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CONSIDERAÇÕES INICIAIS 

Os eglídeos são crustáceos endêmicos da região Neotropical da América do Sul, 

com limite norte de distribuição no município de Claraval, no Estado de Minas Gerais 

(Brasil), e limite Sul na Ilha Madre de Dios, Província de Ultima Esperanza (Chile) 

(Bueno et al., 2007; Oyanedel et al., 2011). São restritos ao ambiente límnico, encontrados 

em lagos, rios de correnteza, e arroios (Feldmann, 1984; Feldmann et al., 1998; Francisco 

et al., 2007; Bueno et al., 2007), em ambientes com baixas temperaturas e altos teores de 

oxigênio (Feldmann et al., 1998; Bueno et al., 2007; Francisco et al., 2007; Oliveira et 

al., 2007). 

Os eglídeos são considerados protagonistas na dinâmica de nutrientes e no fluxo 

de energia dos ecossistemas onde vivem, comportando-se como omnívoras generalistas e 

oportunistas (Castro-Souza and Bond-Buckup, 2004; Bueno and Bond-Buckup, 2004; 

Santos et al., 2008), portanto, um elo importante na teia trófica em águas continentais. 

Podem se alimentar de matéria orgânica em decomposição, detritos vegetais, folhas e 

algas (Magni and Py-Daniel, 1989; Bueno and Bond-Buckup, 2004; Castro-Souza and 

Bond-Buckup, 2004), contribuindo com o processo de detritos vegetais, como demais 

crustáceos decápodos de ambientes límnicos, representando  grande proporção na taxa de 

detritívoros, diminuindo as taxas de decomposição (Cogo and Santos, 2013; Cogo et al., 

2014), além de se alimentaram de itens de origem animal, como macroinvertebrados 

(maioria Insecta) (Castro-Souza and Bond-Buckup, 2004; Colpo et al., 2012). Ademais, 

são fonte de alimento para outros organismos como jacarés, rãs, peixes, aves e mamíferos 

(Arenas, 1976; Pardini, 1998; Bueno and Bond-Buckup, 2004). 

Essas características, os tornam de suma importância para se investigar o efeito 

sobre as populações locais de Aegla spp., diante das intensas práticas agrícolas, pastoris 

e urbanas, que provocam a degradação de grandes extensões de mananciais hídricos. Essa 

degradação ambiental observada ao longo dos ecossistemas aquáticos continentais traz 
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consigo não somente prejuízos à qualidade de água, mas também, prejudica e altera 

consideravelmente as comunidades de invertebrados que habitam esses ambientes 

(Wetzel, 1993), desencadeando desequilíbrio de inúmeras espécies. 

Atualmente, 89 espécies são conhecias do gênero Aegla (Bueno et al., 2017; 

Santos et al., 2017; Páez et al., 2018; Trombetta et al., 2019; Marçal et al., 2020; Marçal 

et al., 2021), sendo que um número considerável espécies vem sendo descobertas 

recentemente: Aegla manuinflata Bond-Buckup & Santos, 2009; Aegla renana Bond-

Buckup & Santos, 2010, Aegla georginae Santos & Jara, 2013 e Aegla ludwigi Santos & 

Jara, 2013 (Santos et al., 2013), descritas no Rio Grande do sul; Aegla pomerana Bond-

Buckup and Buckup, 2010; Aegla muelleri Bond-Buckup and Buckup, 2010; Aegla 

brevipalma Bond-Buckup & Santos, 2012; Aegla leachi Bond-Buckup Buckup, 2012 e 

Aegla oblata Bond-Buckup & Santos, 2012, descritas em Santa Catarina (Santos et al., 

2012); Aegla meloi Bond- Buckup & Buckup, 2015; Aegla loyolai Bond-Buckup & 

Buckup, 2015; Aegla lancinhas Bond-Buckup & Buckup, 2015 (Santos et al., 2015), 

Aegla marginata Bond-Buckup & Buckup, 1994 (redescrita) (Moraes et al., 2017); Aegla 

okora Páez & Teixeira, 2018 (Páez et al., 2018), Aegla charon Bueno & Moraes (Bueno 

et al., 2017); Aegla nebeccana Trombetta e Teixeira (Trombetta et al., 2019) e Aegla 

jacutinga Marçal & Teixeira (Marçal et al., 2020), descritas no Paraná; Aegla vanini 

Moraes, Tavares & Bueno, 2016; Aegla japi Moraes, Tavares & Bueno, 2016; Aelga 

jaragua Moraes, Tavares & Bueno, 2016 e Aegla jundiai Moraes, Tavares & Bueno, 2016 

(Moraes et al., 2016), descritas em São Paulo e Paraná; Aegla quilombola Moraes, Tavares 

e Bueno 2017, descrita em São Paulo (Moraes, et al., 2017), e Aegla chilota Jara, Pérez-

Losada e Crandall, na Ilha de Chiloé, na Patagônia ocidental (Jara et al., 2018). 

Algumas espécies recentemente descritas já se encontram no Livro Vermelho dos 

Crustáceos do Brasil: Avaliação 2010-2014, publicado em 2016, como: Aegla brevipalma 
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Bond-Buckup & Santos, 2012 e Aegla renana Bond-Buckup & Santos, 2010, 

classificadas como criticamente em perigo; e Aegla leachi Bond-Buckup & Buckup, 

2012; Aegla manuinflata Bond-Buckup & Santos, 2009, Aegla oblata Bond-Buckup & 

Santos, 2012 e Aegla pomerana Bond-Buckup & Buckup, 2010, classificadas como em 

perigo. Além de outras vinte espécies que também se encontram nesse livro, classificadas 

como criticamente em perigo, em perigo e vulnerável. 

Desvendar claramente os hábitos alimentares e consequentemente o nível trófico 

das espécies é um processo demorado e trabalhoso, visto que são realizados através do 

conteúdo estomacal (Purcell and Sturdevant, 2001). Entretanto, esse método não analisa 

todos os itens alimentares, pelo fato de se encontrar itens em processo acelerado de 

digestão e pelos crustáceos dilacerarem suas presas, dificultando a identificação dos itens 

alimentares (Castro-Souza and Bond-Buckup, 2004). Dessa forma, nesta dissertação, 

optou-se por utilizar a técnica de isótopos estáveis, que são aqueles que ocorrem de forma 

comum na natureza, como o Carbono, Hidrogênio, Oxigênio, Nitrogênio e Enxofre 

(CHON’S) (Caxito and Silva, 2015). Em análises de estrutura trófica, posição trófica e 

identificação de itens alimentares, os isótopos mais utilizados são o carbono e o 

nitrogênio. 

O carbono incorporado nas plantas é advindo do CO2 atmosférico. Esse carbono 

sofre discriminação isotópica ao longo do processo de fotossíntese. Nas plantas C3, o 

valor de δ13C varia de -22 a -34‰ e nas plantas C4 de -9 a -16‰ (Vogel, 1993; Boutton, 

1996; Ducatti et al., 2011). A análise isotópica do carbono dos tecidos e o contraste 

existente na razão 13C/12C, da ordem de 16‰ nos valores em δ13C entre as plantas de ciclo 

fotossintético C3 e C4, possibilita a caracterização da dieta do animal (Ducatti et al., 2011). 

Em razão das plantas serem fonte primária de alimento aos animais, a assinatura isotópica 

dessas fontes é refletida nos tecidos específicos dos animais após certo tempo de 
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metabolismo (Gannes et al., 1998). 

O nitrogênio pode ser incorporado pelas plantas através da associação com 

bactérias fixadoras de nitrogênio ou a partir da assimilação de compostos nitrogenados 

do solo (Caxito and Silva, 2015). Já nos animais, sua assimilação ocorre pela 

incorporação das proteínas, visto que o fator metabólico pode ser mais importante nos 

carnívoros, porque o nitrogênio animal é mais homogêneo bioquimicamente e dominante 

nas proteínas (principal componente da dieta carnívora) (Gannes et al., 1998). Dessa 

forma, o nitrogênio permite estudos para determinação de nichos tróficos e posição 

trófica, além de poder ser utilizado como indicação de interferência antrópica. Cabana 

and Rasmussen (1996) descreveram que impactos antropogênicos, como descargas 

esgoto ou dejetos de práticas agrícolas transportados aos ambientes aquáticos, são 

responsáveis por 68% da modificação das assinaturas isotópicas do nitrogênio dos 

consumidores primários. Assim, os sinais isotópicos de nitrogênio antropogênico são 

transferidos para os consumidores através de relações tróficas (Cabana and Rasmussen, 

1996). Portanto, é necessário conhecer os organismos residentes em determinados locais, 

e como estes estão envolvidos nas interações tróficas, além de, avaliar a qualidade dos 

ambientes onde vivem. 

Dessa forma, a carência de estudos sobre ecologia e teia trófica trófica  em 

eglídeos de  em águas continentais, considerando seu endemismo e condições ambientais 

restritas (baixas temperaturas e altos teores de oxigênio), ressaltam a importância desse 

tipo de estudo, principalmente no que diz as modificações nos riachos, causados por 

atividade humana, levando a instabilidade, e até mesmo o desaparecimento de populações 

neste tipo de ambiente.  

Para uma melhor compreensão e embasamento sobre o tema, essa dissertação foi 

dividida em três capítulos, que se encontram em formato de artigos. O capítulo inicial tem 
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como objetivo identificar a assinatura isotópica de Aegla castro Schmitt, 1942 

comparando seus estágios de vida com a hipótese de que há diferença nos itens alimentares 

consumidos entre os  jovens e os adultos. Também observamos os valores de nitrogênio 

entre as áreas de amostragem, testando a hipótese de a dieta dos animais de locais 

impactados teriam maiores teores de N. O segundo capítulo tem como objetivo identificar 

a assinatura isotópica de Aegla parana Schmitt, 1942 comparando seus estágios de vida 

com a hipótese de que há diferença nos itens alimentares consumidos entre os  jovens e os 

adultos, e estudar sua teia trófica no afluente do rio Iguaçu (Rio Palmital), em União da 

Vitória, para compreender seu papel trófico na teia alimentar, com a hipótese de que serão 

encontrados em níveis tróficos inferiores sendo elos importantes entre os produtores e os 

demais consumidores. O terceiro capítulo tem como objetivo estudar a teia trófica de A. 

castro nas bacias sudeste e sul do Brasil, para compreender: seu papel trófico na teia 

alimentar, se as diferenças entre as áreas irão apresentar diferentes razões isotópicas para 

os eglídeos devido a diferença de itens alimentares ofertados pelas distintas áreas de 

amostragem e se em diferentes áreas de amostragem esses animais podem se comportar 

de forma semelhante, mas dentro de diferentes teias tróficas moldadas pela ação humana, 

devido ao enriquecimento de nitrogênio. 
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CHAPTER I 

Isotopic signature of Aegla castro Schmitt, 1942 (Crustacea: Anomura) in 

different environments in southeastern and southern basins from Brazil 

  

Abstract 

Aeglids are endemic to the Neotropical region of South America associated to clean and 

well-oxygenated water, and are negatively affected by alterations in these habitat 

conditions. In this study, we investigated the stable isotope signature (δ13C and δ15N) in 

juvenile-adult stages of anomuran crabs Aegla castro Schmitt, 1942 in Paranapanema 

sub-basin and in Tibagi sub-basin, from Brazil. The aeglids did not present differences in 

their isotopic signature for the life stages, probably due to the similar food items consumed 

by juvenile-adults once they probably forage in the same places However, the natural 

resources and the resources of the sampling areas with anthropogenic disturbance, 

promoted different isotopic signatures. These results were an important indication of a 

greater amount of organic waste in the tributary of the Iapó River, observed through the 

lower value of δ13C and the higher value of δ15N when compared to other tributaries 

with better conservation status. As several species of aeglides are threatened by recent 

human disturbances in limnic environments, our results may be evidence of this. 

 

Keywords: Carbon, endemic crab, environmental characteristics, nitrogen, ontogenetic 

phases. 
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INTRODUCTION 

Aeglidae is an endemic crustacean to the Neotropical region, restricted to South- 

American freshwater ecosystem (Bond-Buckup and Buckup, 1994). This anomuran crabs 

have been frequently associated to clean and well-oxygenated water and are negatively 

affected by human changes to their habitat (Bond-Buckup, 2003). 

Studies about aeglids have been intensified in recent years due to the fast habitat 

degradation and consequently disappearance of certain species in these aquatic 

ecosystems (Pérez-Losada et al., 2002; Bond-Buckup et al., 2010). Since in the last 

evaluation of the species at risk of extinction, 57 species of Aegla were found to be under 

threat or almost 70% of the 82 species evaluated (Santos et al., 2017). Introduction of 

exotic species, water pollution and dam construction without appropriate natural resource 

management planning are some of the several human interferences in freshwater 

environments (Pérez-Losada et al., 2002; Bond-Buckup et al., 2010). 

In general, aeglids are considered omnivores, generalists and opportunists (Bueno 

and Bond-Buckup, 2004), feeding on decomposing organic matter, plant debris and alga, 

as well as aquatic insect larvae, such as Ephemeroptera, Neuroptera and Diptera (Burns, 

1972; Magni and Py-Daniel, 1989; Bueno and Bond-Buckup, 2004). 

Some published works on the diet of juvenile-adults show that some Aegla spp. 

do not have a different diet during their ontogenetic phases (Bueno and Bond-Buckup, 

2004; Santos et al., 2008). These studies report that the non-difference between juvenile-

adult diets for Aegla platensis Schmitt, 1942 and Aegla ligulata Bond-Buckup and 

Buckup, 1994 could be due to differences in species size, which could influence dietary 

variation (Bueno and Bond-Buckup, 2004) and also because these species have the same 

range of distribution in the stream (Santos et al., 2008). 

However, other published works show that feeding habits of aeglids can change 
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throughout their development, especially when they are different species (Bueno and 

Bond-Buckup, 2004; Burress et al., 2013; Collins, 2019). Therefore, different diets 

between the ontogenetic phases can occur due to different factors, such as competition 

and cannibalism. However, the difference in the functional morphology of the 

mouthparts, locomotion system and sensory capacities can also lead to this difference in 

the diet between the phases. In addition, the differences in life cycles, which produce 

distinct size classes at different times of the year when different food items are available 

(Laughlin, 1982), or are needed for the processes of growth and reproduction. 

