
Leonardo Kenji Miyashita 

 

 

 

 

 

 

 

Biodiversity, distribution, feeding and trophic role of marine 

mysids (Crustacea, Peracarida, Mysida) 

 

 

 

 

 

 

 

Thesis submitted to the Oceanographic 

Institute of the University of São Paulo, as 

part of the requirements to obtain the title of 

Doctor of Science, Oceanography Program, 

Biological Oceanography area. 

 

Supervisor: Prof. Dr. Danilo L. Calliari 

 

 

 

 

 

São Paulo 

2014  



University of São Paulo 

Oceanographic Institute 

 

Biodiversity, distribution, feeding and trophic role of marine mysids (Crustacea, 

Peracarida, Mysida) 

 

Leonardo Kenji Miyashita 

 

Thesis submitted to the Oceanographic Institute of the University of São Paulo, as part of 

the requirements to obtain the title of Doctor of Science, Oceanography Program, 

Biological Oceanography area. 

 

Judged on ____/____/______, 

 

 

_______________________________                                                   ______________ 

Prof. Dr. Danilo L. Calliari                                                                                Grade 

 

 

_______________________________                                                   ______________ 

Prof. Dr.                                                                                                             Grade 

 

 

_______________________________                                                   ______________ 

Prof. Dr.                                                                                                             Grade 

 

 

_______________________________                                                   ______________ 

Prof. Dr.                                                                                                             Grade 

 

 

_______________________________                                                   ______________ 

Prof. Dr.                                                                                                             Grade



i 

 

 

Acknowledgments 

I thank: 

the National Council for Scientific and Technological Development (CNPq, grants 

142203/2010-6, 142050/2012-1, and 245466/2012-6) for the financial support; 

my amazing supervisor Danilo Calliari for the great orientation, even being distant you 

were always present when I needed your help; 

June F. Dias for all your help and kindness, without your support this work wouldn‘t be 

possible; 

J. Emmett Duffy for all your support and receptivity, even being very busy you accepted 

me as your student and welcomed me with open arms; 

Ana M. S. Pires-Vanin and Márcia R. Denadai for constructive comments on an earlier 

version of chapter 4; 

the anonymous reviewers for comments that improved chapters 2 and 4; 

Márcio H. Ohkawara, Márcio K. Yamashita, Miodeli Nogueira Jr., Naira J. Silva, Silvia 

A. Gonsales, and Viviane Cezar for assistance during sampling and laboratory analyses; 

J. Paul Richardson, S. Chak, J. Lefcheck, S. Bornbusch, E. French, K. Gadeken, D. 

Hall, and S. Ziegler for your help with the mesocosm experiments; 

J.P. Richardson for all your help during my stay in USA; 

Davi Secomandi, Luís C. da Silva, and Tomas E. da Silva for technical support; 

Mário Katsuragawa and Mônica Petti for allowing me to use the facilities of the 

Biological Collection Prof. E.F. Nonato; 

Ana Paula, Letícia and Silvana for your help; 

the staff of the Cananeia coastal station (IOUSP) for all the assistance; 

all the professors and employees of the Oceanographic Institute (IOUSP) that helped me 

during all these years; 

all my friends for your friendship and support; 

the love of my life, Wal Aquino, for your love, friendship and for being my inspiration; 

my family for all the support and for always being present in my life. 



ii 

 

 

Summary 

 

Index of figures ................................................................................................................. v 

Index of tables ................................................................................................................ vii 

Abstract .......................................................................................................................... viii 

Resumo ............................................................................................................................. x 

Chapter 1. Introduction ..................................................................................................... 1 

1.1. References .......................................................................................................................... 4 

Chapter 2. Revision of mysids (Crustacea: Peracarida: Mysida) zoogeographical 

distribution in the Southwest Atlantic (0° to 40°S) ......................................................... 11 

Abstract ................................................................................................................................... 11 

2.1. Introduction ...................................................................................................................... 11 

2.2. Material and methods ....................................................................................................... 12 

2.3. Results .............................................................................................................................. 13 

2.4. Discussion ........................................................................................................................ 30 

2.5. References ........................................................................................................................ 32 

Chapter 3. Distribution, salinity tolerance and production of dominant mysids from the 

Cananeia-Iguape Coastal System, southeast Brazil ........................................................ 41 

Abstract ................................................................................................................................... 41 

3.1. Introduction ...................................................................................................................... 41 

3.2. Methods ............................................................................................................................ 43 

3.2.1. Study site ................................................................................................................... 43 

3.2.2. Sample collection and analyses ................................................................................. 43 

3.2.3. Salinity tolerance ....................................................................................................... 46 

3.3. Results .............................................................................................................................. 47 

3.3.1. Environmental variables ............................................................................................ 47 

3.3.2. Zooplankton .............................................................................................................. 47 

3.3.3. Mysids ....................................................................................................................... 48 

3.3.4. Salinity tolerance ....................................................................................................... 50 



iii 

 

 

3.4. Discussion ........................................................................................................................ 50 

3.5. Conclusions ...................................................................................................................... 57 

3.6. References ........................................................................................................................ 57 

Chapter 4. Species-specific and combined feeding rates and selectivity of dominant 

mysids from a subtropical estuary, Brazil ...................................................................... 62 

Abstract ................................................................................................................................... 62 

4.1. Introduction ...................................................................................................................... 62 

4.2. Materials and Methods ..................................................................................................... 64 

4.2.1. Study site ................................................................................................................... 64 

4.2.2. Mysid sampling ......................................................................................................... 64 

4.2.3. Feeding selectivity ..................................................................................................... 64 

4.2.4. Functional response ................................................................................................... 66 

4.2.5. Intraguild predation ................................................................................................... 67 

4.3. Results .............................................................................................................................. 67 

4.3.1. Feeding rates and selectivity ..................................................................................... 67 

4.3.2. Functional response ................................................................................................... 69 

4.3.3. Intraguild predation ................................................................................................... 70 

4.4. Discussion ........................................................................................................................ 70 

4.4.1. Feeding rates and selectivity ..................................................................................... 70 

4.4.2. Functional response ................................................................................................... 72 

4.4.3. Mysid species interaction .......................................................................................... 73 

4.5. Conclusions ...................................................................................................................... 75 

4.6. References ........................................................................................................................ 76 

Chapter 5. Effects of predator species number and spatial heterogeneity on prey 

suppression ..................................................................................................................... 79 

5.1. Introduction ...................................................................................................................... 79 

5.2. Methods ............................................................................................................................ 80 

5.2.1. Experimental design .................................................................................................. 80 

5.3. Results .............................................................................................................................. 82 



iv 

 

 

5.3.1. First experiment......................................................................................................... 82 

5.3.2. Second experiment .................................................................................................... 83 

5.4. Discussion ........................................................................................................................ 84 

5.5. References ........................................................................................................................ 87 

Chapter 6. Concluding remarks ...................................................................................... 90 

6.1. References ........................................................................................................................ 91 

 



v 

 

 

Index of figures 

Fig. 2.1. Map of Southwest Atlantic. .............................................................................. 13 

Fig. 2.2. Cumulative number of currently valid species described (solid circle) and 

recorded (open circle) along the years in the Southwest Atlantic. ................................. 14 

 

Fig. 3.1. Sampling stations in the Cananeia estuary, southeast Brazil. .......................... 44 

Fig. 3.2. Rainfall data, and mean water temperature and salinity in the Cananeia estuary, 

between November 2011 and January 2013. Error bars represent the standard deviation.

 ........................................................................................................................................ 48 

Fig. 3.3. Abundance of the three main mysid species at five stations in the Cananeia 

estuary, from January 2012 through January 2013. ........................................................ 49 

Fig. 3.4. Principal component analysis for abundance of the three main mysid species, 

and temperature, salinity, rainfall, and zooplankton abundance..................................... 50 

Fig. 3.5. Relative abundance and biomass temporal distribution of the different stages of 

Metamysidopsis elongata atlantica, from January 2012 through January 2013. ........... 51 

Fig. 3.6. Relationship between body length (BL) and brood size (BS) for 

Metamysidopsis elongata atlantica (solid line) and Mysidopsis coelhoi (dashed line). 51 

Fig. 3.7. Relationship between body length (BL, mm) and dry weight (DW, mg) for 

Metamysidopsis elongata atlantica. ............................................................................... 53 

Fig. 3.8. Biomass and production of Metamysidopsis elongata atlantica and Copepoda 

in the Cananeia estuary, from January 2012 through January 2013. .............................. 54 

Fig. 3.9. Metamysidopsis elongata atlantica, Mysidopsis coelhoi and Chlamydopleon 

dissimile surviving rate in the salinity tolerance experiment. ........................................ 54 

 

Fig. 4.1. Ingestion rate of each mysid species and combination of species, and biomass 

of the dominant zooplankton offered as food. Error bars represent the standard 

deviation. ........................................................................................................................ 68 

Fig. 4.2. Clearance rate of each mysid species and combination of species, and 

abundance of the dominant zooplankton offered as food. Error bars represent the 

standard deviation. .......................................................................................................... 69 

Fig. 4.3. Zooplankton abundance, and clearance rate of each mysid species and 

combination of species separated by prey size class. Error bars represent the standard 

deviation. ........................................................................................................................ 72 

Fig. 4.4. Zooplankton biomass, and ingestion rate of each mysid species and 

combination of species separated by prey size class. Error bars represent the standard 

deviation. ........................................................................................................................ 73 



vi 

 

 

Fig. 4.5. Functional response of each mysid species and combination of species. Dotted 

(clearance rates) and continuous lines (ingestion rates) represent the model fitted to the 

respective data (see Table 4.4). ....................................................................................... 74 

 

Fig. 5.1. Mysid final mean abundance in each predator treatment of the first mesocosm 

experiment. Error bars represent the standard deviation. ............................................... 83 

Fig. 5.2. Mean proportion of predator surviving at the end of the first experiment in 

each predator treatment. ................................................................................................. 83 

Fig. 5.3. Mysid final mean abundance in each predator treatment of the second 

mesocosm experiment. Error bars represent the standard deviation. Ss: sand shrimp; Gs: 

grass shrimp; Bc: blue crab; St: structure (Gracilaria + oyster shells). ......................... 84 

Fig. 5.4. Mean proportion of predator surviving at the end of the second experiment in 

each predator treatment. St: structure (Gracilaria + oyster shells). ............................... 85 

 



vii 

 

 

Index of tables 

Table 2.1. List of species recorded in the Southwest Atlantic with information on their 

body length, inshore/offshore and geographic distribution, and temperature (T) and 

salinity (S) range of occurrence. ..................................................................................... 15 

 

Table 3.1. Reproductive parameters of Metamysidopsis elongata atlantica and 

Mysidopsis coelhoi: range and mean ± standard deviation of gravid female body length 

and brood size, and mean length of embryos separated by category. ............................. 52 

Table 3.2. Annual production (mg C m
-3

 year
-1

) of mysids from different marine 

environments. ................................................................................................................. 52 

 

Table 4.1. Design of the feeding selectivity experiments: species composition, number 

of organisms per bottle, mysid mean body length (± SD), salinity, and date of 

experiments. .................................................................................................................... 66 

Table 4.2. Electivity index (E*) of Vanderploeg & Scavia (1979) for the most abundant 

prey, and separated by prey size class for each mysid species and combination of 

species. ............................................................................................................................ 70 

Table 4.3. Clearance (F) and ingestion (I) rates of the feeding selectivity experiments for 

each mysid species and combination of species. ............................................................ 70 

Table 4.4. Maximum clearance (Fmax) and ingestion (Imax) rates for each mysid 

species and combination of species. Parameters were estimated by the exponential 

decay equation [F = Fmax × exp(-bC)] and the Ivlev model {I = Imax × [1 – exp(-aC)]}, 

where C is the food concentration. Parameter a of Ivlev's model is a measure of hunting 

efficiency......................................................................................................................... 71 

Table 4.5. Number of juveniles predated when maintained with adults of the same or 

other mysid species. ........................................................................................................ 75 

 

  



viii 

 

 

Abstract 

This thesis focuses on the role of mysids in coastal ecosystems. It considers aspects of 

their distribution, biology, and ecology, such as: zoogeographical distribution in the 

Southwest Atlantic; their population dynamics in the Cananeia estuary, exploring spatial 

and temporal distribution in relation to environmental variables and zooplankton 

abundance; reproductive traits, annual production and tolerance to salinity gradients; 

feeding rates, selectivity, and functional responses; inter- and intraspecific predation; 

and the suppression of mysid abundance by predators. Particular attention was put to the 

trophic role of mysids in the context of the Biodiversity and Ecosystem Functioning 

theory in ecology (BEF). Experimental approaches were employed to evaluate the 

effects of species richness of the mysid assemblage on their feeding selectivity and 

consumption fluxes. Also, the effect of species richness of the mysids predador 

assemblage was taken into account. Mysids are usually the dominant benthic epifauna 

in coastal waters, and thus they play a key role in marine coastal food webs. However, 

few studies focused on these organisms in the South American region: only 31 out of 

1131 mysid species described worldwide have been registered in the Southwest 

Atlantic. In the Cananeia estuary, salinity and temperature were important factors 

influencing mysid spatio-temporal distribution. Higher abundance and production 

occurred in spring, when thermohaline conditions were more favorable and food 

availability was high. Metamysidopsis elongata atlantica was the numerically dominant 

species, probably because it is the single mysid species that effectively colonizes low 

salinity areas, where food is more abundant and other mysid species are absent, thus 

avoiding interspecific competition and intraguild predation. Metamysidopsis e. atlantica 

had high annual production values, confirming the importance of mysids in the carbon 

flux of tropical and subtropical coastal waters. Chlamydopleon dissimile, M. e. 

atlantica, and Mysidopsis coelhoi had opportunistic feeding behavior on the natural 

zooplankton assemblage, but there was evidence of avoidance of medium-size prey 

(300-400 µm), mostly comprised by Oithona spp. Ingestion rates showed a non-linear 

increase with increasing food concentrations, suggesting a type II functional response 

for the three mysid species. There were both positive (complementarity effect) and 

negative effects of species combinations on their feeding response. Negative 

interactions were probably linked to intraguild predation, resulting in a reduction of 

mysid predation over the zooplankton. An increase in the number of mysid predator 

species enhanced mysid suppression relative to the mean performance of predator 
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monocultures, but not in comparison to the most effective predator. Positive effects of 

predator diversity increased with spatial heterogeneity, as it allowed interspecific 

complementarity effects between predators to be expressed. Moreover, mortality of 

predators was reduced in spatially heterogeneous treatments, most likely because it 

dampened intraguild predation and/or negative behavioral interactions between 

predators. Finally, trophic cascades were not observed, probably due to the omnivorous 

- generalist character of mysids. 

 

Keywords: Mysida, biodiversity, ecosystem functioning, biogeography, distribution, 

feeding, predation, trophodynamics. 
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Resumo 

Esta tese foca no papel dos misídeos em ecossistemas costeiros, considerando aspectos 

de sua distribuição, biologia e ecologia, tais como: distribuição zoogeográfica no 

Atlântico Sudoeste; dinâmica populacional dos misídeos no estuário de Cananéia, 

explorando sua distribuição espacial e temporal em relação às variáveis ambientais e 

abundância do zooplâncton; traços reprodutivos, produção anual e tolerância a 

gradientes de salinidade; taxas de alimentação, seletividade e respostas funcionais; 

predação inter- e intraespecífica; e predação sobre os misídeos. Atenção particular foi 

dada ao papel trófico dos misídeos no contexto da teoria da Biodiversidade e 

Funcionamento do Ecossistema em ecologia. Através de abordagens experimentais 

foram avaliados os efeitos da riqueza de espécies da comunidade de misídeos sobre sua 

seletividade alimentar e taxas de consumo. O efeito da riqueza de espécies da 

comunidade de predadores dos misídeos também foi considerado. Misídeos geralmente 

compõem a epifauna bêntica dominante em águas costeiras, tendo assim papel chave 

nas cadeias alimentares de regiões marinhas costeiras. No entanto, poucos estudos 

focaram esses organismos na América do Sul: apenas 31 de 1131 espécies de misídeos 

descritas no mundo foram registradas no Atlântico Sudoeste. No estuário de Cananéia, 

salinidade e temperatura foram parâmetros importantes na distribuição espacial e 

temporal dos misídeos. Maiores abundâncias e produção ocorreram na primavera, em 

decorrência de condições termohalinas mais favoráveis e a alta disponibilidade de 

alimento. Metamysidopsis elongata atlantica foi a espécie dominante numericamente, 

provavelmente por ser a única espécie de misídeo que consegue colonizar áreas de 

menor salinidade de forma efetiva, onde o alimento é mais abundante e as outras 

espécies de misídeos não ocorrem, evitando assim competição interespecífica e 

predação intraguilda. Metamysidopsis e. atlantica teve alta produção anual, fato que 

confirma a importância dos misídeos no fluxo de carbono em águas costeiras de regiões 

tropicas e subtropicais. Chlamydopleon dissimile, M. e. atlantica e Mysidopsis coelhoi 

tiveram comportamento alimentar oportunista sobre a comunidade de zooplâncton 

natural, mas houve evidência de que eles evitaram presas medindo entre 300 e 400 µm, 

compostas principalmente por Oithona spp. As taxas de ingestão tiveram um aumento 

não linear com o aumento da concentração de alimento, sugerindo resposta funcional do 

tipo II para as três espécies de misídeos. Houve tanto efeitos positivos 

(complementaridade) quanto negativos da combinação de espécies sobre a resposta 

alimentar das mesmas. Interações negativas estiveram provavelmente ligadas à predação 
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intraguilda, resultando na redução da predação dos misídeos sobre o zooplâncton. Um 

aumento no número de espécies de predadores de misídeos resultou em um aumento na 

predação de misídeos em relação ao desempenho médio das monoculturas de 

predadores, mas não em comparação ao predador mais efetivo. Efeitos positivos da 

diversidade de predadores aumentaram com a heterogeneidade espacial, pois esta 

permitiu que efeitos de complementaridade interespecífica entre os predadores fossem 

melhor expressados. Além disso, a morte de predadores foi reduzida nos tratamentos 

com maior heterogeneidade espacial, provavelmente porque esta amenizou a ocorrência 

de predação intraguilda e/ou interações comportamentais negativas entre os predadores. 

