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RESUMO
Tese de Doutorado
Programa de Pds-graduacédo em Produ¢do Animal
Universidade Federal de Santa Maria

EFEITO DO CLORETO DE SODIO NA DIETA, DUREZA E pH DA AGUA
NA SOBREVIVENCIA, CRESCIMENTO E FLUXOS IONICOS DE

JUVENIS DE JUNDIA (Rhamdia quelen)
Autor: Carlos Eduardo Copatti
Orientador: Bernardo Baldisserotto
Data e local da defesa: Santa Maria, 22 de ab2Dd8&

A proposta deste estudo foi verificar o efeito dg@ de sal na dieta, dureza da
agua e pH no crescimento, sobrevivéncia e ionolaega de juvenis de jundi&Rljamdia
gueler). No primeiro experimento, juvenis foram alimemadom dietas suplementadas com
0,0; 0,5; 1,0 e 2,0 % NaCl e expostos aos pH 5(;e79,0 por 35 dias. No segundo estudo,
peixes foram mantidos por 30 dias em trés pH B®e 9,0) e quatro durezas da agua (30, 60,
120 e 180 mg £ CaCQ). O terceiro experimento investigou os efeitogpodentro da faixa de
6.0-8.0 em baixa dureza da agua (0, 25 e 50 M@4aCQ) por 32 dias. Nos experimentos 1 e 2,
exemplares foram coletados em diferentes momemti@s gnalise dos fluxos ibnicos liquidos de
Na’', K" e Cl. Em todos os trés estudos, crescimento eegioBncia foram analisados. A agua
utilizada foi previamente ajustada para o pH e zhur@a agua apropriados usando N-"'' ou
H,SO, 0,5 M e CaCGl2H,0, respectivamente. No primeiro experimento, peatesentado:
dietas sem adicdao de NaCl e expostos a pH 7,0 expjagam peso, comprimento, SGR e
biomassa por tanque significativamente maioresaqueles mantidos em pH 5,5, e o aumento de
NaCl na dieta protegeu contra o impacto da agu#aééi inclusédo de sal na dieta reduziu os
distarbios osmorregulatdrios nos juvenis expostgdiaacido ou basico. No segundo trabalho,
juvenis expostos a aguas alcalinas ou acidas nacam sua sobrevivéncia afetada, mas o
crescimento foi reduzido em agua acida. E finalmend terceiro estudo, juvenis expostos a pH
7,0 e 8,0 em dureza zero da agua apresentaramidaatéasignificativamente maior que aqueles
mantidos em pH 6.0. Nos juvenis expostos a 25 en§OL? CaCQ a sobrevivéncia e o
crescimento ndo foram afetados na faixa de pH ®0R®rtanto, a melhor dureza da agua para
crescimento e osmorregulacéo de juvenis de juredénsontra entre 30-60 mg@'ICaCQ, e em
dureza baixa (préxima de zero) deve-se reduzir dglgua. Pode-se concluir que a interacao de
parametros como sal na dieta, pH e dureza da @gudeveras importantes no cultivo do jundia,
uma vez que alteram o crescimento e a ionorreguidesdta espécie.

Palavras-chave NaCl dietario; pH; dureza da agua; jundia; cmestito; ionorregulagao.
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EFFECT OF DIETARY SODIUM CLORET, WATER HARDNESS AND pH
ON SURVIVAL, GROWTH AND IONIC FLUXES OF SILVER CATF ISH

(Rhamdia quelen) JUVENILES
Author: Carlos Eduardo Copatti
Adviser: Bernardo Baldisserotto

The purpose of this study was to verify the effeictlietary salt (NaCl) supplementation,
water hardness and pH on growth, survival and ieqalation of silver catfishRhamdia quelen
juveniles. In the first experiment, juveniles wéed with diets supplemented with 0.0; 0.5; 1.0 e
2.0 % NaCl and exposed to pH 5.5, 7.0 and 9.0 $da&ys. In the second study, fish were
maintained for 30 days in three different pH (%5 and 9.0) and four water hardness (30, 60,
120, and 180 mgt CaCQ). The third experiment investigated the effectshef 6.0-8.0 pH
range at low water hardness (0, 25 and 50 thgaCQ) for 32 days. In the experiments 1 and 2,
fish samples were collected at different momentsafealyses of Na K™ and Cl net ion fluxes.

In all three studies, growth and survival were gredl. The water utilized was previously
adjusted to the appropriate pH and water hardrgeg NaOH or HSO, 0.5 M and CaGI2H,0,
respectively. In the first experiment, fish fed hvitliet without NaCl supplementation and
exposed to pH 7.0 presented significantly higheigiate length, SGR and biomass per tank than
those exposed to pH 5.5, and the increase of gi&ta€l protected against the impact ic
water. Dietary salt supplementation contributedi¢arease the osmoregulatory disturbances in
the juveniles exposed to acidic or basic pH. Ingddeond study, exposure of juveniles to alkaline
or acidic water did not affect survival, but aciskater reduced growth. And, finally, in the third
study, juveniles exposed to pH 7.0 and 8.0 at m&ater hardness showed significantly higher
mortality than those kept at pH 6.0. Survival anovgh of juveniles exposed to 25 and 50 mg L
1 caCQ was not affected in the 6.0-8.0 pH range. Theeeftite best water hardness for silver
catfish juveniles growth and osmoregulation is B0rég L* CaCQ and at low water hardness
(next zero) pH must be reduced. It can be conclubatithe interaction of dietary salt, pH and
water hardness are very important to silver catfiséring, because they change growth and
ionoregulation in this species.

Key words: dietary NaCl; water hardness; pH; silver catfigfgwth;ionoregulation
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INTRODUCAO GERAL

Condicdes que prezem boa qualidade de agua e iime@o adequado de alimento séo
metas imprescindiveis para producdo e manejo degelAssim como a criacdo de quaisquer
outras espécies, uma cadeia de eventos esta neldai@o cultivo de peixes. N&o s a qualidade
da agua ou a reproducdo, mas todos o0s aspectommaldos ao cultivo sdo importantes para a
lucratividade envolvida com a piscicultura. Pesagslii€om espécies nativas que respondam
positivamente as necessidades comerciais, soci@ipentais devem ser estimuladas, almejando
sempre o melhor desenvolvimento das mesmas. A @esgu a garantia de informacdes
confidveis tanto aos produtores, quanto aos COMmEUBS.

No intuito de tais paradigmas, relata-se que, apdaaexisténcia de experimentos
relacionando o efeito do sal comum (NaCl) na agua a sobrevivéncia de juvenis de jundia
(Rhamdia quelenQuoy & Gaimard 1824, Heptapteridae, Siluriformgs)ARCHIORO &
BALDISSEROTTO, 1999; GARCIA et al., 2007), bem condrios estudos acerca da nutricdo
de juvenis desta espécie (COLDEBELLA & RADUNZ NET2)02; COPATTI et al., 2005;
LAZZARI et al., 2007; PEDRON et al., 2008), aindsiste a necessidade de relacionar a
presenca de dietas suplementadas com sal comumocomscimento e a sobrevivéncia de
juvenis de jundias, principalmente para avaliagagél acidos e alcalinos. Além disso, estudos
sobre diferentes durezas da agua também podemaauwdminhos mais produtivos para o
cultivo do jundia, reforcando a importancia de c@laar tal parametro com condi¢cdes de pH
neutras, acidas e alcalinas. Experimentos relatandiesenvolvimento de larvas (LOPES et al.,
2001) e juvenis de jundia (ZAIONS & BALDISSEROTT(000; TOWNSEND &
BALDISSEROTTO, 2001; TOWNSEND et al. 2003; COPATéxlal., 2005) tém demonstrado
apresentam boa tolerdncia a pH é&cidos e alcali@ostudo, acerca do conhecimento dos
diferentes ambientes aos quais tal espécie esifasujcorre o interesse em se considerar o efeito
de diferentes niveis de dureza com condicfes amalisedte pH acido, neutro e alcalino.
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Jundid Rhamdia quelen

O jundi& ocorre desde o sudeste do México atéiaaegntral da Argentina. O Brasil é o
principal produtor, sendo esta uma das principsjséeies nativas cultivadas (CRESCENCIO,
2005). Tem como caracteristica boca grande, semeslem ao redor da mesma presenca de trés
pares de barbilhdes sensitivos, tendo a pele cdoragdo variada, desde cinza-esverdeado
escuro no dorso até esbranquicado no ventre (STINGEt al., 1998). E um peixe que pode
suportar invernos rigorosos para crescer vigorosgamneo verao. Na aquicultura, a melhor
densidade oscila entre 2-4 peixe&, mlcancando 600-800 g de peso corporal em oit@snes
(BARCELLOS et al., 2004) em condi¢Bes naturaisnilisso, demonstram grande preferéncia
por lugares sombrios no meio natural (SCHULZ & LEIKENBERGER, 2006). Apresenta boa
rusticidade e resiste bem a grandes oscilacbesgeetatura (CHIPPARI GOMES et al., 1999) e
niveis baixos de oxigénio na dgua (BRAUN et alQ8)pporém o conforto térmico esta entre 18-
28 °C e sua reproducdo ocorre preferencialmente emsagoim temperatura de 22-2&,
coincidindo com o inicio da primavera (GUEDES, 10980

A maturidade sexual (citada para sinonifRleamdia hilarii)é atingida com um ano de
idade em ambos os sexos, 0os machos com 13,4 enaad&om 16,5 cm (NARAHARA et al.,
1985). No Brasil, o cultivo do jundia esta aumedtammas os dados estatisticos sdo incompletos
ou simplesmente inexistentes. Para a maioria disepda América Latina os dados da producéo
indicam somente "catfishes" e, consequientemente¢ missivel identificar quais espécies estao
sendo consideradas. A producéo dessa espécie sibdnante o ano de 2000 foi de 176.000 t, e
destas 2.500 t (1,4 %) s&o referentes ao jundid [BRSEROTTO, 2003b). E uma espécie
nativa adaptada a diferentes ambientes, apresengsarbsultados em viveiros de piscicultura, e
excelentes caracteristicas para fins de processarf@ARNEIRO, 2003) e muito apreciada para
0 consumo humano na Argentina, Brasil e Uruguaiddegrande importancia nos mercados
destes paises (SALHI et al., 2004).

A melhor faixa de pH para sobrevivéncia e crescimeée larvas de jundia ocorre em pH
8,0-8,5 (LOPES et al.,, 2001), e alevinos dessacesp@omo de muitas outras espécies)
sobrevivem em ambiente &cido ou alcalino quandesaentado Cana agua (TOWNSEND &
BALDISSEROTTO, 2001). Para larvas, crescimento resaléncia e biomassa foram maiores
com 30-70 mg I! CaCQ em pH 8,25 (TOWNSEND et al., 2003). A concentraigdal de NH
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(96 h) estd em 0,4-2,0 mg*Lem dependéncia do pH da agua (MIRON et al., @s9)re o
crescimento é reduzido acima de 0,1 riig fpara NQ a letalidade (96 h) ocorre em torno de 20
mg L, mas seus niveis devem ficar abaixo de 0,46 thgpdra n&o originar mortalidade em
longo prazo (BALDISSEROTTO & RADUNZ NETO, 2005).

