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PREFACIO

A estrutura desta tese esta dividida em uma p&ERAL” que inclui as secbes
Introducédo, Material e Métodos, Sintese dos Retndtee Conclusbes, bem como os
“APENDICES”, onde estfo descritos trés artigos ttfiens formatados de acordo com
as revistas onde serdo publicados. O Apéndicedl re¢acionado com o estudo das
propriedades da quitobiase de crustaceos zooptaootd O Apéndice Il descreve o
desenvolvimento do método enzimatico (quitobiassa pdeterminacdo da producao
zooplanctdnica em estuarios em comparacao contadsslobtidos através de modelos
matematicos. Por sua vez, o Apéndice Ill esta imiado a analise de coorte e

producao de ovos para estudos de biologia e creatinde copépodes.



iINDICE
Pagina
1 11 [ PP 7
ABSTRACT ..ttt mmmm bbbttt e e et e e e e e e e e e e e e e e e e e e e aaaeas 9
1. INTRODUGAO ......cooieiiieteeeeeeeeeee ettt ettt tessetenn e s aneanensaenea, 10
2. MATERIAL E METODOS ......coiiiiieeeeeeeeeetee et 14
2.1. ANAlISeS da qQUItODIASE ........uuviiiiiaeaaeae e e e e e e e e e e e e e e e e e eennnes 14
2.1.1. Coleta de Animais para analisepapriedades da Quitobiase............ 14
2.1.2. FONtE A ENZIMA ....ciiiiiiiieee e 15
2.1.3. ENSAI0 ENZIMALICO ..........commeeeeeeeeeeieieeeee e e e e e e e e e eneeee e 16
2.1.4. Propriedades da €NZIMa .....ccoerreuuiiiiiiiiieee et 16
2.1.5. Calibracdo do ensaio eNZIMALICO. wuw.cevvvveeeeriiiiiiiiiiieeee e e e e e e eeeeen 17
2.2. Producgéo de crustaceos no estuario daaldg® Patos ...........ccccceeeevvvneennn. 17
2.2.1. Andlises baseadas em amostrasaaz@ton ...............cvvvvvveiiiieeeeennn. 17
2.2.2. Producgéo de crustaceos atravesitiabtpse ............cocevveeeeeernnnnnee. 19.
2.2.3. Relacao da variacédo de peso g€gpx atividade da enzima (CBA)...15
2.2.4. Quitobiase para determinacdo ddygi@0 em CampPO ..........ceevveeerernnn.. 21
2.2.5. ENSAI0S ENZIMALICOS .....uuvviiiiiiiiiiieieeeeeee e e e e e 21
2.3. Experimentos comcartia longiremis .........coooeiiiiieiiiiiiieee e 22
2.3.1. Coleta dOS @NIMAIS .........ceeeemriiiiiiiiiiiieeee e 22
2.3.2. Efeito da temperatura no crescimeetnalplios.............cccccvvvvvvvnnnnee. 22
2.3.3. Efeito da dieta na producao de QVOS...........coovvvvveevieeiiniiiiiee e 23
2.4. Comparacéo entre os métodos de estim@diypfoduGao ............cccvveeeeeenne 24
3. RESULTADOS ...ttt ettt e e e e e e e e e e e e e s s nnneee e e e as 24
3.1. Propriedades da qUItODIAsEe ......cccccoo i 24
3.2. Producéao de crustaceos no estuario daal@g®Patos ..........cccceveeeeeeeeeeeennn. 25
3.2.1. Biomassa zo0oPlanCtONICa. ...cccccmievieeiiiiiiiiiieeee e ee e 25
3.2.2. QUILODIASE .....cevviiieieeeieeie e e e e e enr e eaeees 26
3.2.3. Producéo zooplancténica — compardedmeétodos ............cccevvvvvvnneee. 26
3.3. Experimentos coicartia [ongiremis ..........cccovvvvviiiviiiiceeee e 28
3.3.1. Crescimento em diferentes temMpPBEAALU...........ceeeeeriereeiiiiiieieiiiiii 28
3.3.2. Producéo de ovos em diferentesigliet..............ccceeeiiiiiiieiieeeeeee e 29
A, CONCLUSOES ..ottt eeeeen ettt ans e 29
4.1. Propriedades da qUItODIaSe......cccccceciiiiee e i i 29
4.2. Producao de crustaceos no estuario daal@g®Patos ...........ccccceeeeviiiineen. 29
4.3. Experimentos coAcartia [ongiremis .........cccceeeeeeiiieieecccccccee e, 31
N o] o [ [T o o =T = | T 31
5. CONSIDERACOES FINAIS .....oeiiieeeeecteeeeeee ettt n e 31
6. LITERATURA CITADA ..ottt e e e e eeanan 32
A =311 ][] SO TT 39
8. APENDICE 1. . e ot e et e e e e et e e s ennnn e e e ena e ees 64
9. APENDICE L. ..ottt et e e e e e e e 102



RESUMO

O objetivo desta tese foi estimar a producédo seuoimem ambientes aquaticos,
com enfoque no estuario da Lagoa dos Patos (Rindéra&RS, Brasil). Os crustaceos
sdo dominantes no zooplancton da regido em essetolo utilizados como base das
analises realizadas. A producdo secundaria foimada através de modelos
matematicos e do método enzimatico. Para a apbadgs modelos matematicos, foram
realizadas coletas em 5 pontos do estuario nataddes do ano. Os resultados obtidos
foram utilizados para estimativa da producdo semtumdatravés dos modelos de
Huntley & Lopes (1992) e Hirst & Bunker (2003). Rute as coletas, também foram
obtidas amostras de agua do ambiente para a det&doi da taxa de decaimento da
atividade da quitobiase, parametro utilizado patmativa da producdo secundaria
através do método enzimatico, o qual estd basemddividade da quitobiase liberada
na agua durante a muda de crustaceos. Para aplidagée método, foram realizados
experimentos em laboratério para determinar asct@faticas da quitobiase do
copépodeAcartia tonsa principal representante do grupo Copepoda dolanon no
estuario da Lagoa dos Patos. Os resultados deg@odle carbono obtidos através dos
modelos matematicos e do método enzimatico forampacados. Por fim, foram
realizados experimentos utilizando-se metodologidsem definidas de estimativa de
crescimento, como a analise de coorte em nauplwsducao de ovos de adultosAle
longiremis coletadas no Saanich Inlet (BC, Canada), sendooguesultados obtidos
foram comparados aqueles do congérermnsa Os resultados apresentados nesta tese
contribuem tanto com dados de producao secundandagpestuario da Lagoa dos Patos,

bem como indicam a aplicacdo do método da quiteliambém em aguas estuarinas.



PALAVRAS-CHAVE: Copépode, Quitobiase, Modelos ma#ticos, Producao

secundaria, Taxa de crescimento.



ABSTRACT

The aim of this thesis was to estimate the secgng@awvduction in aquatic
environments with focus on the Patos Lagoon esty®ip Grande, RS, Brazil).
Crustaceans are dominants in the zooplankton ostidy area, being employed in the
analyses performed. Secondary production was dstimasing mathematical models
and the enzymatic method. Zooplankton sampling seasonally performed in 5 sites
at the Patos Lagoon estuary for the applicatiothefmathematical methods. Results
obtained were used to estimate the secondary piiodutrough the models described
by Huntley & Lopes (1992) and Hirst & Bunker (200Buring zooplankton collection,
water samples were also obtained for determinatiothe rate of chitobiase activity
decay, parameter used in the secondary producsiimagion employing the enzymatic
method. This method is based on the activity @f thitobiase released during the
crustacean molting process. For the applicationthef enzymatic method, laboratory
experiments were performed to characterize theolsiaise do the copepodicartia
tonsa major representative of Copepoda in the zooptankif the Patos Lagoon
estuary. Data of carbon production generated uiiegmathematical models and the
enzymatic method were compared. Finally, experisemére performed employing
known methodologies based on cohort analysis agdpegduction in the copepoél.
longiremiscollected at the Saanich Inlet (BC, Canada). Reslitained were compared
to those for the congendk. tonsa Results presented in this thesis contribute with
secondary production data for the Patos Lagooragstand indicate the application of
the chitobiase method for estimation of secondapgyction also in estuarine waters.
KEY WORDS: Chitobiase, Copepod, Growth rate, Matagoal models, Secondary

production.
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1. INTRODUCAO

O estudo ecoldgico dos ambientes aquaticos demkndenhecimento das taxas
de producédo de cada compartimento, com as reldgifesas sendo determinantes no
fluxo de energia do sistema.

Regides costeiras sdo geralmente areas de altatprddde e algumas feicoes
geograficas presentes nessas regides, como esteafiordes possuem caracteristicas
que propiciam ainda mais a producao primaria, quambiente pelagico se reflete na
biomassa do zooplancton (Kocwhal. 2002; Danielsdottiet al 2007; Svenseat al.
2007), principalmente de copépodes (Klepgtehl 1988; Svensert al 2007). Estes
crustaceos representam um importante elo entréopldncton e os niveis troficos
superiores em muitos ecossistemas aquaticos (W&bBaff 1995; Hopcroft & Roff
1996, 1998).

Os estuarios sao regides de encontro entre zoréggudedoce e marinhas, com a
variacdo de seus fatores fisicos e quimicos goslarrm@or marés, ventos e taxa
pluviométrica (Costanzeat al 1993). Esta intensa variacao, principalmentevabares
de salinidade, leva a selecdo das espécies quevaam neste ambiente, as quais
caracterizam a baixa diversidade e a frequiente rifloria observadas (Costaneaal.
1993; Odunet al. 1995).

A Lagoa dos Patos (RS) possui superficie de 10.R&%#?, dos quais
aproximadamente 10% é considerada regido estugueapor sua vez apresenta trocas
constantes com o0 Oceano Atlantico (Asmus 1998kofsslicdes quimicas e fisicas podem
variar entre as enseadas rasas mais protegidasneownr circulagéo, e o canal onde as

correntes sdo mais intensas, provocando uma granadedo temporal na diversidade,
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abundancia e biomassa de organismos planctoniceart©1986). Por outro lado, as
mares astronémicas sdo de pequena amplitude exa&zem® importancia relevante nas
variacOes de salinidade do estuario (Herz 1977).

Fiordes sé&o vales formados pelo movimento de gemonde o mar preencheu o
espaco antes ocupado pelas placas de gelo. O Isdaleit € um fiorde localizado na
margem do Oceano Pacifico do Canada com 65dendrea de superficie e profundidade
maxima de 225 m e salinidade em torno de 30. Aytnddade primaria pode ser alta
principalmente durante a primavera quando diminasiprocessos de mistura e as células
do fitoplancton ficam mantidos na regido luminosaderson & Devol 1973).

Os copépodes do génekoartiadominam a biomassa na maioria das baias rasas
confinadas e lagunas de estuarios (Sval. 2004; Azaiteircet al. 2005; Leandret al.
2007), apresentando grande importancia no zooplAnde estuarios tropicais e
subtropicais do Atlantico e também de regides teatzes (Bjornberg 1981, Mauchline
1998). Esta dominancia pode estar relacionada a capacidadedaptacdo dos
individuos deste género a diferentes recursos atanes, selecionando sobre
organismos heterotroficos, quando em condicdo dimét de disponibilidade dos
autotroficos ou na auséncia destes (Kleppel 198i2;e5al 2007).

No Oceano Atlantico Sul, o copépodeartia tonsapode ser considerado como
sendo um dos principais representantes do grupestu@rio da Lagoa dos Patos. Em
condicOes de alta salinidade, esta espécie repae98fo dos copépodes na regidao do
canal do estuario e mais de 80% no Saco do Justmenaioria dos meses do ano
(Duarte 1986). Por sua veZ, longiremisé com frequéncia o copépode mais abundante
na sua faixa de tamanho no Saanich Inlet (Oceandid®aNorte). (Sastri & Dower

2009; McFarlanet al.2010)
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Apesar da reconhecida importancia ecoldgica dospmmes, os metodos
aplicados para o estudo da producdo secundariasdegjanismos ainda sdo bastante
discutidos, ndo havendo uma metodologia considepmthdo. Uma das relacdes
utilizadas para estimar a producéo é descritaguplacdo P = B, onde P é a producéo,
B é a biomassa de copépodes no ambiegté & taxa de crescimento (Huntley & Lopes
1992; Kiorboe & Nielsen 1994; Hirst & Bunker 20Q3androet al. 2007). Dados de
biomassa sdo mais comuns na literatura, porém gitnes da separacdo dos
organismos da amostra total e estimativa do pesocdpépodes em relacdo ao peso
total do zooplanctofPostelet al. 2000).

Com a dominancia de copépodes em ambientes mariehospépodes e
cladoceras em ambientes dulcicolas, os esfor¢cpesiguisa tem se voltado para estes
grupos e producdo de ovos peso-especifica (Kioebwk Nielsen 1994; Hirst and
McKinnon 2001; Renz et al. 2007), o método da aratie coortes (Kang et al. 2007;
Renz et al. 2007), bem como de alguns métodos daseam modelos fisioldgicos
(Ikeda et al. 2001) tem sido os mais aplicados patianativas de crescimento. Porém
essas taxas costumam ser obtidas através de egptosrem laboratério e os valores
sdo de apenas uma ou algumas espécies presentsbmente, tornando o tempo
despendido para a aplicacdo destes métodos um daeordificulta a estimativa da
producao em alta resolucdo espaco-temporal.

Com o intuito de desenvolver alternativas que puszcilitar o estudo da
producao secundaria, foram desenvolvidos algunelosdnatematicos para estimativa
de “g” baseados em taxas de crescimento publicgadwsdiversos autores para
copépodes marinhos (Huntley and Lopes 1992; Hirgt Bunker 2003), e para

organismos de agua doce (Stockwell and Johanns3®n),1sendo que cada modelo
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apresenta diferencas na importancia da temperdionigacdo por recurso alimentar e
tamanho dos organismos como fatores que influenesetaxa.

Outros métodos de producédo secundaria menos dbkzsdo aqueles baseados
em relacdes bioquimicas e atividades de enzimasioekdas ao crescimento (Berges
et al. 1990; Biegala and Bergeron 1998). Estuddiarido atividades enzimaticas
necessitam o conhecimento prévio das propriedadesndima, tendo como base a
temperatura e pH 6timos e a constante de espdeifiei Km) entre a enzima e o
substrato utilizado. Uma vez conhecidos estes esjas mesmos podem ser utilizados
para determinar a origem de determinada enzimagu@& uma mesma enzima
proveniente de diferentes organismos pode apresaintzos e especificidades distintas
(Michaelis & Menten 1913).

Sastri and Dower (2006, 2009), seguindo trabalimbsriares (Oosterhuis et al.
2000; Espie and Roff 1995) desenvolveram o métbdsgado na quitobiase liberada
na agua durante o processo de muda de crustacaplicaam no Saanich Inlet. O
método de estimativa de producdo secundaria attvésalise desta enzima se baseia
na relacdo entre peso seco acrescido apos a mueadpo “x” para o estagio “x+1” e
a atividade da quitobiase liberada na agua, benoamnbalanco entre a atividade da
enzima liberada por uma populacdo no ambienteeggeadacédo da mesma ao longo do
tempo. Testes realizados em laboratério com cladéade agua doce (Sastri and Roff
2000) e copépodes marinhos como Temora longicai@issterhuis et al. 2000),
Calanus pacificusMetridia pacificae Pseudocalanus spp(Sastri and Dower 2006),
demonstram haver uma correlacédo positiva entrévislade da quitobiase na agua e o
comprimento e a biomassa dos organismos. As redagdee atividade de enzima e

biomassa também se mostrou eficiente para larvated@odes e misidaceos (Sastri
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and Dower 2009), indicando que o0 método pode cabriproducdo de todos os
crustaceos em periodo de crescimento na colunaal ag

Considerando as questdes em torno das metodolagliaadas para estimativa
da producdo secundaria de crustaceos, o presetido eeve como objetivos: (1)
caracterizar a quitobiase do copépddartia tonsado estuario da Lagoa dos Patos e
determinar cKm de espécies de crustaceos abundantes na regiates@nvolver em
laboratorio e padronizar em campo 0 método da lojase para estimativa da producao
secundaria em ambientes estuarinos, comparandcesadtados obtidos com este
método com aqueles estimados a partir dos modeldtudtley & Lopes (1992), Hirst
& Bunker (2003) e Stockwell and Johannsson 199y gé3ar dados sobre o copépode
Acartia longiremis avaliando a taxa de crescimento de nauplios m@upao de ovos

em laboratoério, bem como caracterizando a quiteldasespécie.

