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ABSTRACT

The effect of stocking densities (30, 60, 90, and 120 g/}, durations
of transportation (2, 4, and 6 hours), with two methods of aeration
(pure oxygen and atmospheric air)in three different containers
shapes (polyethylene bags, cylindrical and cubeids) on silver carp
fry, and water quality parameters was tested. Water samples were
taken at 2 h intervals after transport to determine oxygen concentra-
tion, pH, and total ammonia concentration. Oxygen conceniration
adjusted to 8 ppm for all treatments at transport start of silver carp
fries. The results revealed that both water quality and survival ratio
were affected by method of tramsportation. Oxygen concentration,
pH values, ammonia concentration and survival ratio measured in
pure oxygen supply were significantly (P<0.05) higher compared to
those measured in atmospheric air supply under all treatments. The
oxygen concentration of silver carp fry transportation was in the
range of 0.67 to 7.11 mg/l, and the stocking densities from 30 to 120
g/l. Transportation durations significantly affected the oxygen con-
centration under closed system (polyethylene bags) and open system
(cylindrical and cuboids containers). The pH values of the water dur-
ing silver carp fry transportation were in the range of 6.35 to 7.2,
and the lowest pH value of 6.35 was recorded at 30 g/1 stocking den-
sity, 2 h duration of transportation, pure oxygen supply and polyeth-
ylene bags containers. The ammonia concentration values of silver
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carp fry transportation was in the range of 1.1 to 7.0 mg/l, and the
lowest ammonia value of 1.1g/1 was recorded at 30 g/1 stocking den-
sity, 2 h duration of transportation, pure oxygen supply and polyeth-
ylene bags container. The lowest survival ratio of silver carp fry
transportation value of 14.97% was recorded at 120 g/l stocking den-
sity, atmospheric air supply with 6 h duration of transportation, and
the highest survival ratio value of 97.13% was recorded at 30 g/l
stocking density, 2 h duration of transportation, pure oxygen supply
and polyethylene bags containers. The lowest cost value of silver carp
fry transportation of 0.09 L.E per 5 g. for live fry was recorded at
120 g/l stocking density, 2 h duration of transportation, pure oxygen
supply and polyethylene bags containers. The highest cost value of
silver carp fry transportation of (.92 L.E. per 5 g. for live fry was
recorded at 30 g/l stocking density, 6 h duration of transportation,
atmospheric air supply with polyethylene bags containers, From the
obtained results, the best parameters of silver carp fry transporta-
tion methods could be transport with stocking density of (30 g/1), du-
ration of transportation of 2 hours, methods of aeration of pure oxy-
gen supply, and container shape of polyethylene bags to achieve the
highest values of oxygen concentration and the survival ratio and the
lowest values of pH, ammonia concentration and total cost.

Keywords: Fry transportation, silver carp, aeration, survival ratio,
polyethylene bags, transport in containers, water quality.

INTRODUCTION 0.2% to 25%. Fish is a rich source
of vitamins, particularly vitamins

Do need for 1apid development 4 and D from fatty species. The
and proper management of the kish — yinera1g present in fish include

farms is becoming a necessity in iron, calctum, zinc, iodine (from
view of th_e high demand for ﬁsh‘ marine fish), phosphorus, selenium
as a relatw.ely f:heap source of and fluorine.

animal protein. Fish may compen-

sate for the present deficiency of Fish culture embodies in land
the other animal protein sources and coastal water, but in fact, the
(Hamza 1988). Fish contains a inland culture is greater than the
gOOd quant]ty of protein’ ahout 18- coastal culture. Inland fish culture
20% and fat content ranges from embodies fresh water and brackish
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walter. Fresh water fish culture
(about 40,000 faddans) is much
more developed in Egypt than
brackish water fish culture (20,000
faddans) (Hamza 1988).

Total fish production in Egypt
is about 970,000 tons according to
Ministry of Agrnculture, 2007.
375,000 tons (38.72%) are from
fisheries, 595,000 tons (61.28%)
are from aquaculture.

There are two basic transport
systems for live fish, the closed
system and the open system. The
closed system is a sealed container
in which all the requirements for
survival are self-contained. The
simplest of these is a sealed plastic
bags partly filled with water and
oxygen. The open system consists
of water-filled containers in which
the requirements for survival are
supplied continuously from outside
sources. The simplest of these is a
small tank with an aerator stone.

The bags used for fish transport
in water with oxygen are produced
in a number of modifications. They
arc manufactured from a thin or
thicker transparent polyethylene foil
and usually have the shape of sack
or sleeve. The water to be used for
fry transport in a bag should comply
with all requirements.