Influéncia do pH

Os peixes, assim como outros organismos, possumeitedi de tolerancia para diferentes
fatores no meio ambiente. Isso ocorre para pHzduda agua e fatores nutritivos, por exemplo.
O conhecimento da faixa ideal dos parametros figidmicos € um fator crucial para incentivar
o cultivo de inimeras espécies de peixes (COPATTale 2005). Contudo, situacdes de
adversidade podem acontecer sempre que o0s limiiegresn-se abaixo ou acima da sua
capacidade méaxima de suporte. Determinar a capkida tolerdncia em ambiente onde o pH é
acido ou alcalino é importante para indicar o bgdageral de ions dos peixes, registrando se
ocorrem perdas ou ganhos ibnicos. Apesar das roadifes fisiol6gicas impostas por pH acidos
e alcalinos, varios rios no Brasil sustentam unprassionante diversidade de peixes. Buckup et
al. (2007) registraram a ocorréncia de 2.587 espéte peixes de agua doce distribuidos em 39
familias no Brasil, 0 que demonstra a alta biodidaide da regido neotropical e afirma o
aumento do conhecimento em relacao a diversidageiges no Brasil.

Zweig et al. (1999) informaram que a acidificacacddua pode ocorrer em locais onde 0s
solos contém céations acidos, comd*Abu pirita de ferro, os quais em baixas condighes
oxigenacdo formam é&cido sulfurico. Aguas alcalipasle ser consequéncia da presenca de
fitoplancton ou “blooms” de plantas aquaticas (WQQ@DO1). Alguns lagos apresentam pH
muito alcalino, em consonancia com a alta concefitrale sais de carbonato e bicarbonato,
como ocorre no lago Van, na Turquia (pH 9,8) (DAMIL& SELCUK, 1992), no lago Magadi,
no Quénia (pH 10,0) (MAETZ & DE RENZIS, 1978), e afguns lagos do Pantanal, no Mato
Grosso do Sul (pH 10,1) (GALVAO et al., 2003). Qait, também é possivel encontrar aguas
com pHs muito acidos (inferior a 4,0), facilmenterificaveis quando o solo possui grandes
guantidades de sulfato ou presenca de acidos d@sléchumicos, como na Bacia Amazobnica
(WALKER, 1990). Inclusive, peixes dessa regido, oamatrinxad Brycon cephalus podem ser

encontrados em locais em que o pH varia entre 3,f@ONZALEZ, 1996), enquanto que
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espécies do Pantanal Mato-Grossense estdo swgeitasres de pH 11,0 em lagoas sujeitas ao
isolamento (ZANIBONI FILHO, 2000). Na regidao sul Boasil, onde o cultivo de jundia € bem
desenvolvida, existem ambientes com pH da dguxablai 5,0, bem como outros em que o pH
pode alcancar 9,4 (ZAIONS & BALDISSEROTTO, 2000).pgbl da agua faz parte de um
importante mecanismo de homeostase em animaisi@mgiét variacdes na sua constancia sao
reportadas como causas de distdrbios no equil@wido-basico e regulagéo ibnica (FREDA &
MCDONALD, 1988; WILKIE et al., 1994; WOOD, 2001; ABE et al., 2007). Em &guas
acidas, os fons 'Hem excesso competem com os ion$ €a\Nd da &gua, inibindo a sua captura
pelo peixe, além de afrouxarem as juncdes protgiasscelulares da membrana branquial, de
modo que aumenta a perda de ions para o meiovivaram nesse tipo de ambiente, sugere-se
que algumas espécies controlem o efluxo de fomséatrda alta afinidade dos ions*Caessas
juncdes paracelulares nas branquias, funcionandonocama barreira a saida de ions
(BALDISSEROTTO, 2003a). Aparentemente, um dos mieoaws de sobrevivéncia de espécies
gue vivem em aguas de durezas muito baixas, comeoetks do rio Negro € a alta afinidade pelo
Cé&*, porque uma leve dureza da agua de 0,4-2,0 m@dCQ providéncia suficiente Ghpara
fechar juncdes paracelulares (GONZALEZ et al., 2988ntudo, presenca grande quantidade de
acidos orgénicos dissolvido na agua nessas ageasagstambém protege de forma similar
contra efeitos deletérios de baixos pH da dgua (GALEZ et al., 2002). Exposicdo as aguas de
pH muito alcalino pode causar distirbios no infld® Nd e CI, causado pela inibicdo do
transporte de ions pelas branquias (WILKIE etl&99). Da mesma forma, a excre¢éo de; BH
reduzida e, consequentemente, ocorre acumulo dendlblasma (WILKIE & WOOD, 1994).

Para juvenis de jundia, Zaions & Baldisserotto (®0flemonstraram que 0s mesmos nao
apresentaram mortalidade significativa na faixgldede 4,0-9,0 (dureza de 30,0 mg CaCQ)
em 96 h, contudo, verificou-se que a exposicdox@enplares desta espécie a aguas acidas e
alcalinas provoca uma reducéo dos niveis corpdeaid e K'. Juvenis de jundia desenvolvem-
se melhor em pH neutro (7,5) em comparacao coraqidtd (5,5) e alcalino (9,0) (COPATTI et
al., 2005).

Dureza da agua
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Os vertebrados s&@o dependentes dé" @ara formacdo do esqueleto, coagulacéo
sanguinea, funcdes musculares e transmissdo désgamervosos, bem como demais funcdes
celulares (LOVELL, 1989; COOTE et al., 1996). O*Caxerce um papel fundamental na
regulagéo ibnica porque influi na permeabilidade dembranas bioldgicas, evitando o fluxo
difusivo e as altas perdas ibnicas para a agua gQNet al., 1987; WOOD & McDONALD,
1988). Segundo Flik et al. (1995), as fontes irgsmhe calcio sdo pouco acessiveis, de modo que
a regulacdo do Ch plasmatico depende basicamente da ingestdo desteatfavés da
alimentacao ou de sua captacéo via branquias. Hetaalg (1996) demonstraram que a principal
via de absorcéo do €& através das branquias. Para Steffens (199Bsa@ao de minerais da
agua pelos peixes varia em fungéo da espécie lydesaatores ambientais, tais como nivel de
concentracao dos minerais, temperatura e pH da agua

Nas branquias e na membrana opercular dos peiist® exna bomba de €a(Ca*-
ATPase) e um cotransportador "Ge’* (presentes nas células de cloreto), transportan@d”
de dentro das células para o plasma (BALDISSEROTZUD3a), reduzindo sua concentracao
intracelular, o que facilita a entrada de’Qdo meio para a célula de cloreto através de umlcan
de C&". Em é&guas com pouco célcio, hd aumento das célidasloreto como mecanismo
compensatério (FLIK et al., 1995). Em aguas acidasions H em excesso competem com 0s
ions C&" e Nd da agua, inibindo a sua captura pelo peixe. Ataes#i que algumas espécies
controlem o efluxo de ions através da alta afiredaos fons Ca junto as juncdes paracelulares
das branquias, agindo como barreira a saida de(BAsDISSEROTTO, 2003a). Em aguas
alcalinas o mecanismo ainda néo é totalmente edtend

Trutas arco-irisOQncorhynchus mykissnantém constante o €glasmatico em relacéo
ao C&* da agua doce. Individuos desta espécie expostgsas com baixa concentracdo dé'Ca
(2,5 mg Lt CaCQ) mostraram um aumento no numero das células detelma lamela e
superficie apical das branquias para aumentar a¢itus deste ion (PERRY & WOOD, 1985).
CascudoHypostomus tietensisraira,Hoplias malabaricuse jeju,Hoplerythrinus unitaeniatys
guando transferidos de 1,7 mg CaCQ para agua destilada ou deionizada também mostraram
maior proliferacdo de células de cloreto nas briasumas a superficie apical em contato direto
com o meio externo aumentou sé na traira nos masedias depois da transferéncia
(FERNANDES & PERNA-MARTINS, 2002; MORON et al., 2ZB0 Em exemplares de cascudo

mantidos em agua destilada, as células de cloodfteram modificacGes que preveniram perda
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de ions e favoreceram sua absorcdo em um meio @i@lneuito diluido (FERNANDES &
PERNA-MARTINS, 2002). Transferéncia de traira dedara 85 mg £ CaCQ também induziu
uma proliferacdo transitoria de células de clomdoepitélio lamelar, mas o mesmo né&o foi
observado no jeja (MORON et al., 2003). Por outdn|, “striped bassMorone saxatiliscom 30

e 40 dias tiveram maior sobrevivéncia em 278 do Hueng L' CaCQ, mas o aumento da
dureza da agua deve ser feito com Ga&Ch&o com MgG) mostrando a importancia do Ca
nesse periodo (GRIZZLE et al., 1990).

Sobrevivéncia a pH &cidos ou alcalinos é aumenpadta adicdo de Gana agua para
jundids (TOWNSEND & BALDISSEROTTO, 2001) e trutaadiris (McDONALD et al., 1983;
YESAKI & IWAMA, 1992). Townsend et al. (2003) esardm diversos niveis de dureza da agua
(30, 70, 150, 300 e 600 Mm@ ICaCQ) e constataram que 0s mesmos nao afetam a sodmeidv
de juvenis de jundia expostos aos pH 3,5; 4,0e ®(b por 96 h, porém o aumento da dureza em
pH 3,75; 10,0 e 10,5 resultou em maior sobrevivensendo que a melhor dureza para a
sobrevivéncia e crescimento de larvas de jundifaixa de pH 6timo esta entre 30-70 mg L
CaCQ (TOWNSEND et al., 2003). Copatti et al. (2005)ifvearam que concentracdes de 0,08-
0,64 % proporcionam melhor crescimento que conaedés de 0,95-2,39 % Eaa racéo para

esta espécie.

Sal na dieta

Peixes adaptados a agua doce ou aguas com bain@asid apresentam uma perda
difusiva de ions para o0 meio ambiente via brangeliipsle, assim como através de fezes e urina.
Esta perda ibnica pode ser compensada por um étixo da agua para as branquias (WOOD,
2001), da dieta, via intestino (BIJVELDS et al.989 e em algumas espécies como mugum,
Synbranchus marmoratupode também ser complementado pela pele (STIFFER, 1986).
Wurts (1992) destaca que a adi¢do de sal comurgusraduz a diferenca osmatica entre o0 meio
externo e o plasma dos peixes, diminuindo o egmsgransporte de alevinos e adultos de varias
espécies, sendo também importantes para o credoinBameficios de dietas suplementadas com
NaCl podem diminuir a perda de ions pelas branquestimular a absor¢ao branquial (D"CRUZ
& WOOD, 1998).



