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RESUMO 

 

o segundo maior grupo do reino 

Echinolittorina lineolata  distribui-se por 

 

como objetivos: caracterizar as des

trata-se de uma abordagem da m

machos e E. lineolata

Echinolittorina lineolata 

desenvolvimento larval misto. ue os 

animais apresentam um gradiente de tamanho parcialmente consistente com a regra de 

B

s nas 

meas, 

conchas maiores.  

E. lineolata ocuparam mais de 50% das cracas mortas em todo e a taxa maior de consumo de 

 

 

Palavras-chave: comprimento, , desenvolvimento larval, 

Littorinidae. 



 
 

ABSTRACT 

 

Of the marine invertebrate groups, the Mollusca phylum is the second largest group of the 

Animal kingdom, the Gastropoda class being the largest in number of species. Among the 

gastropods, those of the Littorinidae family are the most common inhabiting the majority 

of habitats intertidal worldwide.  In Brazil, the species Echinolittorina lineolata (d' Orbigny, 

1840) is distributed throughout the coast, where some studies on genetics, herbivory and 

ecological aspects have already been carried out, such as population density. This thesis was 

divided in three chapters, in search of to fill gaps on the biology and ecology of this species. In 

this way, chapter one had as objectives: to characterize the spawnings and the larval 

development of the species. Chapter two is an approach to the morphometry of the species with 

a focus on size in relation to different latitudes on the Brazilian coast. Chapter three analyzes 

the use of dead barnacles by males and females of E. lineolata, and the oxygen consumption of 

these animals when submitted to submerged and emergent 

conditions. Echinolittorina lineolata shows pelagic spawning and mixed larval 

development. Regarding morphometry, our results indicated that the animals 

present a size gradient partially consistent with the Bergmann rule, with the exception of 

 Of the morphometric variables, the length and the width of the shell are the most 

representative variables that influence the animals in the different latitudes. These variables 

were also representative among males and females, with females being more predominant in 

all latitudes, with length and width of the larger shells. When using the habitat, in this case 

occupation of the barnacles, the individuals of E. lineolata occupied more than 50% of 

the dead barnacles throughout and the highest rate of oxygen consumption was when the 

gastropods were submerged. The use of barnacles throughout the period studied mainly by 

females may be related to mechanical protection and desiccation, since the animals are directly 

exposed to the action of the waves, being the largest one of oxygen consumption when the 

animals were submerged. 

 

 

Keywords: length, oxygen consumption, larval development, gastropods, Littorinidae.  
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2.1. Objetivo geral 

 

E. lineolata. 
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  e o desenvolvimento 
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 em 
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 - Echinolittorina 

lineolata (d'Orbigny, 1840) em diferentes latitudes da costa brasileira 

 

(a) umento da latitude em 
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ABSTRACT The mating behavior of Echinolittorina lineolata (d Orbigny, 1840) as well as spawning and larval development was 
observed in the laboratory. The egg capsules, when deposited, are translucent with a peripheral base and a dome-shaped top with 
four concentric rings and contain a single white egg. The embryos develop inside the capsules immersed in a gelatinous liquid 
(albumin). Veliger larvae hatched 96 h after capsule laying and survived free for up to 3 days in the aquarium but did not undergo 
metamorphosis. Echinolittorina lineolata  development. 

 
KEY WORDS: embryonic development, veliger, Caenogastropoda, capsules, Echinolittorina lineolata 

 
 

INTRODUCTION 
 

Modes of spawning and development can play major roles in 
determining the population structure of marine invertebrates 
(Thorson 1950). Invertebrates present a variety of reproductive 
and developmental modes that vary both within and between 
taxa (Moran 1999). It is possible to distinguish two main types 
of pelagic larvae: lecithotrophic larvae that, although swimming 
in the plankton, depend on internal nutritional reserves and not 
on the available phytoplankton, and planktotrophic larvae that 
feed on the available phytoplankton (Thorson 1950). In 
addition, it is known that larval stages in pelagic environments 
are more protected from predation than in the benthic 
environment (Pechenik 1979, Strathmann et al. 2002). 

Members of the Littorinidae family are among the most 
common dioecious gastropods and inhabit most intertidal habi- 
tats around the world (Reid 1989, Reid et al. 2012). Copulation in 
most species is followed by internal fertilization, with the transfer 
of sperm to the female assisted 
Graham 1962, Borkowski 1971). Almost all littoral species from 
tropical and warm environments show planktotrophic de- 
velopment, and most produce planktonic egg capsules as well 
(Reid 1989). Although a wide variety of types of spawning and 
development are known among littorinids (reviewed by Bandel 
1974, Bandel & Kadolsky 1982, Reid 1989, 1990, Mak 1995), 
South Atlantic species have been less well studied. 

Mileikovsky (1975) classified the types of larval development 
of 39 littorinid species based on their habitat in the coastal zone. 
Although it is known that many of the species that inhabit 
supralittoral zones carry out seasonal vertical migrations, 
moving downshore toward the water during reproduction to 
spawn, as in genus Echinolittorina (Mileikovsky 1975), little is 
known about the larval ecology of Echinolittorina lineolata 
(Bueno et al. 2010). In some littorinids, egg capsules that are 
released into the water can take from 3 to 7 days to hatch in 
subtropical waters, whereas the following free-swimming veli- 
ger stage can remain in the water column from a few days to 
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several weeks in temperate areas (Fish & Fish 1977, Son & 
Hong 1998). The larvae of Echinolittorina hawaiiensis have a 
pelagic life of 3 4 wk from spawning to settlement (Struhsaker & 
Costlow 1968). This study is normally assumed to represent the 
developmental pattern for all members of the genus 
Echinolittorina; however, no studies have been described for 
other members of the genus. 