2. MATERIAL E METODOS

2.1. Analises da quitobiase

2.1.1.Coleta de animais para analise das propriedad€siti@biase:

Os individuos deéAcartia tonsa Metamisidopsis elongata atlantic®8alanus
improvisus e larvas de Decapoda utilizados nos experimertognf coletados no
estuario da Lagoa dos Patos e na zona de arreerdacPraia do Cassino (Figura 1)
entre julho e dezembro de 2008. Por sua vez, asiduds deA. longiremisforam

coletados no Saanich Inlet (BC, Canada) (Figuraerh) junho de 2010. Todos os
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organismos foram coletados através de arrastozdmbais de superficie com rede de
plancton (200 ou 90 um de malha) e um copo cosstor abertura para filtracao.

Apés a coleta, os organismos foram diluidos ena @puambiente, levados ao
laboratério, separados da amostra e mantidos @masumono-especificos, a excecao

das larvas de Decapoda, as quais nao foram idexts em nivel especifico.

90°N

60°N

30°N

EQ'

30°S

60°S

Figura 1: Area de estudo no Brasil (estuario deobadps Patos) e no Canada (Saanich
Inlet).

2.1.2.Fonte da enzima
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Os ensaios enzimaticos foram realizados em solde&bluicdo (SD), a qual foi
composta de agua do mar (salinidade 30) autocladitteada (filtro de policarbonato;
0,2 um). A quitobiase testada foi obtida a pasitrdlividuos coletados no ambiente, os
quais foram homogeneizados em SD com uso de macerathnual. Os
homogeneizados foram centrifugados (10 min; 10X@f) e o sobrenadante filtrado

(filtro de 0,2 um de malha) e utilizado nos ensam®o fonte de enzima.

2.1.3.Ensaio enzimatico

O método descrito por Oosterhugs al. (2000) e Sastri & Dower (2006) foi
utilizado para determinar a atividade da quitohiasem algumas modificacdes.
Metilumbeliferil N-acetil-R-D-glucosaminida (MUFNAGsigma, St. Louis, MO, EUA)
foi utilizada na concentracdo de 250 uM como sabstno ensaio enzimatico para
testar as influéncias do pH, temperatura e salil@ae atividade enzimatica. Diferentes
concentracdes do substrato foram utilizadas pdeteaminacéo da afinidade da enzima
(Km) pelo respectivo substrato (MUFNAG). Os tubos elte foram preenchidos com
SD e o sobrenadante do homogeneizado de copépbdes,como o substrato
MUFNAG, foram adicionados ao meio de reacdo. Argoéncia das amostras foi lidas
(excitacdo: 360 nm; emissdo: 450 nm) em espectmdfhetro (Hitachi F-2000, Toquio,
Japao) a 25°C, a cada 5 min. O aumento da fluaresc@o longo do tempo refletiu a
atividade da quitobiase, a qual foi expressa emntglade do fluorescente

metilumbeliferona (MUF) liberada na reacéo por Hoid.I™. h).

2.1.4. Propriedades da enzima
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Ensaios para determinar os otimos de pH e satleiqzara a atividade da
quitobiase deéA. tonsae o0 Otimo de temperatura para a atividade da lgjage deA.
tonsae A. longiremisforam realizados medindo a atividade da enzima denedtes

valores destes parametros.

2.1.5. Calibracdo do ensaio enzimatico

A reacédo da quitobiase com o substrato (MUFNARgra o fluorescente MUF-.
A atividade da enzima foi entdo expressa em nM.MUR?, transformando os valores
de fluorescéncia dos testes de acordo com uma &ujgacada pela curva de calibracao
realizada a partir de uma série de concentracéfisalescente (6.25, 12.5, 25, 50, 100
e 200 nM de MUF) acrescentado ao diluente (SD)resgnca de dimetil sulfoxido. As
amostras foram lidas sob as mesmas condi¢des stes tom a enzima. Uma mesma
concentracdo de MUF gera uma fluorescéncia difer@atacordo com as caracteristicas
do meio do ensaio. Desta forma, testes foram el para determinar a influéncia do
pH e da salinidade na fluorescéncia do MUF. Paa, ioram adicionados 50 nM de
MUF dissolvido em SD em diferentes pHs (4.0-7.7/4aéinidades (0-30). Todos os

testes de calibracdo foram realizados a 25°C.

2.2. Producdao de crustaceos no estuario da Lagoa dos Pat

2.2.1. Anélises baseadas em amostras de zooplancton
As amostras utilizadas para determinar a abuna&hei estagios juvenis e a
biomassa de copépodes e claddceros foram coledda@gs de arrastos horizontais de

superficie em 5 pontos do estuario da Lagoa dassRKBarra: mais proximo a saida do
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estuario; PF: situada na entrada do Saco da Maag&iN: margem oeste do estuario;
3C: centro do canal de navegacdo; YAT: Yatch Cluli)izando-se uma rede bongo
(aro de 0,3 m de diametro; redes de 90 e 200 umallea). Um fluxédmetro (Hydro-
Bios, Kiel, Alemanha) foi acoplado a boca de castierpara medida do fluxo de agua.
Os organismos coletados foram fixados logo apadetaccom solucédo de formaldeido
neutralizado com tetraborato de sodio na conceidrdipal de 4%. Cada ponto de
coleta foi amostrado nos dias 25/08/2009, 29/1®208/01/2010 e 06/04/2010.

No laboratério, aliquotas de cada amostra cont@ettn menos 300 individuos
foram contadas e identificadas sob microscopiaesseopico (Olympus BH-2, Center
Valley, PA, EUA) e classificadas de acordo com Big@arg (1981), Montu & Gloeden
(1986) e Bradford-Grievet al. (1999). As espécies de copépodes Calanoida foram
identificadas ao nivel de espécie enumeradas pgagies (nauplios, copepoditos e
adultos) e os copépodes Cyclopoida e Cladocerenfmtantificados ao nivel de género.

A producdo dos copépodes de origem marinha fauksda utilizando-se as
taxas de crescimento dos modelos de Huntley & L¢p892) e de Hirst & Bunker
(2003), enquanto a producdo de copépodes e cladoderagua doce foi calculada a
partir do modelo de Stockwell & Johannsson (199&ra cada ponto de amostragem,
os valores da producdo de organismos de agua dwaen fsomados aos valores
estimados pelos modelos de Huntley & Lopes (1992 Hirst & Bunker (2003), sendo
referidos nos resultados apenas como “modelo Heintuntley & Lopes + Stockwell
& Johannsson) e “modelo Hirst” (Hirst & Bunker +oSkwell & Johannsson).

A “producéo total” (adultos + juvenis) foi calcda somando a biomassa de
cada grupo taxonémico. Para esta finalidade, a s diomassa adotado correspondeu

ao originado pela amostra que apresentou a maimdalncia relativa para cada um dos
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grupos taxondémicos estudados, desconsiderandoha mialrede utilizada para a coleta.

Da mesma forma, a “producéo juvenil” foi calculadpartir da soma das biomassas dos
estagios juvenis encontrados na amostras. O vaobiomassa adotado para cada
estagio correspondeu ao originado pela amostraaguesentou a maior abundacia

relativa para o respectivo estagio, desconsiderandalha de rede para coleta.

Para os modelos matematicos, as biomassas dasiessg@opepoda e
Cladocera) mais abundantes nas amostras foramasbtatravés de medidas do
comprimento corporal e da aplicacdo de relacbese emtcomprimento e 0 peso
corporal, de acordo com o grupo taxondémico a queepaam (Tabela 1, Apéndice I1).
Os valores de clorofila-utilizados no modelo de Hisrt & Bunker (2003) forabtidos
junto ao banco de dados do Projeto Lagoa, gentieneedidos pelo Laboratorio de

Fitoplancton do Instituto de Oceanografia da FURG.

2.2.2. Producdo de crustaceos atraveés da quitobiase

Para estimar a producao secundaria através daeadal atividade da quitobiase
presente na agua do estuario, utilizou-se a reldeerminada por Sastri & Dower
(2009) entre a quitobiase medida na agua do aneb{€niitobiase nativa - CBAy), a
taxa de decaimento da atividade da enzima no canporelacdo, determinada em
laboratorio, entre atividade da quitobiase liberadamuda (CBA) e o acréscimo de
biomassa entre o estagioe x+1 (AB). A producdo secundaria (mg C’rdia?) foi
entdo determinada a partir da equacaoABETcba, onde\B € a biomassa em carbono
acrescida no ambiente durante a mudanca de estagiesenvolvimento e Tcha é o

tempo em dias necessario para produzir esta bi@nass
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2.2.3. Relacao da variacédo de peso saB) X atividade da enzima (CBA)

De acordo com registros anteriores da abundand#ivee de espécies do
zooplancton no estuéario da Lagoa dos Patos, ideniise o copépodAcartia tonsa
como principal representante dos crustaceos nad&érestudo. Desta forma, a espécie
foi utilizada para os experimentos de muda em kbdo.

Para determinar a quantidade de quitobiase liberadauda de cada estagio de
desenvolvimento dA. tonsa exemplares de cada estagio foram incubados em 2%
uma solucéo de diluicdo (SD) preparada com aguaatdsalinidade 30) autoclavada e
filtrada (filtro de policarbonato; 0,2 um) para hmenacdo de bactérias e outros
microorganismos que pudessem influenciar na taxaddgradacdo enzimatica
(Oosterhuiset al. 2000). A cada 2 h, os copépodes foram observadosiieroscopio
para identificar aqueles que realizaram a mudatiidade da quitobiase liberada na
muda foi medida em amostras de agua (150 pl) do erei que os individuos foram
incubados. Tanto o copépode quanto a exuvia foreaads para posterior medida e
calculo de biomassa através das relaces entrenpricnento do cefalotérax e o peso
seco (Berggreeat al. 1988). O parametraB foi calculado pela diferenca de peso seco
entre o estagix e x+1. Foi aplicada transformacdo matematica (In) aderea de
atividade enzimatica e deB, sendo ambos os dados utilizados entdo em untiaeadé
regressdo. A equacao AB) = a.In(CBA) + b foi posteriormente utilizada par
determinar a producdo secundaria no estuario daaLdgs Patos substituindo-se o
termo CBA pelo valor de CB#A: de cada ponto de coleta e assim determinando-se o
valor deAB (ug de peso seco) em um determinado periodondeoteEste periodo de
tempo (Tcba) foi determinado a partir da taxa dmitkeento da atividade da enzima em

campo (Sastri & Dower 2009).
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2.2.4. Quitobiase para determinacéo da producacaempo

Para andlise da producdo secundaria a partir idiglaste da quitobiase em
campo, foram coletados 300 mL de agua superficialcada um dos 5 pontos de
amostragem. As amostras foram filtradas (malha deuB) para a retirada de
crustaceos e acondicionadas em frascos de vidigudths destas amostras foram
filtradas no momento da coleta (filtro estéril; &), congeladas em frascos de vidros
e rotuladas como “Quitobiase Nativa” (CBA

O restante da amostra foi utilizado para determansaxa de decaimento da
atividade enzimatica ao longo do tempo. Para este,tum concentrado da enzima foi
obtido através da homogeneizacao de 50 individaossgécie dominante no ponto de
coleta, utilizando-se SD em um tubo de centrif@s.homogeneizados foram entao
centrifugados (5 min; 10.000 g) e o sobrenadante filtrado (0,2 pum). A enzima
concentrada foi adicionada as amostras de aguampae os frascos mantidos na
mesma temperatura da agua no ambiente. A partinidoo do experimento (tempo
zero) até 24 h de teste, foram coletadas amostasneios de reacdo. As aliquotas
foram filtradas e congeladas da mesma forma queritepara a CBAs. Todas as
amostras foram analisadas no mesmo momento. Osesalta atividade enzimatica
foram transformados (log) e aplicados numa regoe$is@ar contra o tempo para
determinar a declividade da reta (k), a qual cpoede a taxa de decaimento da
atividade da enzima. Aplicando-se -1/k, determisew Tcba, isto é, o tempo (h) para
producao de\B. O valor de Tcba foi dividido por 24 h para exgsa@ os resultados em

dias.

2.2.5. Ensaios enzimaticos
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A atividade da quitobiase foi determinada seguimdeanesma metodologia

descrita nos ensaios de caracterizacdo da enzima.

2.3. Experimentos comcartia longiremis

2.3.1. Coleta dos animais

Os copépoded\. longiremisforam coletados no Saanich Inlet com arrastos
horizontais de superficie, da mesma forma que agudiilizados para a analise da
quitobiase. Estes organismos foram transportados lamratério, separados
individualmente e mantidos em recipientes de vatmotendo agua do mar do local de
coleta (salinidade 30 e temperatura déC)5erada e filtrada (malha de 40 um), para
manter a comunidade fitoplancténica que serviu ldeeato para os copépodes. Os
organismos também foram alimentados dspthrysis galbanddiametro de 4,7 um)

cultivada em laboratorio.

2.3.2. Efeito da temperatura no crescimento delmasip

Assim que os copépodes foram separados da amostedos em cultivo
mono-especifico, estes foram alimentados com amddém fitoplanctdnica do
ambiente e conh. galbana Apos 24 h de incubacdo, os organismos foramaditis
(malha de 150 um) para que os ovos e nauplioséd24ah de vida fossem separados
dos adultos. Os adultos foram mantidos sob as nsesomalicdes de cultivo, enquanto
0s ovos e nauplios foram utilizados para o experimeale crescimento, conforme

descrito abaixo.
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Os ovos e nauplios produzidos em 24 h de incubfoyam separados em trés
unidades experimentais compostas por recipientegddes (2 L) contendo 1,8 L de
agua do mar (salinidade 30) filtrada (40 um) e @dat@da. Uma amostra (50 mL) do
meio foi coletada em cada unidade experimentalnicioi do teste (tempo zero) e
consecutivamente a cada 24 h durante 10 dias. Utima@amostra foi coletada no 15
dia de experimento. As amostras de cada répliarfdixadas com formol 4% e os
individuos contados sob microscopio estereoscapicedidos sob microscopio optico
usando uma ocular com régua milimétrica. Duranexmerimento, os nauplios foram
alimentados com 100.000 célulasidgalbanaml™. As células do cultivo de algas e de
cada réplica experimental foram contadas em caaarbleubauer e a concentracao

mantida constante durante todo o periodo de teste.

2.3.3. Efeito da dieta na producéo de ovos

Os organismos testados foram utilizados iniciarel@sincubacéo assim que
estes foram coletados (10 réplicas) e 24 h apotetad10 réplicas), periodo no qual os
copépodes foram mantidos sob a dieta de teste.

Para os experimentos de producdo de ovos, um madhma fémea dé.
longiremisforam incubados por 24 h em 50 mL de agua do sain{dade 30), sendo
que dez repeticbes foram feitas para cada tratameéds diferentes tratamentos
experimentais foram constituidos por diferentesadie(1) assembléia de fitoplancton
de Saanich Inlet (BC, Canada) obtida a partir dexddfrada (40 um) do ambiente, (2)
assembléia de fitoplancton da praia de Cadboro (B&; Canada) obtida a partir de
agua filtrada (40 um) do ambiente, (8pchrysis galbanaultivada em laboratorio, (4)

Thalassiosira weisflogié (5) Instant Alga& T. weisflogii120d™ (CCMP1051/TWSp)
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(~7-20 um) e Reef Nutritiontsochrysis Pavlova Nannochloropsis Tetraselmis T.
weisflogii Synechococcu§~1-15 um), sendo as dietas 3, 4 e 5 acrescidanein
experimental (Agua do mar filtrada e autoclavadpps 24 h de incubacédo, o volume
de teste foi filtrado (malha de 40 um) para reteadultos e os ovos. Os adultos foram
observados para determinacéo da sobrevivénciaegepca e nimero de ovos e pelotas
fecais também foram registrados. Os testes comstodotratamentos experimentais

foram realizados nas temperaturas de 5°C e 15°C.

