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Abstract: The decapod fauna in the intertidal zone of the rocky shores of Chile is highly diverse,
especially along the northern and central mainland coasts, where the influence of the cold Humboldt
Current results in high productivity. One of the most abundant species in these ecosystems is the
decapod Cyclograpsus cinereus Dana, 1851. The aim of the present study, carried out in the spring and
summer seasons between 2018 and 2020, was to determine the spatial distribution patterns of the
decapod C. cinereus in different sites along the rocky shores of Antofagasta bay, northern Chile, in order
to establish probabilistic models that explain its distribution at each site. Individuals were counted in
random quadrants in the intertidal zone. The data thus obtained were processed by application of the
variance/mean ratio to determine whether the distribution of individuals was random, aggregated or
uniform, associated with Poisson, negative binomial or positive binomial distributions, respectively.
The data revealed aggregated (negative binomial) distribution in 15 sampling events, and uniform
(positive binomial) distribution in 4 events. The sampling sites were located on rocky shores in
four sectors of an urban zone, and two in a protected zone; no significant differences were found
between the densities of the sites in the two zones. The results of the interpretative probabilistic
models indicated aggregated distribution patterns, agreeing with previously reported interpretative
probabilistic models for the distribution of decapods on the rocky shores of central and southern Chile.

Keywords: Cyclograpsus cinereus; spatial distribution; intertidal; rocky shore; negative binomial
distribution

1. Introduction

The intertidal decapods of the mainland coast of Chile are characterised by their high
species diversity. This is especially the case in central and northern Chile (18–33◦ S), due to
the strong influence of the cold Humboldt Current, associated with continuous upwelling
processes, which supports high productivity and in consequence high species diversity [1,2].
In this scenario, there are many widespread decapod species in southern Peru and northern
and central Chile [2–4].

The high environmental heterogeneity of rocky shores is due to the irregular character
of the substrate. The typical creeks [2–4] and areas of rounded rocks give rise to microen-
vironments that can sustain high invertebrate species richness, as was observed in early
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studies of the rocky shores of central Chile [5,6], and in recent studies of the country’s main-
land coast [7]. The ecological importance of these species is their function as detritivores;
they are also prey species for littoral rocky fishes, sea birds and larger crabs [5,6,8]. The
decapod species reported include creek-dwelling Grapsid crabs, as well as smaller crab
species that inhabit the spaces underneath rounded rocks, such as Cyclograpsus cinereus
Dana, 1851, Petrolisthes granulosus (Guerin, 1835) and P. violaceus (Guerin, 1830) [2,5–7].

C. cinereus is widespread along the mainland Chilean and Peruvian coasts [2,5,7,9],
and on Chilean oceanic islands [2,10,11]. This species lives mainly under rounded rocks,
and forms an important component of the rocky shores of mainland Chile. According to evi-
dence from central Chile, it alternates with Porcellanid crabs as the dominant species [2,5,6].
The literature indicates that this species is gregarious at low tide, but that the individuals
spread out at high tide; they are detritivores, and are preyed on by littoral fishes [5,6,8].
Their gregarious behaviour at low tide would be a strategy to avoid desiccation, protect
themselves against potential predators, and obtain more efficient use of food resources;
however, there are no studies of the density or spatial patterns of these populations [5,6] to
indicate whether their distribution pattern, explained by probabilistic models, is random,
uniform or aggregated.

The aim of the present study was to determine the spatial distribution patterns of the
decapod C. cinereus in different sites along the rocky shores of Antofagasta bay, northern
Chile, in order to establish probabilistic models that explain their distribution at each
site. Our hypothesis was that the spatial distribution of C. cinereus on the rocky shores of
Antofagasta bay would follow a defined probabilistic pattern.

2. Materials and Methods
2.1. Study Sites

The sites were selected on rocky beaches with rounded rocks along the seafront of
Antofagasta bay [12]. Two of the sites were in a protected zone designated for littoral fishery
resource management, in accordance with Chilean law (El Lenguado 1 and El Lenguado
2), where no aquatic resource extraction or culture is permitted; these sites are located at
the south end of Antofagasta bay, where there is a very narrow coastal plain with granitic
and basaltic rocky shores [12] (Table 1, Figure 1). The other four sites were located within
the urban zone of Antofagasta city (Playa Blanca, Las Almejas, Trocadero and Jardines del
Norte), where there is a wide coastal plain with basaltic rocky shores. The sites were visited
in September, December and February 2018–2020 at low tide (Table 1, Figure 1).