E por último, efeitos de cascata trófica não foram observados, provavelmente em 

decorrência dos misídeos serem onívoros generalistas. 

 

Palavras-chave: Mysida, biodiversidade, funcionamento do ecossistema, biogeografia, 

distribuição, alimentação, predação, trofodinâmica. 
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Chapter 1. Introduction 

Organisms of the order Mysida (mysids or opossum-shrimps) have a ventral 

brood pouch, also known as marsupium, which differentiate members of the superorder 

Peracarida from other crustaceans (Murano 1999). Most of mysid species are marine 

(90%; Porter et al. 2008), occurring from subpolar to tropical estuarine, neritic and 

oceanic waters, at depths varying from few centimeters to >7 km (Mauchline 1980). 

Mysids can be exclusively pelagic; however most species are hyperbenthic 

(>75%; Heard et al. 2006), i.e., they live on the sediment or in the water column 

adjacent to the sea bottom. Moreover, some species of the subfamily Gastrosaccinae 

have burrowing habits (Mauchline & Murano 1977). Because of their hyperbenthic 

habit, both classical plankton and benthos samplers are ineffective to collect these 

organisms (Jumars 2007). An epibenthic sledge is the most indicated sampling gear to 

collect hyperbenthic mysids, whereas pelagic species or vertical migrating individuals 

can be sampled with a plankton net, the latter usually only during night hours 

(Mauchline 1980). 

Fecundation occurs externally in the marsupium, the structure where females 

carry their embryos during the entire larval development (Tattersall & Tattersall 1951; 

Mauchline 1980). The number of embryos in the marsupium varies inter- and intra-

specifically according to female size (Baldó et al. 2001; Hanamura et al. 2009; Biju & 

Panampunnayil 2010; Feyrer 2010), embryo size (Saltzman 1996; Hanamura et al. 

2008), and seasonally, with larger brood sizes usually occurring during warmer months 

(Mauchline 1980; Baldó et al. 2001). Embryos per female generally range from <5 to 

245, this figure being usually higher for coastal and epipelagic species than for oceanic 

ones (Mauchline 1980). Larval development time is species-specific, varying from less 

than a week up to several months (Mauchline 1980; Wittmann 1981b; Astthorsson 

1987; Johnston et al. 1997), and being influenced mainly by embryo size (Wittmann 

1981a), temperature (Wittmann 1981a; Sudo 2003), and salinity (Fockedey et al. 2006). 

Mysids usually are omnivorous and may feed on cyanobacteria (Gorokhova 

2009), benthic algae (Webb et al. 1988; Kibirige et al. 2003; Carrasco & Perissinotto 

2010), phytoplankton (Jerling & Wooldridge 1995; David et al. 2006a; Metillo et al. 

2007; Lehtiniemi & Nordström 2008), detritus (Zagursky & Feller 1985; Fockedey & 

Mees 1999; David et al. 2006a; Carleton & McKinnon 2007; Lehtiniemi & Nordström 

2008; Lesutienė et al. 2008), micro- and mesozooplankton, mainly copepods, but also 
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cladocerans, rotifers and meroplankton (Aaser et al. 1995; Jerling & Wooldridge 1995; 

Fockedey & Mees 1999; David et al. 2006b; Gorokhova & Lehtiniemi 2007; Winkler et 

al. 2007; Barz & Hirche 2009; Carrasco & Perissinotto 2010, 2011), benthic 

invertebrates (harpacticoid copepods; Takahashi & Kawaguchi 1998; Lehtiniemi et al. 

2009), zooplankton benthic eggs (Viitasalo & Viitasalo 2004; Viitasalo 2007; Karlson & 

Viitasalo-Frösen 2009; Lehtiniemi et al. 2009), and mysids from the same or different 

species (Wittmann 1978; Fenton 1992; Johnston & Ritz 2001). 

Their wide diet varies seasonally (Viherluoto et al. 2000; Lehtiniemi & 

Nordström 2008; Lesutienė et al. 2008; Lehtiniemi et al. 2009) according to food 

availability (Viitasalo et al. 1998; Fockedey & Mees 1999; Winkler & Greve 2004; 

Kouassi et al. 2006; Carrasco & Perissinotto 2010), species (David et al. 2006a; Winkler 

et al. 2007; Lehtiniemi & Nordström 2008; Vilas et al. 2008), and ontogenetic stage 

(Froneman 2001; Gorokhova & Lehtiniemi 2007; Lesutienė et al. 2007), with herbivory 

and carnivory generally being predominant in juveniles and adults, respectively 

(Branstrator et al. 2000; Viherluoto et al. 2000). Mysids are suspension-feeders when 

feeding on detritus or algae (Webb et al. 1987), but may change to raptorial feeding 

when preying on other animals, depending on prey size and swimming behavior 

(Wooldridge & Webb 1988; Viitasalo & Rautio 1998). 

Because of their high abundances and wide distribution, mysids represent a 

major trophic link between producers/primary consumers and upper level consumers 

(Jumars 2007; Latour et al. 2008; Rodríguez-Graña et al. 2008), such as large 

invertebrates (e.g., shrimp, lobster, and jellyfish; Chong & Sasekumar 1981; Cartes & 

Abelló 1992; Oh et al. 2001; Fanelli & Cartes 2004; Pitt et al. 2008), several fish 

species (Talbot & Baird 1985; Lasiak & McLachlan 1987; Bulman & Koslow 1992; 

Wakabara et al. 1993, 1996; Kock et al. 1994; Carrassón & Matallanas 2002; Teixeira et 

al. 2009), birds (Moran & Fishelson 1971; Schneider 1981; Sanger 1987; Hodum et al. 

1998), and mammals (whales, seals; Darling et al. 1998; Dunham & Duffus 2002; Lake 

et al. 2003; Feyrer & Duffus 2011). Mysids can also alter their prey abundance and 

composition through predation pressure (Wooldridge & Webb 1988; Chigbu 2004; 

David et al. 2006b; Kouassi et al. 2006; Torniainen & Lehtiniemi 2008; Lasley-Rasher 

& Yen 2012), hence causing a trophic cascade (Aaser et al. 1995; Lindén & Kuosa 

2004; Gal et al. 2006; Ellis et al. 2011). Moreover, because of their hyperbenthic habit 

they feed in the water column as well as on the sediment and have an important role in 

the benthic-pelagic coupling (Albertsson 2004; Jumars 2007; Lesutienė et al. 2008). 
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Currently, the influence of biodiversity on the functioning of ecosystems 

(Biodiversity and Ecosystem Functioning, BEF) is a major concern for ecologists 

(Loreau et al. 2001; Worm & Duffy 2003; Cardinale et al. 2012; Hooper et al. 2012; 

Naeem et al. 2012), mainly because the global biological diversity is decreasing 

drastically (Butchart et al. 2010; Barnosky et al. 2011). Such decline is already altering 

the fluxes of energy and matter that are essential for ecological processes, thus 

influencing the abundance, biomass and distribution of organisms, and the associated 

ecosystem services (Hooper et al. 2005, 2012). Empirical evidence showed that more 

diverse communities (in terms of genes, species or functional traits) are usually more 

effective in capturing resources and transforming them in new biomass (richness effects; 

Cardinale et al. 2006; Stachowicz et al. 2007). Moreover, these communities generally 

are more stable, i.e. biomass variability through time is lower than in less diverse 

systems (Griffin et al. 2009). Richness effects are consequence of two main 

mechanisms: complementarity and sampling effects. Complementarity results in better 

performance in more diverse communities because of resource partitioning and/or 

facilitation; whereas sampling effect results from the higher statistical probability of 

including species with a dominant effect when richness is higher. 

Most studies regarding the BEF theme focused on producers (Cardinale et al. 

2006, 2011). However, animals and plants respond differently to changes in diversity 

because of fundamental biological distinctions between these groups (Duffy 2002). In 

the marine environment the lack of studies focusing on animals is even more acute, 

especially for pelagic organisms (Duffy & Stachowicz 2006). 

Thus, in this thesis I focused on the BEF theme using marine mysids as target 

organisms, addressing mainly their role in marine food webs, both as consumer and as 

prey. In addition, I studied relevant aspects concerning mysid biogeography, biology, 

distribution pattern, population structure, and feeding rates. This work is divided into 

five chapters, as follows: 

In chapter 2 (published; Miyashita & Calliari 2014a), I revised mysids 

biogeographical distribution in the Southwest Atlantic, with the goal of complementing 

and updating previous records, and identifying venues for future research; 

In chapter 3, I focused on mysid population dynamics in the Cananeia estuary 

(southeast Brazil), and provided estimates of their biomass and production to verify 

their importance to marine coastal food webs. I hypothesized that interspecific 

differences in physiological tolerance to salinity changes determines mysid spatial 
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distribution, and consequently influences the life strategy of species present in the 

Cananeia estuary. To test this hypothesis, I evaluated the tolerance of the numerically 

dominant mysid species to salinity changes in the laboratory, and analyzed their in situ 

distribution in relation to environmental variables and food availability; 

In chapter 4 (published; Miyashita & Calliari 2014b), I studied the influence of 

mysid species number on predation rates and prey selectivity to test how the structure of 

the mysid assemblage may affect carbon fluxes in the Cananeia environment. I 

hypothesized that species richness positively modulates feeding rates (resource use 

effectiveness), thus influencing carbon fluxes through that compartment; 

In chapter 5, I investigated the role of predator diversity and spatial 

heterogeneity on mysid abundance, and evaluated its consequences, i.e. resource use 

effectiveness, competition among predators and trophic cascades. I hypothesized that 

predator species richness positively modulates resource use effectiveness (higher 

predation–complementarity), and consequently reduces mysid predation over their prey. 

Finally, in chapter 6 I summarized the main results and conclusions related to the 

BEF theme. 
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Chapter 2. Revision of mysids (Crustacea: Peracarida: Mysida) 

zoogeographical distribution in the Southwest Atlantic (0° to 40°S) 

 

Abstract 

We revised the zoogeographical distribution of mysids in the Southwest Atlantic, from 

northern Brazil to Argentina (0° to 40°S), providing body length, and temperature and 

salinity range of occurrence for each species. All information concerning mysids from 

the Southwest Atlantic was obtained from published/unpublished studies. Of currently 

1131 mysid species described worldwide, only 31 were recorded in the Southwest 

Atlantic which are distributed in 14 genera, 6 subfamilies and one family. This 

extremely low number of recorded species highlights the need for further studies 

focusing on mysids in the Southwest Atlantic. 

 

Keywords: check list, biodiversity, Mysidacea, opossum shrimp, benthopelagic, 

hyperbenthic, Southwest Atlantic. 

 

2.1. Introduction 

The order Mysida contains 1131 species arranged in two families: Mysidae and 

Petalophthalmidae (cf. Mees & Meland 2014). Members of the order Mysida are known 

as mysids or opossum shrimps, the latter because mature females have a ventral brood 

pouch (marsupium). Most mysid species occur in the marine environment (>90%), from 

subpolar to tropical estuarine, neritic and oceanic waters (Mauchline 1980). They have a 

diverse diet, which may include algae, detritus, and small invertebrates (Zagursky & 

Feller 1985; Takahashi & Kawaguchi 1998; Lehtiniemi & Nordström 2008). Thus, 

mysids play an important link as intermediate consumers in marine food webs, serving 

as food for invertebrates, fish, birds, and mammals (Mauchline 1980). Mysids also have 

a major role in the benthic-pelagic coupling, a consequence of their hyperbenthic habit 

and strong vertical migratory behavior (Calliari et al. 2001; Taylor et al. 2005; Jumars 

2007). 

Most available knowledge about mysids is derived from studies carried out in 

temperate regions of the northern hemisphere. In the Southwest Atlantic, studies on 

mysids started with descriptions of new species collected sporadically in Brazilian 
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coastal waters during international oceanographic expeditions (Dana 1852; Ortmann 

1893; Tattersall 1923; Coifmann 1937). Later, studies by local and foreign scientists 

broadened the knowledge about regional mysid species richness with the description of 

new species from Brazilian (Băcescu 1968a, b, c, 1969, 1984, 1986; Silva 1970a, b, 

1971a, b, 1972, 1974, 1979a; Reis & Silva 1987; Bond-Buckup & Tavares 1992) and 

Argentine waters (Hoffmeyer 1993; Carcedo et al. 2013). To date, a limited amount of 

investigations concerning their biology (Loureiro Fernandes & Gama 1996; Rörig et al. 

1997; Gama & Zamboni 1999; Gama et al. 2002, 2006, 2011), distribution and/or 

population structure (Costa 1964; Almeida Prado 1973, 1974; González 1974; Silva 

1979b; Hoffmeyer 1990; Tavares & Bond-Buckup 1990; Tararam et al. 1996; Bond-

Buckup & Tavares 1998; Fries 1999; Calliari et al. 2001, 2007; Schiariti et al. 2004, 

2006; Viñas et al. 2005; Cardelli et al. 2006; Borzone et al. 2007; Gama et al. 2007; 

Calil & Borzone 2008; Gama 2008) have been completed in the Southwest Atlantic. In 

the late nineties, Murano (1999) performed the most comprehensive review available to 

date of the mysidacean fauna (orders Mysida and Lophogastrida) of the South Atlantic 

Ocean, considering marine coastal and deep waters, including geographic and vertical 

distribution, detailed descriptions and illustrations of each species, and a taxonomic key 

for species identification. Since then, important results on regional mysids biodiversity 

have been gathered. 

This work revisits the mysid biodiversity in the Southwest Atlantic with the goal 

of complementing and updating previous contributions, and identifying venues for 

future research. In particular, we add new species described or cited for the South 

Atlantic since Murano‘s (1999) review and update known species distribution based on 

recent evidences. Synonymies, body length and temperature–salinity range of 

occurrence of each species are also provided. 

 

2.2. Material and methods 

Information was primarily obtained from published studies or reviews, and 

academic theses. Grey literature was also taken into consideration, because important 

information on regional biodiversity is often only present in journals of very restricted 

circulation. Search for information employed tools such as Google Scholar and Web of 

knowledge using terms [mysid*], [Brazil], [Uruguay], [Argentina], [Southwest Atlantic] 

as keywords. Search and identification of source information also relied on expert 
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knowledge by authors. For the present study we considered species that occur in 

estuarine, coastal, and oceanic waters between 0° (northern Brazil) and 40°S 

(Argentina) off South America (Fig. 2.1). A list of all recorded species was compiled 

and is presented in Table 2.1 along with details of geographic distribution, body length, 

and temperature–salinity range of occurrence for each species. Species depth range of 

occurrence was not provided because this information was usually not available. 

 

 

Fig. 2.1. Map of Southwest Atlantic. 

 

2.3. Results 

Available information indicated that in the Southwest Atlantic the order Mysida 

is represented by 31 species, distributed in 14 genera, 6 subfamilies, and one family 
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(Table 2.1). Species originally described from specimens collected in the Southwest 

Atlantic sum up to 20 (Fig. 2.2). Most of these species have been described between 

1968 and 1993, mainly by Băcescu (1968a, b, c, 1969, 1984, 1986) and Silva (1970b, 

1974, 1979a). After 1993, only one new mysid species (Carcedo et al. 2013) has been 

described in the Southwest Atlantic. 

 

 

Fig. 2.2. Cumulative number of currently valid species described (solid circle) and 

recorded (open circle) along the years in the Southwest Atlantic. 

 

SYSTEMATICS 

Order MYSIDA Haworth, 1825 

Family MYSIDAE Haworth, 1825 

Subfamily SIRIELLINAE Norman, 1892 

Genus Siriella Dana, 1850
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Table 2.1. List of species recorded in the Southwest Atlantic with information on their body length, inshore/offshore and geographic distribution, 

and temperature (T) and salinity (S) range of occurrence. 

