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Abstract 

The production of good quality marine fish fry for farming has improved in recent years due to scientific and technical 
advances. However, the mass production of good quality juveniles of many species is still unavailable due to the limited 
knowledge on nutritional requirements. The understanding of larval nutritional physiology is essential to adapt the larva 
on inert microdiets by replacing the live food. The knowledge of digestion, absorption, and nutrient assimilation in 
marine fish larvae are seriously limited by several factors viz. small size larva (∼2–3 mm) at the start of exogenous 
feeding, mouth gape is also small and requiring small feed-particle sizes (∼50–150 μm), which creates difficulties for 
microdiet production technology. 
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Introduction  

The production of good quality marine fish fry for farming 
has improved in recent years due to scientific and 
technical advances. However, the mass production of 
good quality juveniles of many species is still unavailable 
due to the limited knowledge on nutritional requirements 
[1]. The understanding of larval nutritional physiology is 
essential to adapt the larva on inert microdiets by 
replacing the live food [2]. The knowledge of digestion, 
absorption, and nutrient assimilation in marine fish larvae 
are seriously limited by several factors viz. small size 
larva (∼2–3 mm) at the start of exogenous feeding, mouth 
gape is also small and requiring small feed-particle sizes 
(∼50–150 μm), which creates difficulties for microdiet 
production technology [3]. The acceptance of inert 

microdiets by larvae of most commercial marine species 
is limited resulting in low or variable ingestion rates in 
feeding experiments. Moreover, the use of live food in 
nutritional studies with fish larvae creates major 
limitations because it is difficult to manipulate the 
nutritional composition of live prey, with the exception of 
some lipid components [4]. Therefore, knowledge on 
nutritional requirements of marine fish larvae is still 
limited and often qualitative rather than quantitative. The 
marine fish larvas have generally a poorer capacity to 
digest and absorb the complex form of nutrients [5]. 
However, small size larva have much higher growth rates 
[6], typically 10 to 30%/day and up to 100%/day. Due 
higher growth rates, larva require the high amount of 
amino acids (AAs), highly unsaturated fatty acids 
(HUFAs), phospholipids (PLs) and other nutrients, 
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although the exact requirements are poorly understand. 
Moreover, quantification of feed intake and diet 
digestibility is a major difficulty in larval nutrition studies. 
To overcome some of these difficulties, tracer studies 
have been used intensively in recent years [7]. In tracer 
techniques, the tracer molecule are used to quantify in 
vivo feed intake, digestion, absorption and utilization of 
nutrients in fish larvae. Isotopic tracers have one or more 
of the naturally occurring atoms in the tracee molecule 
replaced in a specific position(s) by an isotope of an atom 
with a less common abundance. Both stable (e.g., 
containing 13C and 15N,) or radioactive tracer molecules 
(e.g., containing 14C, 35S and 3H) are available. 
 

Methods used in Delivery of Tracers to 
Larval Fish 

Uptake of Tracers from Water 

This method most commonly used for the uptake of 
amino acids (AAs) from incubated water, to measure the 
rates of oxidation, protein synthesis and turnover in 
different species of fish larvae and fry [8]. The fish larva 
can easily absorb dissolved AAs and some other 
molecules across the gills, digestive tract and skin [9]. A 
suitable incubation time is necessary to allow tracer 
uptake. 
 

Microdiet Labeling 

Microdiets containing radiolabeled tracers have been 
employed in a number of larval studies. In this method the 
tracer molecules are simply mixed with the other diet 
ingredients, taking care that the tracer is uniformly 
distributed in the diet. Hadas, et al. [10] used radiolabeled 
diets to study the effect of dietary PLs on absorption of 
dietary fatty acids (FAs). Radiolabeled microdiets have 
also been used to assess how feed intake and lipid 
absorption are affected by dietary lipid level and 
composition, [11] or to study the effect of dietary 
exogenous digestive enzymes on feed intake and diet 
digestibility [12]. The advantage of using the microdiets in 
the larval nutritional studies is controlling its nutritional 
composition and the exact form in which the label will be 
delivered to the larvae, which is not the case with live 
diets. There are some problems in this methodology is its 
normally low efficiency, large amount of label being lost 
during the microdiet production process and the 
production of labelled microdiets can be a very expensive 
process.  
 