2.4. Comparacédo entre os metodos para estimayaedacao
A comparacao entre os valores medios da produg¢dh &stimados com base
nos modelos matematicos e no método enzimaticoetdizada através de andlise de

regressao utilizando o software Statistica vers@d®tatsoft, USA)

3. RESULTADOS

3.1.Propriedades da quitobiase

A quitobiase deé\. tonsaapresentou atividade maxima na faixa de pH en@e5
6,0 e relacao linear negativa com a salinidade iidpe 1). Em relacdo a temperatura, a
atividade maxima da quitobiase de tonsaocorreu entre 30 e 35°C (Apéndice I),
enquanto a dé. longiremisentre 35 e 45°C (Apéndice lll), sendo ambas imibidm
temperaturas superiores. PAraonsa o valor deKm da quitobiase foi de 20,1 de
MUFNAG, com inibicdo em 500 uM do substrato (Ap&edi). ParaA. longiremis o
valor deKm foi de 47,05 uM de MUFNAG (Apéndice lll). Os vadgrde Kn para os

outros crustaceos da Lagoa dos Patos avaliadogesente estudo foram de 14,67;
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18,19; 14,30 e 24,7M para adultos d&etamisidopsis elongata atlanticaaduplios
do Cirripedia Balanus improvisyszoea de Decapoda e megalopa de Decapoda,

respectivamente (Apéndice I).

3.2. Producéo de crustaceos no estuario da Lagoa dos (Pgténdice 1)

3.2.1.Biomassa zooplanctonica

A biomassa de cada taxastudado variou entre as coletas nas diferentes
estacdes do ano e entre 0s pontos de coleta ririestin uma mesma estagédo do ano.
O copépodd\. tonsa responsavel por quase 100% da biomassa do zotgplédurante
o inverno, ndo foi registrado na primavera e veti@ndo foi entdo substituido pelo
copépodeéNotodiaptomus incompositescladdceros.

Durante o inverno, a biomassa maximaAddonsafoi de 24,57 mg C.i no
ponto SIN quando utilizados os dados de amostleadas com a rede de 200 um. Por
sua vez, a biomassa minima foi de 1,3 mg Tmo ponto 3C quando utilizados os
dados das amostras coletadas com a rede de 90qgmstrRda novamente no outono, a
biomassa méaxima dé. tonsafoi de 0,915 mg C.fino ponto PF quando utilizados os
dados das amostras coletadas com a rede de 90 pmant® a primaveraN.
incomposituse cladéceros apresentaram as maiores biomass@3812 10,016 mg
C.m*, respectivamente). Apesar de serem 0s grupos coor iiamassa no ver&o, seus
valores ndo passaram de 2,034 e 1,382 mg CTabela I11).

Durante o periodo de estudo, os valores maximdmsoteassa foram registrados

durante o inverno (25,29 mg C3re primavera (24,98 mgC.fjy com médias de 13,64
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e 9,7 mg C.ni, respectivamente. O valor minimo foi registrado mtono (0,07 mg

C.m?), com média de 0,5 mg Cin

3.2.2.Quitobiase
A relacéo entre a variacdo da biomagdd) Eentre o estagio de desenvolvimento
“X’ e “x+1” do copépodé\. tonsae a atividade da quitobiase liberada na muda (CBA)

seguiu a equacao IaB) = 0,8876 + 0,5847 x In(CBA)#%0,98; p<0,05; n=47 mudas).

3.2.3.Producéo zooplancténica — comparacéo de métodos

A producdo de zooplancton estimada a partir ddolgaise monstrou uma
tendéncia a acompanhar os valores estimados a g@stimodelos matematicos, porém
os valores encontrados pelo método enzimético fotlemmaneira geral, superiores.
Tanto os modelos matematicos quanto o método etizcommdonstraram ser capazes de
detectar diferencas entre os pontos de amostrageooletas realizadas no mesmo dia,
além da variacdo da producéo entre as coletagadab em diferentes estacdes do ano.

Em relacdo aos valores calculados pelos modeldenmatéicos a partir das
amostras das redes, tanto a producdo total (adtltps/enis) quanto a producdo
somente de juvenis apresentaram, em sua maioktaesanaiores quando foi utilizado
o “modelo Huntley” do que quando o “modelo Hirs®.média da producao seguiu o
mesmo padrdo da biomassa, com valores superiarde sstimados a partir dos dados
coletados a partir das amostras coletadas comlaardalrede de 200 um em 3 estacoes
do ano, quando comparados com aqueles calculadosalados obtidos a partir de
amostras coletadas com rede de 90 um. Neste casoalores maximos foram

observados no inverno (4,35 mg Cuia'), decrescendo nas outras demais estacées do
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ano, independentemente do modelo ou da malha eéededoleta utilizada. A média
minima observada foi de 0,05 mg C.giia* no outono.

Com relacéo a producédo estimada em cada pontdeta do estuario utilizando
0s modelos matematicos, assim como aquela estipgldamétodo enzimatico (12,5
mg C.m>.dia), a maior producédo total para o “modelo Huntlegt dbservada no
ponto PF (9,2 mg C.thdia') durante a primavera. Para o “modelo Hirst”, aanai
producéo também foi estimada no ponto PF, porémen&o (7,9 mg C.fMdial). As
menores estimativas de producdo em todos os pdeta®leta foram observadas no
outono, com valores inferiores a 1 mg C.dia* para os modelos de Huntley e Hirst e
em torno de 2 mg C.thdia® para os dados obtidos pelo método enzimatico.

As diferencas observadas entre os valores méeiggatiucdo obtidos para as
amostras coletadas com as duas redes de diferaatkas e calculadas com o0 mesmo
modelo chegaram a ultrapassar a diferenca obseerdtaos modelos e a analise com
a quitobiase. Na coleta de inverno, onde a médiproducao estimada pelo “modelo
Huntley” foi 2,55 mg C.ni.dia* superior na amostra coletada com a rede de 208oum
que com a rede de 90 um, a diferenca entre o “lmddientley” e quitobiase foi de
1,12 mg C.rit.dia e entre o “modelo Hirst” e quitobiase foi de 1,34 @.m".dia™.
Nas demais estacfes do ano, o principal fator nsgpvel pelas diferencas entre as
estimativas foi 0 método utilizado, com a diferemgaxima de 4,75 mg Cimia®
entre a estimativa pelo método enzimatico e pelod&fo Hirst” na primavera.

A declividade da regresséao entre os valores mé#igewoducdo estimados com
base no “modelo Huntley” e o método da Quitobig@e fioi diferente de 1 (b =1.12 £
0.16; n = 20; R = 0.73; p < 0.001). Sendo similar o resultado paranalise de

regressao entre os dados obtidos para o “modegt”’Hiro método da Quitobiase (b =
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1.21 + 0.26; n = 20; R= 0.55; p< 0.001). Em todos os casos, 0s valoeesroducéo
estimados pelo método enzimatico foram sistemaBoséemaiores que aqueles gerados
pelos modelos matematicos. A magnitude desta difareorrespodeu a 1.95 + 0.58 e
2494 + 0.73 mg C m day' para o “modelo Huntley” e o “modelo Hirst”,
respectivamente. Esses valores foram derivadostat ga intercepto das curvas de

regressao referidas acima.

3.3. Experimentos comcartia longiremigApéndice I111)

3.3.1.Crescimento em diferentes temperaturas

A abundancia relativa de ovos e nauplios (NI-N\)Ad longiremisvariaram ao
longo dos 15 dias de experimento e a proporca@da estagio em relacado ao tempo de
incubacéao foi diferente em 10 e 15°C. Enquantorimsgiros nauplios foram registrados
no 3° dia em 1{C, aproximadamente 50% dos individuos eram NI ndi2%m 15°C.
Ao final de 15 dias de experimento, a maior abuo@ainda era de ovos em 10°C,
sendo que o estagio de desenvolvimento NIV foi dsrfrequente. Por sua vez, ndo
foram registrados ovos em°Ge NIII, NIV, NV e NVI foram identificados no 15fia.

Apo6s 15 dias de incubacédo, o comprimento total médximo em 10 e 15°C
apos 15 dias foi de 180,5 e 216,3 um, com umadaxerescimentogj de 0,17 e 0,2
dia®, respectivamente (Fig. 2).

O diametro dos ovos de longiremisfoi de 75 um e o comprimento total médio
de NVI foi de 270 um. Nauplios V e VI s6 foram @gahdos na temperatura de 15°C,
nao havendo diferenca entre as meédias das medidagod a NIV na comparacao entre

as duas temperaturas testadas (Fig.3).
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3.3.2.Producéo de ovos em diferentes dietas

Apesar de produzirem nas primeiras 24 h apdés aacole ovos que foram
utilizados nos experimentos de crescimento, nenhfiémaa produziu ovos durante o
periodo de incubacdo do casal de copépodes em manias combinacbes de
temperatura e dieta testadas. Pelotas fecais femificadas somente na dieta 3 com
|. galbanaem 15°C, sendo que o valor maximo foi de 10 pslotwépodé dia’, com

valor médio de 3,2 pelotas.copépodia™.

4. CONCLUSOES

4.1. Propriedades da quitobiase

Os resultados apresentados neste estudo demomstraraa variacao
significativa nos valores de afinidade da quitobipelo substratokfm) de diferentes
espécies e estagios de desenvolvimento dos crastéoketados no estuario da Lagoa
dos Patos. Foram também observadas diferencasosmiaores d&m de A. tonsado
estuario da Lagoa dos Patos (Rio Grande, RS, BmgkeA. longiremisde Saanich
Inlet (BC, Canada).

Considerando que a quitobiase degrada a quitinanepfamente encontrada na
natureza, os resultados aqui apresentados, al@glosles ja relatados na literatura,
mostram que esta enzima pode estar envolvida earedtes processos para cada grupo

de organismos, estando adaptada para respondeessitade do grupo em particular.

4.2. Producao de crustaceos no estuario da Lagoa dos Pat
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A malha da rede utilizada para amostragem do zood, o0 modelo
matematico (“Huntley” ou “Hirst”) utilizado para temar a producdo, e o método
(modelo matematico ou quitobiase) utilizado patares a producdo foram os fatores
que influenciaram o resultado da analise de pramldgdzooplancton.

No presente estudo, os maiores valores de prodst@nados usando o método
da quitobiase podem ser explicador considerandwettifes aspectos. Esta claro que a
seletividade da rede influencia diretamente osrealale producdo estimados pelos
modelos matematicos como consequéncia do efeitseltdividade na estimativa de
biomassa. Uma “perda de biomassa” pode ter ocosedam organismo maior escapou
da rede ou se 0s menores passaram através da malh@mbos os casos, valores de
biomassa estimados a partir de amostras coletadaseries podem ser subestimados.
Por outro lado, o método enzimatico considera todaitobiase presente na amostra de
agua. Assim, € possivel que alguns copépodes ghantecontribuido com o total da
quitobiase medida na agua, tenham morrido ou si@daplos apos ter liberado a
enzima. Além disso, outras fontes de quitobiasmocde crustaceos bentdnicos podem
também ter contribuido para a superstimacéo dasestle producéao.

Apesar de ndo haver metodologia padréo para estaradg producdo secundaria
de crustaceos, os modelos matematicos estdo entreaig utilizados nas publicacdes
recentes e, por isto, os dados de producdo gemaduatir destes modelos foram
utilizados no presente estudo para avaliar os @slobtidos pelo método da quitobiase.
Uma vez que os resultados obtidos com o métodonétizo seguiram o mesmo padrao
que aqueles gerados pelos modelos matematicosessgeue a quitobiase pode ser
utilizada para avaliar a producdo secundaria emagss com a mesma eficacia que

aquela observada em ambientes marinhos (SastrivéeD2009).
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4.3. Experimentos comcartia longiremis

As diferentes taxas de crescimentoAddongiremisem relacdo a sua congénere
A. tonsaobservadas nos resultados de crescimento em {aborandicaram uma
temperatura ambiental em que cada espécie é ddaminana vez que, sob a mesma
condicao de temperaturd, longiremisapresentou taxas de crescimento inferiores as de
A. tonsa

A auséncia de producdo de ovos em diferentes cawies de dieta e de
temperatura demonstra a variedade de preferénisieas e bioldgicas entre espécies de
um mesmo género, ja qée tonsase alimenta e se reproduz sob as mesmas condi¢des

testadas corA. longiremis

4.4. Concluséo Geral

Observada a importancia de estudos sobre a prodgiindaria de ambientes
aguaticos, os resultados apresentados nesta tesebwem tanto com dados de
producdo secundaria gerados para o estuario daaldgggpPatos, bem como indicam a
viabilidade de aplicacdo do método enzimatico (dpidtse) para estimativa da
producdo secundaria ndo somente em ambientes msrinfas também em regides

costeiras e estuarinas.

5. CONSIDERACOES FINAIS
O desenvolvimento de um trabalho que tem comotigbjeestar novas
metodologias passa na maioria das vezes por algtiffagdades e tem no decorrer do

estudo uma série de perguntas que sao ou néo didaem@o final de um periodo.
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Devido a grande variabilidade apresentada pelaoaest em estudo, se
comparado ao Saanich Inlet onde o método foi pram@nte aplicado, um esfor¢o de
laboratorio foi necessario antes que a técnica gaedser aplicada, cobrindo grande
parte do tempo utilizado no desenvolviemnto da. t&ssim, a aplicacdo em campo foi
realizada como forma de calibrar a metodologiaeamn o objetivo de caracterizar a
producao secundaria do estuario ao longo do ano.

Os resultados gerados nesta tese sao inéditodicarnm que o meétodo de
estimativa da producao secundaria baseado naat®/ida quitobiase pode ser utilizado
em estuarios, porém ainda existem algumas duvidaspqderdo ser resolvidas com
experimentos e coletas futuras. Entre elas estaa(inagnitude da influéncia da
quitobiase gerada por organismos benténicos nalatie da enzima na coluna dagua;
(2) A confirmacdo do padrédo entre a relacdo dosmpeirosAB e atividade da
quitobiase de copépodes de agua doce, cirripédinsideos presentes no estuario da
Lagoa dos Patos e (3) maior discussdo sobre ogesdi@quentemente superiores de
producdo com o método enzimatico quando comparaioas estimativas de modelos
matematicos.

Como a praticidade do método enzimatico permiteajtécnica seja aplicada
de forma mais ampla espaco-temporalmente sendo vamiagem em relacdo aos
métodos mais utilizados atualmente, sugere-se queesforco de pesquisa seja
dispendido a fim de gerar dados em diferentes ¢figga ambientais permitindo
conhecer melhor as relacdes entre a atividade zimare o comportamento da mesma

em campo, trazendo dados para discutir as quept@esinda ndo foram respondidas.
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ABSTRACT

Chitobiase is one of the enzymes involved in ohitegradation in nature. It is
produced and released by a variety of organisnm fracteria to fish. In crustaceans, it
is associated with digestive function and acts lo& épidermis during the molting
process. In the present study, the influence okewpH, temperature and salinity on
maximum chitobiase activity (MCA), as well as thazgme affinity Km) for a
substrate, the methylumbelliferyl N-acetyl-R-D-glsaminide (MUFNAG) was
evaluated in the copepdktartia tonsa Km values for chitobiases of other crustaceans
from the Patos Lagoon estuary and Cassino BeachtH&m Brazil) were also
determined. FoA. tonsa MCA was observed at pH 5-6 and 30?G5The range of pH
was quite similar to that reported for other aquatiganisms. However, the range of
temperature was lower than that previously reporfedt salinity, no previous studies
have considered the influence of this parameteM&@A. For A. tonsa MCA was
observed in freshwater, showing a significant Imeéecrease with increasing salinity.
Considering that maximum copepod survival and gnorates are observed between 15
and 25 ppt, these findings suggest that the obdegmeyme activity in this range of
salinity (68 to 47% of that measured in freshwaigmot a limiting factor foA. tonsa
growth. However, the extremely decreased enzymeitgcbbserved in salinity 30 ppt
(33% of that measured in freshwater) suggests ¢hdbbiase activity might be a
limiting factor for copepod growth at 30 ppt sahnior higher. Km values (uM)
determined for all organisms evaluated in the prestidy (copepod. tonsa= 20.77,
mysid Metamysidopsis elongata atlantical4.67; nauplii barnaclBalanus improvisus
= 18.19; decapod zoea = 14.30; decapod megalopd /= )2were lower than those

reported for other crustaceans from Northern Heh@sp Also, they were much lower
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than those of organisms from different taxonomiocugss like bacteria and fungi, but
much higher than in protozoans and dinoflagelafesese findings suggest that
chitobiase might be differentially evolved in easpecific group of organism for a
better adaptation to cope with its respective emvitental needs.

