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INTRODUCTION

In many pond culture systems, the ponds are fertilized in order to increase the production of natural food, and compound feeds are given to the fish.  While the total fish yield from the pond is easily determined, it is more difficult to determine the relative contributions of natural food and compound feed to the diet and to the growth of fish.  In order to quantify the uptake of both food sources, we sampled tilapia for quantitative analysis of gut content on two occasions during grow-out.

MATERIALS AND METHODS

The experiment, lasting for 3.5 months, was carried out at the Aquaculture-Research-Station in Dor, Israel, in a 1.8 ha fishpond, which was used to grow the species typical of Israeli polyculture, carp, tilapia and gray mullet.  36 floating cages, each 1m³ in size, were set up in four lines and stocked with 50 fish each.  Hybrid tilapia (Oreochromis niloticus x Oreochromis aureus) with an average body mass of 80g were supplied by the hatchery of Kibbuz Nir David.  The bottom of the cages was made from canvas in order to prevent feed losses.  The growth of the tilapia was determined by group-weighing the fish from each cage fortnightly.  The fish were fed a commercial diet (30% CP) at an initial rate of 2.2% body mass equivalent (BME) per day.  The daily ration was decreased gradually to 1.9% by the time the fish had reached a body mass of 300g.  The feed was given daily between 9:00 and 10:00.  In the middle of the experiment, the number of fish in the cages was reduced to 30 to maintain good growing conditions.

An additional cage, 2m³ in size, was set up in the same pond and stocked with 51 tilapia-hybrids of the same average body mass as those in the experimental cages.  This group was kept without supplemental feed but with access to natural food. 

30 tilapia-hybrids from the same batch as the fish in the cages were kept in a 500l indoor tank.  Water supply was provided exclusively in the form of slightly saline groundwater (0.5ppt, the same as supplied to the pond) with continuous water flow maintained at 0.5l/min. Water temperature was around 25°C during the entire experiment.  An aeration mechanism maintained dissolved oxygen concentrations always above 5ppm.  The group kept in the tank was fed the same diet at the same rate as the experimental fish.  The tanks were cleaned every morning to avoid accumulation of uneaten feed and faeces.  In contrast to the pond, no natural food was available to these fish since the supply water was plankton-free and the experimental facility was kept in dim light so that phytoplankton development was suppressed. 

During the experiment, fish were collected from the 36 floating cages for quantitative analysis of gut content.  On two sampling occasions, in the middle (26.07.) and at the end of the experiment (15.09.), four and two fish respectively were taken from 3-4 cages every two hours from 05:00 h to 23:00 h.  The stomach of each fish was taken apart after recording the body mass.  Guts were weighed and preserved in buffered formalin.  In the lab, the content of each stomach was rinsed carefully in a small beaker and filled up to 20 or 40ml depending on the respective quantity.  After mixing, three aliquots of 50(l were taken from each gut sample, transferred to microscopic slides and analyzed.  Each slide was scanned completely at low magnification and the relative contribution of natural food and supplemental feed estimated (e.g. 5%: 95%).  The average share of both components in each sample was calculated from the 3 replicates and recorded as the percentage contribution to the gut content.  The content of dry matter in each gut was determined by weighing the samples after drying for 24 hours at 55°C in pre-weighed crucibles.  Absolute quantities of natural food and supplemental feed (dry matter) were converted to percent of fish body mass.

From the average weights at the beginning and the end of the experiment, the metabolic growth rates (MGR, Dabrowski et al. 1986) of fish were calculated for the three groups (experimental fish, control fed compound feed exclusively, control with natural food only) as follows:


MGR = (W1- W0) / {[(W0/1000)0.8 + (W1/1000)0.8] / 2} / t

with
W0, W1
initial and final weight (g)


t

duration of experiment (days)

RESULTS

The total gut content is dominated by supplemental feed (Fig. 1a and 2a). On both sampling dates, the gut was almost empty in the early morning and feeding started only after 
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Figure 1: Total gut content and supplemental feed (a) and natural food (b) in July. Data are

dry weight in % of fish body mass. Note different scale of Y-Axes. Average body mass of

fish 185.7g. Data are mean and standard deviation  of  10-12  fish on each sampling

occasion.
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Figure 2: Total gut content and supplemental feed (a) and natural food (b) in September.

Data are dry weight in % of fish body mass. Note different scale of Y-Axes. Average body

mass of fish 379.2g. Data are mean and standard deviation  of  3-8  fish on each sampling

occasion.
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sunrise.  However, gut content did not reach 0.1% of body mass before supplemental feed was given after 9:00.  In the 11:00 sampling, gut content was highest at 0.7 and 0.6% of fish body mass.  After that time, gut content decreased exponentially to values below 0.05% at 23:00.  This decrease was much steeper in July compared to September. 