Labelling of Live Food 

Labelling of live diets has been typically used to quantify 
larval feed intake and/or to characterize digestion, 
absorption, metabolism or retention of dietary nutrients 

such as AAs and FAs. Both radioactive and stable isotopes 
have been used to label live prey, either rotifers or 
Artemia [11]. The Rotifers and Artemia can be labelled by 
feeding them on [14C]-labelled algae that are in turn 
labelled by the inclusion of NaH[14C]O3 in the algal growth 
media [13]. Alternatively, Artemia metanauplii can also be 
labelled through the use of liposomes containing a 
radiolabeled triacylglycerol (TAG) or a free Fatty acid 
(FFA), which are added to the enrichment media, 
resulting in a large proportion of the 14C-FA being 
incorporated into the structural polar lipid fraction of the 
Artemia [11], but this approach used to label the live prey 
will thus affect differently their composition and 
determine the type of studies that can be conducted. 
 

Tube Feeding 

Tube feeding has been used to obtaining quantitative data 
on the digestibility, absorption, and metabolic handling of 
water soluble and particularly of low molecular weight 
dietary ingredients in fish larvae. Tube feeding allows the 
experimenter to deliver the studied nutrients directly into 
the larval gut. There are many studies used protein, 
peptides and FAAs, but nutrients like FAs and lipid classes 
have also been investigated. The set-up comprises of a 
dissecting microscope with a camera and 
micromanipulator, to which a Nano litre injector is 
attached. A plastic or handmade polished glass capillary 
tube that is adapted to the mouth and oesophagus 
diameter of the larvae is fastened to the Nano litre 
injector. With appropriate operator training, the total 
handling time per larva is less than 1 min. 
 

Estimation of Digestion and Absorption 
Efficiencies 

Hot Chase 

In hot chase approach the tracer is fed to a larva as a 
single meal and larvae are allowed to ingest for a period 
that is shorter than the gut transit time or as a bolus of a 
radiolabeled nutrient in solution administered directly 
into the digestive tract by tube feeding. The hot chase 
approach used to investigate, total digestibility, gut 
absorption rates and also used to investigate the 
catabolism and retention (assimilation) of nutrients. In 
this approach the tracer content analyse by scintillation 
counting in the larvae and in the water after the digestive 
process is finished, i.e. when the gut is empty of visible 
contents, and based on this calculate the assimilation [14]. 
 

Cold Chase 

In cold chase approach the larvae fed with radio or stable 
isotopes labelled diets until gut fullness (but before start 
of diet evacuation), after which this hot diet is replaced by 
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non-labelled (i.e., cold) diet. Larvae are sampled at the 
end of the labelled diet feeding period and periodic 
sampling continues until complete evacuation of the 
labelled diet [15]. The major problems of cold chase 
approach are, it is technically difficult to remove 
remnants of the labelled diet still in the water and replace 
it by unlabelled diet without causing significant stress to 
the larvae, which will have a full gut at the time. 
Moreover, catabolism cannot be measured as in the hot 
chase approach. The most common application of the cold 
chase approach has been to study FA absorption into 
larval tissues [11].  
 

Study of Post-Absorptive Nutrient Utilization 

Nutrient Catabolism 

In nutrient catabolism studies the tracer may be delivered 
though the live food [16], water [17], microdiets [18] and 
by tube feeding. In this methods the 14C labelled AAs or 
FAs utilize to estimate their respective oxidation rates. 
The metabolically produced 14CO2 trapped through 
aeration and manipulation of pH of the incubation water 
has been adapted for marine fish larvae. The digestion 
and absorption of protein and AAs are analyse by 14CO2-
metabolic trap, allowing the simultaneous quantification 
of the utilization of absorbed AAs as energy substrates. 
 

Retention of Amino Acids 

Conceição, et al. [19] proposed a method, combining high 
resolution 13C-NMR spectroscopy and the use of 13C-
labeled live to study the qualitative AA requirements of 
fish larvae through the simultaneous estimation of the 
relative bioavailability of individual AAs. This method 
provides the most reliable measurement of qualitative 
IAA requirements when compared to the use of the IAA 
profile of fish carcass [20]. Relative bioavailability is a 
combined measure of absorption efficiency and rate of 
catabolism for each AA when compared with the other 
AAs studied. For instance, threonine had a relative 
bioavailability of 0.64, meaning that it is retained less 
efficiently by larvae, when compared to other IAAs. GC-
IRMS is much more sensitive than the combination of 
13C-NMR spectroscopy and HPLC Estimates of relative 
bioavailability of individual AAs can be used to correct the 
IAA profile of the larval protein, so that the ideal dietary 
IAA profile for a given species can be determined [19,20]. 
This approach is an alternative to dose response curves to 
study AA requirements in fish larvae. 
 