Key words: Acartia tonsachitobiase; crustaceans; enzyme affinity; zodgtiam
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INTRODUCTION

Chitin is one of the more abundant polysaccharidesature. It is part of the
exoskeleton of invertebrates like insects and angsins. Therefore, enzymes degrading
chitin are produced by a variety of organisms figeedtion like in bacteria (Vrba et al.,
1993), gastropod mollusks (Brendelberger, 199%h fiLindsay, 2006), and some
omnivore crustaceans (Saborowski and Buchholz 19@9)nsects and crustaceans,
these enzymes are also involved in molting, thuagoeecessary for animal growth
(Chang, 1993).

Two enzymes play a key role in chitin digestiorrinig crustacean molting.
Chitinase degrades chitin in oligosaccharides,untiog dimers and trimers of N-
acetylbeta-D-glucosamine. In turn, chitobiase (Mtgebeta-D-glucosaminidase)
degrades these oligosaccharides into monomers @eiiz 1977), which will be re-
absorbed into the new cuticle (Buchholz, 1989).

Due to its importance in the life cycle of crustags, chitobiase has been
employed in aquatic pollution studies (Zou and Emngan, 1999a,b; Richards and
Hanson, 2008) and as index of planktonic secongaoguction (Oosterhuis et al.,
2000; Sastri and Dower, 2006). Some studies consideenzyme from tissues of the
studied animal, while others are based on the aisabf the free chitobiase in the water
(Oosterhuis et al., 2000; Sastri and Dower, 20@6this compartment, different sources
of enzyme might contribute for the observed conegioin. Therefore, it is important to
characterize the kinetic properties to test tha/iagiof the desired enzyme.

Chitobiases from organisms of different taxonongecoups have been

characterized (Zou and Fingerman 199@wosterhuis et al., 200 Connell et al.,
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2008. However, chitobiases from zooplanktonic crustaseare still not well studied.
Furthermore, most studies are performed on spdoies the Northern Hemisphere
adapted to temperatures typical from temperategsldr- environments (Oosterhuis et
al., 2000; Sastri and Dower 2006).

Zooplanktonic organisms are recognized for theipartance as the secondary
trophic level in food chains. In general, crustaxseadominate assemblies in coastal
environments (Sabatini and Martos, 2002). Theywampart of the holoplankton, such
as copepods and mysids (Wooldridge, 1983), or teeopfankton, such as larvae of
Cirripedia and Decapoda (Sekiguchi, 1979).

Among Calanoida copepodgcartia tonsahas a cosmopolitan distribution,
contributing for more than 80% of the secondarydpation in coastal waters in
subtropical and temperate zones. It is also importeo mention the mysid
Metamysidopsis elongata atlanticahich can be also found at high densities inghes
environments because of its patched distributioolél®hlan, 1990). Larval stages of the
barnacleBalanus improvisusind of decapods are also very representative gltinigir
reproduction period.

In light of this background, the main goal of tlpeesent study was to
characterize the chitobiase of the holoplanktomipepodAcartia tonsain relation to
the influence of water temperature, pH and salioitynaximum enzyme activity. The
enzyme affinity for its substrat&in) was also determined and comparedAotonsa
M. elongata atlantica nauplii barnacleB. improvisus and zoea and megalopa of

decapods.

MATERIAL AND METHODS
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Animal collection and acclimation

Animals were collected in the Patos Lagoon estuég° 05'05,16"S;
052°13'04,69"W; Southern Brazil) and at the surfneoin the Cassino Beach
(32°12'14,69"S; 052° 10'37,71"W, Southern Brazifing a 200-pum mesh plankton net
fitted with a non-filtering cod end. Collections reeperformed from July to December
2008. Samples were diluted in water from the samgplsite and brought to the
laboratory. Adult copepoA. tonsa adult mysidM. elongata atlanticanauplii barnacle
B. improvisusand larval stages of decapods were sorted oufy usirstereoscopic
microscope and transferred to 5-L glass jars coimgi filtered (1 pum pore size)
seawater at 30 ppt.

Animals were kept under laboratory conditionsiatd temperature (20°C) and
photoperiod (12L: 12D) and feat libitumwith a mixture of the diatomBhalassiosira

weissfloggiandisocrysis galbanabtained from cultures.

Enzyme source

Chitobiase from crustaceans was obtained usirigrdift numbers of organisms,
depending on their biomass. FAr tonsaand B. improvisus 100 individuals were
homogenized in 500 pl of diluent, i.e., autoclavadd filtered (0.2-um mesh
polycarbonate filters) seawater. Rdr elongata atlanticaand Decapoda larvae, 4-10
individuals were used. Animals were homogenizedchgisa Potter-Elvehjem tissue
grinder withteflon pestle. Homogenized were centrifuged (10 min; 1®X0) and the

supernatant was filtered (0.2-um mesh filter). Tiliate was used as enzyme source.

Calibration of the enzyme assay
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Chitobiase reaction with its substrate methyluriieeyl N-acetyl-3-D-
glucosaminide (MUFNAG) generates the fluorescenthgiembelliferone (MUF).
Therefore, the enzyme activity was determined bypgforming the fluorescence units
in nmol MUF using a calibration curve built fromsaries of MUF (Sigma-Aldrich,
USA) concentrations (6.25; 12.5; 25; 50; 100; 200 wliluted in dimethyl sulfoxide
(DMSO) and added to the diluent. The same conagmiraf MUF can generate a
different fluorescence value according to the assaglium conditions. Therefore, tests
were performed to determine the influence of medipkh and salinity on MUF
fluorescence adding 50 nM of MUF dissolved in thleeht at different pH (4.0-7.7)

and salinities (0-30 ppt). All calibration testsrev@erformed at 25°C.

Enzyme assay

Chitobiase activity was measured using the mettestribed by Oosterhuis et
al. (2000) and Sastri & Dower (2006) with some nfiodtions. The substrate
MUFNAG was used from a 9-mM stock solution prepamedMSO. For tests, the
stock solution was diluted to give a final concatitm of 250 UM MUFNAG. Test
tubes were filled with diluent, enzyme source (smpomogenate) and enzyme
substrate (MUFNAG). Control tubes were also perfinwithout addition of the
enzyme source and/or enzyme substrate. Reactiomnaiwas transferred to a 96-well
microplate and the fluorescence was read (exaita®®0 nm, emission: 450 nm) at
25°C in a spectrofluorometer (Victor 2, Perkin Einm&SA). Fluorescence was
measured every 5 min for up to 1 h. Increase iarflscence over the reaction period

corresponded to the free chitobiase activity, whiels expressed as pmol MUE.h
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Enzyme characterization

Assays to determine the optimum pH and temperdturenaximum enzyme
activity were performed with chitobiase frofn tonsa A pH range (4.0-7.7) was tested
adjusting the pH of the diluent with HCI. Thesetsewere performed at 25°C and
salinity 30 ppt. A temperature range (20-45°C) waés0 tested using a water bath.
These tests were run at salinity 30 ppt and pH ¢hdracteristic of the estuarine water
where copepods were collected. Astonsais a euryhaline copepod, maximum enzyme
activity was also measured in a range of watenipl{0-30 ppt) diluting the diluent
with distilled water. These tests were performed=C and pH 6.0.

Chitobiase affinity values for the substrakem) were determined foA. tonsa
M. elongata atlanticaB. improvisusnauplii, and Decapoda larvae. Homogenates for
each group of organism tested were individuallyppred and spiked into a series of
substrate concentrations (15, 31, 62, 125, 2500e.8@ of MUFNAG). These assays

were run at 25°C, pH 7.7 and salinity 30 ppt.

Data analysis

Data were expressed as mean * standard error jnMe&an data comparisons
were performed through analysis of variance folldwsy the Tukey test using the
software Statistica 7 (StatSoft, USA). Linear om#imear regression analysis was
applied for data modeling using the software SigimaP001 for Windows version 7.0

(SPSS, USA).

RESULTS
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Enzyme assay calibration

MUF fluorescence was influenced by pH and salinityhe reaction mixture. It
augmented with increasing pH (Fig. 1A) and saliifig. 1B) following a sigmoid- and
hyperbolic-shape curve, respectively. The calibraturve obtained was adjusted to a
linear-shape regression (r2 = 0,99) and was applietdansform fluorescence units in

pnmol of MUF in allKm assays.

Acartia tonsa chitobiase

A. tonsachitobiase showed a maximum activity at a pH raof&.0 — 6.0,
decreasing linearly its activity between pH 6.0 @nd (Fig. 2A). The enzyme activity
also showed a negative linear relationship as etifum of salinity (Fig. 2B). Regarding
temperature, maximum chitobiase activity was addeat 30-35°C, being reduced at
higher temperatures (40 and 45°C) (Fig. 2C). HKm value was 20.71uM with

significant inhibition at 500 uM MUFNAG (Fig. 2D).

Crustacean chitobiases

Km values changed according to the animal group dersid. These values
were 14.67, 18.19, 14.30, and 24M for the adult mysidM. elongata atlanticgFig.
3A), nauplii barnacleB. improvisus(Fig. 3B), decapod zoea (Fig. 3C), and decapod
megalopa (Fig. 3D), respectively. In all cases,ysre activity was significantly

inhibited at 500 uM MUFNAG.

DISCUSSION
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Results from the present study showed that MURdsicence resulting from the
enzymatic reaction between chitobiase and its satlestMUFNAG) is dependent on
water pH and salinity. Therefore, results from gegerformed at different reaction
conditions needs to be corrected for the influesicose parameters (pH and salinity)
before comparisons could be made. Calibration cush®wed in the present study can
be employed for this purpose in the case of stud&sag the same methodology
employed here. However, these studies report theojpbhe reaction media but not
salinity, complicating such corrections and conmgians.

In the present study, the whole body chitobiagesiac was evaluated in the
copepodA. tonsa Studies performed with Euphausiacea and Decapagstaceans
have reported the presence of chitobiase actinitipath epidermis and digestive tract
(Saborowski and Buchholz, 1999; Zou and Fingermi@39c). The enzyme likely has
different functions in these tissues in spite thet fthat they were never evaluated
separately. Considering that copepods show omnigncecarnivore food habits, it is
suggested that these animals also present chielias only in the epidermis for
molting, but also in the digestive tract for foadesktion.

Chitobiase from the epidermis would be associatigd the degradation of the
chitin present in the crustacean cuticle. Considethe direct contact of the epidermis
with the environmental medium, enzyme activity cblle influenced by water
physicochemical parameters such as pH, salinity #emdperature. Therefore, the
enzyme kinetics as a function of these abiotic digctcould reflect the species
adaptation to particular environmental conditions.

Chitobiases from different sources showed a siméaponse to water pH. In the

copepodA. tonsa,maximum enzyme activity was observed between phidcb G (Fig.



49

2A), as reported for other organisms (Vrba and Maek, 1994; Oosterhuis et al.,
2000), including the copepodleocalanus plumchrugSastri and Dower, 2006),
different tissues of decapods (Zou and Fingerm8A94) and the fungralaromyces
emersonii(Table 1). Other enzymes like amylase in the cogéfeliodiaptomus viduus
(Dutta et al., 2006) and chitinase Aftemia (Funke and Spindler, 1989) also showed
maximum activity at pH close to those reported &hitobiase (pH 6.0 and 5.8,
respectively).

Despite the excellent pH buffering capacity of sa@wn A. tonsacan be
subjected to pH changes when exposed to the lawitsed occurring in estuaries. A
decrease in water pH to values close to that fodmam activity of both chitobiase and
chitinase should increase copepod growth rate. Meky@revious studies showed that
an increase in CQOconcentration and a decrease in water pH did fiettasurvival,
body size or growth rate in the copepad tsuensigdKurihara and Ishimatsu, 2008).
These findings suggest that the increased enzythatyamnduced by lowering pH is not
paralleled by an increase in copepod growth. Tais €¢ould be associated with a shift
in energy allocation from growth to other metabgliocesses related to animal survival
such as respiration, osmoregulation and excretforiower ability to take up and
process food at low water pH also cannot be rulgdlo fact, a raise in water pH up to
8.5 was shown to increase the filtration rate ararigg in the copepo&chmackeria
dubia (Changling et al., 2008). Therefore, less food dae obtained at pH 6 than at
pH 8.5, i.e., a lower amount of carbon is availdblecopepod growth at pH 6. These
findings indicate that energy availability would b®re limiting for A. tonsagrowth

than chitobiase activity, especially at low watkk. p
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Regarding temperature, maximum activityAftonsachitobiase was observed
at 30 and 35°C. These values are close to thosel ffmr the chitobiose of the copepod
Temora longicornig35 and 40°C) (Baars and Oosterhuis, 2007). Ggheymes from
copepods also show maximum activity at a similageaof temperature. For example,
maximum activity of aspartate transcarbamylasénéndopepodCalanus helgolondicus
was achieved at 35°C (Biegal and Bergeron, 1998)p0,Ahe amylase of the copepod
Heliodiaptomus viduusshows its maximum activity at 30°C (Dutta et &Q06).
However,A. tonsachitobiase showed a maximum activity at lower terapges than
those observed for other species from differenugso(Table 1) like the cladoceran
Daphnia magna(45-50°C) (Espie and Roff, 1995), the decapéch pugilator (50-
60°C) (Zou and Fingerman, 1999c) and the fungemersoni{(75°C) (O’Connell et al.,
2008).
The observed similarity dk. tonsaandT. longicornis in respect to chitobiase response
to temperature can be explained by the close taranoelation between these two
copepod species. Also, this could be associateld thi# similarity of environments
where they live. Both species are planktonic andalt water with maxima
temperatures not exceeding 30°C. On the other hhedjifference between copepods
andU. pugilator can be explained considering the fact that thab @an be subjected to
higher temperatures during the air exposure peaedociated with the low-tide
condition (Wilkens and Fingerman, 1965). Regardihg fungi T. emersoniji the
extremely high optimum temperature {Z5 for chitobiase maximum activity can be
explained by the fact that this species is thermigpljArora et. al., 1991).

According to findings discussed above fartonsaand other species, changes in

chitobiase properties seems to be more associatedemperature than pH adaptation.
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However, enzyme adaptation as a function of sglilids never previously been
evaluated, especially when coastal and estuareaespare considered.

The copepodA. tonsais cosmopolitan, being more abundant in subtrdpica
estuaries. This species is euryhaline, survivingahnities ranging from 0 to 72 ppt
(Cervetto et al., 1999). However, any life stageAotonsais not commonly found in
environments with predominance of freshwater. Farrtitore, naupliA. tonsashow low
survival rates in low salinities (Chinnery and Withs, 2004). In fact, larval stages of
this copepod show maximum survival rates in sadisitanging from 15 to 25 (Tester
and Turner, 1991; Cervetto et al., 1999). Alsdyas been shown that growth rates are
limited in salinities lower than 15 ppt (ChinnenydaWilliams, 2004) and higher than 30
ppt (Cervetto et al., 1999). Considering the imgattrole of chitobiase in larval
molting, it would be expected that maximum chit@kiaactivity could be observed in
salinities ranging from 15 to 25 ppt. However, nmaxim enzyme activity was observed
in freshwater, with significant decrease with iragieg salinity (Fig. 2B). Despite the
significant decrease in chitobiase activity as acfion of increasing salinity, it is
suggested that the observed enzyme activity imahge of 15 to 25 ppt, i.e., 68 to 47%
of that measured in freshwater, would not be atiitgifactor for A. tonsagrowth
(molting) under these saline conditions. Howevee extremely decreased enzyme
activity observed in salinity 30 ppt, i.e., only%3of that measured in freshwater,
suggests that chitobiase activity might be a limgjtiactor for copepod growth at 30 ppt
salinity or higher.

Since chitobiase activity seems not to be the ilmgifactor forA. tonsagrowth
in low salinities, the reduced growth could be as#ed with the higher energy

expenditure for osmoregulation at these saline itiond. In fact, the copepo#l. tonsa
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shows reduced free amino acid concentration, isexdaoxygen consumption and
increased ammonia excretion as water salinity dse® (Farmer and Reeve, 1978).
Taken altogether, findings from the present studg those reported in the literature
indicate that optimum salinity for enzyme activigynot related to the environmental
salinity for maximum survival and growth (Cervegtal., 1999).

