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ABSTRACT

The objective of this study was to investigate the
effects of exposure to low water hardness (0, 25 and 50mg
CaCO3L-1) into the 6.0-8.0 pH range to silver catfish juveniles
(Rhamdia quelen) survival and growth after 32 days. Juveniles
kept at zero water hardness presented higher mortality at pH
7.0 and 8.0 than those submitted to other treatments. Weight of
juveniles exposed to pH 6.0 and zero water hardness was
significantly higher than those kept at the same water hardness
and other pH. Survival and growth of juveniles exposed to 25
and 50mg CaCO3 L-1 was not affected in the 6.0-8.0 pH range.
Therefore, the best water hardness for silver catfish juveniles
growth is 25-50mg CaCO3 L-1 and at low water hardness (next
zero) pH must be reduced.

Key words: acidic water, alkaline water, calcium, growth,
mortality, Rhamdia quelen.

RESUMO

O objetivo deste estudo foi investigar os efeitos da
exposição em baixas durezas da água (0; 25 e 50mg CaCO3 

L-1)
na faixa de pH 6,0-8,0 no crescimento e na sobrevivência de
juvenis de jundiás (Rhamdia quelen). Os juvenis foram expostos
aos tratamentos durante 32 dias. Os indivíduos mantidos em
dureza zero da água apresentaram maior mortalidade em pH
7,0 e 8,0 do que aqueles submetidos aos outros tratamentos. O
peso dos juvenis expostos ao pH 6,0 com zero dureza da água
foram significativamente maiores do que aqueles mantidos na
mesma dureza e em outras faixas de pH. A sobrevivência e o
crescimento dos indivíduos expostos em 25 e 50mg CaCO3L-1

não foi afetado na faixa de pH 6,0-8,0. Portanto, a melhor

dureza da água para o crescimento e de juvenis de jundiá é
25-50mg CaCO3 L-1 e em baixa dureza da água (próxima a
zero) o pH deve ser reduzido.

Palavras-chave: águas ácidas, águas alcalinas, cálcio,
crescimento, mortalidade, Rhamdia quelen.

INTRODUCTION

Calcium is important for ionic regulation of
freshwater fish because it influences the permeability
of biological membranes, preventing the diffusive efflux
and high ionic loss to water (WOOD & McDONALD,
1988). The relevance of the branchial tissue for Ca2+

uptake has been demonstrated in a large variety of
freshwater fish species, and the gill epithelia is probably
the most important site for Ca2+ uptake in fish (EVANS
et al., 2005).

In fish exposed to low pH, acid load through
the gills is the source of acid-base disturbance, and
there is an increase of H+ and NH

4
+ excretion by the

urine to compensate this problem (BOLNER &
BALDISSEROTTO, 2007). The main problems in alkaline
waters are the inhibition of ammonia excretion and
increase of CO

2
 excretion (HEATH, 1995). High pH also

inhibits branchial Na+/NH
4

+ and Cl-/HCO
3
- exchangers

(WILKIE & WOOD, 1996).
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Neutral and lightly alkaline pH have been
recommended by a series of authors as being
appropriate for the cultivation of commercial freshwater
fish (BOYD, 1998) and growth of most fish populations
is affected at pH below 6.0. Most teleosts species
survive to acute pH changes down to 4.0-5.0 or up to
9.0-10.0, but exposure to more acidic or alkaline waters
is lethal within a few hours (PARRA &
BALDISSEROTTO, 2007).

Brazilian fish farmers are interested in the
culture of silver catfish, Rhamdia quelen Quoy &
Gaimard, 1824 (Heptapteridae) because of its good
growth rate, omnivorous feeding habit, high fertilization
and hatching rates, and acceptance by the consumers
(GOMES et al., 2000). This species is found in almost
all states of Brazil and can survive to acute pH changes
within the 4.0-9.0 range without significant mortality
(ZAIONS & BALDISSEROTTO, 2000). Exposure to low
pH (5.5-6.0) reduced length and weight of silver catfish
larvae compared to those maintained at pH 8.0-8.5
(LOPES et al., 2001), and growth of juveniles of this
species is lower in acidic (pH 5.5) or alkaline (pH 9.0)
soft water compared to neutral water (pH 7.0) (COPATTI
et al., 2005; in press a, b). In juveniles survival in acidic
and alkaline pH is improved by the addition of Ca2+ to
the water (TOWNSEND & BALDISSEROTTO, 2001),
a higher water hardness reduced the deleterious effects
of acidity (pH 5.5) on growth in soft waters (COPATTI
et al., 2011a, in press).