The transport in tank should be
done under the conditions of con-
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stant air or oxygen supply. This is
very important to the welfare of
fish even if dissolved oxygen con-
tent of water seems to be satisfac-
torily high in tank. The weight of
fish that can be safely transported
in a tank depends on the efficiency
of the aeration system, duration of
the transport, water temperature,
fish size and fish species, some
calculations of loading rates for
various fish species are presented
by (Piper et al. 1982).

Boyd and Watten {1989) stated
that two basic methods are used for
increasing dissolved oxygen (DO)
concentrations in water. Air-contact
aeration systems increasc the area
of the air-water interface and the
degree of turbulence in water to
enhance the absorption of oxygen
from the atmosphere or from rising
air bubbles. Also Golombieski et
al. (2003) showed that when fish is
transported in a closed system, an
oxygen deficit may occur when the
load density is high and the trans-
port is prolonged. The dead fish
also compete with the living ones
for oxygen. The increased bacterial
multiplication requires oxygen and
this multiplication may further
produce toxic metabolites and
stated that, an oxygen deficit was
observed at 20°C and 25°C at the
load density of 168g/1, since the
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dissolved oxygen levels ap-
proached near zero. There was fin-
gerling mortality at this density,
and bacteria that degrade dead fish
probably also consumed oxygen,
contributing to reducing these lev-
els in the water. The use of pure
oxygen in the bags increased the
dissolved oxygen levels in the wa-
‘ter up to saturation in relation to
the partial pressure of oxygen con-
tained in the bags, Gomes et al.
(1999). Lawson (1995) recom-
mended a minimum criterion of
6.0 mg/l dissolved oxygen for all
juvenile fish and crustaceans. Prac-
tically all species can survive for
short period at dissolved oxygen
concentration less than optimum,
and they are more susceptible to
infectious diseases. Respiration of
common carp and silver carp de-
creased when this species were
exposed to ammonia concentration
of the range 0.2 to 1.0 mg/l, (Nem-
cosk et al., 1984).

Chona and Marietta (2003) said
that the best packing density for
transport of grouper larvae is 50
larvae/l and that packing density
could bc increased to a maximum
of 100 larvae/l when transported at
23°C. Also Pavlidisa et al. (2003)
suggested that red porgy should be
transported in stocking densities of
20-25g/1 and at a hauling tempera-
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ture similar to that kept at the ex-
porter's fish rearing tanks (prefer-
able 19°C).

Ng et al. (1992) found that 16%
to 18% mortality might occur to
Cyprinus carpio when unionized
ammonia concentration was 0.9 to
1.3 mg/l. The term total ammonia
refers to the sum of unionized
ammomnia (NH3) and ionized am-
monia (NH4). Ammonia induces
detrimental changes in tissue struc-
ture, cell function, blood chemis-
try, osmoregulation and disease
resistance. A sharp peak in ammo-
nia excretion of sockeye salmon
was observed by Thurston ef al.
(1981) 4" after single feeding. Low
dissolved oxygen concentrations
increase the toxicity of ammonia to
fish. Boyd (1982) showed that wa-
ter pH was reduced in the first
hours of transport because the pro-
duction of carbon dioxide due to
fish respiration led to the forma-
tion of carbonic acid, which can
dissociate into H+ and HCO3-, and
most natural waters have pH val-
ues between 6.5 and 9.0,

From the previous introduction,
there is a shortage in literature con-
ceming fry transport especially the
optimum conditions required for a
successful transport operation. In
this paper, some of the important
parameters affecting the transporta-
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tion process will be investigated to
conclude the optimum transport
conditions.

The objectives of this study will
include investigation the effect of
transport durations, stocking densi-
ties, transport containers’ shape
and aeration Systems on silver carp
fry survival ratio and water quality
during transportation.

MATERIALS AND
METHODS

This study was carried out in
Central Laboratory for Aquacul-
ture Research, Abbassa, Abou-
Hammad, Sharkia during the year
of 2009,

Transport fry in open system
and closed system at different den-
sities of silver carp Hypophthalmic
molitrix were used to evaluate
some study parameters on water
quality and survival of fry during
journey. The study included two
methods of aeration (pure oxygen
and atmospheric air); four stocking
densities (30, 60, 90, and 120g/1);
three different containers shapes
(polyethylene bags, cuboids, and
cylindrical); and three transport
durations (2, 4, and 6 hours) with
average truck speed 35 km/hr on
variety road between dirt and tar-
mac. A total of 72 treatments were
suggested and implemented in 3
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replicates each. Silver carp fries of
5.0 g average mass were used in
different densitics to investigate
the previous parameters. Polyeth-
vlene bags were 0.6 mm thick and
have the dimensions of 1.1x0.35
m. Cuboids containers are manu-
factured from plastic boards. They
have dimensions of 0.31x0. 23x0.
185m and thickness of 5.4 mm, the
height of water 13cm. Cylindrical
containers are manufactured from
plastic. They have dimensions of
0.37 m height, 0.19m diameter, the
height of water is 18 cm.

