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Abstract

The spatio-temporal distribution of Achelous spinimanus demographic groups (juveniles, and adult
males and females) and its relation with environmental factors was analyzed in the region of Ubatuba,
southeastern Brazil. We performed the samplings from January to December 2000, at eight sites of
different depths. A total of 402 specimens of A. spinimanus was captured. The lowest abundance of all
demographic groups occurred in summer, while in winter and spring the abundance of adults was very
high. Spatially, juveniles were found at 5 to 35m of depth, while adults at 15 to 40m, but were more
abundant at 25m. The low abundance of all demographic groups during summer is probably due to
the arrival of the South Atlantic Central Water in the region, which decreased the water temperature
and salinity. These changes caused the migration of A. spinimanus to more sheltered places of the bay,
possibly due to more favorable environmental conditions. The high abundance of the demographic
groups at 25m of depth was due to its more heterogeneous sediment, and to avoid competition with
other species more abundant in shallower areas. Therefore, the factors that modulate the distribution
of A. spinimanus may differ depending on the ontogenetic phase.
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Introduction

The distribution of marine decapod crustaceans is generally linked to the depth
gradient, and determined by one or a set of environmental factors (sediment tex-
ture, organic matter content, bottom salinity and temperature) and biotic factors
(Mantelatto et al., 1995; Fantucci et al., 2009). In addition, Guillory et al. (2001) and
Andrade et al. (2014) showed that habitat selection by individuals depends on the
specific physiological needs of each life cycle phase. However, understanding the
distribution patterns of benthic populations is difficult due to the extension of the
marine environment and the complex interactions between species and environ-
mental factors (Shirley ef al., 1990). Therefore, studies in small areas, such as coves
and bays, can help to understand the interactions between these invertebrates and
the environmental factors (Braga et al., 2007).

The northern coast of the State of Sdo Paulo has a high number of bays due to
its proximity to the hills of Serra do Mar (Mahiques, 1995). This conformation al-
lowed the formation of microhabitats that favor the development and establishment
of the marine biota (Negreiros-Fransozo et al., 1991). However, due to the presence
of a rich biota, the Ubatuba region is intensely exploited by trawl fisheries targeting
shrimps of commercial interest. Trawling is considered predatory and disturbs the
benthic communities (Mantelatto et al., 2016).

The swimming crab Achelous spinimanus (LATREILLE 1819) is part of the trawl-
ing bycatch fauna in Ubatuba (Fransozo et al., 2016; Mantelatto et al., 2016; Bertini
et al., 2010ab). This species is considered an important element in the food chain,
influencing the dynamics and organization of this environment (Bertini and Fran-
s0z0, 2004; Mantelatto and Fransozo, 1999). In addition, A. spinimanus reaches an
appropriate size and its flavor is suitable for consumption, which makes it a fishing
resource (Santos et al., 1995, Andrade et al., 2017). This swimming crab is distrib-
uted in the Western Atlantic, occurring from New Jersey (USA) to the State of Rio
Grande do Sul (Brazil), where it is captured from the tidal zone to a depth of 90 m
(Melo, 1996).

Achelous spinimanus has already been studied by other researchers. For instance,
in the Ubatuba region (SP) Santos et al. (1994, 2000), Lima et al. (2014) and Sousa
et al. (2018) studied its ecological distribution, and Santos and Negreiros-Franso-
zo (1999) its reproductive cycle. Branco and Lunardon-Branco (2002) reported its
trophic ecology in Armagéo do Itapocoroy, Penha (SC). Ripoli et al. (2007) studied
its population dynamics in a coastal stretch of Frade Island in Vitdria (ES). De Carli
et al. (2016) reported its fecundity and morphometry on the coast of Sao Paulo, and
Andrade et al. (2017) reported its reproductive and population traits in Macaé (R]).
Despite all these studies with A. spinimanus, nothing is known about the spatio-
temporal distribution of its demographic groups. A differential spatio-temporal
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distribution for demographic groups has been reported for other swimming crabs
such as Callinectes ornatus ORDWAY 1863 (Andrade et al., 2014), Callinectes danae
SmrTH 1869 (Barreto et al., 2006 and Antunes et al., 2015) and Arenaeus cribrarius
(LAMARCK 1818) (Silva et al., 2018). In view of that, we believe that A. spinimanus
also shows this pattern. Thus, this study analyzed the distribution of A. spinimanus
demographic groups in relation to depth, months, and environmental factors (bot-
tom temperature and salinity, phi and organic matter) in the Ubatuba region, from
January to December 2000. With this information we will expand the knowledge
on the biology of A. spinimanus, and help to develop more precise management
strategies. These strategies are needed since Ubatuba is under intense exploitation
by artisanal shrimp fisheries and A. spinimanus is commonly caught as a bycatch.