Ontogenetic shifts in niche are important for organisms that present strong 

relationships between resource use, growth rate and predation risk, especially in relation 

to body size (Miller et al., 1988). These ontogenetic changes are ecologically important 

because they reduce competition (Werner and Gilliam, 1984), minimize predation risks 

caused by habitat changes (Werner et al., 1983) and maximize growth through dietary 

changes (Olson, 1996), leading to complex interactions and dynamics in communities 

(Persson, 1999). 

The stomach content analysis is the most traditional method used to describe the 

feeding habit and the possible connection in the trophic web of several animal groups 

(Hyslop, 1980; Williams, 1981; Mantelatto and Christofoletti, 2001; Purcell and 

Sturdevant, 2001). However, this method has requirements and some limitations that 

should be considered: 1) sampling size, i.e., a large number of individuals are needed; 2) 

advanced stages of digestion or fragmentation caused by the mouthpieces of crustaceans 

affect the accurate identification (Castro-Souza and Bond-Buckup, 2004); and 3) focuses 

only on recently consumed food items lacking information about long-term feeding or 

foraging location (Carmichael et al., 2004). 

As aeglids usually have a small population size, the use of techniques that do not 
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require a large number of specimens is recommended. Therefore, we propose the use of 

stable isotope ratios of nitrogen (δ15N) and carbon (δ13C) that have been used extensively 

by animal ecologists to elucidate patterns in food webs (Bearhop et al., 2004; Burress et 

al., 2013; Mao et al., 2016). Their utility lies in the fact that stable isotope ratios in the 

proteins of consumers reflect those of the proteins in their diet in a predictable manner 

(Hobson and Clark, 1992; Hobson, 1999). The carbon and nitrogen isotopic composition 

of consumer tissues are thus a function of: δ15N and δ13C of each prey species; the relative 

proportions of each prey species assimilated and in certain instances, foraging location. 

Moreover, the stable isotope signatures of tissues generally reflect the diet over the period 

during which the tissue was synthesized (Bearhop et al., 2002). 

The δ13C is produced by primary producers, one of the most important groups for 

the functioning of ecosystems, because of their energy‐providing role (Daufresne and 

Loreau, 2001), for the base of trophic web. For example, the autotrophic protists are the 

dominant primary producers in aquatic ecosystems and contribute roughly 50% to global 

primary production, a similar importance of the land plants (Boenigk et al., 2018). As 

well, aquatic plants are important; as they interact and influence hydrological 

environments, interact with a wide range of other organisms, from microbes to 

vertebrates, for example, providing habitat and food (Wood et al., 2017). 

The carbon incorporated in plants suffers isotopic discrimination throughout the 

process of photosynthesis. In C3 plants (about 85% of plant species - a large part of dicots), 

the δ13C value ranges from -22 to -34‰, and for C4 plants (dicots and a large part of 

monocots, e.g. grasses, corn, rice), ranges from -9 to -16‰ (Vogel, 1993; Boutton, 1996; 

Ducatti et al., 2011), and makes it possible to characterize an animal's diet through isotopic 

analysis of the carbon in tissues (Ducatti, 2011). Plants are the primary source of food for 

animals, so the isotopic signature of δ13C differentiates C3 or C4 producers in the food 
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chains (Peterson and Fry, 1987; Clapcott and Bunn, 2003). 

Nitrogen can be incorporated by algae/plants through association with nitrogen- 

fixing bacteria or from the assimilation of nitrogenous compounds in the air and in the 

soil (Caxito and Silva, 2015), whereas in animals it is assimilated by the incorporation of 

proteins (Gannes et al., 1998). The nitrogen is used to determine trophic niches and 

trophic position, because δ15N of each trophic level is typically 3-5‰ higher than its 

source of nitrogen (Minagawa and Wada, 1984; Peterson and Fry, 1987; Fry, 1991; 

Robinson, 2001). Furthermore, δ15N can be associated with increased carnivorous feeding 

(Post, 2003) or can be used as an indication of anthropogenic interference in environments 

(Peterson, 1999). For example, Tanu et al. (2020) studied anthropic interference in 

mangrove and reported that plants from polluted sites had δ15N values of 5-14‰, while 

the ones from unaffected sites the values were around 3‰, suggesting that anthropogenic 

N may be regulating δ15N. 

Studies which aim to unveil the food web or food habit for Aegla spp. using 

isotope stable are scarce in the literature, because most have used the stomach content 

analysis (as mentioned above). Biasi et al. (2019) investigated the feeding preferences of 

shredders including Aegla longirostri Bond-Buckup and Buckup 1994 and their isotope 

values when fed on the leaf litter of trees and grass species in a feeding-choice 

experiment. The carbon isotopic values for A. longirostri from experiment was δ13C - 

23.71± 0.25‰, and δ13C - 24.38 ± 0.14 in natural environments. The isotopic values 

revealed an enrichment of grass carbon in the tissues, although the tree carbon was also 

tracked in substantial rates. 

The isotopic signature in studies for the aeglids are scarce, since the majority 

sought to work with population structure, reproductive biology and abundance (Swiech- 

Ayoub and Masunari, 2001; Fransozo et al., 2003). Aegla spp. stand out as important 
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links in the food chains, consumers of algae, vegetable remains, macrocrustaceans (Bueno 

and Bond-Buckup, 2004) and aquatic insect larvae (Magni and Py-Daniel, 1989). In 

addition, they are an important source of food for vertebrates such as fish, amphibians, 

birds (Arenas, 1976) and mammals (Medina, 1998; Cassini et al., 2009). Due the high 

endemism of Aegla spp., restrict distribution and the number of species already 

considered threatened, studies focusing studies focusing on populations that have not yet 

been investigated, especially with the recent loss of species due to anthropic impacts, are 

extremely important to increase knowledge about these populations. Therefore, the use 

of isotope stables besides the basic information on feed ecology that still is not completely 

understood for aeglids would make possible the verification of human is interference in 

the environment, through the increase of nitrogen in the stream. 

Our objective is (a) the identification of the isotopic signature of A. castro 

comparing its life stages with the hypothesis of a difference between young-adults, since 

the lack of habitat overlap, probably due to the influence of size, results in a source 

consequently distinct food; (b) the identification of the isotopic signature of A. castro 

comparing its sampling areas, with the hypothesis that the environments are different 

between the sampling areas and will modulate the isotopic signature of the eglids, since 

the animals eat what is available in nature. We also look at the nitrogen values between 

the sampling areas, testing the hypothesis that nitrogen will have a high value at an 

impacted site. 

 

MATERIAL AND METHODS 

Study area 

We chose four different locations to collect A. castro based on its geographic 

distribution and the state of preservation, i.e.: Paranapanema sub-basin (São Paulo state), 

(1) Itaúna stream (ITA) (Itatinga city); and Tibagi sub-basin (Paraná state), (2) Preto 
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stream (PRE) (Mauá da Serra city), (3) Iapó stream (IAP) (Castro city) and (4) Quebra 

Perna stream (QPE) (Ponta Grossa city). The locations were described through personal 

observations and using google maps to view the surrounding area of the sampling areas: 

_ ITA tributary (23°9’38.21”S 48°37’55.56”W): the local vegetation is Atlantic forest 

and Cerrado biome (Montana semi-deciduous), with a lot of eucalyptus reforestation. The 

sampling area is located at a private farm and the stream has preserved and continuous 

riparian forest with a good tree canopy and creeping plants (grass and herbaceous). 

_ PRE tributary (23°57'00"S 51°07'00"W): the local vegetation is Atlantic forest (Dense 

Ombrophilous Forest with remnants of Mixed Ombrophilous Forest). It is located behind 

a restaurant (with visible effluent release) and a road with small dirt roads and 

constructions surrounding the area. Riparian forest is present as well areas composed of 

creeping plants (grass). 

_ IAP tributary (24º48'37"S 49º51’30"W): the local vegetation is Atlantic forest (Dense 

Ombrophilous Forest with remnants of Mixed Ombrophilous Forest). The location is 

surrounded by plantations (e.g. soybeans, beans and potatoes) on irregular or deforested 

land. Agriculture, livestock, pig farming, poultry farming and the extraction of minerals 

constitute the main economic activities of the Castro region (Fasolo et al., 2002). The 

stream is surrounded by discontinuous Riparian Forest, and the sampling site specifically 

is composed by a deforested area with creeping plants (grass), close to a road. 

_ QPE tributary (25°10'19"S 49°58'08"W): the local vegetation is Atlantic forest (Dense 

Ombrophilous Forest and natural field), and the sampling site is inside the private park 

“Buraco do Padre”. It is a touristic park where the main attraction is a cave with a waterfall 

being accessed through an approximately 730 meters trail. Visitors usually go there for 

outdoor activities as walking, bathing, rappelling, hiking and climbing. Around the park 

places with plantations and deforestation are observed. 
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Biological samples 

Aeglids were collected during August and September (winter) and December 

(spring) 2018, using 6 traps measuring 24cm × 19.5cm × 8cm, 6 traps measuring 24cm × 

14.5cm × 7cm and 6 traps measuring 17.5cm × 12.5cm × 5cm, that were randomly 

distributed throughout each freshwater stream. A fish-based cat food was used as bait and 

was placed in a small, perforated plastic container attached inside the trap to attract the 

crabs (Bueno et al., 2007). The trap opening was placed opposite to the water flow, 

allowing the bait odor to flow out the opening. All the traps were set after 17:00h, when 

aeglids are more active (Bueno and Shimizu, 2008) and were left in the field overnight 

and retrieved the next morning. D-frame hand nets were used to actively collect smaller 

aeglids (mainly juvenile individuals), before the traps are set. Morphometric maturity was 

determined based on the carapace length estimated previously (Marçal et al., 2017). The 

collected aeglids were stored in coolers containing ice for further analysis. 

 

Isotopic analyses of δ13C δ15N 

The material used for the isotopic analyses were the two chelipeds musculature, 

obtained from 32 animals, from which 20 were juveniles and 12 were adults (See Tab. 1). 

All samples were dehydrated at 50°C, in a drying oven with air circulation for 48 hours 

(Nagata et al., 2015). The dried samples were ground for six minutes in a cryogenic mill to 

complete homogenization. For δ13C analyses, the samples were soaked in 1M HCl for 3 

hours to remove carbonates from exoskeletons, then they were re-dried for 24 hours 

(Carabel et al., 2006; Nagata et al., 2015; Bosley et al., 2017). 

The stable isotope analysis was conducted at the Stable Isotopes Center, Institute 

of Biosciences, UNESP, Botucatu Campus. Aliquots of the homogeneous material (50- 

70 ± 1 μg for δ13C and 500-600 ± 1 μg for δ15N) were analyzed in duplicate and placed in 

tin capsules (5 mm, Sercon), except for material with HCL, which were placed in silver 
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capsules inside tin capsules (Carabel et al., 2006). The capsules were weighed and 

submitted to a continuous flow isotope ratio mass spectrometry system. Afterwards, the 

samples were placed in an elementary analyzer (Flash 2000 - Thermo Scientific, Bremen, 

Germany) coupled to an isotope ratio mass spectrometer (Delta V Advantage- Thermo 

Scientific, Bremen, Germany) with an interface (ConFlo IV - Thermo Scientific, 

Germany) that determines the isotopic ratio (Rsample = 12C/13C or 15N/14N) of each 

sample. The results are given in the relative difference of isotope ratio (δ) of a standard 

value (Rstandard) expressed in ‰ accordance with: 

 

 

For δ13C, the Rstandard is V-PDB (Vienna Pee dee Belemnite) and for δ15N is 

atmospheric air. The standard uncertainty (n = 10) of analyzes was ± 0.2‰ for δ13C and 

± 0.15‰ for δ15N. 

 

Table 1. Number of individual (juvenile-adults) and means (± standard deviation) of 

carapace length (CL mm) (juvenile-adults), for aeglids in Itatinga from São Paulo state 

(ITA: Itaúna stream, Paranapanema sub-basin) and Mauá da Serra (PRE: Preto stream, 

Tibagi sub-basin), Castro (IAP: Iapó stream, Tibagi sub-basin) and Ponta Grossa (QPE: 

Quebra Perna stream, Tibagi sub-basin) in Paraná state. 

 

 

 

 

Locality 
Number of 

juveniles 

Number 

of adults 
CL juveniles CL adults 

ITA 3 2 4.56mm (± 0.02) 20.48mm (± 0.56) 

PRE 6 4 9.16mm (± 0.68) 17.05mm (± 3.24) 

IAP 6 2 10.01mm (± 0.57) 19.99mm (± 2.17) 

QPE 5 4 13.83mm (± 2.20) 23.4mm (± 1.72) 
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Statistical analyses 

Since values of δ13C and δ15N signatures were directly connected to each other, 

the multivariate analysis of variance (MANOVA) was performed to determine 

differences between age (juvenile-adult) and location (ITA, PRE, IAP, and QPE 

tributaries). Following this test, a residual analysis was performed in the R program. Then, 

δ13C and δ15N data were analyzed separately with factorial analysis of variance (ANOVA) 

to identify differences for each isotope by age (juvenile-adult) and location (ITA, PRE, 

IAP, and QPE tributaries), followed by post-hoc Tukey’s tests to show the differences. 

The R program was used for statistical and graphical analyses (R Development Core 

Team, 2011; available at: www.R-project.org). The factorial ANOVA was used 

Incorporation, StatSoft: STATISTICA (data analysis software system, version 12). 

 

RESULTS 

Mean ± standard deviation (SD) values of isotopic signatures for the A. castro 

studied here were -25.00‰ ± -4.88 for δ13C (range -33.04‰ − -13.53‰) and 7.64‰ ± 

3.04 for δ15N (range 3.54‰ − 13.96‰). In the IAP we obtained the highest values for 

δ15N and the most negative for δ13C; in QPE the lowest values for δ15N; in PRE, the 

least negative for δ13C and ITA presented intermediate values for δ13C and δ15N (Fig. 