20

O acréscimo de sal na racao € outro fator que pdidenciar no crescimento dos peixes,
pois 0 Na na dieta pode ser tdo importante quanto o presendgua para suprir as necessidades
fisiolégicas dos peixes (SMITH et al., 1995; GARGIAal., 2007). Em juvenis de truta arco-iris,
dietas com alto contetdo de NaCl induziram a umemionno ndmero de células de cloreto e
Na'/K* ATPase, resultando em aumento na captagido de($4sMAN & EDDY, 1987),
enquanto que dietas com baixos niveis de NaCl atam@n a conversdo alimentar, porém
mesmo assim n&o afetaram o crescimento (SALMAN &FD1988). A atividade da N&*-
ATPase no intestino (ceco pilérico e intestino Aatg também foi estimulada pela
suplementacdo de Nalietario em truta arco-iris (PYLE et al., 2003)asmé&o em “bluegill”
Lepomis macrochiru@MUSSELMAN et al., 1995).
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OBJETIVOS

Objetivos gerais

Testar a sobrevivéncia, o crescimento e o fluxac@weorporal de juvenis de jundi&.(
guelen, em diferentes pH da agua sob duas condicdes:
- dietas suplementadas com sal comum (NaCl);

- diferentes valores de dureza da agua.

Objetivos especificos

» Determinar o efeito das dietas com concentractesdas de sal comum na sobrevivéncia e
no crescimento de juvenis de jundia nas faixasHtleggipuladas;

» determinar o efeito de dietas suplementadas comosalim nos fluxos idnicos corporais do
jundig;

» analisar a sobrevivéncia e o crescimento de juamigindias aos valores de dureza da agua
determinados nas faixas de pH trabalhadas;

> verificar o efeito de diferentes niveis de dureaaagua nos fluxos ibnicos corporais do

jundié.

Hipoteses

Acredita-se que o desenvolvimento de juvenis déifyrespecialmente em pH fora da
faixa de neutralidade, seja beneficiado pelo aumeéiat concentracdo de sal na dieta e pelo

aumento da dureza da agua.



Artigo 01
Sal na dieta e pH da agua no crescimento

e ionorregulacéo de juvenis de jundia
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Abstract

This study verified the optimum dietary salt le¥@l silver catfish juveniles growth and
ion regulation at different pH (5.5, 7.0 and 9he control diet was supplemented with NaCl to
yield experimental diets with 0.5, 1.0 and 2.0 %CNaluveniles were collected at 2, 15 and 35
days after the beginning of experiment for analysfeda net fluxes. Exposure of silver catfish
juveniles to alkaline or acidic water did not affeuirvival. Fish fed with diet without NaCl
supplementation and exposed to pH 7.0 showed migntfy higher weight, length, specific
growth rate and biomass per tank than those exposptl 5.5. lonoregulatory disturbances of
silver catfish juveniles are less pronounced at%bl and 9.0 when fed higher dietary salt
supplementation (1.0-2.0 % NaCl ), and at pH 7.thwilow amount quantity of salt in the diet
(0.0-0.5 % NaCl dietary supplementation). The iaseeof dietary NaCl reduced mainly body

Na' loss and protected against the impact of acidieman growth.

Keywords: dietary NaCl, acidic water, alkaline waten fluxes.
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Introduction

Many fish are intolerant to low pH, while otherthaugh more tolerant, will avoid low
pH if possible (Graham & Hastings 1984). Growthnadst fish populations is affected at pH
below 6.0 (Wood & McDonald 1988) or above 9.0 (Bdy@b8). At low pH, acid load through
the gills is the source of acid-base disturbancedilv& McDonald 1988), and there is an
increase of H and NH' excretion by the urine to compensate this probiBolner &
Baldisserotto 2007).

Silver catfish lives in lakes and deep areas adfrdy mainly quiet waters with sand and
mud bottoms. This species occurs from central Aiganto southern Mexico (Gomes et al.
2000). Accepts artificial food and possesses hegtility, fast growth, and good acceptance in the
fish market and Brazil is the main producer of gpecies (Baldisserotto 2003). Silver catfish can
survive to acute pH changes within the 4.0-9.0 eangthout significant mortality (Zaions &
Baldisserotto 2000). The best pH range for sunaral growth of silver catfish larvae is 8.0-8.5
(Lopeset al.2001), and silver catfish juveniles (as well aswnather species) survival in acidic
and alkaline pH is improved by the addition of*Ct the water (Townsend & Baldisserotto
2001, Copatti et al. 2005), but not growth (Copeaitttal. 2005). Dietary salt supplementation (1.2,
2.5, 5.0 and 6.0 % NaCl) for 30 days was ineffectg a therapy for ichthyophthiriasis in silver
catfish juveniles (Garcia et al. 2007), but in acigH (5.2) for 28 days protected against the
deleterious effects in rainbow tro@ncorhynchus mykiss gairdne(RRichardson, 1836) juveniles
(D’Cruz & Wood 1998).

The objective of this study was to determine thenmpm dietary salt at different pH for

survival, growth and ion regulation of silver calfijuveniles.

Materials and Methods

Experimental animals and management conditions

Silver catfish Rhamdia quelenjuveniles (n = 468) were obtained from a fishtard in
Santa Maria, southern Brazil. These juveniles wenesferred to the Fish Physiology Laboratory
at the Universidade Federal de Santa Maria andteaed in three continuously aerated (two air
pumps of 12 W each) 250 L tanks. Stocking densiag @.62 juveniles L After 20 days of
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acclimation juveniles (5.30 £ 0.19 g and 8.66 #10cin) were then transferred to 36 continuously
aerated 40 L polypropylene boxes and kept for 3 .dahirteen juveniles were placed in each
box (0.33 juveniles 1.

Experimental procedure

Twelve treatments (three pH X four treatment diegye tested in triplicate. Water pH
was fixed at 5.5 (5.47-5.49), 7.0 (6.95-6.99) ar@l(9.01-9.03) to 0.0; 0.5; 1.0 and 2.0 % NacCl
in the diet. Alkalinity and total ammonia were 2@ mg L* CaCQ and 1.50-1.74 mgt, 19.0-
23.0 mg ' CaCQ and 1.18-1.39 mgt, 51.5-52.5 mg ! CaCQ and 1.18-1.67 mgt.at pH
5.5, 7.0 and 9.0, respectively. Nitrite was bela@50mg !, water hardness levels 21.6-23.3 mg
L? caCQ, dissolved oxygen levels 5.38-6.80 mg, land temperature 19-AC. Waterborne
Na’, CI and K’ levels were (irumol L™): 150.6, 228.9 and 260.7, respectively.

Experimental diets

The ingredients were ground in a blender when saegsfollowed by hydration with
approximately 50.0 % v/w tap water. All diets werepared based on a feed developed for silver
catfish by Coldebella & Radiinz Neto (2002), whi@s Isugar cane yeast and soybean meal as its
main constituents, and 32.0 % crude protein an@3kBal kg digestible energy. Salt was added
to the food paste. The resulting paste was mixedeattruded through a pasta maker, air-dried,
and broken into small pellets with a grinder.

Actual measured Naconcentrations in the four diets (0.0, 0.5, 1.6 ar© % addition of
salt) were 3t 0.1, 13+ 0.3, 26+ 0.6 and 53t 1.3 umol kg*, respectively; K concentrations
were 56+ 4.4, 50+ 1.8, 45+ 0.9 and 42+ 0.4 umol kg*, respectively; and Ctoncentrations
were 108t 35, 124+ 36, 155+ 38 and 396 118umol kg*, respectively.

Tanks management and water quality

Juveniles were fed once a day, at 8:00 a.m. faa85 (5.0 % body mass). Uneaten food,
as well as other residues and feces were sipho®edniB® after furnishing the food and
consequently at least 20.0 % of the water was ceplavith water previously adjusted (stabilized

two weeks before starting the experimental periodhe appropriate pH using NaOH 0330,
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0.5 M. Whenever necessary, water change was iretdageduce of ammonia and nitrite levels.
Dead fish were also daily removed and mortalityrded.

Water pH was monitored several times daily betw&80 a.m. and 5:30 p.m. with a pH
meter Quimis (model 400.A). Total ammonia levelseveerified once a week by nesslerization
according to Greenberg et al. (1976). Dissolvedgexylevels and temperature were measured
daily with oxygen meter YSI (model Y5512 Yellow 8ms, USA), and temperature was
maintained with the use of an air conditioner i tAboratory. Water hardness was calculated
once a week with the EDTA titrimetric method (Grberg et al. 1976). Alkalinity and nitrite

levels were determined once a week according taBb998).

Biometric analysis

Fifteen days after the beginning of the experimeten juveniles per replicate were
collected for measurement of weight and length @itet returned to the tanks. At the end of the
experiment (35 days) all remained juveniles werkected and measured. Specific growth rate
(SGR), coefficient of variability (CV) for weightna length and condition factor (CF) were
calculated according to Jobling (1994).

Net ion fluxes

Nine fishes (Three by replicate) were randomly ctelé at 2, 15 and 35 days after the
beginning of the experiment and were placed foeghnours in individual chambers (100 mL)
with aeration and water adjusted to the same plegsarequested by the experiment for the
determination of Naion fluxes. After a 10 min settling period, wasamples (5 mL) were taken
from the chambers at the beginning and end of xpesure time and then stored in plastic tubes
at -20 °C for posterior analysis of Nalevels. Fish were weighed at the end of the flux
experiment. Previous experiments of Rosso et &8l0P demonstrated that net ion fluxes of
juveniles maintained for 24 h in chambers were sighificantly different from the fluxes of
those which measurements started around 10 minpdteing them in the chambers.

Water N& was measured with a B4262 flame spectrophotongdteronal, Sdo Paulo,
Brazil) and net Nafluxes were calculated according to Baldisseré&tigal (2002):

Jnet = V([ion}— [ion],).(Mt)™"; where:
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[ion]; and [ion} are the bath Naconcentrations at the beginning and end of the flu
period; V is the bath volume in L; M is the masghaf fish in kg; and t is the duration of the flux

period in hours.

Statistical analysis

Homogeneity of variances among the different growps tested with Levene test. Data
of treatment groups presented homogeneous variamcesere compared by two-way ANOVA
(pH X dietary salt supplementations) followed bg ffukey test. All statistical tests were made
with the aid of the software Statistica version 8.997). Data were expressed as meaS&EM,

and the minimum significance level was set at P0§0

Results

Survival of silver catfish juveniles was higher th80.0 % in all treatments, and there
were no significant difference among treatmentstéiVaissolved oxygen, temperature, total
ammonia, and nitrite did not show any significaiffedence among treatments. Up to 15 days
growth was also not significantly affected by eitipél or dietary NaCl supplementation. Thirty
five days after the beginning of the experimersh fied with diet without NaCl supplementation
and exposed to pH 7.0 presented significantly higieght, length, biomass per tank and SGR
than those exposed to pH 5.5. Dietary NaCl suppiéatien did not improve growth of fish
exposed to pH 7.0 and 9.0, but reduced the dedetereffect of pH 5.5 on growth (Table 1).
Condition factor (overall range 0.75-0.93 g dmcoefficients of variability for weight (overall
range 23.54-36.00 %) and length (overall range-9.88 %) were not significantly affected by
either pH or diets.

At two days of the experiment net Nguxes were not significantly affected by eithét p
or diets.