Quantification of Feed Intake 

The precise quantification of feed intake is intimately 
associated with the gut transit time, digestion and 
absorption efficiency towards dietary nutrients which is 

essential in any nutritional study, therefore controlling 
how much of the dietary constituents will actually be 
assimilated [11]. 
 
Now days there are several methods used for the feed 
intake quantification such as direct counting of colour live 
feed in the gut, by using the inert marker in the feed and 
using radio-isotops. The first approach is the simplest 
among others, in this method direct counting of rotifers or 
Artemia in the gut, preceded by colour labelling through 
the use of microalgae (inducing an intense green colour) 
[21], blackdrawing ink [22]or methylene blue [23]. 
However, this method is highly laborious and inaccurate 
due to most of the zooplankton organisms are easily 
broken in the larval digestive tract. In the second 
approach the inert markers (non-metabolised by the 
larvae) have been used, such as the measurement of 
ascorbic acid 2-sulfate accumulating in larvae after 
feeding Artemia decapsulated cysts [24], yttrium oxide 
[25] and auto-fluorescence of pigments associated with an 
alginate-based microparticulate diet [26]. But now days 
most of studies commonly employ radioisotopes for the 
labelling of larval diets, given its easiness and high 
accuracy in quantification by scintillation counting, and 
that the tracee nutrient can be further traced for 
digestion/absorption and catabolism determinations. The 
quantification of feed intake has been performed using 
either radiolabeled microdiets [11] or live prey [15].  
 

Determination of Protein Synthesis and 
Turnover 

The traditional injection system of tracers for 
determination of protein synthesis commonly used in 
larger size fish, but in small size fish such as larvae the 
“bath immersion” method has been used [27]. In 
immersion method, know number of larvae are kept in a 
small volume of water that contain a radioactive AA, most 
commonly L-[2,6–3H]phenylalanine, after which larval 
samples are taken at regular time intervals. Collected 
samples are homogenized in 0.5 M perchloric acid and 
centrifuged. After centrifugation, separation of FAA is 
performed from the precipitated protein. Specific 
radioactivity of protein-bound phenylalanine and free 
pool phenylalanine can be determined by dividing liquid 
scintillation counts by total phenylalanine contents [27], 
after liquid scintillation counting of both in the solubilised 
protein and in the FAA pools [27,8].  
 
The estimation of rate of protein synthesis is based on the 
change in the different tracer (e.g., L-[2,6–3H] 
phenylalanine) and tracee (e.g., L-phenylalanine) pools 
between two time points. There are some major 
constraint in studies measuring protein synthesis using 
the uptake of AAs from water is that larval uptake of 
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phenylalanine from the incubation water, tends to be 
relatively slow, and an incubation time of several hours 
(4–8 h) is normally required. Other methods such as 
phenylalanine flux method [8] and flooding dose equation 
method [28] used to measure the protein synthesis and 
turnover.  
 
Now days the tracer methodologies to implement in larval 
nutritional studies is currently available, that may be 
improve our understanding of the nutritional physiology 
of larvae (mostly marine fish larvae) and their nutritional 
requirements. The nutrient are labelled with either a 
radioactive isotope (e.g., 14C, 35S, 3H) or a stable isotope 
(e.g., 13C, 15N), that has been fed to a larva as a meal or as 
a bolus administered directly into the digestive tract. The 
relative digestion/absorption capacity for different AAs, 
protein and protein hydrolysates, FAs, and lipid classes, as 
well as their relative utilization for energy production, can 
be assessed by this methodology.  
 

References 

1. Shields RJ (2001) Larviculture of marine finfish in 
Europe. Aquaculture 200(1-2): 55-88. 

2. Yúfera M, Sarasquete MC, Fernández-Díaz C (1996) 
Testing protein-walled microcapsules for the rearing 
of first-feeding gilthead sea bream (Sparus aurata L.)
 larvae. Marine and Freshwater Research 47(2): 
211-216. 

3.   nnestad I,  ojas- arc  a   ,  onheim   ,  onceicao 
LE (2001) In vivo studies of digestion and 
nutrient assimilation in marine fish larvae. 
Aquaculture 201(1-2): 161-175. 