The gastropod Echinolittorina lineolata (d Orbigny, 1840), 
co

Rio Grande do Sul) to Uruguay (Williams & Reid 2004, 
Reid 2009). Despite its wide geographic distribution, studies on 
its biology, including aspects of reproduction such as spawning 
and larval development, have not been published. Thus, the 
objective of this work was to describe the spawning and 
intracapsular development of E. lineolata (d Orbigny, 1840) 
under laboratory conditions, providing new information about 
the embryonic and larval development of this species. 

 
MATERIALS AND METHODS 

 
Study Area and Collection of Animals 

 

In February 2017, adults of Echinolittorina lineolata with shell 
lengths ranging from 4 to 6 mm were collected from the intertidal 
area of Praia da Pedra Rachada in Paracuru, on the coast of 
state, Brazil (3 23 59.32 S  39 0 49.352 W). After collection, the 
snails were transported in plastic pots to the laboratory. Seawater 
was collected from the same locality for use in the experiments. 

 
Laboratory Procedures 

 

In the laboratory, approximately 100 animals (there is no 
sexual dimorphism in shell morphology between males and fe- 
males) were placed in a glass aquarium with 500 mL of filtered 
(8-mm filter) seawater, with constant aeration. The animals were 
fed every other day with 50 mL of pure culture of Spirulina sp. 
The salinity of the seawater in the aquarium varied between 37 
and 40 and the temperature between 25 C and 28 C, conditions 
that were similar to those at the collection site. The aquarium 
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water was renewed daily during the experiment, with 100% 
water changes. 

 
Copulation and Characterization of Spawning 

 

Some individuals were examined while alive, using a 
stereomicroscope to determine the sex. Males present the penis 
on the right side of the head. Ten pairs of snails (one male and 
one female in each pair) were placed in small individual beakers 
in an attempt to record copulation and the number of capsules 
spawned by the females. When copulation was noticed, it was 
measured how long the copulation lasted. 

Egg capsules were periodically retrieved from the bottom of 
the aquarium using a plastic pipette. The spawned capsules from 
several females were then transferred to Petri dishes where they 
remained throughout development. Water was renewed every 
other day during development. Photographs of embryonic 
development were obtained using an optical light microscope 
(Olympus SZ61) coupled to a photographic system (Nikon 
D3100). 

Capsules were separated for morphometry. Each capsule (
) was measured at 10X magnification using an 

optical micrometer to ascertain its maximum diameter and 
height as well as the maximum egg diameter (Fig. 1), and the 
eggs were then measured while still inside the capsule. Capsule 
height was considered to be the distance between the apical end 
and the basal membrane. 

 
Embryonic and Larval Development 

 

Larval development was followed in 240 capsules kept in 
four Petri dishes of 9 cm diameter (60 capsules per dish). The 
Petri dishes were filled with 20 mL of nonaerated seawater. The 
seawater was changed once a day. The microalgae Spirulina sp. 
was offered to the veliger larvae after hatching to observe veliger 
growth and settlement (see Fig. 3J, K). As the capsules are 
transparent, it was possible to observe embryonic development 
inside the capsule. Each stage of development was recorded by 
changes in the embryonic morphology, as well as the time spent 
in each developmental phase. A digital camera (Nikon D3100) 
attached to a dissecting microscope was used to record the 

 
 

Figure 1. Schematic drawing of capsule structure, for measurements: total 
capsule diameter (CD), total capsule height (CH), and egg diameter (ED). 

larval stages. For estimation of the larval shell growth, larval 
shell lengths were periodically measured. The snails were then 
characterized as development phases, encapsulation (when the 
larvae were still in the capsules), and hatched (when the larvae 
had left the capsule). 

 
RESULTS 

 
Copulation and Characterization of Spawning 

 

Among all 10 aquaria, it was only able to observe one pair of 
snails copulating in the laboratory. The male observed was 
smaller than the female and was positioned on her right side, 
inserting his penis under the mantle border (Fig. 2). The 
recorded copulation time was 2 min and 47 sec. In the aquaria, 
some capsules floated, whereas others sank. Each capsule 
contained a single white egg, which was surrounded by a layer 
of albumin. These capsules, when released into the water 
column, are colorless and transparent, with a peripheral base 
and a dome-shaped top with four concentric rings. There is a 
small pore at the center of the base of the capsules, with a thin 
layer where the larvae hatch. The pore is circular and has an 
average size of 78.4 7.72 mm (n= 50). 

As the development proceeded, the capsules did not change 
color. The mean diameter of the capsules was 156.25  14.55 mm 
(n 50 capsules), with a height of 101.25  8.06 mm and a mean 
egg diameter of 80 7.30 mm (n 50 eggs). 

 
 

 

Figure 2. Copulation of Echinolittorina lineolata. The male, smaller in size 
than the female, is positioned on the right side of the female, where it inserts 
the penis at the mantle border. 
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Embryonic and Larval Development 
 

The chronological stages of development are summarized in 
Figure 3. In the case of the particular female in which laboratory 
copulation was observed, six capsules were released on the first 
day after copulation, 11 on the second day, 20 on the third, 18 
on the fourth, and 23 on the fifth day (n = 78 in total). 