Fifteen days after the beginning of the experinsg@dcimens maintained at pH 9.0 and
fed 0.0 and 2.0 % dietary NaCl supplementation sfibwet Na influxes significantly higher
than those fed with other diets at the same pHithr same diets at the other pH (Fig 1A). At 35
days of experiment, the inclusion of the salt reagkrthe influx or increased the efflux in the
treatments with 0.0 and 0.5 % NaCl dietary suppleaten, but at pH 9.0 fish fed 1.0 and 2.0 %
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NaCl dietary supplementation presented net Nas significantly higher than those fed with
other diets. Individuals exposed to pH 9.0 with artd 0.5 % NaCl dietary supplementation
presented net Ndoss significantly higher than those maintainegldt5.5 and 7.0 and fed the
same diet (Fig 1B).

Juveniles exposed to pH 5.5 and 7.0 with 2.0 % NB€thry supplementation showed net
CI" effluxes while fish from all other treatments pmeted net Clinfluxes 15 days after the
beginning of the experiment (Fig 1C). After 35 daysgeniles from all treatments presented net
CI" effluxes. Fish fed 1.0 % NaCl dietary supplemeotashowed significantly lower net ClI
efflux than those kept at pH 7.0 and 9.0 and Jlesmnnaintained at pH 9.0 fed 2.0 % NacCl
dietary supplementation presented nételux significantly lower than those exposed té .5
and 7.0 (Fig 1D).

Juveniles presented net Kffluxes 15 and 35 days after the beginning ofetkgeriment
(Fig 1E and 1F). After 15 days, individuals kept 5.5 and fed 0.5 and 1.0 % salt
supplementation presented significantly lower néteffluxes than those fed 0.0 and 2.0 %
dietary NaCl supplementation. Juveniles exposguHd.0 and fed 0.0 and 1.0 % dietary NaCl
supplementation presented significantly lower neeKluxes than those fed with other diets and
kept at the same pH. Specimens maintained at pHafd9.0 and fed 0.5 % dietary NaCl
supplementation showed significantly higher néelux than those kept at pH 5.5 and the same
diet and those fed with other diets and exposedh& same pH (Fig 1E).At 35 days of
experiment, juveniles kept at pH 5.5 and fed dighout NaCl supplementation exhibited
significantly higher net Kefflux than those exposed to pH 9.0 and fed tineesdiet. Individuals
maintained at pH 5.5 and 9.0 and fed 0.5 % dig&§| supplementation showed significantly
higher net K efflux than those exposed to pH 7.0 and fed theesdiet. Juveniles fed 1.0 and 2.0
% NaCl dietary supplementation and kept at pH Fiésented significantly higher net’ K
effluxes than those exposed to pH 5.5 and fedaheediet (Fig 1F).

Discussion
A change in pH is responsible for significant atems in ion profiles of fish (Matsuo &

Val 2002). Exposure to low pH increases branchial Bfflux due to an opening of tight

junctions of gill epithelia, increasing ion loss ayaracellular route (Gonzalez 1996). Inhibition
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of Na' influx is also a typical response of freshwatshéis to low pH (Wood 1989). One of main
problems in alkaline waters is the inhibition ofraonia excretion. High water pH also inhibits
branchial N&NH,4", CI/HCOs and N&/H" exchangers (the last one due to an internal alslo
which decreased availability of Hor exchange against RaWood 2001).

In the present study silver catfish juveniles exggbto pH 7.0 presented higher weight,
length, SGR, and biomass per tank than those edptms@H 5.5 and without NaCl dietary
supplementation. Most species survive to pH froftd.9.0 (Parra & Baldisserotto 2007), and
silver catfish has a similar pattern, becausentsavive to acute pH changes within the 4.0-9.0
range without significant mortality and exposuretla§ species to the 5.5-9.0 pH range did not
change whole body Naand K’ levels (Zaions & Baldisserotto 2000) and surviwals also not
affected in specimens kept at pH 5.5 or 9.0 ford@9s compared to those exposed to pH 7.5
(Copatti et al. 2005).

The negative influence of acidic pH on fish growtas previously reported in others
species, like brook trouBalvelinus fontinaligMitchill 1814), and rainbow trout that presented
lower growth at acidic water (pH 5.3) than neutsaters (pH 7.0) (Menendez 1976; Rodgers
1984). Some studies proposed that acidic pH mayaimgrowth in rainbow trout due to a
decrease on food consumption (D'Cruz & Wood 1988)was observed in silver catfish (Copatti
et al. 2005).

The present study verified that at 15 and 35 dagxperiment silver catfish from almost
all treatments presented net'N&I and K effluxes (except net Cinfluxes in most treatments at
15 days). The ionoregulatory disturbances at tlteadrine experiment were less pronounced in
silver catfish fed 1-2% NaCl dietary supplementatieegardless of pH exposure. This result is in
agreements with the explanation of Wood & McDondlé88) that suggested that the inhibition
of Na" uptake in fish exposed to acidic pH is associatigl competition between Hand Na for
the transport area of the branchial epithelium. flasma concentrations of kind N4 followed
the pH profile, showing a decrease during acid sxp® (4.0) and an increase during alkaline
exposure (8.0) in tambaqg@olossoma macropomu(@uvier, 1818) and prolonged exposure to
alkaline water results in several changes in tlwdlphysiology and in reduced growth of
tambaqui, alkaline exposure resulted in more edfeevere on the physiology this specie than an
acid exposure (Aride et al. 2007). Urine flow raied urine and plasma pH in silver catfish

showed a significant trend to increase with theaase of water pH (4.0, 5.0, 7.5, 8.0 and 9.0).
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Silver catfish exposed to pH 4.0 for 24 h preseraesignificant decrease on plasma l€Vels,
but only those exposed to water pH 5.0 and 6.®#bih showed reduced plasmaNad K
levels compared to those maintained at water pH(Bdner & Baldisserotto 2007). Rainbow
trout exposed to water pH 4.2 for 24 h also showsihnificant decrease on plasma’ ldad K
levels, but not Cl(McDonald & Wood 1981).

Rainbow trout exposed to acidic pH (5.2) for 28slapd fed with a low NaCl diet (0.10-
0.18 %), independently of energy content, preseatdecrease on plasma™Nand whole body
Na" and Cl (the last, only the low energy diet), but fish fedh 0.6 % NaCl did not show any
ionic imbalance. In our study, the increase ofatiesalt apparently decreased'Nad K losses
of silver catfish exposed to pH 5.5 and pH 9.0.r€fwe, is the salt content of the food rather
than the energy content that is critical in prategfgainst the effect of acidic pH (5.2) (D’'Cruz
& Wood 1998). In acidic water, high *Hconcentrations disrupt the tight junctions of gill
epithelia, increasing ion loss by a paracellulateo(Wood & McDonald, 1988), and leading to
whole body ion loss, as observed in silver catfishions & Baldisserotto 2000). Under these
conditions, dietary salts may become very imporamhaintaining body ion levels during acid
stress (D'Cruz & Wood 1998). Starved rainbow tr¢ut fed with a very limited diet) showed
ionoregulatory changes during exposure to acidierenment (pH 5.2), but when they were fed
with adequate amount of salts (2630l kg™) the effect of low pH was reduced or did not occur
(D'Cruz et al. 1998). Therefore, dietary salt caplace branchial ion loss because when fish are
exposed to acidic pH branchial ion influx is loveerd the efflux is higher than in neutral waters,
and dietary salt supplementation may help to marntaic balance (D’Cruz & Wood 1998). To
our knowledge, there are no studies regardingftaete of dietary salt in fish exposed to alkaline
waters. The results of the present study demoesdtthgt the salt has a primordial function in the
ionoregulatory balance of silver catfish juveniles.

The intestine (or the pyloric ceca) can absorb prw/ided by feeding (Bijvelds et al.
1998; Becker et al. 2006; Ferreira & Baldisser@@07). Therefore, diet can be an important ion
source for ionoregulatory needs of fish living irypbsaline environments. Dietary salt
supplementation can also decrease energy speahoregulation and consequently more will be
available for growth (D’Cruz & Wood 1998). Theredoin present study it was hypothesized that
NaCl-supplemented diets would protect against ecidi alkaline pH, compensating ion loss.
Dietary NaCl supplementation decreases ionoregylatiosturbances and is not effective to
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increase silver catfish growth in neutral and afl@lwaters, but improve growth in juveniles
exposed to acidic pH.

Rainbow trout fed high NaCl diets (1.8 and 3.0 %)Nshowed a decrease of 40.8 and
44.0 % on waterborne Navhole body uptake rates relative to controls @.8Na). Moreover,
Na' efflux was 12.0 and 38.0 % higher in fish fed ar®l 3.0 % N&enriched diets, respectively
(Pyle et al.2003). Plasma Cllevels in bluegill Lepomis macrochirugRafinesque, 1819)
maintained in freshwater and fed diet supplementédd 2.0 or 4.0 % NaCl were also higher than
in fish kept in freshwater and fed a diet withowt@\ supplementation (Musselman et al. 1995).
In present study, results demonstrated ionoregylatisturbances of silver catfish juveniles are
less pronounced at pH 5.5 and 9.0 when fed higie¢arg salt supplementation (1.0-2.0 % NaCl
), and at pH 7.0 with a lower amount quantity ol sa the diet (0.0-0.5 % NaCl dietary
supplementation). Nile tilapi@reochromis niloticugL., 1758) maintained in freshwater and fed
diet supplemented with 8.0 % NacCl for 35 days shibWwgher growth rate than those fed diet
without NaCl supplementation, while dietary NaCdl diot change significantly growth rate in
fish kept in brackish water (1.0 and 2.0 %) (Famtas-Fernandes et al. 2002).Dietary salt
supplementation can improve growth or reduce itm8ses in some species, butin others there is
no effect or even present negative effects in teirelopment, as demonstrated by Pyle et al.
(2003) with rainbow trout.

It can be concluded that exposure of silver daffisveniles to alkaline (pH 9.0) or acidic
(pH 5.5) water did not affect survival, but fishpkeat acidic water and fed a diet without NaCl
supplementation presented reduced growth compardidose exposed to neutral pH (pH 7.0).
The increase of dietary NaCl protects against thpact of acidic water. To neutral pH is
recommended 0.5 % NaCl in the diet, but to acidicalikaline waters the best salt dietary

supplementation is overall 1.0-2.0 % NaCl.
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Table 1 Effect of dietary salt (NaCl) supplememtatand pH on biometric parameters of silver

catfish after 35 days.

Dietary NaCkupplementation (%)

pH 0.0 0.5 1.0 2.0
Weight (g)

5.5 3.98+0.24 4.63 +0.40 4.8% +0.45 4.48 +0.14

7.0 6.67 +0.22 5.34+0.28 5.88+0.35 5.75 +0.42

9.0 5.41% +0.37 5.06 +0.17 5.18 £ 0.08 479 +0.40
Length (cm)

5.5 788 +0.16 8.46 +0.29 8.57 +0.27 8.27 +0.09

7.0 9.48 £ 0.08 8.89 £ 0.13 8.58 £ 0.20 8.83+0.17

9.0 8.61% £0.17 8.57 +0.06 8.65 + 0.06 8.40 +£0.28

Biomass per tank (g)

5.5 51.76 + 3.08 60.19 + 5.14 62.53 +5.86 55.20 + 2.18

7.0 86.75 + 2.89 69.42 +3.71 75.79 + 4.66 66.55 + 7.43

9.0 70.37° +4.82 65.82 + 2.27 65.67 + 2.27 62.3% +5.18

SGR (% day)

5.5 -0.88+0.17 -0.4%+0.24 -0.30 £ 0.27 -0.48 £ 0.05

7.0 0.66 +0.09 0.0%+0.15 0.26 +0.18 0.22 +0.22

9.0 0.0%° +£0.20 -0.183+0.09 -0.06 + 0.05 -0.30 £ 0.26

Values are reported as me&a®.E.M, n = 3Means identified by different capital letters ireth
columns were significantly different (P < 0.05) dstermined by analysis of variance and
Tukey comparison of mean values. In the rows, theree no significant difference among
different dietary NaCl supplementation for the sghkevalue.
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Figure legend

Figure 1 Net N§ CI and K’ fluxes inR. quelerafter 15 days (A, C and E respectively) and
35 days (B, D and F respectively) exposure to afiepH and dietary NaCl supplementation.
Data are expressed as me&aBEM, n = 9. Positive values indicate net influeesl negative
values net effluxes.