Methods
Study area

The region of Ubatuba, in the northern coast of the state of Sao Paulo, southeastern
Brazil, is a region of faunistic transition between tropical and subtropical regions,
and thus an important area for research on crustaceans (Mantelatto ef al., 2004 and
Boschi, 2000). According to Pires (1992), Ubatuba is strongly influenced by three
water masses: South Atlantic Central Water (SACW), with low temperature and sa-
linity; Tropical Water (TW), with high temperature and salinity; and Coastal Water
(CW), with high temperature and low salinity.

Data collect

Swimming crabs were collected monthly in the Ubatuba region with a fishing boat
equipped with two double rig nets, in the period from January to December 2000. A
total of eight depths (5, 10, 15, 20, 25, 30, 35 and 40 m) were delimited and monthly
trawled over a 30-min period (about 2 km each) covering a sampling area of about
18.000 m? (Figure 1). An ecobathymeter coupled with a GPS was used to record
depth at sampling sites. In each depth, samples of the substratum and water from
the bottom were monthly collected for analysis of environmental factors. Water was
collected with a Nansen bottle in order to obtain the temperature and the salin-
ity. Surface water was sampled also for the temperature. The temperature (°C) was
measured with a mercury thermometer and salinity (ppt) using an optical refrac-
tometer.

Sediment samples were obtained with a Van Veen grab (0.025 m?) to analyze
sediment grain size composition and organic matter content. Sediment samples
were transported to the laboratory and oven-dried at 70°C for 48 h. For the analy-
sis of grain size composition, two subsamples of 50 g were treated with 250 mL of
NaOH solution (0.2 mol/L) and stirred for 5 min to release silt and clay particles.
Next, the subsamples were rinsed on a 0.063 mm sieve. Grain size composition fol-
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lowed the Wentworth (1922) American standard, for which sediments were sieved
at: 2 mm (for gravel retention); 2.0-1.0 mm (very coarse sand); 1.0-0.5 mm (coarse
sand); 0.5-0.25 mm (medium sand); 0.25-0.125 mm (fine sand) and 0.125-0.063
mm (very fine sand). Smaller particles were classified as silt and clay.

The three most quantitative important sediment grain size fractions were de-
fined according to Magliocca and Kutner (1965): Class A - sediments in which
gravel (G), very coarse sand (VCS), coarse sand (CS), and medium sand (MS) ac-
count for more than 70% of the sample weight. In Class B, fine sand (FS) and very
fine sand (VES) constitute more than 70% by of the sample weight. In Class C, more
than 70% of the sediments are silt and clay (S+C). Phi values were calculated using
the formula phi = - log d, where d = grain diameter (mm), in which the following
scale was obtained: -2 = phi < -1 (G); -1 = phi < 0 (VCS); 0 = phi < 1 (CS); 1 = phi
<2 (MS); 2 = phi < 3 (ES); 3 = phi < 4 (VES); and phi > 4 (§+C). From these scales,
measures of central tendency were calculated in order to determine the most fre-
quent grain size fraction in the sediment. These values were calculated from data
extracted from cumulative curves of sediment frequency distribution. The values
corresponding to the 16th, 50th and 84th percentiles were used to determine the
mean diameter (md) using the formula md = phil6 + phi50 + phi84/3 (Suguio,
1973). These three categories were further combined to form nine different groups:
PA = (MS + CS + VCS + G)>70%; PAB = prevalence of A over B (FS + VES); PAC
= prevalence of A over C (S + C); PB = (FS + VES) >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. Finally, organic matter content of sediment
was estimated as the difference between initial and final ash-free dry weights of two
subsamples (10 g each) incinerated in porcelain crucibles at 500°C for 3 h.

Laboratory procedures

The individuals were identified according to Melo (1996), separated by sex by ab-
dominal morphology (triangular - males, rounded - females) and the number of
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pleopods (2 pairs - male, 4 pairs - female). Individuals with the sealed abdomen
were considered immature (IM), and those with the unsealed abdomen were con-
sidered adult. The individuals were separated into demographic groups: juveniles
(immature males + immature females), adult males and adult females.

