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Abstract: This study evaluated the relationships between environmental factors and the spatio-temporal distribution
of H. pudibundus, with the hypothesis of differential occupation in coastal areas of southeastern Brazil. The
samplings took place monthly in January-December 2000 period, along nine transects from 2 to 40 m of depth,
in Ubatuba region, northern coast of Sdo Paulo. We collected 1808 individuals of H. pudibundus. The highest
abundance was recorded in winter in the transects 10-25 m deep. Abundance was positively correlated with organic
matter content and texture sediment (phi values). With the retreat of the South Atlantic Central Water (SACW)
in autumn and winter, the sediment swirls, suspending the detritivore and filter-feeding macrofauna, increasing
the food availability. Sites characterized by finer sediment offer higher food availability, besides facilitating H.
pudibundus burying behavior. Due to its opportunistic predatory behavior, this species feeds on a variety of
organisms, including mollusks, annelids and foraminifera, which are preys more abundant in the studied area and
in sediments of finer grain size.
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Influéncia de fatores ambientais na distribuicio batimétrica do caranguejo de bau
Hepatus pudibundus (Herbst, 1785) (Crustacea: Aethroidea) na costa sudeste do Brasil

Resumo: Este estudo avaliou as relagdes dos fatores ambientais e a distribuigdo espago-temporal de H. pudibundus,
com a hipdtese de ocupacdo diferencial em uma regido do litoral sudeste do Brasil. As amostragens ocorreram
mensalmente no periodo de janeiro a dezembro de 2000, ao longo de nove transectos de 2 a 40 m de profundidade,
na regido de Ubatuba, litoral norte de Sdo Paulo. Foram coletados 1808 individuos de H. pudibundus. A maior
abundancia foi registrada no inverno nos transectos 10 a 25 m de profundidade. A abundancia foi positivamente
correlacionada com o teor de matéria organica e a textura do sedimento (valores de phi). Durante o outono e
inverno com a retragdo da ACAS ocorre o revolvimento do sedimento e a supensdo da macrofauna detritivora e
filtradora, aumentando a disponibilidade de alimento. Locais caracterizados por sedimentos mais finos oferecem
maior disponibilidade de alimentos, além de facilitar o comportamento de H. pudibundus se enterrar. Devido ao
comportamento predatdrio oportunista, esta espécie se alimenta de uma grande variedade de organismos, incluindo
moluscos, anelideos e foraminiferos, que sdo as presas mais abundantes nas areas estudadas, principalmente em
locais com graos menores.

Palavras-chave: Brachyura, textura do sedimento, Decapoda, distribuigdo, A'gua Costeira.
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Introduction

Marine resources and their benefits to mankind are still poorly
known and, therefore, still being studied. Small, sheltered coastal
areas, such as bays and inlets, provide conditions for the establishment
of several species with different ecological profiles. Some of these
species are of economic interest and/or key elements in the trophic webs
(Mantelatto et al. 1995a, Bertini & Fransozo 1999, Fransozo et al. 2016,
Mantelatto et al. 2016). Considering that these coastal areas are naturally
influenced by environmental factors, and given their reasonable sizes,
they can be studied in more detail and serve as models for extend the
understanding of human and/or natural impacts in larger scales. The
northern coast of Sao Paulo has been affected by an increasing tourism
and urbanization pressure (Burone & Pires-Vanin 2006, Gallo-Junior
et al. 2011). In addition, trawling fisheries are intense, they affect the
sedimentation processes, lead to overfishing, and disturbance of benthic
communities (Pires-Vanin 1993, Mantelatto et al. 2016). Trawling is
a non-selective activity, and many species of little or none economic
value are captured as bycatch (Hall et al. 2000).

To better understand the distribution and abundance of a given
species it is necessary to know details on its life-history, resource
use patterns, and intra- and interspecific relationships, as well as its
responses to environmental conditions. Thus, the study of variation
of population structure in relation to environmental conditions
may contribute to elucidate the factors that regulate abundance and
distribution (Begon et al. 2006).

