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ABSTRACT

The objective of this study was to investigate the effect of density, duration and the use of additives to
the water during the transportation of juvenile tambaqui (Colossoma macropomum) and use of this data
to establish a safe transportation protocol for the species. The tested products and dosages were: salt
(1000, 2000 and 3000 mg/L), gypsum (100, 300 and 500 mg/L) and benzocaine (10, 20 and 30 mg/L).
Fish were transported in closed systems (plastic bag) at different densities and time periods of up to
24 h. Fish survival (FS) and water quality parameters were monitored immediately after transportation.
The remaining fish were kept in floating cages in order to evaluate mortality which occurred up to 96 h
after transportation (S96). The best fish density, additives dosages and time period of the transportation was
estimated with a general linear model. The effect of the condition factor on FS and S96 was also evaluated.
As expected, FS and S96 were significantly related to time and density. FS but not S96, were also were
significantly related to treatment. FS with gypsum treatment was not different from controls and FS with
table salt and benzocaine treatments were significantly reduced. The condition factor was not related to
either FS or S96. FS was inversely correlated with carbon dioxide concentration. It was concluded that the
additives did not improve fish transportation survival. Linear models were developed to predict the best
transportation densities as a function of time.

Keywords: aquaculture, stress, handling, salt and anesthetic.

RESUMO

Transporte de juvenis de tambaqui (Colossoma macropomum) em sistema fechado

O objetivo deste estudo foi investigar o efeito da densidade, durag@o e do uso de aditivos na dgua durante
o transporte de juvenis de tambaqui (Colossoma macropomum) e usar estes resultados para estabelecer
um protocolo seguro de transporte para esta espécie. Os produtos testados e suas doses foram: sal de mesa
(1000, 2000 e 3000 mg/L), gesso (100, 300 e 500 mg/L) e benzocaina (10, 20 e 30 mg/L). Os peixes foram
transportados em sistema fechado (saco plastico) em diferentes densidades e por diferentes tempos por até
24 h de transporte. A sobrevivéncia e os pardmetros de qualidade da 4gua foram monitorados imediatamente
apos o transporte. Os peixes que sobreviveram ao transporte foram colocados em tanques-rede para avaliar
a mortalidade apds 96 h. A melhor densidade, tempo de transporte e aditivo foram estimados por modelo
linear geral. O efeito do fator de condigdo na sobrevivéncia apds o transporte e na sobrevivéncia de 96 h
também foi avaliado. Como esperado, a sobrevivéncia apds o transporte e a sobrevivéncia de 96 h foram
significativamente correlacionados com o tempo e a densidade. A sobrevivéncia apds o transporte, mas
ndo a sobrevivéncia de 96 h, também tem correlacdo com os aditivos testados. A sobrevivéncia apds o
transporte € significativamente igual para o tratamento controle e para os tratamentos que receberam gesso
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e significativamente menor para os tratamentos que receberam sal e benzocaina. O fator de condi¢do ndo
tem correlacio com a sobrevivéncia apés o transporte e a sobrevivéncia de 96 h. E conclusivo que os
aditivos testados ndo melhoram a sobrevivéncia de juvenis de tambaqui apds o transporte. Modelos lineares
foram desenvolvidos para predizer a melhor densidade de transporte em func¢do do tempo.

Palavras-chave: aqiiicultura, estresse, manuseio, sal e anestésico.

INTRODUCTION

Tambaqui, Colossoma macropomum, is one
of the most popular reared species in the North of
Latin America (Araujo-Lima & Goulding, 1997;
Val et al., 2000; Sevilla & Giinther, 2000). This fish
easily accepts artificial food, has good productivity
and a reliable supply of juveniles.

Commercially produced tambaqui are raised
in hatcheries and transported to growout farms or
to varzea lakes for stocking programs. In northern
Brazil, the juvenile distribution size ranges from
3 to 5 cm, and the main transportation method used
is the closed system (Gomes et al., 2002).