Freshly deposited spawned capsules are shown in Figure 3, 
those capsules come from multiple females. The first and second 
cleavages occurred on average, respectively, at 2 h 32 min ( 0.02 
h) and 4 h 35 min ( 0.05 h) after spawning ( SE, n 186) (Fig. 
3B, C). The third cleavage occurred at 5 h 30 min ( 0.06 h) 

(Fig. 3D) and gave rise to micromeres and macromeres. The 
cleavage was total and spiraled, and no polar lobes were ob- 
served. By 7 h 40 min ( 0.15 h), the embryo was composed of 16 
cells (Fig. 3E). A ciliated gastrula formed after 14 h 21 min  
0.41 h and a few cilia had been developed in the apical region, 
with the preveliger larvae developing after 24  0.17 h (Fig. 3F, 
G). At 48 0.58 h, veliger larvae in the post-torsion stage were 
observed. The protoconch was thin and transparent, covering 
the entire body except the cephalic region (Fig. 3H). 

After 72  1.53 h, the encapsulated veligers were in the post- 
torsion stage with a thickened shell and a very thin and 
transparent operculum. The veligers showed circular and rapid 

 

 
Figure 3. Embryonic and larval development of Echinolittorina lineolata. (A) Single egg capsule; (B) two blastomeres (2 h 32 min); (C) four blastomeres 
(4 h 35 min); (D) embryos showing animal poles (micromeres) and vegetal poles (macromeres) (5 h 30 min); (E) 16 blastomeres, morula (7 h 40 min); (F) 
gastrula stage (14 h 21 min); (G) initial veliger preveliger before twist (24 h); (H) veliger larva in the post-torsion stage (48 h); (I) veliger larva coming 
out of the capsule (96 h); (J) veliger larva free (120 h); and (K) veliger larva at rest. Scale bars = 70 mm. Ca: capsule; Eb: embryo; El: cilia; Ey: eyes; Ft: 
foot; Ma: macromeres; Mi: micromeres; Mv: visceral mass; Sh: shell; Ve: velum. 
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movements, having good capacity for movement while still 
inside the capsule. Shortly after 96 1.15 h, they were 
observed to be rotating vigorously, colliding and deforming 
the membrane covering the albuminous liquid and then hatching 
from the capsule through a pore at the capsule s base (Fig. 3I). 

At 120  0.58 h after spawning, the veligers that hatched were 
free swimming in the aquarium, moving vertically, and at times, 
retracting into the shell as if at rest (Fig. 3J, K). Although piece 
of rocks were provided in the aquaria, settlement of larvae was 
not observed. 

The growth curve for larval length shows that in the first 24 
h, the early larval shells were 46  0.83 mm in length (n =240), 
reaching a mean length of 95  0.85 mm in the exit stage from the 
capsule. After 5 days of pelagic life, the larvae reached a 
maximum average shell length of 108 2.47 mm. 

 
DISCUSSION 

 

Species of littorinids that release planktonic egg capsules 
probably only release them when females are completely 
submerged. Thus, spawning is more likely to occur during the 
high tide of the lunar cycle (Borkowski 1971). In this study, 
capsular release in aquaria occurred only when the females were 
submerged. All of the capsules (those capsules that come from 
multiple females) released by the females in this study contained 
only a single egg, a characteristic of other members of the genus 
Echinolittorina that also release planktonic egg capsules 
(Fretter & Graham 1962, Marcus & Marcus 1963, Borkowski 
1971, Mak 1995). 

Pelagic eggs had been reported in species of Echinolittorina 
and the presence of a large capsule gland indicates that the type 
of development is the same for all species from this group (Reid 
2002). Other species of the genus Echinolittorina from the 
Western Atlantic Ocean (Reid 2009) and Eastern Atlantic 
Ocean and Atlantic Mediterranean Sea (Reid 2011) also have a 
single egg capsule, with a flat base and varied number of rings. 
The pore at the base of the capsule of Echinolittorina lineolata 
from which the larvae emerge may explain why the females do 
not fix the capsules to a solid substrate, unlike other gastropod 
species such as Aurantilaria aurantiaca (Meirelles & Matthews- 
Cascon 2005) or Crepipatella fecunda (Chaparro et al. 2005). 
Escape of the larvae from another region of the capsule was 
never observed; by contrast, apical escape occurs in species of 
Nassariidae (Pechenik 1975, Zupo & Patti 2009, Lima- 
Verde & Rocha-Barreira 2011), Muricidae (Vasconcelos et 
al. 2004), and Buccinidae (Matthews-Cascon & Pereira 2005, 
Smith & Thatje 2013). During hatching of Nodilittorina 
unifasciata, the veliger breaks free in this region of the concave 
face as reported (Rudman 1996) similar to that observed in the 
present study. 

Egg capsule identifications may be useful in plankton studies 
and in understanding the consequent patterns of dispersion 
among littorinids (Mak 1995, Reid 2009). The capsules of 
Echinolittorina lineolata are considered small compared with 
those produced by other species in the genus, such as 
Echinolittorina vidua and Echinolittorina radiata, whose 
capsules measure 237  7 mm and 210  10 mm, respectively 
(Mak 1995). This situation appears to be explained by the small 
adult, adult size of this species compared with that of the others 
that have been studied. 