Pure oxygen was provided by
compressed oxygen cylinder and
atmospheric air was supplied by a
battery operated air pump which
uses 2 batteries (size D, 1.5 Volts).
Air dispensers are used to bubble
air and pure oxygen in open sys-
tems and oXygen concentration
adjusted to 8ppm for all treatment
at transportation start and after to
fill of containers with fries. The
containers were hauled in a trans-
portation truck for different trans-
portation durations.

Water samples from each
treatment were tested to determine
concentration of dissolved oxygen
(DO), mg/l, pH, and total ammo-
nia, mg/l, each two hours.

Dissolved oxygen was meas-
ured using Dissolved Oxygen Me-
ter (YSI Model 58) and pH was
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assessed using pH meter. Total
ammonia concentration was meas-
ured in laboratory using HACH
Comparison Method. The survival
ratio (SR) was calculated using the
following equation:

M — Md

Mt

Where: Mt : total mass of fry in
- the container, g. and Md : mass of
dead fries in each container, g.

The cost incurred by the truck
was estimated using the following
equation, (Awady 1978):

C= ]_f: (l +12+t+rj+(0.9w.s.f)+L, LEIh
. a

SR = x 100

Where:

C: hourly cost, L.E, P: Capital
investment (truck price = 100,000
L.E), h: yearly working hours (as-
sumed 2500 h/year), a: life expec-
tancy of the truck (assumed 20
years), 1i: interest rate/year (as-
sumed 10%), t: taxes, and over-
heads ratio (assumed 10%), t: re-
pairs and maintenance ratio (as-
sumed 10%), w: horsepower of the
truck engine, 100 hp, s: specific
fuel consumption, 0.24 Vh.hp.

f: fuel price, 1.50 L.E/, L: operator
wage, 5.00 L.E/h, and, 0.9: factor
to take lubrication and greasing
into account.

Finally, the cost analysis was
carried out in order to evaluate the

Soliman, ef al.

transport unif economically and
then compare between different
methods. The total cost incurred by
a treatment was estimated by the
following equation;

Total cost = truck cost + aeration
cost + container cost + fry cost +
labor cost

Statistical Analysis

Four measurements were done
for oxygen concentration, pH value,
ammonia and survival rate. The ob-
tained data were statistically ana-
lyzed (univaraite analysis of vari-
ance)to determine the main and in-
teraction effects between levels of
stocking densities, methods of aera-
tion, different containers’ shapes;
and transportation durations.

RESULTS AND
DISCUSSION

The observed data were tabu-
lated, analyzed, and plotted to in-
vestigate the effect of different
study parameters.

Effect of Different Parameters
on Oxygen Concentration

The effect of changing the lev-
els of stocking densities, methods
of aeration, different containers
shapes, and transportation dura-
tions on the oxygen concentration
of silver carp fry transportation is
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shown in Fig. 1. Statistical analysis
showed that increasing stocking
density had significant effect
{p<0.05) on the oxygen concentra-
tion under pure oxygen supply and
atmospheric air supply but did not
show any trend indicating that the
interaction of stocking density with
other component played an impor-
tant role in the oxygen concentra-
tion of the fry transportation. It can
be said that oxygen concentration
in water was decreased with in-
creasing stocking density due to
the competition among fries. Also,
increase the transportation duration
had the most significant role in the
oxygen concentration but the oxy-
gen concentration measured in
pure oxygen supply was higher
than that measured in atmospheric
air supply under all treatments.
Oxygen  concentration  values
measured in closed system (poly-
ethylene bags) throughout 2 hours
in stocking densities 30, 60, 90 and
120 g/1 were 7.12, 4.75, 3.00, and
2.73 mg/l respectively under pure
oxygen supply. In addition, the
values were 3.10, 2.87, 2.40, and
1.97 mg/l respectively using at-
mospheric air supply. It is clear
that the transportation period has
affected the oxygen concentration.
Oxygen concentration that was
measured throughout 2 and 4 hours
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in pure oxygen supply was higher
than that measured at atmospheric
air supply in the same treatment.

These results are in agreement
with those found by Golombieski
et al. (2003) and Chona and Mari
et al. (2003).