Data analysis

The normality and homoscedasticity were tested by the Shapiro Wilk and Levene
tests, respectively. The environmental variables and the abundance of the demo-
graphic groups were compared between the depths and the months sampled, using
the Kruskal-Wallis statistical test, complemented by Dunn’s multiple comparison
test (Zar, 1996). The Mann-Whitney test was performed between the surface and
bottom temperatures in the months and depths. A Redundancy Analysis (RDA)
was used in order to detect possible relationships between the abundance of the
demographic groups and the environmental factors (bottom temperature and salin-
ity, phi and organic matter) (Oksanen et al., 2013). The variables were considered
biologically significant according to Rakocinski et al. (1996) (i.e. > + 0.4).

Two correspondence analyzes (CA) were made with the demographic groups
mentioned above: one with the different depths and another with the months. The
observed associations of both variables (abundance group and bathymetric distri-
bution) and (abundance group and months) were summarized by the frequency of
each cell in the table and then placed in a geometric dimensional space. The statisti-
cal significance of the values and proportion was evaluated using the chi-square test
(x2), with simulated p-value (based on 2000 permutations) (Nenadic and Greena-
cre, 2007).

Results

Mean bottom temperature was 23.6 * 2.3°C, ranging from 16.6 to 23.7°C, with a
significant difference between months (H = 39.8 and p <0.05) and between depths
(H = 28.7 and p <0.05) (Figure 2a and Table 1). Mean surface temperature was
23.5 + 2.7°C, ranging from 18.8 to 23.5°C, and it was significantly different between
months (H = 88.6 and p <0.05). A thermocline was observed from January to April
(Figure 2a and Table 1) and at depths above 15 m (Figure 2b and Table 1). Mean
salinity was 34.6 + 2.1, ranging from 30 to 40. The highest salinity was recorded in
June (Figure 3a), whilst the lowest occurred in May and September (Figure 3a and
Table 1) (H = 62.1 and p <0.05) and (H = 47.0 and p <0.05), respectively. The sedi-
ment at depths of 5-15 m had high phi values, characterizing a very fine sediment,
and also the highest organic matter content. At 20 m of depth and below, phi values
decreased, indicating a more heterogeneous sediment, and the organic matter de-
creased too (Figure 4).

A total of 402 specimens of A. spinimanus was collected, 28 juveniles, 105 adult
males, and 269 adult females. Only juveniles were found at the shallowest sites (5-10
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Figure 2. Mean and standard deviation of the bottom (B.T.) and surface (S.T.) temperatures sampled
monthly (a) and depth (b) in the year 2000. * Mann-Whitney test, p < 0.05.
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Table 1. Mean and standard deviation (+SD) of bottom temperature (BT), surface temperature (ST)
and bottom salinity (BS), recorded months and depths. Dunn test result; equal letters have no statisti-
cal difference (p> 0.05).

Months BT + SD Dunn ST + SD Dunn BS + SD Dunn
Jan 22.02 £3.62 ab 26.89£1.06 ab 33.91+1.00 abcdf
Feb 19.60+2.73 a 27.14+0.72 a 34.58+1.12 abcfg
Mar 20.22+2.66 a 25.79+0.74 abc 33.62+0.74 bed
Apr 21.31+2.29 ab 25.68+0.25 abc 33.91+0.23 abcd
May 22.62+1.37 b 24.42+0.69  bce 35.70+0.88  aefg
Jun 20.58+1.10 ab 22.89+0.42  cef 36.00+1.08  efg
Jul 19.83+0.38 ab 19.68+0.38 d 37.16+0.77 eg
Aug 19.16x0.80 a 19.45+0.66 d 37.70+0.45 e
Sep 18.85+0.63 a 20.43+0.71 df 31.41+1.10
Oct 20.18+0.88 ab 22.12+0.35 def 32.70+1.07 cd
Nov 19.18%1.16 a 22.68t1.16 def 35.25+2.76 abfg
Dec 23.15+1.93 b 24.85+0.79 abce 33.66+1.53 abcdf
Depths BT + SD Dunn ST + SD Dunn BS +SD Dunn
5m 23.11+£2.78 b 23.84+3.10 33.69+2.58
10m 21.98+2.27 ab 23.65£2.76 34.50+2.08
15m 21.18+2.47 abc 23.29+2.72 34.52+2.24
20m 20.16+1.54 abc 23.56+2.56 34.44+1.95