Juvenile mortality during and after
transportation is high and is a restriction to the
productivity of Amazonian fish farms (Andrade &
Randall, 1999; Gomes et al., 2002). Mortality can
be related to inadequate transportation, handling or
management in the hatcheries.

According to Berka (1986), transportation
success depends on many factors including the
duration of transportation, temperature of the water,
water quality, size and density of the fish, physical
condition of the fish, and duration of the depuration
period before fish transportation. Juvenile survival
is also directly related to dissolved oxygen
availability in the water (Wedemeyer, 1996) and
elevated carbon dioxide and ammonia levels can
also cause fish mortality during transportation,
since they accumulate in the water and may reach
toxic concentrations (Ross & Ross, 1999).

The use of salts and anesthetics during
juvenile fish transportation is widely used to reduce
stress (Guest & Prentice, 1982; Ross & Ross, 1999).
Among the recommended products are sodium
chloride (salt), gypsum and benzocaine, all of which
are relatively cheap and easy to use. The salt and
gypsum reduce the osmotic gradient between fish
and the water (Wedemeyer, 1997), helping the fish to
maintain their homeostasis. Benzocaine is considered
an efficient and safe anesthetic for juvenile tambaqui
(Gomes et al., 2001), but it has not been tested as a
transportation additive for this species.
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Fish mortality during transportation increases
the rearing costs. However, little has been done to
reduce this loss. The ideal fish densities of tambaqui
in relation to the duration of transportation period,
the adequate use of the water-transport additives
and the quality of fish have been established at
15 cm (50 g) (Gomes et al., 2003a) and 25 cm
(850 g) (Gomes et al., 2003b) fish. The results
show that the effect of fish density on transport
mortality is size-dependent, therefore it is necessary
to investigate these variables for fish that are
3-5 cm and 1-3 g, which represent around 80%
of the transported tambaqui (Gomes et al., 2002).
This is basic information needed to develop
transportation protocols for any species.

The objective of the current study is to
investigate the effect of density, in the presence or
absence of different levels of salt (NaCl), gypsum
and benzocaine for up to 24 h, during transportation
of juveniles (3-5 cm) tambaqui. In particular,
survival at the end of transportation and delayed
mortality up to 96 h following transport.

MATERIAL AND METHODS

Tambaqui juveniles [total length 4.09 *+
0.05 cm and weight 1.19 £ 0.06 g (mean £ SE)]
were acquired from two commercial fish hatcheries
in the State of Amazonas, Brazil (Balbina in
Presidente Figueiredo and Santo Antdnio farm in
Rio Preto da Eva). Both hatcheries have similar
management protocols for tambaqui broodstock
and juvenile production, resulting in equal fish
quality (Gomes et al., 2002).

Fish were obtained by induced spawning and
raised in a larviculture system for 30-60 days. After
this period, juveniles were transferred from the
ponds to depuration tanks (1000-3000 L), where
they were kept for 12-18 h. After depuration, fish
were packed in 30-L plastic bags, with 10 L of water
and filled with pure oxygen. The bags were then
closed with rubber bands and placed individually in
styrofoam boxes. Transportation was conducted on
paved roads. After transportation, the fish survival
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(FS) was quantified, and the remaining fish from
each bag were held in separate 1.5 m? floating cages
to evaluate survival after 96 h (S96). The floating
cages were placed in the Catalao Lake, located in
the confluence of the Negro and Solimdes rivers,
Amazon, Brazil.

Juvenile fish were transported at different
load densities (15 to 180 fish/L) and time periods
(3 to 24 h). The measured unit of fish/L is the main
one used in commercial farms that trade juvenile
fish in Brazil, therefore it was applied in this study.
Three water-transport additives were tested at three
different dosages (Table 1), products and dosages
were chosen based on their use of different juvenile
fish found in the literature (Berka, 1986; Ross &
Ross, 1999). Salt and gypsum were diluted directly
in the transportation water, whereas benzocaine was
added as an acetone solution (100 g/L). Each mL of
acetone solution contained 100 mg of benzocaine.
One or two bags of each additive treatment, plus
two bags of control treatment (without additives)
were transported together in eight independent
trips.

