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Abstract

It was evaluated whether earthworm meal can fully replace fishmeal in supplemental feeds for common carp (Cyprinus
carpio) that also feed on natural food resources in semi-intensive aquaculture. A net cage trial (32 nets) was carried out using
three iso-nitrogenous feeds fed to common carp either at a level of 10 g/kg®® metabolic body mass (5 fish per cage) or 20
g/kg®® metabolic body mass (10 fish per cage). In feeds, fishmeal protein was replaced by 0 %, 50 % or 100 % of protein from
sun dried earthworms (Perionyx excavatus). At both stocking densities, control groups of fish fed only on natural food
resources. The growth rate of fish increased with rising replacement of fishmeal by earthworm meal at both feeding rates.
Large zooplankton were the predominant natural food resource. With increasing availability of large zooplankton, sun dried
earthworm meal in plant-based supplemental feeds seemed better able to meet the nutritional requirements of common carp
than fishmeal. Integration of earthworm production (vermin culture) into small-scale farms in developing countries may open
the possibility for farmers in rural areas to engage in semi-intensive aquaculture by using earthworms as a feed ingredient in

supplemental feeds for common carp.
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Introduction

Nowadays, more than half of the fish being
consumed by humans worldwide are produced by
aquaculture (Naylor et al., 2009) and in 2012,
aquaculture  production overtook global beef
production in quantity for the first time (Larsen and
Roney, 2013). This development in global fish supply
is increasing the demand for feed resources,
especially for high quality protein and high quality
lipid feed resources such as fishmeal and fish oil
(Naylor et al., 2009, Tacon and Metian, 2009). The
price of fishmeal has increased greatly within the past
decade (Hardy, 2010) due to the high demand which
inhibits small scale aquaculture enterprises in rural
areas from increasing their fish production by using
higher quality feed inputs. This, in turn, leads to the
search for alternative highly nutritious feed
ingredients in aqua feeds (Hardy, 2010).

Rural small-scale aquaculture is very important
for food security especially for poor people in
developing countries in the tropics and subtropics
(Tacon et al., 2010) and is often operated within
integrated  farming systems under traditional

management schemes using low quality on-farm feed
resources (e.g. northern Vietnam; Luu, 2001,
Dongmeza et al., 2009; Steinbronn, 2009; Pucher et
al.,, 2013; Pucher et al., 2014a). In this region, the
introduction of semi-intensive pond aquaculture with
omnivorous common carp as the main species in carp
and tilapia polycultures led to higher fish production
and financial net benefit than traditional aquaculture
(Pucher et al., 2013). Semi-intensive aquaculture is
based on enhanced natural food productivity within
the pond combined with supplemental feeding of
limiting nutrients (De Silva, 1993).

In order to introduce semi-intensive pond
management into rural areas, supplemental feeds must
be developed based on locally available resources.
For small-scale farms in northern Vietnam, Tuan
(2010) developed such feeds for common carp
(Cyprinus carpio), which are mainly based on
ingredients that are locally available and produced but
which still contain expensive, imported fish meal.
This makes the application of formulated feeds by
farmers impossible as they are often not able or
willing to buy them.

Earthworm meal has been investigated as a
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fishmeal replacement in several studies (Tacon et al.,
1983; Stafford and Tacon, 1984; Tuan, 2010). Under
laboratory conditions and without access to natural
food resources, partial replacement of fish meal
protein by earthworm protein in full-feeds for
common carp (Cyprinus carpio), Rohu (Labeo rohita)
and Buenos Aires tetra (Hemigrammus caudovittatus)
had a positive effect on growth performance (Tuan,
2010; Deborah et al., 2011), while total replacement
in feeds resulted in growth rates similar to those of
fish on test diets that contained fish meal (Tuan,
2010). But it is unknown whether full replacement of
fishmeal by on-farm produced earthworm meal may
be beneficial for growth under pond conditions where
fish also have natural food resources which are known
to be of high nutritional value and contain high levels
of protein and essential amino acids (Dabrowski and
Rusiecki, 1983; De Silva, 1993; Ventura and Catalan,
2010).