1). 
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Figure 1. Isotopic biplot of variation in mean δ13C and δ15N (‰) values calculated for 

juvenile-adults to A. castro in Itatinga from São Paulo state (ITA: Itaúna stream, 

Paranapanema sub-basin) and Mauá da Serra (PRE: Preto stream, Tibagi sub-basin), 

Castro (IAP: Iapó stream, Tibagi sub-basin) and Ponta Grossa (QPE: Quebra Perna 

stream, Tibagi sub-basin) in Paraná state. 

 

There was not difference between the life stages according to the combined δ13C 

and δ15N (MANOVA, Fontogenetic = 1.15, Df = 2, p = 0.32). Differences among regions 

were observed showed difference between the locations (MANOVA, Flocation = 32.60, Df 

= 6, p <0.05). When δ13C and δ15N were analyzed separately, still the differences were not 

observed for the ontogenetic phases (juvenile-adult) (ANOVA δ13C, Fontogenetic = 1.55, Df 

= 1, p = 0.22; ANOVA δ15N, Fontogenetic = 0.01, Df = 1, p = 0.98), respectively. For the 

sampling areas, the differences were evident for C and N analyzed separately, δ13C was 

different (ANOVA, Flocation = 17.79, Df = 3, p <0.05), as well as δ15N (ANOVA, Flocation = 

92.43, Df = 3, p <0.05). The differences and similarities of δ13C and δ15N by sampling 

areas according to the Tukey test are shown in Fig. 2. 
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Figure 2. Variation in δ13C and δ15N of A. castro in Itatinga from São Paulo state (ITA: 

Itaúna stream, Paranapanema sub-basin) and Mauá da Serra (PRE: Preto stream, Tibagi 

sub-basin), Castro (IAP: Iapó stream, Tibagi sub-basin) and Ponta Grossa (QPE: Quebra 

Perna stream, Tibagi sub-basin) in Paraná state. Horizontal lines inside boxes (first 

and third quartiles) represent median values; vertical lines represent minimum and 

maximum values. Differences between samples are indicated by different letters (Tukey 

test, p<0.05). C3 plants, the value of δ13C ranges from -22‰ to -34‰ (light gray), in C4 

plants from -9‰ to -16‰ (gray), and intermediate values between C3 and C4 (white) (Vogel 

1993; Boutton, 1996; Ducatti et al., 2011). In the orange bar δ15N values are considered 

to come from human and animal origins (Heaton, 1986; McClelland e Valiela 1998; 

Hoffman et al., 2012). 
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DISCUSSION 

Aegla castro did not have significant variation in the isotopic signature between 

juvenile-adult, indicating that the food source aspect is independent of life stage or they 

use similar food resources during their ontogenetic development; so, we refuted our first 

hypothesis. Burress et al. (2013) showed a difference for δ13C between the ontogeny 

phases of Aegla uruguayana Schmitt, 1942, suggesting a shift in the relative importance 

of C sources, but this difference was not significant for δ15N. So, the authors suggested 

that A. uruguayana feeds within the same trophic level in both life stages. 

The absence of difference between the isotopic signatures by A. castro’s juvenile- 

adult can be because these animals have direct development and have the mouth parts and 

locomotion apparatus already developed in the early juvenile stages (Bueno and Bond- 

Buckup, 1996; Bond-Buckup et al., 1996) and because the juveniles could reflect the 

female isotopic signature, and possibly have the same distribution in the rivers, which 

would not show a difference between signatures. Santos et al. (2008) also found in Aegla 

longirostri Bond-Buckup & Buckup, 1994 that there are no differences in diet of juvenile-

adult, justifying through the same range of distribution in the water flow.  

This behavior probably leads to the sharing of food items, with contributions from 

each different source. Resource sharing can be due to several factors, despite overlap in 

prey choices, for example, the same resource can be shared according to the selection of 

prey size. In any case, if the resources are sufficiently abundant and not limiting, then 

competition between individuals does not occur and the selection of prey is done only 

according to the morphological and physiological characteristics of each species (Bocher 

et al., 2014). 

Our study brings the results that Aegla spp. isotopic signatures were different 

among studied tributaries. This prove our second hypothesis that the environment was 

responsible to modulate the isotopic signature, since animals eat what is available in the 
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wild. 

 

δ13C signature 

The carbon varied from -33.04‰ − -13.53‰. Our results showed difference 

between the locations, this shows that in some regions there is more consumption of C3 

carbon than C4. Material collected in ITA, IAP and QPE tributaries show that animals 

consumed only C3 plants, and PRE is the only location that presented intermediate values 

between C3 and C4. 

The higher consumption of C3 plants by aeglids may be associated to 

physiological and anatomical differences between C3 and C4 plants (Hatch and Slack, 

1970). The higher consumption of C3 plants by aeglids may be associated to physiological 

and anatomical differences between C3 and C4 plants (Hatch and Slack, 1970).  Those 

shredders may have a limited capacity to process grass leaves (C4) and may lack digestive 

enzymes or symbionts (Clapcott and Bunn, 2003). Furthemore, Caswell et al. (1973) 

hypothesized that C4 plants are a poor food resource for herbivorous species when 

compared to C3 plants. The nutrient availability in C4 plants is lower because most 

nutrients are concentrated in the cells of the vascular bundle which are hard or even 

impossible to digest (Caswell et al., 1973). 

Fhurthemore, this preference can be by the association of plants with the 

microbiota. For example, A. platensis showed preference for leaves with higher levels of 

microorganism conditioning (Colpo et al., 2012). For shredders, microorganisms 

colonizing the surface of leaves have nutritional importance, since they enhance the food 

quality of the plant litter (Ward and Cummins, 1979; Vannote et al., 1980; Graça, 2001). 

Based on these evidences, we suggest that aeglids showed a preference for C3 

species. Then, we emphasize the importance of the carbon item in the aeglids feed. 
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Castro- Souza and Bond-Buckup (2004) demonstrated for Aegla leptodactyla Buckup and 

Rossi, 1977 and  Aegla camargoi Buckup and Rossi, 1977, that macrophytes are one of the 

most important food components. Bueno and Bond-Buckup (2004) found algae and 

vascular plants present in the food of A. platensis and A. ligulata and Colpo et al. (2012) 

demonstrated the food preference of A. platensis for leaves when they had 

microorganisms. 

 

δ15N signature 

The isotopic nitrogen signature can indicate the trophic levels, but also the 

carnivorous feeding and indication of anthropogenic interference, because of the increase 

of the N in the enviroments (Fry, 1991; Peterson, 1999; Robinson, 2001; Post, 2003). 

In the locations that presented the lowest values for nitrogen, e.g. QPE, the 

isotopic signature can only be indicative of carnivorous-omnivorous feeding. According 

to Bueno and Bond-Buckup (2004), there is a tendency for Aegla spp. become 

carnivorous in adult phase and also assimilate a greater proportion of invertebrates in the 

adult phases. This pattern is found in A. uruguayana, A. platensis and A. ligulata (Bueno 

and Bond- Buckup, 2004; Burress et al., 2013; Collins, 2019). Diets consisting of protein- 

rich (composed mainly by invertebrates) also result in faster growth rates (Bondar et al., 

2005) demonstrating a benefit of animal consumption rather than plant, indicating why 

these animals end up having a mixed diet, between sources of carbon and nitrogen. The 

isotopic signature in these locations can be indicate of the organic matter intake, which 

may occur through the ingestion of sediments associated with organic matter, where 

algae, bacteria and other microorganisms grow (Collins, 2019). 

The N is high in this region probably due to the anthropic action. In IAP is located 

close to the main economical pole of animal and agriculture farming in Castro city. 
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Therefore, the high δ15N value is clearly influenced by discharge of water enriched with 

wastes of the nearby areas of pig, dairy cattle and poultry production into the stream, as well 

as water flow enriched with organic matter rich in 15N, leading to 15N enrichment of the 

animals at this location. So, the highest values observed for IAP are an indicative of 

environments in which nitrogen from human and animal origins predominate (Heaton, 

1986; McClelland and Valiela, 1998; Hoffman et al., 2012). 

The δ15N values in the environment can also be altered by sewage and fertilizer 

discharge (Tanu et al., 2020). Cabana and Rasmussen (1996) state that 68% of the 

variation in δ15N values of primary consumers is due to anthropogenic impacts, such as 

sewage discharge or waste from agricultural practices transported to aquatic 

environments, as a result of isotope fractionation during ammonification (Heaton, 1986). 

The δ 15N values of primary producers increase with the anthropic waste discharge 

(McClelland and Valiela, 1998) are transferred to consumers through trophic relationships 

(Cabana and Rasmussen, 1996; Hansson et al., 1997). Anthropic interference has also 

been found for other animal and plant groups. It has been reported that plants in sites 

facing human disturbances had δ15N values of 5–14‰, while unaffected sites had values 

up to 3‰, suggesting that anthropogenic N may be regulating δ15N (Tanu et al., 2020). 

According to our results, A. castro from QPE apparently had the most equilibrated 

value for δ15N (4.02‰). The juvenile-adults of A. uruguayana had the δ15N value around 

9‰ (Burress et al., 2013), showed an ontogenetic shift from herbivore– detritivore to 

omnivore, and occupied a much lower trophic position than is typical for crayfishes. In 

the localities of ITA and PRE is possible to see that the δ15N values start increase in 

comparison to the QPE’s δ15N isotopic signal. It is possible that these tributaries, in 

special ITA. Further studies at these locations should be carried out to better understand 

the rise in nitrogen. 
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Our study showed no difference in ontogeny diets, therefore, being able to feed 

on the same food items and foraging in the same places, indicating a low competition 

between resources. We also demonstrated that the environment is very important for the 

aeglids, being able to change the isotopic signature of the species. Furthermore, IAP had 

the influence of anthropogenic nutrient inputs affecting the sensitivity of natural isotopic 

ratios observed in the present study. In general, Aegla spp. occurs in habitats with good 

environmental conditions and therefore, they are likely to be extremely affected by 

changes or environmental disturbances. Therefore, this study is an evidence of how the 

high levels of nitrogen probably by human interference (e.g., agriculture, sewage) were 

assimilated in the aeglids diet. In addition, it is an important base of information for future 

comparisons to check the changes in the environment according to isotopic levels. 

Investigations aiming anthropic impact analyses and conservation are essential for this 

group. 
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CHAPTER II 

Trophic web involving the endemic South American crab Aegla 

parana (Decapoda: Anomura: Aeglidae), in River Palmital, Paraná, Brazil 

 

Abstract 

Aeglids are endemic to the Neotropical region of South America, that play an important 

role in nutrient dynamics and energy flow through the trophic web in freshwater. In this 

study, we stablish the trophic position and food web of Aegla parana, identifying the 

juvenile-adult eating habits and their trophic position. We did not found differences for 

isotopic signature of juvenile-adult, and the food sources that most contributed for both 

life stages was leaves. Aeglids were found in a lower position (2º level) in the food web. 

Our study demonstrated the importance of aeglids within the trophic web. Its generalist 

diet, in both ontogenetic phases, and its low trophic position, demonstrated its relevance 

as a link between primary producers and other trophic levels. In addition, through nitrogen 

analyzes, we could infer that the study site already shows evidence that anthropic action, 

which raise the nitrogen level of the animals that consume them, thus acting on 

populations, which can generate instability within the trophic web. 

 

Keywords: Aeglids, carbon, food web, generalist, nitrogen. 
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INTRODUCTION 

Aeglids are freshwater anomuran crustacean, endemic to the Neotropical region 

of South America (Bond-Buckup and Buckup, 1994), living in clean and well-oxygenated 

water, and are negatively affects by alterations in these habitat conditions (Bond-Buckup, 

2003). Research that approaches the aeglids diet is still incipient, considering the high 

number of known species (Castro-Souza and Bond- Buckup, 2004), and their ecological 

importance, due to its role in aquatic food chains. 

Aeglids are omnivorous shredders, able to feed directly on allochthones plant 

matter, particulate organic matter, and aquatic insect larvae (Magni and Py-Daniel, 1989; 

Bueno and Bond-Buckup, 2004), being important in nutrient cycling (Cogo and Santos, 

2013). Comparative studies about the feeding habits of juvenile-adult aeglids have also 

shown that some species do not present differences between ontogenetic stages (Bueno 

and Bond-Buckup, 2004; Santos et al., 2008). However, feeding habits of aeglids can 

change throughout their development (Bueno and Bond-Buckup, 2004; Burress et al., 

2013; Collins, 2019). Feeding and assimilation of nutrients are important in aeglids, due 

to their need to obtain energy to maintain homeostasis and facilitate the synthesis and 

degradation of structural macromolecules necessary for maintenance, growth, 

reproduction and behavior (Karasov and Martínez Del Río, 2007; Saborowski, 2015; 

Musin et al., 2017). 

Stable isotope analysis has been widely used to identify the food sources and 

trophic position of consumers (Peterson and Fry 1987; Post, 2002) and nutrient cycling 

pathways in terrestrial and aquatic ecosystems (Lajtha and Michener, 1994). This method 

based on the premise that predators are enriched with heavy isotopes compared to their 

prey (Minagawa and Wada, 1984). This isotopic composition integrates the signatures of 

different prey consumed in longer periods of time ago and incorporated into the tissues, 

different to the analysis of stomach contents, which provides direct evidence of the food 
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eaten (Hyslop, 1980; Mao et al., 2016). The carbon and nitrogen isotopic composition of 

consumer tissues reflect δ15N and δ13C of each prey species; the relative proportions of 

each prey species assimilated and in certain instances, foraging location. Moreover, the 

stable isotope signatures of tissues generally reflect the diet over the period during which 

the tissue was synthesized (Bearhop et al., 2002). Additionally, stable isotopes come as a 

tool to improve the analysis of food habit and trophic web, mainly because many of the 

food items are at a high level of digestion, and their identification is difficult. In addition, 

isotope analyses require small numbers of animals, which are of great value since this 

group is already at various levels of threat. 