Water quality parameters [pH, dissolved
oxygen (DO), temperature, ammonia and carbon
dioxide (CO,)] were evaluated before transportation
and immediately after opening the bags at the end
of the transportation. The DO and temperature
were measured with YSI 55 probe (Yellow
Springs Instruments, Yellow Springs, Ohio, USA);
pH with a digital pH meter (Digimed model
DMPH-2, Sdo Paulo, SP, Brazil); CO, using titration
inaccordance with APHA (1992) and, total ammonia
according to Verdow et al. (1978). The percentage of
un-ionized ammonia was estimated from published
tables (Boyd, 1982). Water quality in the bags
before transportation were: DO 4.28 £ 0.5 mg/L,
temperature 27.9 £ 0.5 °C, pH 5.2 + 0.08, Co,
8.7 £ 0.2 mg/L, and un-ionized ammonia (NH,)
which was undetectable.

The FS and the S96 were logit-transformed,
and the effect of time, density and treatments
(categorical) were tested with an analysis of
covariance (ANCOVA). The adjusted mean FS for
each treatment was compared to the control with
Dunnett’s test (p < 0.05). The same analytical model
was applied to the S96. The S96 was corrected by
the “natural” mortality rates in ponds of 0.25% per
day. This mortality rate was measured separately,
in which 600 juvenile fish were equally distributed
in six floating cages (1.5 m?) and their survival was
determined after 96 h.

The FS of gypsum treatments and control
were pooled, and isolines of survival rate were
calculated using multiple linear regressions, with
the FS as the dependent variable and transport
time and density as independent variables. The
model predicted the mean survival rates at any
fish density for transportation durations up to
24 h. The control and gypsum groups were combined
for the calculations as there was not a significant
difference for survival after transportation. The
same procedure was applied to S96, but in this
case, data of all treatments were used to calculate
the multiple linear regression, because there were
no significant differences among the treatments.

The relationship between FS residual analyses
and water quality parameters (temperature, DO,
pH, CO, and un-ionized ammonia) was evaluated
with the linear regression.

The condition factor (CF) was used to assess
juvenile quality (Weters, 2001). When the bags
were opened, five fish were randomly selected,
measured, weighed, and their condition factor
calculated, using the following formula (Weters,
2001): CF = (Wg*100)/L3, where, Wg is weight (g)
and L is the total length (cm). The mean condition
factor of each bag was then estimated, and its effect
related to the residuals of the ANCOVA model for
FS and S96.

TABLE 1
Products used during the transportation of tambaqui in a closed system and the respective doses.
Product Dose (mg/L
Salt' (90% NaCl) 1000 2000 3000
Gypsum? (29% Ca*?) 100 300 500
Benzocaine® (ethyl-p-aminobenzoate) 10 20 30

!Sal Lebre®, Norsal S. A., RN, BR; %Ingesel Ltda, PE, BR; and *Biomedicinal®, AM, BR.
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RESULTS

TheFS variedsignificantly withtreatments,
time and density (Table 2). Treatments with salt
and benzocaine reduced the FS average in relation
to the control treatment. Treatments with gypsum
had a mean FS similar to the control (Fig. 1a). The
S96 decreased significantly with time and density,
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but was not related to the treatment (Table 2 and
Fig. 1b), despite showing a similar trend to FS.
Near zero mortality was obtained when
transporting fish for 3 h at densities lower than
100 fish/L. During transportation for 6, 9, 12,
15, 18 and 24 h, the maximum densities where
no mortality was observed was 90, 80, 70, 60, 45
and 25 fish/L, respectively (Fig. 2). The model
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Fig. 1 — Survival of juvenile tambaqui after transportation (a) (n = 8-10 for each treatment) and 96 h after transportation
(b) (n = 10-12 for each treatment). Data are mean * standard error. The numbers after the treatments are the dose in mg/L.
Benzo = benzocaine. * indicates a significant difference from the control, Dunnett’s test; p < 0.05.

