
1/10Brazilian Journal of Biology, 2022, vol. 82, e243114  |  https://doi.org/10.1590/1519-6984.243114

Original Article

THE INTERNATIONAL JOURNAL ON NEOTROPICAL BIOLOGY
THE INTERNATIONAL JOURNAL ON GLOBAL BIODIVERSITY AND ENVIRONMENT

ISSN 1519-6984 (Print)
ISSN 1678-4375 (Online)

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

1. Introduction

Gastropods of the Littorinidae family are amphibious 
mollusks living on hard substrates, withstand long periods 
out of water, and feed on microscopic algae (Rios, 2009). 
Littoraria angulifera (Lamarck, 1822) belongs to a group 
of Littorinidae (subgenus Littorinopsis Mörch, 1876) who 
inhabit mangroves, that are ovoviviparous and having 
internal fertilization (Gallagher and Reid, 1979), being 

that males have a well developed penis with an open but 
folded sperm duct (Rios, 2009).

According to Zeidan et  al. (2020), the penis of 
L. angulifera is yellow in color and located behind the right 
eye tentacle and reaches length up to 9.98 mm. The species 
reaches 30 mm of shell height, whose surface is sculptured 
with very fine spiral striations (Rios, 2009), with color 
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Mangrove 1 (M1) and Mangrove 2 (M2), respectively 
(Figure  1). The sampling of biological material and 
information on environmental parameters were previously 
authorized by the Chico Mendes Institute for Biodiversity 
and Conservation (ICMBio-Brazil), under License number 
62043-1/2018. All animals, after counting, sexed, 
measured and weighed, were returned alive to mangroves. 
Sampling was carried out in all months of 2018, always 
during low spring tide, when the mangroves were emerged.

For the purposes of environmental characterization, 
at each beginning and end of sampling, measurements 
were taken of air and water temperature (with a standard 
mercury thermometer) and of salinity (with an Atago S/Mill 
optical refractometer) of the adjacent water (river) to the 
mangroves. Data on monthly accumulated rainfall during 
the year were obtained from CLIMATEMPO (2020) records.

A pilot study, carried out in January 2018, served as a 
basis for the sample design and showed that L. angulifera 
occupies a height of about 2 m on the tree trunks and 
that it can also occur in undergrowth (marine grasses) 
when present. The sampling design was the same in both 
mangroves and consisted of the initial establishment, using 
a measuring tape, of three transects with 30 m each (25 m 
equidistant from each other) starting from the waterline 
towards the interior of the mangrove. Then, two horizontal 
levels were established from the central transect, each 
measuring 50 m, being level 1 (L1) a few meters from the 
river and level 2 (L2), 20 m from L1, towards the interior 
of the mangrove. The transect methodology was adapted 
from Boehs et al. (2004). Samples of L. angulifera were 
made monthly on five mangrove trees at each sampling 
level, which were randomly chosen at each month. 
The trunks were measured with a tape measure as to their 
circumference at a height of about 1 m and the height of 
the trees was estimated using a measuring tape adapted 
to a wood bar.

Two lots of animals were manually collected by two 
same collectors, Lot A consisting of collection of specimens 
arranged on the trunks and aerial roots of the trees and the 
animals of Lot B those adhering to undergrowth (grasses), 
when present, within a radius of about 2 m from each 
drawn tree. On the trunks, L. angulifera was collected in 
two different strata of height: in H1, from the soil to 1 m 
in height and in H2, from 1 to 2 m, and all those animals 
seen were included in the sampling. Considering Lot A, 
20 samples of L. angulifera were obtained at each locality 
(mangrove) per month (L1H1 = 5 + L1H2 = 5 + L2H1 = 
5 + L2H2 = 5), totaling 240 samples/sampling station 
considering the entire sampling period. The snails were 
placed alive in identified polypropylene containers, which 
were previously perforated for natural aeration and closed 
with lids. The samples were immediately transported to 
the Marine Mollusk Laboratory/Santa Cruz State University 
(LMM/UESC) where they were stored at room temperature 
in the transport containers until the next day, when the 
animals were processed.