Therefore, this study verified the effects of
the 6.0-8.0 pH range, at low water hardness in the
survival and growth of silver catfish juveniles. This
pH range was studied because is considered the best
for fish culture (BOYD, 1998) and only more extreme
pH values (pH 5.5 and 9.0) were tested for silver catfish
growth.

MATERIALS   AND   METHODS

Experimental animals and management conditions
Two hundred and forty three silver catfish

juveniles were obtained from a fish culture near Santa
Maria, southern Brazil. These juveniles were transferred
to the Fish Physiology Laboratory at the Universidade
Federal de Santa Maria and maintained in three
continuously aerated (two air pumps of 12W each,
minimum dissolved oxygen levels 60mg L-1) 250-L tanks.
Stocking density was 0.33 juveniles L-1.

Throughout 15 days of acclimation no
mortality occurred and juveniles (0.603±0.07g and
4.25±0.17cm) were then transferred to 27 continuously
aerated 40-L polypropylene boxes to begin the
experiments. Each box was a semi-static system with

daily water replacement for siphoning loss, and no
biofilter was used. Nine juveniles were placed in each
box (0.225 juveniles L-1 or initial tank biomass of
5.427±0.07g) and kept for 32 days.

Nine treatments (three pH X three water
hardness), were tested in triplicate. Water pH was fixed
at 6.0 (5.95-6.02), 7.0 (6.95-7.02) and 8.0 (7.94-8.04) and
water hardness at 0 (0.0-2.57), 25 (24.97-26.43) and 50
(48.76-52.48) mg CaCO

3
 L-1. Measured ranges of

alkalinity and total ammonia were 5-6mg CaCO
3
 L-1 and

0.41-0.54mg L-1, 8-12.5mg CaCO
3
 L-1 and 0.33-0.36mg L-1,

31-33mg CaCO
3
 L-1 and 0.27-0.34mg/L at pH 6.0, 7.0 and

8.0, respectively. Nitrite was below 0.05mg L-1, dissolved
oxygen levels 8.56-8.65mg L-1 and temperature 22.4-
23.1ºC.

Tanks management and water quality
The diet offered was a fish commercial feed

(Vicente Alimentos S.A., Presidente Prudente/SP, Brazil)
with 3.5% Ca2+, 28.00% crude protein and 3,500kcal kg-1

digestible energy according to manufacturer. The
juveniles were fed once a day, at 08:00 a.m., for 32 days,
at a ratio of 5.0% body mass, adjusted weekly. Uneaten
food, as well as other residues and feces were siphoned
30min after furnishing the food and consequently at
least 20.0% of the water was replaced with water
previously adjusted to the appropriate pH and water
hardness using NaOH or H

2
SO

4
 0.5M and CaCl

2
.2H

2
O,

respectively. Treatments with water hardness zero were
obtained using distilled water. Whenever necessary,
water change was increased to reduce ammonia and
nitrite levels. Dead fish were daily removed and mortality
recorded.

Water pH was monitored five to six times
daily between 7:30 a.m. and 5:30 p.m. with a pH meter
Quimis (model 400.A). Water hardness was calculated
every two or three days with the EDTA titrimetric
method and total ammonia levels were verified twice a
week before siphoning by nesslerization according to
GREENBERG et al. (1976) and non-ionized ammonia
levels were calculated according to PIPER et al. (1982).
Dissolved oxygen levels and temperature were
measured daily with an YSI oxygen meter (model Y5512,
YSI Inc., Yellow Springs, USA), and laboratory
temperature was maintained with the use of an air
conditioner. Levels of total alkalinity and nitrite were
determined once a week according to BOYD (1998).

Biometric analysis
Twenty days after the beginning of the

experiments, nine juveniles per replicate were collected
for measurement of weight and length and after
returned to the tanks. Initial weight and length were
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0.6±0.07 and 4.25±0.15, respectively. At the end of the
experiment (32 days) all remained juveniles were
collected and measured. Specific growth rate (SGR),
coefficient of variability (CV) for weight and length
and condition factor (CF) were calculated according to
COPATTI et al. (2005).