TABLE 2
ANCOVA analyses of juvenile tambaqui survival rates (FS and S96) in closed systems with ten treatments (three salt,
gypsum or benzocaine concentrations and control) at different transportation periods
(< 24h) and fish densities (15-180 fish/L).

Source of variation | Sum of the squares df | Mean square F | P

FS; n =99 and r?> = 0.863

Treatment 133.621 9 14.847 5.450 < 0.001

Time 369.537 1 369.537 135.652 < 0.001

Density 447.231 1 447.231 164.172 < 0.001

Error 237.001 87 2.724 - -
S96; n = 110 and r? = 0.700

Treatment 62.957 9 6.995 1.872 0.065

Time 200.668 1 200.668 53.698 < 0.001

Density 203.043 1 203.043 54.334 < 0.001

Error 366.221 98 3.737 - -

Braz. J. Biol., 66(2A): 493-502, 2006
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Fig. 2 — Isolines for juvenile tambaqui mean survival (%) after transportation in the control treatment and using gypsum, in
accordance with density and time. Near zero mortality was obtained when fish were transported for 3 h at densities lower than
100 fish/L. For transportation during 6, 9, 12, 15, 18 and 24 h, the maximum allowed densities, without mortality, were 90,
80, 70, 60, 45 and 25 fish/L, respectively. The equation that describes the lines is: logit survival = 12.888 - 0.258*time - 0.07*

density. n =36, p <0.001 and r* = 0.771.

for S96 demonstrated that it was only possible
to transport fish without mortality in densities
lower than 20 fish/L for durations less than 3 h
(Fig. 3). For fish transportation of 3, 6,9 and 12 h,
the adequate densities, assuming 5% mortality,
were 70, 50, 30 and 20 fish/L, respectively.
Mortality increased progressively at longer periods
and higher densities.

The condition factor did not influence FS and
S96 (Fig. 4). CO, and FS were inversely correlated
(n=91;r*=0.426; p <0.001) (Fig. 5). Fifty percent
mortality occurred when CO, concentration was
near 200 mg/L. In lower CO, concentrations
(< 100 mg/L) survival was always around 95-98%.
DO, temperature, pH and un-ionized ammonia
(Fig. 6) did not affect FS at the range value
experimented.

DISCUSSION

The present study did not provide any
evidence of improvement in fish survival during
transportation when using water-transport additives.
In fact, benzocaine and table salt had a significant
negative effect, increasing mortality, and gypsum
did not improve the survival over control.

The response of fish to water-transport
additives seems to depend on the species and
exposure time. Benzocaine is an efficient and
safe way to anesthetize juvenile tambaqui for
short periods of time (Gomes et al., 2001). Tilapia
(Oreochromis niloticus) is safely transported when
anesthetized with benzocaine at the same ranges
used in the present study (Ferreira et al., 1984).
Our results showed that benzocaine during juvenile
transportation was not beneficial, since FS was
significantly lower than the control group.

It is common knowledge that fish handling
during transportation reduces the fish mucus layer,
increasing the loss of ions from fish plasma into
the water, and the addition of salt reduces the
difference in concentration between transport
water and fish plasma, reducing the loss of ions
(Waurts, 1995). Wurts (1995) also suggested that a
concentration of up to 8 g NaCl/L could be used
to improve the transportation of fish. Salt reduced
the transportation mortality of several species of
clupeids (Guest & Prentice, 1982), striped bass
(Morone saxatilis) (Grizzle et al., 1992) and
dourado (Salminus maxilosus) (Kubitza, 1998).
However, Gomes et al. (1999) concluded that salt

Braz. J. Biol., 66(2A): 493-502, 2006



498

200

GOMES, L. C. et al.