The laboratory routine included (i) the measurement, 
with a digital caliper with a precision of 0.01 mm, of the 
main axis of the shell (height = distance between the apex 
of the shell and the posterior edge of the aperture; Rios, 
2009) of all specimens collected in the respective substrates 

polymorphism, but with dark brown predominating 
(Zeidan et al., 2020). It presents detritivorous/ microphagic 
habit (Gutierrez,  1988), feeding mainly on lichens and 
fungi (Kohlmeyer and Bebout, 1986).

Also known as mangrove periwinkle, L. angulifera has 
a range of distribution from Florida to Brazil, throughout 
the Caribbean and Bermuda (Abbott and Morris, 1995) and 
the species occurs also in eastern Atlantic from Senegal to 
Angola (Kohlmeyer and Bebout, 1986; Merkt and Ellison, 
1998). According to Rios (2009), on the Brazilian coast, 
the occurrence of the species extends from the state of 
Ceará to the state of São Paulo. In a study carried out a 
little further south, Boehs et al. (2004) found the species, 
in low density, in a non-vegetated tidal flat of Paranaguá 
Bay (State of Paraná), still in a tropical region, in transition 
to the subtropical climate.

Several studies carried out in the last years (e.g., 
Melo et al., 2012; Costa et al., 2013; Martínez et al., 2013; 
Zeidan et al., 2020) in different Brazilian regions indicate 
that L. angulifera shows suitability as a bio-indicator species, 
that is, it presents evident morphological responses to 
environmental heterogeneities in micro regions within 
the same mangrove and among different mangroves and 
also to different stressors of anthropogenic origin, such 
as deforestation, biological contaminants and chemical 
pollutants. This could reflect, for example, the size and 
weight of the animals and also the texture of the shell 
(more fragile or more robust) and possibly can affect 
reproduction. In this context, although several studies 
have been carried out on this species, there are still many 
questions to answer about basic biological and ecological 
characteristics related to it, such as, for example, the sex 
ratio in different populations, the spatial distribution of 
males and females in the mangroves and the variation in 
shell size in different mangrove forests. There is also a 
lack of information on recruitment periods. The answers 
to these questions seem to us to be important for a better 
understanding of management, conservation and use of 
the species in mangroves monitoring.

In this study, we aimed to investigate if: (i) the height of 
mangrove trees have an influence on the size and abundance 
of L. angulifera; (ii) larger animals occupy higher strata in 
the trees; (iii) males and females have a distinct spatial 
distribution; (iv) to facilitate the elimination of larvae, 
females are more concentrated near the water line; (v) 
the expected male to female sex ratio is 1: 1; (vi) as it is 
a tropical area, continuous reproduction of the species is 
expected, with peaks of reproduction in warmer periods 
of the year. Based on these assumptions, the scope of 
this study was to carry out an assessment of the spatial 
and temporal distribution, as well as analyzing the size 
structure and sex ratio of L. angulifera in mangroves in 
southern Bahia, Brazil.

2. Material and Methods

The study was conducted in two mangroves located in 
the municipalities of Ilhéus (14°88’33.38”S; 39°02’06.45”W) 
and Uruçuca (14°34’26.25”S; 39°3’8.20”W), in southern 
Bahia (northeastern Brazil), in the study denominated 
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Figure 1. Map of northeastern Brazil showing the location of the Bahia State and the sampling stations (M1 and M2).

(Lots A and B); (ii) anesthesia with 10% Magnesium Chloride 
(MgCl2) in distilled water (Lots A and B), a procedure that 
does not cause damage or death to the animal, but which 
facilitates the handling of specimens (Zeidan et al., 2018); 
(iii) weighing with shell on scale (Marte, with precision of 

0.001g) (Lot A) and (iv) sexing (Lot A), with the naked eye, 
using the presence/absence of the penis as a visual parameter.