The aim of this study was to evaluate the
suitability of earthworm meal as a fishmeal
replacement in plant-based supplemental feeds for
common carp under semi-intensive pond management
when natural food resources were also available.

Materials and Methods

Over a period of three months, a net cage trial
was conducted in Yen Chau district (Son La province)
in mountainous northern Vietnam. In total, 32 net
cages (1.5x1.5x2 m, mesh size of 1.5 cm) were
installed in the pond of a small-scale farmer. The net
cages were covered by mesh to stop the experimental
fish from jumping out to prevent natural predators
(snakes, kingfishers, egrets) from getting in, and to
deter theft by rod fishing which are all common
problems in the research area (Steinbronn, 2009).
Two walkways were installed into the pond to
facilitate feeding and sampling. Common carp for
stocking (average body mass 31.0 g+6.8 g standard
deviation (SD), N=240)were kept in the net cages for
one week for acclimatization before the trial was
started by feeding 10 g/kg™® metabolic body mass.

Feeds and Feeding Rates

Three iso-nitrogenous and iso-lipidic feeds were
formulated (Table 1). The feeds were designed to
contain 10% crude lipid (CL), 16% crude protein (CP)
derived from plant ingredients, and 11% CP derived
from animal resources either fishmeal or earthworm
meal. In feeds 1, 2 and 3 fishmeal protein was
replaced by 0%, 50% and 100% earthworm meal
protein  (Perionyx excavatus), respectively. As
earthworm meal and fish meal differed in CP content,
rice straw meal was used as a high fibre ingredient to
balance the animal derived protein levels without
changing the nutritional values of the test feeds.

Eight treatments were applied in four replicates
each. The three supplemental feeds were offered with
low and high levels of supplement (10 and 20 g/kg®®
metabolic body mass, respectively). Fish receiving a
low level of supplementary feed had greater access to
natural food resources because of their low stocking
density (five fish per net cage). Conversely fish fed a
high level of supplemental feed were able to get
relatively little natural food due to their higher
stocking density (10 fish per net cage). At both
stocking densities, there were control groups of fishes
that were not fed any supplements in order to
determine the nutritional value of the natural food
resources alone. The feed amount of 20 g/kg®®
metabolic body mass was split and fed at 11 am and
5 pm but the feed amount of 10 g/kg®® metabolic body
mass was fed only once at 5 pm. Every 10 days, the
fish were weighed and the feed amounts were
adjusted according to the new weights.

Natural Food Resources

Natural food resources were monitored every 10
days. At three different places in the pond, two
fractions of plankton (>60 pm and >200 um) were
sampled by means of pulling nets.

For qualitative determination, the nets were
vertically pulled up the water column. The
zooplankton samples were filtered through a pre-dried
and pre-weighed GF/C filter (Whatman) and dried at

Table 1. Chemical composition and energy content of single feed ingredients and final composition of trial feeds

Feed ingredient DM CA CP CL GE Feed 1 Feed 2 Feed 3
[%FM] [%»DM] [%DM] [%DM] [MJkgDM] [%DM] [%DM] [% DM]
Fishmeal 92.0 29.9 63.4 6.9 16.3 18 9 0
Earthworm meal 89.8 8.0 44.3 8.8 20.8 0 13 26
Heated Soy bean meal 94.6 5.0 40.0 194 22.6 32 32 32
Corn Meal 89.9 0.7 9.0 45 17.7 30 30 30
Rice bran 90.5 13.0 8.0 2.7 17.6 7 6 5
Cassava meal 90.4 2.0 1.2 0.5 16.8 6 6 4
Vitamin mix 90.0 0.0 0.0 0.0 0.0 1 1 1
Mineral mix 90.0 100.0 0.0 0.0 0.0 1 1 1
Rice straw 93.2 11.7 8.3 14 15.5 4 15 1
Sunflower oil 98.0 0.0 0.0 100.0 nd 1 0.5 0
Total 100 100 100