Stable isotope analysis of carbon has proved be effective in the study of aquatic 

food webs, marked differences in the isotope signatures of the major primary sources 

(Huryn et al., 2001). Carbon incorporated in plants suffers isotopic discrimination 

throughout the process of photosynthesis. In C3 plants, the δ13C value ranges from -22 to 

-34‰, and for C4 plants ranges from -9 to -16‰ (Vogel, 1993; Boutton, 1996; Ducatti et 

al., 2011). The carbon isotopic composition of the consumers reflects the enrichment from 

the diets around 1‰ (Kelly, 2000; Post, 2002). Therefore, the isotopic signature of δ
13C 

differentiates C3 or C4 producers in the food chains (Peterson and Fry, 1987; Clapcott and 

Bunn, 2003). Nitrogen can be incorporated by algae/plants through association with 

nitrogen-fixing bacteria or from the assimilation of nitrogen compounds in the air and in 

the soil (Caxito and Silva, 2015), whereas in animals it is assimilated by the incorporation 

of proteins (Gannes et al., 1998). The nitrogen is used to determine trophic niches and 

trophic position, because δ15N of each trophic level is typically 3-5‰ higher than its 

source of nitrogen (Minigawa and Wada, 1984; Peterson and Fry, 1987; Fry, 1991; 

Robinson, 2001), in addition enriched δ15N are often associated with increased carnivore 

(Post, 2003). 
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Although studies with aeglides are of paramount importance due to the rapid 

degradation of the environment and the disappearance of some species in South American 

aquatic ecosystems, studies with trophic structure involving Aegla parana Schmitt, 1942 

were not carried out. In this work, we study the isotopic signature of A. parana comparing 

their life stages and the trophic web that, in the tributary of the Iguaçu River (Rio 

Palmital), in União da Vitória, Paraná, Brazil, using the isotopic signatures. Our 

hypotheses are that: a) the signature of juvenile-adult is different what suggesting a 

different food resources in both stages and b) this crab have a lower position in the 

food web, as primary consumer, being an important link between the producers and 

others trophic levels. 

 

MATERIAL AND METHODS 

Aegla parana were investigated in Palmital River (sub-basin of the Iguaçu River), 

in União da Vitória, Paraná, Brazil (26°0'30.88 "S 51°3'28.01"W). The collection point 

in the “Usina Velha” waterfall, belongs to Serra da Boa Esperança Environmental 

Protection Area (Director Plan from União da Vitória, 2017). As it is a sampling area in 

the waterfall, this environment suffers from high water pressure. According to our 

observations on the HidroWeb Portal (National Water Agency), a tool that is part of the 

National Water Resources Information System (SNIRH), the Palmital River at the 

collection point is a second-order river, since after source of the river it meets the Rio 

Louro (first order). The phytogeography landscape is inserted in the micro region of the 

middle Iguaçu, being represented by subtropical forests, with the presence of araucarias 

and lowland forest (City hall from União da Vitória, 2021) 

Aeglids were collected in September of 2018, using 6 traps measuring 24cm × 

19.5cm × 8cm, 6 traps measuring 24cm × 14.5cm × 7cm and 6 traps measuring 17.5cm 

× 12.5cm × 5cm, that were randomly distributed throughout the freshwater stream. Traps 



41  

were set in the afternoon and inspected for captured animals in the following morning. 

Dried cat feed, containing fishmeal as one of the main ingredients, was used as bait as 

described by Bueno et al. (2007). The trap opening was place in opposite to the water 

flow, thus allowing the scent of the bait to be released in the surrounding water. D-frame 

hand nets were used to actively collect smaller aeglids (mainly juvenile individuals) and 

the other organisms involved in the trophic interactions of the aeglids based on the food 

sources already described as a food item for aeglids. Some food items, like leaves, 

bivalves and sediment samples were collect manually. Leaves were collected from inside 

the stream. All material was stored in thermal boxes with ice for further analysis. Odonata 

and Ephemeroptera were identified in the laboratory with the help of literature (Mugnai 

et al., 2010), but Ephemeroptera were not analyzed because de little material. The 

Diplodon sp. was confirmed with researchers working in ecology and zoology of 

continental waters in Brazil. 

Sediment was examined for use as a basis for predicting the δ15N values of aeglids. 

Sediment has no trophic position, but it can be a long-term integrator of particles and dead 

organisms from the water column (Lake et al., 2001). As well, as a bioindicator of the 

environment's health observable through the values of N found that determines whether 

the environment may be suffering from the disposal of sewage (Gearing et al., 1991; Lake 

et al., 2001) and any potential biomagnification of contaminants (Cui et al., 2011). In 

addition, adults may experience sediment intake, which may occur occasionally or 

associated with the consumption of organic matter, where algae, bacteria and other 

microorganisms grow (Collins, 2019). 

 

Abiotic variables and water quality 

Microbiological analyses were performed using the multi-tube technique, 

according to PRC N ° 5, of 09/28/2017 (ANVISA), which establishes the absence of 



42  

thermotolerant coliforms, in 100 ml of water as a potability standard. In individual 

samples from wells, sources, springs and other forms of supply without channeled 

distribution, the presence of total coliforms tolerated in the absence of thermotolerant 

coliforms. The chemical characteristics of stream water were analyzed in laboratory 

according to the methods recommended by the Standard Methods for the Examination of 

Water and Wastewater (Rice et al., 2017). Abiotic variables such as pH, electrical 

conductivity (Ec - μS/cm), turbidity (Turb), temperature (Temp - °C), total dissolved 

solids (TDS - mg/L), chlorophyll (Chl - μg/L) and dissolved oxygen (DO - mg/L), were 

measured using a multi-parameter Eureka probe (Manta model 2-4.0). 

The Palmital River according to CONAMA Resolution Nº 357 (2005) is classified 

as level 2, so the chemical values and abiotic variables was evaluated according to the 

CONAMA Resolution Nº 357 (2005). 

 

Isotopic analyses of δ13C δ15N 

Samples of bulk sediment were collected from the river, and in the laboratory 

screened and a random aliquot was placed for drying. The leaves collected were washed 

to eliminate debris and invertebrates from their surfaces (Burress et al., 2013). For the 

animals, the material used for analyses was pedal mass for bivalves and the chelipods for 

the aeglids. As the Odonata were small, they were processed completely. All samples 

were dehydrated at 50°C, a drying oven with air circulation for 48 hours (Nagata et al., 

2015). The dried samples were ground for six minutes in a cryogenic mill to complete 

homogenization. For δ13C analyses, the samples were soaked in 1M HCl for 3 hours to 

remove carbonates from exoskeletons, and then they were re-dried for 24 hours (Carabel 

et al., 2006; Nagata et al., 2015; Bosley et al., 2017). 

The stable isotope analysis was conducted at the Stable Isotopes Center, Institute 

of Biosciences, UNESP, Botucatu Campus. Aliquots of the homogeneous material (50- 
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70 ± 1 μg for δ13C and 500-600 ± 1 μg for δ15N) were analyzed in duplicate and placed in 

tin capsules (5 mm, Sercon), except for material with HCL, which were placed in silver 

capsules inside tin capsules (Carabel et al., 2006). Lipid extraction was not performed in 

our study, so the data used were the raw values found for the organisms. The capsules 

were weighed and submitted to a continuous flow isotope ratio mass spectrometry system. 

Afterwards, the samples were placed in an elementary analyzer (Flash 2000 - Thermo 

Scientific, Bremen, Germany) coupled to an isotope ratio mass spectrometer (Delta V 

Advantage- Thermo Scientific, Bremen, Germany) with an interface (ConFlo IV - Thermo 

Scientific, Germany) that determines the isotopic ratio (Rsample = 12C/13C or 15N/14N) of 

each sample. The results are given in the relative difference of isotope ratio (δ) of a 

standard value (Rstandard) expressed in ‰ accordance with: 

 

For δ13C, the Rstandard is V-PDB (Vienna Pee dee Belemnite) and for δ15N is 

atmospheric air. The standard uncertainty (n = 10) of analyses was ± 0.2‰ for δ13C and 

± 0.15‰ for δ15N. 

To provide a broad view of the trophic structure of the collected organisms, the 

trophic level of the organisms was estimated based on the nitrogen values in relation to 

samples from primary producers and sequentially primary and secondary consumers. The 

trophic level (NT) was calculated according to the formula presented by Post (2002): 

TL=λ+(δ15Nconsumidor−δ15Nbase)/Δ
15N 

Where: λ value 1 was used, since the organisms used in δ15Nbase were considered 

primary producers; δ15Nconsumidor is the value of each consumer; and Δ15N is the 

enrichment in δ15N by trophic level, that is, the assumed trophic descrimination factor 

(TDF) was 3.4‰ as proposed by Minagawa and Wada (1984). 
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Statistical analyses 

To determine differences between ontogenetic phases (juvenile-adult), the 

multivariate analysis of variance (MANOVA) was performed, with the values of carbon 

and nitrogen connected, because these isotopes are directly connected to each other. 

Following this test, a residual analysis was performed in the R program. Then, carbon and 

nitrogen data were analyzed separately with factorial analysis of variance (ANOVA) to 

identify differences for each isotope by age (juvenile-adult). 

To produce a biplots with the signatures of δ15N and δ13C, to demonstrate the 

trophic web (A. parana and potential food sources), the mixture model for stable isotopes 

was used, through the SIMMr package (Parnell and Inger, 2016). SIMMr adapts to a 

Bayesian mixture model to determine estimates of contributions from dietary sources in 

the aeglidean diet, using isotopic data (Parnell and Inger, 2016). Thus, the Trophic 

Discrimination Factors (TDFs) used in our work, to analyze C and N together to identify 

in food the source of the greatest contribution for feeding of groups: aeglids juvenile 

(Group1) and aeglids adult (Group 2). The Trophic Discrimination Factors (TDFs) were 

based on different estimates proposed by: Post (2002) (δ13C = 0.4 ± 1.3 - δ15N = 3.4 ± 

1‰) and three models proposed by McCutchan (2003) (δ13C = 0.5 ± 1.3 - δ15N = 2.3 ± 

1.5‰; δ13C = 1.3 ± 0.3 - δ15N = 2.2 ± 0.3‰; δ13C = 1.3 ± 0.3 - δ15N = 3.3 ± 0.26‰). These 

TDFs were used to examine the sensitivity of the SIMMr model to variation in trophic 

fractionation (Riascos et al., 2015; Ingram et al., 2017). The programs used for statistical 

analysis were the R language (R Development Core Team, 2011; available at: www.R-

project.org). 
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RESULTS 

Abiotic variables and water quality 

The results of microbiological analyses showed a of total coliforms > 23/100 mL 

of water and of thermotolerant coliforms 9.2/100 mL of water. Microbiological analyses 

indicate values of total and thermotolerant coliforms present and outside the permitted 

range. The results for the abiotic variables and the chemical analyses are in Table 1. 

According streams of level 2 (classified by CONAMA Resolution Nº 357), the water 

parameters of abiotic variables (pH, Ec, Turb, Temp, TDS, Chl and DO) and the water 

chemical (zinc, nitrite, nitrate, sulphate, chloride, copper, iron, manganese, fluoride and 

phosphate) presented the parameters allowed. Except aluminium, that presented values 

well above the allowed. For the chemical analyses, just the components that have values 

above the maximum allowed are shown in the table 1. 

Table 1. Abiotic variables (mean ± standard deviation) and chemical assessment of 

Palmital River (União da Vitória), in the state of Paraná, Brazil, in comparison with 

CONAMA Resolution Nº357(2005), in freshwater class 2. 

 

Abiotic Variables Palmital River CONAMA Nº357  

pH 8.86 ± 0.12 6.0 to 9.0 

Electric conductivity (μS/cm) 21.35 ± 0.22 - 

Turbidity (NTU) 8.12 ± 1.14 Until 100 NTU 

Temperature (°C) 19.69 ± 0.18 - 

Total dissolved solids (mg/L) 13.65 ± 0.15 500 mg/L 

Chlorophyll (μg/L) 2.34 ± 0.57 Until 30 μg/L 

Dissolved oxygen (mg/L) 8.83 ± 0.01 Not less than 5 mg/L O2 

Chemical analyses Palmital River A 

Aluminium 4.0450 mg.L-1 0,1 mg.L-1 
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Isotopic signature of juveniles-adults 

Mean ± standard deviation (SD) values of isotopic signatures for the A. parana 

were -25.61‰ ± -1.03 for 13C (range -26.50‰ to -23.28‰) and 8.34‰ ± 1.55 for 15N 

(range 6.37‰ – 10.88‰). The combination of δ13C and δ15N did not differe between life 

stages (MANOVA, Fontogenetic = 0.01, p = 0.98), and separated, carbon and nitrogen, did 

not differe regarding ontogenetic phases too (juvenile-adult) (ANOVA δ13C, Fontogenetic = 

0.03, p = 0.86; ANOVA δ15N, Fontogenetic = 0.24, p = 0.88) (Fig. 1).  

 

 
Figure 1. Variation in δ13C and δ15N of Aegla parana (União da Vitória in Paraná state). 

Horizontal lines inside boxes (first and third quartiles) represent median values; vertical 

lines represent minimum and maximum values. Differences between samples are 

indicated by different letters (Tukey test, p<0.05). 

 

Trophic structure 

We analyze Aegla parana, leaves, sediment, Diplodon sp. and Odonata. The 

trophic web of A. parana was characterized by 5 groups with distinct isotopic signatures 
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(Tab. 2), classified in three trophic levels, according to the formula proposed by Post 

(2002). In União da Vitória, the leaves, with the lowest value of δ15N, represented the chain 

base (1 º level) (2.21‰ ± 0.45). The second level was the A. parana adult (δ15N 8.26‰ ± 

1.38) and A. parana juvenile (δ15N 8.42‰ ± 1.86) and the third level was composed by: 

sediment (δ15N 9.31‰ ± 0.04), Diplodon sp. (δ15N 9.33‰ ± 0.16) and Odonata (δ15N 

9.90‰ ± 0.08) (Tab. 2, Fig. 2). 

The models with different trophic descrimination factor showed similarity in the 

results of the source that have the greatest contribution of A. parana. The food source that 

contributed most to the A. parana juvenile varied between the leaves, sediment and 

Diplodon sp. with similar proportions around 10-20%, credible interval (CI = 95%) and 

for A. parana adult the food source that contributed was leaves around 10-30%, credible 

interval (CI = 95%) (Fig. 3). However, these models showed that most sources did not 

contribute more than 50% of the food source. This indicated that some food source used 

for this crab was not sampled in our study (few taxa analyzed). 