p>0.05 p>0.05
25m 20.09+1.48 ac 23.56%2.72 34.55+1.69
30m 19.39£1.18 c 23.24+2.64 34.97+2.31
35m 19.55+1.27 c 23.81+2.89 35.05+£1.98
40m 19.01£1.22 c 23.06+2.80 35.36+£1.96
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Figure 4. Percentages of granulometric classes and mean values of organic matter in the depths sam-
pled at Ubatuba. A: Class A (gravel, very coarse sand, coarse and medium). B: Class B (fine and very
fine sand). C: Class C (silt + clay).
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m), while adults of both sexes were more abundant at 20-25 m of depth (Figure 5).
The abundance of juveniles was not correlated with any depth (Figure 6a). Tempo-
rally, the lowest abundance of all demographic groups occurred in summer, while in
winter and spring the abundance of adults was very high (Figure 5 and Figure 6b).

The RDA indicated, in axis 1 (67.55%), a positive correlation between juveniles
and bottom temperature, phi, and organic matter, and a negative correlation with
salinity. Adults, however, were negatively correlated with bottom temperature, phi,
and organic matter, and positively with bottom salinity (Figure 7).

OJuveniles OMales mFemales

30m

25m
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3

Summer Autumn Winter Spring

Seasons

Figure 5. Distribution of demographic groups (juveniles, adult males and adult females) of Achelous
spinimanus in the seasons and depths sampled. The number under the circle represents the total col-
lected at the depth and season of the year.
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Figure 6. Correspondence Analysis of the abundance of demographic groups (AF = adult females,
AM = adult males, ] = juveniles) of Achelous spinimanus by depths (A) and months (B).
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Figure 7. Redundancy Analysis (RDA) between the demographic groups of Achelous spinimanus
(legend in figure 6) and the environmental variables (BT= bottom temperature; BS= bottom salinity;
Phi; OM= organic matter).
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Discussion

Our results showed that juveniles and adults of A. spinimanus were distributed
differentially between depths and months. In Ubatuba, sediment characteristics
change according to depth. Due to this change, plus other environmental factors
and interspecific interactions, various benthic species of this region are distributed
and adapted to certain depth ranges (Bertini and Fransozo, 2004b). The variation in
sediment texture and water temperature and salinity are explained by the hydrody-
namic regime of Ubatuba, as indicated by our results (Mahiques et al., 1998). The
interior area of the bay (5-15 m of depth) is composed of fine sediments with a high
amount of silt + clay. This occurs due to the bay’s low hydrodynamism, which favors
the deposition of fine sediments (Mahiques et al., 1998). On the other hand, sites
with depths of 20 m and below are situated offshore, in a region without physical
obstacles and strongly influenced by currents. There, the sediment texture is more
heterogeneous and fine/very fine sand predominates, and the amount of organic
matter is lower (Bertini ef al., 2003). In studies by Santos et al. (1994), Bertini and
Fransozo (2004b) and Mantelatto et al. (2016), the swimming crab A. spinimanus
was more abundant where the substrate was more heterogeneous. This fact explains
its higher abundance, in this study, in regions over 20 m of depth. According to
Williams (1984), crabs choose sites where their respiratory capacity is not impaired,
and by the presence of sites of easier burial. Substrates composed only of very fine
sediment, with a high amount of silt + clay, reduce the capacity to pump water to the
gills. Thus, some crab species prefer more heterogeneous substrates.

The RDA showed that water temperature seems to modulate the temporal dis-
tribution of A. spinimanus demographic groups. The temporal variation of water
temperature observed in this study may be related to the seasonal influence of the
SACW, since a thermal amplitude occurred from January to March, i.e., when the
region is under its influence. This thermocline has already been described by Pires
(1992), Bertini et al. (2001) and Hiroki et al. (2011) along the northern coast of Sao
Paulo. The SACW arrives in the region of Ubatuba, coming from deeper regions. It
reaches up to 15 meters in late spring and early summer, causing changes in temper-
ature and salinity, and increasing the primary productivity (Odebrecht and Castello,
2001; Lopes et al., 2006).