According to Peters et al. (1998), modifications enzyme affinity for its
substrate Km) can be associated with alterations in the enzkimetic properties to
achieve different catalytic rates in response tanges in environmental conditions.
Results from the present study indicate a sigmificariation in chitobias&m values
among species and life stages of crustaceans (eologtpodA. tonsa adult mysidM.
elongata atlantica nauplii barnacleB. improvisus Decapoda zoea, and Decapoda
megalopa) collected in the Patos Lagoon estuarytt@n@assino Beach. Chitobigsm
values ranged from 14.30 uM for Decapoda zoea {6724M for Decapoda megalopa.
Despite this variation, values were closer amotigminselves than with those reported
for organisms from the Northern Hemisphere, whiahyvirom 55 uM for the copepod
T. longicornisand203 uM for the hepatopancreas of the doalpugilator(Table 1)

In fact, Km values determined for all organisms evaluatechengresent study
are lower than those reported for crustaceans thenNorthern Hemisphere. Chitobiase
Km for the copepod. tonsawas found to be 20.77 uM, while it was reporteteads5
UM for the copepodr. longicornis (Oosterhuis et al., 2000). Furthermore, &
values for chitobiases of the mysid. elongata atlantica(14.67 pM) and the
meroplanktonic larvae (barnacle nauiiimprovisus18.19 uM; decapod zoea, 14.30

UM; decapod megalopa, 24.77 uM) were found to behmoawer than those for the
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chitobiase of the epidermis (190 uM) and hepatosasc(203 M) of the decapod crab
U. pugilator (Zou and Fingerman, 1999c).

Based on the discussed above, differencégivalues among chitobiases from
different crustacean species seem to be relatduetbabitat occupied by species. This
statement is based on the fact that subtropicabese species from the South Atlantic
analyzed in the present study showé&a values much lower than other crustacean
species from the Northern Hemisphere. As obsereetemperature, bigger differences
in enzyme properties are found between crustacaasother organisms from groups
more phylogenetically distant like protozoasn(< 0.5 uM), dinoflagelateKfn < 0.2
uM), and bacteriaKm > 100 uM). Furthermore, it is important to notetththe
concentration of substrate (500 uM MUFNAG) necesdar achieve 50% of the
maximum activity Km) for the fungiT. emersoniiinhibited significantly the chitobiase
activity of all crustaceans tested in the prestmtys(Fig. 3).

Considering that chitobiase degrades chitin awddgly found in nature, results
from the present study together with those repomedhe literature show that this
enzyme might be differentially evolved in each sfpegroup of organism for a better
adaptation to cope with its respective needs. R@raspartate transcarbamylase, it was
shown a lack of genetic alteration from Dipteram®fammals (Jones, 1980). However,
the same pattern was not shown for chitobiase,d#ifiefences between the digestive
and epithelial actions in insects and crustaceaiits @xtra corporal action in fungi and

bacteria could be the origin of the differencesnbamong each enzyme evaluated.
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LEGEND TO FIGURES

Figure 1. Fluorescence of methylumbelliferone (M8B;nM) as a function of (A) pH
[y =672.44 + 2560.07/(1+expx-6.60)/0.41))r2 = 0.99] and (B) salinityyf= 311.25 +
1573.10/(16.47+); r2 = 0.98]. Data are expressed as meagtandard errorn(= 4).

Different letters indicate significantly differemtean valuesp(< 0.05).

Figure 2. Chitobiase activity of the copephdartia tonsaas a function of (A) pH, (B)
salinity, (C) temperature, and (D) substrate (MURENAconcentration.A : inhibitory
concentration. Data are expressed as meatandard errorn(= 4). Different letters

indicate significantly different mean valugs<0.05).

Figure 3. Chitobiase activity of crustaceans asuraction of substrate (MUFNAG)
concentration. Enzyme affinity for the substrakem] was calculated for (A) adult
mysid Metamysidopsis elongata atlantig@) nauplii barnacléBalanus improvisygC)

Decapoda zoea, and (D) Decapoda megala@ainhibitory concentration. Data are
expressed as mean standard errorn( = 4). Different letters indicate significantly

different mean valuep( 0.05).
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Table 1. Chitobiase characteristics of differemfamisms according to enzyme affinity
for substrateKm; UM substrate) and optimum pH (OP pH) and tempeggiOP T; °C).
Temperature used to determine Kra is also givenKmT; °C). In all studies,

methylumbelliferyl N-acetyl-3-D-glucosaminide (MUR&) was used as substrate.

OPpH OPT ., Reference

Organism Km

Bodo saltansndCyclidiumsp. (Protozoa) <0.5 15 (1)
Aeromonas hydrophiléBacteria) > 100 15 (1)
Bacteria > 100 25 (2)
Oxyrrhis marina(Dinophyta) <0.2 25 (2)
Talaromyces emersor(irungi) 500 5.0 75 50 3)
Daphnia pulicaria(Cladocera) 56.7 22 (4)
Daphnia magngCladocera) 61.5 5.5 45-50 20 (5)
Uca pugilator (Decapoda) epidermis 190 5-6 50-60 19 (6)
Uca pugilator(Decapoda) hepatopancreas 203 5-6 50-60 19 (6)
Temora(Copepoda) 6 35-40 25 @)
Temora longicornigCopepoda) 55 ~8 55 25 (2)
Neocalanus plumchruy€opepoda) 5-6 25 (8)
Acartia tonsa(Copepoda) 20.8 5-6 30-35 25 Present study

(1) Vrba et al. (1993); (2) Oosterhuis et al. (20@8) O’ Connell et al. (2008); (N'rba
and Machéacek (1994); (5) Espie and Roff (1995)Z@) and Fingerman (1999¢Y))

Baars and Oosterhuis (2007); (8) Sastri and Do2@0q).
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ABSTRACT

Sampling was seasonally performed in the Patosdragstuary (Rio Grande,
RS, Southern Brazil) to estimate zooplankton bi@yaa®l production comparing values
obtained using traditional mathematical models da@segrowth and the enzymatic
(chitobiase) method. Comparison of data obtainehfzooplankton samples collected
with 90 and 200-pum mesh nets showed that net setgéhfluences the estimative of
zooplankton biomass and production. Furthermomgrntonstrated differential
dominance of taxa and proportions of developmesitajes in samples. Results from
analysis using the chitobiase method showed aasimpdttern of zooplankton
production compared to those obtained with the pratitical models. However, values
found were generally higher, with maximum productestimated as 12.5, 9.2 and 7.9
mg C m° day" for the “chitobiase method”, “Huntley model” arttet“Hirst model”
respectively. These findings indicate the religpiiif the enzymatic method in
estimating crustacean production also in estuamm&ronments of changing salinity, as

previously demonstrated for marine waters.
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INTRODUCTION

Estimative of secondary production in aquatic emvinents is essential for the
study of the energy flux through food webs, sinceptankton organisms are the major
link between primary producers and higher tropbiels (Hopcroft and Roff 1998).
Although plankton is composed of organisms fromesahtaxonomic groups,
crustaceans are generally dominants. Among thepgpoms often contribute with the
major part of the biomass and species diversigsinaries (Kleppel et al. 1988).

Production can be defined as the amount of tisslsdomass generated in a
certain area and period of time, being expressedgg€ m® day* (Rigler and Downing
1984). Estimations of production are generally miad using the equation P = Bx
where “P” is production, “B” biomass in the envirnant, and §” represents growth
rate (Kimmerer 1987; Huntley and Lopes 1992).

Methods for zooplankton biomass estimation ardively standardized and
biomass values are usually known. However, datgemerally obtained from samples
collected with nets of mesh diameter ranging fratd®300um (Purcell et al. 1994;
Magalh&es et al. 2006). It is important to note tied selectivity could have a
significant influence on results, differentiallypresenting the dominant species, as well
as the proportion of developmental stages presdhei environment. In spite of that,
the methodology to be employed to determine tharasgn growth rate represents the
major problem in the production estimation process.

Research efforts are concentrated on copepodsrnerenvironments and on
copepods and cladocerans in freshwater, since tresps are dominants in the

respective environments. Growth estimation is gahebased on weight-specific egg
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production (Hirst and McKinnon 2001), cohort an&édy¥ang et al. 2007), and
physiological models (lkeda et al. 2001). Howegeowth rates are generally
determined based on results from laboratory exparim In this case, growth rate is
derived for a single species or for only few spggeesent in the environment, since
this approach is time-consuming. Consequentlygh-heésolution estimation of the
production considering a spatial-temporal framguge difficult to be performed.

With the goal of developing alternative method$atmlitate the secondary
production estimation, some mathematical modelgwereloped to estimate growth
rate @) based on growth rates reported by several aufborearine copepods (Huntley
and Lopes 1992; Hirst and Bunker 2003) and fresbwatstaceans (Stockwell and
Johannsson 1997). It is important to stress thet esodel differently considers the
degree of influence of temperature, food deprivatand size of organisms as factors
affecting growth rate.

Other methods less employed for secondary produetie those based on the
biochemical relationships and activities of enzynmeslved in growth (Biegala and
Bergeron 1998). Based on previous studies (Espldranff 1995, Oosterhuis et al.
2000), Sastri and Dower (2006, 2009) describedthadefor estimation of secondary
production based on the amount of chitobiase reteasthe water during the
crustacean molting process. The rationale behiischtlethod is the existence of a
relationship between the dried mass increment gbdafter growth from the molting
stage X" to the “x+1” and the enzyme activity in the water, considengalance
between the activity generated by enzyme releagelebpopulation and the natural
enzyme degradation in the field over time. In féests performed in laboratory with

freshwater cladocerans (Sastri and Roff 2000) aadn® copepods such &smora
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longicornis(Oosterhuis et al. 2000,alanus pacificusMetridia pacificaand
Pseudocalanus spgSastri and Dower 2006) showed the existencepafsitive
correlation between the chitobiase activity inweer and the size and biomass of
organisms. Also, the existing relationship betweenyme activity and biomass was
also shown reliable for decapod and mysid larvastfSand Dower 2009), indicating
that the chitobiase method can potentially condiderverall production generated by
crustaceans in the water column during the growtiog.

Differently from the environments where the chitd® method was already
applied for secondary production estimation, lay, temperatures and high water
salinities (mean 31 ppt) environments, the esteasaters from the Patos Lagoon (Rio
Grande, RS, Southern Brazil) are often subjectdetpuent and wide changes in
temperature (15-3C) and salinity (0-30) over an annual basis (Niesghet al. 1986).
Due to the extreme changes in environmental pass)diiota living in the Patos
Lagoon estuary is characterized by a low diversitg the frequent dominance of
species adapted to these changes, with occurremg dlternated with marine and
freshwater species. A dominance of the copefuattia tonsahas been historically
reported to occur during periods of saltwater isitva in the Patos Lagoon estuary.
However, the copepaddotodiaptomus incomposita®minates the zooplankton
community during the freshwater runoff (Monta 1980)

With this background in mind, the present study pagormed to evaluate the
influence of net selectivity on abundance and b&sr& juvenile copepods, as well as
the influence of these biotic parameters on thersaéary production estimation.
Additionally, the reliability of the chitobiase ninetd was tested for a complex estuarine

environment (Patos Lagoon estuary) by comparingdoendary production values
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estimated through this enzymatic method and thesergted by using the growth
models described by Huntley and Lopes (1992) amst ldnd Bunker (2003) for
organisms living in high salinity waters, and thethod developed by Stockwell and

Johannsson (1997) for freshwater animals.

METHODS

Estimation of secondary production based on mathentigal models

The Patos Lagoon estuary (32° S; 52° W) shows exsity of habitats,
including large shallow areas and a deep canalekatculation in the estuary is driven
by wind and salinity changes according to the sibm of coastal marine waters and the
volume of freshwater discharged into the lagooratols the Atlantic Ocean (Moller et
al. 2001). Considering this diversity of habitdige different collection sites were
selected for this study, as follows: EM (estuaryuthd; ME (Mangueira enclosure);
WM (west margin of the estuary); NC (navigationmhel); and YC (Yatch Club) (Fig.
1).

In each season (25 August 2009, 29 October 2009aid3ary 2010 and 06
April 2010), one sample for zooplankton analysis wallected per site. All collections
were performed at the same day. Sampling was peeiiby horizontal towing at the
surface water using a bongo plankton net (0.3 mtmdiameter; 90 and 200-pum
mesh). A flow meter (Hydro-Bios Kiel, Altenholz, @eany) was attached to the net
mouth for water flux measurements. Organisms cagturere fixed in 4%

formaldehyde solution neutralized with sodium tetrate immediately after collection.
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These samples were used for determination of thed#nce of larval stages and
biomass of copepods and cladocerans.

In the laboratory, sample aliquots containing aste800 individuals were
counted and identified under stereoscopic micros¢@bympus BH-2, Center Valley,
Pennsylvania, United States of America), and diassaccording to Montu and
Goeden (1986) and Bradford-Grieve et al. (1999)a@ada copepods were classified
by stages (nauplius, copepodite and adult). Cyattzpand Cladocera copepods were
identified at the genus level.

Production of marine copepods was calculated usi@gnstantaneous growth
method defined by the relationship among produdti®nbiomass (B) and growth rate
(9), following the formula P = B g (Rigler & Dowwing 1984). In the present study,
“total biomass” of copepods in the sample (B) watednined by the sum of the
biomass obtained for each developmental stage ifgi@isndividuals ini stage
(individual.m?®) x body mass of the individua{pig C)]. The growth rates were
estimated through the equations proposed by Huatieyl_opes (1992) and Hirst and
Bunker (2003), while production of freshwater copépand cladocerans was
calculated using the model described by Stockwell Johannsson (1997) (Table 1).
For each sampling site, production of freshwatganisms was added to that estimated
by the “Huntley and Lopes” model or the “Hirst @Bdnker” model. In the Results
section, values are thus referred as “Huntley nid@stimation using Huntley and
Lopes + Stockwell and Johannsson models) and “Higgtel” (estimation using Hirst
and Bunker + Stockwell and Johannsson models).

“Total production” was calculated adding the bi@saf each taxonomic group.

For this purpose, the biomass value adopted carnelgal to that originated from the
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sample showing the higher relative abundance ®rekpective taxonomic group,
disregarding the net mesh used for collection. &ntyi the “juvenile production” was
also calculated based on the sum of biomass gtittemile stages found in the sample.
The biomass value adopted for each stage corresddndhat originated from the
sample showing the higher relative abundance ®rdkpective stage, disregarding the
net mesh used for collection. In both cases, valeyeesented the production closer to
the “ideal” conditions for calculations based orefi samples.

For all mathematical models employed, biomass \ktaimed for the more
abundant Copepoda and Cladocera species pressathrsample. Biomass values were
obtained through body length measurements andcapipln of the relationships
existing between body length and mass to each cggpe¢axonomic group (Table 1).

For the Hirst and Bunker (2003) model, chloroptajitalues were obtained
from data generated by the “Projeto Lagoa” (LagBouject) and kindly provided by
the Phytoplankton Laboratory of the University (inge of Oceanography, Federal
University of Rio Grande — FURG). These values weeasured in the Patos Lagoon
estuary in previous years. In this case, mean sahsalues were used. For the
Stockwell and Johannsson (1997) model, the indalidody mass (M) was obtained
from the relationships reported by McCauley (19843ed on the mean body length of
individuals from each Cladocera genus identified eounted in the samples collected
in the present study (Table 1). In equations whigeebiomass is estimated based on dry
mass, the correction factor of 0.4 was used to edrdry mass in the amount of carbon

(Postel et al. 2000).

Estimation of secondary production based on the ctobiase (enzymatic) method
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The estimation the secondary production usingett®ymatic method was
performed employing the relationship between thoblase activity measured in the
environment (native chitobiase - CR#4 and the rate of enzyme activity decay in the
field (Sastri and Dower 2009), as well as the reteship between the activity of the
enzyme released during the molting process (CBA)taa increment in biomass from
thex stage to th&+1 stage AB), which was measured in laboratory. Secondary
production (P; mg C mday') was then calculated using the following equati®r:
AB/Tcba, where\B is the biomass increment in the environment actaiTthe time

(days) necessary to generate this biomass.