The animals in Lot A, as well as the height and diameter 
information of the forest vegetation, were analyzed by 
descriptive statistics and also by ANOVA One-Way followed 
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statistically significant both in M1 (F = 4.431; p < 0.001) 
and in M2 (F  =  2.952; p < 0.001), however, it was not 
possible establish the existence of any temporal pattern, 
similarity of distribution between populations or indication 
of seasonality.

In the analysis of spatial distribution, there was an 
inverse pattern between the mangroves: in M1 the number 
of periwinkles was higher in level L2 and in M2 it was 
higher in L1 (p<0.05). In the vertical distribution, there 
was difference (p<0.01) between H1 (more basal) and 
H2 (1-2 m of trunk height), with a higher concentration 
of animals in H1 in both mangroves. In the comparison 
of the vertical levels between the two mangroves, the 
same levels (H1 or H2) were numerically similar to each 
other (p>0.05), showing that there was consistency in the 
vertical distribution of the species (Table 2).

Horizontal (L1 and L2) and vertical (H1 and H2) sampling 
levels were similar (p>0.05) in terms of height and weight 
of L. angulifera, for both males and females, in both localities 
(Table 3). In M1, the shell height of the animals measured 
between 0.55  mm (smallest specimen) and 30.35  mm 
(largest specimen) and in M2, the smallest height was 
8.11 mm and the largest was 33.28 mm (Table 4). In M1 
the mean height of the animals was 17 mm (SD ± 4.21) 
and in M2, it was 21.8 mm (SD ± 3.31) (p<0.05 between 
mangroves). In addition to being smaller, the shells of 
snails in M1 were generally more fragile and more brittle 
in comparison to animals in M2.

In the size comparisons between males and females, 
in M1 the mean height of males was 17.67 mm (SD ± 3.91) 
and for females it was 16.33 mm (SD ± 4.52), whereas in 
M2, the means were 22.09 mm (SD ± 2.94) and 21.68 mm 
(SD ± 3.68), respectively. As shown in Table 4, males were, 
on average, larger than females in all months on M1. At that 
locality these differences were not significant (p>0.05) only 
in August, September, October and December. In M2 this 
trend was maintained, being only in June, September and 
November, the differences in height were significant (p<0.05).

Still in Lot A, animals with a shell height below 9 mm 
(recruits) were observed on the trunks, but in small 
quantities. In M1, these individuals had the following 
monthly frequency: 4.7% (January), 0.36% (February), 

by Tukey’s test when convenient. The sexual proportion 
was tested through Pearson’s Chi-square test. The alpha 
value adopted was 0.05. The data of time variation of 
L. angulifera in the mangroves were analyzed by R software 
and all other analyzes by BioEstat 5.0. The shell height data 
for Lot B were interpreted by visual analysis of monthly 
size frequency histograms. The shell height references 
for categorizing recruits were based on Chaves (2002), 
with modifications. To obtain an image of L. angulifera 
shell from the region, please consult Zeidan et al. (2020).

3. Results

3.1. Environmental abiotic characterization

The air temperature varied between 21 and 31°C in 
M1 (Mean = 26.6°C, Standard Deviation - SD ± 2.9; N = 24) 
and between 22 and 35°C in M2 (Mean = 27.3°C, SD ± 3.8; 
N = 24), with annual median of 26 and 27°C, respectively 
and similarity between mangroves (F = 3.5513; p > 0.05). 
The  water temperature ranged from 22 to 30°C in M1 
(Mean = 25.3°C, SD ± 2.1; N = 24) and from 21 to 32°C in 
M2 (Mean = 26.6°C, SD ± 2.8; N = 24), with annual median 
of 25.5 and 26°C, respectively (F = 0.4751; p >0.05).

Salinity showed a significant annual variation in both 
areas and also between the measurements made at the 
beginning (peak of low tide) and at the end of collections 
(beginning of high tide). In M1, this ranged from zero to 
15 (Mean = 5.8, SD ± 5.0; N = 24) and in M2 there was 
a minimum of zero and a maximum of 25 (Mean = 5.8, 
SD ± 7.8; N = 24). As for rainfall, the annual average was 
170 mm/month in 2018. Considering monthly accumulated 
values, the months with the highest levels of rainfall were 
March (217 mm), April (205 mm), June and July (both with 
201 mm) and December (179 mm).