 

Table 2: Signatures of stable carbon and nitrogen isotopes (mean ± standard deviation) 

and trophic level of the organisms in the community that make up the trophic web of 

Aegla parana, on the Palmital River (União da Vitória), in the state of Paraná, Brazil. 
 

Food items δ13C‰ δ15N‰ Trophic level 

Leaves -31.51 ± 0.02 2.21 ± 0.45 1.00 

Aegla parana (adult) -25.55 ± 1.30 8.26 ± 1.38 2.78 

Aegla parana (juvenile) -25.67 ± 0.82 8.42 ± 1.86 2.82 

Sediment -27.73 ± 0.04 9.31 ± 0.04 3.09 

Diplodon sp. -28.53 ± 0.02 9.33 ± 0.17 3.09 

Odonata -27.03 ± 0.08 9.90 ± 0.08 3.26 
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Figure 2. Biplots of stable isotopes using the mean for δ13C and δ15N (± standard 

deviation). Calculated values for Aegla parana juvenile-adult and potential food sources 

from União da Vitória, Paraná state, Brazil. 
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Figure 3. Median (horizontal line within the box), first and second quartile (boundaries 

of the box), and 95% credibility interval (whiskers of the box) of predicted proportion of 

food source contribution for the Aegla parana juvenile (Group 1) and Aegla parana adult 

(Group 2) in União da Vitória, Paraná state, Brazil. Different TDF values proposed in the 

literature were analyzed: (A) Post (2002) and (B, C and D) McCutchan et al. (2003). 
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DISCUSSION 

The rapid degradation of South American's hydrographic basins together the 

anthropogenic pressure and the large number of aeglids species already threatened with 

extinction (Santos et al., 2017), leads us to intensify studies on aquatic fauna and their 

interactions, mainly in relation to A. parana, which is an important specie endemic. 

 

Abiotic variables and water quality 

Microbiological analyzes showed the presence of total coliforms and 

thermotolerant coliforms in the studied environment. Visually in the vicinity of the 

collection point there is not presence of anthropic activities, however the presence of 

coliforms and thermotolerant coliforms in the region were indicative of waste arising 

from human activity. Thus, it is possible that these anthropic products are carried by the 

rain and end up in the river, thus, sources from other locations (Pereira et al., 2020), which 

may be directly influenced in the results of this collection point.  

High values of aluminum were found dissolved in the water of the study region. 

The increase in aluminum in the environment can come from several sources, but we 

believe that because it is a deactivated plant area, the presence of metal scraps and 

construction waste can lead to this increase (Jordão et al., 2007), mainly due to the 

presence of iron water wheels decomposing in the region. Furthermore, in União da 

Vitória the soil is an oxisol type, which predominates in the region, and is composed of 

Al oxides, represented in the Oxisols mainly by gibbsite, its presence being related to 

intense weathering and intense water circulation (Ghidin et al., 2006), which can also lead 

to an increase in aluminium. 

Aluminium is not one of the most toxic trace elements in relation to aquatic 

organisms (Kolarova and Napiórkowski, 2021), but changes in oxidative enzyme activity 

and lipid peroxidation have been detected in the hepatopancreas and liver of organisms 
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obtained from metal-polluted waters (Meyer et al., 1991; Bouskill et al., 2006; Farombi 

et al., 2007; Barim and Karatepe, 2010; Faria et al., 2010; Radwan et al., 2010). In fish, 

clams and crayfish, toxicity of aqueous aluminium has been attributed to its association 

with the gills, resulting in excessive mucus secretion (Sadler and Lynam, 1987; 

Weatherley et al., 1991; Alexopoulos et al., 2003), and disruption of osmoregulatory 

processes (Sadler and Lynam, 1987; Fjeld et al., 1988), sodium transport (Weatherley et 

al., 1991) and gaseous diffusion (Exley et al., 1996). Little aluminium is accumulated in 

the hepatopancreas or other crayfish organs and tissues after aqueous exposure 

(Alexopoulos et al., 2003), however, in polluted places or where their food sources are 

contaminated by aluminium, there is the accumulation of significant amounts of metal in 

the hepatopancreas (Madigosky et al., 1991; Walton et al., 2010) and in the antenal gland 

(Walton et al., 2010). 

Therefore, the low values found for the abiotic variables demonstrate a low impact 

site, however the presence of total and thermotolerant coliforms and the changes observed 

for aluminium are indicative that human activities extend across the river and that even 

old activities, as the plant deactivated, remain influencing this point. 

 

Isotopic signature of juveniles-adults 

Aegla parana did not present in this study significant variation in the isotopic 

signature among juvenile and adult, even the analysis of contribution of sources in the 

diet showed a little difference. The high standard deviation found for food sources in both 

phases may indicate that the food preference does not depend on the stage of life, so we 

refute our hypothesis that they use different food resources. 

The absence of dietary difference between the ontogenetic phases may occur 

because females can demonstrate parental care (Rodrigues and Hebling, 1978) and have 

gregarious behavior. The gregarious behavior of juvenile- adult was described, because 
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they were grouped in shaded places and protected from the strong current under shelters 

on the banks of the rapids (Bahamonde and López, 1961; López, 1965; Rodrigues and 

Hebllng, 1978), in which justify the absence of differences between juvenile-adult. As 

the collection site consists of a waterfall, this way, the gregarious behavior can be 

stimulated (same distribution in the river), in addition to the juveniles being able to reflect 

the female isotopic signature (parental care), which there would be no difference between 

signatures. Santos et al. (2008) also found in Aegla longirostri Bond-Buckup & Buckup, 

1994 that there are no differences in diet of juvenile-adult, justifying through the same 

range of distribution in the water flow. This behavior probably leads to the sharing of 

food items, with contributions from each different source. Resource sharing can be due 

to several factors, despite overlap in prey choices, for example, the same resource can be 

shared according to the selection of prey size. In any case, if the resources are sufficiently 

abundant and not limiting, then competition between individuals does not occur and the 

selection of prey is done only according to the morphological and physiological 

characteristics of each species (Bocher et al., 2014). 

 

Trophic structure 

In our study at the base of the chain are the leaves (2.21 ± 0.45), followed by A. 

parana adult (δ15N 8.26‰ ± 1.38) and A. parana juvenile (δ15N 8.42‰ ± 1.86) in the 

second trophic level. Sediment (9.31 0.0 ± 0.04), Diplodon sp. (9.33‰ ± 0.17) and 

Odonata (9.90‰ ± 0.08) at the third level, thus proving our hypothesis that the aeglids 

are at lower trophic levels. However, as our results showed that possibly some food items 

were not sampled, mainly the diversity of macroinvertebrates, and this becomes clear 

when we observed the difference in δ15N between plants and aeglids that differ around 

6‰, therefore the trophic web in União da Vitória in Rio Palmital is more complex than 

sampled. 
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Plants as primary producers are one of the most important groups for the 

functioning of ecosystems, due to their role as an energy provider for the base of the 

trophic web (Daufresne and Loreau, 2001). This can be seen in our work, as plants may 

be supplying energy to primary consumers (second trophic level) and contributing as an 

important item in the diet of adults and along with the other items collected for juvenile 

aeglids. Ingestion of plant debris as the main food item in aeglids has been demonstrated. 

Bueno and Bond-Buckup (2004) observed plant debris in the stomachs of 56% of Aegla 

platensis Schmitt, 1942 and 45% of Aegla ligulata Bond-Buckup & Buckup, 1994. 

Castro-Souza and Bond-Buckup (2004) recorded a frequency of occurrence of plant 

tissues greater than 90% in the stomachs of Aegla camargoi Buckup & Rossi, 1977 and 

Aegla leptodactyla Buckup & Rossi, 1977. In A. longirostri, the proportion of plant 

tissues was greater than 85% (Santos et al., 2008). 

In addition, the leaves together with the sediment offer associated organic matter 

to the aeglids, microorganisms (e.g., algae and bacteria) (Bueno and Bond-Buckup 2004; 

Castro-Souza and Bond-Buckup, 2004; Graça, 2001), or crustaceans Ostracoda and the 

Oligochaeta, like were found in the stomachs of A. camargoi (Castro-Souza and Bond- 

Buckup, 2004). However, in our work, these items were not sampled, but they may be 

contributed to the isotopic signal of the aeglids, justifying the difference in the isotopic 

ration between the leaves and the aeglids and the level below the sediment. 

These animals are also important when using leaves as food. In tropical streams 

with few shredder insects, decapods can be great representatives in this class of shredder 

(Crowl et al., 2001; March et al., 2001), playing a more important role in the 

decomposition of leaves. In addition, during the leaf crushing process, the aeglids ingest 

part of the debris and convert it into fine particulate organic matter (FPOM), cycling 

nutrients, making the resulting FPOM serve as food for other functional groups (Cogo 
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and Santos, 2013). 

The sediment, bivalve Diplodon sp. and the Odonata macroinvertebrates 

presented themselves at the third trophic level, therefore at a higher trophic level then A. 

parana. Sediment has not trophic position, but it can be a long-term integrator of particles 

and dead organisms from the water column, and it is readily sampled (Lake et al., 2001). 

Furthermore, the sediment is readily ingested by several crustaceans, including Aegla sp. 

(Bueno and Bond-Buckup, 2004; Castro-Souza and Bond-Buckup, 2004; Santos et al., 

2008; Burress et al., 2013). Its ingestion can occur accidentally during feeding or adhered 

to other foods (D’Incao et al., 1990; Brogim & Lana, 1997).  Lake et al. (2001) collected 

sediment and obtained average values for δ15N 3.8 ± 1.9, with a maximum of 6.8‰ and a 

minimum of -0.1‰, the sites with highest values was in the close to lots, farm drains to 

pond, sewage treatment and plant input. However, they did not reach the sediment values 

that we found (9.31‰ ± 0.04). Therefore, we believe that, even though the water 

parameters according to CONAMA are indicating within the values considered potable. 

It is possible that this place is already suffering from nitrogen changes, possibly resulting 

from human activities, as we observed in the microbiological samples. Thus, this 

accumulation of nitrogen in the sediment may be responsible for the increase of N for the 

other items in the chain, such as the bivalves that are filters. 

The bivalve communities (Unionida), the Diplodon sp. for example, are important 

within the trophic structure of freshwater and can relate to multiple trophic levels (Vaughn 

et al., 2008). As bivalves accumulate matter suspended from the water column, they 

provide a long-term integrated isotopic signal from their food sources (Gillikin et al., 

2006; Dubois et al., 2007) and, therefore, their isotopic ratio will vary according to the 

chain bases and the ambient conditions (Lake et al., 2001; Burress et al., 2013). In 

addition, as they are filters (Vaughn et al., 2007) and their isotopic ratio will also vary 
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according to the availability of food. Lake et al. (2001) studied Elliptio complanata 

(Lightfoot, 1786) and obtained highest values of 12.0‰ and 13.3‰ in places with sewage 

treatment and old septic systems, and lowest values of 4.9‰ and 5.3‰ in places with 

minimal or non-existent inputs of anthropic action. Burress et al. (2013) studied 

Corbicula fluminea (Müller, 1774) and Neocorbicula limosa (Maton, 1811), with an 

isotopic nitrogen ratio between 7-9‰, which placed them in trophic levels below the 

juveniles and adults of Aegla uruguayana Schmitt, 1942. In our study, Diplodon sp. 

showed δ15N 9.33‰ ± 0.17 values, that in comparison with the Lake et al. (2001) study, 

it is equivalent to places with old septic systems and places with house occupied onshore, 

and which also present values close to the Burress et al. (2013) study. N stable-isotope 

ratios indicate that mussels in some oligotrophic habitats, such as subalpine lakes, are 

strictly primary consumers (Vander Zanden and Rasmussen, 1999), thus, positioning 

itself at lower trophic levels. However, mussels in more enriched habitats feed across 

multiple trophic levels and eat primary producers and various consumer groups (Nichols 

and Garling, 2000). This may be occurring in União da Vitória, causing these bivalves to 

occupy a trophic level above the aeglids. 

The larvae of Odonata were found in our work on the third trophic level, above 

the aeglids. These larvae are exclusively predators (Cummins, 1973), using live animal 

tissue as food (Cummins et al., 1979). Corbet (1980) classifies that these larvae pass 

through three important phases during their feeding: 1) Protozoa, small crustaceans and 

nematodes; 2) Insect larvae, including Odonata larvae; 3) Fingerlings and small tadpoles. 

Due to their predatory behavior, these larvae can be found at higher trophic levels of the 

aeglids. Burress et al. (2013), also demonstrated a basal position of A. uruguayana 

compared to the hexapods Hemiptera (Belostomatidae), Trichoptera (Hydropsychidae) 

and Ephemeroptera (Leptophlebiidae), which presented δ15N around 9-11‰, close to the 
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value found for Odonata in our study (9.90‰). In addition, according to isotopic 

signatures, we have not ruled out the hypothesis that Odonata larvae may be feeding on 

young aeglids, since they can feed on small crustaceans. 

Our study demonstrated the importance of aeglids within the trophic web. Its 

generalist diet, in both ontogenetic phases, and its low trophic position, demonstrated its 

significance as a link between primary producers and and the higher trophic levels. 

Fhurthemore, through nitrogen analyzes, we could infer that the study site already shows 

evidence that anthropic action, which raise the nitrogen level of the animals that consume 

them, thus acting on populations, which can generate instability within the trophic web. 

Thus, it is essential to the sustainable development and conservation of species, the 

increase of studies with animals from Neotropical streams, especially endemic ones such 

as A. parana in União da Vitória, understanding the importance of each food item, the 

links between trophic levels and how they are interrelated. 
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CHAPTER III 

Environment and anthropic influences on Aegla castro Schmitt, 1942 

(Crustacea: Anomura) trophic interactions  

 

Abstract 

The advance of anthropogenic activities constantly threatens freshwater ecosystems. The 

endemic freshwater aeglids are sensitive species to a disturbance and/or abrupt 

environmental variations and it can be a bioindicator of water quality. In this way, this 

study investigated the trophic position and food web for Aegla castro, in four streams with 

different anthropogenic disturbance, attesting how the environmental scenarios can 

modulate trophic relationships through stable isotope analyzes. Aeglids were found as a 

primary consumer; however, we found differences in isotopic signature for this 

crustacean in the studied areas, indicating that environment and anthropogenic action can 

be the factors that modulate the trophic webs. This promoting different isotopic signature, 

consequently changing the rates of carbon and nitrogen between areas. This factor 

generates different trophic interactions and different food items. For example, in the Iapó 

stream results, that through that the highest value of δ15N (11.54‰), it was possible to 

detect the higher amount of anthropic organic waste differently to the others studied 

tributaries with better conservation status, e.g. in Quebra Perna stream (δ15N = 4.03‰). 