Species Length (mm) In/offshore distribution Geographic distribution T (°C) S (psu) 

  Female Male         

Subfamily Siriellinae Norman, 1892       

Siriella chierchiae Coifmann, 1937 5.0-10.2 8.6-10.2 Coastal Off Brazil north of 23°S - - 

Siriella melloi Silva, 1974 - 9 Coastal Off NE Brazil, 5°S 26.1 36.1 

Siriella thompsonii (Milne Edwards, 1837) 4.5-10.2 5.5-11.5 Oceanic North of 40°S - - 

Subfamily Gastrosaccinae Norman, 1892       

Anchialina typica typica (Krøyer, 1861) 4.5-5.7 4.6-7.2 Oceanic Off N/NE Brazil, 1°N-8°S 25.6-27.8 35.4-36.5 

Chlamydopleon aculeatum Ortmann, 1893 6.2 6.4 Coastal/Estuarine Off N Brazil, 0.7°S 28.0 11.4 

Chlamydopleon dissimile (Coifmann, 1937) 7.5-13 7.5-10 Coastal/Estuarine Off Brazil north of 23°S 17.7-31.9 4.25-37 

Coifmanniella johnsoni (Tattersall, 1937) 8.8-10.4 8.4-10 Coastal Off N Brazil, 0° 27.4 36.4 

Coifmanniella merjonesi (Băcescu, 1968) 9-11 9-11 Coastal Off N/NE Brazil, 3°S-8°S 25.7-26.5 36.0-36.5 

Coifmanniella mexicana (Tattersall, 1951) 9-11 8-9 Coastal Off Brazil north of 23°S - - 

Subfamily Erythropinae Hansen, 1910       

Amathimysis brasiliana (Băcescu, 1984) 2.8-3.0 2.8 Coastal Off NE Brazil, 5°S - - 

Subfamily Leptomysinae Hansen, 1910       

Brasilomysis castroi Băcescu, 1968 5.6-9.1 8.0-9.0 Coastal/Estuarine Off Brazil north of 25°S 18.9-27.7 17.4-32.5 

Promysis atlantica Tattersall, 1923 3.6-5.5 4.0-5.5 Coastal North of 35°S 11.8-27.7 0-36.4 

Promysis orientalis Dana, 1852* 7 7 Coastal Lagoa dos Patos, 32°S 24.2-24.9 33.8-34.1 

Mysidopsis coelhoi Băcescu, 1968 5.0-6.1 5.5-6.0 Coastal/Estuarine Off Brazil north of 32°S 12-31.9 4-36.4 

Mysidopsis juniae Silva, 1979 4.0-4.1 4.2-4.8 Coastal Off SE Brazil, 23°S - - 

Mysidopsis rionegrensis Hoffmeyer, 1993 5.6-7.2 5-5.6 Coastal Between 36°S-42°S 13-18 33.7-33.9 

Continued 
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Table 2.1. Continued 

Mysidopsis robustispina Brattegard, 1969 >3.1 >2.0 Coastal Off N/NE Brazil, 2°S 26.3 36.3 

Mysidopsis sankarankuttyi Băcescu, 1984 2.6 - Coastal Off NE Brazil, 5°S - - 

Mysidopsis scintilae Reis & Silva, 1987 - 5.2 Coastal Off SE Brazil, 23°S - - 

Mysidopsis tortonesei Băcescu, 1968 4.6-7.5 5.0-7.5 Coastal/Estuarine North of 36°S 10.8-32 0-36.6 

Metamysidopsis elongata atlantica Băcescu, 1968 5.0-8.0 4.5-7.0 Coastal/Estuarine Between 23°S-32°S 10.8-32 0-35 

Metamysidopsis macaensis Silva, 1970 - - Coastal Off SE Brazil, 23°S - - 

Metamysidopsis munda (Zimmer, 1918) 6-10.1 6-9.2 Coastal Between 23°S-30°S 11.3-24.1 6.1-31.5 

Metamysidopsis neritica Bond-Buckup & Tavares, 1992 3.1-6.5 2.8-6.1 Coastal Between 25°S-30°S 17.3-28.0 31.8-37.1 

Metamysidopsis swifti Băcescu, 1969 3.6-7.0 4.5-6.5 Coastal Off SE Brazil, 23°S - - 

Pseudobranchiomysis arenae Carcedo, Fiori & Hoffmeyer, 2013 22.4-29.0 14.6-19.5 Coastal Off Argentina, 38°59´S 11.5-23.3 25.3-36.6 

Subfamily Mysinae Haworth, 1825       

Arthromysis magellanica (Cunningham, 1871) 22-31 22-30 Coastal/Estuarine Between 38°S-53°S 8.8-23.3 17.2-34.0 

Neomysis americana (Smith, 1873)** 6.7-8.7 6.5-9.0 Coastal/Estuarine Between 30°S-40°S 10.0-27.8 0-34.5 

Mysidium columbiae (Zimmer, 1915) 5.7-7.3 4.7 Coastal Off Brazil north of 8°S 25.6-26.5 36.1-36.5 

Mysidium gracile (Dana, 1852) 5.6-6 5-7 Coastal Off Brazil north of 23°S 26.5 36.5 

Subfamily Heteromysinae Norman, 1892       

Heteromysis mureseanui Băcescu, 1986. 4 3.5 Coastal Off SE Brazil, 20°S - - 

*Alien species; **Cryptogenic species (potentially alien, not confirmed) 
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GENERAL REMARKS 

Of 80 Siriella species currently described (Mees & Meland 2013) only three were 

recorded in the Southwest Atlantic, with S. melloi Silva, 1974 being exclusive to 

Brazilian waters. Identification uncertainties of Siriella species may arise as a result of 

the fact that organisms belonging to this genus usually continue growing after sexual 

maturity, thus showing some morphological variation compared with available 

descriptions (Tattersall 1955). Species identification depends on the analysis of the 

male, as females of congeneric species are very similar and may not be distinguished 

from one another (Ii 1964). The three Siriella species that were recorded in the 

Southwest Atlantic can be distinguished from each other by the analysis of the male 

third and fourth pleopods. 

Siriella species usually perform diel vertical migration, staying at deeper waters during 

daytime and closer to the surface at night (Tattersall 1955). 

 

Siriella chierchiae Coifmann, 1937 

Siriella occidentalis Tattersall, 1937: 6, figures 3, 4. 

Siriella chierchiae Coifmann, 1937: 3, figure 1; Tattersall, 1951: 66, figures 15, 16; 

Costa, 1964: 3, figure 57; Brattegard, 1970a: 2, figure 1; Brattegard, 1970b: 116, figure 

2; Escobar-Briones & Soto, 1989: 33, figure 3; Price et al., 2002: 40, figures 3B, 4C; 

Price & Heard, 2004: 149, figure 3A. 

GENERAL REMARKS 

Siriella chierchiae is abundant in the western tropical Atlantic, mainly in coastal waters 

(Tattersall 1951). 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Rio Grande do Norte, mouth of Potengy River (Băcescu 1984); Bahia 

(Coifmann 1937); and Rio de Janeiro, Urca (Costa 1964). 

Others 

Caribbean Sea (Tattersall 1951; Brattegard 1970a, b, 1973, 1974a, b, 1975; Băcescu & 

Ortiz 1984; Modlin 1987); Gulf of Mexico (Modlin 1984; Escobar-Briones & Soto 

1988, 1989, 1991); and Key West, Florida (Tattersall 1951). 

 

Siriella melloi Silva, 1974 

Siriella melloi Silva, 1974: 1, figures 1–7. 
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DISTRIBUTION 

Northeast Brazil (Silva 1974, 1979b). 

 

Siriella thompsonii (Milne Edwards, 1837) 

Cynthia thompsoni Milne Edwards, 1837: 462. 

Siriella thompsonii: Sars, 1885: 205, plate 36, figures 1–24; Ii, 1964: 62, figures 14–15; 

Pillai, 1965: 1693, figure 19; Stuck et al., 1979a: 234, figures 2F–5F; Heard et al., 2006: 

25, figure 22. 

DISTRIBUTION 

Southwest Atlantic 

Off Brazil (Coifmann 1937; W.M. Tattersall 1951; O.S. Tattersall 1955; own 

unpublished data). 

Others 

Worldwide between 40°N and 40°S (W.M. Tattersall, 1923, 1951; O.S. Tattersall, 1955, 

1962; Ii, 1964; Stuck et al., 1979b; Price et al., 1986). 

 

Subfamily GASTROSACCINAE Norman, 1892 

Genus Anchialina Norman & Scott, 1906 

GENERAL REMARKS 

There are 17 described species of Anchialina (cf. Mees & Meland 2013), but only one 

has been registered in the southwestern Atlantic. 

 

Anchialina typica typica (Krøyer, 1861) 

Anchialus typicus Krøyer, 1861: 53, plate 2, figures 7A–L. 

Anchialina typica: Brattegard, 1970a: 24, figure 6; Nouvel, 1943: 70, plate 4, figures 

109–110; Stuck et al., 1979a: 227, figures 2a–5a; Băcescu & Ortiz, 1984: 16, figure 1B; 

Price et al., 2002: 41, figure 4E; Price & Heard, 2004: 149, figure 3D; Heard et al., 

2006: 25, figure 6. 

Anchialina typica typica: Nouvel, 1971: 327, figure 1. 

GENERAL REMARKS 

Nouvel (1971) separated Anchialina typica (Krøyer, 1861) in two subspecies: 

Anchialina typica typica from Atlantic waters and Anchialina typica orientalis Nouvel, 

1971 from the Indo-Pacific. 

DISTRIBUTION 



19 

 

 

Southwest Atlantic 

Brazil: off north and northeast coasts (Silva 1979b); and Rio de Janeiro (Tattersall 

1923). 

Others 

Caribbean Sea (Brattegard 1973, 1974a, 1975; Băcescu & Ortiz 1984; Price et al. 2002; 

Price & Heard 2004); Gulf of Mexico (Stuck et al. 1979b; Price et al. 1986; Escobar-

Briones & Soto 1991); Bahamas and Florida (Brattegard 1970a); and USA Atlantic 

coast (Wigley & Burns 1971). 

 

Genus Chlamydopleon Ortmann, 1893 

GENERAL REMARKS 

Wittmann (2009) re-described the type material of Chlamydopleon aculeatum Ortmann, 

1893, as the original description made by Ortmann (1893) was considered inadequate 

(Tattersall 1951). Thus, Wittmann (2009) revalidated the genus Chlamydopleon, and 

consequently invalidated the junior synonym Bowmaniella Heard & Price, 2006. He 

also provided a taxonomic key to identify the three species of Chlamydopleon (cf. 

Wittmann 2009). This genus can be easily distinguished from other Gastrosaccinae 

genera by the presence of the articulated dorsal process on the fifth abdominal segment 

(Heard & Price 2006). 

 

Chlamydopleon aculeatum Ortmann, 1893 

Chlamydopleon aculeatum Ortmann, 1893: 25, plate 2, figure 1; Wittmann, 2009: 23, 

figure 1A–H. 

DISTRIBUTION 

Brazil: Pará, Tocantis River mouth (Ortmann 1893). 

 

Chlamydopleon dissimile (Coifmann, 1937) 

Gastrosaccus dissimilis Coifmann, 1937: 5, figures 2–3; Tattersall, 1951: 97, figure 29; 

Costa, 1964: 4, plate 1, figures 1–4. 

Bowmaniella (Coifmanniella) dissimilis: Băcescu, 1968a: 363, figure 4. 

Bowmaniella dissimilis: Brattegard, 1970a: 11, figure 2; Heard & Price, 2006: 7, figures 

1, 2C–D, 4A, 5A, 6A–B, 8F; Heard et al., 2006: 26, figure 8. 

Bowmaniella (Coifmanniella) brasiliensis Băcescu, 1968a: 363, figures 5–6; Almeida 

Prado, 1974: 49, figures 2–4. 
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Bowmaniella brasiliensis: Stuck et al., 1979a: 233, figures 2D, 3D, 4C, 5D, 7; Price, 

1982: 13, figure 4. 

Bowmaniella floridana Holmquist, 1975: 68; Stuck et al., 1979a: 227, figures 2C, 3C, 

4D, 5C, 6; Price, 1982: 14, figures 2–3. Escobar-Briones & Soto, 1989: 34, figure 4. 

Chlamydopleon dissimile: Wittmann, 2009: 24, figure 1J–L. 

GENERAL REMARKS 

This burrowing species is one of the most common and abundant Gastrosaccinae in the 

Southwest Atlantic. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Rio Grande do Norte, mouth of Potengy River (Băcescu 1984); Bahia 

(Coifmann 1937); Rio de Janeiro, Mangaratiba Bay (Costa 1964; Băcescu 1968a), and 

Sepetiba Bay (Băcescu 1968a); São Paulo, Cananeia estuary (Almeida Prado 1973, 

1974; Tararam et al. 1996; Chapter 3); Paraná, Atami and Mansa beaches (Borzone et al. 

2007); and Rio Grande do Sul, Lagoa dos Patos estuary (Gama 2008). 

Others 

Caribbean Sea (Brattegard 1973, 1974a, b); Gulf of Mexico (Băcescu 1968a; Stuck et 

al. 1979b; Escobar-Briones & Soto 1988, 1989, 1991); Florida (Brattegard 1970a); and 

USA Atlantic coast (Hopkins 1965; Heard et al. 2006 and references therein). 

 

Genus Coifmanniella Heard & Price, 2006 

GENERAL REMARKS 

This genus differs from Chlamydopleon by the absence of the articulated process in the 

posterodorsal margin of the abdominal segment 5 (Heard & Price 2006). 

 

Coifmanniella johnsoni (Tattersall, 1937) 

Gastrosaccus johnsoni Tattersall, 1937: 9, figures 5–7; Tattersall, 1951: 93, figures 26–

28. 

Bowmaniella (Bowmaniella) johnsoni: Băcescu, 1968a: 356, figures 2F, 3C; Price et al., 

2002: 41, figure 4F; Price & Heard, 2004: 150, figure 3E. 

Bowmaniella bacescui Brattegard, 1970a: 20, figure 5; Silva, 1979b: 4, figure 3. 

Coifmanniella johnsoni: Heard & Price, 2006: 15, figures 2A, B, 3A–D, 4C, 5C. 

DISTRIBUTION 

Southwest Atlantic 
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North Brazil (Silva 1979b). 

Others 

Caribbean Sea (Tattersall 1937; Brattegard 1974b, 1975; Price et al. 2002; Price & 

Heard 2004); Gulf of Mexico (Modlin 1984; Escobar-Briones & Soto 1991); and 

Bahamas (Brattegard 1970a). 

 

Coifmanniella merjonesi (Băcescu, 1968) 

Bowmaniella (Coifmanniella) merjonesi Băcescu, 1968a: 356, figures 7–9. 

Bowmaniella recifensis Silva, 1971b: 185, figures 1–2. 

Bowmaniella inarticulata Silva, 1972: 161, figure 1. 

Coifmanniella merjonesi: Heard & Price, 2006: 21, figures 3 G, H, 4E, 5E. 

DISTRIBUTION 

Southwest Atlantic 

Northeast Brazil (Silva 1971b, 1972, 1979b). 

Others 

Caribbean Sea (Băcescu 1968a; Heard & Price, 2006). 

 

Coifmanniella mexicana (Tattersall, 1951) 

Gastrosaccus mexicanus Tattersall, 1951: 98, figure 30. 

Bowmaniella (Coifmanniella) mexicana: Băcescu, 1968a: 356. 

Bowmaniella mexicana: Brattegard, 1970a: 9, tables 7–8; Heard et al., 2006: 27, figure 

9. 

Bowmaniella (Bowmaniella) atlantica Silva, 1971a: 159 (=Gastrosaccus brasiliensis 

sensu Silva, 1970a: 35, figure 1). 

Bowmaniella portoricensis Băcescu, 1968a: 357, figures 1, 2A–E, 3A–B; Brattegard, 

1970a: 9, tables 7–8; Stuck et al., 1979a: 227, figures 2B–5B. 

Bowmaniella gutzui Ortiz, 1988: 4, figure 1. 

Coifmanniella mexicana: Heard & Price, 2006: 18, figures 3E, F, 4D, 5D. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Rio de Janeiro, Sepetiba Bay (Silva 1970a, 1971a). 

Others 
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Gulf of Mexico (Tattersall 1951; Stuck et al. 1979b); Cuba (Ortiz 1988); USA Atlantic 

coast (Băcescu 1968a; Wigley & Burns 1971; Heard et al. 2006); and Pacific coast of 

Panama (Tattersall 1951). 

 

Subfamily ERYTHROPINAE Hansen, 1910 

Genus Amathimysis Brattegard, 1969 

GENERAL REMARKS 

Amathimysis was considered a subgenus of Katerythops Holt & Tattersall, 1905, but 

was elevated to a valid genus (Murano & Chess 1987). 

 

Amathimysis brasiliana (Băcescu, 1984) 

Katerythops (Amathimysis) brasiliana Băcescu, 1984: 3, figure 1. 

DISTRIBUTION 

Brazil: Rio Grande do Norte, mouth of Potengy River (Băcescu 1984). 

 

Subfamily LEPTOMYSINAE Hansen, 1910 

Genus Brasilomysis Băcescu, 1968 

GENERAL REMARKS 

There are two species of Brasilomysis: B. castroi Băcescu, 1968 and B. inermis 

(Coifmann, 1937). The latter occurs in the Pacific coast of South America (Coifmann 

1937), whereas B. castroi is limited to Atlantic waters (Murano 1999). 

 

Brasilomysis castroi Băcescu, 1968 

Brasilomysis castroi Băcescu, 1968b: 81, figures 3–4; Brattegard, 1969: 61, figure 18; 

Almeida Prado, 1974: 50, figures 5–7; Stuck et al., 1979a: 236, figures 2N, 3N, 4N, 5O; 

Price, 1982: 16, figures 13–14; Escobar-Briones & Soto, 1989: 34, figure 5; Heard et 

al., 2006: 30, figure 24. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Rio de Janeiro, Sepetiba Bay (Băcescu 1968b); São Paulo, Ubatuba (Băcescu 

1968b), and Cananeia estuary (Almeida Prado 1973, 1974; Tararam et al. 1996; Chapter 

3); Paraná, Atami and Mansa beaches (Borzone et al. 2007). 

Others 
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Caribbean Sea (Brattegard 1973, 1974a, b); Gulf of Mexico (Stuck et al. 1979b; Price et 

al. 1986); Florida (Brattegard 1969); and USA Atlantic coast (Heard et al. 2006). 

 

Genus Promysis Dana, 1850 

GENERAL REMARKS 

The two valid Promysis species, P. atlantica Tattersall, 1923 and P. orientalis Dana, 

1852, were recorded in the Southwest Atlantic. However, P. orientalis is an alien species 

(see ―Discussion‖). 

 

Promysis atlantica Tattersall, 1923 

Promysis atlantica Tattersall, 1923: 286, plate 1, figures 5–6; Tattersall, 1951: 245, 

figure 56; Clarke, 1956: 1, figures 1–6; Costa, 1964: 8, plate 2, figures 1–2; Brattegard, 

1973: 44, figure 18; Almeida Prado, 1974: 52, figures 15–17; Silva, 1979b: 8, figure 4; 

Stuck et al., 1979a: 234, figures 2G–5G; Price, 1982: 15, figures 5–6; Tavares & Bond-

Buckup, 1990: 55, figures 24–28; Heard et al., 2006: 31, figure 12. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Ceará (Silva 1979b); Espírito Santo, Vitória Bay (Sterza & Loureiro Fernandes 

2006); Rio de Janeiro, six miles off Rio de Janeiro Harbour (Tattersall 1923), and 

Guanabara Bay (Costa 1964); São Paulo, Ubatuba (Băcescu 1968c), Santos (own 

unpublished data), and Cananeia estuary (Almeida Prado 1973, 1974); Paraná, Atami 

Beach (Borzone et al. 2007); Santa Catarina (Resgalla 2011); and Rio Grande do Sul, 

Tramandaí (Tavares & Bond-Buckup 1990), and Lagoa dos Patos estuary (Gama 2008); 

Uruguay: Río de la Plata estuary (Calliari et al. 2007). 

Others 

Caribbean Sea (Brattegard, 1973, 1974a); Gulf of Mexico (Stuck et al., 1979b; Price et 

al., 1986); and USA Atlantic coast (Clarke, 1956; Williams, 1972; Heard et al., 2006). 