Relationship between increment in dry mad3)@nd enzyme activity (CBA)

According to previous reports on the zooplanktomposition in the Patos
Lagoon estuary, the copepAdartia tonsawas identified as the major representative of
crustaceans. Therefore, this copepod species walewed for molting experiments in

laboratory.

The enzyme activity from chitobiase released dutirggmolting process of each
A. tonsacopepodite developmental stage was determinediattiebation of individuals
at the different life stages in 200 ul of a dilatisolution (DS). This solution was
prepared with seawater (salinity 30) after beinpeaved and filtered (polycarbonate
filter; 0.2-um mesh filter) to eliminate bacteriadaother microorganisms that can
influence the rate of enzyme activity decay (Odsier et al. 2000). Every 2 h,
copepods were observed under microscope to idehgfynolted individuals. Activity
of chitobiase released was measured in water sar(®@ ) collected from the

incubation medium, as described below. Both copepatexuviae were fixed for
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further measurement and calculation of biomasgyuia relationship between the

cephalotorax length and dry mass (Berggreen 498RB).

The parametesB was calculated from the difference in the dry snastween
the stageg andx+1. A natural log transformation was applied to theyene activity
andAB values, which were subjected to regression aizalyee equation In(CBA) = a
In(AB) + b was further employed to determine the seapndroduction in the Patos
Lagoon estuary by replacing the term CBA by the gBv¥alue for each data point. The
AB value (ug dry mass) added to the environmertterréspective period of time was
then calculated. The period of time (Tcba) wasmeiteed from the rate of enzyme

activity decay in the field (Sastri and Dower 2Q09)

Estimation of secondary production in the fielddzhen the chitobiase activity

Secondary production in the Patos Lagoon estuasyestimated based on the
chitobiase method for the five sampling sites dbsdrabove. In each sampling site,
300 mL of surface water were collected, filtere@-(8Bn mesh filter) to remove
crustaceans, and stored in glass vials. Aliquoth@ge samples were filtered (0.02-um
mesh sterile filter) and frozen in glass vials. 3devater aliquots were labeled as
“Native Chitobiase” (CBA). The remaining sample was employed for deternunat
of the rate of enzyme activity decay over time.

Enzyme activity decay essay was performed usingnagme concentrated
obtained after homogenization of 50 individualshef dominating species in the
respective sampling site. Homogenates were cegétf{5 min; 10,000 g) and the
supernatant obtained was filtered (0.2-um mesérfilThe concentrated containing the

enzyme was added to the water samples collectibe &ive sampling sites in the Patos
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Lagoon estuary. Reaction flasks were kept at thees@amperature of the environmental
water. Aliquots of the reaction medium were thetheoted until 24 h of test were
completed. These aliquots were filtered and frazedescribed above for the CBA
samples. Enzyme activity values were log transforanrad a regression line between
enzyme activity and reaction time was built. Thgression slope value (k)
corresponded to the enzyme activity decay. Theeefdvk was applied to determine the
time (h) to generataB (i.e., Tcha). The Tcba value derived was dividg®4 h to

express results in days.

Chitobiase assay

Chitobiase activity was measured following the moetdescribed by Oosterhuis
et al. (2000) and Sastri and Dower (2006) with somodifications. Briefly, the
substrate methylumbelliferyl N-acetyl-R-D-glucosaide (MUFNAG, Sigma, St.

Louis, MO, USA) was used for the enzyme assay.adkssolution (9 mM MUFNAG)
was prepared dissolving MUFNAG in dimethylsulfoxii®r enzyme assays, the stock
solution was diluted to give a final concentratadr250 uM MUFNAG. Assay tubes
were filled with water sample (486 pl) and dilutdddFNAG (14 ul). Controls were
also run using only the dilution solution (DS) vath the enzyme source and/or the
substrate (MUFNAG).

Chitobiase reaction with the substrate (MUFNAGgaskes the fluorescent
methylumbelliferone (MUF). Therefore, after haveb@repared in assay tubes,
aliquots of the reaction medium were transferred 86-wells microplate for
fluorescence readings (excitation: 360 nm; emisglé0 nm) at 25°C using a

spectrofluorometer (Hitachi F-2000; Tokyo, Jap&hjorescence readings were
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performed every 5 min up to 60 min. Increment uofescence over time corresponded
to the free chitobiase activity in the water andwapressed as the amount of MUF
produced per hour (nmol MUFLhY). Data were calculated based on a calibration
curve built with different concentrations of 4 - timgumbelliferone (Sigma, St. Louis,
MO, USA). As water salinity influences the fluoresce generated by MUF and
chitobiase activity, results were corrected acewiyi (T.R. Avila, A.A. Machado, A.

Bianchini unpubl.).

Comparison among estimation methods
Comparison among the mean total production vadsémated based on the
mathematical models and the enzymatic method used performed through

regression analyses using the software Statiséicsion 6.0 (Statsoft, USA).

RESULTS

Depth of sampling sites used in the present stadged from 4 to 12 m. Water
temperature and salinity did not change signifigaatong sites within the same
season, but showed significant seasonal variatMimsmum and maximum
temperature recorded were 16 and 25°C, respectivehymum and maximum salinity
were 0 and 4, respectively. The lower water pH feasd in the winter (pH 6.5). The
mean pH in the other seasons was 7.6 (Table 2).

Seasonal mean values of chloropleythbtained from the databank of the
“Projeto Lagoa” (Lagoon Project; Laboratory of Riptankton, Federal University of

Rio Grande - FURG, Brazil) were employed in therddimodel” (Hirst and Bunker
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2003) and corresponded to 3.9, 2.6, 2.4 and 13}fgr winter, spring, summer and

autumn, respectively.

Zooplankton biomass

Biomass for each taxonomic group studied showetfgignt changes among
seasons and sampling sites within the same se@lsertopepod. tonsavirtually
represented 100% of the zooplankton biomass iwtheer. However, it was not found
in spring and winter, being replaced by the copdgomhcompositusind cladocerans.
Cladocerans and Cyclopoida copepods were identifi¢kle genus level. However, they
were grouped for analyses of biomass and production

In winter, A. tonsashowed the highest biomass (24.57 mg?) at the WM site
when the 200-pum mesh net was used. The minimune aresponded to 1.3 mg C m
3 at the NC site using the 90-pm mesh net. In autghenmaximum biomass was also
found forA. tonsa(0.92 mg C rif), but at the ME site using the 90-um mesh net. In
spring, the copepol. incompositugnd cladocerans showed the highest biomass
values (12.04 and 10.02 mg C’nrespectively). Although these organisms showed th
higher biomass in the summer, maximum values wele203 and 1.38 mg Cth
(Table 3).

During the whole period of study, the highest bismaalues were found in
winter (25.29 mg C ) and spring (24.98 mg C Hwith annual mean values of 13.64
and 9.7 mg C i, respectively. The lowest value was observed inrant(0.07 mg C

m®) with a mean annual value of 0.5 mg G.m

Net selectivity
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The different selectivity of nets (90 and 200-pumsmaets) employed in the
present study reflected in different values oflil@mass calculated for samples from
the same site of collection. For example, biomadses forA. tonsacollected in winter
at the ME site corresponded to 3.58 and 17.08 my’@or the 90- and 200-pm mesh
nets, respectively. Biomass values for cladocecafiscted in spring at the YC site
corresponded to 7.23 and 2.85 mg € for the 90- and 200-pm mesh nets, respectively
(Table 3). For all taxa evaluated, net selectinfiluenced the estimation of biomass,
with higher mean values for the 200-um mesh nétriee seasons (Table 4)

Net selectivity also influenced copepodite and fiasmensity results.
Depending on the developmental stage of copepoditeg were more captured by one
or another net. However, as expected, nauplii sddvigher density in all samples
collected with the 90-um mesh net when comparel thidse collected with the 200-
pnm mesh net. In some sampling sites where nauptiéwot found in samples collected
with the 200-um mesh net, density reached valudsghsas 2,343 individuals th

(Table 5).

Chitobiase activity

For the copepod. tonsa the relationship between the biomass incrememn fr
the stagex to the stage&+1 (AB) and the activity of the enzyme released durimgy t
molting process (CBA) was represented by the egudtiAB) = 0.8876 + 0.5847 x
In(CBA) (r?= 0.98;p<0.05;n = 47 molted copepods) (Fig. 2).

Figure 3 shows the transformed data [In(x)] of¢h#obiase activity over time

for each collection site in spring. The Tcba valwese calculated from the regression
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slope (k) for each collection site. The same pracedvas adopted for all samples

collected for secondary production determinatiagoulgh the enzymatic method.

Zooplankton production for the different estimatioathods

Both mathematical models and the enzymatic metletekcted the differences
among samples collected at the different samplteg at the same day. They were also
able to detect the seasonal variation in producfamg 4).

Regarding the mathematical models, values estariatehe “Huntley model”
were generally higher than those estimated by khest model” for both “total
production” (adults + juveniles) and “juvenile pradion”. Mean production followed
the same pattern showed by biomass with higheesdbeing estimated from data
collected with the 200-um mesh net in three seasidreshigher mean value was
observed in winter (4.35 mg Chaay’), decreasing in the other seasons, disregarding
the mathematical model employed or the mesh net fiaseooplankton collection. The
lower mean value (0.05 mg Chday') was observed in autumn (Table 4).

Considering production estimated based on the an&pdn samples collected at
each estuarine sampling site using the mathemaiiodkls, as well as that estimated
using the enzymatic method (12.5 mg C day"), the higher total production
calculated using the “Huntley model” was observethe ME site (9.2 mg C thday")
in spring. For the “Hirst model”, the higher protioa was also found at the ME
sampling site, but in summer (7.9 mg Cday"). In turn, the lower production was
estimated in autumn at all sampling sites, beidgwéd mg C n day* for both
“Huntley” and “Hirst” models and approximately 2 rAgni> day” for the chitobiase

method (Fig. 4).
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Net mesh, mathematical model, and estimation ndetimathematical model or
enzymatic method) employed were shown to influgheaesult obtained for the
zooplankton production estimation. Differences agwean values estimated for the
two nets using the same model were higher tharetfoasd using the different
mathematical models for the same net, as wellastthose obtained using the
chitobiase method in winter. In this case, meawmlpcton estimated using the “Huntley
model” was 2.55 mg C thday* higher for samples collected with the 200-pum nesth
than for those collected with the 90-um mesh nbtleathe difference between values
estimated using the “Huntley model” and the chiaslei method and between the
“Huntley model” and the “Hirst model” was only 1.42d 1.34 mg C fday”,
respectively. In the other seasons, the main faegponsible for the differences
observed in production values was the method eregdlégr estimation. In this case, the
higher difference (4.75 mg Ctrday®) was found for winter samples when production
values were estimated using the “Hirst model” dreldhitobiase method (Table 4).

Taken all sampling sites and seasons togethes|dpe of the regression
between the mean production values estimated mas#te “Huntley model” and the
chitobiase method was not different from 1 (b =21+10.16; n = 20; R= 0.73; p <
0.001). A similar result was found for the regreasanalysis between data obtained for
the “Hirst model” and the chitobiase method (b 211+ 0.26; n = 20; R= 0.55; p<
0.001). In all cases, production values estimatestt) on the enzymatic method were
systematically higher than those generated by @whematical models. The magnitude
of this difference corresponded to 1.95 + 0.58 2d®4 + 0.73 mg C thday” for the
“Huntley model” and the “Hirst model”, respectiveljhese values were derived from

the intercept of the regression curves referred@bo
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DISCUSSION

In the present study, zooplankton analysis in @we®$Lagoon estuary was
performed based on only one collection per samitegat each season. Despite that,
water temperature data obtained are similar tortean values representatives of each
seasor{Niencheski et al. 1986). Regarding water salindy mean values are frequent
in the estuarine waters from Patos Lagoon. Howekierlow mean values found in all
seasons in the present study are indicative oDgwllation phenomenon occurring in
the South Pacific (El Nifio) observed during thedgturhis phenomenon causes an
increase in the pluviometric index in the wholeinlage basin of the Patos Lagoon
increasing the freshwater flow through the estu#aarea (Fernandes et al. 2002).

The long periods of low water salinity (0-4) aihe tvolume of freshwater
discharged through the estuary mouth preventeththesion of coastal marine waters
into the estuarine area, influencing the zooplamkimmposition. The expected presence
of the copepod. tonsayear round did not occur, with organisms appeaoinlg in the
winter and autumn when water of salinity 4 wasratidative of some intrusion of
coastal waters into the estuary. With the occue@ifavaters of low salinity during
spring and summer, the freshwater copeldothcomposituseplaced the marine
copepodA. tonsaand the proportion of freshwater cladocerans ayeldpoida
copepods increased respect to that observed imittter sampling. It is recognized that
only one day of collection per season in five sangpsites at the estuarine area would
not be enough to determine the pattern of zooptem&bmposition, biomass and
production for each season. However, differencegioied among sampling sites and

seasons represented the variations existing amanitats, making the conditions ideal
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to evaluate the effectiveness of the methods ereglégr secondary production
estimations.

The present paper is the first to report data optankton biomass in the Patos
Lagoon estuary. All taxonomic groups present ingasmwere identified and
quantified. However, calculations were based onlgstaceans. In fact, results
showed no significant abundance of other grouppr@gously reported for other
environments with similar characteristics (Lobo &etyjhton 1986). Therefore, values
obtained in the present study are representatitieeatooplankton total biomass.

With the frequent occurrence of waters of low ggfjnt was observed a
decrease in the total biomass, as observed inahmafestuary (Tasmania) when the
peak of biomass (20.5 mg C¥noccurred in waters of intermediary salinities dmel
lower values were found in waters of lower salest{Lopez and Neira 2008). Also, an
extremely low abundance of organisms was also tegan the Pensacola Bay when
rain events were frequent, causing large dischafrfreshwater from rivers into the bay
(Murrel and Lores 2004). The higher values of bissi@mund in the winter (25.29 mg C
m) and spring (24.98 mg Cin the Patos Lagos estuary are similar to theimamm
values reported for the Tasmanian (Tamar estué; g C rit) and South African
(Kariega estuary; 23.72 mg Cinestuaries (Froneman 2001). However, they arerowe
than those reported for the North American estganehe Pensacola Bay (34.1 mg C
m>) (Murrel and Lores 2004) and the Chesapeake B2y (8g C rt) (Park and
Marshall 2000).

Regarding the differences in biomass observed arsamgpling sites at the same
day of collection, they could be explained consitethe dynamic of water circulation

in the estuarine area. It causes a higher con¢emtraf organisms in some sectors of
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the estuary and defines part of the zooplanktonpamition, as previously discussed by
Monta (1980). In turn, differences observed whesmniass values were calculated for
each taxonomic group using data from samples detlewith nets of different mesh are
indicative of a significant influence of net seleity on the results obtained. The
different proportions of sizes collected with higle&iciency by each one of the nets
employed (90- and 20@-mesh nets) reflected in different values of fin@mass. In
winter, the final biomass @&. tonsawas estimated as being more than 2-fold higher
with samples collected with the 200-pum mesh net thigh those collected with the 90-
pm mesh net. The different selectivity of nets aig® evident when we consider the
proportion of nauplii and copepodites collectechgsane or another net. Higher values
were obtained with the 90-um mesh net, as prewaeglorted for a comparison
between the 64- and 200-um mesh nets (Favareto2§l0®). These findings show the
need for using more than one type of net (mesh dinéng sampling in order to better
evaluate the composition of stages and biomassaglankton. Once production data
resulting from the application of mathematical medee dependent on the biomass
values calculated for field samples, changes isgh&lues directly affect the final data
of production for both marine copepods and fresematganisms.

Regarding the enzymatic (chitobiase) method, ttegioaship betweeAB
values and activity of chitobiase released in tlagewduring the molting process (CBA)
found for the copepoA. tonsain the present study showed a similar patternrtedo
for the Copepoda, Mysidacea and Decapoda evalbgtSastri and Dower (2009). It is
also important to note that the relationship betweedy length and CBA found féy.
tonsain the present study is similar to those reportedhie copepodemora

longicornis(Oosterhuis et al. 2000) and Cladocera (Espieraiti1995; Sastri and
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Roff 2000). These findings indicate that the teohthe equation used to estimate
secondary production in the present study (B#Tcba) would be valid and reliable.