The distribution pattern of marine organisms may vary with local
environmental conditions and lead to a differential spatial distribution
(Bertini et al. 2010). Characteristics such as sediment texture and
organic matter content, and water temperature and salinity, are important
factors regulating the distribution and ecological relationships of benthic
organisms, including decapod crustaceans. These factors control local
marine productivity and environmental conditions, which in turn
determine species’ occurrence (Buchanan & Stoner 1988, Lima et al.
2014a, Andrade et al. 2015, Bernardes et al. 2016).

The flecked box crab species Hepatus pudibundus (Herbst, 1785)
is found in both sides of the Atlantic: on the western side, in Georgia
(U.S.A)), Gulf of Mexico, Antilles, Venezuela, Guyana, and Brazil
(Melo 1996), and on the eastern side, from Guinea down to South
Africa. This species belongs to superfamily Aethroidea, which includes
six genera (Ng et al. 2008). Two of which occurring in Brazil: Hepatus
Latreille, 1802 and Osachila Stimpson, 1871 (Melo 1996). In Ubatuba,
H. pudibundus is the second or third most abundant brachyuran crab,
after portunid crabs of genus Callinectes Stimpson, 1860 (Mantelatto &
Fransozo 2000, Braga et al. 2005, Bertini et al. 2010). Even though it is
not a commercial species, it is frequently captured in the same areas of the
shrimp fisheries of Xiphopenaeus kroyeri (Heller, 1862), Farfantepenaeus
paulensis (Pérez-Farfante, 1967), Farfantepenaeus brasiliensis (Latreille,
1817), and Penaeus schmitti Burkenroad, 1936 (see Bertini et al. 2010
and Mantelatto et al. 2016 for details). Some authors reported that H.
pudibundus is one of the most commonly bycatch species of fisheries
targeting the shrimp X. kroyeri (Heller, 1862) (Fransozo et al. 2016,
Mantelatto et al. 2016). However, its abundance is not affected by these
fisheries because the crabs are returned to the sea while still alive.

Although H. pudibundus is an important species in the food webs
of unconsolidated sediments along the infralittoral (Mantelatto &
Petracco 1997), most previous studies focused on biological aspects,
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including larval and juvenile development in the laboratory and from
field samplings (Rieger & Hebling 1993, Hebling & Rieger 2003,
Negreiros-Fransozo et al. 2008), population structure (Mantelatto et
al. 1995b, Fracasso & Branco 2005, K16h & Di Beneditto 2010, Lima
et al. 2014a), morphometry (Mantelatto & Fransozo 1992, 1994),
feeding strategies (Mantelatto & Petracco 1997), reproductive biology
(Reigada & Negreiros-Fransozo 1999, 2000, Lima et al. 2014b), and
growth and mortality (Keunecke et al. 2007). A few studies focused on
H. pudibundus distribution (Mantelatto et al. 1995a, Lima et al. 2014a),
but none of them included areas of 20 m in depth or deeper.

Aiming to test the hypothesis of differential ocupation, the temporal
and bathymetric distribution of H. pudibundus were evaluated and
correlated with environmental factors (bottom and surface water
temperature and salinity, and sediment texture and organic matter)
in Ubatuba region. This region is ideal for ecological studies using
benthonic populations as a baseline to understand distribution patterns
and ecological relationships. Once the profile of an abundant species
is known, it can be used in future monitoring and in the evaluation of
possible natural/anthropic impacts, as well as serve as comparative
parameter for other similar decapod populations.

Material and Methods

1. Study area

The northern coast of Sdo Paulo, in the southeast of Brazil, and
specially the Ubatuba region, encompasses a variety of environments
such as pristine islands, bays, inlets, sandy and rocky beaches, mangroves,
estuaries, and coastal rivers. Due to this spatial heterogeneity, it has a
high biodiversity of decapod crustaceans (Mantelatto et al. 2018). The
sediment in this region is composed by fine or very fine sand and silt
and clay, given the low water movement within the area and among the
regions (Mahiques et al. 1998).