4. Aragão C, Conceição LE, Dinis MT, Fyhn HJ (2004) 
Amino acid pools of rotifers and Artemia under 
different conditions: nutritional implications for fish 
larvae. Aquaculture 234(14): 429-445. 

5. Rønnestad I, Conceicao LE (2005) Aspects of protein 
and amino acids digestion and utilization by marine 
fish larvae. Physiological and ecological adaptations 
to feeding in vertebrates, pp: 389-416. 

6. Conceição LEC, Dersjant-Li Y, Verreth JAJ (1998) Cost 
of growth in larval and juvenile African catfish 
(Clarias gariepinus) in relation to growth rate, food 
intake and oxygen consumption. Aquaculture 161(1-
4): 95-106. 

7. Conceição LE, Rønnestad I, Tonheim SK (2002) 
Metabolic budgets for lysine and glutamate in unfed 

herring (Clupea harengus) larvae. Aquaculture 206(3-
4): 305-312. 

8. Conceição LEC, Houlihan DF, Verreth JAJ (1997) Fast 
growth, protein turnover and costs of protein 
metabolism in yolk-sac larvae of the African 
catfis(Clarias gariepinus). Fish Physiology and 
Biochemistry 16(4): 291-302. 

9. Fauconneau B (1984) The measurement of whole 
body protein synthesis in larval and juvenile carp 
(Cyprinus carpio). Comparative Biochemistry and 
Physiology Part B: Comparative Biochemistry 78(4): 
845-850. 

10. Hadas E, Koven W, Sklan D, Tandler A (2003) The 
effect of dietary phosphatidylcholine on the 
assimilation and distribution of ingested free oleic 
acid (18: 1n-9) in gilthead seabream (Sparus aurata) 
larvae. Aquaculture 217(1-4): 577-588. 

11. Morais S, Torten M, Nixon O, Lutzky S, Conceição LE, 
et al, (2006) Food intake and absorption are affected 
by dietary lipid level and lipid source in seabream 
(Sparus aurata L.) larvae. Journal of Experimental 
Marine Biology and Ecology 331(1): 51-63. 

12. Kolkovski S, Tandler A, Kissil GW, Gertler A (1993) 
The effect of dietary exogenous digestive enzymes on 
ingestion, assimilation, growth and survival of 
gilthead seabream (Sparus aurata, Sparidae, 
Linnaeus) larvae. Fish Physiology and Biochemistry 
12(3): 203-209. 

13. Tandler A, Mason C (1984) The use of 14C labelled 
rotifers (Brachionus plicatilis) in the larvae of 
gilthead seabream (Sparus aurata): Measurements of 
the effect of rotifer concentration, the lighting regime 
and seabream larval age on their rate of rotifer 
ingestion. Eur Maricult Soc 8: 241-259. 

14. Rust MB (1995) Quantitative aspects of nutrient 
assimilation in six species of fish larvae. 

15. Sorokin JI, Panov DA (1966) The use of C14 for the 
quantitative study of the nutrition of fish larvae. 
Internationale Revue der gesamten Hydrobiologie 
und Hydrographie 51(5): 743-756. 

16. Morais S, Conceição LE, Dinis MT, Rønnestad I (2004) 
A method for radiolabeling Artemia with applications 
in studies of food intake, digestibility, protein and 
amino acid metabolism in larval fish. Aquaculture 
231(1-4): 469-487. 