Means identified by different capital letters irmlie significant difference among pH in the
same dietary NaCl supplementation while means iieshtoy different small letters indicate
significant difference among different dietary Na&lpplementation at the same pH as

determinate by two-way ANOVA and Tukey comparisémean values (P < 0.05).
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Abstract

This study verified the satisfactory water hardnatslifferent pH for growth and ion
regulation in silver catfish juveniles. Fish weraintained for 30 days at three water pH (5.5; 7.0
and 9.0) and four water hardness (30, 60, 120 &0drig L* CaCQ). Juveniles were collected
at two and fifteen days for analyses of nef,N& and CI - body fluxes. Exposure of silver
catfish juveniles to alkaline or acidic water didtraffect survival, but reduced growth, and in
juveniles at alkaline water the best weight ocaliirethose kept at the lowest water hardness. At
fifteen days of experiment, net Nbody fluxes in juveniles maintained at higher wdtardness
and net Clfluxes at ever water hardness led to net ion [bserefore, the best water hardness for

silver catfish juvenile growth and ionoregulatier80-60 mg [* CaCQ.

Keywords: growth, acidic water, alkaline water, calcium, isod fluxes, chloride fluxes

Introduction
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Water acidification may occur in places where thié sontains acidic cations, asAlor
iron pyrite, which in oxygenating conditions formssilfuric acid (Zweig, Morton & Stewart
1999). Alkaline waters may be consequence of phgitdon or aquatic plants blooms, which
decrease the GQuwailable in the water during daylight (Wood 2001)

Calcium is important for ion regulation of freshesmtfish because it influences the
permeability of biological membranes, preventing thffusive efflux and high ionic loss to
water (Wood & McDonald 1988). It is also esserfoalseveral biological processes such as bone
construction, blood coagulation, and other cellilanctions (Flik, Verbost & Bonga 1995).
Freshwater fish take up Egpredominantly by the gills, and even those feds& Beficient diet
grow normally if there is enough waterborne?C# be absorbed (Flik & Verbost 1995).
However, in low C& water the relative contribution of the food ines like a mechanism of
compensation (Steffens 1997).

Silver catfish,Rhamdia queleqfQuoy & Gaimard, 1824, Heptapteridae), occurs from
southern Mexico to central Argentina. Brazil is thain producer of this species, which was the
fifth most raised native species in 2004 (Cresa@@605). This species can reach 600-800 g in
eight months in aquaculture systems (Barcellos,ukreQuevedo, Fioreze, Cericato, Soso,
Fagundes, Conrad, Baldissera, Bruschi & Ritter 20 southern Brazil, where the culture of
silver catfish is increasing, surface waters cametanes present pH lower than 5.0 and in
underground waters used by fish farmers pH canhr@at (Zaions & Baldisserotto 2000). The
best pH range for survival and growth of silverfisht larvae is 8.0-8.5 (Lopes, Silva &
Baldisserotto 2001), and juveniles survival in ac@nd alkaline pH is improved by the addition
of C&* to the water (Townsend & Baldisserotto 2001). leigharvae growth, survival, and
biomass were obtained at 30-70 mg CaCQ at pH 8.25 (Townsend, Silva & Baldisserotto
2003). Growth of juveniles of this species is gt pH 7.0 compared to acidic (pH 5.5) or
alkaline (pH 9.0) soft water and dietary®Caupplementation does not protect against pH change
(Copatti, Coldebella, Radiinz Neto, Garcia, RochHaaddisserotto 2005).

Therefore, the objective of this study was to daiee the satisfactory water hardness at

different pH for survival, growth and ion regulatio silver catfish juveniles.
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Materials and Methods

Experimental animals and management conditions

Four hundred and sixty eight silver catfish juvesiwere obtained from the fish culture
Bela Vista in Santa Maria, southern Brazil. Theseeniles were transferred to the Fish
Physiology Laboratory at the Universidade FedemlShnta Maria and maintained in three
continuously aerated (two air pumps of 12 W eadbl) 2 tanks. Stocking density was 0.62
juveniles L.

After 15 days of acclimation, juveniles (2.08 +®.8 and 6.01 + 0.18 cm) were then
transferred to 36 continuously aerated 40 L polgglene boxes and kept for 30 days. Thirteen
juveniles were placed in each box (0.33 juvenilés L

Twelve treatments (three pH X four water hardness)e tested in triplicate. Water pH
was fixed at 5.5 (5.41-5.56), 7.0 (7.02-7.06) artdl(8.85-9.05) and water hardness at 30 (30.44-
31.24), 60 (58.33-60.39), 120 (118.06-122.24), B0 (178.89-180.28) mgLCaCQ.

Alkalinity and total ammonia were 4-5 mg'CaCQ and 0.68-0.95 mgt, 19-23 mg [*
CaCQ and 0.76-1.41 mgt, 51-52.5 mg [} CaCQ and 0.83-1.78 mgtat pH 5.5, 7.0 and
9.0, respectively. Nitrite was below 0.05 mg, Idissolved oxygen levels 5.24-6.47 mg &nd
temperature 21-22C. Waterborne Na CI and K levels were 150.6, 228.9 and 26Qmol L™,

respectively.

Tanks management and water quality

The diet offered was a commercial feed (Vicentenglntos S.A. Presidente Prudente/SP,
Brazil) with 3.5 % C&', 28.0 % crude protein and 3,500 kcal'ldjgestible energy according to
manufacturer. The juveniles were fed once a dag,@ a.m., for 30 days, at a ratio of 5.0 %
body mass. Uneaten food, as well as other residndsfeces were siphoned 30 min after
furnishing the food and consequently at least 26.®f the water was replaced with water
previously adjusted to the appropriate pH and waéedness using NaOH or$0, 0.5 M and
CaCh.2H;0, respectively. Whenever necessary, water charageinereased to reduce ammonia
and nitrite levels. Dead fish were also daily reesb@and mortality recorded.

Water pH was monitored several times daily betw&80 a.m. and 5:30 p.m. with a pH
meter Quimis (model 400.A). Water hardness was uredsevery two or three days with the
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EDTA titrimetric method and total ammonia levelsreveerified once a week by nesslerization
according to Greenberg, Taras & Rand (1976) andiomized ammonia levels were calculated
according to Piper, Mcelwain, Orine, McCraren, Faw& Leonard (1982). Dissolved oxygen
levels and temperature were measured daily withgemymeter YSI (model Y5512 Yellow

Springs, USA), and laboratory temperature was ragiatl with the use of an air conditioner.

Levels of total alkalinity and nitrite were detenad once a week according to Boyd (1998).

Net ion fluxes

Three fishes (n = 3) were randomly selected frocheaaplicate at two and fifteen days
after the beginning of the experiment and werequain individual chambers (100 mL) with
aeration and water adjusted to same conditioneeoekperiment to the determination of the net
ion fluxes.

After a 10 min settling period, water samples (5)mere taken from the chambers at the
beginning and 3 h later and then stored in plasbes at -20C for posterior ionic analysis (Na
CI, and K concentrations). Fish were weighed at the endhef ¢xperiment. Previous
experiments of Rosso, Bolner & Baldisserotto (20@0@monstrated that net ion fluxes of
juveniles maintained for 24 h in chambers were sighificantly different from the fluxes of
those which measurements started around 10 minpdéteing them in the chambers.

Water Na and K levels were measured with a B4262 flame spectriopheter
(Micronal, Sao Paulo, Brazil) and @vels by the colorimetric assay described by,Zaflher &
Garner (1956). Net ion fluxes were calculated adicgy to Baldisserotto & Val (2002):

Jnet = V(fion} — [ion],).(Mt)*, where:

[lon]: and [ion} are the bath ion concentrations at the beginnimd) end of the flux
period, in order; V is the bath volume (L); M ietmass of the fish (kg); and t is the duration of
the flux period (h).

Biometric analysis
Fifteen days after the beginning of the experimean juveniles per replicate were
collected for measurement of weight and length after returned to the tanks. At 30 days all

remained juveniles were collected and measuredcif8pgrowth rate (SGR), coefficient of



43

variability (CV) for weight and length, and conaditi factor (CF) were calculated according to
Jobling (1994).

Statistical analysis

Data were expressed as mearSEM. Homogeneity of variances among groups was
tested with the Levene test. Mean length, weigiotnlass, SGR, CV for weight and length, CF,
survival and net ion fluxes presented homogenousvwees and then data were compared by
two-way ANOVA (pH X water hardness) followed by tAaikey test, using the Software
Statistica version 5.1 (1997) and the minimum digance level was set at P < 0.05.

Results

Survival of silver catfish juveniles was higher th82.7 % in all treatments, and there
were no significant differences among treatmentss@ved oxygen, temperature, alkalinity,
total ammonia, and nitrite did not show any sigaifit difference among treatments. Fifteen days
after the beginning of the experiment, weight aedgth were already significantly lower in
juveniles exposed to pH 9.0 than in those keptHat7p0 and 60 mg £ CaCQ. Weight of
juveniles exposed to pH 7.0 was significantly higiean those maintained at pH 9.0 and 180 mg
L CaCQ and at pH 5.5 and 30, 60 and 180 mgQaCQ. In addition, juveniles exposed to pH
9.0 and 30 mg £ CaCQ presented significantly higher weight than thosgtkat the same pH
and other water hardness. Length to juveniles eegpds pH 7.0 and 30 mg’LCaCQ was
significantly higher than those maintained at pH. SAfter 30 days of experiment weight of
individuals kept at pH 7.0 was significantly higliean those exposed to pH 5.5 and 30, 60 and
180 mg L CaCQ and at pH 9.0 and 60 and 180 m{CaCQ. Juveniles exposed to pH 9.0 and
30 mg ! CaCQ presented significantly higher weight than thosptlat the same pH and other
water hardness. At the end of 30 days of experimpatimens maintained at pH 7.0 showed
significantly higher length than those exposedHiosps and 30 and 180 mg'lCaCQ and to pH
9.0 and 60 mg £ CaCQ (Table 1).