Effect of Different Parameters
on pH Value

The effect of changing the lev-
els of stocking densities, methods
of aeration, different containers
shapes, and transportation dura-
tions on the pH values of silver
carp fry transportation is shown in
Fig. 2. Statistical analysis showed
that increasing stocking density
had significant effect (p < 0.05) on
the pH values but did not show any
trend indicating that the interaction
of stocking density with other
component played an tmportant
role in the pH values of the fry
transportation. As the stocking
density was increased from 30 to
120 g/l, the pH values increased
from 6.35 to 6.90 under pure oxy-
gen supply in bags after 2 h trans-
port duration. At the same time pH
values increased from 6.71 to 7.05
using atmospheric air supply under
the same conditions. It is also no-
ticeable the pH values increased from
6.35 to 6.79 by increasing transport
duration from 2 to 6" under 30g/
stocking densities using pure oxygen.
Same trend was found under diffeent
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treatments using pure oxygen sup-
ply and atmospheric air supply.
Pavlidisa ef al. (2002) showed
similar results. It is logical from
the previous discussion to con-
clude that increasing stocking den-
sities and transportation durations
will increase the breathing activi-
ties which produce more CO2
.which tends to increase water acid-
ity. However, this effect was offset
by increasing ammonia concentra-
tion which was produced by larger
quantities by increasing stocking
densities and transport durations.

Effect of Different Parameters
on Tetal Ammonia Concentra-
tion

The eftect of changing the lev-
els of stocking densities, methods
of aeration, different containers
shapes, and transportation dura-
tions on the ammonia concentra-
tion of silver carp fry transporta-
tion 1s shown in Fig. 3. Statistical
analysis showed that the total am-
monia concentration increased sig-
nificantly (P<0.05) as the level of
stocking densities and transport
durations increased. The total am-
monia concentration increased
from 1.1 to 1.5mg/l and from 2.8
to 3.5 mg/l by increasing the stock-
ing density from 30 to 120g/l un-
der both acration systems through
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transport duration of 2 h respec-
tively. Meanwhile it was increased
from 1.1 to 2.3mg/1 and from 2.8
to 5.1 mg/1 by increasing the trans-
port duration from 2 to 6 h under
30 g/l stocking density for both
acration systems. The highest am-
monia concentration of 6.8 mg/l
was recorded after 6 h of transpor-
tation at stocking density of 120g/1
for the atmospheric air system in
polyethylene bags. It was notice-
able that ammonia concentration
was higher under atmospheric air
supply than that under pure oxygen
supply at all stocking densities and
transport durations. Accumulation
of ammonia and its intermediate
products in intensive culture sys-
tem causes mortality. Ammonia is
utilized as an energy source by
autotrophic nitrifying aerobic bac-
teria, Nitrosomonas and Nitrobac-
ter, which oxidize it to nitrite and
nitrate, respectively.

Effect of Different Parameters
on Survival Ratio

The effect of changing the lev-
els of stocking densities, methods
of aeration, different containers
shapes, and transportation dura-
tions on the survival ratio of silver
carp fry transportation is given in
Fig. 4. Statistical analysis showed
that increasing stocking density had
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significant effect (p<0.05) on the
survival ratio and as the stocking
density was increased from 30 to
120¢/1, the survival ratio decreased
from 87.73 to 76.61% and from
86.26 to 72.52% under both aera-
tion systems for 2 h transport dura-
tion respectively. Meanwhile it
was decreased from 87,73 to
75.90% and from 86.26 to 66.44%
by increasing transport duration
from 2 to 6 h at stocking density of
30 g/l under both aeration systems
respectively in cylindrical contain-
ers. In addition, survival ratio cal-
culated in pure oxygen supply was
higher than that calculated in at-
mospheric air supply. The survival
ratio in polyethylene bags was
higher than that obtained with cylin-
drical and cuboids containers, where
survival ratio was in polyethylene
bags 97.11%, cylindrical containers
87.73% and cuboids containers
92.60% at 30g1 through 2" with
pure oxygen supply. This result can
be attributed to the nervous behav-
ior of the shiver carp fries during
transportation and less solubility of
oXygen in open systems.

Cost Analysis

Cost analysis for pelyethylene
bags

Fig. 5 displays the cost incurred
using polyethylene bags under dif-
ferent stocking densities, transport
durations and aecration systems. It

Pl
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can be concluded that total cost as-
sociated with one bag transport is
increasing by increasing transport
duration. The cost incurred using
atmospheric air supply was higher
than that incurred using pure oxygen
supply. The total cost per 5g. for live
fry was decreased from 0.18 to
0.09L.E and from 0.21 to 0.18LE
through increasing stocking density
from 30 to 120g/l; meanwhile it was
decreased with 30 g/1 stocking den-
sity from 0.18 to (.36 L.E and from
0.21 to 0.93 L.E through increasing
transport duration from 2 to 6 h. un-
der both systems of aeration.