3.2. Littoraria angulifera substrates (vegetation)

The trees on which specimens from Lot A were collected 
were all Rhizophora mangle L., the red mangrove. In M1 the 
trees were lower (p<0.01) and also less thick (p<0.05) in 
relation to M2, but there was homogeneity between the 
sample levels (L1 and L2) in each of the localities (Table 1). 
The minimum height recorded in M1 was 3.1 m and the 
maximum was 6.4 m, and in M2, the heights varied from 
3.1 to 12.26 m, with the medians being 4.6 and 6.5 m, 
respectively. Only in M1 was observed the marine grass 
Spartina alterniflora Loisel (Poaceae), with an average of 
approximately 20 cm in height, on which the animals of 
Lot B were collected. The grass was irregularly distributed 
among the trees of R. mangle.

3.3. Attributes of L. angulifera

Considering the animals obtained in Lot A, collected 
on R. mangle trunks, 2,935 individuals were obtained in 
Mangrove 1 (M1) and 2,852 individuals in Mangrove 2 
(M2) in the sum of data from the 12 collection campaigns, 
which resulted in statistical similarity between localities 
(F  =  0.829; p >  0.05). Throughout the year, a sharp 
fluctuation occurred in both populations, which was 

Table 1. Mean values ​​and standard deviation (± SD) of the height 
and circumference of the red mangrove Rhizophora mangle on 
two horizontal levels (L1 and L2) of mangroves M1 and M2 on the 
coast of Bahia State, northeastern Brazil, based on the monthly 
biometry of 10 trees in each mangrove (5 L1 and 5 L2; n total = 120/ 
locality) throughout 2018.

Mangroves Levels Height (m)
Circumference 

(m)

M1

L1 4.63±0.88 0.19±0.08

L2 4.55±0.58 0.32±0.24

L1+L2 4.61±0.72 0.25±0.18

M2

L1 6.05±1.43 0.24±0.14

L2 6.95±1.48 0.70±0.25

L1+L2 6.59±1.49 0.30±0.21
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months (October and November) the animals with shell 
height less than 3 mm (C1) were the only animals found 
on the grass. Animals in classes C6 and C7 (between 15 
and 21 mm) were uncommon in this vegetation (Figure 3).

4. Discussion

Littoraria angulifera has continuous reproduction in 
the region, which was evidenced by the entry of new 
small individuals in practically every month of the year, 
but in the spring (from September to November) there 
was a greater input of recruits, which is probably related 
to a small increase in temperature at this time of year, an 
abiotic factor that stimulates reproduction (Galtsoff, 1961). 
Burgett et al. (1987) observed the release of gametes on 
the Caribbean coast of Panama of this species for at least 
10 months of the year, with peaks of release in spring and 
autumn. This gastropod is reported to have incomplete 
ovoviviparity, with egg retention in the mantle cavity until 
the veliger larval stage, when the larvae are released, along 
with some immature eggs, during high tide (Gallagher 
and Reid, 1979; Gutierrez, 1988; Merkt and Ellison, 1998). 
According to Gallagher and Reid (1979), the veliger larva 
remains in the water column for 8-10 weeks until they 
reach the final larval stage (pediveliger), at which time they 
search for a suitable place to settle and metamorphose 
into juvenile snails.