Studies like this are becoming increasingly important due to the rapid degradation of 

freshwater environments and the lack of trophic knowledge about these endemic animals. 

Just as it becomes important to understand how the anthropic action is interfering in the 

trophic relationships, and how it can affect the permanence of species like Aegla spp. 

 

Keywords: Aeglids, carbon, anthropic pollution, food web, isotope stable, nitrogen. 
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INTRODUCTION 

Impacts of anthropogenic disturbance are especially severe in freshwater 

ecosystems. In particular, land use disturbance can lead to increased levels of pollution, 

including elevated nutrient and sediment loads whose negative impacts range from the 

community to the individual level (Britton et al., 2019). Therefore, this rapid degradation 

of hydrographic basins in South America, where the decline in water quality observed, 

requires intensification in studies on continental aquatic fauna and their interactions 

(Bond-Buckup and Buckup, 1994). 

The aeglids have 89 described species, 56 of which are present in Brazilian 

continental waters (Bueno et al., 2017; Santos et al., 2017; Páez et al., 2018; Trombetta 

et al., 2019; Marçal et al., 2020), being important representatives of low order streams. 

These crustaceans preferably live in environments with low temperatures and high levels 

of oxygen (Feldmann et al., 1998; Bueno et al., 2007; Francisco et al., 2007; Oliveira et 

al., 2007). Environmental disturbances are the main factors that can cause the reduction 

or disappearance of populations of Aegla spp. (Bond-Buckup and Santos, 2007; Trevisan 

et al., 2009).  Aeglids are endemic, which severely affected by anthropic effects as they 

have a restricted distribution, and, therefore, they must consider essential for the 

determination of biodiversity hotspots in studies of conservation and management of 

native species (Pimm et al., 1995; Caldecott et al., 1996). In addition, this crustacean have 

great ecological importance, due to its role in aquatic food chains, behaving as omnivores, 

generalists and opportunists (Castro-Souza and Bond-Buckup, 2004; Bueno and Bond-

Buckup, 2004; Santos et al., 2008).  

They are able to feed on allochthones plant matter, particulate organic matter and 

aquatic insect larvae (Magni and Py-Daniel 1989; Bueno and Bond-Buckup, 2004), thus 

being a key species in nutrient cycling (Cogo and Santos, 2013). Feeding and assimilation 

for aeglids are of paramount importance, due to their need to obtain energy for their 
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homeostasis and to facilitate the synthesis and degradation of macromolecules necessary 

for maintenance, growth, reproduction and behavior (Karasov and Martínez Del Río, 

2007; Saborowski; , 2015; Musin et al., 2017). 

Stable isotope analysis has been widely used to identify the food sources and 

trophic position of consumers, in recent years (Peterson and Fry, 1987; Post, 2002) and 

nutrient cycling pathways in terrestrial and aquatic ecosystems (Lajtha and Michener, 

1994). This method based on the premise that predators enriched with heavy isotopes 

compared to their prey (Minagawa and Wada, 1984). This isotopic composition integrates 

the signatures of different prey consumed in longer periods and incorporated into the 

tissues, different from what sampled in the analysis of stomach contents, which provides 

direct evidence of the food eaten at that particular moment (Hyslop, 1980; Mao et al., 

2016). Therefore, we chose to use in our study the analysis of stable isotopes of nitrogen 

(δ15N) and carbon (δ13C) to study the trophic web that Aegla castro Schmitt, 1942. The 

carbon and nitrogen isotopic composition of consumer tissues are thus a function to 

analyze the prey species δ15N-δ13C’s signatures, the relative proportions of each prey 

species assimilated and in certain instances, and the foraging location. Moreover, the 

stable isotope signatures of tissues generally reflect the diet over the period that the tissue 

was synthesized (Bearhop et al., 2002). 

The carbon incorporated in plants suffers isotopic discrimination throughout the 

process of photosynthesis. In C3 plants, the δ13C value ranges from -22 to -34‰, and for 

C4 plants ranges from -9 to -16‰ (Vogel, 1993; Boutton, 1996; Ducatti et al., 2011), and 

makes it possible to characterize an animal's diet through isotopic analysis of the carbon 

in tissues (Ducatti, 2011). Plants are the primary source of food for animals, so the 

isotopic signature of δ13C differentiates C3 or C4 producers in the food chains (Peterson 

and Fry, 1987; Clapcott and Bunn, 2003). Nitrogen can be incorporated by algae/plants 
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through association with nitrogen-fixing bacteria or from the assimilation of nitrogenous 

compounds in the air and in the soil (Caxito and Silva, 2015), whereas in animals it is 

assimilated by the incorporation of proteins (Gannes et al., 1998). The nitrogen is use to 

determine trophic niches and trophic position, because δ15N of each trophic level is 

typically 3 higher than its source of nitrogen (Minagawa and Wada, 1984), in addition 

enriched δ15N are often associated with carnivore behavior (Post, 2003). 

Furthermore, δ15N can used as an indicator of environmental pollution. According 

to Tanu et al. (2020) studying mangroves and land use around them, estimated that δ15N 

can vary from 5-14‰ in those mangroves that have their surroundings with human 

activities (livestock and agriculture), while places with less human action, this value does 

not exceed 3‰, suggesting that the N from anthropogenic action is regulating the nitrogen 

concentration in the leaves in these locations. In coastal environments, a change in δ15N 

was also recorded in plants and animals, where sewage in port locations promoted higher 

levels of nitrogen (Lassauque et al., 2010). Dolenec et al. (2006) recorded a δ15N 

enrichment of up to 4.7‰ in environments influenced by fish farming, compared to the 

unaffected reference area. 

There are few studies on trophic interactions in tropical-subtropical freshwater 

comunnities, mainly with eglids species ussualy found in environment degraded by 

human disturbance activity (Burress et al., 2013; Santos et al., 2017). Invertebrates. Thus, 

it is necessary to intensify studies on aquatic fauna and their interactions (Bond-Buckup 

and Buckup, 1994) and to assess the quality of the environments in which endemic species, 

like A. castro, live. There are no studies with the trophic structure of A. castro, therefore, 

our objective was to study the trophic web that A. castro in the southeastern and southern 

basins of Brazil. 
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Therefore, our hypotheses are: a) These crabs have a lower position in the food 

chain, as primary consumers, being an important link between producers and other trophic 

levels; b) Due to the differences between the sampling areas, it is expected to find a 

difference in the isotope ratios of carbon and nitrogen by A. castro and other items of the 

food web. 

 

MATERIAL AND METHODS 

Study area 

We chose four different area of the sampling to collect A. castro based on its 

geographic distribution and the state of preservation, i.e.: Paranapanema sub- basin (São 

Paulo state), (1) Itaúna stream (ITA) (Itatinga city); and Tibagi sub-basin (Paraná state), 

(2) Preto stream (PRE) (Mauá da Serra city), (3) Iapó stream (IAP) (Castro city) and (4) 

Quebra Perna stream (QPE) (Ponta Grossa city). The locations were described through 

personal observations and using google maps to view the surrounding area of the sampling 

areas: 

_ ITA tributary (23°09’38”S 48°37’56”W): the local vegetation is Atlantic forest and 

Cerrado biome (Montana semi-deciduous), with a lot of eucalyptus reforestation. The 

sampling area is located at a private farm and the stream has preserved and continuous 

riparian forest with a good tree canopy and creeping plants (grass and herbaceous). 

_ PRE tributary (23°57'00"S 51°07'00"W): the local vegetation is Atlantic forest (Dense 

Ombrophilous Forest with remnants of Mixed Ombrophilous Forest). It is located behind 

a restaurant and a road with small dirt roads and constructions surrounding the area. 

Riparian forest is present as well areas composed of creeping plants (grass), tree canopy. 
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_ IAP tributary (24º48'37"S 49º51’30"W): the local vegetation is Atlantic Forest (Dense 

Ombrophilous Forest with remnants of Mixed Ombrophilous Forest). The location is 

surrounded by plantations on irregular or deforested land. Agriculture, livestock, pig 

farming, poultry farming and the extraction of minerals constitute the main economic 

activities of the Castro region (Fasolo et al., 2002). The stream is surrounded by 

discontinuous Riparian Forest, and the sampling area specifically is composed by a 

deforested area with creeping plants (grass), close to a road. 

_ QPE tributary (25°10'19"S 49°58'08"W): the local vegetation is Atlantic Forest (Dense 

Ombrophilous Forest and natural field), and the sampling area is inside the private park 

“Buraco do Padre”. It is a touristic park where the main attraction is a cave with a waterfall 

being accessed through an approximately 730 meters trail. Visitors usually go there for 

outdoor activities as walking, bathing, rappelling, hiking and climbing. Around the park, 

places with plantations and deforestation are observed. 

 

Biological samples 

Aeglids were collected during August (PRE), September (IAP and QPE) and 

December (IAP) 2018, using 6 traps measuring 24cm × 19.5cm × 8cm, 6 traps measuring 

24cm × 14.5cm × 7cm and 6 traps measuring 17.5cm × 12.5cm × 5cm, that were randomly 

distributed throughout each freshwater stream. A fish-based cat food was used as bait and 

was placed in a small, perforated plastic container attached inside the trap to attract the 

crabs (Bueno et al., 2007). The trap opening was placed opposite to the water flow, 

allowing the bait odor to flow out the opening. All the traps were set after 17:00h, when 

aeglids are more active (Bueno and Shimizu, 2008) and were left in the field overnight 

and retrieved the next morning. D-frame hand nets were used to actively collect smaller 

aeglides (mostly young individuals) and the other items involved in aeglide trophic 



68  

interactions, based on the food sources already described as a food item for aeglides. 

Leaves, algae and moss were collected manually. All material was stored in thermal boxes 

with ice for further analysis. Macroinvertebrates were identified in the laboratory with the 

help of literature (Mugnai et al., 2010), but some macroinvertebrates were not analyzed 

because they didn't have enough weight to perform the C and N analysis (Lepidoptera and 

Hemiptera in PRE, Ephemeroptera in QPE and ITA, Trichoptera in IAP and Odonata, 

Plecoptera and Diptera in ITA). Fishes and shrimp were confirmed with researchers 

working in ecology and zoology of continental waters in Brazil. 

 

Water quality and abiotic factors 

The chemical and microbiological characteristics of freshwater were characterized 

according to the methods recommended by the Standard Methods for the Examination of 

Water and Wastewater (Rice et al., 2017). Microbiological analyzes were performed 

using the multi-tube technique, according to PRC N ° 5, of 09/28/2017 (ANVISA), which 

establishes the absence of thermotolerant coliforms in 100 ml of water as a potability 

standard. In individual samples from wells, sources, springs and other forms of supply 

without channeled distribution, the presence of total coliforms is tolerated in the absence 

of thermotolerant coliforms. Abiotic factors, such as pH, electrical conductivity (Ec - 

μS/cm), turbidity (Turb), temperature (Temp - °C), total dissolved solids (TDS - mg/L), 

chlorophyll (Chl - μg/L) and dissolved oxygen (DO - mg/L), were measured using a 

multi-parameter Eureka probe (Manta model 2-4.0). 

 

Stable isotope analysis 

Stable isotope analyses provide a picture of diet integrated over a period of time, 

while conventional dietary analysis by stomach contents only a short-term picture of diet; 
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in addition, stable isotopes represent assimilated diet rather than what is ingested, which 

may or may not be digested and contribute to a consumer’s nutrition (Bearhop et al., 

1999; Votier et al., 2003). Conventional methods may also be biased toward particular 

types of prey (Hobson et al., 1994). In addition, isotope analyzes require small numbers 

of animals, which are of great value since this group is already at various levels of threat. 

Samples of bulk sediment were collected from the middle of river. The δ15N values of 

sediment were examined for use as a basis for predicting the δ15N values of aeglids. 

Sediment has no trophic position, but it can be a long-term integrator of particles and dead 

organisms from the water column, and it is readily sampled (Lake et al., 2001). In 

addition, adults may experience sediment intake, which may occur occasionally or 

associated with the consumption of organic matter, where algae, bacteria and other 

microorganisms grow (Collins, 2019). 

The leaves, algae and moss collected were washed to eliminate debris and 

invertebrates from their surfaces (Burress et al., 2013). For the animals, the material used 

for analyzes was the chelipods for the aeglids, muscles between the dorsal and ventral fin 

of fish and abdomen muscle of the shrimp. All the macroinvertebrates were small in size, 

so they were processed whole. All samples were dehydrated at 50°C, a drying oven with 

air circulation for 48 hours (Nagata et al., 2015). The dried samples were ground for six 

minutes in a cryogenic mill to complete homogenization. For δ13C analyses, the samples 

were soaked in 1M HCl for 3 hours to remove carbonates from exoskeletons, then they 

were re-dried for 24 hours (Carabel et al., 2006; Nagata et al., 2015; Bosley et al., 2017). 

The stable isotope analysis was conducted at the Stable Isotopes Center, Institute 

of Biosciences, UNESP, Botucatu. Aliquots of the homogeneous material (50-70 ± 1μg 

for δ13C and 500-600 ± 1μg for δ15N) were analyzed in duplicate and placed in tin capsules 

(5mm, Sercon), except for material with HCL, which were placed in silver capsules inside 
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tin capsules (Carabel et al., 2006). Lipid extraction was not performed in our study, so 

the data used were the raw values found for the organisms. The capsules were weighed 

and submitted to a continuous flow isotope ratio mass spectrometry system. Afterwards, 

the samples were placed in an elementary analyzer (Flash 2000 - Thermo Scientific, 

Bremen, Germany) coupled to an isotope ratio mass spectrometer (Delta V Advantage- 

Thermo Scientific, Bremen, Germany) with an interface (ConFlo IV - Thermo Scientific, 

Germany) that determines the isotopic ratio (Rsample = 12C/13C or 15N/14N) of each 

sample. The results are given in the relative difference of isotope ratio (δ) of a standard 

value (Rstandard) expressed in ‰ accordance with: 

 

For δ13C, the Rstandard is V-PDB (Vienna Pee dee Belemnite) and for δ15N is 

atmospheric air. The standard uncertainty (n = 10) of analyzes was ± 0.2‰ for δ13C and ± 

0.15‰ for δ15N. 