CA: crude ash; CL: crude lipid; CP: crude protein; DM: dry matter; FM: fresh matter; GE: gross energy
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Table 2. Chemical and essential amino acid composition of trial feeds and requirements of juvenile common carp

Component Unit Requirement * Feed 1 Feed 2 Feed 3
DM % of FM na 90.8 90.0 88.4
CA % of DM na 10.9 8.5 6.5
CpP % of DM 32° 29.7 30.9 31.0
CL % of DM na 12.2 11.9 11.0
P % of DM 0.70 0.32 0.25 0.17
Tl % of DM na 0.29 0.24 0.23
GE MJ/kg DM 13.4° 20.1 20.6 20.7
Thr % of CP 4.7 3.7 3.7 4.0
Val % of CP 4.4 4.0 4.2 43
Met % of CP 2.2 15 15 15
lle % of CP 31 3.4 3.7 3.9
Leu % of CP 4.4 6.9 7.0 7.6
Phe % of CP 4.1 4.1 4.2 4.5
His % of CP 1.6 2.1 4.2 23
Lys % of CP 6.9 4.5 4.6 48
Arg % of CP 5.3 6.0 5.6 5.9
Trp % of CP 0.9 0.9 1.0 1.1

* (NRC, 2011), ° digestible protein/energy

Arg: Arginine;CA: crude ash; CL: crude lipid; CP: crude protein; DM: dry matter; FM: fresh matter; GE: gross energy; His: Histidine; lle:
Isoleucine; Leu: Leucine; Lys: Lysine; Met: Methionine; P: phosphorus;Phe: Phenylalanine;Thr: Threonine; TI: Trypsin-Inhibitor;Trp:

Tryptophan; Val: Valine.

60°C for determination of zooplankton dry matter
(DM).

Every 10 days, top pond sediment layers (10 cm)
were sampled in five replicates with a PVC corer of
diameter 4.5cm. The sediment samples were
carefully washed through a 500 pm mesh. Zoo
benthic organisms were segregated and stored in 5%
formalin solution. Zoo benthic organisms were
identified to family level, divided into body length
classes and dry matter (DM) biomass estimated per
pond area by using DM-length regressions from the
literature (Miserendino, 2001; Miyasaka et al., 2008).

Water Quality Monitoring

During a 10 day cycle, three water samples of
1.5 L were taken at three different sites of the pond at
25 cm water depth. The water samples were
transported to the field laboratory immediately (10
minutes’ drive). For determination of suspended
particle concentration, sample water was sucked
under weak vacuum through pre-dried (60°C) and
pre-weighed GF/C filters (Whatman). Dry mass
(105°C) and ash mass after combustion were used to
determine the concentrations of total suspended solids
and inorganic suspended solids.

Duplicate analyses were made of the filtrates
from the suspended particle determination to measure
dissolved total ammonia nitrogen (TAN), nitrite
nitrogen (NO,-N), nitrate nitrogen (NOs-N), and
ortho-phosphate  phosphorus  (PO4-P) using the
Spectroquant Test Kits (Cat. No. 14752, 14776,
09713, and14848, respectively). Un-ionized ammonia
nitrogen (UIA-N) concentrations were calculated
according to Emerson et al. (1975).

Total nitrogen (TN) and total phosphorus (TP)
were measured in unfiltered, mixtures of the three

samples. In duplicate determinations, 20 ml of mixed
pond water were completely oxidized by the addition
of two microspoons of Oxisolv® (Merck) and were
analysed for dissolved nitrate and ortho-phosphate
(described above) being equivalent to TN and TP.
Photometric analyses of dissolved TAN, NO,-N,
NOz-N, PO4-P, TN and TP were performed using a
field photometer (Photolab S12; WTW).