The maximum age of L. angulifera is unknown, but what 
is known is that the species can reach up to around 30 mm 
of shell height (Matthews-Cascon and Lotufo, 2006), which 
was confirmed in the present study, where we obtained 
average height of 17 mm in M1 and 21.8 mm in M2, with 
the largest individuals (outliers) in both mangroves 
slightly exceeding 30 mm. Gutierrez (1988) observed a 

3.15% (March), 9.74% (April), 3.5% (May), 0.28% (June), 
3.72% (July), 0.85% (August), 11.21% (September), 6.7% 
(October), 4.48% (November) and 7.07% (December). In M2, 
animals in this size range on the trunks of R. mangle were 
seen only in the month of August, in a low percentage in 
relation to the rest of the sample (0.37%). In this locality, 
even though recruits were observed in low frequency only 
in that month, animals of intermediate size (between 
9 and 12 mm in height), were seen more frequently on 
this substrate in relation to recruits (Table 4). In general, 
individuals below 12 mm in size represented, on average, 
19.01% of the total number of individuals in M1 and 2.43% 
of the total number of individuals in M2. In both places, 
a decrease in the number of individuals from 24 mm in 
height, representing the old animals of the population, 
was noticeable. These animals represented, proportionally, 
3.2% in M1 and 14.2% in M2.

In terms of sexual proportion, on the whole, females 
(F) were numerically dominant over males (M) in both 
mangroves. In M1, the sex ratio (Male: Female) was 1: 1.48 
(or M: F = 0.4) (χ2= 38.572; p<0.0001) and in M2 it was 1: 
1.4 (or M: F = 0.41) (χ2 = 54.077; p<0.0001), considering 
the total number of animals. Males were more abundant 
than females only in February (M1) and March (M2), but 
with very small numerical differences with respect to 
these (Figure 2).

Lot B, obtained from the grass Spartina alterniflora of 
M1, was composed of specimens with shell height between 
0.58  mm (smallest specimen) and 20.98  mm (largest 
specimen). On this substrate, post-larvae and juveniles, 
that is, individuals with a shell height below 9 mm (Classes 
C1-C3) (recruits) were evident throughout the year, 
generally in greater number in relation to larger animals, 
between 12 and 21 mm of shell height (C4-C7). In some 

Table 2. Total number of Littoraria angulifera individuals (males and females) obtained throughout 2018 on Rhizophora mangle trunks in 
two mangroves (M1 and M2) on the coast of Bahia State, northeastern Brazil, showing the spatial distribution, being horizontal (levels 
L1 and L2) and vertical (H1 = 0-1 m height and H2 = 1-2 m height on the trunks).

Mangroves
Horizontal 

levels
Males Females Totals

Vertical 
levels

Males Females Totals

M1
L1 452 704 1,156 H1 904 1,445 2,349

L2 731 1,048 1,779 H2 279 307 586

M2
L1 722 975 1,697 H1 707 1,215 1,922

L2 462 693 1,155 H2 477 453 930

Table 3. Means and standard deviation (± SD) of shell height (mm) and total weight (g) of Littoraria angulifera in 2018, being sums 
of males and females, in horizontal (L1 and L2) and vertical (H1 and H2) levels of two mangroves (M1 and M2) on coast of Bahia, 
northeastern Brazil.

Parameters Mangroves
Horizontal levels Vertical levels

L1 L2 H1 H2

Height (mm) M1 17.60±7.50 16.31±4.43 16.57±6.17 17.81±4.28

M2 21.28±3.47 22.82±6.61 21.75±5.75 22.21±3.07

Weight (g) M1 0.84±0.55 0.76±0.79 0.78±0.75 0.82±0.49

M2 1.67±0.93 1.94±1.06 1.92±1.12 1.98±0.64
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Maxwell et al. (2017), a significant sex imbalance favoring 
females occurs in many gastropods populations and it seems 
to have various causes. When reviewing the causes of the 
sex ratio variation in some species of mollusks, Yusa (2009) 
considered that there is a great variation of this parameter 
within the same species, which seems to be influenced 
by several factors, including environmental determinants. 
On the southern coast of Bahia, Zeidan et al. (2020) found 
different results regarding the sex ratio in L. angulifera, but 
in general the means obtained by these authors pointed 
to proportions close to 1M: 1F. Still according to these 
authors, some more impacted areas had more females 
than males (sex ratio M: F <0.8).