To provide a broad view of the trophic structure of the collected organisms, the 

trophic level of the organisms was estimated based on the nitrogen values in relation to 

samples from primary producers and sequentially primary and secondary consumers. he 

estimated of the trophic level (TL) was calculated according to the formula presented by 

Post (2002): 

TL=λ+(δ15Nconsumidor−δ15Nbase)/Δ
15N 

Where: λ value 1 was used, since the organisms used in δ15Nbase were considered 

primary producers; δ15Nconsumidor is the value of each consumer; and Δ15N is the 

enrichment in δ15N by trophic level, that is, the assumed trophic enrichment factor (TEF) 

was 3.4‰ as proposed by Minagawa and Wada (1984). 
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Statistical analyses 

The predictors and response data were filtered by the variance inflation factor 

(function vif). The variance inflation factor excludes the highly correlated variables from 

the dataset through a stepwise procedure to deal with multicollinearity problems (Zuur et 

al., 2010). A Principal Component Analysis (PCA) was used to detect the relationship 

between the sampling areas (ITA, PRE, IAP and QPE) and the abiotic factors (pH, Ec, 

Turb, Temp, TDS, Chl and DO) (Clarke and Ainsworth, 1993). After the PCA analysis, 

the permanova analysis was done to test the differences between the areas of sampling. 

The programs used for statistical analysis were the R language (R Development Core 

Team, 2011; available at: www.R-project.org). 

To determine differences between area of the sampling areas (ITA, PRE, IAP and 

QPE) regarding to the stable isotopes, the multivariate analysis of variance (MANOVA) 

was performed, with the values of carbon and nitrogen connected, because these isotopes 

are directly connected to each other. Then, carbon and nitrogen data were analyzed 

separately with factorial analysis of variance (ANOVA) to identify differences for each 

isotope by the area of the sampling areas (ITA, PRE, IAP and QPE). 

To produce a biplot with the signatures of δ15N e δ13C, in order to demonstrate the 

trophic web (A. castro and potential food sources), the mixture model for stable isotopes 

was used, through the SIMMr package (Parnell and Inger, 2016), program R (R 

Development Core Team 2011). SIMMr adapts to a Bayesian mixture model to determine 

estimates of contributions from dietary sources in the aeglidean diet, using isotopic data 

(Parnell and Inger, 2016). The programs used for statistical analysis were the R language 

(R Development Core Team, 2011; available at: www.R-project.org). 
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RESULTS 

Water quality and abiotic factors 

Microbiological analyzes indicated that for all studied sites the total coliforms and 

thermotolerant coliforms are higher than the amount considered potable (Tab. 1), in all 

area of the sampling there are indications of human waste. Chemical analyzes showed 

parameters as aluminium, iron and cuprum outside the maximum allowed value (Tab. 1). 

For the aluminum, the all area of the sampling showed values above the maximum 

allowed value (0.2 mg.L-1), i.e., values between 2.59 mg.L-1 to 6.65 mg.L-1. In IAP, iron 

(0.70 mg.L-1) showed values above maximum allowed value (0.3 mg.L-1) and in QPE, 

cuprum (1.71 mg.L-1) showed values above the maximum allowed value (1.5 mg.L-1), but 

in this case the values were not so different from the maximum allowed values (Tab. 1). 

The variance inflation factor excluded highly correlated variables (TDS and Do) from 

the dataset. The PCA Axis 1 explained 47.6% while Axis 2 explained 31.3% of the 

variation, and the scores plotted (Axis 1 and 2) showed a separation between the area of 

sampling according to the environmental factors (Fig. 1). The Permanova showed 

differences between the areas of sampling and abiotic factors (F= 2.46, df = 3, p < 0.05). 
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Table 1. Abiotic factors (mean ± standard deviation), water quality through the abiotic 

factors, microbiological and chemical analysis in in Itatinga from São Paulo state (ITA: 

Itaúna stream, Paranapanema sub-basin) and Mauá da Serra (PRE: Preto stream, Tibagi 

sub-basin), Castro (IAP: Iapó stream, Tibagi sub-basin) and Ponta Grossa (QPE: Quebra 

Perna stream, Tibagi sub-basin) in Paraná state. Legend of abiotic factors: pH, Ec 

(Conductivity), Turb (Turbidity), Temp (Temperature), TDS (Total dissolved solids), Chl 

(Chlorophyll), DO (Dissolved oxygen). 

 

Abiotic factors 

 ITA PRE IAP QPE 

pH 8.55 ± 0.06 8.94 ± 0.23 8.96 ± 0.04 8.95 ± 0.24 

Ec (μS/cm) 61.78 ± 0.15 39.26 ± 0.05 115.94 ± 0.40 90.34 ± 0.05 

Turb 4.20 ± 0.52 2.04 ± 1.62 13.01 ± 0.96 5.03 ± 2.05 

Temp (°C) 22.91 ± 0.00 15.77 ± 0.10 17.13 ± 0.06 18.48 ± 0.02 

TDS (mg/l) 39.51 ± 0.10 25.10 ± 0.02 74.18 ± 0.25 57.80 ± 0.14 

Chl (μg/L) 1.43 ± 0.01 1.76 ± 0.08 3.57 ± 0.27 1.41 ± 0.01 

DO (mg/l) 8.02 ± 0.01 9.15 ± 0.08 7.14 ± 0.06 8.73 ± 0.02 

Microbiological analysis 

Number more probable 

of total coliforms 

7.3/100 mL of 

water 

3.6/100 mL of 

water 

>23/100 mL 

of water 

>23/100 mL 

of water 

Number more probable 

of thermotolerant 

coliforms 

7.3/100 mL of 

water 

3.6/100 mL of 

water 

9.2/100 mL 

of water 

16.1/100 mL 

of water 

Chemical analysis 

Aluminum 

(6.65 mg.L-1) 

Aluminum 

 (3.28 mg.L-1) 

 

Iron  

(0,70 mg.L-1) 

Aluminum 

(2.59 mg.L-1) 

Cuprum  

(1.71 (m 

mg.L-1) 

Aluminum 

(4,36 mg.L-1),  
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Figure 1. Results from the Principal Components Analysis (PCA) in the differential 

sampling areas: in Itatinga from São Paulo state (ITA: Itaúna stream, Paranapanema sub- 

basin) and Mauá da Serra (PRE: Preto stream, Tibagi sub-basin), Castro (IAP: Iapó 

stream, Tibagi sub-basin) and Ponta Grossa (QPE: Quebra Perna stream, Tibagi sub- 

basin) in Paraná state. According to the abiotic factors: pH, Ec (Conductivity), Turb 

(Turbidity), Temp (Temperature), Chl (Chlorophyll). The canonical axes explained 78.9% 

of the variation. 

 

Aegla castro samples 

Five aeglids in ITA (13.09 mm ± 10.41 of CC), 10 in PRE (CC 13.92 mm ± 5.47), 

8 in IAP (CR 12.51 mm ± 4.71mm) and 9 in QPE (CC 11.63mm ± 3.47) were collected. 

The lowest value found for A. castro for δ15N was 3.54‰ and for δ13C -33.04‰, and the 

highest value for δ15N was 13.96‰ and for δ13C -13.53‰. The combination of δ13C and 

δ15N showed differences between area of the sampling (MANOVA, Fareaofsampling = 32.35, 

df = 1, p < 0.05) for A. castro. In addition, separated, δ13C and δ15N showed differences 
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(ANOVA δ13C, Fareaofsampling = 17.52, df = 3, p value < 0.05; ANOVA δ15N, Fareaofsampling 

= 92.43, df = 3, p value < 0.05), respectively, for A. castro. The differences and 

similarities of δ13C and δ15N in the area of the sampling according to the Tukey test are 

shown in Figure 2. 

 

Figure 2. Variation in δ13C and δ15N of Aegla castro in different area of the sampling: in 

Itatinga from São Paulo state (ITA: Itaúna stream, Paranapanema sub-basin) and Mauá 

da Serra (PRE: Preto stream, Tibagi sub-basin), Castro (IAP: Iapó stream, Tibagi sub- 

basin) and Ponta Grossa (QPE: Quebra Perna stream, Tibagi sub-basin) in Paraná state. 

Median values represented by central bars between first quartile and third quartile, 

extremities representing minimum and maximum. Letters denote significant 

comparisons, by analysis of variance (ANOVA), followed by Tukey's post-hoc tests. 
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Trophic structure 

Nineteen distinct isotopic signatures of the representative organisms of the 

communities were estimated (A. castro, fish, macroinvertebrates, leaves, moss, shrimp, 

algae and sediment) (Tab. 2). Leaves (ITA), Sediment (PRE and IAP) and algae (QPE) 

were the first level. Aegla castro was the primary consumers, together with others 

organisms, e.g. macroinvertebrates, Astyanax bockmanni Vari & Castro, 2007 and 

Macrobrachium sp. The secondary consumers were Characiformes and Siluriformes 

fishes (PRE), Phalloceros harpagos Lucinda, 2008 in IAP and Phalloceros pellos 

Lucinda, 2008 in QPE. We did not find any top predators (TL above 4) in our study (Tab. 

2, Fig. 3). 

It was possible to see that A. castro could feeding on items like: leaves, algae, 

moss and sediment, that perhaps is the same niche as Megaloptera in ITA and Coleoptera 

in PRE (Fig. 3). However, the value of the base of the food chain was different between 

the areas of the sampling. This can be seen when comparing the values of the leaves, for 

example, of each sampling area, in ITA δ15N 5.68‰, in PRE δ15N 3.28‰, in IAP δ15N 

10.03‰ and in QPE δ15N 0.81‰. We emphasize the base value of IAP that starts with 

δ15N 8.35‰, a high value compared to the others area of the sampling, as: leaves δ15N 

5.68‰ in ITA, sediment δ15N 2.63‰ in PRE and algae δ15N 0.44‰ in QPE (Table 2, Fig. 

3). 
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Table 2: Stable isotope signatures of carbons and nitrogen (mean ± SD) and the estimated 

trophic level of the organisms, from freshwater community that compound the trophic 

web with Aegla castro in in Itatinga from São Paulo state (ITA: Itaúna stream, 

Paranapanema sub-basin) and Mauá da Serra (PRE: Preto stream, Tibagi sub-basin), 

Castro (IAP: Iapó stream, Tibagi sub-basin) and Ponta Grossa (QPE: Quebra Perna 

stream, Tibagi sub-basin) in Paraná state. 

 

Localities Sources δ13C‰ δ15N‰ 

Estimated 

Trophic 

Level 

ITA - 

Itatinga city 

Leaves -33.01 (± 0.23) 5.68 (± 0.13) 1.0 

Algae -29.96 (± 0.30) 7.67 (± 0.85) 1.58 

Megaloptera -25.54 (± 0.08) 8.73 (± 0.00) 1.89 

Aegla castro -24.46 (± 2.33) 8.85 (± 0.77) 1.93 

Sediment -27.83 (± 0.07) 10.61 (± 0.31) 2.45 

Astyanax bockmanni -26.75 (± 1.46) 11.27 (± 0.04) 2.64 

Oligochaeta -25.20 (± 0.04) 11.69 (± 0.01) 2.76 

Macrobrachium sp. -25.79 (± 0.08) 11.70 (± 0.10) 2.77 

PRE - Mauá 

da Serra 

Sediment -27.97 (± 0.13) 2.63 (± 0.37) 1.0 

Leaves -31.11 (± 0.26) 3.28 (± 0.01) 1.19 

Moss -26.53 (± 0.32) 4.08 (± 0.08) 1.43 

Coleoptera -21.54 (± 0.11) 5.80 (± 0.16) 1.93 

Aegla castro -19.59 (± 4.65) 6.12 (± 1.17) 2.03 

Trichoptera -25.46 (± 0.01) 6.13 (± 0.13) 2.03 

Algae -25.68 (± 0.06) 6.30 (± 0.60) 2.08 

Ephemeroptera -24.06 (± 0.11) 6.51 (± 0.11) 2.14 

Megaloptera -24.28 (± 0.04) 6.99 (± 0.39) 2.28 

Plecoptera -23.41 (± 0.14) 7.93 (± 0.25) 2.56 
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Odonata -22.50(± 0.21) 8.26 (± 0.03) 2.66 

Diptera (Chironomidae) -24.61 (± 0.24) 8.29 (± 0.22) 2.66 

Peixe Characiformes -22.93 (± 0.07) 10.20 (± 0.36) 3.23 

Peixe Siluriformes -24.49 (± 0.06) 11.07 (± 0.09) 3.48 

IAP - Castro 

Sediment -26.75 ± 0.14 8.35 ± 0.13 1.00 

Leaves -29.48 ± 0.54 10.03 ± 0.03 1.49 

Algae -35.57 ± 3.01 11.29 ± 0.91 1.86 

Aegla castro -29.99 ± 3.70 11.54 ± 1.54 1.93 

Odonata -34.81 ± 0.05 13.03 ± 0.01 2.37 

Phalloceros harpagos -35.04 ± 0.13 15.17 ± 0.01 3.00 

QPE - Ponta 

Grossa 

Algae -32.39 ± 0.54 0.44 ± 0.13 1.00 

Leaves -30.89 ± 0.46 0.81 ± 0.13 1.11 

Sediment -26.07 ± 0.66 3.96 ± 0.65 2.04 

Aegla castro -25.96 ± 1.14 4.03 ± 0.40 2.06 

Phalloceros pellos -24.00 ± 0.42 8.94 ± 0.25 3.50 
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Figure 3. Biplots of stable isotopes using the mean for δ13C and δ15N (± SD). Calculated 

values for Aegla castro and potential food sources from in Itatinga from São Paulo state 

(ITA: Itaúna stream, Paranapanema sub-basin) and Mauá da Serra (PRE: Preto stream, 

Tibagi sub-basin), Castro (IAP: Iapó stream, Tibagi sub-basin) and Ponta Grossa (QPE: 

Quebra Perna stream, Tibagi sub-basin) in Paraná state. 
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DISCUSSION 

The lower trophic position of studied aeglids corroborated our hypothesis, as 

primary consumer, being an important link between the producers and others trophic 

levels. Furthermore, due to the difference in the sampling areas, A. castro and the other 

items of the trophic web presented different isotopic signatures of N and C, and those 

places with the greatest anthropic action presented nitrogen. 