The methodology employed to estimate the rate pyre activity decay over
time in the field, and therefore to calculate tlebd values, was also effective. Results
obtained showed an enzyme activity behavior siniddhat described by Oosterhuis et
al. (2000) and Sastri and Dower (2006; 2009). Alg 8astri and Dower (2009) applied
the chitobiase method to estimate secondary pramtuict the field, estimations for the
Patos Lagoon estuary made in the present studylgfiollowed the protocol described
by these authors. However, the Patos Lagoon esshanys frequent changes in water
salinity, as opposed to the environments previoagtuated. As the chitobiase activity
is dependent on water salinity, correction facteese calculated considering the
influence of this water parameter on enzyme agtaiitd final data were corrected using
the experimentally derived factors, as describexvalin the Material and Methods
section. Nevertheless, the enzymatic (chitobiasshad showed to be efficient in
estimate crustacean production in the water coluhus being its application indicated
also for secondary production in estuarine waters.

The maximum values of secondary production caledlat the present study
were 12.5, 9.2 and 7.9 mg C°may"’ for the chitobiase method, “Huntley model” and
“Hirst model”, respectively. These values are corapke to those estimated by
Miyashita et al (2009) for the Santos estuarinéesgqSantos, SP, Southeastern Brazil)
with maximum values of 5.4 and 14.3 mg C day’ using the models described by
Hirst and Lampitt (1998) and by Huntley and LopE392), respectively. As observed
in the present study, the minimum values reporieMiyshita et al. (2009) were also

lower than 1 mg C Mday". Also, minimum and maximum values of 3 and 8 mg&
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day" for copepod production and of 2.90 and 12.40 mgGlay* for total production
were reported for the Skagerrak Strait (Peters@h d991) and the Ria de Aveiro
estuary (Leandro et al. 2007), respectively. Trweefresults of production found for
the Patos Lagoon estuary in the present study énéwthe range of values reported for
the other estuaries mentioned above. Howeverjmp®rtant to note that results
reported in the present study were obtained duhagccurrence of the EI Nifio
phenomenon, when a significant increase in the bWweshwater is observed through
the estuarine area. Therefore, it is expecteddifferent production values can be
found in years when the El Nifio phenomenon is nesgnt.

As observed in the present study, differenceberestimation of secondary
production values using different methods were plswiously reported in the
literature For example, Miyashita et al. (2009) estimatgaificantly higher
production values using the model described by leyrénd Lopes (1992) when using
the model described by Hirst and Lampitt (1998)andro et al. (2007) also reported
22% higher values using the model described by ldy@ind Lopes (1992) when using
the model described by Hirst and Bunker (2003) rétoee, differences among the
estimation capacity of the mathematical modelstarcenzymatic method would be
also expected. In the present study, the gendraher production values estimated
using the chitobiase method could be explainedideriag different aspects. It is clear
that net selectivity directly influences the protioic values estimated by the
mathematical models, as a consequence of the Ieetigity effect on the biomass
estimation. A “loss of biomass” could have occuiifdzigger organisms escaped from
the net or the smaller ones passed through the netsin both cases, biomass values

estimated from collected samples would be undeneséid. In the other hand, the
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enzymatic method considers all the chitobiase ptesehe water sample. Therefore, it
is possible that some copepods that have contdtatthe total chitobiase measured in
the water sample have died or were predated atent) released the enzyme.
Furthermore, other sources of chitobiase such athizcecrustaceans could be also
contributing for the total enzyme measured in tlagawcolumn. In these cases, the
chitobiase method would be overestimating the pctda values.

It is also important to stress the current inexist of a completely accepted
method for secondary production estimation. Thi&s ¢®@nsequence of the variety of
factors affecting this analysis, being difficultpgeecisely determine the efficiency of
each method employed. Therefore, it is not possthéescertain if one value of
production estimated by one of the methods emplayéde present study is more
reliable than another value estimated using amiffiemethod (mathematical model or
enzymatic method). However, it is important to édasthat the mathematical models
were employed in the present study as reliablesttmoestimate secondary production in
the Patos Lagoon estuary, since these models @rresidlogical parameters such as
biomass and growth rate, which have been longéiestuln this context, they were
also employed in the present study to evaluatedpacity of the enzymatic (chitobiase)
method in estimate the expected values found basé¢de mathematical models.
According to the results reported in the presamd\stwe can conclude that the
application of the enzymatic method is not limitednarine waters (Sastri and Dower
2009), but can now be extended to estimate secppdaduction in estuarine areas
where the zooplankton community is dominated bgtaweans. As the present study is
only the second report on the application of théobilese method to estimate secondary

production in the field, it is suggested that msiedies should be performed in both
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estuarine and marine waters to confirm the religtlf the chitobiase method in

estimating the secondary production under changmwiyonmental conditions.
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Table 1. Equations employed to calculate biomadspanduction of copepods and

cladocerans based on zooplankton samples seasoobdigted in the Patos Lagoon

estuary (Rio Grande, RS, Southern Brazil).

Freshwater organisms

Equation

Reference Definition of equation terms
Biomass B=al ! B: biomass (mg dry weigth)
Daphniaspp.(a=6.0; b=3.62) L: body length (mm)
Diaphanosoma spf{a=6.95; b=2.07)
Bosmina spp(a=15.1; b=2.53)
Cyclopoida (a=4.18; b=2.64)
Calanoida (a= 6.81; b=2.11) o . -
Nauplii (a=1.64; b=0.57) aandb - spec_lflc alometric coefficients for
each taxonomic group
- .log10M+b)
Production P=1¢" CEM-N 2 M: mean dry body weigth (ug)
CF: correction fator = 1.12 (Sprugel 1983)
N: abundance of stage in the sample
a=-0.23;b=-0.73
Estuarine and marine organisms
Equation Reference Definition of equation terms
Biomass log C= 3.319l0gCT-8.519 3 C: carbon (ug)
log C=2.919logCP-7.953 3 CT: total length of nagpll - NIV) (um)
CP: length of copepodite and adult
prosome (CI - CVI)
Growth rate g = 0.0445e %17 4 T: temperature’C)
logio g = a[T] + b [logo PC] +
¢ [logy Cl-a] +d 5 PC: body weight
Cl-a: chlorophylla
a, b, ¢ and d - coefficients varying
according to the developmental stage and
the spawning strategy (free-spawning or
sac-spawners).
Production P=R B: biomass

g: growth rate

1.McCauley (1984), 2. Stockwell and Johannsson{)},%®Berggreen et al. (1988), 4.
Huntley and Lopes (1992), Birst and Bunker (2003).
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Table 2. Characteristics of the five sampling s{&S) in the Patos Lagoon estuary (Rio

Grande, RS, Southern Brazil) in different seastvik (inter; SP: spring; SU: summer;

AU: autumn). ME: Mangueira enclosure; EM: estuaiguith; WM: west margin of the

estuary; NC: navigation channel; YC: Yatch Clublesare.

SS Depth (m) Temperature (°C) Salinity pH

W SP SU AU| WI SP SU AU | WI SP SU AU
ME 5 16 21 26 25 4 0 O 4 64 76 72 78
EM 12 16 21 26 25 4 0 O 4 65 76 76 7.7
WM 7 16 21 26 25 4 0 O 4 63 75 74 178
NC 12 16 21 26 25 4 0 O 4 65 74 76 76
YC 4 16 21 26 25 4 0 O 4 65 74 73 76




94

Table 3. Biomass of each taxon and total biomagsaplankton for each sampling site

(SS) in each season (WI: winter; SP: spring; Sthreer; AU: autumn). Values were

calculated from results obtained from samples ct#with 200- and 9Q-mesh nets

(NM) and are expressed in mg C’nZero (0.00) corresponded to biomass values

higher than 0 and lower than 0.003 mg C.fM: estuary mouth; ME: Mangueira

enclosure; WM: west margin of the estuary; NC: gation channel; YC: Yatch Club

enclosure.

SS EM ME NC WM YC

NM 200 90 200 90 200 90 200 90 200 90

WI A tonsa 9.24 8.07 17.08 358 354 139 2457 10.24 11.9318 4.
N. incompositus 0.04  0.31 0.21 - - - 0.59 0.18 0.59
Cladocera 0.01 0.03 0.02 - 0.18 0.04 0.11 07O0. - -
Cyclopoida 0.01 0.06 0.02 0.02 0.02 0.02 0.02 0.04 0.01 0.03
Total 9.30 847 17.33 3.60 3.74 145 25.29 10.53 .532 4.62

SP A.tonsa - - - - - - - - -
N. incompositus 12.04 198 11.18 1.20 0.29 0.30 0.47 0.75 1.16.80
Cladocera 539 0.29 10.02 1.78 0.03 0.01 - - .852 7.23
Cyclopoida 0.95 0.70 380 179 o0.01 - 0.03 .080 029 149
Total 18.38 297 25.00 477 033 031 0.50 0.83 .304 10.52

SU A.tonsa - - - - - - - - -
N. incompositus  0.12  0.77 0.93 157 0.07 0.00 0.16 0.85 1.32.03
Cladocera 0.22 0.81 051 126 092 0.08 0.410.82 0.71 1.38
Cyclopoida 0.02 0.18 0.07 0.16 0.03 0.00 - 040. - 0.30
Total 0.36 1.76 151 299 102 0.08 0.57 1.71 2.04 371

AU A.tonsa 0.64 0.77 059 092 023 025 0.07 0.08 .200 0.02
N. incompositus  0.02 0.10 0.13 0.03 0.08 0.13 0.03 0.03 .040 0.04
Cladocera 0.03 0.03 0.04 0.01 0.01 0.01 0.0D.01 0.02 0.01
Cyclopoida 0.00 0.01 0.02 0.01 0.04 0.07 10.0 0.00 0.04 0.01
Total 0.69 0.91 0.78 0.97 0.36 0.46 0.12 120. 0.30 0.07

0.41
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Table 4. Mean biomass for each season calculatstilgn results from samples
collected with nets of different mesh size (200 8Adim) and mean production
calculated using the “Huntley model”, the “Hirst d&d’ and the chitobiase method for

the zooplankton of the Patos Lagoon estuary (Ran@e, RS, Southern Brazil).

Mean biomass Mean production
=3
(mg C nT) (mg C m"® day?)
Huntley model Hirst model Chitobiase
Net mesh (um) 200 90 200 90 200 90
Winter 13.64 5.73 4.35 1.80 3.84 2.45 5.55
Spring 9.70 3.88 3.51 1.20 2.07 0.85 7.08
Summer 1.10 2.05 0.56 1.12 0.22 0.52 3.87

Autumn 0.44 0.50 0.30 0.35 0.05 0.18 2.35
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Table 5. Mean density (individuals nof individuals at different developmental stages
(DE; C: copepodites; N: nauplii) for each samplaitg (SS) and season (WI: winter;
SP: spring; SU: summer; AU: autumn) collected wighs of different mesh size (NM:
200 and 90 um) in the Patos Lagoon estuary (Riod&aRS, Southern Brazil). EM:
estuary mouth; ME: Mangueira enclosure; WM: westgimaof the estuary; NC:

navigation channel; YC: Yatch Club enclosure.

SS  DE EM ME NC WM YC
NM 200 90 200 90 200 90 200 90 200 90
wi c 2368 1076 13977 13453 3296 2878 3939 4020 4054005
N 0 4305 932 6115 0 1245 0 3544 O 905
SP C 7616 1349 7333 287 210 208 381 1080 105 324
N 55 372 333 2156 6 375 0 170 2874 180
su c 128 516 387 1036 158 213 86 593 874 1143
N 0 1793 0 1461 0 1340 0 2343 0 1543
AU C 52 212 377 201 141 294 0 76 0 63
N 69 3434 152 3289 0 1324 81 3652 27 3043




97

FIGURE LEGENDS

Figure 1. Location of the five sampling sites ie thatos Lagoon estuary (Rio Grande,
RS, Southern Brazil). EM: estuary mouth; ME: Mariguenclosure; WM: west

margin; NC: navigation channel; YC: Yatch Club escire.

Figure 2. Relationship between the natural logamtbf the increment in dry weight
from stagex to the stage+1 (In AB) and the activity (nmol MUF £ h?) of the
chitobiase (CBA) released during the molting preaafAcartia tonsacopepodites (ClI-

CVI).

Figure 3. Chitobiase activity decay over time facte sampling site of the Patos Lagoon

estuary (Rio Grande, RS, Southern Brazil) durimingp

Figure 4. Total and juvenile secondary productiog C m® day’) calculated using the
“Huntley model”, the “Hirst model” and the chitosmmethod for each sampling site of

the Patos Lagoon estuary (Rio Grande, RS, SouBraazil) in each season.
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RESUMO

O estudo de taxas de crescimento em copépodekzaddipara conhecimento
da biologia das populagcdes e como indice que peravtliar as preferéncias das
diferentes espécies as condicbes dos parametiossfigjuimicos e bioldgicos do
ambiente. O presente estudo teve como objetivornzedrescimento de nauplios de
Acartia longiremisnas temperaturas de 10 e 15°C, a producédo dedsvasiultos em
diferentes temperaturas e dietas, bem como detarras caracteristicas da quitobiase
da espécie, enzima envolvida no processo de muderudtaceos e utilizada para
estimativa de crescimento. O comprimento total méaaximo observado a 10 e 15°C
apos 15 dias de incubacao foi de 180.5 e 216.3¢spectivamente. Por sua vez, a taxa
de crescimentogj foi de 0.17 e 0.2 di§ respectivamente. Nenhuma fémea produziu
ovos durante o periodo de incubacdo do casal dépodps em nenhuma das
combinacdes de temperatura (5 e 15°C) e dietandSia de fitoplancton de Saanich
Inlet, assembléia de fitoplancton da praia de CaallBay, Isochrysis galbana
Talassiosira weisflogie algas industrializadas Instant Algae e Reefitiut) testadas.
Comparando-se o crescimemtolongiremiscom aquele de outros copépodes do género
Acartia nas mesmas temperaturas testadas no presente, dsiudbservado que as
taxas de crescimento foram inferiores aqueled.d®nsae A. clausi Por sua vez, a
auséncia de producdo de ovos nas diferentes copdeimade temperatura e dieta
testadas demonstra a variedade de preferénciaasfisi bioldégicas entre espécies do
mesmo género, ja que tonsae A. clausise alimentam e se reproduzem normalmente

nas mesmas condic¢des testadas palangiremis
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INTRODUCAO

Organismos do zooplancton sédo conhecidos pelaru@rtiancia ecolégica como
principais consumidores da producdo primaria nesias e regides costeiras, bem
como por serem a base da alimentacdo de larvasixiEsge crustaceos explorados
comercialmente (Schmiét al, 1998; Mauchline, 1998). O zooplancton é conistdu
por diferentes grupos taxondémicos, porém, na nedas vezes, este € dominado por
copépodes. A importancia deste grupo taxonémica pacossistema, torna o estudo
da sua reproducdo, alimentacéo, crescimento e gliodtomo essencial para o
entendimento dos fluxos de energia na cadeia &rgfcaser et al. 1989; Williamson &

Gribbin, 1991).

As taxas de crescimento de juvenis (Kang et al728&®nz et al. 2007) e a
producdo de ovos de adultos (Kiorboe & Nielsen ]199ddem ser usadas como
parametros para definir a preferéncia das espémesdeterminados fatores fisicos
(temperatura, salinidade) e biolégicos (alimentalgm de gerarem dados para a
estimativa de producao secundaria em campo (Huétlegpes 1992; Hirst & Bunker
2003). Em relacdo a producdo, alguns métodos eticomatambém vém sendo
desenvolvidos e utilizados para estimar a prodsg&ondaria, sendo que a quitobiase
de crustaceos liberada durante a muda dos estpgiesis tem sido utilizada com
sucesso (Sastri & Dower 2009).