The graphs for total gut content and supplemental food look almost identical.  However, a closer look at the contribution of natural food (Fig. 1b and 2b) reveals a completely different pattern indicating two distinct feeding periods in the course of the day.  In July, natural food was almost zero at 5:00 and was still low at 7:00 (sunrise).  At 9:00, natural food in the gut was 0.0014% of fish body mass or 25% of total gut content.  At 11:00, the amount of natural food had increased again, reaching 0.006% of body mass, but the relative contribution was minimal due to the large quantities of supplemental feed.  At 13:00, the natural food in the gut was less than half of that observed two hours earlier, but thereafter, it slowly rose to reach 0.006% again at 21:00, decreasing to 0.002 at 23:00.  The general pattern in September was similar, with the main differences that there was a longer decrease in the afternoon and a steeper increase in the evening. 

The metabolic growth rate calculated for the fish in the cages with feeding was 7.0 g kg-0.8 d-1 compared to 5.2 g kg-0.8 d-1 for the control in the tank fed compound feed exclusively and 4.8 g kg​​-0.8 d-1 for the control in the cage without supplemental feeding. 

DISCUSSION
The overall pattern showing that tilapia feed mostly during daylight is in agreement with other studies on feeding periodicity in tilapia (Moriarty & Moriarty 1973, Getachew 1989, Richter et al. 1999).  Supplemental food in the gut in the early morning hours may be residues of food ingested the day before.  Feeding the compound diet in the morning seems to depress the ingestion of natural food until the afternoon.  This is again similar to the situation found by Richter et al. (1999) in tilapia reared in cages in Laguna de Bay, Philippines.  However, in their study the relative contribution of natural food was significantly higher.  An exact comparison in terms of absolute amounts is not possible as gut content was reported as fresh matter. 

The extremely low estimated contribution of natural food to the gut content is in obvious contrast to the growth rates observed.  Comparing the growth rates for the experimental fish and the control reared in the tank, the difference in growth rates of almost 2 g kg-0.8 d-1 must be attributed to natural food.  And the control cage without supplemental feeding demonstrates that even higher growth rates can be achieved exclusively on natural food. 

Possible explanations for the observed discrepancy are

· Deficiency of supplemental feed in essential nutrients which are provided by the natural food

· Underestimation of natural food in the gut content

· Higher gut evacuation rate for natural food compared to that for compound feed

Deficiency in essential nutrients is likely as the commercial diet does not contain vitamin and mineral additives other than di-calcium phosphate, as is typical of commercial feeds in Israel. However, this cannot be the only explanation in view of the growth of the control feeding on natural food only. 

Underestimation of natural food items in the microscopic analysis of gut contents is only likely to occur in situations where the bulk of natural food consists of blue-green algae, as cell walls of green algae and diatoms can be clearly identified and traced throughout the entire digestive tract of tilapia.  Phytoplankton samples taken during the experiment indicated, however, that blue-green algae made up only a marginal fraction of total phytoplankton biomass on both sampling occasions, so that underestimation of natural food can be excluded. 

Different gut evacuation rates are likely, and there are several indications for this.  The evacuation rate is typically assumed to follow an exponential decay curve (Persson 1986)


S = Sf * exp (-E(T – Tf))

with 
S
Actual stomach content


Sf
Stomach content at the end of the feeding period


E
Instantaneous evacuation rate (h-1)


T
Actual time. 


Tf
Time of end of feeding period

The instantaneous evacuation rates for natural food calculated for the period 21:00 to 23:00 are 3 to 5 times higher than the respective rates for supplemental feed calculated for the period 11:00 to 23:00.  Thus, the flow of food from the stomach can be divided into two components: one low volume, fast flowing component made up of natural food and the other a large volume, slow flowing component representing supplemental feed.  Taking into account that the available time for ingestion of supplemental feed is only 2-3 hours after the fish were fed while natural food is ingested for 4-5 hours in the morning and 5-7 hours in the afternoon, the small, fast flow of natural food might mean that this component becomes a significant fraction of total food intake, much higher than the share of natural food observed in the gut.  This view is supported by the results from stable isotope analysis of the experimental fish, which revealed that about 30% of the carbon in fat-free matter and of the nitrogen originate from natural food (Focken et al. 1999) 

CONCLUSION

In spite of high stocking densities and intensive feeding, natural food was an important factor for tilapia growth in this experiment.  The importance of natural food is not reflected properly in its relative contribution to the gut content.  The development of improved techniques for the qualitative description of the diet in fish is urgently needed.
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