 

Promysis orientalis Dana, 1852 

Promysis orientalis Dana, 1852: 651; Dana, 1855: plate 43, figure 4A–C; Ii, 1964: 392, 

figure 99; Pillai, 1965: 1713, figure 71; Pillai, 1973: 98, figure 53. 

Uromysis armata Hansen, 1910: 72, plate 11, figure 2A–N. 

DISTRIBUTION 

Southwest Atlantic 
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Brazil: Rio Grande do Sul, Lagoa dos Patos estuary (Gama et al. 2007; Gama 2008). 

Others 

Indo-Pacific (Hansen 1910; Tattersall 1951; Ii 1964; Pillai 1965, 1973). 

 

Genus Mysidopsis Sars, 1864 

GENERAL REMARKS 

Mysidopsis is the most speciose genus in the Southwest Atlantic, with 7 registered 

species. However, most of these species were recorded only once. A taxonomic key to 

identify Mysidopsis species from warm waters of the western Atlantic was provided by 

Brattegard (1969). 

 

Mysidopsis coelhoi Băcescu, 1968 

Mysidopsis coelhoi Băcescu, 1968c: 245, figure 5; Almeida Prado, 1974: 51, figures 

10–12. 

DISTRIBUTION 

Brazil: northeast Brazil (Silva 1979b); São Paulo, Ubatuba (Băcescu 1968c), and 

Cananeia estuary (Almeida Prado 1973, 1974; Tararam et al. 1996; Chapter 3); Paraná, 

Atami and Mansa beaches (Borzone et al. 2007); Rio Grande do Sul, Lagoa dos Patos 

estuary (Gama 2008). 

 

Mysidopsis juniae Silva, 1979 

Mysidopsis juniae Silva, 1979a: 1, figure 1. 

GENERAL REMARKS 

In Brazil, this species is frequently used in toxicity tests (e.g., Nipper et al. 1993; Lopes 

et al. 1997). 

DISTRIBUTION 

Brazil: São Paulo, São Sebastião (Silva 1979a; Fries 1999), and Cananeia estuary 

(Chapter 3). 

 

Mysidopsis rionegrensis Hoffmeyer, 1993 

Mysidopsis rionegrensis Hoffmeyer, 1993: 15, figures1–2; Schiariti et al., 2004: 890, 

figure 2B. 

DISTRIBUTION 
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Uruguay: Río de la Plata estuary (own unpublished data); Argentina: Buenos Aires 

coastal waters (Schiariti et al. 2004), San Matías Gulf (Hoffmeyer 1993), and Nuevo 

Gulf (Menéndez et al. 2011). 

 

Mysidopsis robustispina Brattegard, 1969 

Mysidopsis robustispina Brattegard, 1969: 56, figures 16–17; Brattegard, 1973: 26, 

figure 9. 

DISTRIBUTION 

Southwest Atlantic 

Northeast Brazil (Silva 1979b). 

Others 

Bahamas (Brattegard 1969). 

 

Mysidopsis sankarankuttyi Băcescu, 1984 

Mysidopsis sankarankuttyi Băcescu, 1984: 6, figure 2. 

DISTRIBUTION 

Brazil: Rio Grande do Norte, mouth of Potengi River (Băcescu 1984). 

 

Mysidopsis scintilae Reis & Silva, 1987 

Mysidopsis scintilae Reis & Silva, 1987: 5, plates 1, 5. 

DISTRIBUTION 

Brazil: Rio de Janeiro (Reis & Silva 1987). 

 

Mysidopsis tortonesei Băcescu, 1968 

Mysidopsis tortonesei Băcescu, 1968c: 242, figure 4; Tavares & Bond-Buckup, 1990: 

55, figures 10–23; Schiariti et al., 2004: 888, figure 2A. 

Mysidopsis tortonesi: Brattegard, 1973: 27, figure 10; Almeida Prado, 1974: 52, figures 

13–14. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Paraíba (Silva 1979b); São Paulo, Ubatuba (Băcescu 1968c), and Cananeia 

estuary (Almeida Prado 1973, 1974; Tararam et al. 1996); Paraná, Atami Beach 

(Borzone et al. 2007); Rio Grande do Sul, Tramandaí (Tavares & Bond-Buckup 1990), 
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and Lagoa dos Patos estuary (Gama 2008); Uruguay: Río de la Plata estuary (Calliari et 

al. 2007); Argentina: Río de la Plata estuary (Schiariti et al. 2004). 

Others 

Caribbean coast of Colombia (Brattegard 1973, 1974a). 

 

Genus Metamysidopsis Tattersall, 1951 

GENERAL REMARKS 

Four species and one subspecies of Metamysidopsis were recorded in the Southwest 

Atlantic. A taxonomic key to identify the Metamysidopsis species can be found in 

Băcescu (1969) and Brattegard (1970b). 

 

Metamysidopsis elongata atlantica Băcescu, 1968 

Metamysidopsis elongata atlantica Băcescu, 1968c: 237, figure 2; Almeida Prado 1974: 

51, figures 8–9. 

GENERAL REMARKS 

Băcescu (1968c) described M. e. atlantica to separate from the Pacific subspecies M. e. 

elongata (Holmes, 1900). Metamysidopsis e. atlantica usually is the most abundant and 

common species in coastal and estuarine waters of the south/southeast Brazilian coast 

(Bersano 1994; Tararam et al. 1996; Chapter 3), consequently it is the most studied 

species in this region. Studies relating to rearing techniques, feeding rates, molting 

cycle, growth and response to gradients of temperature and salinity were carried out 

under laboratory conditions (Rörig et al. 1997; Gama & Zamboni 1999; Gama et al. 

2002, 2006, 2011). 

DISTRIBUTION 

Brazil: São Paulo, Ubatuba (Băcescu 1968c), São Sebastião (Fries 1999), Una do 

Prelado River (Lansac Tôha & Lima 1993), and Cananeia estuary (Almeida Prado 1973, 

1974; Tararam et al. 1996; Chapter 3); Santa Catarina (Rörig et al. 1997; Resgalla 

2011); Rio Grande do Sul, Tramandaí Beach (Avila et al. 2009), Lagoa dos Patos 

estuary (Gama 2008; Avila et al. 2011), and Cassino Beach (Bersano 1994; Avila et al. 

2011). 

 

Metamysidopsis macaensis Silva, 1970 

Metamysidopsis macaensis Silva, 1970b: 199, figures 1–4. 

DISTRIBUTION 
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Brazil: Rio de Janeiro and São Paulo (Silva 1970b). 

 

Metamysidopsis munda (Zimmer, 1918) 

Mysidopsis munda Zimmer, 1918: 17, figures 8–15. 

Metamysidopsis munda: Băcescu, 1969: 352, figures 2A–J; Tavares & Bond-Buckup, 

1990: 49, 1–7. 

GENERAL REMARKS 

Loureiro Fernandes & Gama (1996) studied the molting cycle of M. munda under 

laboratory conditions. 

DISTRIBUTION 

Brazil: Rio de Janeiro, Armação dos Búzios (Zimmer 1918); Rio Grande do Sul, 

Tramandaí (Tavares & Bond-Buckup 1990), and Lagoa dos Patos estuary (Gama 2008). 

 

Metamysidopsis neritica Bond-Buckup & Tavares, 1992 

Metamysidopsis neritica Tavares & Bond-Buckup, 1990: 49, 8–15; Bond-Buckup & 

Tavares, 1992: 66, figures 1–2. 

GENERAL REMARKS 

This species usually is the dominant mysid in littoral waters of the state of Paraná, south 

Brazil (Borzone et al. 2007). 

DISTRIBUTION 

Brazil: Paraná, Atami and Mansa beaches (Borzone et al. 2007; Calil & Borzone 2008); 

and Rio Grande do Sul, Tramandaí (Tavares & Bond-Buckup 1990; Bond-Buckup & 

Tavares 1992). 

 

Metamysidopsis swifti Băcescu, 1969 

Metamysidopsis munda: Costa, 1964: 8, plate 2, figures 3–4. 

Metamysidopsis swifti Băcescu, 1969: 350, figure 1; Brattegard, 1970: 30, figure 8; 

Brattegard, 1973: 21, figure 7; Stuck et al., 1979a: 234, figures 2h–5h; Price, 1982: 16, 

figures 15–16; Heard et al., 2006: 30, figure 28. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Rio de Janeiro, Sepetiba Bay (Costa 1964). 

Others 
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Caribbean Sea (Brattegard 1974a, b); Gulf of Mexico (Băcescu 1969; Stuck et al. 

1979b); Florida, Cape Haze (Brattegard 1970a); and USA Atlantic coast (Heard et al. 

2006). 

 

Genus Pseudobranchiomysis Carcedo, Fiori & Hoffmeyer, 2013 

Pseudobranchiomysis arenae Carcedo et al., 2013: 480, figures 1–6. 

GENERAL REMARKS 

This gregarious species is the only member of the genus Pseudobranchiomysis. 

DISTRIBUTION 

Argentina: surf zone (0-1 m) of Monte Hermoso and Pehuen Có sandy beaches 

(Carcedo et al. 2013). 

 

Subfamily MYSINAE Haworth, 1825 

Genus Arthromysis Colosi, 1924 

GENERAL REMARKS 

This genus is monospecific, containing only Arthromysis magellanica (Cunningham, 

1871). Details regarding taxonomic classification can be found elsewhere (W.M. 

Tattersall 1951; O.S. Tattersall 1955). 

 

Arthromysis magellanica (Cunningham, 1871) 

Macromysis magellanica Cunningham, 1871: 497. 

Arthromysis chierchiae Colosi, 1924: 4, figures 1–3. 

Arthromysis magellanica: Tattersall, 1955: figures 45A–O; 46A–P. 

DISTRIBUTION 

Argentina: Bahía Blanca estuary (Hoffmeyer 2004; Cardelli et al. 2006; Fernández 

Severini et al. 2011); Strait of Magellan (Cunningham 1871; Colosi 1924; Tattersall 

1955); and Patagonian shelf (Tattersall 1955). 

 

Genus Neomysis Czerniavsky, 1882 

GENERAL REMARKS 

This genus comprises 17 valid species (Mees & Meland 2013). 

 

Neomysis americana (Smith, 1873) 

Mysis americana Smith, 1873: 552. 
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Neomysis americana: Williams et al., 1974: 838, figures 4–5; Hoffmeyer, 1990: 186, 

figures 2–3; Tavares & Bond-Buckup, 1990: 55, figures 29–33; Heard et al., 2006: 32, 

figure 26; Wittmann et al., 2012: 62, figures 1B, 1E, 1H. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Rio Grande do Sul, Tramandaí (Tavares & Bond-Buckup 1990), and Lagoa dos 

Patos estuary (Gama 2008). Uruguay: Laguna de Rocha estuary (Rodriguez-Graña et al. 

2008), Solis Grande estuary (Calliari et al. 2001), and Río de la Plata estuary (González 

1974; Calliari et al. 2007). Argentina: Río de la Plata estuary (Schiariti et al. 2004, 

2006; Viñas et al. 2005); and Bahía Blanca estuary (Hoffmeyer 1990, 2004; Cardelli et 

al. 2006; Fernández Severini et al. 2011; Menéndez et al. 2012). 

Others 

North American Atlantic coast (Hulburt 1957; Herman 1963; Wigley & Burns 1971; 

Williams 1972; Williams et al. 1974; Zagursky & Feller 1985; Prouse 1986; Brown et 

al. 2005; Taylor et al. 2005; Heard et al. 2006 and references therein); and Holland 

(Wittmann et al. 2012). 

 

Genus Mysidium Dana, 1852 

GENERAL REMARKS 

Two of the six valid species of Mysidium were recorded in the Southwest Atlantic. 

 

Mysidium columbiae (Zimmer, 1915) 

Diamysis columbiae Zimmer, 1915: 172, figures 23–29. 

Mysidium columbiae: Brattegard, 1969: 86, figure 27; Silva, 1979b: 11, figure 6; 

Băcescu & Ortiz, 1984: 22, figure 2L; Price et al., 2002: 44, figure 4G; Price & Heard, 

2004: 154, figure 3I. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Paraíba and Pernambuco (Silva 1979b). 

Others 

Caribbean Sea (Zimmer 1915; Tattersall 1951; Steven 1961; Goodbody 1965; 

Brattegard 1970b, 1973, 1974a, b, 1975; Băcescu & Ortiz 1984; Modlin 1987); 

Bahamas and Florida (Brattegard 1969, 1970b). 
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Mysidium gracile (Dana, 1852) 

Macromysis gracilis Dana, 1852: 653; Dana, 1855: plate 43, figure 5A–M. 

Mysidia gracilis: Zimmer, 1918: 24, figures 33–44. 

Mysidium gracile: Costa, 1964: 8, plate 2, figures 5–6; Brattegard, 1969: 80, figure 25; 

Silva, 1979b: 10, figure 5; Price et al., 2002: 45, figure 4I; Price & Heard, 2004: 155, 

figure 3K. 

DISTRIBUTION 

Southwest Atlantic 

Brazil: Paraíba and Pernambuco (Silva 1979b); Espírito Santo (Cividanes da Hora & 

Joyeux 2009); Rio de Janeiro (Dana 1852, Zimmer 1918, Costa 1964); and São Paulo, 

São Sebastião (Fries 1999). 

Others 

Caribbean Sea (Tattersall 1951; Brattegard 1970b, 1974a, b); and Florida (Brattegard 

1969). 

 

Subfamily HETEROMYSINAE Norman, 1892 

Genus Heteromysis Smith, 1873 

GENERAL REMARKS 

Despite the high number of Heteromysis species described (82, Mees & Meland 2013), 

only Heteromysis mureseanui Băcescu, 1986 was recorded in the Southwest Atlantic. 

 

Heteromysis mureseanui Băcescu, 1986 

Heteromysis mureseanui Băcescu, 1986: 93, figure 1. 

DISTRIBUTION 

Brazil: at 29 m depth, 12 km off the coast of the state of Espírito Santo (Băcescu 1986). 

 

2.4. Discussion 

In relation to the previous review (Murano 1999), this contribution adds 8 

species to the mysid species list in the South Atlantic, and updates the geographic 

distribution range or the temperature and salinity ranges of occurrence of 13 species. 

Out of 1131 currently known mysid species worldwide (Mees & Meland 2014), 

only 31 have been recorded in this region, i.e., ca. 2.7%. These figures are extremely 

low considering the extension of the geographic area covered. This situation contrasts to 
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that of other marine taxa, e.g., planktonic copepods, for which the same area hosts 15% 

of the world's marine planktonic copepod species (Razouls et al. 2012). It is likely that 

the low mysid species richness in the Southwestern Atlantic is an artefact resulting from 

limited research effort and knowledge, rather than a real pattern. Despite their 

ecological importance, few works focused on these organisms in the Southwest Atlantic 

(Murano 1999). 

One major problem limiting research on mysids is related to sampling 

difficulties, as either classical plankton or benthos samplers are ineffective to collect 

these evasive organisms (Jumars 2007). Moreover, their strong migratory (vertical and 

horizontal) and schooling behavior (patchy distribution) make them difficult to locate 

and quantify. The most indicated sampling gear to collect hyperbenthic mysids is an 

epibenthic sledge, whereas pelagic species or vertical migrating individuals can be 

sampled with large plankton nets, but usually only during night hours (Mauchline 

1980). 

Current results strongly suggest that several further mysid species should be 

found in the Southwest Atlantic if a stronger research effort and specific sampling 

designs and methods were applied to target that group. Likewise, under that scenario 

new mysid species would be expected to be described in this region. Two subfamilies 

are acutely underrepresented in this region: the Erythropinae and Heteromysinae. There 

are currently 243 and 123 species described worldwide in each subfamily (Mees & 

Meland 2013), respectively, but only one species of each has been recorded in the 

Southwest Atlantic (Băcescu 1984, 1986). The former is represented mainly by deep-sea 

species, where studies are rare, whereas species of Heteromysinae are usually symbionts 

of benthic invertebrates (e.g., Wittmann 2008), which makes this taxon even more 

complicated to sample. 

Because of mysids‘ omnivorous diet and voracious predatory behavior, the 

introduction of an alien mysid species may result in deleterious ecological consequences 

(e.g., Ketelaars et al. 1999; Ellis et al. 2011). The species list here presented (Table 2.1) 

includes two cases of potentially alien and invasive mysids: P. orientalis and N. 

americana. Promysis orientalis is endemic from the Indo-Pacific (Hansen 1910; 

Tattersall 1951; Ii 1964; Pillai 1973), but was found in the South Atlantic, in the Lagoa 

dos Patos estuary (~32°S), south Brazil, probably transported by ballast water (Gama et 

al. 2007; Gama 2008). However, there are no data regarding if this alien species is 

already established in Brazilian waters, i.e. if there is a self-sustaining, reproducing 
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population. Neomysis americana occurs in the North Atlantic from ca. 46°N along 

Canadian and USA coastal waters (Hulburt 1957; Herman 1963; Williams 1972; 

Williams et al. 1974; Prouse 1986; Brown et al. 2005), but it is not reported for Central 

America or northern South American waters. It was first cited for South America in 

Montevideo Harbour, Uruguay (35°S, González 1974), and since then it has been found 

in other Uruguayan sites (Calliari et al. 2001, 2007; Rodriguez-Graña et al. 2008), in 

southern Brazil (Tramandaí and Lagoa dos Patos, ca. 30°–32°S, Tavares & Bond-

Buckup 1990; Gama 2008) and Argentina (36°–40°S, Hoffmeyer 1990; Viñas et al. 

2005). In these localities, N. americana is usually the dominant or single mysid species 

present. Neomysis americana is probably an invasive species in South America, but its 

alien character has not been clarified yet; it is thus considered cryptogenic (Orensanz et 

al. 2002) and further research is needed to fill that gap in knowledge. Interestingly, N. 

americana has been recently found in the eastern North Atlantic (Holland, Wittmann et 

al. 2012). 