This region is under the influence of three water masses: Coastal
Water (CW = temperature > 20°C; salinity < 36), Tropical Water (TW
= temperature > 20°C; salinity > 36), and South Atlantic Central Water
(SACW = temperature < 18°C; salinity < 36) (Castro-Filho et al. 1987,
Odebrecht & Castello 2001; De Léo & Pires-Vanin 2006). During late
spring and early summer, the SACW penetrates the bottom layer of the
coastal region and forms a thermocline over the inner shelf at depths of
10—15 m (Castro-Filho et al. 1987). During winter, the SACW retreats to
the shelf break and is replaced by the CW. As a result, no stratification
is present over the inner shelf during the winter months (Pires 1992;
Pires-Vanin & Matsuura 1993).

2. Data collection

Samplings were done monthly in Ubatuba (23°26°75”S;
44°59°00”W) with a fishing boat equipped with two double rig nets,
from January to December 2000. A total of nine transects (2 km each)
were stablished and trawled over a 30-min period covering a sampling
area of about 18000 m?. Samplings comprised depths of 2, 5, 10, and 15
m (in the internal area of the bay), and 20, 25, 30, 35 and 40 m (in the
external area) (Figure 1). An ecobathymeter coupled with a GPS was
used to record depth at sampling sites. For the analysis of environmental
factors, sediment and surface and bottom water samples were taken
from each transect before trawling. Water was collected with a Nansen
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Figure 1. Map of South America. In detail, the Ubatuba coast in Sdo Paulo, Brazil, indicating the location and depth of the transects. (Modified from Lima

et al. 2014c).

bottle to obtain temperature and salinity, measurements with the ad of
a mercury thermometer (°C) and salinity and an optical refractometer
(%o), respectively.

The method used to measure the texture of the sediment was similar
to that described by Hakanson & Jansson (1983) and Tucker (1988).
Sediment samples were collected at each transect with a Van Veen grab
(0.063 m?) for sediment grain size composition and organic matter
content determination. Samples were transported to the laboratory and
oven-dried at 70 °C for 72 h. To analyze the grain size distribution,
two 50 g subsamples were treated with 250 ml of NaOH solution
(0.2 mol I'"), stirred for 5 min to release silt and clay particles, and
rinsed over a 0.063 mm sieve. The grain size was classified according
to the Wentworth (1922) scale: > 2 mm (gravel), 1.0-2.0 mm (very
coarse sand), 0.5-1.0 mm (coarse sand), 0.25-0.5 mm (medium sand),
0.125-0.25 mm (fine sand), 0.125-0.063 mm (very fine sand). Smaller
particles were classified as silt and clay.

Grain diameter was expressed in phi (¢) values (were calculated
from the formula phi = -log 2 d, where d= grain diameter in mm), and
the following classes were obtained: -2 < phi < -1 (gravel), -1 < phi <
0 (very coarse sand), 0 < phi < 1 (coarse sand), 1 < phi <2 (medium
sand), 2 < phi < 3 (fine sand), 3 < phi < 4 (very fine sand), and phi
> 4 (silt and clay). From the cumulative distribution curves of these
classes to, the 16™, 50™ and 84" percentiles were extracted and the mean
diameter (md) was calculated with the formula: MD = (phi -+ phi,
+ phi ) /3 (Suguio 1973). The three most quantitatively important
sediments were defined according to Magliocca & Kutner (1965): Class
A corresponds to sediments in which medium sand (MS), coarse sand
(CS), very coarse sand (VCS) and gravel (G); in class B, fine sand (FS)
and very fine sand (VFS) and class C with silt and clay (S+C). Using
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these three classes, further groups were established according to the
combination of granulometric fractions in several proportions: PA =
(MS+CS+VCS+QG) > 70%; PAB = prevalence of A over B (FS+VFS);
PAC = prevalence of A over C (S+C); PB = (FS+VFS) > 70%; PBA =
prevalence of B over A; PBC = prevalence of B over C; PC = (S+C) >
70%; PCA = prevalence of C over A; PCB = prevalence of C over B.
For organic matter content determination, we put 10 g subsamples in
porcelain containers, previously individually identified and weighed.
Incinerated in an oven (500 °C for 3 hours) and weighed again. The
difference between the initial and final weigh indicated the organic
matter content of each sample, which was expresses as a proportion of
the initial weight (Hieri et al. 2001). The obtained data were grouped
by season of the year as follows: January—March = summer, April—
June = autumn, July—September = winter, and October—December
= spring. The specimens of Hepatus pudibundus (Figure 2) were
identified following Melo (1996) and sorted by sex, based on abdominal
morphological features (male = triangular-shaped abdomen; female =
round-shaped abdomen), and number of pleopods (males = two pairs;
females = four pairs).