The development of Echinolittorina lineolata can be 

con- tained within egg capsules (i.e., development is 
lecithotrophic during the encapsulated stage), whereas the 
hatched veligers are planktonic. Some other littorinid species 
have a similar  development (Moran 1999). Larvae of 
many mixed- development gastropods have transient structures 
that may represent specializations for the consumption of 
nutritive materials, such as albumin when they are inside 
capsules (Fretter & Graham 1962, Rivest 1992). In this study, it 
was possible to observe that the amount of albumin was reduced 
from spawning to hatching; nothing is known about the 
biochemical composition of the albumin whether it is high in 
lipids or proteins, for example. There is still no evidence of 
nonplanktonic larvae or incubation of eggs as development 
mode for any species of Echinolittorina (Reid 2002). 

It was not possible to observe metamorphosis and settlement 
of larvae in this study. After hatching, veligers remained in the 
water column until 5 days. In other Echinolittorina species, 
veligers remained in the plankton for 4 days before settlement 
(Struhsaker & Costlow 1968), whereas Littorina brevicula 
remained planktonic for 7 days (Son & Hong 1998) and Epheria 
turrita remained planktonic for 8 days (Kolbin & Kulikova 
2008). As temperature largely determines the rate of larval 
development, larvae of tropical littorinids are expected to 
develop faster (O Connor et al. 2007). One factor that may 
influence settlement in the laboratory is the availability of 
specific substratum. Although pieces of rock were provided for 
the larvae after they were transferred into an aquarium from the 
Petri dishes, no larvae settled or metamorphosed in this study. 
In a study with Echinolittorina hawaiiensis, Struhsaker and 
Costlow (1968) observed that the species settled on all types of 
rock (palagonite, reef limestone, basalt, and quartz) and on the 
glass surface, providing that the surfaces were covered with a 
thin film of algae or debris. Further experiments must be 
performed before a generalization can be made on stimuli to 
settlement and metamorphosis in littorinids (Struhsaker & 
Costlow 1968). 

In conclusion, spawning mode and the mixed embryo 
development of Echinolittorina lineolata fit into the pattern 
described for other members of the genus Echinolittorina, such 
as Echinolittorina hawaiiensis (Struhsaker & Costlow 1968), 
which seems to be characteristic of the genus. This pattern is 
also observed in other species of the Littorinidae family, 
including species such as Epheria turrita, Littorina brevicula, 
and Littorina littorea (Borkowski 1971, Mileikovsky 1975, 
Son & Hong 1998, Moran 1999, Kolbin & Kulikova 2008). 
The descriptions provided in this study complement other 
reproductive aspects that have been described for the genus 
Echinolittorina, requiring studies that indicate development 
times in many different latitudes to observe whether they are 
equivalents, as well as the reproductive cycle of the species. 
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sentativas que influenciam os animais nas 

maiores.   

 

Palavras-chave: Caram Forma da concha, Littorinidae.  

 

 

 

 



34 
 

 

(ROTH; MERCER, 2000) , 

ominante de agrupamento e classif (DOYLE; 

GAMMELL; NASH, 2018)

alt

(WALKER; GRAHAME, 2011). As medidas 

ia 

funcional (PIE; TRANIELLO, 2007).  

taxas reprodutivas semelhantes (CADRIN, 2000). 

que influencia o fitness

(WANG et al., 2009). Nos  

sexual  

no formato da concha (PASTORINO, 2007)

suas conchas (CASAGRANDA; BOUDORESQUE, 2002).  

(MINTON; GOCHFELD, 

2001)

e.g. entre dis

e.g (AVACA et al., 2013). 

De acordo com Vermeij (1972) ao longo de um gradiente vertical, os tamanhos das conchas das 

  

corpo foi utilizado para descrever 

(MAYR, 

1956; OLSON et al., 2009). A costa brasileira apresenta uma grande amplitude latitudinal e 

has, 

 (SPALDING et al., 2007). Foi observado que, para os 

destas 
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 (BERNARDINO et al., 2015). Em 

diferentes latitudes, um fator que i a temperatura. As temperaturas quanto mais altas, 

as 

 (VAQUER-SUNYER; DUARTE, 2008). 

o bastante u

(CHAPMAN, 1995, 1997). A 

 

Littorina (JOHANNESSON, 2003), Littorina saxatilis -ALVAREZ, 2007), para 

Littoraria, como Littoraria angulifera (MERKT; ELLISON, 1998; 

TANAKA; MAIA, 2006), Littoraria scabra (SILVA et al., 2013), Littorina littorea (DOYLE; 

GAMMELL; NASH, 2018) e Echinolittorina australis (JOHNSON; BLACK, 1999). 

