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A B S T R A C T   

Mass production of quality seed is vital for commercial culture and requires prior knowledge of appropriate 
larval diets and their utilization. Four experiments were sequentially conducted at different periods to evaluate 
the effect of live and a processed microdiet on growth and survival of Barbus altianalis larvae and juveniles. 
Larvae were fed exclusively on live prey (Moina and Artemia nauplii), microdiet (57 % Crude Protein), decap-
sulated Artemia cysts and in combination (Moina + microdiet). The effect on growth was further evaluated in 
subsequent juvenile trial by co-feeding. Green water effect on larval growth was also evaluated. In the final 
experiment, 15 day old larvae were raised in fertilized outdoor concrete tanks. Results indicated that each diet 
affected larval growth significantly different (P < 0.05) with the combination diet (152.05 ± 2.51mg) and 
decapsulated Artemia (141.14 ± 2.43 mg) performing better than microdiet, Moina and Artemia nauplii in that 
order. In subsequent juvenile experiment, larvae originally fed decapsulated Artemia (510.13 ± 11.93 mg) and 
those fed a mixed diet (500.20 ± 11.8 mg) performed better than other diets. Ontogenetic pattern of amylase, 
lipase and protease activity identified larvae maturation age at 14–21 Days after hatching (DAH) (14.93 ±
0.36–31.5 ± 0.61 mg) with the combination diet. When larvae at 15 DAH were nursed in outdoor tanks, final 
survival and growth performance increased to 95.3 % and 1112 ± 42.70 mg compared to the indoor nursing at 
90.9 % and 355.33 ± 6.44 mg respectively by 75 DAH. Therefore we recommend that any microdiet manipu-
lations and or outdoor nursing be done during or after this period. Microalgae had no direct effect on larval 
growth (P > 0.05). In this study, larvae were confirmed to utilize the microdiet from exogenous stage but co- 
feeding produced best average weight (152.05 ± 2.51mg), specific growth rates (4.06 ± 0.19) and survival 
(90.9 %). This study provided guiding strategies for improved rearing of B. altianalis fingerlings in captivity.   

1. Introduction 

The Ripon barbell Barbus altianalis also locally known as Kisiinja is a 
high value native carp to Ugandan water bodies, majorly the lakes 
Victoria, Edward and associated rivers and streams (Aruho, 2018). The 
fish is cherished for its aroma when fresh or smoked and is a delicacy 
largely in the south west, central and eastern regions. It has successfully 
been domesticated but its commercial production is limited by avail-
ability of sufficient quality seed from hatcheries. 

To promote hatchery rearing of a particular species it is imperative to 

identify effective diets provided at appropriate period for better devel-
opment and growth of larval fish (Cahu and Zambonino-Infante, 2001; 
Herath and Atapaththu, 2013; Bisht et al., 2013). The sustainable pro-
duction of profitable quality seed also entails reducing production costs 
by gradually orientating larvae to cheaper diets while maximizing their 
growth and survival (Mokolensang et al., 2003; Herath and Atapaththu, 
2013). This is dependent on the availability of suitable diets that are 
readily consumed and efficiently digested to support rapid growth (Giri 
et al., 2002; Mokolensang et al., 2003). Large quantities of larvae cannot 
be sustained on live cultures alone as they are expensive to prepare and 
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require considerable time to maintain (Kolkovski, 2001; Conceicao 
et al., 2010; Liu et al., 2012). They may also, at times, carry harmful 
disease agents (Lahnsteiner et al., 2009). Processed microdiets (dry 
feeds) are preferred because they are cheaper and easier to apply for 
weaning larvae (Chatain, 1997). 

A good larval weaning strategy would enable the introduction of 
microdiets at a particular time and stage when fish can easily digest and 
utilize the feeds efficiently. This process varies among species as the 
gradual acceptance of food and digestive capability depend on devel-
opmental progression of the gastrointestinal tract and its capacity to 
digest and absorb nutrients (Cahu and Zambonino-Infante, 2001; 
Kujawa et al., 2010). In cyprinids such as Leociscus species (Wolnicki, 
2005; Kwiatkowski et al., 2008), Scardinius erythrophthalmus (Wolnicki 
et al., 2009), Aspius aspius and Chondrostoma nasus (Kujawa et al., 2010), 
Rutilus frisii kutum (Falahatkar et al., 2011) and Cyprinus carpio (Mahfuj 
et al., 2012), larval growth and survival rates were strongly and differ-
ently affected by both the type of diet given and the age when food was 
introduced. An improper weaning diet could impair or delay the 
development of the gastrointestinal tract causing chronic stress leading 
to physiological malfunctions or even death (Cahu and 
Zambonino-Infante, 1994). 

Cost-effective weaning strategies are focused on partial or total 
replacement of live diets by micro particulate diets (Liu et al., 2012). 
While some species can successfully be started on processed microdiets 
exclusively others are weaned on a combination of live diets and 
microdiets (Kolkovski, 2001). Co-feeding of live prey and microdiets 
may enhance enzyme activity to aid digestion of the microdiet and 
facilitate maximum uptake of nutrients since some of the larvae lack 
sufficient endogenous enzymes (Dabrowski, 1984). It is imperative to 
assess species larvae nutritional requirements and their comparative 
response to various diets, to ascertain and identify appropriate weaning 
strategies. Most of the commonly cultured live preys for fish larvae 
include rotifers, Artemia nauplii, copepods and cladocerans that are 
maintained on algal cultures (green water) for their nutrient enrichment 
(Das et al., 2012). However, some studies report a direct role of algae in 
growth and survival as part of the larvae weaning strategy (Reitan et al., 
1997; Sanaye et al., 2014). The Artemia is said to be a good diet that can 
produce quality larvae for some cultured fish species but the high costs 
and importation encumbrances are prohibitive for most farmers in 
developing nations. Alternative, cheaper options could be a better 
strategy (Olurin and Oluwo, 2010). 

In spite of its successful breeding using induced spawning tech-
niques, B. altianalis exhibited slow growth and low larval survival 
(Rutaisire et al., 2015; personal observation) limiting its mass produc-
tion. Low survival rates may be attributed, in part, to lack of knowledge 
on larval rearing. Recent investigations by Aruho et al. (2019) on 
ontogenetic development of the digestive system using histology 
revealed that B. altianalis larvae may have the capacity to digest a 
microdiet by 7 days post-hatch. However, effective utilization of diets to 
improve growth and survival of larvae required further experimenta-
tion. The performance of weaning diets can be evaluated through 
growth and survival parameters and also by determining ontogenetic 
patterns in enzyme activity to identify the earliest age of digestive 
competence of larvae provided for a given diet (Zambonino-Infante 
et al., 2008). In this study experiments were conducted to evaluate 
survival and growth of B. altianalis larvae raised on live prey, a micro-
diet, and decapsulated Artemia cysts. The study used enzyme assay 
techniques to evaluate changes in amylase, protease and lipase activity 
during larval development to establish the earliest period the digestive 
system matures and when it can utilize different diets. Based on the 
growth performance and digestive maturation competence level of 
larvae, this study determined the best growth rates, survival and 
appropriate period for stocking or nursing larvae in outdoor rearing 
facilities. The findings were of great significance in developing a 
weaning strategy for production of B. altianalis fingerlings under culture 
conditions. 

2. Materials and methods 

2.1. Experimental study 1; Larvae and Juvenile growth of Barbus 
altianalis 

This experiment was conducted in two consecutive phases using the 
same subjects. In Experimental phase one (Experimental 1-Phase I), 6 
day old larvae (6 DAH) were fed different diets to evaluate the diet ef-
fects on their growth and survival. In Experimental 1(Phase II), when the 
larvae were 48 DAH (Juvenile stage) they were all gradually introduced 
to the same diet (a combination of live and dry) to determine conse-
quential effects or performance of larvae diets provided at larvae stage 
on growth of Juveniles. 