Littoraria angulifera seems to adapt well to conditions 
with a significant range of variation of salinity, which 
was observed in the two mangroves, which showed a 
tendency to great dilution of rivers adjacent to the forest. 
Chaves (2002) mentioned that L. angulifera has a preference 
for more saline areas, but that the species is also found 

mean height of 18 mm in a study in Panama and Chaves 
(unpublished data) 21.3 mm in Ubatuba, north coast of the 
state of São Paulo (Brazil). Zeidan et al. (2020) obtained 
averages of about 15 mm in samples collected on artificial 
substrates (concrete walls), according to these authors 
visibly impacted, and above 20  mm in well-preserved 
mangroves on the southern coast of the state of Bahia, 
northeastern Brazil.

Males were slightly larger than females in both 
populations, with differences that were statistically 
significant in several months, mainly in M1, which may 
be related to a greater investment, by females, of energy 
for reproduction (oogenesis) at the expense of growth. 
As reviewed by Riascos and Guzman (2010), in organisms 
such as mollusks there is a gradual decline in the energy 
reserved for growth and a corresponding increase in energy 
destined to reproduction.

On the other hand, there was a slight predominance 
of females over males in both populations. According to 

Table 4. Monthly mean values ​​of shell height (mm) and standard deviation (± SD) throughout 2018 of Littoraria angulifera, indicating, in 
parentheses, the smallest and largest individual in the samples, and showing the p values (by Tukey test with decision level of α = 0.05) 
where * indicates significantly different results (p<0.05), in two mangroves (M1 and M2) in the coast of Bahia State, northeastern Brazil.

Months

Mangroves

M1 M2

Males Females p values Males Females p values

Jan
18.41±4.38 15.91±4.75

0.0000*
22.04±2.15 22.07±2.3

0.8848
(6.58-30.23) (5.39-30.22) (14.3-28.25) (15.44-29.72)

Feb
18.68±3.2 17.63±4.32

0.0210*
21.94±2.1 22.2±2.15

0.3019
(10.71-27.8) (7.13-28.95) (16.24-27.93) (14.7-27.13)

Mar
19.5±4.37 17.86±5.46

0.0148*
21.7±2.16 21.54±2.35

0.5414
(8.45-29.99) (7.21-30.35) (15.05-27.58) (15.27-30.63)

Apr
15.56±4.27 14.19±4.52

0.0011*
22.88±2.54 23.46±2.69

0.1651
(5.6-24.68) (0.55-25.4) (10.89-29.38) (11.0-29.7)

May
18.19±3.88 16.64±4.49

0.0110*
22.19±2.45 21.54±4.19

0.2114
(8.74-24.4) (7.37-25.6) (13.69-26.2) (9.34-30.82)

June
17.78±3.08 16.51±3.86

0.0022*
22.02±3.07 20.64±4.49

0.0191*
(11.19-25.29) (8.36-26.47) (10.97-29.08) (9.12-28.66)

July
16.16±3.5 14.59±3.81

0.0050*
21.09±4.3 20.91±4.97

0.7857
(8.5-23.55) (6.6-24.0) (11.42-29.9) (9.58-31.62)

Aug
18.87±3.18 17.98±3.85

0.0062
23.26±3.52 22.25±5.23

0.1071
(10.93-24.54) (8.54-29.25) (10.86-28.73) (8.11-32.12)

Sep
16.06±4.09 15.11±4.86

0.1432
22.46±3.19 21.16±4.55

0.0042*
(7.03-23.77) (5.68-26.74) (13.07-29.93) (12.19-33.28)

Oct
17.73±4.34 16.46±4.51

0.0526
22.06±4.17 22.05±4.67

0.9821
(6.83-26.23) (6.75-25.49) (10.86-29.62) (9.76-32.12)

Nov
18.5±4.94 16.77±5.18

0.0329*
21.79±3.65 20.32±4.56

0.0324*
(2.03-29.99) (5.94-29.97) (12.34-28.09) (9.58-28.85)

Dec
16.69±3.72 16.4±4.74

0.7493
21.67±2.08 22.04±2.08

0.2392
(7.13-22.75) (6.37-25-35) (16.24-27.48) (14.7-28.42)
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sexes, discarding our hypothesis that females occupy more 
basal strata, supposedly where they would find it easier 
to lay eggs and larvae. It was also not observed that larger 
animals occupy higher strata on the trunks, the Type 1 
distribution described by Vermeij (1973) for gastropods 
at the upper levels of marine rocky shores, zones in which 
individuals would be larger, but less numerous. According to 

in lower salinities, which was confirmed in the present 
study, where the values ​​were generally low (below 15 on 
M1 and below 25 on M2).