150
o
<
L
=
> 100
‘@
c
)
[a)
50
95%
100% |
0
0 6

1

2 18 24

Times (h)

Fig. 3 — Isolines for juvenile tambaqui mean survival (%) 96 h after transportation for all tested treatments, in accordance
with density and time. It was only possible to transport fish without mortality in densities lower than 20 fish/L and for less
than 3 h. For fish transportation of 3, 6, 9 and 12 h, the adequate densities, assuming 5% mortality, were 70, 50, 30 and
20 fish/L, respectively. The equation that describes the lines is: logit survival = 6.269 - 0.222*time - 0.04*density. n = 110, p

<0.001 and r* = 0.401.
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Fig. 4 — Relation between condition factor (CF) and tambaqui juvenile survival after transportation (a) (n = 41) and 96 h

after transportation (b) (n = 41).

increased the mortality during transportation of
juvenile silver catfish (Rhamdia quelen) consistent
with the findings of the present study. According
to Gomes et al. (1999) the main cause for silver
catfish mortality was osmoregulation dysfunction
due to the addition of salt. Although osmoregulatory
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parameters were not measured in the present work,
the most probable cause for the observed tambaqui
mortality was osmoregualtory dysfunction within
the fish.

The mean S96 for water-transport additive
treatments was not significantly different from
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Fig. 5 — Relation between carbon dioxide and tambaqui juvenile survival after transportation in a closed system at differ-
ent times and densities. The equation that describes the relation is: Logit survival = 6.572— 0.025*carbon dioxide. n = 91,

p <0.001 and r* = 0.426.

the control treatment, however the trends were
consistent with FS treatments. This is probably due
to the high variability between results.
Determination coefficients generated by
the models (0.401-0.863) are not high, since all
transportation procedures were conducted in a real
situation with the influence of several variables,
which are common during fish transportation
and very difficult to control. Models carried
out in real situations are prone to having low
coefficients of determination. High coefficients
of determination are normally obtained when all
or almost all variables are controlled. The results
of the generated models have been confirmed
from twenty four transportations associated to a
tambaqui-stocking program in “varzea” lakes and
resulted in a reduction in juvenile mortality during
transportation after local hatcheries adopted these
models. Therefore, even with low coefficients
of determination, the models can be applied as a
general guideline in tambaqui transportation.
Juvenile quality is one of the possible variables
that could affect survival after transportation (Berka,
1986; Carmichael et al., 2001). In this study, we
used the CF as an index of fish quality, since
undernourished fish batches were frequent. The CF

assumed that well-fed fish should be less sensitive
to the stress caused by transportation than “skinny”’
fish (Weters, 2001). Slight fish were easily visible
in some of the bags, indicating the variability of this
parameter. However, the condition factor did not
affect the FS and S96 of tambaqui at the obtained
range of variation.

Two possible explanations could explain this
result: the index of fish quality was inadequate,
or fish quality had a relatively small effect on the
survival. Other quality indexes have been used for
fish and shrimps, such as: exposure to potentially
toxic products (ammonia or formalin) (Samocha
et al., 1998; Cavalli et al., 2000) or a stress test,
such as withdrawing the animals from the water for
adetermined period of time (Sakakura et al., 1998).
Perhaps, they could be a more efficient predictor
of quality for juvenile fish and held to improve the
requirements before transportation.

With the exception of CO,, water quality
constituents did not have any relation with the fish
surviving. Water temperature for fish transportation
in the Amazon reached higher values (26-30 °C)
than the recommended maximum temperature of
28 °C for tropical fish transportation by Kubitza
(1998), but it did not reduce fish survival. CO,

Braz. J. Biol., 66(2A): 493-502, 2006
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Fig. 6 — Relation between DO (a), temperature (b), pH (c), and un-ionized ammonia (d), and tambaqui juvenile survival after
transportation in a closed system at different times and densities (n = 91-99 for each variable).

and fish survival were inversely correlated.
According to Berka (1986), critical values for
carbon dioxide during transportation in closed
systems depend on the species, but vary between
40 mg/L for temperate fish species, and up to
140 mg/L for tropical fish. In this study, fish
survival was relatively low when carbon dioxide
concentrations were higher than 100 mg/L,
and half of the fish died at concentrations of
200 mg/L. This suggests that the critical
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concentration for juvenile tambaqui is lower than
140 mg/L.