2.1.1. Experimental study 1 (Phase I): growth and survival of larvae on 
weaning diets and diet combinations 

The B. altianalis hatchlings for the experiment were obtained by 
inducing one ripe female using a running water technique described by 
Rutaisire et al. (2015). Eggs were fertilized and incubated at 27ºC in a 
basin until hatch after 77degree days (67 h). The larvae were kept in the 
hatching basins at 27 ± 1⁰C and the ammonia level (monitored by 
LaMotte Fresh water aquaculture kit Code 6665-02-CC) was kept below 
0.1 ppm by flow through of water until the yolk was gradually reab-
sorbed at 6 days after hatch (DAH). Fifty-five larvae (3.0 ± 1.0 mg) were 
randomly allocated to 15 glass aquaria of 55 l capacity each. Five diet 
treatments, each in triplicate, were randomly assigned to the 15 glass 
tanks. The treatments were as follows; Moina alone (MO), a combination 
of Moina + microdiet (MD), hatched Artemia nauplii (HA), decapsulated 
Artemia cysts (DA), and microdiet or dry feed (DF) alone. Diet DF was a 
commercial feed of 57 % crude protein (CP). Nutritional composition of 
the DF, including fatty acid and the amino acid profiles was analyzed at 
the nutritional laboratory of the University of Ghent, Belgium and 
Nitrilab Netherlands respectively (Table 1). Temperature in all experi-
mental tanks was maintained at 27 ± 1⁰C using thermostatic heating 
rods (Sera Aquarium heater thermostat; sera D 52518, Heinsberg Ger-
many). Ammonia levels were maintained below 0.1 ppm by cleaning 
tanks and exchanging water twice daily at 7:00 h and 17.00 h. Dissolved 
oxygen (DO) was maintained at 7.0 ± 2.7 mg/l throughout the experi-
mental period. The hatched larvae were fed to satiation, 3 times a day at 
8.00 h, 12.00 h and 18.00 h (Table 2). For the combination diet, larvae 
were fed Moina + microdiet (MD) at the same time during each feeding 
time. The experiment was conducted for a period of 48 days (48 DAH). 
About 45 larvae were sub sampled from each tank throughout the 
experiment at every sampling. The wet weight of each larva was 
recorded to the nearest 0.001 g using an electronic micro weighting 
scale (Model DJ V320A; 320 g/0.001 g, PAN SCALE Hardware) and the 
length was recorded to the nearest 0.1 cm using a calibrated ruler. 

2.1.2. Experimental study 1(Phase II): consequential effects of larvae diets 
in growth of juveniles 

This experiment was a continuation of the first experiment (experi-
mental study 1-Phase I) whereby after terminating feeding the larvae 
with diets MO, MD, HA, DA, and DF; a co-feeding diet MD that per-
formed well in Phase I was introduced to all the larvae in all the treat-
ments (experimental tanks). The co-feeding diet MD was introduced at a 
stage when the larvae guts started coiling (Aruho et al., 2019). This is a 
period when larvae mortalities were drastically reduced to less than 20 
% (see results section) in all the treatments, and when scalation process 
had began in larvae. This was presumed to be the beginning of juvenile 
stage. The experiment determined the effect (or the influence) on 
growth performance of juveniles (consequential effects) as a result of 
differences in diets MO, MD, HA, DA, and DF provided at larvae stage in 
the experiment 1 (Phase I). The experiment was conducted from 48 DAH 
to the 92 DAH in the same indoor glass tanks (aquaria). At 48 DAH, the 
diet MD was gradually used to replace the original diets in experiment 
1-Phase I (Table 2) for 5 days until when the original feeds were 
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completely replaced. However, the treatment that received co-feeding 
diet MD at larval stage was maintained on the same diet in the second 
experiment and since it performed better than other diets it was regar-
ded as a control. Sampling was done every after 10 days of culture for 
one month to record the weights and the lengths. The experiment was 
terminated at 92 DAH (last day of sampling) when the whole body of 
each larval was observed to have completely been covered with scales. 
During the whole period for experiments 1 (from 6 DAH to 92 DAH) 
about 5 fish were observed of their scalation process every sampling to 
clearly identify the period of larvae transition into juvenile stage. Ob-
servations were made using light microscope (model Leica DM 500, 
Made by Microsystems Switzerland Ltd). 

2.2. Experimental study 2: ontogenetic enzyme activity and regulation in 
larvae fed combination (MD) 

The ontogeny and regulation of enzyme activity of amylase, protease 
and lipase enzymes were determined to explain the growth changes 
during larval development for the best performing combination diet 
(MD) in experimental study 1 (MD was selected based on pre- experi-
ment trials). Enzyme activity helped identify the maturation digestive 
competent period for break down and utilization of starch, proteins and 
lipids by larvae. This experiment was done concurrently with experi-
mental study 1 (Phase I) under the same experimental set up and con-
ditions for uniformity of growth results for the combination diet MD. In 

Table 1 
Fatty acid and amino acid profiles of microdiet (dry feed) DF.  

FAME: procentual composition & quantitation (mg/g dry weight) Protein profiles 

Fatty acids Area% mg/g DW Fatty acid Area% mg/g DW Amino Acids %/100g 

14:0 6.4 9.4 I.S.   Alanine 3.32 
14:1(n-5) 0.2 0.3 21:0   Arginine 3.12 
15:0 0.6 0.9 20:3(n-6) 0.1 0.1 Aspartic acid 4.91 
15:1(n-5) 0.2 0.2 20:4(n-6) 1.1 1.6 Cystine 0.65 
16:0 18.9 27.6 20:3(n-3) 0.1 0.1 Glutamic acid 9.85 
16:1(n-7) 7.0 10.2 20:4(n-3) 0.7 1.0 Glycine 3.47 
17:0 0.7 1.1 22:0 0.1 0.1 Histidine 1.18 
17:1(n-7) 0.1 0.2 20:5(n-3) 15.5 22.6 Isoleucine 2.28 
18:0 4.2 6.2 22:1(n-9) 0.5 0.8 Leucine 4.21 
18:1(n-9) 9.5 13.9 22:1(n-7) 0.2 0.3 Lysine 3.93 
18:1(n-7) 3.1 4.5 23:0   Methionine 1.51 
18:2(n-6)-t 0.1 0.1 21:5(n-3) 0.6 0.9 Phenylalanine 2.3 
18:2(n-6)-c 3.6 5.3 23:1(n-9)   Proline 3.26 
19:0 0.2 0.2 22:4(n-6)   Serine 2.57 
18:3(n-6)   22:3(n-3)   Threonine 2.36 
19:1(n-9) 0.2 0.3 22:5(n-6) 0.3 0.4 Tyrosine 1.59 
18:3(n-3) 0.8 1.2 22:4(n-3)   Valine 2.38 
18:4(n-3) 2.2 3.3 24:0   Tryptophan 0.58 
20:0   22:5(n-3) 2.1 3.1   
20:1(n-9) 0.8 1.2 24:1(n-9)     
20:1(n-7) 0.3 0.4 22:6(n-3) 11.5 16.8 Proximate analysis    

Sum (n-3) >or = 20:3(n-3) 30.4 44.5 Crude Protein 57 %    
Sum (n-6) >or = 18:2(n-6)-t 5.1 7.4 Crude Fiber 11 %     

Crude fat 15 %    
g wet 0.0579 0.0531 Ash 11 %    
% DW 91.645 9.4196 Phosphorous 18 %    
Total mg FAME/g DW  146.2 CuSO4 8 mg/kg    
Total lipid % on DW   VitaminA ui/kg 70,000  

Table 2 
Feeding schedule (estimates) for different diets at satiation during experimental period.  

Experiment 1a; (live prey estimates per individual) 

Days of culture Week Moina (MO) Artemia nauplii (HA) Microdiet) DF (g) Moina + dry feed (MD)  Decaps. Artemia      
Moina Dry feed (g) per tank  

5− 7 1 30− 60 115− 400 0.4 20− 30 0.2 20− 30 
8− 14 1 136− 300 115− 400 0.8 70− 100 0.4 20− 30 
15− 21 2 200− 400 200− 600 0.9 100− 200 0.5 30− 60 
22− 29 3 300− 500 400− 600 1 150− 250 0.6 40− 80 
30− 37 4 500− 600 500− 800 1 250− 400 0.6 70− 90 
38− 45 5 700− 1000 600− 1200 1 400− 600 0.6 90− 100 
46− 48 6 1000− 1500 >1200 1 600− 700 0.7 >100  

Experiment 2; (Moina +Microdiet) proportions provided during transition period  

Treatments 

Days of culture- 
transition 

MO+Microdiet HA+Moina &Microdiet(50%+

50%) 
DF +Moina MD+Moina & microdiet (50 %+50 %) DA+Moina & microdiet (50 %+50 %) 

48 +20 % +20 % +20 % 100 % +20 % 
49 +40 % +40 % +40 % 100 % +40 % 
50 +60 % +60 % +60 % 100 % +60 % 
51 +80 % +80 % +80 % 100 % +80 % 
52 +100 % +100 % +100 % 100 % +100 % 
Note that: the number of Moina provided was constant across all the treatments during transition 
Up 92 DAH >2000 Moina per individual + Microdiet (ranging from 1.2 g to -1.5 g for each tank)  
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this experiment (Experimental study 2), 10 aquaria of 55 l capacity each 
were treated with the combined Moina and microdiet (MD). The aquaria 
were randomly stocked with between 100 and 200 larvae each. Rearing 
conditions and feeding regimes were maintained similar to experiment 
1a until 45 DAH. Larvae were randomly sampled in equal proportion 
from the 10 tanks before the morning feeding, anaesthetized with an 
over dose of clove oil and weighed to achieve at least 0.5 g (constituting 
between 50–150 individuals depending on the age and weight). Larvae 
were immediately put in 20 mL plastic bottles and preserved in nitrogen 
filled tank (-80⁰C). Samples were collected every 2 days from 1 DAH up 
to 8 DAH, then every 3 days up to 35 DAH, and there after every 5 days 
up to 45 DAH. The samples were transferred to the bioscience lab at the 
National Crop Research Institute at Namulonge (NaCRI) for analysis of 
enzymatic profiles. 