Statistical analysis
Data are expressed as mean + SEM.

Homogeneity of variances among groups was tested
with the Levene test. Mean length, weight, biomass,
SGR, CV for weight and length, CF and survival of the
treatment groups were compared by two-way ANOVA
(pH X water hardness) followed by the Tukey test,
using the Software Statistica version 5.1 (1997). The
minimum significance level was set at P<0.05.

RESULTS   AND   DISCUSSION

Dissolved oxygen, temperature, total
ammonia, and nitrite did not show any significant
difference among treatments. Twenty days after the
beginning of the experiment there was no significant
difference of mortality among treatments. However
after 32 days, juveniles exposed to pH 7.0 and 8.0 at
zero water hardness presented significantly higher
mortality than those submitted to the other treatments
(Table 1). After 32 days of experiment, coefficients of
variability for weight (overall range 15.37-33.99%) and
length (overall range 5.46-10.72%) were not
significantly affected by either pH or water hardness

The present study verified that silver catfish
juveniles maintained in very soft water (near zero water
hardness) showed lower mortality at pH 6.0 (3.70%)

than those kept at pH 7.0 (62.96%) and 8.0 (40.74%)
after 32 days of experiment, demonstrating that at near
zero water hardness the use of slightly acidic water
(pH 6.0) is advantageous to juveniles of this species.
On the other hand, the increase of water hardness up
to 25mg CaCO

3
 L-1 was enough to reduce mortality in

silver catfish at pH 7.0 and 8.0. This was expected
because there mortality was low and not significantly
affected by pH when this species was exposed for 30
days to pH 5.5, 7.5 or 9.0 and water hardness between
20-70mg CaCO

3
 L-1 (COPATTI et al., 2005; COPATTI et

al., 2011a, b, in press).
Twenty days after the beginning of the

experiment, weight, length, biomass per tank and SGR
were significantly higher in juveniles exposed to pH
6.0 than in those kept at pH 7.0 and 8.0 at 50mg CaCO

3
L-1. Length of juveniles exposed to pH 6.0 and 25mg
CaCO

3
 L-1 was significantly lower than of those

maintained at the same pH and 50mg CaCO
3
 L-1. At 32

days of experiment there was no significant difference
in length among treatments and water pH also did not
affect significantly weight of silver catfish exposed to
water hardness of 25 and 50mg CaCO

3
 L-1 (Tables 2 and

3). These results are in agreement with the fact that
water hardness in the 30-180mg CaCO

3
 L-1 range did

not affect growth of silver catfish juveniles maintained
at pH 7.0 for 30 days (COPATTI et al., 2011a, in press).

Weight, biomass per tank and SGR of
juveniles exposed to pH 6.0 and zero water hardness
was significantly higher than those kept at the same
water hardness and other pH (Tables 2 and 3). In
addition, after 32 days of experiment, fish exposed to
pH 7.0 and zero water hardness showed lower biomass
per tank than those kept at 25 and 50mg CaCO

3
 L-1.

Condition factor presented significantly lower values
in fish exposed to pH 7.0 at zero water hardness than
those maintained at pH 7.0 and 50mg CaCO

3
 L-1 and

those at pH 6.0 and zero water hardness (Table 3).
Growth of silver catfish juveniles kept at pH

6.0 was not affected by water hardness. This was in
agreement with the fact that larvae survival in striped
bass Morone saxatilis and Mozambique tilapia
Oreochromis mossambicus raised at optimum pH (6.6-
6.8) were not affected by water hardness of 3-250 and
3-96mg CaCO

3
 L-1, respectively (GRIZZLE et al., 1992,

HWANG et al., 1996). However, results in other species
were different, because white bass female X sunshine
bass male juveniles died in a few hours in water with 5-
6mg CaCO

3
 L-1 at circumneutral pH and increase of

water hardness to 210mg CaCO
3
 L-1 increased survival

to 64% (GRIZZLE & MAULDIN, 1999). Juveniles of
striped bass and striped bass hybrid (M. chrysops X
M. saxatilis) had 80-99% survival compared with 16%

Table 1 - Effect of water hardness and pH on silver catfish
mortality (%).