According to Boyd (1982), an increase in
CO, concentration caused a decrease in the pH,
which was not observed in this work. Results
obtained by Gomes et al. (2003a) and Gomes et al.
(2003b) during tambaqui transportation confirmed
that this relation does not occur in the transported
water from the Amazon, where the pH remained
relatively stable even with the increase in the CO,
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concentrations. This was somewhat unexpected
because hatchery water used in this study is low
in ions and has a low buffering capacity (Gomes
et al., 2003a). This pH buffering occurs mainly
from the combination of the available H* from the
respiration process with the NH, available from the
excretion process to produce the NH,*. This process
had already been described by Golombieski et al.
(2003) during silver catfish (Rhamdia quelen)
transportation.

The water pH in this study (5-7) is similar
to the one found in the natural occurrence sites
of the species (Wood et al., 1998) as well as in
aquaculture ponds. Therefore, this variable was
probably not responsible for the physiological or
metabolic disturbance in juvenile tambaqui, this
is demonstrated by the absence of relationship
between pH and FS.

Due to the characteristic acidity of the
water used in the present study, the ammonia
toxicity fraction was only between 0.08-0.8%
of total ammonia. As a result, ammonia toxicity
was extremely low. According to Ismifio-Orbe
(1997), tambaqui is an extremely resistant species
to the toxic effect of NH,. The concentrations
attained during the study were not harmful to
juvenile tambaqui and were lower than the lethal
concentration (27.06 wmol/L) for this species
(Ismifio-Orbe, 1997), as well as other teleosts,
like the channel -catfish Ictalurus punctatus
(14.12 pmol/L) (Tomasso, 1994) and the turbot
Scophthalmus maximus (23.53 pmol/L) (Grottum
etal., 1997). Ammonia in its ionized state (NH,*) is
less toxic to the fish, however high concentrations
can be lethal (Boyd, 1982). Since there was no
relationship between fish mortality and ammonia
concentration, this variable is not considered to be
limiting for juvenile tambaqui transportation when
fish are submitted to a starvation period prior to
transportation. The stomach depuration process is
fundamental in obtaining these results. According
to Ross & Ross (1999) transported fish without
a stomach depuration have an intense excretion
process, being more susceptible to ammonia
toxicity.

The water:oxygen ratio used in this study
(1:2) was less than the one recommended by Berka
(1986) (1:5) however, this is the standard ratio for
the styrofoam transportation boxes used by the fish
exporters and in the present study. The use of this

method is efficient in the Amazon, since Styrofoam
boxes isolate and protect the transportation bags
from the sun and heat. As the experimented
variation of dissolved oxygen did not have any
relation with fish survival, the 1:2 ratio appears
to be adequate. The results showed that most fish
mortality occurred at DO concentrations lower
than 2 mg/L.

The established densities in this study for a
100% survival after transportation are similar to
those recommended to transport juvenile cyprinids
(Berka, 1986), but higher than the values reported
by Kubitza (1998) for tambaqui at the same water:
oxygen ratio. Kubitza (1998) recommended a
relation of 1:5 between water and oxygen; in this
experiment the ration was of 1:2. However, it
would be more conservative to consider the use of
densities that achieved high survival after 96 h after
transportation. When using fish survival after 96 h
of transportation as a parameter, the producer has a
reliable estimate of transportation mortality.

In conclusion, it was evident that the use of
the tested additives is not advisable. The present
results established guidelines for safe transportation
of juvenile tambaqui. The diagrams enable users
to predict the mean losses and plan for adequate
densities for transportation as a function of trip
duration for up to 24 h.
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