To prepare the enzyme extract, fish samples earlier stored at − 80 ◦C 
(from experiment 1b) were placed in 50 mL falcon tubes containing 15 
mls of phosphate buffered saline (PBS) to stabilize the reaction mixture 
and prevent possible hydrolytic activities (Dawson et al., 1986). The 
samples were homogenized using an ultrasonic homogenizer (model 
150 V/T-Biologics Inc) at − 20 ◦C. The homogenate was then centrifuged 
at 10,000 rpm for 15 min. The supernatant was decanted and stored at 
-20ºC for later enzyme activity analyses. 

Enzyme activity for amylase, protease and lipase were determined 
following a method modified from Kimura and Robyt (1995); Sig-
ma-Aldrich (1999) and Sugihara et al. (1991) respectively. The modified 
procedures are elaborated in Aruho (2018). Total protein in sample 
extracts was determined so as to calculate specific activity per milligram 
protein. Protein was essayed based on Bradford (1976) method. A 
standard curve was made using bovine serum albumin (BSA) of 0.1− 0.6 
mg/mL. 240 μL of Bradford reagent was mixed to 10 μL of homogenate; 
200 μL from each aliquot was placed in spectrophotometer and absor-
bance values were read off at 595 nm. 

2.3. Experimental study 3: green water and larvae culture 

In another set of experiment to determine whether green water had 
any direct effect on growth of B. altianalis larvae, 75 larvae of average 
weight 3.0 ± 1.0 mg (6 DAH) each were randomly distributed into 6 
glass tanks of 55 L. Three tanks were given green cells (Green water 
cultures- mixed microalgae-dominated by Chlorella vulugaris) estimated 
at 6.3 × 106 cells per litre. The rest of the tanks were used as control. 
Larvae in all the tanks were fed with Moina + microdiet (DM) following 
the same procedure as used in experiment 1. Temperature was kept at 27 
± 1⁰C by thermostatic heaters. Green water was added daily in tanks 
after cleaning them of feaces or uneaten feed at 8.00 h and 16.00 h and 
before feeding the larvae. The tanks were kept in a greenhouse and 
received 12 h of day light and 12 h of darkness. The weights and the 
lengths of the larvae were recorded at every sampling done after 14 days 
for a period of 42 days (6 DAH to 48 DAH). 

2.4. Experimental study 4: growth performance of larvae co-fed microdiet 
from outdoor concrete tanks 

Based on the results obtained from a procedure of larval growth 
experiments in indoor aquaria (experimental study 1-Phase 1and II), an 
outdoor experiment to evaluate growth performance for fingerling 
production of B. altianalis larvae nursed in a semi natural controlled 
environment was conducted at ARDC-Kajjansi (N⁰ 13′19.182′′. E 32◦

32′4.9092′′). Three concrete tanks (100 m2, 1 m deep) were thoroughly 
cleaned and disinfected with sodium hypochlorite (NaOCl). They were 
fertilized with application of NPK (nitrogen, phosphorous & potassium) 
at a rate of 80 g/1000 L to encourage growth of both phytoplankton and 
Zooplankton. When the tanks were green, 3000 larvae (14.0 ± 1.82 mg; 
15 DAH) raised indoor on MD diet were randomly and equally distrib-
uted into the three replicate tanks. Water inlet and the outlet were 
tightly screened with a 250 μm mesh to avoid entrance of unwanted 

natural predators and loss of zooplanktons. The tanks were covered with 
mosquito nets to prevent birds and other insects falling into the tanks. 
Feed supplementation was done 3 times a day by feeding the larvae with 
DF diet (57 % CP) at 8.00 h, 12.00 h and 17.00 h. Sampling to record the 
wet weight was conducted only twice on the 45 DAH (after one month) 
and on 75 DAH (second month) when the larvae were observed to have 
metarmophosised into the Juveniles. Two hundred larvae were weighed 
at each sampling. Larvae were counted to ascertain the mortalities. The 
water quality (Ammonia and Dissolved oxygen) was maintained by 
flashing in the water at slow flow rate of 10 s per litre for one hour at 
1.00 h, 5.00 h, 12.00 h and 7.00 h. Average ammonia was 0.13 ± 0.06 
ppm and Dissolved oxygen was 4.6 ± 1.2 mg/l. Ammonia was monitored 
using LaMotte Fresh water aquaculture kit (Code 6665-02-CC-) while 
the dissolved Oxygen was monitored by OxyGuad Handy Polaris 2 
Portabe DO Metre. 

2.5. Preparation of live feeds and decapsulation of Artemia cysts 

Green water culture was prepared as a feed for Moina micrura, one of 
the live feeds that was used to feed the larvae either alone (MO) or in 
combination with a dry feed (MD). Preparation of the green water cul-
tures and enrichment of Moina micrara followed a procedure described 
by Aruho (2018). Artemia nauplii and decapsulated cysts were prepared 
following modified procedure by Sorgeloos (1980) and Spotte (1992) 
respectively, and described in detail by Aruho (2018). 

2.6. Growth parameters 

The weight gain percentage, specific growth rates (SGR), survival 
and condition factors were calculated using the following equations:- 

FW-IW 

(i) Wg% =
FW − IW

IW
× 100.

(ii) SGR% per day =
In FW − In IW

n
× 100.

(iii) Survival(%) =
FN
TN

× 100.

(iv) K =
W
L3 × 100   

Weight-Length relationship = W =aLb                                               (v) 

Where a and b are coefficients, L is the total length (cm), and W is the 
wet weight in g; FW is the Final Weight; IW is Initial weight; In is the 
natural log; SGR is the Specific Growth Rate, Wg is Weight gain, n is the 
number of culture days; K is Fulton’s condition factor (Froese, 2006); FN 
is Final Number; TN is Total number of stocked fish 

2.7. Data analysis 

An interactive effect between sampling period and the treatment 
means (weight) due to larval diets was analysed using repeated mea-
sures Analysis of Variances (ANOVA). Statistical significance between 
treatment means at each sampling level (period) was determined using 
Duncan’s test in one way ANOVA. Relationships between weights and 
total lengths of larvae and juveniles were calculated by linear regression 
analysis. Chi-square statistical test (X2) was used to compare the larval 
survival and mortality frequencies using cross-tabulation (contingency 
table) analysis technique. Student’s t-test was used to analyze the weight 
differences between green water fed larva and non green water fed 
larvae. Statistical analyses were all performed using IBM SPSS Statistics 
for Windows (Version 22.0. Armonk, NY: IBM Corp, 2013) at 95 % 
confidence level. 
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3. Results 

3.1. Effect of live and microdiets on growth performance of larvae and 
juveniles (experimental study 1 (Phase I & II) 

The interaction between treatments (diets) and sampling period was 
significant throughout the culture period (P < 0.001). That is, there was 
significant weight increase due to the diet effect after every sampling for 
each diet. At first sampling, 13 DAH (7 DAF), larvae fed diet MD attained 
significantly higher average body weight BW than the larvae fed all 
other diets (F4, 10 = 146.19, P < 0.001) followed by larvae fed diets DA, 
DF, MO and HA in that order. There was no statistical significance in 
average BW between larvae fed diets DA and DF (P > 0.05). The larvae 
fed diets MO and HA attained the least BW and there was no statistical 
difference between them (P > 0.05). In all the subsequent samplings 
done at 20, 27, 34, 41 and 48 DAH, BWs of the larvae on all diets were 
significantly different from each other (Table 3; Table 4). Larvae fed diet 
MD maintained a significantly better growth performance than all other 
diets followed by DA, DF, MO and HA in that order (Table 3). In spite of 
the significant differences in BW between larvae fed diets MD and DA 
their means were closer and bigger than the rest of the treatments. 
Significant variations in the final specific growth rates SGR (F4, 10 =