Cost analysis for cylindrical
containers

Fig. 6 depicts the cost incurred
using cylindrical container under
different stocking densities, trans-
port durations and aeration meth-
ods. It can be concluded from
these figures that the cost associ-
ated with one container transport is
increasing by increasing transport
duration. It is interesting to notice
that the cost incurred using pure
oxygen supply was lower than that
incurred using atmospheric air
supply but with a little margin.

This result is attributed to the
cost of air pump and tubing under
atmospheric air supply. The total
cost per 5g. for live fry was in-
creased from 0.19 to 0.11L.E and
from 021 to O0.11L.E through
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increasing stocking density from
30 to 120g/1; meanwhile it was in-
creased from 0.19 to 0.39L.E and
from 0.21 to 0.54L.E with increas-
ing transport duration from 2 to 6h.
with 30g/1 stocking density under
both systems of aeration.

Cost  analysis
container

for cubeids

Fig. 7 depicts the cost incurred
using cuboids container under dif-
ferent stocking densities, transport
durations and aeration methods. It
can be concluded from these fig-
ures that the cost associated with
one container transport is increas-
ing by increasing transport dura-
tion. It is interesting to notice that

Pure oxygen
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the total cost incurred using pure
oxygen supply was lower than that
incurred using atmospheric air
supply but with a litile margin.
This result is attributed to the cost
of air pump and tubing under
atmospheric air supply. The total
cost per 5 g. for live fry was in-
creased from 0.20 to 0.10 L.E and
from 0.21 to 0.11 L.E through in-
creasing stocking density from 30
to 120 g/1; meanwhile it was in-
creased from 0.20 to 0.43 L.E and
from 0.21 to 0.57 L.E with increas-
ing transport duration from 2 to 6
h. with 30 g/l stocking density un-
der both systems of aeration.
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Table 1.Effect of stocking density, duration of transportation, meth-
ods of aeration and different containers shapes on water
quality, survival ratio and transportation cost

parameters Water quality measurement, survival ratio and (ransportation cost
Oxygen concentration  pH values  Ammonia con- Survival ratio (%)
centration (21)
Stocking density =30 g/l 376s 662a 3241 T125a
Stocking density = 60 g/t 3.15b 677h 393b 7492b
Stocking density =90 g/t 152¢ 698¢ 439c .10 ¢
Stocking density = 120 gA 288d T.04d 514d 5741d
Transporiation duration =2 h 3.62a 6.74a 3.00a 8152¢
Transportation duration =4 h 288b 683b 415b TL77b
Transportation duration =6 h 213c 692¢ 538¢ 55.72b
Containers shape = polyethylene bags 240 b 686a 36dc 71902
Containers shape = cylindrical 321a 6.77b 4.23b 7089 a
Containers shape = cuboids 303a 6362 514a 662k b
. System aeration = pure oxygen 351a 677a 338a 71.73a
Systern aeration = air atmospheric 225b 68%b 498 b 61.61b
e
Conclusion Stocking density of 30 g/l and 2 h
. transport duration resulted in the
Analysis of the results of th‘;‘, lowest pH values under different
current researcl} can led to the fol-  gopation systems and container
lowing conclusions: shapes used.

Oxygen concentration and sur-
vival ratio decreased in all treat-
ments regardless of aeration sys-
tem or stocking density used.
Stocking density of 30 g/l and 2 h
transport duration resulted in the
highest oxygen concentration un-
der different aeration systems and
container shapes used.

pH values and total ammonia
concentration increased in all
treatments regardless of aeration
system or stocking density used.

Total cost incurred using poly-
ethylene bags was lower than that
incurred using containers under all
stocking densities, transport dura-
tions and aeration methods, total
cost incurred using pure oxygen
supply was higher than that in-
curred using atmospheric air sup-
ply in polyethylene bags under all
stocking densities and transport
durations. This result was reversed
in containers.

It can be recommended that using
polyethylene bags with stocking
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density of fry 30 g/l and pure oxy-
gen supply at 2 hours duration of
fry transportation are better than
using open containers at the same
treatment due to:

Survival ratio using bags was
higher than others, water quality was
better under bags treatments, and
total cost associated with using
polyethylene bags was lower than
that associated with other containers.
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