O copépode do génercartia € amplamente distribuido ao redor do mundo,
dominando muitas regides costeiras e estuarinpgckes comdad\. tonsaA. clausie A.
danaesdo mais caracteristicas de ambientes tropicaisw&opicais (Bradford-Grieve

1999; Hooff & Peterson 2006), enquamio longiremise A. hudsonicase distribuem
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pelas regides temperada e polar do Hemisfério NArtgologia deA. tonsae A. clausi

€ bem conhecida e inUmeros estudos foram realizamosestas espécies (Landry 1975;
Halsband & Hirche 2001; Holste & Peck 2006). Potr@uado, apesar de sua
ocorréncia freqiente nas amostras de zooplanctark (Bt al 2004; Dzierzbicka-
Glowacka et al. 2010; Hooff & Peterson 2002), posecsabe sobre a biologia de
longiremis Um dos motivos das poucas informacdes disponiseiwe copépodes
menores em regides de aguas frias é a presen@ndeog com espécies grandes como
Calanus(Sastri & Dower 2006; Kosobokova 1999Metridia, que por algum tempo
receberam a maior atencdo dos pesquisadores.

Assim, pela importancia dé. longiremes muitas vezes dominante na sua
fracdo de tamanho na costa oeste da América doe Nbiboff & Peterson 2006;
McFarlane et al. 2010), este estudo buscou avaliaxa de crescimento de nauplios em
duas temperaturas e a producao de ovos de adaltespecie submetidos a diferentes

dietas.

MATERIAL E METODOS

Coleta dos copépodes

Os organismos utilizados nos experimentos desardgeesente estudo foram
coletados quinzenalmente a bordo da embarcacacSiobkiand no Saanich Inlet (BC,
Canada) através de arrastos obliquos com reddroizonica (60 cm de diametro de
abertura de boca e 300 um de malha da rede). &tagiforam realizados nos
primeiros 20 m de profundidade. A amostra foidita (rede de 1 cm de malha), a fim

de retirar os organismos gelatinosos, possivedages, bem como os detritos
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maiores. A fracao que foi filtrada pela malha fibuidia em agua do ambiente de coleta
e acondicionada em recipientes plasticos, sendticoarem caixa de isopor na mesma

temperatura da agua do mar (%@p

No laboratério, os recipientes contendo as amog&iram equipados com aeradores e a
triagem dos organismos foi realizada sob microscépiereoscopico. Adultos e
copepoditos dé. longiremisforam separados individualmente e colocados em
recipiente de vidro com agua do mar do local detadksalinidade 30 e temperatura de
15°C) filtrada (malha de 40 pm) para manter a comutgdaoplanctonica que serviu

de alimento para os copépodes. Os organismos tariabém alimentados com
Isochrysis galban&diametro de 4,7 um) cultivada em laboratério, catescrito

abaixo.

Cultivo de algas

A microalgal. galbanautilizada nos experimentos de crescimento e praduca
de ovos foi cultivada a partir de indculo obtido“@anadian Center for the Culture of
Microorganisms”. As microalgas foram cultivadas @&amscos Erlenmayer (500 mL)
contendo meio Guillard F/2 adaptado (Guillard & iyt 1962). Réplicas (5 L) foram
mantidas continuamente em fase de crescimento erpmh Os cultivos foram
acondicionados em camara de D.B.O. com temperfikarale 15C e fotoperiodo de

12C:12E.

Efeito da temperatura no crescimento de nauplios
Assim que foram separados da amostra total e asceem cultivo

monoespecifico, os copépodes foram alimentadosacassembléia fitoplancténica do
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ambiente, contendb galbana Apds 24 h de incubacéo, os organismos foranaditis
(malha de 15Qum) para que os ovos e nauplios de até 24 h de fdadem separados
dos adultos. Os adultos foram mantidos sob as nzecomalicbes de cultivo e 0s ovos e
nauplios coletados foram utilizados para o expermede crescimento, conforme
descrito abaixo.

Os ovos e nauplios produzidos durante as 24 hailbatao foram separados em
trés unidades experimentais compostas por recguatd vidros (2 L) preenchidos com
1,8 L de agua do mar (salinidade 30) filtrada |(#f) e autoclavada. Uma amostra de 50
mL de cada unidade experimental foi coletada nodrdo experimento (tempo zero) e
consecutivamente a cada 24 h, durante 10 dias. Ultaa amostra do meio
experimental foi coletada no %8ia de experimento. As amostras de cada réplieanfo
fixadas com formol 4%. Os individuos presentes ama®stras foram contados sob
microscopio estereoscopico e medidos sob microgafico usando uma ocular com
régua milimétrica. Durante o experimento, os nagploram alimentados com 100.000
células del. galbanaml®. As células do cultivo de algas e de cada réptioa
experimento foram contadas em camara de Neubauar cencentracdo mantida
constante durante todo o periodo experimental. €xeg foram realizados nas

temperaturas de 10 e®®

Efeito da dieta na producéo de ovos
Para avaliar o efeito da dieta na producdo de cavmzepodes adultos foram
testados iniciando a incubacdo 24 h apds a cqgetégpdo no qual os animais foram

mantidos sob a dieta de teste.
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Para os experimentos de producdo de ovos, um madnma fémea dé.
longiremisforam incubados por 24 h em 50 ml de 4gua do sain{dade 30), sendo
testadas dez repeticbes para cada tratamento.ebtidsr tratamentos foram testados,
sendo estes constituidos de diferentes dietagis€Bmbléia de fitoplancton do Saanich
Inlet (BC, Canada) obtida a partir de agua filtrédldum) do ambiente, (2) assembléia
de fitoplancton da praia de Cadboro Bay (BC, Canabtiida a partir de agua filtrada
(40 um) do ambiente, (3). galbana cultivada em laboratério, (4Thalassiosira
weisflogii e (5) mistura de algas comerciais concentradastafih Algae e Reef
Nutrition). As dietas 3, 4 e 5 foram acrescidasnagio experimental (agua do mar
filtrada e autoclavada). Apos 24 h de incubacamlome de teste foi filtrado (malha de
40 um) para reter adultos e ovos. Os adultos foramreades para determinar a
sobrevivéncia. A presenca e numero de ovos, beno aomimero de pelotas fecais,
foram também registrados. Os diferentes tratame(dastas) foram testados nas

temperaturas de 5 e1h

Quitobiase

A temperatura 6tima para maxima atividade e aid#fide Km) da quitobiase
pelo substrato metilumbeliferil N-acefitb-glucosaminida (MUFNAG, Sigma, St.
Louis, MO, EUA) foi determinado erA. longiremisseguindo a metodologia descrita
por Oosterhuis et al. (2000). Os testes foram zaddis utilizando uma solucdo de
diluicdo (SD) preparada com agua do mar filtrad&adfde policarbonato; 0,2 um) e
autoclavada. A enzima concentrada foi obtida atra@ homogeneizacdo de 50
copépodes em SD, utilizando-se um macerador marDalhomogeneizado foi

centrifugado (5 min; 10.000¢) e o sobrenadante obtido foi filtrado (malha d&|Omn)
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e utilizado como fonte da enzima no ensaio. O oOtdactemperatura da enzima foi
determinado utilizando o mesmo macerado de copépaue250 uM de MUFNAG. O
meio de reacédo foi mantido 60 min em diferentegparaturas (5-50°C). Por sua vez, o
Km foi determinado a 2&, adicionando-se uma aliquota do sobrenadante do
homogeneizado a diferentes concentracdes do sigbstra

A fluorescéncia (excitacdo: 360 nm; emissdo: 460 de cada amostra foi
medida antes e depois de um periodo de 60 minaldagao a 25°C. O aumento na
fluorescéncia corresponde a atividade da quitopiaseual foi expressa como a
quantidade do produto da reacdo (metilumbelifedlJF) produzido pela enzima
durante 1 h a partir do substrato (MUFNAG). Umavaude calibracdo foi construida
com uma sequéncia de diluicédo realizada a partunda solucdo preparada a partir da
solucéo estoque do fluorescente MUF dissolvido Dg@osterhuis et gl 2000; Sastri

& Dower 2006).

Anadlise estatistica

A andlise de diferenca de médias (tdst®i utilizada para a comparacéo entre
os dados dos experimentos de crescimento a 10& tdhsiderando-se as medidas de
cada estagio de nauplio para cada temperaturare estvalores de atividade da
quitobiase em cada temperatura testada. As andleselferenca entre meédias foram

realizadas no pacote estatistico R.

RESULTADOS

Crescimento em diferentes temperaturas
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A abundancia relativa de ovos e nauplios (NI-NWW)AD longiremisvariou ao
longo dos 15 dias de experimento e a proporca@da estagio em relacado ao tempo de
incubacdo foi diferente em 10 e 15 °C. Enquantopomeiros nauplios foram
registrados no 3° dia de experimento na temperatera0C, aproximadamente 50%
dos individuos eram NI no 2° dia de experiment®¥C1 Ao final de 15 dias, a maior
abundéancia ainda era de ovos na temperatura de, K#i@lo que o estagio de
desenvolvimento NIV foi o mais frequente. Por sea,wna temperatura de 15°C nao
foram registrados ovos, sendo que NIllII, NIV, NV ¥INoram identificados no 15° dia
de experimento (Fig.1).

Apo6s 15 dias de incubacdo, o comprimento total sméwhximo observado nas
temperaturas de 10 e 15°C foi de 180,5 e 216,3gom,uma taxa de crescimenty) (
de 0,17 e 0,2 di respectivamente (Fig. 2).

O diametro dos ovos d&. longiremisfoi de 75 pum, enquanto o comprimento
total médio de NVI foi de 270 um. Nauplios V e Vb $oram encontrados na
temperatura de 15°C, ndo havendo diferenca entreédgas das medidas de ovos até

NIV na comparacao entre as duas temperaturas assf@id. 3).

Producao de ovos em diferentes dietas

Apesar de produzirem nas primeiras 24 h apés aacole ovos que foram
utilizados nos experimentos de crescimento, nenhfiémaa produziu ovos durante o
periodo de incubacdo do casal de copépodes em manidas combinacbes de
temperatura e dieta testadas. Pelotas fecais feremontradas somente na dieta dom
galbana na temperatura de 15°C. O valor maximo registrémlode 10 pelotas

! copépodé.dia®, com valor médio de 3,2 pelotasopépodé.dia™.
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Quitobiase
O Km da quitobiase foi de 47,05 uM?(r 0,94) e a temperatura 6tima para
atividade da enzima foi observado entre 35-45°@&sgmtando forte inibicdo da enzima

em 50°C.

DISCUSSAO

Crescimento em diferentes temperaturas

O efeito da temperatura no crescimentoAddongiremisera esperado, uma vez
que este fator € amplamente estudado no crescirdentopépodes e pode representar
até 90% da variacao na taxa de crescimegjtalg¢ste grupo animal (Huntley & Lopes
2002). Os valores de taxa de crescimento obtid@sgsnauplios dA. longiremisa 10
(0,17 did") e 15°C (0,2 did) séo muito similares aqueles relatados para a espéti
10°C (0,2 did) por Gémez-Gutiérrez & Peterson (1999) e por Beteet al. (1991)
para a média de seis espécies de mesma faixa datan(0,27 did). Em relacdo a
outras espeécies, o0 valor deparaA. longiremisa 10°C é préximo aquele obtido para
nauplios deA. tonsana mesma temperatura (0,19 JidLeandro et al. 2006). Porém, o
g de A. tonsaé de 0,88 a 22°C (Leandro et al. 2006), demorditrarm aumento de
0,695 di& com um incremento de 12°C na temperatura. Este vefwesenta 0,0579
dia® por grau de temperatura, enquaftdongiremisapresentou elevacdo de 0,006 dia
! por grau de temperatura. Esta diferenca pode estacionada com as faixas de
preferéncia de cada espécie, ja duetonsatolera melhor aguas mais quentes.e

longiremiscresce e reproduz principalmente em aguas frid® Q).
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A maior taxa de crescimento de tonsase reflete no tempo de desenvolvimento
total (ovo a ovo), que é de 13 dias a 15,5°C (leeli®66), enquantd. longiremis
apresentou apenas 12,5% de NVI e 52,5% de NIV Bpasas de incubacdo. Variacdes
nestas taxas podem ser encontradas dentro da mespéaie, com o0 tempo de
desenvolvimento total d&. tonsasendo estimado em 20,3 dias a 15°C (Landry 1983),
ou seja, 7,3 dias a mais do que aquele estimadudeHgi966), e 2 dias de diferenca
entre os valores de 21 dias (Landry 1983) e 23 (tisge 1980) pard\. clausi ParaA.
longiremisnédo foram publicados estudos que acompanharamsoiicrento da espécie
de ovo a ovo, ndo sendo possivel, portanto, companesultados.

No presente estudo, nédo foi encontrada diferenga ertamanho de cada estagio
de desenvolvimento em relacdo a temperatura. Pa@®mrganismos ndo passaram do
estagio NIV em 10°C, sendo que as diferencas eradag parad. tonsaentre as
temperaturas testadas para a espécie (Leandro. e20@6) foram identificadas

principalmente a partir deste estagio.

Producao de ovos em diferentes dietas

A auséncia de ovos nos testes de producad\.dlngiremisem todos os
tratamentos (combinacbes de temperatura e dieta) demo primeira possivel
explicacdo a ineficiéncia na captura do alimentlmg@rganismos, uma vez que o
namero de pelotas fecais foi baixa ou nula na naadws testes. De fato, Hansen et al.
(1994) observaram a espécie predando sobre diataméoatre 30 e 40 um de diametro,
ou seja, sobre células maiores do que as utilizaosexperimentos do presente estudo.
Ainda assim, de acordo com as pecas bucais.dengiremis a espécie deve utilizar

habitos suspensivoros para se alimentar de pasipalquenas e habitos raptoriais para
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particulas maiores (Ohtsukam et al. 1996). A pésfea por algas em relacdo a
protozooplancton também foi estudada por Hanseal.e{1999) e observada por
Ohtsukam et al. (1996), enfraquecendo assim adspdle que a carnivoria possa ser o
fator responsavel pela auséncia de alimentacaoapepodes.

Poucos dados de producdo de ovos foram registgztag\. longiremise, em
geral, as médias registradas foram baixas, conreslte 1,6 (Hansen et al. 1999), 5
(Peterson et al 2002), 6 (Halsband et al. 200%)(Gomez-Gutiérrez & Peterson 1999),
7.6 (Peterson et al. 1991) e 10 ovédmed'.dia® (Hansen et al. 1999). Comparando-se
com a producédo de ovos Aetonsa que apresenta média variando entre 28 (Teixeira e
al. 2010) e 50 ovosfémed.dia’ (Holste & Peck 2006), e dé. clausj que apresenta
média variando entre 26 e 33 ovdémed’. dia® (Halsband et al. 2001), a fecundidade
de A. longiremispode, portanto, ser considerada baixa. Pormhudsonica outra
espécie de aguas frias, também apresentou baigagio de ovos, com média de 1.4
ovos*.femed.dia’. Estes resultados indicam que a temperatura dpSeseonde as
espécies sdo dominantes influencia na fecundidadgue os valores parecem ser
menores do que nas espécies de dominancia em agusiguentes, mesmo quando

testadas sob mesmas temperaturas (Augustin & Bae2606).

Quitobiase

A quitobiase da&A. longiremisapresentolkm de 47,05 uM, sendo préximo ao
valor estimado de 55 uM para o copépdeenora longicornigOosterhuis et al. 2000),
porém bem superior aquele de 20,77 estimado Aat@nsa um congénere do Oceano
Atlantico Sul (Avila et al. 2011). Diferencas enare temperaturas otimas também sao

observadas entre as espécies. No casA. dengiremis a faixa otima de temperatura
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para a atividade da enzima foi de 35-45°C, sendwekmante aquela relatada p#&a

tonsa(30-35C), porém inferior ao valor registrado pardongicornis(55°C).
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LEGENDAS DAS FIGURAS

Figura 1. Abundancia relativa de ovos e estagiondaglios (NI-NVI) deAcartia
longiremisao longo do tempo de incubacdo (dias) nas tempasatde (A) 10 e (B)

15°C.

Figura 2. Comprimento total médio (um) dos nauptleg\cartia longiremisao longo

do tempo de incubacéo (dias) nas temperaturas)dgd(a (B) 15°C.

Figura 3. Média (+ desvio padrao) do diametro dossce comprimento total (um) dos

estagios de nauplios (NI-NVI) decartia longiremisnas temperaturas de 10°C e 15°C.

Figura 4. Atividade da chitobiase (nM.MUF:1bY) de Acartia longiremisem relagéo

ao (A) substrato (uM) e a (B) temperatura (°C).
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