3. Data analysis

Prior the analyses the data were tested for normality (Shapiro-Wilk’s
test) and homoscedasticity (Levene’s test) (Zar 1999). Abundance,
bottom and surface temperature and bottom salinity were compared
between months and transects using the Friedman test (a0 = 0.05).
Moreover, the phi-values were compared between transects also using
the Friedman test (o= 0.05) (Zar 1999). We used a Redundancy Analysis
(RDA) to detect possible relationships between the abundance of H.
pudibundus and the environmental variables. This analysis requires the
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Figure 2. Hepatus pudibundus (Herbst, 1785). Adult male (carapace width
72.7 mm).

existence of two dependent variables, at least. Thus, we grouped the
individuals into males (M) and females (F). The RDA produces final
coordination scores that summarize the linear relationship between
the explanatory and response variables. Only environmental variables
with scores higher than 0.4 and lower than -0.4 were considered as
biologically significant (Rakocinski et al. 1996). This analysis was
performed using the Vegan (Oksanen et al. 2012) package for R (R
Development Core Team, 2012).

Results

Along the year there were significant differences between surface
(Friedman test Fr = 93.4; p = 0.0001) and bottom water temperature
(Friedman test Fr = 51.84; p = 0.0001). Moreover, a thermocline was
seen from January through April (Figure 3A, B). Bottom temperatures
decreased gradually with the increase in depth (Friedman test Fr=54.8;
p=0.0001), whereas surface temperature was homogeneous (Fr=13.4;
p = 0.0974) (Figure 3C, D). Spatially, bottom salinity was lower at 2
m (33.1%o) and higher at 40 m of depth (35.4%o) (Friedman test; Fr =
20.4; p = 0.0089) (Figure 4).

Phi-values differed between transects (Fr=71.68; p=0.0001). The
highest proportions of sediment silt and clay occurred in association
with high organic matter content in the 5—10 m deep transects. Below
10 m of depth, these proportions decreased. Most transects were
characterized by a high amount of silt and clay, except the transects 30
and 35 m deep, which had lower phi-values (Figure 5), i.e., a coarser
sediment grain size composition.

In total, 1808 crabs were collected. There were no significant
differences in abundance between months (Friedman test; Fr=11.4; p
=0.4102) or seasons (Friedman test; Fr = 5.9; p = 0.1166) (Table 1).
There was, however, a significant variation in abundance between
transects (Friedman test; Fr = 34.0; p = 0.0001) (Table 1). Higher AH.
pudibundus abundances were associated with bottom temperatures of
19-22 °C, salinities of 38—40 %o, sediment phi of 3.08—4.48, and organic
matter content of 2.90—7.15% (Figure 6). The highest abundance was
recorded in winter at 15 m of depth, and the lowest in spring/summer at
30—40 m of depth. Nonetheless, the species showed a wide distribution,
being found in all seasons. In spring and summer, the crabs were more
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abundant in the transects 10—20 m deep where the organic matter content
was higher (Figure 7). As can be seen in the RDA Axis 1 (94.4 %), the
abundance of males and females was correlated with sediment phi and
organic matter content, and these two factors were the most important
determinants of H. pudibundus distribution (Table 2).

Discussion

Hepatus pudibundus showed a wide spatio-temporal distribution but
its abundance varied according to variation in environmental factors. In
Ubatuba there are several bays and inlets which form a semi-enclosed
region water circulation difficult (Mahiques 1995). These characteristics
favor the entrapment of urban sewage coming from the Northern coast
of Sao Paulo, which increases the food availability to detritivores and
filter-feeders (Negreiros-Fransozo et al. 1991). Also, environments
with a high content of organic matter favor the establishment and
development of a variety of organisms (Negreiros-Fransozo et al. 1991).
Therefore, the establishment of this species may be due to the good
conditions in this place, since this species is an opportunistic predator
(Mantelatto & Petracco 1997).