45.66, P < 0.001), weight gain W (F4, 10 = 58.85, P < 0.001) and con-
dition factor K (F4, 10 = 60.25, P < 0.001) were observed for all diets 
with a better growth performance recorded for diet MD followed by DA, 

DF, MO and HA (Table 5). 
At the time of termination of experimental study 1(Phase I), larval 

percentage survival was high in all the treatments (between 77.7 % and 
92.1 %). There were no significant differences in survival among larvae 
fed diets MO, MD, HA, and DA (P > 0.05) but survival of larvae fed diet 
DF was significantly lower than for all other diets (X2 = 21.173, df = 4, p 
= 0.0001). However, mortalities were comparatively higher in larvae 
fed diets MO, MD, HA and DA before the 24 DAH (18 DAF) than those 
larvae fed the same diets by 45 DAH (35 DAF) (Fig. 1). Mortality 
remained relatively constant for larvae fed diet DF throughout the 
experimental. 

In the second phase of the experimental study 1(Phase II), where all 
the treatments received a combination of Moina + microdiet (MD), the 
interaction between treatment (diets) and sampling period was signifi-
cant throughout the culture period (P < 0.001). No significant differ-
ences in final average body weight BW were noted between larvae in 

Table 3 
Mean values (±Standard Error) of larval body weight fed different diets at P < 0.05.  

DAH DAF MO (mg) MD (mg) HA (mg) DA (mg) DF (mg) 

13 7 3.30 ± 0.10a 14.93 ± 0.36c 3.21 ± 0.08a 12.87 ± 0.21b 13.31 ± 0.25b 

20 14 8.63 ± 0.30a 31.05 ± 0.58e 14.80 ± 0.35b 24.16 ± 0.32d 20.99 + 0.42c 

28 21 19.17 ± 0.53a 63.64 ± 1.08e 24.81 ± 0.53b 40.30 ± 1.13d 32.52 ± 1.00c 

34 28 37.24 ± 0.75a 87.59 ± 1.45e 42.07 ± 0.66b 70.04 ± 1.72d 55.61 ± 1.65c 

41 35 44.66 ± 0.93a 110.65 ± 1.70e 55.07 ± 0.86b 102.98 ± 1.97d 65.40 ± 1.73c 

48 42 73.67 ± 1.48b 152.05 ± 2.51e 60.35 ± 0.83a 141.14 ± 2.43d 87.30 ± 2.63c 

Mean values with different superscripts show significant differences. 

Table 4 
F-tests for all the diets at each sampling at P < 0.05.  

DAH DAF F Level of 
significance 

Degree of freedom 
(treatments, subjects) 

No. of 
fish N 

13 7 146.19 <0.001 4, 10 678 
20 14 65.97 <0.001 4, 10 678 
28 21 62.72 <0.001 4, 10 678 
34 28 18.52 <0.001 4, 10 678 
42 35 75.80 <0.001 4, 10 678 
48 42 58.45 <0.005 4, 10 678  

Table 5 
Growth parameters of B. altianalis fed on different diets (Mean ± SE).  

Growth Parameters MO MD HA DA DF 

Experiment 1(Phase I); 48 DAH (42 DAF) 
Initial Weight (mg) 3.00 ± 1.00 3.00 ± 1.00 3.00 ± 1.00 3.00 ± 1.00 3.00 ± 1.00 
Final weight (mg) 73.67 ± 1.48b 152.05 ± 2.51e 60.35 ± 0.83a 141.14 ± 2.43a 87.30 ± 2.63c 

Weight gain W % 2355.80 ± 49.33b 4968.40 ± 83.74e 1912.26 ± 27.50c 4604.69 ± 81.00d 2809.88 ± 87.59c 

SGR% 3.28 ± 0.02b 4.06 ± 0.01e 3.10 ± 0.01a 3.96 ± 0.02d 3.41 ± 0.0.04c 

Final Condition factor K 0.70 ± 0.01b 0.88 ± 0.01e 0.64 ± 0.01a 0.85 ± 0.01d 0.72 ± 0.01c 

Survival% 93.3b 93.0b 92.9b 92.9b 82.9a 

Experiment 1 (Phase II); 92 DAH (86 DAF) 
Initial Weight (mg) 73.67 ± 1.48b 152.05 ± 2.51e 60.35 ± 0.83a 141.14 ± 2.43a 87.30 ± 2.63c 

Final weight (mg) 355.47 ± 6.08a 500.20 ± 11.80b 361.01 ± 5.85a 510.13 ± 11.93b 354.69 ± 12.60a 

Weight gain W % 382.514 ± 8.26d 228.85 ± 7.76a 498.19 ± 9.69e 261.43 ± 8.45b 306.29 ± 14.43c 

SGR% 1.53 ± 0.02d 1.14 ± 0.02a 1.75 ± 0.02c 1.23 ± 0.02b 1.30 ± 0.04c 

Final Condition Factor K 0.89 ± 0.02a 0.87 ± 0.01a 0.85 ± 0.02a 0.85 ± 0.01a 0.89 ± 0.01a 

Weight length relation (power 
curves) 

y = 0.002x4.022; r2 =

0.969 
y = 0.004x3.503; r2 =

0.959 
y = 0.002x3.974; r2 =

0.963 
y = 0.004x3.465; r2 =

0.979 
y = 0.003x3.660; r2 =

0.968 

Different superscripts across the rows indicate significant differences. 

Fig. 1. Mean percentage survival at 48 DAH and percentage mortalities of 
B. altianalis Larvae at 24 DAH and 45 DAH. Bars are shown as mean ± Stan-
dard Deviation. 
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treatments MD and DA (P > 0.05) throughout the experimental period. 
Similarly, no significant differences in BW were noted among the larvae 
in treatments MO, DF and HA (P > 0.05). However, larvae in MD and DA 
treatments maintained a significantly higher final average BW than 
larvae in MO, DF, and HA treatments (Table 6). Significant differences 
among all treatments were observed in larval weight gain W (F4, 10 =

28.98, P < 0.001) and specific growth rates SGR (F4, 10 = 32.36, P <
0.001). No significant differences in condition factor were observed 
among all the treatments (P > 0.05). In spite of the higher average BW of 
larvae noted in DM and DA treatments, the weight gain W and SGR were 
much higher for larvae in treatments MO, HA and DF, signifying a 
previously and comparatively much deeper growth depression and 
therefore a higher compensatory growth performance than larvae on 
diets MD and DF (Table 5). There was no death recorded during the 
transition period of introducing new diet MD (co-feeding) between 48 
DAH and 52 DAH until when the experiment was terminated at 92 DAH. 
The power curve equations relating the standard weight and the total 
length showed a very strong correlation relationship r2 of greater than 
95 % for each diet and all showed positive allometric growth in all the 
treatments (Table 5). The power curve equations for diet DM and DA; 
and those for MO and HA were generally similar showing a similar 
growth trajectory for the diets. 

3.2. Ontogeny of enzyme activity and larval development of the best diet 
MD (6 DAH to 45 DAH; experimental study 2) 

The mean average growth was 152.05 ± 3.51 SE from the 10 
experimental tanks. No amylase activity was detected before and until 
the mouth opening on day 5. The amylase activity surfaced on the 6 DAH 
(8 ± 2 U/mg Standard deviation) when feeding started and increased 
sharply from that day reaching the peak at 14 DAH (23 ± 4 U/mg) and 
then reduced to 17 DAH (11 ± 2 U/mg) and gradually continued to 
reduce up to 45 DAH (Fig. 2). The alkaline proteases were detected at 
the beginning of exogenous feeding, increased sharply to 17 DAH (100 ±
9 U/mg) and dropped low to 20 DAH (40 ± 4 U/mg) and gradually until 
the end of the experiment period (Fig. 3). Lipase activity increased to the 
highest peak at 17 DAH (11 ± 0.5 U/mL) then slightly reduced to 20 
DAH (8 ± 0.9 U/mL) and rose again to 28 DAH (9.5 ± 0.3 U/mL) before 
it gradually declined at 40 DAH (3 ± 0.30 U/mL) (Fig. 4). 