In summary, few works concerning mysids have been carried out in the 

Southwest Atlantic. Taxonomically, more effort should be made to sample symbiotic 

and deep-sea species. In addition, for a better understanding of mysids‘ role in the 

marine food webs, experimental works should be conducted to complement studies of 

composition and spatial distribution. 
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Chapter 3. Distribution, salinity tolerance and production of dominant 

mysids from the Cananeia-Iguape Coastal System, southeast Brazil 

 

Abstract 

We studied the population dynamics of marine mysids from the Cananeia-Iguape 

Coastal System, southeast Brazil, exploring their spatial and temporal distribution 

pattern in relation to environmental variables and zooplankton abundance. We also 

analyzed mysid reproductive traits, estimated their annual production, and tested their 

tolerance to salinity gradients in laboratory experiments. Salinity and temperature were 

important factors influencing mysid spatio-temporal distribution in the studied region. 

Mysids were more abundant in spring, when thermohaline conditions were more 

favorable and food availability was high. The minimum salinity tolerated by 

Metamysidopsis elongata atlantica and Mysidopsis coelhoi in the salinity gradient 

experiment was similar to the minimum salinity of their respective in situ occurrence. 

The former was the numerically dominant species, probably because it is the single 

mysid species that may occur in lower salinity areas, where food is more abundant and 

other mysid species are absent, thus avoiding interspecific competition and intraguild 

predation. Metamysidopsis e. atlantica had high annual production values, probably 

consequence of the warm water (>19°C) and high food availability that predominates 

throughout the year in the Cananeia-Iguape Coastal System, which favors continuous 

breeding and high growth rates. These results confirm the importance of mysids in the 

carbon flux of tropical and subtropical coastal waters. 

 

Keywords: Mysidacea, benthopelagic, subtropical estuary, salinity gradient, production, 

biomass. 

 

3.1. Introduction 

Mysids distinguish from other crustaceans by the presence of a ventral brood 

pouch (only adult females) and a statocyst in the uropods. These peracaridan 

crustaceans have a wide distribution in the marine environment, occurring from 

subpolar to tropical estuarine, neritic and oceanic waters, at depths varying from few 

centimeters to >7 km (Murano 1999). However, they are particularly abundant and have 
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an important trophic role in marine coastal ecosystems. Mysids total length varies 

according to species, with coastal and neritic species measuring between 5-25 mm, 

whereas oceanic species are usually larger (25-80 mm; Mauchline 1980). 

Most mysid species are hyperbenthic, i.e. they live on the sediment or in the 

water column adjacent to the sea bottom. Interestingly, some species of the subfamily 

Gastrosaccinae are even capable of burrowing. Furthermore, several mysids species 

perform vertical migration, i.e. they stay close to the bottom during the day and migrate 

to the water column at nighttime (Almeida Prado 1973; Rudstam et al. 1989; Kouassi et 

al. 2006). Coastal species also perform horizontal migrations, with such behavior 

varying in relation to ontogenetic stage and sex (Webb & Wooldridge 1990; Takahashi 

& Kawaguchi 1997; Suzuki et al. 2009). Besides migration, most mysid species have 

gregarious habits (Mauchline 1980). Both migration and schooling are performed to 

reduce predation pressure, and/or to enhance feeding and reproduction success (Webb & 

Wooldridge 1990; Takahashi & Kawaguchi 1997; Lesutienė et al. 2008). 

Mysids are omnivorous and may feed on cyanobacteria, algae, detritus and small 

invertebrates (Rudstam et al. 1989; Kouassi et al. 2006; Gorokhova 2009; Carrasco & 

Perissinotto 2011). They are frequently the dominant benthic epifauna in coastal waters 

(Tararam et al. 1996; Rappé et al. 2011), thus representing a key trophic link between 

producers/primary consumers and upper level consumers, such as large invertebrates, 

fish, birds and mammals (Sanger 1987; Wakabara et al. 1996; Lake et al. 2003; 

Rodríguez-Graña et al. 2008; Feyrer & Duffus 2011). Moreover, because of their 

hyperbenthic and diel migratory behavior, mysids have a major role in the benthic-

pelagic coupling (Jumars 2007). 

Despite the ecological importance of mysids, few studies focused on this group, 

especially in the Southwest Atlantic (Miyashita & Calliari 2014). In this region, the few 

existing investigations have emphasized the taxonomy and distribution of mysids (e.g., 

Almeida Prado 1973; Murano 1999; Borzone et al. 2007; Calliari et al. 2007), and no 

data on biomass and production is available (but see Viñas et al. 2005 for the Rio de la 

Plata). During an extensive study in the early '70s of the 20
th

 century (over 40 years 

back), Almeida Prado (1973) found six mysid species within the Cananeia-Iguape 

Coastal System (CICS; southeast Brazil). Her results also suggested that salinity was a 

key variable influencing the spatial distribution of different species. Since then no 

further investigation focused on mysids from the CICS, which has been subject to 

increasing anthropogenic influence, for instance coastal land use, boat activities, and 
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pollution. Also, despite generally assumed to play an important trophic role, the 

production of mysids in the CICS has not been so far assessed. 

The present investigation was intended to update existing knowledge on the 

mysid fauna of the CICS, to evaluate the role of salinity as determinant of species 

distribution, and to provide an estimate of mysid secondary production. We 

hypothesized that species-specific salinity tolerances determines the spatial distribution 

of individual species, and thus the spatial pattern in the structure of the mysid 

assemblage. To test this hypothesis, we evaluated the tolerance of dominant species to 

salinity in the laboratory; and analyzed mysid in situ distribution in relation to 

environmental variables and food availability. We also quantified biomass and 

production of dominant mysid species to verify their importance to marine coastal food 

webs. 

 

3.2. Methods 

3.2.1. Study site 

The CICS (24°35‘- 25°10‘S, 47°30‘ - 48°05‘W) is located in the south coast of 

the state of São Paulo, southeast Brazil. Annual mean precipitation and air temperature 

are 2269 mm and 23.8°C, respectively (Miyao et al. 1986; Silva 1989). This estuarine 

system is surrounded by a coastal plain area, salt marshes, mangroves and the Atlantic 

rainforest. It is composed by a complex system of meandering channels delimited by 

four main islands (Cardoso, Cananeia, Comprida and Iguape), with two main 

connections to the Atlantic Ocean. Circulation along the estuary is driven by 

semidiurnal tidal currents, with amplitudes of 0.83 m and 0.13 m during spring and neap 

tides, respectively. The estuary is classified as partially mixed and weakly stratified 

(Type 2a; Miranda et al. 1995), with several small rivers being responsible for the 

freshwater discharge (Miyao & Harari 1989). 

 

3.2.2. Sample collection and analyses 

Sampling was carried out every second month during daytime, at five sites in the 

southern part of the CICS (Cananeia estuary; Fig. 3.1), from January 2012 through 

January 2013, and usually over flood tides. Stations were chosen according to a salinity 

gradient, with stations 1 to 4 located within the estuary, and station 5 on the outside. On 

some occasions, some stations could not be sampled because of technical problems or 
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severe weather conditions. Three hyperbenthic samples and one zooplankton sample 

were collected per site, with an epibenthic sledge (500 µm) and a conic plankton net (90 

µm), respectively. For both, the filtered volume was calculated with a Hydro-Bios flow 

meter. All samples were preserved in 4% formaldehyde–seawater buffered solution. 

Water temperature and salinity were measured with a multiparameter meter (Oakton, 

600 series). Rainfall data were obtained from a permanent meteorological station 

located near station 3. 

 

 

Fig. 3.1. Sampling stations in the Cananeia estuary, southeast Brazil. 

 

Whenever mysids were available, aliquots from the epibenthic sledge samples 

containing at least 140 individuals of each species per sample were inspected for species 
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identification (Almeida Prado 1974; Murano 1999), enumeration, and measurement. 

Individuals were categorized as follows (Mauchline 1980): 

Juvenile: secondary sexual characteristics absent; 

Immature male: secondary sexual characteristics in development process; 

Mature male: secondary sexual characteristics totally developed; 

Immature female: marsupium without embryos, under developed and smaller compared 

to a mature female marsupium; 

Mature female: marsupium completely developed, but with no embryos. 

Gravid female: mature female with embryos. Embryonic development was further 

categorized into three stages: ―egg‖, embryo without eye, and eyed embryo (Mauchline 

1980). 

For each sample, up to 20 individuals per category were measured (body length, 

BL; from the tip of the rostrum to the end of the telson) by digital image analysis using 

public domain Image-J software (Schneider et al. 2012). Embryos from up to 20 

randomly sorted gravid females per sample were carefully dissected and counted, and 

the total length of five embryos per female was measured (Image-J software). 

For zooplankton, at least 300 individuals per sample were randomly sorted 

(Motoda splitter; Omori & Ikeda 1984), counted, identified under a stereomicroscope to 

species level whenever possible (Björnberg 1972, 1981; Bradford-Grieve et al. 1999), 

and measured (20 individuals per taxon or stage; Image-J software). For less abundant 

species, larger aliquots were inspected (Frontier 1981). Mysid and zooplankton 

abundance were expressed as number of individuals per m
3
. 

Length-weight regression was derived only for the dominant mysid M. e. 

atlantica. Mysids used to obtain the length-weight relationship were collected 

employing the same sampling design described above. Mysids were diluted in 12–18 L 

buckets and brought to the laboratory. In the laboratory, live mysids were sorted, 

identified, and photographed. Body length was measured by digital image analysis 

using the Image-J software. Each individual was rinsed with distilled water, separated 

by size-class (1–8 individuals per size class), and placed in pre-weighed aluminum 

capsules. These capsules were dried at 55°C for 30 hours, cooled in a desiccator, and 

weighed to ± 0.05 mg. The dry weight (DW, mg) for each size-class was obtained as the 

difference between the final (aluminum capsule + mysids) and initial (aluminum 

capsule) weight, divided by the number of organisms present in the capsule. The 

relationship between BL and DW was described using the following equation: 
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log DW = log a + b log BL. 

For each sample DW, ash-free dry weight (AFDW) or carbon weight (CW) of 

copepods and mysids were estimated based on body length and allometric equations 

(Uye 1982; Berggreen et al. 1988; Hansen & Ockelmann 1991; Webber & Roff 1995; 

Fotel et al. 1999; Hansen 1999; Ara 2001; Turner et al. 2001; Uye et al. 2002; Almeda et 

al. 2010). For copepods, AFDW was converted to DW assuming AFDW = 0.89 DW 

(Båmstedt 1986). DW was converted to CW using a conversion factor of 0.40 and 0.46 

for mysids (Uye 1982) and copepods (Ara 2001), respectively. Biomass (B; mg C m
-3

) 

of each taxon was estimated by multiplying its mean CW by its in situ density. 

Metamysidopsis elongata atlantica daily growth rates (g; d
-1

) were estimated 

using the following equation: 

g = -0.0097 + 1.98 T × 10
-3

 (r
2
 = 0.41), 

where T is water temperature (°C). We obtained this equation from growth rates 

measured by Gama et al. (2006) during experiments conducted in the laboratory at 

different combinations of temperature and salinity. These authors observed that M. e. 

atlantica growth rates were not affected by salinity, only by temperature (Gama et al. 

2006). 

Copepods daily growth rates were estimated through the Hirst & Lampitt (1998) 

empirical model, which considers water temperature and body weight to its calculation. 

Mysid and copepod production (mg C m
-3 

d
-1

) were calculated from the product of g and 

B. 

Spatial differences were analyzed with one-way ANOVA (α = 0.05). Principal 

component analysis was used to explore the influence of abiotic variables (temperature, 

salinity, and rainfall) and zooplankton density on mysid abundance. All data from each 

month and station were considered. 

 

3.2.3. Salinity tolerance 

Mysids were collected through the same sampling design described above, in 

January and May 2012, in the Cananeia estuary. Water temperature and salinity were 

measured with a multiparameter sensor (Oakton, 600 series). In the laboratory, live 

mysids were sorted, identified, categorized (female, male, or juvenile), and incubated 

individually in plastic cups (300 mL) with filtered seawater (10 µm). Cups were 

maintained in darkness and at constant temperature (mean of 25.7 ± 0.3ºC), similar to 

that of the sampling site at the time of mysid collection. The three dominant mysid 
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species were used in the experiments: Chlamydopleon dissimile, M. e. atlantica and 

Mysidopsis coelhoi. For each species, 10 control and 10 experimental cups were 

established to test their tolerance to salinity gradients. Control replicates consisted of 

mysids incubated in seawater from the site where they had been collected (salinity of 

27.4 for C. dissimile, and 30.0 for M. e. atlantica and M. coelhoi). Water of different 

salinities was prepared by seawater dilution with distilled water. To test tolerance to 

salinity changes, organisms were subjected to successive changes in salinity at steps of 

5 (except for salinity below 5: 30, 25, 20, 15, 10, 5 and 3), and allowing for a 3 h 

acclimatization period between changes. Before each salinity reduction, the condition of 

each individual was checked (live or dead). The experiment ended when at least 50% of 

the organisms were found dead. 

 

3.3. Results 

3.3.1. Environmental variables 

There were no significant differences in temperature between sampling sites 

(ANOVA, p > 0.05), but there was a clear seasonality, temperatures were higher from 

late spring to summer (ranged from 25.4 to 32.6°C), and lower during autumn/winter 

(ranged from 20.0 to 23.3°C). Salinity increased seaward (from stations 1 to 5); lower 

salinity values were associated with rainfall during sampling day, which occurred in 

July 2012 and January 2013. Rainfall was more intense in summer (rainy season) and 

lower in winter and early spring (dry season; Fig. 3.2). 

 

3.3.2. Zooplankton 

Zooplankton community was dominated by copepod nauplii and copepodites, 

mainly Oithona spp. (Oithona hebes and Oithona oswaldocruzi), followed by 

Pseudodiaptomus acutus, Acartia lilljeborgii, and Temora turbinata. Other taxa that 

were numerically important at certain periods were Oikopleura dioica, cladocerans, and 

larvae of Bivalvia, Cirripedia, Gastropoda, and Polychaeta. Zooplankton was abundant 

during the entire study period, but highly variable (ranged from 5,539 to 202,666 ind. 

m
-3

), peaking in November 2012 and January 2013 (Fig. 3.3). Zooplankton biomass and 

production (only copepods) mirrored the abundance pattern. 
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Fig. 3.2. Rainfall data, and mean water temperature and salinity in the Cananeia estuary, 

between November 2011 and January 2013. Error bars represent the standard deviation. 

 

3.3.3. Mysids 

We found 5 mysids species: Brasilomysis castroi, Chlamydopleon dissimile, 

Metamysidopsis elongata atlantica, Mysidopsis coelhoi, and Mysidopsis juniae. 

B.castroi and M. juniae were rare, the former occurred only at the outermost station 

(station 5) in January and November 2012, whereas M. juniae was found once at station 

4 in March 2012. The other three species were frequently found along the study period 

(Fig. 3.3), but with different distributional patterns. 

Chlamydopleon dissimile and M. coelhoi did not show a clear seasonal pattern, 

both species occurred at low abundances along the year and were limited to salinity 

values higher than 18 (stations 2 through 5; Fig. 3.3). Metamysidopsis e. atlantica had 

the widest spatial distribution, occurring at all sampling stations. It was also the 

dominant species (Fig. 3.3), attaining higher abundances in spring (September and 

November 2012; up to 35,964 ind. m
-3

) at station 3. Principal component analysis 

showed that mysid lower abundances were related to lower salinities and increasing 

rainfall (Fig. 3.4). 

Juveniles were the dominant stage for the three main species: C. dissimile, M. 

coelhoi, and M. e. atlantica. However, for M. e. atlantica the other stages were also 

observed all year long, except in May 2012 (Fig. 3.5). Males and females of M. e. 
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atlantica were more abundant in September and November 2012, when population 

abundance peaked. During these months sex ratio was close to 1. 

 

 

Fig. 3.3. Abundance of the three main mysid species at five stations in the Cananeia 

estuary, from January 2012 through January 2013. 

 

The brood size of M. e. atlantica and M. coelhoi increased with body length 

(Fig. 3.6). Gravid females of both species had similar mean body length, but M. coelhoi 

had larger brood sizes (Table 3.1). The brood size of C. dissimile ranged from 29 to 50 

(mean ± SD = 40 ± 11), but only three gravid females were found and analyzed. No 

gravid B. castroi and M. juniae females were found. 

The relationship between BL and DW was obtained only for the numerically 

dominant species M. e. atlantica: log DW = 2.30 log BL – 2.38 (r
2
 = 0.99; Fig. 3.7). 

Growth rate, biomass and production were also only calculated for M. e. atlantica 

(Table 3.2). Growth rates were higher during warmer months. Biomass and production 

followed the abundance distribution pattern, with low values during most of the year 

(Fig. 3.8), except in spring (September and November 2012) when high biomass and 

production values were observed. 
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Fig. 3.4. Principal component analysis for abundance of the three main mysid species, 

and temperature, salinity, rainfall, and zooplankton abundance. 

 

3.3.4. Salinity tolerance 

No mortality was observed in any of the control cups. Chlamydopleon dissimile 

was the most tolerant species to low-salinity, surviving well down to 5. At salinity 3, 

50% of the individuals died (Fig. 3.9). Metamysidopsis e. atlantica tolerated a minimum 

salinity of 15 with 70% survival rate. At salinity 10, 100% of the specimens deceased. 

Mysidopsis coelhoi survived down to a salinity of 20; mortality was 80% at salinity 15 

(Fig. 3.9). Low abundance of B. castroi and M. juniae prevented evaluation of their 

salinity tolerance. 

 

3.4. Discussion 

We observed a similar number of mysid species compared to that previously  
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Fig. 3.5. Relative abundance and biomass temporal distribution of the different stages of 

Metamysidopsis elongata atlantica, from January 2012 through January 2013. 

 

 

Fig. 3.6. Relationship between body length (BL) and brood size (BS) for 

Metamysidopsis elongata atlantica (solid line) and Mysidopsis coelhoi (dashed line). 
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Table 3.1. Reproductive parameters of Metamysidopsis elongata atlantica and Mysidopsis coelhoi: range and mean ± standard deviation of 

gravid female body length and brood size, and mean length of embryos separated by category. 