Every 10 days, profiles of dissolved oxygen, pH
and temperature were measured at two sites from the
walk ways at sunrise, midday and sunset at 5, 25, 50,
75 and 100 cm water depth. Measurements of
dissolved oxygen, water temperature, and water pH
were measured using a handheld pH/Oxi 340i Meter
(WTW) equipped with a CellOx 325 oxygen sensor
(WTW), and a SenTix 20 pH probe (WTW).

Chemical Composition

From each net cage, fish were pooled,
homogenized and freeze-dried. Samples of fish
carcasses and feeds were analysed for DM and crude
ash (CA) according to AOAC (1990). Total nitrogen
(TN) and total carbon (TC) were determined using a
C/N analyser (Vario MAX CN, Elementar Analysen
systeme GmbH, Germany, N x 6.25). Crude lipid
(CL) was determined by extraction with a Soxlet
device, and gross energy (GE) with bomb calorimeter
(IKA C 7000, Janke & Kunkel IKA-Analysen
technik, Germany) using a benzoic acid standard. TP
was analysed by the colorimetric method of Gericke
and Kurmies (1952) using a spectrophotometer (U-
2000, Hitachi). The trypsin inhibitor activity was
determined essentially according to Smith et al.
(1980).The amino acid analysis of feeds was made by
the State |Institute for Agriculture Chemistry
(Hohenheim, Germany) following EU standard
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methods 98/64/EG and 2000/45/EG.

Statistical Analysis

Differences in  proximate fish  carcass
composition were tested by one-factorial ANOVAs
using STATISTICA 8 (StatSoft®, USA). Data were
graphed by SigmaPlot 11.0.

Results

Water parameters of the trial pond over the
experimental period are shown in Table 3. NO,-N,
TAN and PO,4-P were detected near the detection limit
of the method used. Dissolved oxygen concentration
was lowest in the early morning before sunrise
(1.9+0.5 mg L.

Three potential natural food resources of
common carp are shown in Table 4. Over the trial
period, natural food availability showed temporary
changes in all sampled fractions but zoo benthos
showed the greatest variability with time. It had on
average the lowest DM of all the natural food species
in the pond and showed poor correlation with the
growth of common carp. DM of zooplankton larger
than 200 pm correlated best with the growth of
common carp.

The abundance and availability of natural food
resources in the pond were not sufficient for culturing
common carp without supplemental feeding. Un-

supplemented fish suffered a steady loss of body mass
at both stocking densities. No fish died during the trial
except for two in the unfed groups. The growth of fish
under the different treatments is shown in Figure 1 as
specific growth rates (SGR). In general, the SGRs
were rather low, probably because the fish were
stressed by the sight of predators (esp. shakes) and by
farmers fishing in the ponds outside the cages.
Similarly, small tilapia were observed to enter the net
cages through the large mesh holes and compete with
common carp for the supplemental feeds. On average,
growth of common carp improved with increasing
fishmeal replacement by earthworm meal under both
feeding schemes (10 and 20 g/kg”®metabolic body
mass), but these were not significantly different.

The interactions of the test diets and the
availability of zooplankton DM (> 200 pm in size) is
depicted in Figure 2. The linear regressions show that
when fish have access to natural food, they grow
better when they are given a supplemental diet in
which the animal protein comes from earthworm than
when they are given one in which the animal protein
source is fishmeal.

The feeding schemes differed significantly in
their effects on the proximate body composition of the
fish (see Table 5). Fish without supplemental feed had
significantly lower DM, CL and GE but higher CA
content than supplemented ones. Fish receiving
double supplementation had even higher contents of
CL and GE.