3.3. Green water (microalgae) experiment 

A significant difference in larval growth was observed between the 
treatment that was given algae (green water) and that of the clear water 
at 20 DAH (t374 = -5.67, P < 0.0001). Conversely, no significant dif-
ferences were observed in larval weight between the treatments in all 
the subsequent samplings at 34 and 48 DAH (P > 0.05) (Table 7). No 
significant differences in SGR, W and percentage survival were observed 
between the two treatments (P > 0.05) (Table 7). 

3.4. Nursing larvae in outdoor green water concrete tanks 

Final average BW was 1112 ± 42.70 mg (±SE) at 75 DAH after two 
months of stocking. The BW at 15 DAH was 7.24 ± 0.34 and 250.77 ±
7.1 at 45 DAH. The SGR for the whole experimental period was 3.149 ±
0.02 % (± SE). While weight gain W was 7843.32 ± 169.44 %. Survival 

was 89.23 % at 45 DAH and 95.3 % between 45 DAH and 75 DAH. Water 
temperature was 24 ± 1.2⁰C, dissolved oxygen was recorded at 6.3 ± 1.5 
mg L-1 (± standard deviation) and the Ammonia was ≤ 0.01 ppm. 

3.5. Scale formation (larval transition to juvenile) 

Throughout the experimental period from 6 DAH to 92 (for experi-
ment 1, Phase I & II), scales were first observed in the larvae fed MD and 
DA diets forming around the neck and a long lateral region at 41 DAH 
when the larvae were 110.65 ± 1.70 mg (±SE) and 102.98 ± 1.97 mg 
(±SE) respectively. The scalation increased rapidly and by 75 DAH 
(427.0 ± 4.1 mg; ±SE) they had covered an estimated 80 % of the whole 
body (Fig. 5). For the larvae that were stocked in outdoor concrete tanks 
for further nursing (experimental study 3) the scales had completely 
covered the whole body by the second sampling at 75 DAH (1112 ±
42.70 mg; ±SE). 

Table 6 
Statistical significance between treatment mean weights at P = 0.05 from 62 DAH to 92 DAH. (Mean ± Standard Error SE).  

DAH DAF MO (mg) MD (mg) HA(mg) DA (mg) DF (mg) 

62 56 170.00 ± 3.39a 263.36 ± 4.30b 167.82 ± 2.36a 279.04 ± 5.13b 179.71 ± 5.63a 

72 66 251.18 ± 3.77a 355.33 ± 6.44b 237.81 ± 3.46a 373.11 ± 6.97b 236.9 ± 6.41a 

82 76 325.17 ± 3.28a 427.30 ± 8.22b 315.90 ± 4.21a 443.22 ± 9.69b 305.96 ± 12.60a 

92 86 355.47 ± 6.08a 500.20 ± 11.80b 361.01 ± 5.85a 510.13 ± 11.93b 354.69 ± 12.60a 

Treatments with different superscripts along the same row are significantly different. 

Fig. 2. Variation of Amylase activity with Days after hatch (DAH) in 
B. altianalis larvae (n = 3). Bars are shown as mean ± Standard Error. 

Fig. 3. Variation of protease activity with Days after hatch (DAH) in 
B. altianalis larvae (n = 3). Bars are shown as mean ± Standard Error. 
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4. Discussion 

Larval growth and survival in captivity are influenced by a multi-
plicity of factors ranging from nutritional quality, maturation and 
digestive capability of larvae, management and control of key physico- 
chemical water parameters, hygiene in the hatchery (Braum, 1967; 
Delince et al., 1987) and often genetic quality of the species (Lorenzen 

et al., 2012). In this study larval growth and survival were found to be 
significantly affected by the diets and the age at which the diets were 
offered. Results from experimental study 1(Phase 1) showed that in 
B. altianalis the specific growth rates (SGR), weight gain (W), condition 
factor (CF) and final average body weight (BW) for larvae co-fed Moina 
+ microdiet (MD) performed better than all other diets. This was fol-
lowed by larvae fed decapsulated Artemia (DA), the microdiet alone DF, 
Moina (MO) and the hatched Artemia (HA). These results agree with 
those obtained from some other cultured species including, Aristichthys 
nobilis (Fermin and Recometa, 1988), Clarias Batrachus (Giri et al., 
2002), Migurnus anguiillicaudatus (Wang et al., 2008), 
M. anguiillicaudatus (Wang et al., 2009), Oncorhynchus mykiss (Akbary 
et al., 2010) and Osteobrama belangen (Ramesh et al., 2014). These au-
thors reported that larvae fed combination diet resulted in better growth 
and survival than those fed microdiet or live food alone. The current 
results also concurred with the same studies in A. nobbilis and O. Mykisss 
in which larvae fed microdiet alone performed better than those fed live 
diet. However, the microdiet given to the O. belangen larvae performed 
poorly with high larvae mortalities than Moina (Ramesh et al., 2014). 
With a better final BW for larvae fed diet DF (87.30 ± 2.63 mg) than MO 
(73.67 ± 1.48 mg) and HA (60.35 ± 0.83 mg), this study confirmed that 
B. altianalis larvae could be directly weaned to a microdiet though this 
was not the best diet since significant mortalities were recorded 
compared to other diets. Variations in nutrient composition for different 
microdiets will influence how fast the digestive capability of the larvae 
develops ably to digest and assimilate the microdiet for better larval 
growth (Cahu and Zambonino-Infante, 2001; Cara et al., 2003). The 
analysis on DF diet used in this study showed that this commercial diet 
was well formulated with minimum nutritive requirements for better 
larvae growth and survival. Hence larvae performance was consequently 
limited by other factors such as sufficient endogenous enzymes for 
digestion. 

The good performance of diet MD in B. altianalis was attributed to a 
contribution of nutrients from Moina and microdiet. Live feeds are said 
to contribute enzymes for either self digestion or facilitate direct 
breakdown of microdiets (Dabrowski, 1984; Kolkovski et al., 1993). 
Some authors suggest that enzyme contribution from the live feed is very 
small and that co-factors carried by live prey stimulate more larval 
pancreatic secretions that facilitate maturation of the digestive process 
to efficiently digest and assimilate the microdiets (Cahu and 
Zambonino-Infante, 2001; Liu et al., 2012). Other workers suggest that, 
visual and chemical stimulation by the live prey facilitate capture and 
ingestion of microdiet for quick growth (Canavate and Fernandez-Dıaz, 
1999). The current study results agree with the later assertions because 
the larvae fed exclusively on microdiet performed better than the live 
diets. The active feeding of larvae observed more in co-fed treatments 
preceded stimulation of enzyme co-factors. Nevertheless, co-feeding 
maximized nutritional benefits from live and microdiets improving 
growth and survival of B. altianalis. The study findings recommend in-
clusion of a co-feeding strategy in larval rearing protocol. 

The larval ontogenetic enzyme pattern indicating an early increase in 
activity, followed by a sharp decline for larvae fed combination diet, is a 
characteristic of larvae maturation and development manifested in 
many other species at various stages (Zambonino-Infante et al., 2008). 
All enzymes were detected at the time of exogenous feeding and their 
initial increase was attributed to the development and size increase of 
the pancreas as was observed in several cultured cyprinids (Chakrabarti 
et al., 2006; Chakrabarti and Rathore, 2010; Farhoudi et al., 2013). 
Early increase in amylase and then its sharp decline is said to be 
genetically programmed in larvae development (Peres et al., 1996; Cahu 
and Zambonino-Infante, 2001). The decline of other pancreatic enzymes 
as the larvae grew did not reflect enzyme reduction but suggested a 
normal increase in protein tissue as the fish gains weight (Cara et al., 
2003; Zambonino-Infante et al., 2008). The evolution of enzyme activity 
pattern in developing larvae relates the digestive maturation with food 
assimilation mechanisms, and this helps to indentify the period when 

Fig. 4. Variation of lipase activity with Days after hatch (DAH) in B. altianalis 
larvae (n = 3). Bars are shown as mean ± Standard Error. 

Table 7 
Mean values of growth parameters between green water and clear water 
treatments.  

DAF DAH Green water (mg) Clear water (mg) 

14 20 35.33 ± 0.57a 39.95 ± 0.58b 

28 34 89.84 ± 2.00a 92.22 ± 1.00a 

42 48 147.19 ± 2.98a 148.59 ± 2.90a 

Final weight (mg) 147.19 ± 2.98a 148.59 ± 2.98a 

Specific growth rates SGR% 3.989793 ± 0.02a 3.994740 ± 0.02a 

Weight gain W % 4806.4030 ± 99.32a 4852.9411 ± 96.36a 

Survival % 78.0a 79.3a 

Treatments with different superscripts along the same row are significantly 
different at P < 0.05. 