Species Body length (mm)   Brood size (N)   Embryos length (mean ± SD; mm) 

  Range Mean ± SD N   Range Mean ± SD N   Stage 1 Stage 2 Stage 3 

M. e. atlantica 3.9-6.3 4.9 ± 0.5 123  3-18 9.7 ± 2.9 122  0.35 ± 0.03 (N=294) 0.68 ± 0.10 (N=262) 0.94 ± 0.11 (N=48) 

M. coelhoi 3.8-5.9 5.1 ± 0.6 25   7-23 15.3 ± 4.4 23   0.37 ± 0.03 (N=44) 0.81 ± 0.16 (N=38) 0.95 ± 0.14 (N=35) 

 

 

Table 3.2. Annual production (mg C m
-3

 year
-1

) of mysids from different marine environments. 

Species T (°C) Depth (m) Production Location Source 

Metamysidopsis elongata atlantica 20.0 - 32.6 0.3 - 1.5 425.0 Cananeia estuary, Brazil This study 

Anisomysis mixta australis 10.4 - 17.8 2 - 4 9.2 One Three Point, Tasmania Fenton (1996) 

Paramesopodopsis rufa 10.4 - 17.8 2 - 4 12.1 One Three Point, Tasmania Fenton (1996) 

Tenagomysis tasmaniae 10.4 - 17.8 2 - 4 31.84 One Three Point, Tasmania Fenton (1996) 

Mesopodopsis slabberi 11 - 26 <4 6.4 Mondego estuary, Portugal Azeiteiro et al. (1999) 

Rhopalophthalmus terranatalis 14 - 26 <2 - 6 1150.0 Sundays estuary, South Africa Wooldridge (1986) 

Schistomysis spiritus 10.1 - 18.9 31 12.3 Bay of Biscay, Spain Vicente and Sorbe (1995) 
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Fig. 3.7. Relationship between body length (BL, mm) and dry weight (DW, mg) for 

Metamysidopsis elongata atlantica. 

 

recorded in the same region (Almeida Prado 1973; Tararam et al. 1996), but with some 

important differences in the assemblage composition. The main difference was that on 

the one hand we registered M. juniae for the first time in the Cananeia estuary, but on 

the other hand, we did not find two species that were previously recorded: Mysidopsis 

tortonesei (Almeida Prado 1973; Tararam et al. 1996; Wakabara et al. 1996) and 

Promysis atlantica (Almeida Prado 1973). Interestingly, M. tortonesei was the dominant 

species in the Cananeia region in the early 1970's, followed by B. castroi (Almeida 

Prado 1973). However, in the next decade, M. tortonesei was found at low abundances, 

being replaced by M. e. atlantica as the dominant species (Tararam et al. 1996; 

Wakabara et al. 1996), as observed here. This shift in species composition in the 

Cananeia estuary might be related to anthropogenic impacts, such as eutrophication, and 

the ongoing alteration in freshwater discharge and sediment transport caused by the 

construction of an artificial channel in the 19
th

 century (Barrera-Alba et al. 2007). 

All mysid species observed here are coastal water species that may migrate into 

the estuary (Almeida Prado 1973). Therefore, salinity can be thought of as the main  
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Fig. 3.8. Biomass and production of Metamysidopsis elongata atlantica and Copepoda 

in the Cananeia estuary, from January 2012 through January 2013. 

 

 

Fig. 3.9. Metamysidopsis elongata atlantica, Mysidopsis coelhoi and Chlamydopleon 

dissimile surviving rate in the salinity tolerance experiment. 
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factor influencing mysid spatio-temporal distribution in the Cananeia estuary, as 

commonly observed in estuaries worldwide (Rio de la Plata, Calliari et al. 2007; 

Guadalquivir, Vilas et al. 2009; Westerschelde, Rappé et al. 2011). In our study, M. e. 

atlantica had the widest spatial distribution along the estuary, whereas M. coelhoi and 

C. dissimile were limited to higher salinities regions. The minimum salinity tolerated by 

M. e. atlantica (15) and M. coelhoi (20) in the laboratory experiments was similar to the 

minimum salinity where they occurred in situ, i.e. 13 and 18, respectively. The wider 

distribution of M. e. atlantica along the estuary is probably associated to its numerical 

dominance in relation to other mysid species. That occurs because the lower salinity 

areas are usually richer in food concentration due to the influence of rivers discharge 

and the mangrove forest (Jorcin 2000; Barrera-Alba et al. 2008). Moreover, M. e. 

atlantica is highly benefited by the absence of other mysid species in these regions, as it 

avoids interspecific competition and intraguild predation (Chapter 4). 

Conversely, C. dissimile was the most tolerant species to low salinities (5) 

according to experimental results, but its distribution in the natural environment did not 

match such capability, as it was restricted to the upper salinity range (18-36). Higher 

tolerance of C. dissimile to low salinities may be an evolutionary adaptation related to 

limited mobility linked to burrowing behavior to avoid unfavorable haline conditions 

(e.g., during tidal cycles), especially at daytime when this species tends to stay within 

the sediments (personal observation). Occurrence of C. dissimile over a narrow salinity 

range points to factors other than salinity as determinant of its distribution in the 

Cananeia estuary. For example, sediment characteristics in low salinity sites of this 

estuary is composed mostly by a fine muddy sand (Jorcin 2000), which seems 

inappropriate for burrowing (e.g., Nel et al. 1999). 

Besides salinity, temperature was also important in structuring mysid seasonal 

distribution, although temperature was not detected as a first-order variable for 

explaining mysid abundance. Mysids attained higher biomass and production during 

warmer months because of higher metabolic rates (Ikeda 2013) and individual growth 

rates with increased temperature (Gama et al. 2006), thus favoring a faster population 

growth. Abundance peaks in spring are usually observed in the Cananeia region 

(Almeida Prado 1973; Tararam et al. 1996), when most favorable thermohaline 

conditions for mysids to thrive occur, i.e. temperature starts to increase and salinity is 

not as low as in summer (rainy season). Furthermore, mysid production peaks are 

coupled to the higher zooplankton production observed during warmer months, seeing 
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that zooplankton comprises an important food item for mysids (Rudstam et al. 1989; 

Kouassi et al. 2006; Carrasco & Perissinotto 2011). Moreover, other likely food sources 

such as phytoplankton (Barrera-Alba et al. 2008) and detritus (Jorcin 2000) are also 

more abundant during the warmer season. 

Conversely, predation pressure is likely to represent a major limiting factor for 

mysid populations in the Cananeia estuary, as parasites or diseases were not observed 

(e.g., Ohtsuka et al. 2011). Wakabara et al. (1993) analyzed the diet of 30 fish species 

from the Cananeia region, and observed that mysids were preyed by 18 of them, mainly 

by juveniles of the whitemouth croaker (Micropogonias furnieri), the leatherjacket 

(Oligoplites sp.), the tonguefish (Symphurus jenynsii), and the little croaker (Stellifer 

stellifer). The importance of mysids as the main prey for upper level consumers (e.g., 

fish, birds, seals, whales) has already been described for other coastal systems (Sanger 

1987; Lake et al. 2003; Rodríguez-Graña et al. 2008; Feyrer & Duffus 2011). 

Mysids seem to breed continuously in the Cananeia estuary (Almeida Prado 

1973), as indicated by the presence of juveniles and gravid females throughout the year. 

Even in May 2012, when we found only juveniles in our samples, we did observe high 

abundances of all mysid stages when collecting mysids for another experiment (Chapter 

4). This inconsistency occurred because mysids have a strong migratory behavior, 

which makes them complicated to locate and quantify (Miyashita & Calliari 2014). 

Mysids brood size varied inter- and intraspecifically, being positively correlated 

to female body size, as usually observed (Baldó et al. 2001; Hanamura et al. 2009; 

Feyrer 2010). The differences in brood size between the three main mysid species 

suggest that they have distinct reproductive strategies (Feyrer 2010), although based on 

current results it is not clear how brood size relates to in situ abundance. The dominant 

species M. e. atlantica had the smallest brood size. To outnumber the other mysid 

species and maintain high abundances, M. e. atlantica probably (i) compensates the 

smaller brood sizes with faster embryonic development and/or faster sexual maturation, 

to attain a fecundity similar to that of other mysid species; (ii) exploits a different suite 

of resources (e.g., food types); or (iii) is more efficient in the use of common resources. 

In contrast, C. dissimile and M. coelhoi have low abundances, but are able to sustain 

their population producing larger brood sizes. These are issues that deserve further 

attention in future studies in order to gain a better understanding of community 

dynamics of the mysid assemblage of the Cananeia estuary. 

Metamysidopsis e. atlantica had high annual production value compared with 
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mysid production from other coastal systems (Table 3.2). In spring, its production was 

even comparable to copepod production. This high production value is probably 

consequence of the combination of warm water (>19°C) and high food availability that 

predominates throughout the year in the Cananeia estuary, but mainly in spring, which 

favors continuous breeding and high growth rates. This suggests that mysids play a key 

role in the Cananeia estuary linking producers/primary consumers and upper trophic 

levels (Wakabara et al. 1993, 1996), thus being essential for the sustenance of both 

commercial and subsistence fisheries in the region. 

 

3.5. Conclusions 

Salinity, followed by temperature, were the main factors influencing mysid 

spatio-temporal distribution in the Cananeia estuary. Mysids showed higher abundance 

and production in spring, when more favorable thermohaline conditions coupled with 

higher food availability were observed. 

Metamysidopsis e. atlantica was the most abundant species. Its numerical 

dominance in relation to other mysid species was a result of a combination of factors: (i) 

M. e. atlantica had wider spatial distribution, occurring in lower-salinity areas than the 

other mysid species, thus avoiding interspecific competition and intraguild predation 

(Chapter 4). Moreover, these estuarine inner areas usually provide higher food 

concentration (Jorcin 2000; Barrera-Alba et al. 2008); and (ii) M. e. atlantica probably 

compensates the smaller brood sizes with a faster life cycle, i.e. earlier sexual 

maturation and shorter embryonic development. 

Mysid high annual production confirms their importance in the carbon flux of 

marine coastal waters. Therefore, despite all the difficulties related to mysid sampling 

(Miyashita & Calliari 2014), mysids should be considered in future trophodynamics 

studies and models. 
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Chapter 4. Species-specific and combined feeding rates and selectivity 

of dominant mysids from a subtropical estuary, Brazil 

 

Abstract 

We studied the influence of mysid species number on their feeding rates to test how the 

structure of the mysid assemblage may affect carbon fluxes in the Cananeia estuary. 

Three types of experiments were conducted at the laboratory in order to: (i) evaluate 

mysid feeding rates and selectivity on the natural zooplankton assemblage; (ii) 

determinate mysid functional responses to varying food density using Artemia sp. 

nauplii as food; and (iii) check inter- and intraspecific predation between mysids. For 

the former two experiments, three mysid species were incubated isolated or combined 

(2 species: Metamysidopsis elongata atlantica + Mysidopsis coelhoi; 3 species: M. e. 

atlantica + M. coelhoi + Chlamydopleon dissimile), comprising 5 treatments. The three 

mysid species had opportunistic feeding behavior on the natural zooplankton 

assemblage, but there was evidence of avoidance of medium-size prey (300-400 µm) 

mostly comprised of Oithona spp., probably due to a combination of small size and prey 

swimming patterns. Ingestion rates showed a non-linear increase with increasing food 

concentrations, suggesting a type II functional response for all mysid species and 

combination of species. There were both positive (complementarity effect) and negative 

effects of species combinations on the investigated response. Negative interactions were 

probably linked to intraguild predation as confirmed by experiment (iii), which resulted 

in a reduction of mysid predation over the zooplankton. 

 

Keywords: biodiversity, feeding behavior, zooplankton, Mysidacea, trophodynamics, 

South Atlantic. 

 

4.1. Introduction 

Mysids are predominantly marine organisms (>90% species; Porter et al. 2008), 

and may occur from subpolar to tropical estuarine, neritic and oceanic waters 

(Mauchline 1980). They are omnivorous and prey mainly upon detritus, algae and small 

invertebrates (Wooldridge & Webb 1988; Fockedey & Mees 1999; Lehtiniemi et al. 

2009). Because of their diverse diet and numerical dominance in coastal areas, mysids 
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play a major role as intermediate consumers in coastal marine food webs (Rodríguez-

Graña et al. 2008), serving as food for several fish, large invertebrates, birds and 

mammals (Mauchline 1980). Moreover, because most of the species are benthopelagic 

(>75%; Heard et al. 2006) and have strong diel migratory behavior (Almeida Prado 

1973; Kouassi et al. 2006), mysids have an important role in the benthic-pelagic 

coupling (Jumars 2007). 

Biodiversity alteration can affect the stability of ecosystem functions and the 

capacity of communities to use resources, produce biomass, decompose and recycle 

nutrients (Cardinale et al. 2012). A more diverse ecosystem is generally more stable and 

productive because it has higher probability of including key species of outstanding 

performance (sampling effect); and because diverse assemblages ensure colonization by 

species with different niches, whose interaction can lead to higher efficiency in the use 

of available resources (complementarity) (Loreau & Hector 2001). Despite the higher 

taxonomic and functional diversity in marine compared to terrestrial systems, relatively 

few works concerning the biodiversity-ecosystem functioning problem has emphasized 

the oceans, especially the pelagic ecosystem (Duffy & Stachowicz 2006). 

Three types of experiments were conducted here: (i) to determinate mysid 

feeding rates and selectivity on the natural zooplankton assemblage; (ii) to evaluate their 

functional responses to varying food density using Artemia sp. nauplii as food; and (iii) 

to test inter- and intraspecific predation between mysids. For these experiments, we 

used the three dominant mysid species from the Cananeia estuary: Metamysidopsis 

elongata atlantica, Mysidopsis coelhoi and Chlamydopleon dissimile. These species co-

occur and are the main intermediate consumers in the Cananeia estuary (Tararam et al. 

1996). Among the three species, M. e. atlantica is the most abundant and that with 

widest distribution along the estuary (Tararam et al. 1996; Chapter 3), whereas M. 

coelhoi and C. dissimile are preferentially found in regions of stronger marine influence 

(Almeida Prado 1973). For experiments (i) and (ii), each of these species was incubated 

isolated or combined according to their in situ distribution pattern (2 species: M. e. 

atlantica + M. coelhoi; 3 species: M. e. atlantica + M. coelhoi + C. dissimile), totalizing 

5 treatments. 

Here, we studied the influence of mysid species number on predation rates and 

prey selectivity to explore how the structure of the mysid assemblage may affect carbon 

fluxes in the Cananeia environment. We hypothesized that species richness positively 
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modulates feeding rates (resource use effectiveness), thus influencing carbon fluxes 

through the mysid compartment. 

 

4.2. Materials and Methods 

4.2.1. Study site 

The Cananeia-Iguape Coastal System (Cananeia estuary, 24°35‘- 25°10‘S, 

47°30‘ - 48°05‘W) is located in the south coast of the state of São Paulo, southeast 

Brazil. Annual mean air temperature and precipitation are 23.8°C and 2269 mm, 

respectively (Miyao et al. 1986; Silva 1989). This system is surrounded by a coastal 

plain area, salt marshes, mangroves and the Atlantic rainforest. It comprises a complex 

system of meandering channels delimited by four main islands (Cardoso, Cananeia, 

Comprida and Iguape), with two main connections to the Atlantic Ocean. The estuary is 

classified as partially mixed and weakly stratified (Type 2a; Miranda et al. 1995). 

Freshwater discharge is provided by several small rivers, whereas circulation along the 

estuary is forced mainly by semidiurnal tidal currents, with amplitudes of 0.83 m and 

0.13 m during spring and neap tides, respectively (Miyao & Harari 1989). 

 

4.2.2. Mysid sampling 

For all experiments, mysids were collected using an epibenthic sledge fitted with 

a 500-µm pore size mesh towed during daytime at depths of 0.3 to 1.5 m. After the 

tows, samples were immediately poured into 12 L buckets and brought to the laboratory, 

usually within 40 min after collection. In situ temperature and salinity were measured 

with a multiparameter sensor (Oakton, 600 series). At the laboratory, adult/subadult 

mysids were individually picked from the buckets using small beakers, sorted by 

species and left for acclimatization to laboratory conditions for at least 3 h. 

 

4.2.3. Feeding selectivity 

Experiments were carried out between November 16 and 21, 2011 to estimate 

mysid clearance and consumption rates according to the classical setup used in plankton 

ecology studies (Båmstedt et al. 2000). Zooplankton was collected by horizontal 

subsurface tows with a conical plankton net fitted with a 90-µm mesh size. The sample 

was diluted in 12 L buckets and brought to the laboratory. At the laboratory, the sample 

was gently sieved through a 1 mm mesh to eliminate larger predators (e.g., jellyfish, fish 
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larvae) and obtain a ―prey sample pool‖ to be used during experiments. The density of 

plankton in the prey sample pool was estimated by taking and rapidly counting several 

10 mL subsamples after gentle and thorough mixing. The resulting density was used to 

estimate the volume of the prey sample pool needed to attain a nominal prey density of 

40 individuals L
-1

 in the experimental bottles, a typical density of mesozooplankton in 

the Cananeia estuary (Ara 2004). For the experiment, six mysids (single species or 

combination of species) were incubated in 9 L of filtered in situ seawater (5 µm). The 

experiment thus considered a constant predator density of 0.67 mysids L
-1

 for all 

treatments (Table 4.1), and four replicates in all cases. Four replicate samples of the 

prey sample pool of exactly the same volume as that added to the experimental bottles 

were established to estimate initial prey numbers. Bottles were incubated in darkness 

and at constant temperature (mean of 20.8 ± 0.2ºC), similar to those of the sampling site 

on the day of mysid collection. After 24h of incubation, contents of the bottles were 

sieved (90 µm), and the status of the mysids checked and recorded (live/dead, 

anomalous swimming behavior was also noted) and each individual was measured 

(body length, from the tip of the rostrum to the end of the telson). Remaining preys 

were fixed in 4% formaldehyde-seawater buffered solution, identified to the lowest 

taxon possible (usually species or genus for copepods), counted and measured (total 

length for nauplii or prosome length for copepods, 20 individuals per taxon) by digital 

image analysis using public domain Image-J software (Schneider et al. 2012). Dry 

weight (DW), ash-free dry weight (AFDW) or carbon weight (C) was estimated based 

on length-weight regressions (Uye 1982; Berggreen et al. 1988; Hansen & Ockelmann 

1991; Webber & Roff 1995; Fotel et al. 1999; Hansen 1999; Ara 2001; Turner et al. 