The changes caused by the arrival of the SACW seem to trigger a seasonal mi-
gration of adults to regions where environmental conditions were more favorable to
their establishment. Mantelatto ef al. (2016) found a higher abundance of A. spini-
manus in spring and summer in sheltered locations of Ubatuba, where there was
little influence of this water mass. This seasonal migration helps to explain the low
abundance of adults in the first semester of sampling. As of July (winter), when the
region was no longer under SACW influence, the abundance of adult A. spinimanus
increased at all sampling sites, especially at 20—25 m of depth, probably due to the
adults’ return from the sheltered areas of the bay. However, juveniles were distrib-
uted in several depths, including the shallower areas. Thus, the SACW had less in-
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fluence on this group and also caused a direct relationship between the abundance
of juveniles and the high bottom temperatures of these places.

In addition to the influence of temperature, the RDA indicated that adult abun-
dance was positively correlated to salinity, whereas juvenile abundance was nega-
tively correlated to salinity. Thus, juveniles had a wider distribution and occurred
from deeper to shallower areas. The shallow areas have a greater variation in salinity
due to freshwater supply from the continent. Adult males and females were more
abundant in deeper areas where there was little variation in salinity. Thus, adults
of both sexes were related to greater depths in the CA, the males at 15 m and the
females at 20—-25 m. This result suggests that at this development stage both sexes
have practically the same environmental requirements.

Another factor that seems to modulate the presence of juveniles in shallower
areas is the sediment’s high organic matter content. According to Hines et al. (1987),
the high number of juveniles at shallower depths may be related to the greater avail-
ability of shelter and food. A higher abundance of juveniles at lower depths was also
observed by Santos et al. (1995) with A. spinimanus, Heck et al. (2001) with Cal-
linectes sapidus RATHBUN 1896, Andrade et al. (2014) with C. ornatus and Antunes
et al. (2015) with C. danae.

The distribution of all demographic groups of this species seems to be modulated
not only by environmental factors, but also by interspecific interactions. According
to Bertini and Fransozo (2004b) the swimming crabs A. cribrarius, C. danae, and
C. ornatus are very abundant in the depths of 5-15 m (inside the bay). Moreover,
C. danae and C. ornatus show agonistic behavior and territorialism, which hinders
the establishment of other species (Andrade et al., 2014, Antunes et al., 2015). Thus,
adults of A. spinimanus may have settled mainly outside the bay (at 20 m of depth
and below) to avoid competition with these species.

To conclude, this study showed that, as reported for C. ornatus (Andrade et al.,
2014) and C. danae (Barreto et al., 2006 and Antunes et al., 2015), juveniles and
adults of A. spinimanus were distributed differently between depths and months,
corroborating our hypothesis. Juveniles were widely distributed, from shallower
areas 5 m deep to areas 35 m deep, and were more abundant in summer, whereas
adults were more abundant at greater depths (20-25 m), in winter and spring.
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Resumo

Fatores ambientais modulando a distribui¢ao batimétrica dos grupos demogra-
ficos de Achelous spinimanus (Crustacea)

A distribuicdo espago-temporal dos grupos demograficos (juvenis, machos e fémeas
adultas) de Achelous spinimanus foi analisada em relagao aos fatores ambientais na
regido de Ubatuba. Foram realizadas as amostragens de janeiro a dezembro/2000,
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em oito profundidades. Um total de 402 espécimes de A. spinimanus foi coletado.
A menor abundancia de todos os grupos demograficos ocorreu no verao, enquanto
no inverno e na primavera a abundéancia de adultos foi muito alta. Espacialmente,
os juvenis foram amostrados de 5 a 35m, enquanto os adultos distribuiram-se de 15
a40m, sendo a maioria amostrada nos 25m. A baixa ocorréncia de todos os grupos
durante o verdo deve-se, provavelmente, a chegada da Agua Central do Atlantico
Sul na regido, que provocou a diminui¢ao da temperatura da agua e da salinidade,
levando a migragao dos caranguejos para locais mais abrigados da enseada, onde as
condi¢des ambientais eram possivelmente mais favoraveis. A maior ocorréncia dos
grupos demograficos nos 25 metros se deve ao tipo de sedimento mais heteroge-
neo, além de evitar a competi¢do com outras espécies mais abundantes em menores
profundidades. Portanto, os fatores que modulam a distribuicao de A. spinimanus
podem ser diferentes dependendo da fase do desenvolvimento ontogenético.

Palavras-chave
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