Fig. 5. Scale formation. a) Scales forming round the neck and along the lateral 
region of B. alitianalis larvae metamorphosising into Juveniles at 57 DAH (257 
mg, 3.0 TL). b) The animal has transited into juvenile and the whole body is 
almost covered by scales at 75 DAH (427 mg, 3.9 TL). The juvenile clearly 
resembles an adult fish. c) Magnified section of the skin of young fish showing 
formed scales. The scales gave a characteristic glittering colouration of an adult 
B. altianalis Mg X 100. 
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the larvae are competent enough to effectively digest and assimilate the 
microdiet (Zambonino-Infante et al., 2008; Gisbert et al., 2009). Thus, at 
a time when the pancreatic enzyme activity began to decline, the larvae 
digestive structure developed an efficient digestive mechanism that was 
attributed to gradual increase of enterocyte enzymatic activity as a 
result of increased gut microvilli structural development (Kolkovski, 
2001; Gisbert et al., 2009). This observation was confirmed by increased 
clarity and size of microvilli and the larval intestinal folds by the 15 DAH 
(Aruho et al., 2019). It can be inferred that the earliest B. altianalis larvae 
fed combination diet can reach competent digestive maturation stage 
with minimal mortalities and better BW was at 14 DAH, 20 DAH and 17 
DAH for amylase, protease and lipase respectively. To be explicit, by the 
third week of maturation after hatch, B. altianalis larvae were easily able 
to adapt to dietary changes i.e. digest and assimilate complex diets with 
inevitable manipulations or possible complete replacement of live diets 
with microdiets and with very minimal mortalities. The attainment of 
digestive maturation level in common carp larvae was able to facilitate 
complete diet replacements in a related study (Farhoudi et al., 2013). 
Diet manipulation and or complete replacement of live preys by 
microdiets is an inevitable strategy in massive seed production to lower 
the production costs and increase survival (Kolkovski, 2001; Conceicao 
et al., 2010). 

The gradual decline of enzyme activity coincided with the reduction 
of larvae mortality in a combination diet. Mortality was slightly high for 
larvae fed diet MD before 24 DAH but declined further than other diets 
by 48 DAH confirming the possibility of attaining a gradual maturation 
and stabilization of the digestive capability of the larvae earlier than 
other diets. In spite of the fact that larvae fed exclusively with microdiet 
DF performed better than those fed live diets, survival was significantly 
lower than other diets. Most studies attribute the poor performance of 
the microdiets to limitations in enzyme production to facilitate larval 
digestion of the microdiet, due to rudimentary digestive system (Segner 
et al., 1993; Kolkovski, 2001; Ramesh et al., 2014). However, the sur-
vival reported in such studies has been notably too low compared to the 
77.6 % obtained for B. altianalis in the current study. It can be deduced 
that whereas there are sufficient nutrients for larval uptake from the 
microdiet; there could still be an insufficient mechanism for self released 
enzymes to appropriately breakdown and utilized the processed 
microdiets. This mechanism seemed to select against the small larvae in 
aquaria because most of the dead larvae were small. It is hypothesized 
that the feed could have chronically stressed their digestive system 
rendering them physiologically unable to adjust and produce sufficient 
enzyme to digest the microdiet compared to bigger sized larvae. The 
stress factor could be justified by the fact that larvae fed live diets had 
comparatively less mortalities than microdiet. The role of stress effect by 
microdiets could further be investigated in this species. 

In experimental study 1(Phase II), no larvae mortality was recorded 
throughout the growth period. The absence of mortalities coincided 
with a rise in larval weight at the start of the Phase II experiment and 
was attributed to gut coiling reported in previous study on the same 
species at 35 DAH (Aruho et al., 2019). In some species, gut coiling 
resulted into increased surface area over which food absorption 
occurred (Gisbert et al., 2009; Ruan et al., 2012). This change also 
marked the beginning of scalation characterizing a transition process 
into juvenile stage. Compensatory growth was observed in all treatments 
but the juveniles in treatment DA (initially fed decapsulated Artemia at 
larval stage) grew comparatively faster to the same rate with those in 
control treatment MD than other treatments. Earlier in experiment 1 
(Phase I), larvae fed decapsulated Artemia had exhibited growth per-
formance close to those fed MD diet and therefore reached a digestive 
maturation level, much earlier than larvae fed diets MO, HA and DF 
before all were treated to co-feeding in Phase II. Decapsulated Artemia 
has good and well composed nutrients with sufficient energy for larvae 
growth (Leger et al., 1986). Therefore, the introduction of co-feeding 
(Moina + microdiet) provided a quick impulse for further (or better) 
growth. The current study concurred with larval studies in Carassius 

auratus (Kaiser et al., 2003) and in Solea solea (Leger et al., 1986) where 
decapsulated Artemia performed better than Artemia nauplii. Good 
larval performance on decapsulated Artemia was also recorded in Cyp-
rinus carpio (Vanhaecke et al., 1990), Leuciscus cephalus L (Shir-
i-Harzevili et al., 2003) and Clarias gariepinus (Olurin and Oluwo, 2010). 
From this study it can be stated that the decapsulated Artemia provided a 
better alternative diet for growth of B. altianalis larvae to reach a 
digestive maturation level earlier than Artemia nauplii. The decapsu-
lated Artemia contain more energy than other forms of Artemia nauplii 
(Vanhaecke et al., 1983; Bengtson et al., 1991) and therefore B. altianalis 
larvae easily consolidated this energy in decapsulated form as starter 
feed than the nauplii. The challenge with Artemia diets in Africa is the 
high prohibitive cost and availability issues which hinder fingerling 
production. 

The initial larval growth limitations observed in treatments MO, HA 
and DF in experiment 1(Phase I) was attributed to inadequate nutrients 
in diet or enzymes for digestion. When co-feeding was introduced Phase 
II, larvae maximized available nutrients and grew comparatively faster 
than those in MD and DA. But all larvae in all indoor aquaria tanks soon 
reached their normal physiological potential under. This could be the 
reason why the condition factor was notably the same across all treat-
ments. Therefore, the nutritional composition of diets was no longer a 
limiting factor but perhaps other factors that included environmental 
stress and or stocking densities (Basiao et al., 1996; Ali et al., 2003). This 
result had a significant implication in growth of B. altianalis larvae 
because initial diet provided to the larvae will consequently influence 
growth and survival in juvenile stages. High larval growth rates will 
confer to juveniles’ size advantages to accessing limited resources, 
evading and escaping predators (Leggett and Deblois, 1994). In tropical 
marine fishes high larval growth rates were associated with survival 
during metamorphosis to juvenile stages (McCormick and Hoey, 2004). 
With B. altianalis it is inevitable to maintain an initial feeding protocol of 
co-feeding and or using decapsulated Artemia to facilitate early larvae 
maturation and subsequent quick growth transition to juvenile stages. 

Manipulation of environment can largely influence compensatory 
growth (Ali et al., 2003). Hence when 15 DAH larvae were transferred 
and nursed in outdoor green water concrete tanks (in experiment 4) the 
final BW of 1112 ± 2.43 mg was attained at 75 DAH compared to 355.33 
± 6.44 mg fed combination diet in indoor aquaria within the same 
period. In this study (experiment 3), indoor green water experiment did 
not suggest a direct role of green water as reported in other studies by 
Reitan et al. (1997); Bengtson et al. (1999) and Sanaye et al. (2014) on 
other species. Green water only improved the nutritional value of Moina 
as also stated by Fermin and Recometa (1988) in bighead carp, Aris-
tichthys nobilis. In a more stable semi natural system such as well 
fertilized bigger nursing ponds or tanks microalgae could offer a char-
acteristic and complex environment that supports robust growth and 
survival than in smaller confined indoor aquaria tanks. Studies on larvae 
of Atlantic halibut Hipoglossus hippoglosuss (Skjermo and Vadstein, 1993) 
and herring Clupea harengus (Hansen et al., 1992) indicated that the 
addition of green algae to rearing tanks influenced microbial balance 
mechanism in rearing water and with in the gut system of the larvae and 
consequently affected the growth and survival of larvae in these species. 
In grass carp Ctenopharyngodon idella and bighead Aristichthys nobilis 
outdoor facilities provided better growth than indoor facilities (Opus-
zynski et al., 1985). This result is similar to what was obtained in this 
study when two weeks old larvae were nursed in outdoor facility; and 
the mechanisms for better growth may have been largely facilitated by 
complex microalgae interactional role. Further investigations are rec-
ommended to identify the age when B. altianalis juveniles can directly 
use and incorporate algae diets into their digestive systems and also the 
possibility of microbial role as a result of green water technique that 
influences the survival of larvae or juveniles among other factors. 
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5. Conclusion 