Table 3. Water quality parameters (mean+SD) over the experimental period

Parameter Unit Mean+SD
NO,-N mg L 0.04+0.01
NO;-N mg L* 0.43+0.15
TAN mg L™ 0.15 +0.07
UIA-N pg Lt 6.2+1.8

TN mg L 1.81 £0.29
PO,-P mg L 0.01+0.01
TP mg L! 0.16+0.11
SDD cm 34.7+2.0
pH 7.7+0.1

Temperature °C 31.9+0.9
0% am mg L 1.940.5

Oilz am mg L 6.3+1.7

e} mg L* 7.9+1.2

Tssspm mg Lt 32.445.9
TSSorq mg L 14.6+1.7
TSSinora mg L 17.8+5.1

NH3-N: un-ionized ammonia nitrogen; NO,-N: nitrite nitrogen; NO3-N: nitrate nitrogen; O% am 12am, s pm: OXygen averaged over all measured
depths at the respective day time; PO,-P: ortho-phosphate phosphorus; SDD: Secchi disk depth; TAN: total ammonia nitrogen; TN: total
nitrogen; TP: total phosphorus; TSS: total suspended solids; TSSqrg: organic fraction of TSS; TSSiueg: inorganic fraction of TSS

Table 4. Dry matter (DM) of different size groups of zooplankton and zoobenthos (mean+ SD) per unit pond area as an

estimate of the natural food available for stocked common carp

Size class DM per unit pond area [mg/m?]
Zooplankton > 60 pm 772+187

> 200 um 364+88
Zoobenthos >0.5cm 52453
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Figure 1. Specific growth rate (SGR; y-axis) of common carp receiving four feeds (None: no supplemental feeding and
supplemental feeds 1, 2, and 3 in which fishmeal derived protein is replaced by 0%, 50%, and 100% earthworm meal
protein, respectively) plotted against level of supplemental feeding (none, 10 g/kg®® metabolic body mass, and 20 g/kg®®
metabolic body mass) and stocking density (5 and 10 fish per net cage).
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Figure 2. Delta SGR per zooplankton dry mass per fish (%/ d * mg; y-axis) of common carp receiving three supplemental
feeds (1, 2, and 3 in which fishmeal derived protein is replaced by 0%, 50%, and 100% earthworm meal protein,
respectively) plotted against level of supplemental feeding (none, 10 g/kg®® metabolic body mass, and 20 g/kg®® metabolic
body mass). Equations and r? given in the legend are describing the linear regression and the fitting accuracy of the
respective feed.

Delta SGR = SGRfeq feed x - SGRunfed
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Discussion
Earthworms as a Feed Resource

In the literature, earthworms are generally
described as resources with high protein content and
protein quality but these parameters have been shown
to differ according to earthworm species and, to a
lesser extent, the feed substrate (Tacon et al., 1983;
Stafford and Tacon, 1984; Sun et al., 1997; Changguo
et al., 2006; Sogbesan et al., 2007; Dong et al., 2010;
Tuan, 2010). There are several reports that
demonstrate the suitability of various earthworm
species as components of aqua feeds while others
suggest that single earthworm species can have
negative effects on the growth and health of fish. In
salmonids, low levels of fishmeal replacement by
earthworm meal (Dendrodrilus  subrubicundus,
Allolophora foetida) produced enhanced growth
performance (Akiyama et al., 1984, Stafford and
Tacon, 1984) but higher levels had increasingly
negative effects(Stafford and Tacon, 1984). In
common carp without free access to abundant natural
food resources, the replacement of fishmeal by dried
earthworm meal (Eudrilus eugeniae, Kinberg, 1867)
resulted in reduced growth (Nandeesha et al., 1988).
Feeds in which there was incremental replacement of

fishmeal by frozen Perionyx excavates caused
reduced growth in Marble goby(Oyxerlotris
marmorata) and pangasius catfish (Pangasius