Echinolittorina lineolata 

mediolitoral (REID, 2009) em ambientes artificiais como o do presente estudo. A 

E. lineolata di  (REID, 2009). Estes 

(REID; DYAL; WILLIAMS, 

2012) 

(NG et al., 2013; SALTIN; SCHADE; JOHANNESSON, 2013). 

amentais em organismos sexuais (WEST, 2009) 

(FISHER, 1930). A 

e (KESHAVARZ; JAHROMI, 2017). Entre os 

  tem sido 

documentada para bivalves (YUSA; BRETON; HOEH, 2013; ZOUROS, 2013) e  

(HAYES et al., 2015; YUSA, 2007; YUSA; KITAURA; CAZZANIGA, 2016). 

substratos 

consolidados intermareais naturais e artificiais em boa parte do planeta, principalmente nas 

 Os objetivos deste estudo foram (1) observar um gradiente latitudinal em 

Echinolittorina lineolata

um aumento do tamanho, conforme aumenta a latitude 
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Paracuru - W

- W - W) e Bertioga - 

W ambiente 

artificial, especificamente nas c

cristalinos.  a 

(SPALDING et al., 2007), e , 

l de 800mm, exposta aos efeitos das chuvas 

 (ANJOS et al., 2018). N  

cristalino, (SPALDING et al., 2007). O clima 

em torno de 2000 mm 

(ROCHA FILHO, 1976; SANTANA et al., 2003). No 1 as coletas foram 

o Leste do Brasil (SPALDING et 

al., 2007). 

-se em torno de 900 mm (PROATER, 2011). Em 

, a coleta foi realizada na  (SPALDING et al., 2007). 

O rochoso  e as 

 gnaisse e granito (ALMEIDA; CARNEIRO, 1998) (Suplemento 1).  

As coletas foram realizadas em janeiro de 2017, na 

 durante uma 

hora, na zona supralitoral de cada ambiente consolidado, com o objetivo de padronizar a 

 

dominada pelos litorin

STEPHENSON; STEPHENSON, 1949).  

-1). 
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Figura 1:   

  Echinolittorina lineolata igny, 1840) ao 

longo da costa brasileira. 

 

mensurados o comprimento da concha (SL), largura da concha (SW), comprimento da abertura 

da concha (AL) e largura da abertura da concha 

podes foram identificados quanto ao sexo, observando-

 

 



38 
 

 

Figura 2: Echinolittorina lineolata 

com as medidas utiliz  comprimento da concha, SW  

largura da concha, AW  largura da abertura da concha e AL  comprimento da abertura da 

concha). 

 

 
ratadas por 

 

outliers, homogeneidade, normalidade, (ZUUR; IENO; ELPHICK, 

2010) one-way para avaliar as 

shell length ) entre as diferentes latitudes e o Teste Tukey HSD para 

atitudes estudadas. 

comprimento/largura da concha (MERKT; ELLISON, 1998) 

proporcionalidade da concha, foi utilizada uma ANOVA unifatorial, e o Teste Tukey HSD para 

a posteriori. A proporcionalidade foi testada entre as latitudes e entre os 

sexos.  

O teste t 

A -  
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Shell length   SW, Largura da concha  SW, Comprimento da abertura da 

concha  AL e Largura da abertura da concha  

 

A orde

livre em http://www.rproject.org. 

 

 

 

E. lineolata coletados nas diferentes latitudes da costa brasileira foram 

(Figura 3A). 

grupos (ANOVA: F 

estatisticamente significativ shell length ) da 

 

F = 10.49, df = 3, p < 0.001), entret

proporcionalidade das conchas entre as demais latitu  
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Figura 3 Echinolittorina lineolata 

1840) nas diferente

Proporcionalidade da concha (definido com a re

 

teste a posteriori de Tukey.  

 

todas as latitudes, sendo todos os resultados estatisticamente significativos. Os dados de 



41 
 

entados na 

Tabela 1.  

 

Tabela 1. Echinolittorina lineolata nas diferentes latitudes sul da costa 

- - - - = chi-square. 

-  

Latitude Macho   p Sex ratio 
 61 100 9.44 0.002* 1:2 
 43 114 31.1 <0.001* 1:3 
 51 91 11.27 0.0008* 1:2 
 60 100 10 0.001* 1:2 

Total 215 405 58.23 <0.001* 1:2 

 

 

es latitudes, os 

t-Student = -

t-Student = -

07 mm. 
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Figura 4 Echinolittorina 

lineolata 

 < 0.05). 

 

da concha (SL) e a largura total (SW) as mais correlacionadas (r = 0.98; p < 0.05

entre a largura total e o comprimento e largura da abe

 na figura do Suplemento 2. 

De acordo com os resultados da PCA, 

influenciaram foram o comprimento da concha (SL) e a largura total (SW), tanto para as 

diferentes latitudes, quanto aos sexos. Os componentes principais explicaram 97.2% e 1.3% da 

variabilidade (Figura

ficaram distantes dos v -se observar que os animais da 

 

. 

.  
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Figura 5

da concha (SL), largura da concha (SW), comprimento da abertura da concha (AL) e largura da 

abertura da concha (AW) de Echinolittorina lineolata 

is das 
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O aumento latitudinal no tamanho corporal de p

(ANGIELCZYK; BURROUGHS; 

FELDMAN, 2015; BLANCKENHORN; DEMONT, 2004; LINSE; BARNES; ENDERLEIN, 

). 

de que o tamanho aumentaria com o gradiente latitudinal em nossas localidades. Foi encontrada 

neste estudo). Assim, o tamanho do corpo dos caramujos tente com o aumento da 

latitude, pois  

 

, 

2016).  

caramujos (LINSE; BARNES; ENDERLEIN, 2006). Esses fatores podem ser a temperatura do 

corpo dos animais (CHAPPERON; LE BRIS; SEURONT, 2013; SEURONT; NG, 2016), 

disponibilidades de alimentos no ambiente -NEVES, 

1999)  e 

(HOLLANDER et al., 2006). Segundo Bernardino et al. (2015) as 

c

 Isto foi observado nos 

Marinhas do Nordeste e Sudeste do Brasil, apresentarem tamanhos menores do que os 