2001; Uye et al. 2002; Almeda et al. 2010). For copepods, we applied a conversion 

factor from AFDW to DW of 1.12 (Båmstedt 1986), and from DW to C of 0.46 (Ara 

2001). 

Clearance (mL mysid
-1

 d
-1

) and ingestion (ind. mysid
 -1

 d
-1

 and µgC mysid
-1

 d
-1

) 

rates were calculated according to Frost (1972). Mysids feeding preferences were 

evaluated through the electivity index (E*) of Vanderploeg & Scavia (1979): 

W = (Ri/Pi)/∑(Ri/Pi); 

E* = [Wi – (1/N)]/[Wi + (1/N)], 

where Ri is the proportion of each food item in the diet; Pi is the relative 

abundance of the food item; and N is the number of prey available. E* values range 
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from +1 to -1: values >+0.3 indicate positive selectivity, <-0.3 negative selectivity, and 

values in-between indicate neutral selection. 

 

Table 4.1. Design of the feeding selectivity experiments: species composition, number 

of organisms per bottle, mysid mean body length (± SD), salinity, and date of 

experiments. 

Treatment 

Individuals per 

species 

Body length 

(mm) Salinity 

Date 

(day/month/year) 

Metamysidopsis elongata atlantica 6 M. e. atlantica 4.2 ± 0.5 23.9 17/11/2011 

Mysidopsis coelhoi 6 M. coelhoi 5.0 ± 0.2 21.6 18/11/2011 

Chlamydopleon dissimile 6 C. dissimile 7.7 ± 0.5 24.2 20/11/2011 

2 species combined 3 M. e. atlantica 4.7 ± 0.1 23.9 19/11/2011 

3 M. coelhoi 4.9 ± 0.4 
3 species combined 2 M. e. atlantica 5.0 ± 0.1 24.2 20/11/2011 

2 M. coelhoi 4.5 ± 0.4 

2 C. dissimile 7.7 ± 0.3 
 

4.2.4. Functional response 

Experiments were carried out on March and May 2012. Six mysids (same 

species combination design as described above) were incubated in 6 L filtered seawater 

(5 µm) during 1-2 h with newly-hatched Artemia nauplii as food. Six different nauplii 

concentrations were supplied: 2, 5, 10, 50, 200 and 500 nauplii L
-1

. Concentrations of 2 

to 50 nauplii L
-1

 were prepared by individually picking batches of nauplii in numbers 

required to attain the desired concentration in each bottle. The number of nauplii was 

double-checked before the addition to the experimental bottle. The concentrations of 

200 and 500 nauplii L
-1

 were prepared by an analogous procedure than that used for the 

―Feeding selectivity‖ experiment: the density of nauplii in the nauplii pool was first 

estimated and subsamples of the proper volume added to the experimental bottles to 

obtain a final concentration of 200 or 500 nauplii L
-1

. At least three replicates and three 

control replicates (containing only Artemia nauplii and no mysid) were established for 

treatment. Control replicates were done only for concentrations of 200 and 500 nauplii 

L
-1

. Bottles were incubated during daytime, in darkness and at controlled temperature 

(mean of 27.5 ± 0.3ºC), similar to that of the sampling site during mysid collection. At 

the end of the incubation, contents of the bottles were sieved (90 µm), and the status of 

the mysids checked and recorded (live/dead) and each individual was measured. 

Remaining prey were fixed in 4% formaldehyde-seawater buffered solution or in acid 
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Lugol‘s solution, and counted. The total length (µm) of 20 Artemia nauplii per bottle 

was measured by digital image analysis (Image-J). Clearance and ingestion rates were 

calculated according to Frost (1972). The functional response type was determined by 

the fitting of the ingestion rate data to three different models: rectilinear, curvilinear, and 

sigmoidal (Holling 1959). 

 

4.2.5. Intraguild predation 

Experiments to verify inter- and intraspecific predation between the three mysid 

species were done in January 24-25, 2013. One adult mysid of each species was 

incubated in 300 mL of filtered seawater (5 µm) with five juveniles of the same or other 

species. Three replicates were carried out for each treatment. Bottles were incubated in 

darkness, at controlled temperature (mean of 26.1 ± 0.3ºC) and constant salinity (30). 

After 2 h of incubation, the number of juveniles was counted, and the status of all 

mysids was checked and recorded (live/dead). 

 

4.3. Results 

4.3.1. Feeding rates and selectivity 

The mean initial and final zooplankton densities were 41 ± 6 ind. L
-1

 and 22 ± 4 

ind. L
-1

, respectively. The natural zooplankton offered as food was composed mainly of 

nauplii and/or copepodites of Oithona spp. (Oithona hebes and Oithona oswaldocruzi), 

Acartia lilljeborgii, Parvocalanus crassirostris, Temora turbinata and Pseudodiaptomus 

acutus (Figs. 4.1 and 4.2). Copepod nauplii were the smallest prey, whereas copepodites 

of A. lilljeborgii and P. acutus were the largest prey. 

Higher ingestion rates were related to the most abundant prey, regardless of the 

number of prey species available (Fig. 4.1). This fact was corroborated by the electivity 

index (E*) of Vanderploeg & Scavia (1979), which indicated neutral selection for most 

prey, with values ranging between -0.36 and 0.25 (Table 4.2). Conversely, clearance 

rates were not related to prey abundance (Fig. 4.2). Clearance rates were apparently 

more influenced by prey size, usually being higher in the smallest size class of 200-300 

µm (Fig. 4.3), whereas higher ingestion rates occurred for prey in the medium-sized 

prey between 300-400 µm (Fig. 4.4). In general, E* was also neutral considering prey 

by size class, except for prey between 300-400 µm in the M. e. atlantica isolated 

experiment, which were negatively selected (Table 4.2). 
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Regarding the influence of the composition of mysid species on clearance and 

ingestion rates, the experiment with two species combined showed higher values 

compared with the other experiments (Table 4.3; p < 0.05, ANOVA), being significantly 

higher in relation to M. e. atlantica (clearance and ingestion rates; p < 0.05, Tukey 

HSD). In terms of carbon (µgC mysid
-1

 d
-1

), differences occurred between M. e. 

atlantica and M. coelhoi (p < 0.01; Tukey HSD), and between M. e. atlantica and C. 

dissimile (p < 0.05; Tukey HSD). 

 

 

Fig. 4.1. Ingestion rate of each mysid species and combination of species, and biomass 

of the dominant zooplankton offered as food. Error bars represent the standard 

deviation. 

 

Mysid mortality was observed only when species were combined. Death of one 

individual of M. e. atlantica was observed in two bottles of the two combined species 

experiment, whereas in the treatment with three species combined mortality occurred in 

three cases: in two cases one individual was found dead (C. dissimile in one bottle and 

M. e. atlantica in another), and in a third case two individuals died in one bottle (M. 

coelhoi and M. e. atlantica). 
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4.3.2. Functional response 

In all cases, single species or combination of species, the ingestion rate increased 

asymptotically with increasing food concentrations, suggesting a type II functional 

response (Fig. 4.5). Maximum ingestion rate (Imax) was higher for M. coelhoi followed 

by C. dissimile, whereas M. e. atlantica and the species combinations showed lower 

values (Table 4.4). Conversely, the a parameter (hunting success; Jeschke et al., 2002) 

estimated by the Ivlev model (1961) was highest in M. coelhoi for single-species 

treatments, but increased in the two- and (increased further) in the three-species 

treatment (Table 4.4). Clearance rate was higher at lower food concentrations, 

decreasing as food availability increased (Fig. 4.5). Higher maximum clearance rate 

(Fmax) was observed for C. dissimile and the combination of M. e. atlantica and M. 

coelhoi (Table 4.4). Mysid mortality did not occur in any occasion. 

 

 

Fig. 4.2. Clearance rate of each mysid species and combination of species, and 

abundance of the dominant zooplankton offered as food. Error bars represent the 

standard deviation. 
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4.3.3. Intraguild predation 

Predation was observed for C. dissimile and M. coelhoi over M. e. atlantica, 

only in one of the three replicate bottles (Table 4.5). Mortality of adults or juveniles not 

related to predation did not occur. 

 

Table 4.2. Electivity index (E*) of Vanderploeg & Scavia (1979) for the most abundant 

prey, and separated by prey size class for each mysid species and combination of 

species. 

  M.e. atlantica M. coelhoi C. dissimile 2 spp. 3 spp. 

Oithona spp. -0.21 ± 0.12 -0.36 ± 0.10 -0.04 ± 0.12 -0.23 ± 0.14 -0.26 ± 0.11 

P. crassirostris 0.25 ± 0.17 0.12 ± 0.05 -0.05 ± 0.17 -0.24 ± 0.45 0.06 ± 0.14 

A lilljeborgii -0.34 ± 0.31 -0.10 ± 0.08 0.01 ± 0.10 0.08 ± 0.08 0.01 ± 0.14 

A. lilljeborgii nauplii - - 0.05 ± 0.07 0.01 ± 0.18 -0.04 ± 0.09 

T. turbinata - 0.08 ± 0.08 - - - 

T. turbinata nauplii - 0.10 ± 0.01 - - - 

P. acutus - - -0.25 ± 0.35 - 0.04 ± 0.12 

P. acutus nauplii - - 0.11 ± 0.05 0.08 ± 0.27 0.06 ± 0.13 

Bivalvia larvae - - - - -0.05 ± 0.25 

200 - 300 µm - 0.29 ± 0.15 0.08 ± 0.07 0.31 ± 0.22 0.10 ± 0.15 

300 - 400 µm -0.71 ± 0.03 0.06 ± 0.16 0.01 ± 0.06 0.25 ± 0.25 -0.20 ± 0.09 

400 - 500 µm - - -0.18 ± 0.41 - 0.01 ± 0.14 

500 - 600 µm 0.20 ± 0.32 - - - - 

600 - 700 µm - 0.10 ± 0.11 - - - 

 

Table 4.3. Clearance (F) and ingestion (I) rates of the feeding selectivity experiments 

for each mysid species and combination of species. 

  Feeding rates 

Species F (mL mysid
-1

d
-1

) I (ind. mysid
-1

d
-1

) I (µgC mysid
-1

d
-1

) 

M. e. atlantica 485.4 ± 248.0 18.6 ± 8.1 5.8 ± 2.6 

M. coelhoi 1081.5 ± 59.7 32.6 ± 1.2 12.1 ± 0.5 

C. dissimile 1410.9 ± 318.8 31.9 ± 3.5 9.7 ± 0.1 

2 species combined 1532.1 ± 628.7 38.1 ± 9.9 10.2 ± 2.4 

3 species combined 1243.3 ± 370.2 32.3 ± 8.1 9.2 ± 2.2 

 

4.4. Discussion 

4.4.1. Feeding rates and selectivity 

Mysids are omnivorous and their feeding selectivity may vary according to 

species size, ontogenetically, and due to prey quantity and identity (Mauchline 1980; 
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Fockedey & Mees 1999; Kouassi et al. 2006; Lehtiniemi et al. 2009). The natural 

zooplankton offered as food was dominated by copepods, which usually are the main 

food source of several mysid species (Fockedey & Mees 1999; Lehtiniemi et al. 2009). 

The dominant copepods were Oithona spp., P. crassirostris, A. lilljeborgii, T. turbinata 

and P. acutus, as commonly observed during the entire year in the Cananeia estuary 

(Ara 2004; Chapter 3). 

For the three mysid species studied here, ingestion rate was higher for the most 

abundant prey, as observed elsewhere (Wooldridge & Webb 1988; Viherluoto & 

Viitasalo 2001; Kouassi et al. 2006), and E* was neutral for most prey types, which 

indicates no preference or avoidance. However, the dominant prey Oithona spp. had 

negative E* values in all treatments, and in the single M. e. atlantica treatment, E* 

indicated rejection for medium-size prey between 300 and 400 µm (Oithona spp. size 

class). A certain degree of avoidance for these small copepods probably occurred 

because of mysid preference for larger and slowly moving prey (e.g., Mysis mixta; 

Viitasalo et al. 2001) and Oithona swimming behavior: Oithona are stationary ambush 

feeders, which turns them difficult to detect as they yield lower hydrodynamic signals 

than cruisers and suspension feeders (Svensen & Kiørboe 2000; Paffenhöfer & 

Mazzocchi 2002). 

 

Table 4.4. Maximum clearance (Fmax) and ingestion (Imax) rates for each mysid 

species and combination of species. Parameters were estimated by the exponential 

decay equation [F = Fmax × exp(-bC)] and the Ivlev model {I = Imax × [1 – exp(-aC)]}, 

where C is the food concentration. Parameter a of Ivlev's model is a measure of hunting 

efficiency. 

  Clearance rates   Ingestion rates 

Species Fmax b r
2
   Imax a r

2
 

M. e. atlantica 6087.8 0.0125 0.61  321.2 0.0068 0.73 

M. coelhoi 9913.7 0.0293 0.58  619.6 0.0025 0.80 

C. dissimile 15390.7 0.0799 0.79  364.1 0.0076 0.77 

2 species combined 14963.4 0.1288 0.67  247.2 0.0100 0.86 

3 species combined 11269.7 0.0148 0.63   240.7 0.0266 0.76 
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Fig. 4.3. Zooplankton abundance, and clearance rate of each mysid species and 

combination of species separated by prey size class. Error bars represent the standard 

deviation. 

 

4.4.2. Functional response 

Ingestion rates showed a curvilinear increase with food concentration, which 

generally is the most commonly observed functional response in mysids (Folt et al. 

1982; Fulton 1982; Mohammadian et al. 1997; Bergström & Englund 2004) and other 

zooplankters (Hansen & Ockelmann 1991; Jeschke et al. 2002; Isari and Saiz 2011). 

Functional responses of types I and III are less common, but may also occur in mysids 

(Viitasalo & Rautio 1998; Viherluoto & Viitasalo 2001) and other zooplankters (Jeschke 

et al. 2004; Almeda et al. 2010; Morozov 2010). 

Metamysidopsis e. atlantica reached saturation at lower food concentration 

compared with the two other mysid species, and reached a lower maximum ingestion 

rate. Metamysidopsis e. atlantica is the smallest of the three mysid species, thus it 

probably has lower metabolic requirements (Ikeda 2013), which may be related to its 
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lower feeding rates and in situ numerical dominance (Tararam et al. 1996; Chapter 3) in 

relation to other mysid species. 

 

 

Fig. 4.4. Zooplankton biomass, and ingestion rate of each mysid species and 

combination of species separated by prey size class. Error bars represent the standard 

deviation. 

 

Chlamydopleon dissimile and M. coelhoi showed opposite patterns: the former 

was the most effective predator (highest hunting success) and had higher ingestion rates 

at all food concentrations, except for the 500 nauplii L
-1

 food level, in which M. coelhoi 

developed higher rates. Mysidopsis coelhoi attained its maximum ingestion at higher 

food concentrations, suggesting that it is adapted to higher food conditions than C. 

dissimile and M. e. atlantica. 

 

4.4.3. Mysid species interaction 

There was a clear effect of species number on the feeding rates of the mysid 

assemblage, and both positive and negative interactions were observed. The ingestion 
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rate of M. e. atlantica and M. coelhoi combined was significantly higher than that of M. 

e. atlantica and C. dissimile isolated. Hunting success was also higher in combinations 

compared with isolated species, and was highest in the three-species treatment. Higher 

ingestion rates and hunting success could be related to the complementarity effect 

(Loreau & Hector 2001) for those particular species combinations, i.e. mysid 

performance was better in the combined experiments likely because of resource 

partitioning or facilitation. 

 

 

Fig. 4.5. Functional response of each mysid species and combination of species. Dotted 

(clearance rates) and continuous lines (ingestion rates) represent the model fitted to the 

respective data (see Table 4.4). 
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Table 4.5. Number of juveniles predated when maintained with adults of the same or 

other mysid species. 

    Juveniles 

Adult Replicate M. e. atlantica M. coelhoi C. dissimile 

M. e. atlantica 1 0 0 0 

 2 0 0 0 

 3 0 0 0 

M. coelhoi 1 4 0 0 

 2 0 0 0 

 3 0 0 0 

C. dissimile 1 2 0 0 

 2 0 0 0 

  3 0 0 0 

 

Conversely, lowest maximum ingestion rates (functional response) and high 

frequency of mortality were observed when the three species were combined suggesting 

that co-occurrence of those three species was negative for the feeding performance of 

the mysid assemblage. Such negative interactions likely arose from intraguild predation 

(e.g., Finke & Denno 2004). Results of the intraguild predation experiment confirmed 

that such mechanism actually occurs for both C. dissimile and M. coelhoi over M. e. 

atlantica. Even when no direct intraguild predation takes place, an indirect effect of the 

presence of a potential top predator may involve deterrence or diminishing of feeding 

activity by the intermediate consumer linked to behavioral changes (Lima & Dill 1990; 

Trussell et al. 2003). However, that extreme was not evaluated in the present study. 

Current results clearly indicated that mysid community structure is a relevant 

factor for the regulation of consumption rates and energy flows through this important 

ecosystem compartment, thus providing partial support for the working hypothesis. 

However, the relationship between species richness and mysid predation rates was not 

straightforward, depending both on species identity and prey availability as indicated by 

functional response patterns with highest predation efficiency, but lower maximum 

feeding rates for the three-species combination compared to single-species performance. 

 

4.5. Conclusions 

Ingestion rates of either single mysid species or in combinations, showed a 

curvilinear increase suggesting a type II functional response. The functional response 

curves suggested that C. dissimile and M. e. atlantica are more adapted to low food 
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concentration conditions than M. coelhoi. The three mysid species tended to develop an 

overall opportunistic (i.e., non-selective) feeding behavior on the natural zooplankton 

assemblage, but there was evidence of avoidance of medium-size prey (300-400 µm), 

mostly comprised by Oithona spp. This pattern probably arose from a combination of 

small prey size and swimming patterns. There were both positive interactions of species 

combinations on community feeding response (complementarity effect between M. e. 

atlantica and M. coelhoi) and negative ones when the three mysid species were present. 