 

Water quality and abiotic factors 

The presence coliforms, aluminum (in all locations), iron (in IAP) and copper (in 

QPE) can be explained by natural or anthropic actions. Due to natural actions, it can be 

the presence of wild animals (Silva et al., 2017) or the type of soil found in all regions 

studied, which is an alic soil type, with aluminum saturation above 50% or of rocks 

(EMBRAPA, 2006), for example. Anthropogenic actions, on the other hand, can come 

from waste from the farm (ITA), restaurant (PRE) and from agricultural practices and 

animal production (IAP). Moreover, waste deposited around streams or that reach it 

improperly (Nriagu , 1990; Brown and Peake, 2006; Jordão et al., 2007; Kinsella and 

Crowe, 2016), elements in water treatment plants (Gobena et al., 2017; Sillanpää et al., 

2018), creation from animal’s farm (Green and Kramer, 1979; Asih, 2020), metallurgical 

industries (Douay et al., 2008), among other sources, could be anthropogenic disturbance 

actions examples. 

In addition, organic matter as well as chemical elements could be carried by rain 

and by the river, coming from other locations, and be influencing the results at these 

collection’s streams (Pereira et al., 2020). Our objective with these analyzes was not to 

demonstrate exactly the origins of these alterations, but to demonstrate that these 

alterations are indicative of modifications in the natural environment and, consequently, 

eglids are also sensitive and vulnerable by anthropogenic alterations. 
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Areas of study were different according to the environmental factors, except pH 

that did not show great numerical variation between locations, remaining within the range 

of protection of aquatic life with values between 6-9, according to CONAMA Resolution 

357/05. 

The temperature found in all locations were within the range already described for 

A. castro, from 15ºC to 22º, in which the authors did not indicate a relationship with the 

annual fluctuation of temperature and their abundance variation (Swiech-Ayoub and 

Masunari, 2001). Thus, these factors would be less influencing the presence of A. castro 

in the localities, and maybe they are within a tolerable range for the species. 

Factors such as Ec, Turb and Chl, important parameters in the observation of 

polluted stream, indicated QPE with better environmental conditions than IAP, . IAP 

shows signs of being the most polluted region, for example: values greater than 100 

µS.cm-1 are indicative of an impacted environment (CETESB, 2007). Therefore, IAP is 

the region of greatest impact and the increase in turbidity that was related to the presence 

of animal and plant organic matter, in addition to sediments from rocks and soil (Perdigão 

et al., 2018). Due to the conditions of the collection area in the IAP, we believe that the 

highest turbidity value found in the IAP during the collection period was due to organic 

and inorganic matter, coming from the removal of natural forest for insertion of 

agriculture or for pasture, in addition to solid matter in suspension, a scenario opposite to 

that could be observed in the PRE, where we have better rates of Ec, Turb and DO.  

 

Trophic structure 

We found differences among organisms in the sampling areas for δ13C and δ15N, 

and distinct isotopic signatures characterized their trophic structure. These differences 

are due to environmental differences, which change the rates of these components 

between the sampling areas, a factor that generated different trophic interactions, besides 
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the anthropic action. So, in different streams these animals can behave similarly, in low 

trophic position, but within different webs trophic molded by human action. 

Leaves (ITA), sediment (PRE and IAP) and algae (QPE) were in the first level in 

the trophic web. Plants as primary producers, as well as algae and mosses, are important 

groups for the functioning of ecosystems, due to their role as energy suppliers for the base 

of the trophic web (Daufresne and Loreau, 2001). Sediment has no trophic position, but 

it can be a long-term integrator of particles and dead organisms from the water column 

(Lake et al., 2001). Therefore, in our work these items supplying energy to primary 

consumers and may be contributing as an important item in the diet of A. castro. 

Our sampled rivers ranged in width and degree of overhanging riparian vegetation. 

In our results, most the δ13C values were found within C3 plants, except in PRE, that 

Coleoptera (-21.54 ± 0.11 and A. castro -19.59 ± 4.65), showed values above the -22‰, 

maybe because consume some type of item C4 that produce intermediate values. 

Consequently, the diversity of carbon inputs into each river probably played a large role 

influencing the resulting δ13C signature. Furthermore, the most negative C values may 

indicate feeding from terrestrial carbon sources (Rounick and Winterbourn, 1986) which 

is typical of a shredder (Vannote et al., 1980). We did not find aeglids out of the water, but 

it is possible that these animals can feed on items C coming from outside the stream, as 

they act on leaves of allochthonous origin, brought by the wind or that fall directly from 

the riparian forest. 

In our study, the δ15N value of the base of the food chain (C sources and sediment) 

was different among sampling areas, which indicates that there are spatial nitrogen’s 

enrichment difference, providing distinct trophic webs. The δ15N values of primary 

producers increase with the anthropic waste discharge (McClelland and Valiela, 1998) 

are transferred to consumers through trophic relationships (Cabana and Rasmussen, 1996; 
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Hansson et al., 1997). For example, when we observe the sediment values in IAP (8.35‰ 

± 0.13) and ITA (10.61‰ ± 0.31) compared with PRE (2.63‰ ± 0.37) and QPE (3.96‰ 

± 0.65), as well as the highest leaves values (10.03‰ ± 0.03) and algae (11.29‰ ± 0.91) 

from IAP compared to the other sampling areas, it is evident that the base of the chain in 

IAP is enriched with N, as well as for ITA that had less enriched values. So, the sediment   

was enriched around ~7‰. Tanu et al. (2020) reported that plants in areas facing human 

disturbances had δ15N values of 5–14‰, while unaffected areas had values up to 3‰, 

suggesting that anthropogenic N may be regulating δ15N. 

Nitrate (NO3) from human and animal waste is enriched in δ15N, with isotopic 

compositions of ~10‰ to ~22‰, due to denitrification and ammonia volatilization 

(Heaton, 1986; McClelland and Valiela, 1998; Hoffman et al., 2012). Thus, we could 

consider that IAP is the location with the greatest anthropogenic interference through the 

enrichment of N in several items, and ITA with the beginning of an increase in that N, 

through what we could observed in the sediment. 

The factors that could be altered the δ15N values in this environment were sewage 

and fertilizer discharge (Tanu et al., 2020), of the variation in δ15N values of primary 

consumers is due to anthropogenic impacts (Cabana and Rasmussen 1996) state that 68%, 

that result of isotope fractionation during ammonification (Heaton, 1986). In IAP, where 

animal farming and agriculture are the main economic activity, the high δ15N value is 

clearly influenced by discharge from these activities, and the same starting to occur in 

ITA. 

As primary consumers were found aeglids together with others items (moss, 

macroinvertebrates, A. bockmanni and Macrobrachium sp). There are few studies that 

build the trophic web and certainly indicate the trophic position of Aegla spp., but we 

know that as a primary consumer, they are an important link between producers, and the 
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others consumers. They act directly in the reduction of organic particles, facilitating their 

transport to other environments (Castro-Souza and Bond-Buckup, 2004; Santos et al., 

2008; Cogo e Santos, 2013). Burress et al. (2013) showed that Aegla uruguayana Schmitt, 

1942 occupies a much lower trophic position than is typical for crayfishes, with isotopic 

signature around 9‰. Biasi et al. (2019) demonstrated that the shredders, like Aegla spp., 

might have feeding preferences for grass species that do not contribute significantly to 

higher trophic levels due to the low enrichment in the tissues. Other studies that did not 

contain Aegla spp. as a focus, but studied them as belonging to the trophic web described 

their isotopic ratios: 7‰ (Bonato et al., 2018) in the Patos Lagoon drainage (Rio Grande 

do Sul, Brazil), 8.4‰ in Moreno East lake and 5.9‰ in Moreno West lake, at Nahuel 

Huapi Nacional Park (Northwest Patagonia, Argentina) (Arcagni et al., 2013) and 5‰ 

(Arcagni et al., 2015) in Lake Nahuel Huapi at Nahuel Huapi National Park (Northwest 

Patagonia, Argentina). The values found for Aegla spp. were similar to those found for 

A. castro, only IAP presented values above those already reported. We point out 

that A. castro may be feeding on items found below in the trophic web, such as leaves, 

algae, moss and sediment. Ingestion of plant debris as the main food item in aeglids has 

been demonstrated. Plants debris were found represented between 45- 90% in the stomachs 

of aeglids (Bueno and Bond-Buckup, 2004; Castro-Souza and Bond- Buckup, 2004; Santos 

et al., 2008). Other studies had also found sediment as part of the aeglids diet (Bueno & 

Bond-Buckup, 2004; Castro-Souza and Bond-Buckup, 2004; Santos et al., 2008; Burress 

et al., 2013). Its ingestion can occur accidentally during feeding (D'Incao et al., 1990) or 

due to the large supply of organic matter (an easy source of energy) and by the colonies of 

microorganisms, algae and bacteria, which can serve as food for the aeglids (Graça, 2001; 

Bueno and Bond-Buckup, 2004; Castro-Souza and Bond-Buckup, 2004). According to 

the high standard deviation for carbon for the aeglids, we indicated wider range of food 
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sources used for this eglid in our study. 

Furthermore, as we assume that these animals are omnivores, A. castro probably 

have an overlap for the food resources with Megaloptera in ITA and Coleoptera in PRE, 

for being close to each other in the trophic web. Megaloptera is predators, feeding whole 

animals or part of them (Merritt et al., 2017) and Coleoptera is a scraper, feeding 

periphyton (attached algae and associated material) or herbivores (grazing scrapers of 

mineral and organic surfaces) (Merritt et al., 2017). Thus, the food items may be available 

in a similar way for these groups, with this overlapping and presenting them close to each 

other in the trophic web. 

In ITA, the A. bockmanni and Macrobrachium sp. in ITA were primary consumer. 

Characiformes and Siluriformes fishes (PRE), P. harpagos in IAP and P. pellos in QPE 

were secondary consumers. These fishes and shrimp consumers did not present as 

possible prey for aeglids. However, aeglids can serve as a food source for these animals, 

especially for fishes as shown in the trophic web, which occupied higher trophic levels. 

Fish have a plasticity in food items consumed, e.g., Astyanax sp. was classified as an 

omnivore with a tendency to herbivory (Schneider et al., 2011). Moreover, P. harpagos 

has several classifications as to its feeding habit, i.e., classified as invertivorous, 

detritivore, iliophage-algivore and insectivore (Rocha et al., 2009; Schneider et al., 2011). 

For the species P. pellos, we did not find any studies that report their feeding habits, so 

we consider the general feeding behavior of Siluriformes, as feeding on 

macrocrustaceans, Aegla sp., macroinvertebrates larvae and plants (Bonato and Fialho, 

2014). Macrobrachium sp. is considered omnivorous predators, but with an important 

carnivorous component (Lima et al., 2014). In addition, for the Macrobrachium 

nipponense (De Haan, 1849) species, a high value for high δ15N and its trophic position 

also high (TL = 3.38) has also been reported, along with fish (Mirzajani et al., 2020). As 
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demonstrated in our study by Macrobrachium sp. and the fish presented a high versatility 

in their diet, ingesting the items that were found below them in trophic web. 

In addition, the high standard deviation found for aeglids in all locations in our 

study could indicate a range of other food sources that we did not estimate. Thus, the food 

consumption depends on what was availability in each environment. Omnivorous 

behavior is considered a key component for regulate energy flow and nutrient recycling 

(Evans-White et al., 2001; Buck et al., 2003). Omnivore is favorable within systems, 

combining different conversion efficiency features (Krivan and Diehl 2005). 

Our study demonstrated a difference in the isotopic ratios of carbon and nitrogen 

by A. castro also for others items of the trophic web among sampling areas, showing the 

higher differences in 15N values at the base of the food web between the sampled areas, 

indicating anthropic activity that can modify the local enrichment of the streams, and 

interfere in trophic relationship. So, studies like this are becoming increasingly important 

due to the rapid degradation of freshwater environments and the lack of trophic 

knowledge about these endemic animals. Just as it becomes important to understand how 

the anthropic action is interfering in the trophic relationships, and how it can affect the 

permanence of species like Aegla, which are considered water quality bioindicator. 
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CONSIDERAÇÕES FINAIS 

 

As perguntas propostas na presente dissertação foram respondidas nos três 

capítulos, futuros artigos a serem publicados. Destaca-se abaixo, resumidamente, nossas 

principais conclusões: 

(1) Nosso estudo não mostrou diferença nas dietas durante as fases 

ontogenéticas para A. castro e para A. parana, podendo ambas as espécies se alimentarem dos 

mesmos itens alimentares e forragearem nos mesmos locais, indicando baixa competição ou alta 

disponibilidade de recursos para ambas as fases. 

(2) Demonstramos a importância dos aeglídeos nas teias tróficas dos cinco 

riachos, pois sua dieta onívora-generalista e sua baixa posição trófica, são indicativos do 

seu elo entre produtores primários e outros níveis tróficos. 

(3) Através das análises de nitrogênio, pudemos observar a diferença existente 

nas bases de cadeia de cada localidade, indicando que os riachos estão sob diferentes 

pressões antrópicas, que elevam o nível de nitrogênio dos animais que os consomem, 

agindo assim sobre as populações, o que pode gerar instabilidade dentro da teia trófica. 

(4) Visto que Aegla spp. ocorrem em habitats com boas condições ambientais 

e, portanto, são susceptíveis a mudanças ou perturbações ambientais, é de suma 

importância estudos que visem a conservação e o monitorando, principalmente de espécies 

endêmicas, visto que os riachos Neotropicais estão passando por rápida degradação nos 

últimos anos. 