 Outro fator que influencia o tamanho 

rato artificiais. Os substratos artificiais geram 

que  

de habitats naturais (GOODSELL; CHAPMAN; UNDERWOOD, 2007). Por ser um ambiente 

sombreado, estudos observaram que s a biomassa de 

 e  sofre influencia direta, e 

estes esultados foram consistentes para abordagens descritiva e manipulativa (BULLERI; 

CHAPMAN, 2010; PARDAL-SOUZA et al., 2017) E. lineolata 

biofilme nas zonas do supralitoral. tude 
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soltas e 

em sua maioria de gnaisse e granito (ALMEIDA; 

CARNEIRO, 1998). 

os de E. lineolata ao longo da costa 

(CHAPPERON; LE BRIS; SEURONT, 2013; 

SOMERO, 2012) , clima e outros 

(HAN et al., 2019)

desafiadas (LATHLEAN; AYRE; MINCHINTON, 2014). Os efeitos em escalas locais que 

(LATHLEAN; AYRE; 

MINCHINTON, 2014; SEURONT; NG, 2016; SEURONT; NG; LATHLEAN, 2018).  

entre os 

(MERKT; 

ELLISON, 1998) des que 

podem apresentar conchas mais altas e mais largas com uma volta corporal maior para abrigar 

 (VERMEIJ, 1972) dinal e entre os sexos 

mas estes resultados podem indicar uma alometria, como observado por Avaca et al. (2013) em 

Buccinanops globulosus.  

Dif Echinolittorina

(HAN et al., 2019) 

influenciadas quanto ao fitness e trade-off 

observados 

e.g ntes, 

q , como crescimento da concha, deve ter 
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. 

de Echinolittorina lineolata da costa brasileira. Nossos resultados de PCA mostram que a 

em tamanho e largura. Os processos em diferentes escalas espaciais como topografia, micro-

habit

a fisiologia dos animais (LIMA et al., 2016; TANAKA; MAIA, 2006). Lima et al. (2016) 

observaram respostas fisiol Patella vulgata, que estavam fortemente 

concha de Littoraria scabra, Silva et al. (2013) observaram que o tamanho e a largura da concha 

variaram, provavelmente associadas aos fatores ambientais ao longo da costa, como 

Littoraria angulifera foram encontradas por Merkt e Ellison (1998) e estes autores, sugerem 

 

entre o comprimento total e a largura total (Suplemento 2). A largura parece estar relacionada 

(ITO et al., 2002; TRUSSELL, 2000)

o 

aberturas das conchas maiores, que permite mante

diminuir o risco de desalojamento (GRAHAME; MILL, 1989; TRUSSEL, 1997). 

(Fig. 4), sendo 

pode-

for plementar os resultados (DOYLE; 

GAMMELL; NASH, 2018). Os os machos 

Ng & Williams, 2012)

ovos e a fecundidade geralmente aumenta com o tamanho desses moluscos (NG; WILLIAMS, 

2012; ZAHRADNIK; LEMAY; BOULDING, 2008). O tamanho desses animais influencia no 

acasalamento, como foi observado para Echinolittorina malaccana e Echinolittorina radiata, 
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onde machos com conchas maiores tiveram maior sucesso no acasalamento do que machos 

menores (NG et al., 2016). Os machos de E. malaccana e E. radiata 

aiores 

(NG et al., 2016).  

observado sofre influ ncia da latitude, sendo as respostas 

espaciais locais

caramujos. s Marinhas, combinadas a fatores 

c

 

Marinhas do Nordeste e Sudeste do Brasil. Podemos considerar que o tamanho total e a largura, 

uma 

 

base mais ro E. lineolata ao 

longo da costa brasileira.  
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Suplemento 1: - Paracuru  -  Bahia, (C) 

-   - Bertioga   
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Suplemento 2

Echinolittorina lineolata 

(SW), comprimento da abertura da concha (AH) e largura da abertura da concha (AW). As 
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7. 

 

 

teve por objetivo Echinolittorina 

lineolata,  e o desempenho 

mujos. 
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Os 

moluscos vivem em fendas, fissuras no 

es. Este trabalho 

 mortas por Echinolittorina lineolata

mersa. O estudo foi realizado em 

campo e um experimento em laborat

foram sorteados para cada amostragem durante treze meses. Na zona 

dominada pelas cracas, foi utilizado um amostrador quadrado de 20x20 cm para contabilizar as 

cracas mortas ocupadas por E. lineolata. Uma sub-

vazias foi coletada para verificar o sexo e o tamanho (altura da concha). 

medida a Taxa de Cons em  

distintos 

Echinolittorina lineolata 

 

princi ica  e 

 , porque  

 

 
 
Palavras-chave: Amb L . 
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(TAKADA, 1992). Apesar 

-se 

adaptado com sucesso para vida nesta zona (LIM; LEE, 2009)

(CHAPPERON; LE BRIS; SEURONT, 

2013; CHAPPERON; SEURONT, 2011a; SEURONT; NG, 2016). 

portanto, devem evitar ou tolerar estresses ambientais (MORAN, 1999). Dentre estes 

organismos, os invertebrados su

UV, pH e (PECHENIK et al., 2016; SEGURA et al., 2014). Assim, 

sses 

 (DIEDERICH et al., 

2015) devem o, 

m

(BRETT; GROVES, 1999). 

substrato, entre craca  (RAFFAELLI; 

HUGHES, 1978). 

por c (HARPER; WILLIAMS, 2001; MAK, 1996)

(RAFFAELLI; HUGHES, 1978) ou contra 

(CATESBY; MCKILLUP, 1998; HUGHES; ELNER, 1979). 

orin

deos Littoraria angulifera (Lamarck, 1822), Littoraria flava (King 

& Broderip, 1832), Echinolittorina lineolata  Echinolittorina vermeij 

(Bandel & Kadolsky, 1982) (REID, 1989; WILLIAMS; REID, 2004). 