https://chembiopublishers.com/PAFMB/
https://chembiopublishers.com/submit-manuscript.php
https://www.sciencedirect.com/science/article/abs/pii/S0044848601006949
https://www.sciencedirect.com/science/article/abs/pii/S0044848601006949
https://www.sciencedirect.com/science/article/abs/pii/S0044848601005956
https://www.sciencedirect.com/science/article/abs/pii/S0044848601005956
https://www.sciencedirect.com/science/article/abs/pii/S0044848601005956
https://www.sciencedirect.com/science/article/abs/pii/S0044848601005956
https://www.sciencedirect.com/science/article/abs/pii/S0044848604000717
https://www.sciencedirect.com/science/article/abs/pii/S0044848604000717
https://www.sciencedirect.com/science/article/abs/pii/S0044848604000717
https://www.sciencedirect.com/science/article/abs/pii/S0044848604000717
https://www.sciencedirect.com/science/article/abs/pii/S0044848697002603
https://www.sciencedirect.com/science/article/abs/pii/S0044848697002603
https://www.sciencedirect.com/science/article/abs/pii/S0044848697002603
https://www.sciencedirect.com/science/article/abs/pii/S0044848697002603
https://www.sciencedirect.com/science/article/abs/pii/S0044848697002603
https://www.sciencedirect.com/science/article/abs/pii/S0044848601007396
https://www.sciencedirect.com/science/article/abs/pii/S0044848601007396
https://www.sciencedirect.com/science/article/abs/pii/S0044848601007396
https://www.sciencedirect.com/science/article/abs/pii/S0044848601007396
https://link.springer.com/article/10.1023/A:1007751130768
https://link.springer.com/article/10.1023/A:1007751130768
https://link.springer.com/article/10.1023/A:1007751130768
https://link.springer.com/article/10.1023/A:1007751130768
https://link.springer.com/article/10.1023/A:1007751130768
https://www.sciencedirect.com/science/article/abs/pii/S0044848602004313
https://www.sciencedirect.com/science/article/abs/pii/S0044848602004313
https://www.sciencedirect.com/science/article/abs/pii/S0044848602004313
https://www.sciencedirect.com/science/article/abs/pii/S0044848602004313
https://www.sciencedirect.com/science/article/abs/pii/S0044848602004313
https://www.sciencedirect.com/science/article/pii/S0022098105004247
https://www.sciencedirect.com/science/article/pii/S0022098105004247
https://www.sciencedirect.com/science/article/pii/S0022098105004247
https://www.sciencedirect.com/science/article/pii/S0022098105004247
https://www.sciencedirect.com/science/article/pii/S0022098105004247
https://www.ncbi.nlm.nih.gov/pubmed/24202778
https://www.ncbi.nlm.nih.gov/pubmed/24202778
https://www.ncbi.nlm.nih.gov/pubmed/24202778
https://www.ncbi.nlm.nih.gov/pubmed/24202778
https://www.ncbi.nlm.nih.gov/pubmed/24202778
https://www.ncbi.nlm.nih.gov/pubmed/24202778
https://onlinelibrary.wiley.com/doi/abs/10.1002/iroh.19660510505
https://onlinelibrary.wiley.com/doi/abs/10.1002/iroh.19660510505
https://onlinelibrary.wiley.com/doi/abs/10.1002/iroh.19660510505
https://onlinelibrary.wiley.com/doi/abs/10.1002/iroh.19660510505
https://www.sciencedirect.com/science/article/abs/pii/S0044848603006082
https://www.sciencedirect.com/science/article/abs/pii/S0044848603006082
https://www.sciencedirect.com/science/article/abs/pii/S0044848603006082
https://www.sciencedirect.com/science/article/abs/pii/S0044848603006082
https://www.sciencedirect.com/science/article/abs/pii/S0044848603006082


Progress in Aqua Farming and Marine Biology 

                                  

 
https://chembiopublishers.com/PAFMB/    Submit Manuscript @ https://chembiopublishers.com/submit-manuscript.php 
                                              

5 

17. Fauconneau B, Aguirre P, Dabrowski K, Kaushik SJ 
(1986) Rearing of sturgeon (Acipenser baeri 
Brandt) larvae: 2. Protein metabolism: Influence of 
fasting and diet quality. Aquaculture 51(2): 117-131. 

18. Izquierdo MS, Tandler A, Salhi M, Kolkovski S (2001) 
Influence of dietary polar lipids' quantity and 
quality of ingestion and assimilation of labelled fatty 
acids by larval gilthead seabream. Aquaculture 
Nutrition 7(3): 153-160. 

19. Conceição LE, Grasdalen H, Dinis MT (2003a) A new 
method to estimate the relative bioavailability of 
individual amino acids in fish larvae using 13C-NMR
 spectroscopy. Comparative Biochemistry and 
Physiology Part B: Biochemistry and Molecular 
Biology 134(1): 103-109. 

20. Conceição LEC, Grasdalen H, Rønnestad I (2003b) 
Amino acid requirements of fish larvae and post-
larvae: new tools and recent findings. Aquaculture 
27(1-4): 221-232. 

21. Yúfera M, Fernández-Díaz C, Pascual E (1995) 
Feeding rates of gilthead seabream (Sparus aurata), 
larvae on microcapsules. Aquaculture 134(3-4): 257-
268. 

22. Planas M, Cunha I (1999) Simple techniques for 
labelling prey and gut content analysis in short term 
feeding experiments with fish larvae. Aquatic Living 
Resources 12(2): 145-149. 