Biomass per tank and SGR were significantly highguveniles exposed to pH 7.0 than
those maintained at pH 9.0 and 60 nig@aCQ and at pH 5.5 and 30 mg'lCaCQ (15 and 30
days). In addition, after 30 days of experimenh fexposed to pH 5.5 presented significantly
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lower biomass per tank and SGR than those keptat.p and 60 mg t CaCQ and at pH 9.0
and 30 mg [* CaCQ and lower SGR than those kept at pH 7.0 and 182 @aCQ. Besides,
juveniles exposed to pH 9.0 and 30 mg CaCQ presented significantly higher biomass per
tank than those kept at other water hardness ansktime pH (Table 2).

Condition factor presented significantly higherued in fish exposed to pH 9.0 than
those maintained at pH 7.0 and 30 myCaCQ or to pH 9.0 and 120 mg.CaCQ (Table 2).
After 30 days of experiment, coefficients of vairldyp for weight (overall range 20.18-35.00 %)
and length (overall range 8.15-12.26 %) were nghificantly affected by either pH or water
hardness, except that coefficient of variability Weight was significantly lower in juveniles
exposed to pH 9.0 and 120 mg CaCQ than those kept at 30 mg'ICaCQ and the same pH.

Two days after the beginning of the experiment fuies exposed to pH 7.0 did not show
significant difference on net Nanflux among the different water hardness. Juesnéxposed to
pH 5.5 presented a significant increase of net Mas with the increase of water hardness.
However, juveniles exposed to pH 9.0 and 30 rgdaCQ showed net Nainflux lower than
those kept at 180 mg'LCaCQ (Fig 1A). However, after 15 days of experimenturced an
inversion of the fluxes at pH 7.0 and 9.0 and nemiahce of effluxes at pH 5.5 to 120 and 180
mg L* CaCQ (Fig 1B). At 2 days of the experiment net'Nafluxes in juveniles maintained at
pH 7.0 and 9.0 were significantly higher than iosh exposed to pH 5.5, except juveniles
maintained at pH 5.5 and 30 mg ICaCQ (Fig 1A). Moreover, at 15 days of the experiment,
juveniles exposed to 30 and 60 mg CaCQ and pH 9.0 showed significantly higher net'Na
influx than those maintained at pH 5.5 and 7.0. Eloav, to same pH and 120 mg CaCQ
juveniles presented significantly higher net"Ndflux than those kept at pH 7.0 and the same
water hardness (Fig 1B).

Juveniles maintained at pH 7.0 and 9.0 presente@Inmfluxes at all water hardness, but
among those kept at pH 5.5 only juveniles exposegDtmg L CaCQ showed net Cinflux at
two days of experiment. Fifteen days after the ty@iglg of the experiment, in mosttreatments
juveniles presented net Gtffluxes (Fig 1C and 1 D). Two days after the hagig of the
experiment net Cinfluxes in juveniles maintained at 60 mg CaCQ were significantly higher
than of those exposed to other water hardnessdiegarof pH, except juveniles maintained at
pH 7.0 and 120 mgt CaCQ, that showed net Cinflux also significantly higher than those
kept at 30 and 180 mg'1CaCQ at the same pH. Silver catfish exposed to pH AdD%RO0 at 30
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mg L™ CaCQ presented net Ghfluxes significantly higher than those maintairat pH 5.5 and
the same hardness. Juveniles exposed to pH 9.0 and 180 mg I CaCQ presented net Cl
influxes significantly higher than those maintairetdoH 5.5 and 7.0 at the same hardness (Fig
1C). Fifteen days after the beginning of the expernt juveniles maintained at pH 5.5 and 120
mg L* CaCQ showed significantly lower net Gifflux than those exposed to the same pH at 30
and 180 mg [ CaCQ. Juveniles kept at pH 9.0 showed significantlyhieignet Clefflux at 60

mg L? CaCQ than those maintained at other water hardnesshendame pH. Fish exposed to
pH 9.0 and 30 and 180 mg'LCaCQ presented significantly lower net ‘Gbss than those
maintained at the same water hardness and pH 8.%.GnIn addition, juveniles exposed to pH
5.5 and 120 mg L CaCQ showed significantly lower net Géfflux than those kept at pH 7.0
and the same water hardness (Fig 1D).

Two days after the beginning of the experiment Kétfluxes were not significantly
different from zero (data not shown), and at 1¥sdspecimens kept at pH 5.5 and 9.0 presented
significantly higher net Keffluxes at 30 mg £ CaCQ tan those exposed to pH 7.0 and the same
water hardness. Juveniles exposed to 60, 120 ahehiyd* CaCQ did not show any significant
net K loss (except those maintained at pH 7.0 and 180 M9aCQ) (Fig 1E).

Discussion

Water pH plays an important role in the maintenamfceésh homeostasis in fish and pH
changes are reported to cause disturbances inbas&l-and ion regulation (Freda & McDonald
1988; Wilkie, Wright, lwama & Wood 1994; Zaions &alMlisserotto 2000; Wood 2001; Aride,
Roubach & Val 2007). Water hardness higher thanifQ* CaCQ increased survival of silver
catfish exposed to very acidic (3.75) and alkal(ib@.0) pH (Townsend & Baldisserotto 2001),
but in larvae maintained at neutral water (pH W&jer hardness of 150 mg'lCaCQ or higher
impaired survival (Townsenet al. 2003).

Most fishes presented net ion loss in acidic watéitson, Wood, Gonzalez, Patrick,
Bergman, Narahara & Val (1999) described significaet losses of the plasma concentrations of
Na', K" and Cl, but not of C&, in response to acid (pH 3.5-4.0) exposure inetikenazonian
fish. Plasma Naand K concentrations followed the pH profile, decreasinging acid exposure
(pH 4.0) and increasing during alkaline exposuitd §0) in tambaquColossoma macropomum
(Cuvier, 1818) (Arideet al. 2007). Similar reductions in plasmaNand K were observed in
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common carpgCyprinus carpio(L. 1758) and Nile tilapi@dreochromis niloticugL. 1758) after
transference from pH 7.3 to pH 4.0 (Van Dijk, VaerDThillart, Balm, & Wendelaar Bonga
1993). However, silver catfish juveniles maintairs water hardness of 30 mg CaCQ for 96

h did not show any significant mortality or charigavhole body Naand K within the 5.5-9.0

pH range (Zaions & Baldisserotto 2000). In additiam the present study the ionic losses
occurred not in response to pH, but to water haslneecause water hardness higher than 60 mg
L™ CaCQ induced net Naloss in all tested pH.

The present study demonstrated that exposurevefr sihtfish juveniles to acidic (pH 5.5)
water and low water hardness (30 mg CaCQ) for 30 days reduced significantly weight,
biomass per tank and SGR compared to those expogad 7.0 and the same water hardness.
Silver catfish kept at pH 5.5 at higher water hasin(60-180 mg £ CaCQ) did not show any
significant increase in these parameters comparéddase maintained at 30 mg' ICaCQ, but
only SGR remained significantly lower than of th@sg@osed to pH 7.0. Similar results in others
studies related that fishes exposed to neutralrnfatenext) presented higher growth. Brook trout
Salvelinus fontinalis (Mitchill 1814), juveniles and rainbow trouOncorhynchus mykiss
gairdnerii (Richardson, 1836), presented lower growth atiacmater (pH 5.3) than neutral
waters (Menendez 1976; Rodgers 1984). Brook troerjiles presented lower growth at pH 5.5,
6.0 and 6.5 than at pH 7.1 (Menendez 1976), angHa#.2-5.0 than 5.2-6.5 (Norrgren &
Degerman 1992). Rainbow trout showed better grawtieutral pH (7.2) than at acidic pH (4.4)
(Nelson 1982). Alkaline exposure (pH 8.0) resulieanore severe effects on blood physiology
and reduced growth in tambaqui than acid expogHhei(0) (Arideet al.2007).

Townsendet al. (2003) described water hardness of 30-70 MdgCACQ and pH 8.2 as
the best for survival, growth, and biomass gainsitver catfish larvae. The results of the present
study demonstrated that water hardness did nottafervival of silver catfish juveniles
maintained at pH 5.5 and 9.0. Exposure of the sgpeeies to pH 5.5 or 9.0 also did not affect
survival compared to pH 7.5, and growth is lowereaidic (5.5) or alkaline (9.0) soft water
compared to neutral water (Copatial. 2005).

Rainbow trout exposed to low waterborn€@a.5 mg Lt CaCQ) showed an increase in
number of chloride cells on lamellae and large apsurfaces to increase ion uptake (Perry &
Wood 1985). It is possible that highly alkaline d@imns in soft water causes the leaching of

cd* from the gill epithelium, as occurs in fish expdge acidic waters (Lauren & McDonald
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1986), so the protective effect of high waterboB&* becomes more important. Most teleosts
exposed to acidic or alkaline waters showed highevival in hard than in soft waters (Freda &
McDonald 1988; Yesaki & lwama 1992; Townsend & Bsdérotto 2001) and in our present
study although had been hypothesized that the aseref the water hardness could improve
growth of the silver catfish juveniles exposedca® or alkaline pH, this was not verified in this
experiment. Rainbow trout exposed to pH 3.0 or@ésented higher survival at water hardness
of 165 mg L* CaCQ than those exposed to the same pH and at watdndss of 10 mg L
CaCQ (McDonald, Hobe & Wood 1980). The same speciessfeared from pH 6.8 to 10.1
showed lower Naand Cl plasma levels at 4.0 mgtlCaCQ, but when maintained at 320 mg L
CaCQ did not change plasma ion levels and showed higherival at pH 10.1 (Yesaki &
lwama 1992).

It can be concluded that exposure of silver caffisieniles to alkaline or acidic water did
not affect survival, but reduced growth, and atalfie water the best weight occurred at the
lowest water hardness. Moreover, ionoregulatoryudisinces are more pronounced at higher
water hardness. Therefore, the best water hardfuessilver catfish juvenile growth and

ionoregulation is 30-60 mgiCaCaQ.
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Figure legends

Figure 1 Net Naand Clfluxes ofR. quelerafter two (A, C respectively) and fifteen days (B,
D respectively) and net'Kluxes after fifteen days (E) of exposed to difer water hardness
and pH. Potassium fluxes of all treatments weresmnificantly difference from zero after
two days. Data expressed as meaSEM, n = 9. Positive values indicate net influesl
negative values net effluxes.