hypophthalmus), but fish in a trial by Nguyen et al.
(2010) had manifestly higher growth rates when
fedfresh earthworms rather than frozen ones. Tacon et
al. (1983) reported several earthworm species
(Allolobophora foetida, Lumbricus terrestris)as being
suitable for feeds for rainbow trout. In contrast, frozen
or freeze dried Eisena foetida was found to be
unpalatable to trout due to haemolytic factors in the
coelom fluid but the isolated protein of this
earthworm species seems to be suitable as a food and
feed resource (Medina et al., 2003; Kostecka and
Paczka, 2006). Coelomic fluid of earthworms was
shown to play an important role in their immune
reactions (Kauschke et al., 2007) and also to affect the
immune reactions in other animals treated with
coelomic fluid. The coelomic fluid of Eisena foetida

had toxic effects in fishes and other vertebrates
(Kobayashi et al., 2001; Ohta et al., 2003) but had
less effect on invertebrate species (Kobayashi et al.,
2001). Lysenin, a component of the coelomic fluid,
was reported to produce toxic effects by binding to
sphingomyelin (Yamaji et al., 1998, Kobayashi et al.,
2001, Kobayashi et al., 2004), but heat-treatment of
coelomic fluid caused a reduction in toxic effects
suggesting lysenin and other haemolytic factors may
be heat labile proteins (Tacon et al., 1983; Kauschke
et al., 2007). Thus the preservation and processing
methods used when some species of earthworms are
incorporated into fish feed can greatly affect its
palatability. Tacon et al. (1983) suggested pre-
treatment of earthworm by removal of coelomic fluid,
heat treatment in the course of drying, or blanching
with hot water. However, toxic coelomic fluid was
not detected in all earthworm species (Kauschke et
al., 2007). Perionyx excavatus (used in this study)
were found to negatively affect fish growth depending
on the preservation methods used (Nguyen et al.,
2010) suggesting that there are anti-nutritional factors
in this earthworm species too. In the present study,
earthworm meal from Perionyx excavates hardly
elicited any negative effects on growth in common
carp probably because the worms underwent a form
of heat treatment during sun drying and the
percentage of earthworm in the diets were low.

The protein quality of earthworm meal was
reported to be comparable to that of fishmeal with
high levels of essential amino acids for fish (Tacon et
al., 1983; Tacon and Metian, 2009; Dong et al., 2010;
Tuan, 2010; NRC, 2011). As in full feeds, earthworm
meal was suitable as a partial replacement for
fishmeal with similar or beneficial effects on fish
growth (described above). In this study growth
increased as increasing levels of earthworm were used
to replace fishmeal. Under semi-intensive pond
management, there is a strong interaction between
supplemental feed composition and the availability
and nutritional quality of the natural food resources.
Natural food resources differ in nutritional quality (De
Silva, 1993) although zooplankton and macro-zoo
benthos, which are the main natural food sources of
common carp (Kolar and Rahel, 1993; Milstein et al.,
2002; Rahman et al., 2008b), generally have a high

Table 5. Proximate body composition of trial fish fed the three test diets 1, 2 and 3 in which fishmeal protein was replaced by
0%, 50% and 100% earthworm meal protein, respectively. In four replicate each, these test diets were fed to groups of
common carp at 0, 10 and 20 g/kg®® metabolic body mass at stocking densities of five and ten fish per net cage

Daily

feeding [9 kg™] 0 10 20

Stocking [Fish cage] 5 10 5 5 5 10 10 10
Feed No No 1 2 3 1 2 3
DM % of FM 13.6£1.7° 17.4+1.0 23.5+0.1° 24.7+1.4° 24.2+0.5° 28.8+2.8%° 27.6+4.7%° 28.8+1.2%
CA % of DM 30.1+5.22 24.243.5° 15.3+1.1° 14.9+1.3° 14.5+1.0° 11.8+0.9° 11.6+0.6° 10.8+0.5°
CpP % of DM 67.1+5.3%¢4 73.9+2.6 71.1£1.28 71.5+2.8%¢ 69.3+2.1° 62.8+1.6°¢ 61.0+2.0°¢ 60.1+1.6>¢
CL % of DM 0.9+0.3° 1.3+1.0° 9.8+1.5° 11.443.5° 12.6+2.2° 23.4+2.7% 25.242.9% 24.6+1.7%
GE MJ kg™ 15.3+1.4° 16.9+1.3° 21.5+0.6° 21.740.6°  22.040.4%  24.4x0.7%" 24.8£1.1%  24.8+0.2°¢