Water hardness (mg CaCO3 L-1)

0 25 50
pH -------------------------20 days-------------------------
6.0 3.70±3.70Aa 3.70±3.70Aa 0.00±0.00Aa

7.0 22.22±11.11Aa 11.11±6.40Aa 0.00±0.00Aa

8.0 3.70±3.70Aa 0.00 ± 0.00Aa 11.11±7.41Aa

-------------------------32 days-------------------------
6.0 3.70±3.70Aa 3.70±3.70Aa 0.00±0.00Aa

7.0 62.96±19.60Bb 11.11±6.42Aa 3.70±3.70Aa

8.0 40.74±3.70Bb 0.00±0.00Aa 11.11±6.40Aa

Values are reported as mean  SEM, n=3. Means identified by
different capital letters in the columns (in the same period of time)
or small letters in the rows were significantly different (P<0.05)
as determined by two-way ANOVA and Tukey comparison of
mean values.
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survival for a group of fish without additional Ca2+ in
the water before (20 to 45-100mg CaCO

3
L-1) or after (10

to 70-200mg CaCO
3
 L-1) harvest (pH 7.0) (GRIZZLE et

al., 1985).
In zero water hardness, silver catfish

juveniles presented higher growth at pH 6.0 than at pH
7.0 and 8.0. A hypothesis to explain this result would
be that at pH 7.0 and 8.0 NH

3
 levels were higher than at

pH 6.0. However, maximum NH
3
 levels at pH 8.0 were

0.016mg L-1 in this study. According to WOOD (2004)
this value is within the range that might even improve
growth in rainbow trout, Oncorhynchus mykiss.
Therefore, is unlikely that NH

3
 levels might be

responsible for the lower growth of silver catfish at pH
7.0 and 8.0 than at pH 6.0. It is possible that at pH 6.0
silver catfish would present lower loss of ions than at
pH 7.0 and 8.0 when exposed to zero water hardness,
but additional studies must be performed to confirm
this hypothesis.

Prolonged exposure of tambaqui Colossoma
macropomum, a species that lives in the acidic
Amazon black waters to slightly alkaline soft water (pH
8.0) resulted in several changes in the blood physiology
and reduced growth  after 40 days of the exposition

(ARIDE et al., 2007). However, acidic water (pH 5.2-5.5)
impaired growth in rainbow trout and silver catfish at
water hardness 2.5 and 20mg CaCO

3
 L-1, respectively

(D’CRUZ & WOOD, 1998; COPATTI et al., 2005).
Very soft hardness (zero) decreased growth

of silver catfish exposed to pH 7.0 and 8.0 compared to
higher hardness (25 and 50mg CaCO

3
 L-1). TOWNSEND

et al. (2003) concluded that at pH around 8.2 the best
water hardness for survival, growth, and biomass gain
for larvae of this species was 30-70mg CaCO

3
 L-1

(hardness lower than 30mg CaCO
3
 L-1 were not tested).

However, in rainbow trout, the average growth rate of
fish maintained in water of higher Ca2+ concentrations
(40mg CaCO

3
 L-1) was significantly higher than that of

fish kept at 5mg CaCO
3
 L-1 and pH 5.3 or 6.5 (RODGERS,

Table 2 - Effect of water hardness and pH on silver catfish weight
and length.

Water hardness (mg CaCO3 L-1)

0 25 50
----------------------Weight (g) ----------------------

pH 20 days
6.0 0.71±0.09Aa 0.60±0.05Aa 0.82±0.08Aa

7.0 0.55±0.04Aa 0.64±0.01Aa 0.55±0.05Ba

8.0 0.49±0.02Aa 0.58±0.06Aa 0.59±0.01Ba

-------------------------32 days------------------------
6.0 0.79±0.07Aa 0.69±0.08Aa 0.90±0.09Aa

7.0 0.48±0.02Ba 0.69±0.02Aa 0.63±0.07Aa

8.0 0.48±0.03Ba 0.66±0.09Aa 0.69±0.02Aa

----------------------Length (cm) ----------------------
pH -------------------------20 days-------------------------
6.0 4.49±0.24Aab 4.22±0.15Ab 5.64±0.78Aa

7.0 4.17±0.07Aa 4.29±0.03Aa 4.12±0.12Ba

8.0 4.03±0.08Aa 4.30±0.13Aa 4.23±0.04Ba

-------------------------32 days-------------------------
6.0 4.65±0.19Aa 4.53±0.18Aa 4.83±0.18Aa

7.0 4.34±0.28Aa 4.52±0.03Aa 4.30±0.16Aa

8.0 4.15±0.07Aa 4.39±0.21Aa 4.52±0.05Aa

Values are reported as mean  SEM, n=3. Means identified by
different capital letters in the columns (in the same period of time)
or small letters in the rows were significantly different (P<0.05)
as determined by two-way ANOVA and Tukey comparison of
mean values.