Means identified by different capital letters inalie significant difference among pH (5.5; 7.0
and 9.0) in the same water hardness while meansifidd by different small letters indicate
significant difference among different water haskén the same pH as determined by two-

way ANOVA and Tukey comparison of mean values (PG5).
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Table 1 Effect of water hardness and pH on silagiish weight and length.

pH
55
7.0
9.0

5.5
7.0
9.0

pH
55
7.0
9.0

5.5
7.0
9.0

Water hardness (mg CagD")

30 60 120 180
Weight (g)
15 days
232°+0.14  293°+0.06 2.72°+0.22 2.79%+0.28
3.0%3%+0.14 3.46°+0.14 2.86°+0.12 2.84°+0.14
2.93%+0.06  2.43°+0.04 2.78°+0.12 2.7+ 0.04
30 days
2.4%5%+0.11 2.86%+0.04 2712+ 0.22 2.56%+0.17
3.34%+0.16 3.52°+0.17 2.93°+0.13 3.32°+0.16
3.26%+ 0.08 2.56°+ 0.04 2.59"+0.07 2.5%°+0.02
Length (cm)
15 days
6.36°+0.13  6.87°?+0.01 6.77°+0.08 6.58%+ 0.29
6.88%+0.12 7.13%+0.08 6.83%+0.13 6.79%+ 0.06
6.63%+0.17 6.48%+ 0.03 6.77%+0.10 6.67%+ 0.06
30 days
6.68°+0.12  6.92°°+0.06 6.83°+0.18  6.61°%+0.11
7.44°+0.11 7.38%+0.08 7.04%+0.11 7.36%+0.07
7.08%%+0.11  6.68°+0.02 6.88°+0.61  6.80°2+0.17

Values are reported as mea®.E.M, n = 3Means identified by different capital letters i th

columns (in the same period of time) or small Istia the rows were significantly different (P

< 0.05) as determined by two-way ANOVA and Tukeynparison of mean values.
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Table 2 Effect of water hardness and pH on sihatfish standard growth rate (SGR), biomass

per tank and condition factor (CF).

pH
55
7.0
9.0

5.5
7.0
9.0

pH
55
7.0
9.0

5.5
7.0
9.0

pH
55
7.0
9.0

Water hardness (mg CagD")

30 60 120 180
SGR (% day)
15 days
0.72°+0.40 2.306°:x0.14 1.75°+0.54 1.96%+ 0.66
2.55%+0.31 3.27%+0.38 2142+ 0.28 2.06°+0.32
2.30%+0.14  1.05°+0.10 1.822+0.30 1.93%+ 0.09
30 days
0.54%+ 0.14 1.06%+ 0.04 0.86%+0.26 0.68%+0.22
1.57%+0.16 1.7%%+0.17 1.14%+0.14 1.5%%+0.16
1.56°+ 0.08 0.68°+0.05 0.74°+0.08  0.85°%+0.02
Biomass per tank (g)
15 days
27.78°+1.76 36.17°°+1.17 33.74°+4.24 36.27°+3.61
39.65°+1.87 44.16°+1.84 37.14+158 34.92+1.18
38.13%2+0.79 315%+0.46 34.66°+2.13 36.05°+0.50
30 days
20.36°+1.38 3458'+0.66 3352+395 33.24°+224
43.38°+2.10 4580°+227 38.05°+1.66 40.80°+0.90
42342+1.01 3256°+052 3288°+1.60 32.80°+0.24
CF (g cm’)
30 days
0.84%2+0.01  0.85°+0.01 0.84°+0.01 0.88°+0.01
0.8£2+ 0.01 0.88°+0.01 0.84°+0.01 0.85%+ 0.01
0.92%+0.02 0.84*+0.02 0.86°+0.02 0.85%+0.01

Values are reported as mea®.E.M, n = 3Means identified by different capital letters ireth

columns (in the same period of time) or small Istia the rows were significantly different (P

< 0.05) as determined by two-way ANOVA and Tukeynparison of mean values.
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Abstract

The objective of this study was to investigate #feects of exposure to low water
hardness (0, 25 and 50 mg" ICaCQ) into the 6.0-8.0 pH range to silver catfish jules
survival and growth. Juveniles kept at zero watedhess presented higher mortality at pH 7.0
and 8.0 than those submitted to other treatmenésgh/ of juveniles exposed to pH 6.0 and zero
water hardness was significantly higher than thes# at the same water hardness and other pH.
Survival and growth of juveniles exposed to 25 &fidng L* CaCQ was not affected in the 6.0-
8.0 pH range. Therefore, the best water hardnesssifeer catfish juveniles growth and
ionoregulation is 25-50 mgtCaCQ and at low water hardness (next zero) pH musetieaed.

Keywords: alkaline or acid water; calcium; growtmgrtality.

Introduction
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cd&" is important for ionic regulation of freshwatesHi because it influences the
permeability of biological membranes, preventing thffusive efflux and high ionic loss to
water (Wood and McDonald 1988). Furthermore?*Gaays a crucial role in numerous other
physiological and biochemical processes such asuarscontraction, vision, blood coagulation,
regulation of enzymatic reactions, modulation ofrmpeability and excitability of plasma
membranes, neutral and intercellular communicatioah intracellular signaling (Riccardi 2000).
The relevance of the branchial tissue fof‘Geptake has been demonstrated in a large variety of
fish species, and the gill epithelia is probablg thost important site for Eauptake in fish
(Evans et al. 2005).

Several lines of evidence indicate that the maumseaof fish mortality in acid waters is
due to the failure in gill ionoregulation (Milligaand Wood 1982), and consequent loss of Na
Cl and C&" (Heath 1995). In fish exposed to low pH, acid ltadugh the gills is the source of
acid-base disturbance, and there is an increasd’ofind NH" excretion by the urine to
compensate this problem (Bolner and Baldisserdd@/? Mortality of fishes exposed to acidic
soft water seems related to a decrease of aroui®d%(@lasma ion levels, mainly Nand CI
(Freda and McDonald 1988). The main problems ialadk waters are the inhibition of ammonia
excretion and increase of G@xcretion (Heath 1995). High pH also inhibits ofaial Na/NH,"
and CI/HCOs exchangers (Wilkie and Wood 1996). The exposurésbf to stress situations,
either natural or artificial results in a seriesadfustments through homeostatic mechanisms (Val
1996) and can affect growth performance. An inaeas environmental pH affects fish

ionoregulation and has been associated with aeaserin mucus secretion (Wood et al. 1998).

Husbandry of silver catfish, RhamdiaelenQuoy and Gaimard, 1824 (Heptapteridae), is
spreading in Brazil. Fish farmers are interestethenculture of this species because of its good
growth rate, omnivorous feeding habit, high feztiion and hatching rates, and acceptance by
the consumers (Gomes et al. 2000; Fracalossi 20@4). Silver catfish can survive to acute pH
changes within the 4.0-9.0 range without signiftcamortality (Zaions and Baldisserotto 2000).
Exposure to low pH (5.5-6.0) reduced length andgivedf silver catfish larvae compared to
those maintained at pH 8.0-8.5 (Lopes et al. 208t9, growth of juveniles of this species is
lower in acidic (pH 5.5) or alkaline (pH 9.0) soffater compared to neutral water (pH 7.0)
(Copatti et al. 2005). In juveniles survival in @iciand alkaline pH is improved by the addition
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of C&" to the water (Townsend and Baldisserotto 2001)nbustudies regarding water hardness
and growth of juveniles of this species was pertdnilherefore, this study verified the effects
of the 6.0-8.0 pH range, at low water hardnessh& gurvival and growth of silver catfish

juveniles. This pH range was studied because isidered the best for fish culture (Boyd 1998)

and is within a pH range not tested for silverisatfjrowth.

Materials and methods

Experimental animals and management conditions

Two hundred and forty three silver catfish juvesilgere obtained from the fish culture
Bela Vista in Santa Maria, southern Brazil. Theseeniles were transferred to the Fish
Physiology Laboratory at the Universidade FedemlShnta Maria and maintained in three
continuously aerated (two air pumps of 12 W eadbl) P tanks. Stocking density was 0.33
juveniles L.

After 15 days of acclimation, juveniles (0.603 §D.g and 4.25 + 0.17 cm) were then
transferred to 27 continuously aerated 40 L polgglene boxes and kept for 32 days. Nine
juveniles were placed in each box (0.225 juveriii&s

Nine treatments (three pH X three water hardnegsje tested in triplicate. Water pH
was fixed at 6.0 (5.95-6.02), 7.0 (6.95-7.02) arfel @.94-8.04) and water hardness at 0 (0.0-
2.57), 25 (24.97-26.43) and 50 (48.76-52.48) iiglaCQ.

Alkalinity and total ammonia were 5-6 mg CaCQ and 0.41-0.54 mgt, 8-12.5 mg [*
CaCQ and 0.33-0.36 mgt, 31-33 mg [! CaCQ and 0.27-0.34 mgt.at pH 6.0, 7.0 and 8.0,
respectively. Nitrite was below 0.05 mg'Ldissolved oxygen levels 8.56-8.65 mg knd
temperature 22.4-23°C.

Tanks management and water quality

The diet offered was a fish commercial feed (Vieetlimentos S.A., Presidente
Prudente/SP, Brazil) with 3.5 % €a28.00 % crude protein and 3,500 kcal'kdigestible
energy energy according to manufacturer. The juesnwere fed once a day, at 8:00 a.m., for 32
days, at a ratio of 5.0 % body mass. Uneaten fasdwell as other residues and feces were

siphoned 30 min after furnishing the food and cqneetly at least 20.0 % of the water was
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replaced with water previously adjusted to the appate pH and water hardness using NaOH or
H,SO, 0.5 M and CaGl2H,0, respectively. Treatments with water hardness ne&re obtained
using distilled water. Whenever necessary, watangh was increased to reduce ammonia and
nitrite levels. Dead fish were daily removed andtaidy recorded.

Water pH was monitored several times daily betw&80 a.m. and 5:30 p.m. with a pH
meter Quimis (model 400.A). Water hardness wasutatled every two or three days with the
EDTA titrimetric method and total ammonia levelsreveerified once a week by nesslerization
according to Greenberg et al. (1976) and non-i@haaamonia levels were calculated according
to Piper et al. (1982). Dissolved oxygen levels samdperature were measured daily with oxygen
meter YSI (model Y5512 Yellow Springs, USA), anddeatory temperature was maintained
with the use of an air conditioner. Levels of taaialinity and nitrite were determined once a

week according to Boyd (1998).

Biometric analysis

Twenty days after the beginning of the experimentse juveniles per replicate were
collected for measurement of weight and length @itet returned to the tanks. At the end of the
experiment (32 days) all remained juveniles werkected and measured. Specific growth rate
(SGR), coefficient of variability (CV) for weightna length and condition factor (CF) were
calculated according to Jobling (1994).

Statistical analysis

Data are expressed as méa®EM. Homogeneity of variances among groups wasdes
with the Levene test. Mean length, weight, biom&GR, CV for weight and length, CF and
survival of the treatment groups were comparedvioy-way ANOVA (pH X water hardness)
followed by the Tukey test, using the Software iStiga version 5.1 (1997). The minimum

significance level was set at P < 0.05.

Results

Dissolved oxygen, temperature, total ammonia, atrdendid not show any significant

difference among treatments. Twenty days afterbénginning of the experiment there was no



60

significant difference of mortality among treatnertiowever after 32 days, juveniles exposed to
pH 7.0 and 8.0 at zero water hardness presentedfisgotly higher mortality than those
submitted to the other treatments (Table 1). AB& days of experiment, coefficients of
variability for weight (overall range 15.37-33.99) @nd length (overall range 5.46-10.72 %)
were not significantly affected by either pH or eshardness

Twenty days after the beginning of the experimemtight and length were significantly
higher in juveniles exposed to pH 6.0 than in thkeset at pH 7.0 and 8.0 at 50 mg CaCQ.
Length of juveniles exposed to pH 6.0 and 25 fgdaCQwas significantly lower than of those
maintained at the same pH and 50 mi§ CaCQ. At 32 days of experiment there was no
significant difference in length among treatmebts, weight of juveniles exposed to pH 6.0 and
zero water hardness was significantly higher thase kept at the same water hardness and other
pH (Table 2).