Negative interactions were probably linked to intraguild predation, resulting in a 

reduction of mysid predation over the zooplankton. 
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Chapter 5. Effects of predator species number and spatial 

heterogeneity on prey suppression 

 

Abstract 

We carried out two independent mesocosm experiments manipulating the number of top 

predator species and spatial heterogeneity to test their influence on resource use 

effectiveness, competition among predators and trophic cascades. Our hypothesis was 

that an increase in top predator species richness induces higher intermediate prey 

suppression because of complementarity effects, which consequently reduces their 

grazing over algae (basal prey assemblage). We used mysids as intermediate prey, 

whereas the predator treatments consisted of three monocultures of different top 

predator species, and one polyculture containing the three species of predators. 

Heterogeneity was manipulated by the introduction of oyster shells and the macroalgae 

Gracilaria sp. Top predator richness enhanced intermediate prey suppression relative to 

the mean performance of monocultures, but not in comparison to the most effective top 

predator. Positive effects of diversity increased with spatial heterogeneity, as it allowed 

interspecific complementarity effects between top predators to be better expressed. 

Moreover, mortality was reduced in treatments with higher spatial heterogeinity, 

probably because it dampened intraguild predation and/or negative behavioral 

interactions between predators. Finally, trophic cascades were not observed because 

mysids are generalist consumers, i.e. their grazing over algae was not significant as they 

might have explored other food sources. 

 

Keywords: biodiversity, ecosystem functioning, habitat heterogeneity, carnivores, 

trophic cascade, marine, food webs. 

 

5.1. Introduction 

Biodiversity can be defined as the variety of species, genes, or functional traits 

in an ecosystem, having a major role on the ecosystem functions and services 

(Cardinale et al. 2012). The loss of biodiversity reduces the stability of ecosystem 

functions and the capacity of communities to use resources, produce biomass, 

decompose and recycle nutrients (Hooper et al. 2012). A more diverse ecosystem 

generally is more stable and productive because it has a higher probability of having key 
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species with dominant effects (sampling effect); and because more diverse assemblages 

ensure colonization by species with different niches, whose interaction can lead to a 

more efficient capture of available resources (complementarity) (Loreau and Hector 

2001). 

Experimental evidence available shows that diversity effects are generally 

consistent across taxa and ecosystems (Cardinale et al. 2006, 2007; Stachowicz et al. 

2007), but the responses may vary considerably according to spatiotemporal scale 

(Cardinale et al. 2004, 2011), spatial heterogeneity (Griffin et al. 2009; Godbold et al. 

2011), and food chain length and complexity (Bruno and O‘Connor 2005; Duffy et al. 

2005, 2007; Bruno et al. 2008). An increase of these variables strengthens diversity 

effects because they allow resource partitioning to be better expressed, i.e. 

complementarity effects among species to be manifested (Cardinale et al. 2007; 

Stachowicz et al. 2008; Duffy 2009). 

Most studies concerning biodiversity and ecosystem functioning (BEF) focused 

on lower trophic levels (Cardinale et al. 2006, 2011), i.e. producers and primary 

consumers, mainly because they are easier to manipulate than consumers in higher 

trophic levels. Moreover, predators usually have complex behavior and present complex 

trophic interactions, such as intraguild predation (Polis and Holt 1992; Finke and Denno 

2004). On the other hand, there are recent evidences that the relationship between 

species richness effects and ecosystem functioning is stronger for predators than for 

producers and detritivores (Griffin et al. 2013). Thus, an alteration in predator species 

identity and diversity may alter top-down controls and cascade through consumers to 

the base of the food webs (Duffy et al. 2007; O‘Connor et al. 2013). 

Here, we carried out two independent mesocosm experiments manipulating the 

number of predator species and spatial heterogeneity to test their influence on resource 

use effectiveness, competition among predators and on trophic cascades. We 

hypothesized that predator species richness positively modulates intermediate prey 

suppression (higher predation because of complementarity effects), thus reducing their 

grazing on algae through cascading effects. 

 

5.2. Methods 

5.2.1. Experimental design 

We carried out two mesocosm experiments in outdoor tanks supplied with water 
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from the York River estuary, Virginia, USA, location where the organisms were 

collected. Flowing water was filtered through 150 µm mesh bags to avoid invasion of 

large organisms, but allowing the colonization by microalgae. Water was distributed to 

the mesocosms through a dump-buckets system. The first experiment was conducted in 

50 mesocosms of 140 L, from July 18 to 23, 2013 (5 days), and included 10 treatments 

(5 replicates each): prey (intermediate prey), monocultures of each of the three 

predators with and without prey, predator polyculture with and without prey, and a 

control containing neither predators nor prey. The second experiment was implemented 

in 70 mesocosms of 15 L, from 22 October to 5 November, 2013 (14 days), and 

included 14 treatments (5 replicates each): prey, monocultures of each of the three 

predators with prey, predator polyculture with and without prey, a control containing 

neither predators nor prey, and all these same treatments within a structured habitat. In 

both experiments the food chain was a three-level arrangement: microalgae (basal prey), 

mysids (intermediate prey) and predators (top consumers, variable composition, and 

experimental factor). 

For acclimation, one week prior to the introduction of predators, 51 and 15 

mysids (intermediate prey) were introduced in the mesocosms for the first and second 

experiments, respectively. We have chosen mysids as prey because they are one of the 

main intermediate consumers in coastal waters (Mauchline 1980), including the 

Chesapeake Bay (Markle and Grant 1970; Latour et al. 2008). Moreover, mysids have a 

major role in the benthic-pelagic coupling, as they stay close to the bottom during the 

day and migrate to the water column during nighttime (Mauchline 1980). We selected 

the numerically dominant species in the field at the time of the experiment: Neomysis 

americana in the first experiment and Americamysis bahia in the second experiment. 

Adults of N. americana and A. bahia reach a total length of approximately 1 and 0.6 

cm, respectively. Mysids are omnivorous, they eat detritus, algae, and small 

invertebrates (Mauchline 1980). 

We introduced three predator specimens in each mesocosm, being one of each 

species in the three species combined treatment (polyculture). The predators chosen 

were the sand shrimp Crangon septemspinosa, the grass shrimp Palaemonetes pugio, 

the killifish (mummichog) Fundulus heteroclitus (first experiment only), and the blue 

crab Callinectes sapidus (second experiment only). Mean length ± SD of each predator 

was 27.4 ± 6.5 mm, 30.1 ± 4.5 mm, 55.2 ± 5.4 mm, and 15.9 ± 6.2 mm, respectively. 

These predators are omnivorous (James-Pirri et al. 2001; Douglass et al. 2011; Seitz et 
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al. 2011) and may consume mysids (Price 1962; Morgan 1980; personal observation). 

Although these predators are omnivorous, they were not expected to have apparent 

impact on algae in our system. 

Structure in experiment two was composed by oyster shells and the macroalgae 

Gracilaria sp. We selected dry oyster shells of similar size in enough quantity to cover 

only the bottom of the mesocosms. Gracilaria was defaunated before its introduction to 

the mesocosms by soaking in freshwater for 2-3h, followed by careful visual inspection 

after rinsing in freshwater. We added approximately 10 g of algae wet mass in each 

mesocosm. Gracilaria was weighed after removing excess water using a salad spinner 

(70 revolutions). 

At the end of experiments, all invertebrates (mysids and predators) from the 

mesocosms were fixed in 70% ethanol for posterior counting at the laboratory. 

Mummichogs were measured and released. To quantify microalgal biomass (chl a), 

microalgae was sampled from the wall of the mesocosms (20 cm
2
) and analyzed 

spectrophotometrically (Jeffrey and Humphrey 1975). Gracilaria was weighed as 

described above. 

In the first experiment, one-way analysis of variance (ANOVA) was used to 

verify differences in mysid number and microalgal biomass between the different 

treatments. In the second mesocosm, differences in mysid number, microalgal biomass, 

and predator mortality between treatments were analyzed with two-way ANOVA 

(predator composition and presence of structure); and Gracilaria weight was analyzed 

with one-way ANOVA. All data were log transformed prior the analyses. Significant 

treatment effects were clarified through post-hoc Tukey HSD tests. In both experiments, 

mysid suppression was the response variable to test predator's efficiency, whereas 

microalgae biomass was used to verify cascading effects. 

 

5.3. Results 

5.3.1. First experiment 

Mysids were consumed significantly (Tukey HSD, p < 0.001) only in treatments 

that contained mummichogs (mummichogs + mysids, and polyculture + mysids; Fig. 

5.1). There were no differences in chl a between the different treatments (ANOVA, p > 

0.05). All sand shrimps disappeared or died in the polyculture (Fig. 5.2). Sand shrimp 

death or disappearance was also observed in two replicates of the sand shrimp 
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monoculture without prey. 

 

Fig. 5.1. Mysid final mean abundance in each predator treatment of the first mesocosm 

experiment. Error bars represent the standard deviation. 

 

 

Fig. 5.2. Mean proportion of predator surviving at the end of the first experiment in 

each predator treatment. 

 

5.3.2. Second experiment 
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Two-way ANOVA indicated that predator treatment and spatial heterogeneity 

influenced mysid suppression (p < 0.001), but their interaction was non-significant (p > 

0.05). Monocultures of sand shrimp with and without structure, and the polyculture with 

structure were the most efficient treatments in reducing mysids abundance (Tukey HSD, 

p < 0.001; Fig. 5.3). Conversely, the interaction between predator treatment and spatial 

heterogeneity was significant for predator mortality (two-way ANOVA; p < 0.001), 

mainly for blue crab (Tukey HSD, p < 0.05). We observed mortality of blue crab in 

monocultures and polycultures, both without structure (Fig. 5.4). There were no 

differences in chl a between the different treatments (ANOVA, p > 0.05). Gracilaria 

weight increased along the experiment, being significantly higher (Tukey HSD, p < 

0.01) in the three predators combined treatment in relation to the monocultures of grass 

shrimp and blue crab. 

 

 

Fig. 5.3. Mysid final mean abundance in each predator treatment of the second 

mesocosm experiment. Error bars represent the standard deviation. Ss: sand shrimp; Gs: 

grass shrimp; Bc: blue crab; St: structure (Gracilaria + oyster shells). 

 

5.4. Discussion 

Mummichog and sand shrimp were the best-performing species in the first and 

second experiments, respectively, both followed by the combination of the three 
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predator species combined. That result indicates that both predator identity and diversity 

influenced the efficiency of the assemblage to remove prey, as commonly observed (e.g. 

Bruno and O‘Connor 2005). Our data are in agreement with a recent meta-analysis that 

showed that predator richness enhances prey suppression relative to the mean 

performance of predator monocultures, but not in comparison to the most effective 

predator (Griffin et al. 2013). This trend implies that maximum prey suppression (i.e., 

energy fluxes from prey to predator assemblages) would diminish with loss of predator 

diversity only if the most effective predator disappears (and assuming that predator 

density remains constant). However, in real world ecosystems predator diversity loss 

would affect other ecological properties and functions, as different species may 

maximize distinct ecosystem processes (Duffy 2009). 

 

 

Fig. 5.4. Mean proportion of predator surviving at the end of the second experiment in 

each predator treatment. St: structure (Gracilaria + oyster shells). 

 

Dominance in prey suppression by monocultures occurred as a result of the 

sampling effect. One of the main criticisms against BEF experiments is that positive 

effects of species richness occur because of species identity (sampling effect) and not 

because of diversity per se (Huston 1997). However, dominance of a given ecosystem 

function by a single species might result from a combination of positive 
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complementarity and negative selection effects instead of the sampling effect (Duffy 

2009). Moreover, the apparent predominance of the sampling effect may also be 

influenced by the experimental design, mainly the short temporal scale of experiments, 

and the quantification of only a single response (Stachowicz et al. 2008). 

Despite being the best-performing species in the second experiment, sand 

shrimp was not effective to prey on mysids in the first experiment. This inconsistency in 

performance occurred because of differences in spatiotemporal scale and prey 

abundances between the two experiments. The first experiment lasted for five days, 

which was long enough time for the mummichog to remove all prey, but not for the 

sand and grass shrimps. In this case, more time would be necessary for interspecific 

complementarity effects to occur (Cardinale et al. 2007; Stachowicz et al. 2008). In 

relation to spatial scale, the first experiment was carried out in larger mesocosms, which 

were more appropriate for mysids to escape from predators, probably because mysids 

perform horizontal and vertical migrations to avoid predators (Mauchline 1980). Other 

works manipulating biodiversity effects have already emphasized the importance of 

organism dispersal in mesocosm experiments (France and Duffy 2006; Matthiessen and 

Hillebrand 2006). 

We observed that predator species richness effects on mysid suppression were 

stronger in the presence of structure (Gracilaria and oyster shells), and that was 

irrespective of the predator species under consideration (i.e., non-significant interaction 

of predator species x habitat structure experimental factors). Interestingly, structure 

facilitated prey suppression by predators, instead of being beneficial for prey by 

providing a place to hide. This likely occurred because spatial heterogeneity allowed 

interspecific niche partitioning to be better expressed (Cardinale et al. 2004; Griffin et 

al. 2009). Without structure mortality of predators occurred, mainly of blue crab, 

suggesting that structure dampened intraguild predation and/or negative behavioral 

interactions between predators. Moreover, structure may have facilitated prey 

suppression because it aggregated predator and prey in space, proportioned an extension 

for predators to explore the water column, and provided a place for predators to hide 

and ambush the mysids. This result emphasizes the importance of bioengineering 

species that provide spatial structure for others to thrive (e.g., coral reefs and eelgrass) 

and for the function of ecosystems. 

Differences in vertical and horizontal diversity modify the strength of trophic 

cascades along the food web (Duffy et al. 2007). We were expecting to observe 
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differences in algal biomass between treatments in which mysids were present and 

absent or heavily preyed. However, we did not observe any sign of cascading effects, 

most likely because mysids did not eat algae to a significant extent. This occurred 

because mysids are omnivorous (Mauchline 1980), thus in addition to algae they 

probably ate detritus and small invertebrates (e.g., harpacticoid copepods) present in the 

mesocosms. In this respect, an improvement to the experimental design would imply 

either: exclusion of other potential prey for mysids (i.e., small crustaceans); or control 

and quantification of the whole prey assemblage to detect cascading effect to the 

microcrustaceans level. 

In summary, we observed that predator richness enhanced prey suppression 

relative to the mean performance of predator monocultures, but not in comparison to the 

most effective predator. Positive effects of diversity increased in the presence of 

structure (spatial heterogeneity), as it allowed interspecific complementarity effects 

between predators to be expressed. Moreover, structure probably dampened intraguild 

predation and/or negative behavioral interactions between predators. Finally, trophic 

cascades did not occur probably because mysids are generalist consumers. 
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Chapter 6. Concluding remarks 

The main objective of this thesis was to address the Biodiversity and Ecosystem 

Functioning (BEF) theme, emphasizing the trophic role of mysids in marine coastal 

food webs. Both positive and negative interactions were observed in experiments 

manipulating mysid species richness and evaluating their feeding response and 

interspecific behavior. When two mysid species were combined, their feeding rates 

increased in relation to monocultures, probably because of complementarity effects, i.e. 

as a result of resource partitioning and/or facilitation. However, higher mysid mortality 

occurred in polycultures (three mysid species combined), likely because of intraguild 

predation as confirmed by ad hoc experiments, and/or because of negative behavioral 

interactions between mysids. 

Experiments that reconstructed more complex food webs with mysids as 

intermediate consumers indicated that their suppression was higher in treatments with 

multiple top predators relative to the mean performance of a single predator, but not in 

comparison to the most effective predator. Positive effects of predator species richness 

increased with spatial heterogeneity, as it allowed interspecific complementarity effects 

between predators to be better expressed. Moreover, habitat structure probably 

dampened intraguild predation and/or negative behavioral interactions between 

predators, as predator mortality was lower in the presence of structure. Top-down 

control was not observed, as microalgal concentration did not differ between treatments, 

which indicates that mysid did not consume algae to a significant extent. Mysids are 

generalist consumers (Mauchline 1980), thus in addition to algae they might also have 

eaten detritus and small invertebrates, resulting in the non-observance of a trophic 

cascade. 

The BEF theory could also contribute to understand the implications of observed 

mysid spatiotemporal distribution on the energy fluxes in the Cananeia estuary (Chapter 

3). For instance, M. e. atlantica was the most productive species and had wider spatial 

distribution in comparison to other mysid species. This dominance occurred because M. 

e. atlantica was the best adapted species for the particular environmental conditions 

observed, i.e. it was the single mysid species that effectively colonized low salinity 

areas in the estuary. The higher statistical probability of including species with a 

dominant effect, in this case M. e. atlantica, occurs when richness is higher, mechanism 

known as the sampling effect (Loreau and Hector 2001). The absence of M. e. atlantica 
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in the Cananeia region would probably result in the non-occurrence of any mysid 

species in the low-salinity areas of the estuary, which would cause significant changes 

in the local food web. Conversely, a decrease in mysids species richness as we move 

from high to low salinity areas implies a decrease in consumption potential by mysids 

(Chapters 3 and 4); significant changes in the salinity regime of the Cananeia system 

(i.e., an overall decline in salinity) may thus affect organic matter and energy flows 

through that ecosystem compartment. Such results indicate that knowledge about 

regional biodiversity is crucial for a better understanding and management of 

ecosystems. 

As summarized above, the results of the BEF experiments showed that species 

richness influenced mysid feeding and their suppression. However, it is difficult to 

foresee the consequences of biodiversity loss in real ecosystems, as the interaction 

between species is extremely complex, involving multiple trophic levels (horizontal and 

vertical), and inter- and intraspecific complex behavior. Because of that it is a major 

challenge to simulate and test the influence of biodiversity, especially for mobile and 

large animals. Despite these difficulties, future works should be capable to manipulate 

more complex systems, thus providing more empirical evidences of the influence of 

biodiversity loss on global environmental changes and ecosystem services. 
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