As for the vertical distribution on the trunks of R. mangle, 
although L. angulifera is distributed up to about 2 m in 
height, its preference for strata close to the ground, more 
shaded, was evident. This preference was verified for both 

Figure 2. Monthly absolute frequency of males and females of Littoraria angulifera collected throughout 2018 on trunks of Rhizophora 
mangle in two localities (A = M1; B = M2) in the coast of the Bahia State, northeastern Brazil.
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by Maia et al. (2010) in estuaries in Ceará, northeastern 
Brazil. All authors observed a greater number of individuals 
at a height closer to the substrate and larger animals at 
higher places in the tree. The results of the present study 
converged with those of these authors only in terms of the 
number of animals, not in relation to the size of the animals.

Although we found a significantly larger number of 
animals at height 1 (H1) (0-1 m in height of the trunk), 

this author, larger animals could more easily occupy these 
levels because they have a smaller relationship between 
the surface and the volume of the body, which would 
enable them to have greater water retention, consequently 
to greater cooling and less risk of desiccation, increasing 
their ability to survive. Chaves (2002) observed this type of 
distribution in L. angulifera on the south coast of the state 
of São Paulo and the same was observed for the species 

Figure 3. Total specimens of Littoraria angulifera collected monthly throughout 2018 on the grass Spartina alterniflora in a mangrove 
(M1) in Ilhéus, Bahia State, northeastern Brazil, distributed by size classes (shell height), being: C1 (less than 2.99 mm), C2 (3-5.9 mm), 
C3 (6-8.99 mm), C4 (9-11.99 mm), C5 (12-14.99 mm), C6 (15-17.99 mm) and C7 (18-20.99 mm); A-L: January to December.
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post-larvae close to the waterline may mean their recent 
transition from the planktonic to the benthic stage.

The importance of the marine grass S. alterniflora was 
verified mainly as substrate for post-larvae and juveniles. 
Chaves (2002) had already verified the use of this substrate, 
together with R. mangle, by this species in the south coast 
of the state of São Paulo, southeast of Brazil, supposedly 
also by recruits, since the author carried out a study during 
a recruitment period.

In conclusion, the results obtained allowed us to affirm 
that the size of the trees of R.mangle and the size of their 
canopies influence both shell height and total weight of 
L. angulifera, that is, more shaded places provide greater 
growth and weight accumulation of the animals. However, 
this is not determinants in the size of populations, since 
the mangrove with the lowest and most sparse tree 
vegetation (M1) presented similar abundance to M2, with 
taller and closer trees. The mangrove corresponding to 
the M1 suffers some degree of anthropic impact, such as 
deposition of garbage and domestic sewage, due to the 
presence of a balneary and houses in the vicinity of the 
mangrove, but apparently there is no deforestation in the 
area. On the contrary, M2 is still a very preserved area, 
with low anthropic activity, being one of the most intact 
mangroves in the region. This tells us about the great 
importance of preserving mangroves systems and their 
important biota in tropical regions. Although there is no 
specific knowledge about the predators of L. angulifera, 
Reid (1985) reports that these snails are preyed on by 
birds, crustaceans, parasitic flies and fish. Like this, this 
range of predators increases the ecological importance of 
the species in these systems. Due to its abundance and 
exclusive occurrence in mangroves, this snail also has 
great potential for assessing coastal regions for chemical 
contaminants and other pollutants, which also elevates 
its importance in bio-monitoring programs.
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