Biomass per tank and SGR showed significantly éiglalues in juveniles exposed to pH
6.0 than those maintained at pH 7.0 and 8.0 at§Q MCaCQ after 20 days of experiment and
those kept at pH 7.0 and 8.0 at zero water hardafe=s32 days of experiment. In addition, after
32 days of experiment, fish exposed to pH 7.0 a1 mvater hardness showed lower biomass
per tank than those kept at 25 and 50 nigdaCQ. Condition factor presented significantly
lower values in fish exposed to pH 7.0 at zero whegdness than those maintained at pH 7.0
and 50 mg [! CaCQ and those at pH 6.0 and zero water hardness (Bable

Discussion

Neutral and lightly alkaline pH have been recomneehly a series of authors as being
appropriate for the cultivation of commercial fregtter fish (Boyd 1998) and growth of most
fish populations is affected at pH below 6.0 (Wa@odl McDonald 1988). Most teleosts species
survive to acute pH changes down to 4.0-5.0 oroup.®-10.0, but exposure to more acidic or
alkaline waters is lethal within a few hours (Paared Baldisserotto 2007). The present study
verified that silver catfish juveniles maintained very soft water (near zero water hardness)
showed lower mortality at pH 6.0 (3.70 %) than th&spt at pH 7.0 (62.96 %) and 8.0 (40.74 %)
after 32 days of experiment, demonstrating thatestr zero water hardness the use of slightly

acidic water (pH 6.0) is advantageous to Rhamdelemjuveniles. Other authors also verified
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that this species can resist to acidic pH when misiedness was between 20-70 migCaCQ,
but the best growth occurred at slightly alkalinel gLopes et al. 2001; Townsend and
Baldisserotto 2001; Copatti et al. 2005).

On the other hand, the increase of water hardness 85 mg [* CaCQ was enough to
reduce mortality in silver catfish. This effect wfter hardness was expected because most
teleosts exposed to very acidic or alkaline wastiewed higher survival in hard than in soft
waters (Freda and McDonald 1988; Yesaki and lwaf821Towsend and Baldisserotto 2001).
Growth of silver catfish juveniles kept at pH 6.@swnot affected by water hardness. This was in

agreement with the fact that larvae survival impstl bass Moronsaxatilis (Walbaum, 1792)

and Oreochromignossambicugaised at optimum pH (6.6-6.8) were not affectgdwater
hardness of 3-250 and 3-96 mg CaCQ, respectively (Grizzle et al. 1992, Hwang et E996).

However, results in other species were differeetanse white bass female X sunshine bass male

juveniles died in a few hours in water with 5-6 g CaCQ at circumneutral pH and increase
of water hardness to 210 mg CaCQ increased survival to 64.0 % (Grizzle and Maulb®99).
Juveniles of striped bass and Mordmgbrid bass (MchrysopsX M. saxatilig had 80-99 %
survival compared with 16 % survival for a groupfish without additional calcium in the water
before (20 to 45-100 mg™LCaCQ) or after (10 to 70-200 mg'LCaCQ) harvest (pH 7.0)
(Grizzle et al. 1985).

In zero water hardness, silver catfish juvenilesspnted higher growth at pH 6.0 than at
pH 7.0 and 8.0. Prolonged exposure to slightly ladkawater (pH 8.0) soft water resulted in
several changes in the blood physiology and redugeavth in tambaqui_Colossoma
macropomumn(Cuvier, 1818) after 40 days of the expositionidaret al. 2007). However, acidic
water (pH 5.2-5.5) impaired growth in rainbow traund silver catfish at water hardness 2.5 and
20 mg L* CaCQ, respectively (D’Cruz and Wood 1998; Copatti e28005).

Very soft hardness (zero) decreased growth of isibafish exposed to pH 7.0 and 8.0
compared to higher hardness (25 and 50 im@hCQ). However, in rainbow trout, the average
growth rate of fish maintained in water of highea® Cconcentrations (40 mg'LCaCQ) was
significantly higher than that of fish kept at 5 g CaCQ and pH 5.3 or 6.5 (Rodgers 1984). In

white bass, Moronehrysops(Rafinesque, 1820) X sunshine bass $dxatilis and tilapia,

Oreochromis mossambicus(Peters, 1852), growth was not affected by differeC&”
concentrations (2 to 96 mg~LCaCQ and pH 6.9) (Seals et al. 1994; Hwang et al. 1996)
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Channel catfish IctalurugunctatugRafinesque, 1818) swim-up fry exposed to 0, 11(,and
100 mg ! CaCQ (pH 7.0) showed that concentrations higher thamg0L* CaCQ afforded

no significant benefit, so a minimum calcium corteatibns (10 mg L CaCQ) was

recommended (Tucker and Steeby 1993). The sameraudbserved an abnormal behavior (fry
appeared lethargic and were spread out over thterbpin water with low C& concentration
(below 5 mg [ CaCQ). Townsend et al. (2003) conclude as the bessdovival, growth, and
biomass gain for larvae of the same species thifystater hardness of 30-70 mg CaCQ at
pH around 8.2.

Our data allow concluding that water hardness 66@5ng L' CaCQ is indicated to
raise silver catfish juveniles at the 6.0-8.0 piHge, but at low water hardness (next zero) pH
must be reduced to improve survival and growth.
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Table 1 Effect of water hardness and pH on silagiish mortality (%).
Water hardness (mg CagO")
0 25 50
pH 20 days
6.0 3.70°+3.70 3.70°+3.70 0.06°+0.00
70 2222°+11.11 11.1%+6.40 0.06°+0.00
80 3.70°+3.70 0.00°+0.00 11.1%*+7.41

32 days
6.0 3.70°+3.70 3.70°x3.70 0.00°+0.00
70 6296°+1960 11.1%+6.42 3.76°+3.70
8.0 40.78°+3.70 0.00°+0.00 11.1%*+6.40

Values are reported as me&a®.E.M, n = 3Means identified by different capital letters i th

columns (in the same period of time) or small Istia the rows were significantly different (P
< 0.05) as determined by two-way ANOVA and Tukeynparison of mean values.



Table 2 Effect of water hardness and pH on silagiish weight and length.

pH
6.0
7.0
8.0

6.0
7.0
8.0

pH
6.0
7.0
8.0

6.0
7.0
8.0

Water hardness (mg CagD")

0

25

50

0.7£2+0.09
0.5%2+ 0.04
0.49%+0.02

0.79%+0.07
0.48%+0.02
0.48%2+0.03

4.49% + 0.24
4.17%+0.07
4.03%+0.08

4.6%%+0.19
4.34%+0.28
4.1%%+0.07

Weight (g)
20 days
0.60° £ 0.05
0.64%+0.01
0.58%+ 0.06
32 days
0.69%+0.08
0.69%+0.02
0.66%+ 0.09
Length (cm)
20 days
4.2 +0.15
4.29*+0.03
4.30*+0.13
32 days
458°+0.18
4.59*+0.03
438°+0.21

0.822+0.08
0.58%+ 0.05
0.58%+0.01

0.96* + 0.09
0.63%+0.07
0.68%+ 0.02

5.64%+0.78
4.132+0.12
4.28%+0.04

4.8%+0.18
430°+0.16
4522 +0.05
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Values are reported as mea®.E.M, n = 3Means identified by different capital letters i th

columns (in the same period of time) or small Istia the rows were significantly different (P

< 0.05) as determined by two-way ANOVA and Tukeynparison of mean values.
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Table 3 Effect of water hardness and pH on sihafish standard growth rate (SGR), biomass

per tank and condition factor (CF).

Water hardness (mg CagD")

0 25 50
SGR (% day)
pH 20 days
6.0 0.762+0.62 -0.09°+0.44 158050
7.0 -0.40°+0.40 0.32°+0.07 -056°+0.42
8.0 -1.082+0.21  -0.22°+052 -0.08%+0.07
32 days
6.0 0.822+0.25  0.38°+0.35 1.282+0.31
7.0 -0.72°+0.13  0.40*+0.07 0.12%+0.34
8.0 -0.74*+0.17 0.28+041 0.40%+0.11
Biomass per tank (g)
pH 20 days
6.0 6.21%+0.96 5.12%+ 0.56 7.4%*+0.73
7.0 3.93%+0.80 5.16%+ 0.44 4.98%+0.42
8.0 422°+0.23 5.25°+0.57  4.36°2+0.12
32 days
6.0 6.88°+0.78 5.99°+0.79  8.07°%0.78
7.0 1.62°+1.07 5492+041  552°+0.78
8.0 253%+0.06 5.94%+0.82 5.07%%0.62
CF (g cn)
pH 32 days
6.0 0.78°+0.03  0.74*+0.01 0.79%+0.02
7.0 0.66°+0.12 0.74%+0.01 0.78*+0.03
8.0 0.66°2+0.01  0.77%+0.02 0.74*+0.01

Values are reported as mea®.E.M, n = 3Means identified by different capital letters i th

columns (in the same period of time) or small Istia the rows were significantly different (P

< 0.05) as determined by two-way ANOVA and Tukeynparison of mean values.



CONCLUSOES E PERSPECTIVAS

As espécies de peixes vivem em ambientes com ctvacéas ibnicas diferentes das do
seu plasma sanguineo, sendo que alteracfes neeigmacao podem reduzir sua sobrevivéncia e
crescimento. A interacdo de parametros como salieta, pH e dureza da agua abordam a
possibilidade de reducéo de estresses causadaifgrentes métodos de cultivo e alteracdes na
qualidade da agua.

A presente pesquisa procurou contribuir em vaagmectos para o cultivo de juvenis de
jundia: fornecimento de informacgdes nutricionai®resodosagem de sal para um crescimento
mais promissor; relacdo entre a dosagem dietéticalde diferentes pH da agua; melhores niveis
de dureza considerando ambientes de pH acidojracal proximo a neutralidade; analise do
crescimento e sobrevivéncia sob durezas da aguanehnente baixas; efeito do pH na
sobrevivéncia e no crescimento e a possibilidadeNd@| introduzido na rag&o auxiliar no
desenvolvimento de tais individuos em ambientepldeextremos e; verificacdo de perdas e
ganhos ibnicos sob diferentes condi¢cbes de durezaégda e sal disponivel na racdo em
diferentes niveis de pH.

De forma resumida, o estudo permitiu concluir javanis de jundia, que:

- A exposicao em 4aguas acidas (pH 5,5) ou alaljpel 9,0) ndo afeta a sobrevivéncia,
entretanto reduz o crescimento;

- a melhor dureza se encontra entre 25-60 hGaCQ;

- distUrbios de ionorregulacdosdo mais pronunciadogguas de alta dureza;

- em dureza zero da agua, exposicao a pH 7,0re@,@ a sobrevivéncia e o crescimento,
mas 0 mesmo néo acontece em pH 6,0;

- 0 aumento de sal na racao protege contra o implacguas acidas (5,5) no crescimento
e 0 melhor crescimento registra-se em aguas neadratcalinas (7,0 e 9,0), independentemente
da quantidade de sal na ragao;

- ainclusdo de sal na dieta contribui para recagidistarbios ionorregulatérios em aguas

acidas e alcalinas.
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