According to Fransozo et al. (2012), the influx of this nutrient-rich
cold-water mass may influence the composition and abundance of
decapod crustaceans. Although temperature was not a significant factor,
the decrease in H. pudibundus abundance during spring and summer
may have been related to the influx of SACW, which caused a seasonal
migration to shallower, warmer areas, where the organic matter increases
in this period. During summer, and with the entrance of SACW,
abundant salpids (Tunicata, Salpidae), among other diverse invertebrate
groups, feed on phyto- and nanoplankton, and their decomposition and
defecation form fecal pellets that are incorporated into the sediment as
organic matter and benefit the benthos (Pires-Vanin et al. 1993).

The higher abundance in deeper areas during autumn and winter
may be explained by the action of currents and high amplitude waves,
which swirls the sediment and suspends the abundant detritivore and
filter-feeding macrofauna (Pires et al. 1993) that are food sources for
many decapods, induding H. pudibundus. Moreover, as in these seasons
the temperature becomes more homogeneous, as well as H. pudibundus,
other carnivorous species are more predominant in the inner platform,
such as, Callinectes ornatus Ordway, 1863; Achelous spinimanus
(Latrelle, 1819) and Libinia spinosa Guérin, 1832 (Pires-Vanin et al.
1993, Petti et al. 1996).

The low abundance seen in the very shallow transects (2 m deep)
may have been caused by the freshwater influx coming from four rivers
that form estuaries in Ubatuba and decrease salinity (Mantelatto et al.
1995a). The same author also found a lower abundance near estuaries
in Fortaleza Bay, in the northern coast of Sdo Paulo. Many authors
consider sediment texture and organic matter content as the causes of
abundance fluctuations of benthonic species (Ishikawa 1989, Fransozo
etal. 1992, Costa et al. 2005). In our study, 72% of the individuals were
captured between 10—25 m of depth. The sediment in these transects was
composed mainly by silt and clay, and fine and very fine sand, which
usually to have a higher percentage of organic matter (Castilho et al.,
2008). Therefore, these areas are favorable for H. pudibundus, offering
food and shelter for a species that buries into the sediment (Mantelatto et
al. 1995a). Moreover, Mantelatto & Petracco (1997), which investigated
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Figure 3. Boxplots of bottom (BT) and surface (ST) temperature (median, minimum and maximum) per month (A and B) and per transect (C and D) in
January-December 2000, in the region of Ubatuba, Sdo Paulo, Brazil (Friedman Test; different letters indicate a statistically significant difference).

Figure 4. Variation in mean salinity according to depth, Ubatuba, 2000.

the diet of H. pudibundus, concluded that this species is an opportunistic
predator which has a large variety of preys, including mollusks, annelids,
and foraminiferans, which are more abundant in finer sediments.

In our study there was a positive correlation between the abundance
and phi (sediment texture) and organic matter content, corroborating the
findings in close areas, as made by Mantelatto et al. (1995a) in Fortaleza
Bay, where H. pudibundus was also more abundant in regions with higher
organic matter content. On the other hand, Lima et al. (2014a) found no
significant relationship, probably because their sampling was restricted
to depths of 20 m or less. Nonetheless, they found the higher number
of individuals in Mar Virado Bay, in which the silt and clay fraction

http://dx.doi.org/10.1590/1676-0611-BN-2018-0549

Figure 5. Granulometric fractions, organic matter content (% OM), and sediment
mean grain size (Phi) of each transect. Grain-size classes (%) are: class A (sand,
coarse sand, very coarse sand, and gravel), class B (fine sand and very fine sand),
and class C (silt and clay).