23. Werner RG, Blaxter JHS (1980) Growth and survival 
of larval herring (Clupea harengus) in relation 
to prey density. Canadian Journal of Fisheries and 
Aquatic Sciences 37(7): 1063-1069. 

24. Ortega AG (1999) Nutritional value of decapsulated 
cysts of Artemia and their use as protein source in 
experimental microdiets for fish larvae.  

25. Cook MA, Johnson RB, Rust MB (2005) Development 
of method for determining protein digestibility 
and consumption in marine fish larvae. In: Hendry CI, 
Van Stappen G, Wille M, Sorgeloos P (Eds.), Larvi '05- 
Fish & Shellfish Larviculture Symposium, European, 
Oostende, Belgium 36: 101-104. 

26. Kelly SP, Larsen SD, Collins PM, Woo NYS (2000) 
Quantitation of inert feed ingestion in larval silver 
sea bream (Sparus sarba) using auto-fluorescence of 
alginate-based microparticulate diets. Fish Physiology 
and Biochemistry 22(2): 109-117. 

27. Houlihan DF, McMillan DN, Laurent, P (1986) Growth 
rates, protein synthesis, and protein degradation 
rates in rainbow trout: effects of body size. 
Physiological Zoology 59(4): 482-493. 

28. Houlihan DF, Hall SJ, Gray C, Noble, B (1988) Growth 
rates and protein turnover in Atlantic cod, Gadus 
morhua. Canadian Journal of Fisheries and Aquatic 
Sciences 45(6): 951-964. 

 

 

https://chembiopublishers.com/PAFMB/
https://chembiopublishers.com/submit-manuscript.php
https://www.sciencedirect.com/science/article/abs/pii/004484868690133X
https://www.sciencedirect.com/science/article/abs/pii/004484868690133X
https://www.sciencedirect.com/science/article/abs/pii/004484868690133X
https://www.sciencedirect.com/science/article/abs/pii/004484868690133X
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2095.2001.00165.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2095.2001.00165.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2095.2001.00165.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2095.2001.00165.x
https://onlinelibrary.wiley.com/doi/abs/10.1046/j.1365-2095.2001.00165.x
http://europepmc.org/abstract/med/12524038
http://europepmc.org/abstract/med/12524038
http://europepmc.org/abstract/med/12524038
http://europepmc.org/abstract/med/12524038
http://europepmc.org/abstract/med/12524038
http://europepmc.org/abstract/med/12524038
https://www.sciencedirect.com/science/article/abs/pii/S0044848603005052
https://www.sciencedirect.com/science/article/abs/pii/S0044848603005052
https://www.sciencedirect.com/science/article/abs/pii/S0044848603005052
https://www.sciencedirect.com/science/article/abs/pii/S0044848603005052
https://www.sciencedirect.com/science/article/abs/pii/004484869500035Z
https://www.sciencedirect.com/science/article/abs/pii/004484869500035Z
https://www.sciencedirect.com/science/article/abs/pii/004484869500035Z
https://www.sciencedirect.com/science/article/abs/pii/004484869500035Z
https://www.sciencedirect.com/science/article/pii/S0990744099800230
https://www.sciencedirect.com/science/article/pii/S0990744099800230
https://www.sciencedirect.com/science/article/pii/S0990744099800230
https://www.sciencedirect.com/science/article/pii/S0990744099800230
http://www.nrcresearchpress.com/doi/10.1139/f80-138#.XCSVNtIzbcs
http://www.nrcresearchpress.com/doi/10.1139/f80-138#.XCSVNtIzbcs
http://www.nrcresearchpress.com/doi/10.1139/f80-138#.XCSVNtIzbcs
http://www.nrcresearchpress.com/doi/10.1139/f80-138#.XCSVNtIzbcs
http://library.wur.nl/WebQuery/wurpubs/61358
http://library.wur.nl/WebQuery/wurpubs/61358
http://library.wur.nl/WebQuery/wurpubs/61358
https://link.springer.com/article/10.1023/A:1007895429457
https://link.springer.com/article/10.1023/A:1007895429457
https://link.springer.com/article/10.1023/A:1007895429457
https://link.springer.com/article/10.1023/A:1007895429457
https://link.springer.com/article/10.1023/A:1007895429457

	Abstract
	Keywords: Production; Quality; Requirements
	Introduction
	Methods used in Delivery of Tracers to Larval Fish
	Estimation of Digestion and Absorption Efficiencies
	Study of Post-Absorptive Nutrient Utilization
	References