Mean values in the rows that do not share the same superscript(s) differ significantly in the pond management effect at P<0.05.
CA: crude ash; CL: crude lipid; CP: crude protein; DM: dry matter; FM: fresh matter; GE: gross energy
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protein content and high levels of essential amino
acids (Dabrowski and Rusiecki, 1983; De Silva, 1993;
Ventura and Catalan, 2010). The availability and
nutritional quality of natural food resources
determines the nutritional quality of supplemental
feeds needed to fully supply the requirements of
cultured fish(Viola, 1989; De Silva, 1993). In the
present study, the amounts of natural food resources
available were not sufficient to support fish growth
without supplemental feeding (negative growth of
control  groups). With increasing levels of
supplemental feeding and reduction of natural food
per fish (higher stocking density), the increasing
effect of higher natural food availability on growth
performance showed that protein was the limiting
factor. This is not surprising as the test feeds were
formulated below the protein requirements of
common carp (NRC, 2011) as suggested by De Silva
(1993) for supplemental feeding at low stocking
densities. Even so, the combination of earthworm
meal and natural food seemed to meet the nutritional
requirements of common carp more efficiently than
fishmeal in the test feeds.

The SGRs of common carp correlated most
closely with the abundance of zooplankton DM larger
than 200 pm in size, which implies that large
zooplankton are the most important natural food
resources for juvenile common carp under these
conditions. This feeding habit was also found by
Pucher and Focken (2013) in other net cage trials
designed to evaluate plant based supplemental feeds
under local conditions in the research area. Rahman et
al. (2008a) named large zooplankton as the most
important natural food resources for common carp as
soon as the supply of the preferred zoo benthos in the
pond becomes limited. An increase in production of
natural food should be aimed by changing the water
management and fertilization management (Pucher et
al., 2014a; Pucher et al.,, 2014b) to increase the
financial benefit and growth of common carp fed on
supplementary on plant-based feeds with earthworm
as the animal protein resource. In the research area,
the increase of natural food availability may be
promoted by improving methods of fertilization as
well as water flow management. For a detailed
description of techniques for achieving these ends see

Pucher et al. (2013, 2014a, 2014b).

Vermi Culture as Additional Farming Activity in
Integrated Small-Scale Farms

As shown in this study, earthworms might be
used by small-scale farmers in rural areas to produce
supplemental feeds for omnivorous fish like common
carp. This necessitates the introduction of earthworm
production technologies (vermin culture) into rural
areas of developing countries as an additional farming
activity in integrated farming systems. Vermi culture
accelerates nutrient cycling within the farms and
generates additional financial benefit due to

utilization of underutilized wastes and by-products of
low quality (Sinha et al., 2002, Sogbesan et al., 2007)
by producing a high qualitative feed resources for fish
(or other animals) and highly fertile soil (called
vermin compost)for gardening or pond fertilization
(Ghosh, 2004, Chakrabarty et al., 2009, Chakrabarty
et al., 2010).In a case study performed in small scale

farms in northern Vietnam, Miiller et al. (2012)
calculated that vermin culture based on underutilized
on-farm wastes (ruminant manure) produces 6 - 36 kg
of earthworm DM per year and farm. Using this
amount of earthworm meal in plant based
supplemental feeds could produce 18-112 kg of
additional common carp per farm, raising the
financial yield by 12-75% per year compared to the
traditional aquaculture applied by small scale farmers
in the research area(Steinbronn, 2009; Pucher et al.,
2013).
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