Echinolittorina lineolata 

(REID, 2009) 
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tre cracas, dentro de 

(BORKOWSKI; BORKOWSKI, 1969). 

, tais como fendas, ou 

(CARTWRIGHT; 

WILLIAMS, 2012; JONES; BOULDING, 1999). Echinolittorina malaccana (Philippi, 1847) 

e Echinolittorina vidua (Gould, 1859) selecionam cracas como habitats para se abrigar durante 

 (CARTWRIGHT; WILLIAMS, 2012)

Echinolittorina peruviana  (SOTO; BOZINOVIC, 1998). Os 

portanto, selecionam micro-habitats para moderar as temperaturas corporais apenas quando 

(CHAPPERON; SEURONT, 2011b; JONES; BOULDING, 1999; SOTO; 

BOZINOVIC, 1998) E. lineolata seleciona 

Chthamalus bisinuatus (Pilsbry, 1916) 

imento do 

alimentam-se de microalgas e do biofilme microbiano presente nas cracas IO; 

COUTINHO; BAETA-NEVES, 1999).  

O objetivo do presente estudo foi analisar a 

Echinolittorina lineolata 

menores taxas de consum  

 

 

 
 

etapa em laborat estudo foi realizado na praia da Pedra 

Ra
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, existe 

(MATTHEWS-

CASCON; LOTUFO, 2006) ais, os pilares 

imulam um ambiente com 

de 90 graus, co  

 (SPALDING et al., 2007), e possui 

, 

 (ANJOS et al., 2018). 

 

 

Figura 1: 

 

 

 

Delineamento amostral 
 

Foram selecionados previamente 10 pilares, sendo que destes, cinco foram sorteados 

aleatoriamente para cada coleta, constituindo o universo amostral (Figura 2). Os pilares 1-10 

foram previamente selecionados, saltando um pilar entre os selecio



60 
 

Random (https://www.random.org/). Foram realizadas coletas mensais durante treze meses 

Marinha do Brasil (DHN, 2016)

icos (FUNCEME, 2018) e os dados de temperatura 

(CPTEC/INPE, 2018). 

 

 

Figura 2: 

Brasil. Cinco destes pilares eram sorteados a cada amostragem mensal. 

 

dominada pelas cra Chthamalus bisinuatus (Figura 3), foi disposto um 

amostrador qu

contabilizadas todas as cracas mortas vazias (Figura 4). Deste universo amostral total de cracas 

mortas vazias, foram contadas quantas as cracas mortas ocupadas por E. lineolata (Figura 4). 

Uma sub-

densidades, observar o sexo e a biometria por meio da altura e largura da concha. O material 

-1). 
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Figura 3: 

Chthamalus 

bisinuatus. 

 

 

 

Figura 4: Echinolittorina 

lineolata . A) Cracas mortas ocupadas e; B) Cracas mortas vazias. 
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marca LEICA EZ na objetiva de 8X com a vista ventral da concha. As medidas, altura e largura 

 

 

 
 

 ento. Os tratamentos foram: (A) os 

TCO, 

, assim 

como o fechamento das mesmas, foi 

idadosamente seladas com parafilm 
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Figura 5: 

Echinolittorina lineolata (d . (A) Tratamento A  indiv

 apenas os 

Tratamento C  apen

 

 

 

 

medidos foram c

Bayne et al. (1987).  
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0 - Cf) - ) / T. 

Onde: 

 

C0  

Cf  

 

 

Tempo = hora  

 

 

 
 

Todos -Wilk) e a 

porcentagem do total das cracas  

 

 

pelo teste t-

-  

Os dados de TCO foram analisados usando os testes de Shapiro-Wilk e Levene para 

determinar se os dados preenchiam os pressupostos de normalidade e homocedasticidade, 

- -Wallis foi utilizada para identificar 

significativas entre os tratamentos, utilizou-se o teste Wilcoxcon-Mann-Whitney a posteriori 

 

Tod rograma R (R CORE TEAM, 2017) que 
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A  abril de 2016 com 658,7 mm. 

 

 

com 3,74 

4 m/s. 

 

 

Figura 6

temperatur (m/s). 

 

Echinolittorina lineolata coletados nas cracas 

duos de E. lineolata ocuparam mais 
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densidades.  

 

 

Figura 7  dos caramujos nas cracas ocupadas - barras cinza) e 

 dos caramujos (% - linhas pretas) nas cracas mortas vazias por 

Echinolittorina lineolata em Paracuru, CE, Brasil.  

 

indeterminados dentro das cracas v

 

de 1 macho para 1  
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Tabela 1 Echinolittorina lineolata  

017 em Paracuru, CE, 

Brasil.  

