formulated feeds. 
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Fig. 2. Growth rate of guppy during the experimental period. 

Apart from their high nutritional value (Browne et al., 1991) live AN can actively 
swim up to 5 h in freshwater before sinking to the bottom and dying (Hoff and Snell, 1989). 
In this study MW, though they do not have the ability of active swimming, remained in 
suspension for a comparable time period as a result of weak water currents caused by 
aeration. This could be regarded as an important factor when feeding behaviour of guppy 
is considered. Guppies are predominantly surface feeders and also actively feed on diets 
in suspension, but they rarely feed on the bottom (Dussault and Kramer, 1981). Nutrient 
loss from live feed is much less or negligible when compared to formulated artificial diets 
(Goldblatt et al., 1980; Watanabe et al., 1983). All these factors could have been the 
reasons for the significantly (p<0.05) higher growth of larvae fed with live feeds, AN and 
MW than those fed with formulated feeds. AN has higher protein and fat content than all 
other diets. AN also contains essential fatty acids (EFA) (Browne et al., 1991). Content 
and composition of EFA in MW has not been reported. However, free living and plant 
parasitic nematodes often contain large lipid reserves even up to 41% of the dry weight 
(Barrett et al., 1971). Certain free living nematodes have the ability to synthesize EFA from 
their culture medium (Krusberg, 1972). The significantly better larval growth in MW group 
than CM group suggests the better nutritional quality of MW over CM. Thus increased 
feeding as well as high nutritional quality of MW could be the contributing factors for 
higher growth. 

There was no significant(p>0.05) difference in growth of larvae fed with diets A1, 
A2 or A3, which differed mainly in their source of lipid content. Cod-liver oil contains high 
amounts of polyunsaturated fatty acids (PUFA), about 30% of total fatty acids dominated 
by linolenic (n-3) series, whereas soybean oil and coconut oil contains very low PUFAs, 
about 60 and 12% respectively of total fatty acids dominated mainly by linoleic (n-6) series 
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(Tacon, 1990). The PUFA play a central role in larval fish nutrition as these PUFA are 
essential for maintenance of the structure and integrity of cellular membranes. Therefore, 
the fast growing fish larvae will have a particular requirement of PUFA. The predominant 
PUFA in fishes and shellfishes belong to the linolenic (n-3) series (Cowey and Sargent, 
1979). 

However, comparatively higher levels of linoleic (n-6) series PUFA have been 
reported in freshwater fishes and, some warm freshwater fishes mainly require linoleic (n-6) 
series PUFA (Takeuchi et al., 1983; Kanazawa, 1985). Furthermore some fish have the 
ability of chain elongation and further desaturation of fatty acids (Farkas et al., 1980; 
Pozemick and Wiegand, 1997). The jack of significant difference (p>0.05) of guppy larvae 
among groups A l , A2 and A3 could be due to low n-3 PUFA requirement or high n-6 
PUFA requirement or the ability of biosynthesis of PUFA from relatively more saturated 
and shorter chained fatty acid or the combination of these factors. 

Growth rate of fish during this experiment exhibited an uneven pattern which 
varied remarkably between liye.and formulated feeds with time (Fig. 2). During the early 
stage (5 t h day), the fish fed with AN and M W showed higher growth rates. Achieving a high 
growth rate in young fish larvaeis.very important with respect to their survival potential and 
metabolism (Pedersen, 1997) as mortality due to predatipn tends to decrease sharply with 
increasing body size (Peterson and Wroblewski, 1984),.'Ay.ailability and nutritional quality 
of live feeds might have enabled the fish to grow rapidly during this early period. However, 
this high growth rate declined rapidly with time. Sustainability of high growth rates 
demands high energy levels from the feed, which may be the reason for the gradual decline 
in growth rate in the latter part of the period. On the other hand when fish larvae were fed 
vy ith A I A 2 , A3 and CM growth rate by the end of 5* day was lower than that in 10* day. 

...ijhe;.possible reason for this could be- increasing feed intake during the course'of the 
^experimental period as the fish become more and more adapted to these feeds. The.drop 
jp.growth rate in the 15 t h day may be due to allocation of energy to the synthesis of tissues, 

, which would have increased the weight but not the length of fish. 

, The results of this study indicate that live feeds are better than formulated feeds 
and also AN is a better feed than M W for growth of guppy larvae. The results also indicate 
that cod-liver oil, which is relatively expensive, can be replaced with soybean or coconut 
oils in formulated diets for guppy larvae. Replacement of fishery products with terrestrial 
crop products for aquaculture would reduce the pressure on fisheries for the production of 
fish oils to be used in aquaculture. 

Table 3 shows the approximate cost of the feed per kg basis. Microworm seems 
to be the cheapest among all the diets excluding CM. Although MW production is cheaper, 
large scale production of M W may be a tedious process. In such circumstances formulated 
feeds can be favored over M W. This should be decided on the merits of individual*farms 
with respect to their size, availability of space, labour, sales demand, etc. "' 

For small scale farmers formulated feeds may have an added advantage over MW 
due to their longer shelf life and easy handling. In situations where low cost ingredients are 
readily available formulated feeds can be competitive and cheaper than even MW. 
Considering such circumstances development of better formulated feeds should be 
encouraged and further studies must be conducted to investigate other possible ingredients 
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that can be used to reduce the cost further and improve nutritive value of the formulated 
feeds. • • 

Table 3. Approximate cost of the test diets. 

Test diet 
Cost (in Sri Lankan rupees) 

Test diet 
Per kg of feed • 

AN .6250.00 

MW 36.00 

CM 27.00 

Al •• 77.00 . 

A2 . . . 68.00 

A3 67.50 

X 

CONCLUSIONS 

It is evident from this study that AN is the best feed for guppy larvae in terms of 
nutritional quality. However, the feed prices indicate that the other feeds tested in the study 
can be economically superior alternatives to AN depending on the culture system. Incases 

; i ; 1 , 1 " w h e r e production of large quantities of MW or other live feeds is problematic, formulated 
feeds can be a better alternative. This study also proves that relatively expensive cod-liver 
oil can be effectively replaced with cheaper soybean or coconut oil in the formulated larval 

'<•>'"•>•' feeds without causing any significant reduction in growth and survival of guppy larvae. 

\-.::-:'"y:: v i • • • 
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