Table 3 - Effect of water hardness and pH on silver catfish
standard growth rate, biomass per tank and condition
factor.

Water hardness (mg CaCO3 L-1)

0 25 50
------------Standard growth rate (% day-1) ------------

pH -------------------------0-20 days-------------------------
6.0 0.76±0.62Aa -0.09±0.44Aa 1.51±0.50Aa

7.0 -0.40±0.40Aa 0.32±0.07Aa -0.50±0.42Ba

8.0 -1.08±0.21Aa -0.22±0.52Aa -0.08±0.07ABa

20-32 days
6.0 0.82±0.25Aa 0.38±0.35Aa 1.21±0.31Aa

7.0 -0.72±0.13Ba 0.40±0.07Aa 0.12±0.34Aa

8.0 -0.74±0.17Ba 0.23±0.41Aa 0.40±0.11Aa

-----------------Biomass per tank (g) -----------------
pH -------------------------20 days-------------------------
6.0 6.21±0.96Aa 5.12±0.56Aa 7.41±0.73Aa

7.0 3.93±0.80Aa 5.16±0.44Aa 4.95±0.42Ba

8.0 4.22±0.23Aa 5.25±0.57Aa 4.36±0.12ABa

-------------------------32 days-------------------------
6.0 6.88±0.78 Aa 5.99±0.79 Aa 8.07±0.78 Aa

7.0 1.62±1.07 Bb 5.49±0.41 Aa 5.52±0.78 Aa

8.0 2.53±0.06 Ba 5.94±0.82 Aa 5.07±0.62 Aa

--------------Condition factor (g cm-3) --------------
pH -------------------------20 days-------------------------
6.0 0.78±0.03Aa 0.79±0.03Aa 0.58±0.02Aa

7.0 0.76±0.03Aa 0.82±0.04Aa 0.78±0.03Aa

8.0 0.74±0.02Aa 0.73±0.03Aa 0.78±0.03Aa

-------------------------32 days-------------------------
6.0 0.78±0.03Aa 0.78±0.03Aa 0.78±0.03Aa

7.0 0.60±0.12Bb 0.60±0.12Bb 0.60±0.12Bb

8.0 0.66±0.01ABa 0.66±0.01ABa 0.66±0.01ABa

Values are reported as mean  SEM, n=3. Means identified by
different capital letters in the columns (in the same period of time)
or small letters in the rows were significantly different (P<0.05)
as determined by two-way ANOVA and Tukey comparison of
mean values.
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1984). In white bass, Morone chrysops X sunshine
bass M. saxatilis, and Mozambique tilapia growth was
not affected by different Ca2+ concentrations (2 to 96mg
CaCO

3
 L-1 and pH 6.9) (SEALS et al., 1994; HWANG et

al., 1996). Fry of channel catfish, Ictalurus punctatus,
appeared lethargic and were spread out over the bottom
in water with pH 7.0 and low Ca2+ concentration (below
5mg CaCO

3
 L-1) (TUCKER & STEEBY, 1993). The same

authors observed that 100 mg CaCO
3
 L-1 afforded no

significant benefit compared to 10mg CaCO
3
 L-1, so

this was the minimum Ca2+ concentration recommended.
Our data allow concluding that water

hardness of 25-50mg CaCO
3
 L-1 is indicated to raise

silver catfish juveniles at the 7.0-8.0 pH range, but at
pH 6.0 the range can be extended to at least 0-50mg
CaCO

3
 L-1. In very soft and acidic waters (pH 3.9-5.5),

as those found in some black rivers from Amazon
(PARRA & BALDISSEROTTO, 2007), fish farmers that
want to raise silver catfish could adjust water pH up to
6.0 without changing water hardness.
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