predominates. Like H. pudibundus, other species of crabs that are buried
such as Arenaeus cribrarius (Lamarck 1818) by Pinheiro et al. (1996),
Callinectes danae Smith, 1869 by Chacur & Negreiros-Fransozo (2001),
and L. spinosa by Braga et al. (2007), are also most frequently found in
areas with finer sediments along the Northern coast of Sao Paulo.
According to McNaughton & Wolf (1970), the dominance of certain
species may be explained by two non exclusive hypotheses. The first
postulates that dominant species are generalist and can tolerate varied
environmental conditions, and the second one says they are specialists
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Table 1. Hepatus pudibundus (Herbst 1785). Number of individuals per month and sampling station captured from January until December 2000 (2, 5, 10, 15 (internal
area), 20, 25, 30, 35 and 40 m (external area)). (Results of Friedman = Fr test, different letters indicate a statistical significant difference (p < 0.05).

Seasom  Months Internal area External area Total
2m Sm 10m 15m 20m 25m 30m 35m 40m Month  Season

Jan 0 0 47 39 7 0 94

Summer Feb 0 15 6 67 23 116 367
Mar 3 11 94 38 5 157
Apr 0 11 30 43 43 137

Autumm  May 0 2 2 24 26 50 90 203 461
Jun 0 0 78 1 0 35 0 121
Jul 5 14 15 85 2 66 1 3 64 255

Winter Aug 0 34 7 23 38 65 3 7 0 177 549
Sep 15 2 84 0 8 0 0 0 117
Oct 3 33 111 73 23 0 1 0 253

Spring Nov 24 27 4 20 13 24 4 0 0 116 431
Dec 1 4 12 17 19 8 0 1 0 62

Total 51 127 244 594 228 232 79 99 154 1808 1808

Fr Test (A) (AB) (AB) B) (AB) (AB) (A) (A) (A)

Figure 6. Hepatus pudibundus (Herbst, 1785). Mean number of individuals per trawl for each class of environmental factors in Ubatuba, State of Sao Paulo,

Southeastern Brazil (January-December 2000).

and adapted to a narrower set of conditions. In general, areas deeper
than 20 m in Ubatuba suffer a high influence of sea currents, resulting
in more heterogeneous sediments with predominance of fine and very
fine sand, and low organic matter content (Furtado & Mahiques 1990).
As H. pudibundus is a burrowing species, coarse sandy sediments with
dendritic fragments may hinder its establishment (Bertini & Fransozo
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2004) thus, sheltered bays with a heterogeneous substrate may be
unfavorable to this species (Lima et al. 2014a).

Our results strong support the hypothesis that the distribution of
H. pudibundus is modulated by abiotic factors, especially those related
to the sediment. It’s worth mentioning that Ubatuba has been under an
intense urbanization process, which will likely affect the local marine
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Figure 7. Hepatus pudibundus (Herbst, 1785). Seasonal distribution according to depth and organic matter content. Bars indicate the number of crabs and dots
indicate the organic matter content (N = number of crabs, OM = Organic matter, Su = Summer, Au = Autumn, Wi = Winter, Sp = Spring).

Table 2. Hepatus pudibundus (Herbst 1785). Redundancy Analysis (RDA)
showing the relationship between demographic groups and environmental
variables, in Ubatuba Bay, Sao Paulo, Brazil.

Axis 1 Axis 2
Eigenvalue 0.020 0
Proportion Explained 0.944 0.056
Cumulative Proportion 0.944 1
Abundance of individuals
Males -0.329 -0.091
Females -0.376 0.079
Environmental variables
Botton temperature (BT) 0.105 -0.132
Botton salinity (BS) -0.213 -0.638
Organic Matter (OM) -0.872 0.237
Phi -0.440 -0.475

* Values in bold indicate the variables considered as biologically significant
(i. e.> 0.4 and < - 0.4) Rakocinski et al. (1996).

diversity in different ways. Thus, only through comprehensive and
rigorous studies on key populations and communities of commercial
and/or ecological importance it will be possible to stablish conservation
strategies and protected areas. Also, abundant species could be used as
bioindicators, to ensure that natural resources are used in a sustainable
way, and that the natural biodiversity is being protected against natural
and anthropic actions.
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