In conclusion, several studies define the larvae transition age to ju-
venile stages as the period of metamorphosis until the larvae acquire all 
adult features (Jones et al., 1978; Kendall et al., 1984). Based on the 
evidence adduced from this study of scale formation process, growth 
parameters and ontogenetic control of enzymatic activity coupled with 
structural ontogenetic histological development of the digestive system, 
it can be concluded that the larvae of B. altianalis transformed into ju-
veniles between the age of 48 (150 mg) and 75 DAH (427 mg). But these 
were also influenced by the type of diet provided. The study affirmed 
that the larvae of B. altianalis are vulnerable in outdoor nursing envi-
ronments especially before two weeks after hatch but higher chance of 
their survival was increased with the transformation of the larvae into 
juveniles. With better controlled environment of free parasites and good 
water quality rich in live feed, outdoor nursing of larvae offers faster 
growth rates and survivals of B. altianalis with supplementation of a well 
nutrient balanced microdiet. This is a feasible and cheaper option for its 
production in large quantities. This study suggests that stocking 
B. altianalis juveniles in much bigger culture systems such as ponds is 
preferable during or after larvae has fully transformed into juveniles 
(after two months). 
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Żarski, D., 2010. Impact of supplementing natural feed with dry diets on the growth 
and survival of larval asp, Aspius aspius (L), and nase, Chondrostoma nasus (L). Arch. 
Polish Fish. 18, 13–23. https://doi.org/10.2478/v10086-010-0002-3. 

Kwiatkowski, M., Zarski, D., Kucharczyk, D., Kupren, K., Jamroz, M., Targonska, K., 
Krejszeff, S., Hakuc-Blazowska Kujawa, R., Mamcarz, A., 2008. Influence of feeding 
chosen rheophilic cyprinid larvae using natural and compound diet. Arch. Polish 
Fish. 16, 383–396. https://doi.org/10.2478/s10086-008-0026-0. 

Lahnsteiner, F., Kletzl, M., Weismann, T., 2009. The risk of parasite transfer to juvenile 
fishes by live copepod food with the example Triaenophorus crassus and 
Triaenophorus nodulosus. Aquaculture 295, 120–125. https://doi.org/10.1016/j. 
aquaculture.2009.06.038. 

Leger, P., Bengtson, D.A., Simpson, K.L., Sorgeloos, P., 1986. The use and nutritional 
value of Artemia as a food source. Oceanogr. Mar. Biol. 24, 521–623 file:///C:/ 
Users/admin/Downloads/129248.pdf.  

Leggett, W.C., Deblois, E., 1994. Recruitment in marine fishes: is it regulated by 
starvation and predation in the egg and larval stages? Neth. J. Sea. Res. 32, 119–134. 
https://doi.org/10.1016/0077-7579(94)90036-1. 

Liu, B., Zhu, X., Lei, W., Yang, Y., Han, D., Jin, J., Xie, S., 2012. Effects of different 
weaning strategies on survival and growth in Chinese longsnout catfish (Leiocassis 
longirostris Gunther) larvae. Aquaculture 364, 13–18. https://doi.org/10.1016/j. 
aquaculture.2012.04.051. 

Lorenzen, K., Beveridge, M., Mangel, M., 2012. Cultured fish: integrative biology and 
management of domestication and interactions with wild fish. Biol. Rev 87, 
639–660. https://doi.org/10.1111/j.1469-185X.2011.00215.x. 

Mahfuj, M.S., Hossein, M.A., Sarower, M.G., 2012. Effect of different feeds on larvae 
development and survival of ornamental Coi carp, Cyprinus carpio larvae in 
laboratory condition. J. Bangladesh Agric. Univ. 10 (1), 179–183. 

McCormick, M.I., Hoey, A.S., 2004. Larval growth history determines juvenile growth 
and survival in a tropical marine fish. Oikos 106, 225–242. https://doi.org/10.1111/ 
j.0030-1299.2004.13131.x. 

Mokolensang, J.F., Yamasaki, S., Onoue, Y., 2003. Utilization of Shochu distillery by- 
products for culturing the common carp Cyprinus carpio L. Online. J. Biol. Sci. 3, 
502–507. http://agris.fao.org/agris-search/search.do?recordID=AV20120132666. 

Olurin, K.B., Oluwo, A.B., 2010. Growth and survival of African catfish (Clarias 
gariepinus) larvae fed decapsulated Artemia, live Daphnia, or commercial starter diet. 
Isr. J. Aquacult-Bamid 62, 50–55. http://hdl.handle.net/10524/19310. 

Opuszynski, K., Shireman, J.V., Aldridge, F.J., Rottmann, R., 1985. Intensive culture of 
grass carp and hybrid grass carp larvae. J. Fish Biol. 26, 563–573. https://doi.org/ 
10.1111/j.1095-8649.1985.tb04297.x. 

Peres, A., Cahu, C.L., Infante, J.Z., Le Gall, M.M., Quazuguel, P., 1996. Amylase and 
trypsin responses to intake of dietary carbohydrate and protein depend on the 
developmental stage in sea bass (Dicentrarchus labrax) larvae. Fish Physiol. Biochem. 
15, 237–242. https://link.springer.com/article/10.1007/BF01875574. 

Ramesh, R., Dube, K., Krishna, A.R., Reddy, C.P., Prakash, C., Tiwari, V.K., 
Rangacharyulu, P.V., Venkateshwarlu, G., 2014. Growth and survival of pengba, 
Osteobrama belangeri (Val.) larvae in response to co-feeding with live feed and 
microparticulate diet. Ecol. Environ. Conserv. 20, 1715–1721. 

Ruan, G.L., Yang, D.Q., Wang, W.M., 2012. Ontogeny of the digestive tracts in grass carp 
(Ctenopharyngodon idella), yellowcheck carp (Elopichthys bambusa) and topmouth 

culter (Culter alburnus). Acta Hydrobiol. Sin. 36, 1164–1169. https://doi.org/ 
10.3724/SP.J.1035.201201164. 

Rutaisire, J., Levavi-Sivan, B., Aruho, C., Ondhoro, C.C., 2015. Gonadal recrudescence 
and induced spawning in Barbus altianalis. Aquac. Res. 46, 669–678. https://doi.org/ 
10.1111/are.12213. 

Sanaye, S.V., Dhaker, H.S., Tibile, R.M., Mhatre, V.D., 2014. Effect of green water and 
mixed zooplankton on growth and survival in Neon Tetra, Paracheirodon innesi 
(Myers, 1936) during larval and early fry rearing. World Acad. Sci. Eng. Technol. 8, 
159–163. http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.944.7567&re 
p=rep1&type=pdf. 

Segner, H., Rosch, R., Verreth, J., Witt, U., 1993. Larval nutritional physiology: studies 
with Clarias gariepinus, Coregonus lavaretus and Scophthalmus maximus. J. World 
Aquacult. Soc. 24, 121–134. https://doi.org/10.1111/j.1749-7345.1993.tb00001.x. 

Shiri-Harzevili, A., De Charleroy, D., Auwerx, J., Vught, I., Van Slycken, J., 2003. Larval 
rearing of chub, Leuciscus cephalus (L.), using decapsulated Artemia as direct food. 
J. Appl. Ichthyol. 19, 123–125. https://doi.org/10.1046/j.1439-0426.2003.00448.x. 

Sigma-Aldrich, 1999. Enzymatic Assay of Protease Activity Using Casein as a Substrate. 
VELIPA-07. https://www.sigmaaldrich.com/technical-documents/protocols/biolo 
gy/enzymatic-assay-of-protease-casein-as-a-substrate.html. 

Skjermo, J., Vadstein, O., 1993. The effect of microalgae on skin and gut bacterial flora of 
halibut larvae. In: Reinertsen, H., Dahle, L.A., Jorgensen, L., Tvinnereim, K. (Eds.), 
Fish Farming Technology, Proceedings of the First International Conference of on 
Fish Farming Technology. Balkema, Rotterdam, Netherlands, pp. 61–67, pp. 1.  