Ano Meses N Machos  Sex ratio ( ) P value ( ) 

2016 

 

Abril 

Maio 

Junho 

Julho 

Agosto 

Setembro 

Outubro 

Novembro 

Dezembro 

25 

52 

63 

60 

71 

63 

45 

48 

46 

38 

7 

17 

19 

17 

24 

19 

12 

16 

16 

15 

18 

35 

44 

43 

47 

44 

33 

32 

30 

23 

2.57 

2.06 

2.32 

2.53 

1.96 

2.32 

2.75 

2.00 

1.88 

1.53 

0.03* 

0.01* 

0.00* 

0.00* 

0.01* 

0.00* 

0.00* 

0.02* 

0.04* 

0.19 

2017 

Janeiro 

Fevereiro 

 

45 

64 

56 

23 

33 

22 

22 

31 

34 

0.96 

0.94 

1.55 

0.88 

0.80 

0.11 

Total  676 240 436 1.82 < 0.000* 

ativa (p < 0.05) 

 

os (t = -

5,33, p < 0,0001). 

os machos (t = - 8,29, p < 0,0001). 
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Figura 8: 

Echinolittorina lineolata em Paracuru, CE, Brasil. Letras diferentes: 

 Teste t-Student (p < 0.05). 

 

E. lineolata 

2/L/ind, no tratamento B (expostos com as 

2 2/L/ind no tratamento C 

(expostos sem as cracas) (Figura 9

(submersos) do que nos outros expostos (com ou sem cracas) (Kruskal-Wallis, H = 41,03, p < 

0,0001). 
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Figura 9: Echinolittorina lineolata 

os ao ar sem 

 teste a posteriori de Wilcoxon-Mann-Whitney. 

 

 

Echinolittorina lineolata ocuparam as cracas mortas em t

temporal e foi observado que as dens

aumentaram e vice-

de microclima, como foi observado em Echinolittorina malaccana e E. vidua (LIM; LEE, 

2009). 

 (CARTWRIGHT; WILLIAMS, 2012) e como observado em 

Echinolittorina peruviana -altas (SOTO; 

BOZINOVIC, 1998).  
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Littoraria articulata (CATESBY; 

MCKILLUP, 1998)

estavam fora das cracas (CATESBY; MCKILLUP, 1998), desta forma as cracas servem como 

 

ie 

Chthamalus bisinuatus, para herbivoria de microalgas abundantes nessa zona.  

 (CATESBY; 

MCKILLUP, 1998)

mortas vazias, desta forma, outro fat

Bueno et al. (2010) E. 

lineolata  

refluxo na zona do Chthamalus bisinuatus

indeterminados (tamanho < 2mm) sugerem que as cracas servem como zona de recrutamento 

 na r

Brasil. Catesb

 

caramujos consumiram maior quantidade 

quando estavam submersos, apresentando maior atividade neste tratamento. Os caramujos 

-  

(NORTON et al., 1990) e durante esse tempo os 

 os animais estavam emersos nas cracas, podem indicar 

observado para larvas de moluscos (MONTORY et al., 2014)  

al., 2004), para juvenis e adultos de peixes (LANKIN et al., 2008). Os organismos que vivem 

dissolvido, salinidade e disponibilidade de alimento (ALLEN et al., 2012; DIEDERICH; 

PECHENIK, 2013).  
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endo que 

 

C

a 

MCQUAID, 2011)

 (HODGSON, 1999; 

WILLIAMS; MORRITT, 1995). As   que vivem perto do limite 

superior desta zona 

horas, dias ou mesmo semanas (MARSHALL; MCQUAID, 2011; MARSHALL; 

MCQUAID; WILLIAMS, 2010).  

 

 (LEE; WILLIAMS, 2002). A atividade foi estimulada 

m e sem chuva. 

 (LEE; WILLIAMS, 2002).  

ido que os estes caramujos se beneficiam do repouso em microhabitats 

 

(CARTWRIGHT; WILLIAMS, 2012; JONES; BOULDING, 1999; SOTO; BOZINOVIC, 

1998)

 que durante todo o tempo as temperaturas do ar foram constantes.  

 (CATESBY; 

MCKILLUP, 1998),  
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em repouso com baixa atividade e apresentam alta atividade quando submersos, onde realizam 

o forrageio. Estudos futuros devem ser realizados a fim de identificar exatamente quais das 
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8.  

 
Echinolittorina lineolata, objeto de estudo desta tese, ocorre em toda a costa 

brasileira em ambientes consolidados naturais e artificiais. A partir dos resultados apresentados, 

pode-

ecologia funcional. 

E. lineolata se encaixam 

Echinolittorina e outros As 

Echinolittorina

em ambientes de latitud  baixas latitudes, 

 

Analisando a morfometria da concha dos animais em diferentes latitudes da costa 

brasileira, pode-se concluir que o rvado sofre influ ncia da latitude, 

sendo as respostas espaciais locais associadas fortemente s, como por 

exemplo, 

comple

crescimento, complemen uma base mais 

E. lineolata ao longo da 

costa brasileira. 

o uso das 

cracas mortas vazias, consideramos que o us

 

As taxas de consumo de , utilizadas como indicador de fisiologia animal, indicaram 

atividade quando submersos, onde realizam o forrageio. Estudos futuros devem ser realizados 

a fim 
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 estudos com enfoque no recrutamento e assentamento larval para 

 , assim como estudos sobre 

 

 

 

 