Sorgeloos, P., 1980. The use of the brine shrimp Artemia in aquaculture. In: Persoone, G., 
Sorgeloos, P., Roels, O., Jaspers, E. (Eds.), The Brine Shrimp Artemia: Ecology, 
Culturing, and Use in Aquaculture Proceedings of the International Symposium on 
the Brine Shrimp Artemia salina. Universal Press, Wetteren, Belgium, pp. 25–46 
file:///C:/Users/admin/Downloads/3695.pdf.  

Spotte, S., 1992. Decapsulation of brine shrimp cysts. In: Spotte, S. (Ed.), Captive Sea 
Water Fishes Science and Technology, A Wing-Intersceince Publication. John Wiley 
and sons, Inc. New York/ China/ Toronto/Singapore, pp. 411–413. 

Sugihara, A., Tani, T., Tominaga, Y., 1991. Purification and characterization of a novel 
thermostable lipase from Bacillus sp. J. Biochem. 109, 211–216. https://doi.org/ 
10.1093/oxfordjournals.jbchem.a123363. 

Vanhaecke, P., Lavens, P., Sorgeloos, P., 1983. International study on Artemia: XVII. 
Energy consumption in cysts and early larval stages of various geographical strains 
of Artemia. Annls Soc. r. zool. Belg. 113, 155–164. http://www.vliz.be/en/imis?refi 
d=3295. 

Vanhaecke, P., Vrieze, L.D., Tackaert, W., Sorgeloos, P., 1990. The use of decapsulated 
cysts of the brine shrimp Artemia as direct food for carp Cyprinus carpio L. larvae. 
J. World Aquacult. Soc. 21, 257–262. https://doi.org/10.1111/j.1749-7345.1990. 
tb00537.x. 

Wang, Y., Hu, M., Cao, L., Yang, Y., Wang, W., 2008. Effects of daphnia (Moina micrura) 
plus chlorella (Chlorella pyrenoidosa) or microparticle diets on growth and survival of 
larval loach (Misgurnus anguillicaudatus). Aquac. Int. 16 (4), 361–368. https://link. 
springer.com/article/10.1007/s10499-007-9150-x. 

Wang, Y., Hu, M., Wang, W., Cao, L., 2009. Effects on growth and survival of loach 
(Misgurnus anguillicaudatus) larvae when co-fed on live and microparticle diets. 
Aquac. Res. 40, 385–394. https://doi.org/10.1111/j.1365-2109.2008.02104.x. 

Wolnicki, J., 2005. Intensive rearing of early stages of cyprinid fish under controlled 
conditions Arch. Polish Fish. 13, 5–87. http://agris.fao.org/agris-search/search.do? 
recordID=PL2006000091. 

Wolnicki, J., Sikorska, J., Karminiski, R., 2009. Response of larval and juvenile Rudd 
Scardinius erythrophthalmus (L) to different diets under controlled conditions. Czech 
J. Anim. Sci. 54, 331–337. https://pdfs.semanticscholar.org/5bb7/7c9e427445d 
45ac9576a04b0bd9b361eaa07.pdf. 

Zambonino-Infante, J., Gisbert, E., Sarasquete, C., Navarro, I., Gutierrez, J., Cahu, C.L., 
2008. Ontogeny and physiology of the digestive system of marine fish larvae. In: 
Cyrino, J.E.O., Bureau, D., Kapoor, B.G. (Eds.), Feeding and Digestive Functions of 
Fish. Science Publishers Inc., Enfield, USA, pp. 277–344. http://archimer.ifremer.fr/ 
doc/00086/19684/17307.pdf. 

C. Aruho et al.                                                                                                                                                                                                                                   

http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0160
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0160
https://doi.org/10.1016/0008-6215(95)00196-Z
https://doi.org/10.1016/0008-6215(95)00196-Z
https://doi.org/10.1016/S0044-8486(01)00700-1
https://doi.org/10.1016/S0044-8486(01)00700-1
https://link.springer.com/article/10.1007/BF00004368
https://doi.org/10.2478/v10086-010-0002-3
https://doi.org/10.2478/s10086-008-0026-0
https://doi.org/10.1016/j.aquaculture.2009.06.038
https://doi.org/10.1016/j.aquaculture.2009.06.038
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0195
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0195
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0195
https://doi.org/10.1016/0077-7579(94)90036-1
https://doi.org/10.1016/j.aquaculture.2012.04.051
https://doi.org/10.1016/j.aquaculture.2012.04.051
https://doi.org/10.1111/j.1469-185X.2011.00215.x
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0215
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0215
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0215
https://doi.org/10.1111/j.0030-1299.2004.13131.x
https://doi.org/10.1111/j.0030-1299.2004.13131.x
http://agris.fao.org/agris-search/search.do?recordID=AV20120132666
http://hdl.handle.net/10524/19310
https://doi.org/10.1111/j.1095-8649.1985.tb04297.x
https://doi.org/10.1111/j.1095-8649.1985.tb04297.x
https://link.springer.com/article/10.1007/BF01875574
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0245
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0245
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0245
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0245
https://doi.org/10.3724/SP.J.1035.201201164
https://doi.org/10.3724/SP.J.1035.201201164
https://doi.org/10.1111/are.12213
https://doi.org/10.1111/are.12213
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.944.7567%26rep=rep1%26type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.944.7567%26rep=rep1%26type=pdf
https://doi.org/10.1111/j.1749-7345.1993.tb00001.x
https://doi.org/10.1046/j.1439-0426.2003.00448.x
https://www.sigmaaldrich.com/technical-documents/protocols/biology/enzymatic-assay-of-protease-casein-as-a-substrate.html
https://www.sigmaaldrich.com/technical-documents/protocols/biology/enzymatic-assay-of-protease-casein-as-a-substrate.html
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0280
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0280
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0280
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0280
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0285
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0285
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0285
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0285
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0285
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0290
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0290
http://refhub.elsevier.com/S2352-5134(20)30531-7/sbref0290
https://doi.org/10.1093/oxfordjournals.jbchem.a123363
https://doi.org/10.1093/oxfordjournals.jbchem.a123363
http://www.vliz.be/en/imis?refid=3295
http://www.vliz.be/en/imis?refid=3295
https://doi.org/10.1111/j.1749-7345.1990.tb00537.x
https://doi.org/10.1111/j.1749-7345.1990.tb00537.x
https://link.springer.com/article/10.1007/s10499-007-9150-x
https://link.springer.com/article/10.1007/s10499-007-9150-x
https://doi.org/10.1111/j.1365-2109.2008.02104.x
http://agris.fao.org/agris-search/search.do?recordID=PL2006000091
http://agris.fao.org/agris-search/search.do?recordID=PL2006000091
https://pdfs.semanticscholar.org/5bb7/7c9e427445d45ac9576a04b0bd9b361eaa07.pdf
https://pdfs.semanticscholar.org/5bb7/7c9e427445d45ac9576a04b0bd9b361eaa07.pdf
http://archimer.ifremer.fr/doc/00086/19684/17307.pdf
http://archimer.ifremer.fr/doc/00086/19684/17307.pdf

	Growth and survival of Ripon barbel (Barbus altianalis) larvae and juveniles fed five experimental diets in captivity
	1 Introduction
	2 Materials and methods
	2.1 Experimental study 1; Larvae and Juvenile growth of Barbus altianalis
	2.1.1 Experimental study 1 (Phase I): growth and survival of larvae on weaning diets and diet combinations
	2.1.2 Experimental study 1(Phase II): consequential effects of larvae diets in growth of juveniles

	2.2 Experimental study 2: ontogenetic enzyme activity and regulation in larvae fed combination (MD)
	2.3 Experimental study 3: green water and larvae culture
	2.4 Experimental study 4: growth performance of larvae co-fed microdiet from outdoor concrete tanks
	2.5 Preparation of live feeds and decapsulation of Artemia cysts
	2.6 Growth parameters
	2.7 Data analysis

	3 Results
	3.1 Effect of live and microdiets on growth performance of larvae and juveniles (experimental study 1 (Phase I & II)
	3.2 Ontogeny of enzyme activity and larval development of the best diet MD (6 DAH to 45 DAH; experimental study 2)
	3.3 Green water (microalgae) experiment
	3.4 Nursing larvae in outdoor green water concrete tanks
	3.5 Scale formation (larval transition to juvenile)

	4 Discussion
	5 Conclusion
	Author contributions
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