Table 1. Geographical locations of sites included in the present study.

Site Geographical Location

Jardines del Norte 23◦34′48.4′′ S; 70◦23′36.4′′ W
Trocadero 23◦34′57.2′′ S; 70◦23′40.5′′ W

Las Almejas 23◦40′13.8′′ S; 70◦24′35.5′′ W
Playa Blanca 23◦40′34.5′′ S; 70◦24′50.7′′ W

El Lenguado 1 23◦46′09.5′′ S; 70◦28′22.2′′ W
El Lenguado 2 23◦46′21.7′′ S; 70◦28′26.1′′ W

2.2. Data Collection

Initial species identification was done in situ, based on literature descriptions [3,6,9].
Random quadrants (10 × 10 cm) were defined at each study site (n = 90 for each site)
during low tide. This size of quadrant was chosen as being most suitable for observing this
fast-moving species [5,6], and in view of the irregular topography of the site with creeks
and rounded rocks [13,14]. Data were recorded manually in a field notebook.
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2.3. Data Analysis

In the first stage, the abundance of C. cinereus was compared between each sampling
site/date (“event”) and between the two groups of sites (protected and with human
intervention). The data were tested for homoscedasticity and normality; if the results were
negative, further non-parametric tests were performed, including the Kruskal–Wallis test
and Dunnett’s multiple comparison [15], using Python software [16]. Normal distribution
and homogeneity of variance were verified; in the absence of both conditions, we carried out
a Kruskal–Wallis test using the Pandas, NumPy, Matplotlib and Seaborn libraries [17–20],
and Dunnett’s multiple comparison test using the bioinfokit library [21].

A variance/mean ratio was obtained for each sampling event, first to determine
whether the distribution was random (value equal to 1); uniform (value less than 1); or
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aggregated (value greater than 1) [22–24]. Once the spatial pattern had been established,
we determined whether the distribution of the species was Poisson, binomial or negative
binomial; this was done manually using Excel software and literature descriptions [22–24].

3. Results

The results denoted a density varying between 0.96 ind/0.01m2 (Trocadero, February
2020), and 2.64 ind/0.01 m2 (Las Almejas, September 2018; Table 2). The results of the
Kruskal–Wallis test revealed the existence of significant differences between sampling
events (T = 426.51; p < 0.01), while the Dunnett’s multiple comparison test revealed that the
events with maximum and minimum abundance showed marked differences against the re-
maining events (Table 3). The results of the variance/mean ratio revealed that most events
presented a value greater than 1.0, implying potential association with a negative binomial
distribution; the exceptions were Playa Blanca (6 February 2020, 28 December 2019), Tro-
cadero (28 December 2019), and Playa Blanca (17 September 2019) where a variance/mean
ratio value lower than 1.0 was reported, associated with positive binomial distribution
(Table 1). The presence of negative binomial and positive binomial distribution patterns,
associated, respectively, with variance/mean ratio greater than 1.0 and lower than 1.0, are
significant for each case (p < 0.01; Figure 2).

Table 2. C. cinereus mean density (ind/grid 10 × 10 cm), variance (var) and variance/mean ratio for
sampling events.

Sampling Date Site n Mean Var Var/Mean Ratio

7 February 2020 Jardines del Norte 90 0.35 0.52 1.49
6 February 2020 Playa Blanca 90 1.02 0.79 0.77
6 February 2020 Las Almejas 90 2.17 2.35 1.08
5 February 2020 El Lenguado 2 90 1.47 1.55 1.05
5 February 2020 El Lenguado 1 90 1.62 6.19 3.82

28 December 2019 Playa Blanca 90 2.56 2.05 0.80
28 December 2019 Las Almejas 90 1.30 1.74 1.34
28 December 2019 Trocadero 90 1.78 1.03 0.58
27 December 2019 El Lenguado 1 90 1.28 1.24 0.97
27 December 2019 El Lenguado 2 90 1.13 1.31 1.15
17 September 2019 Playa Blanca 90 0.72 2.18 3.02
17 September 2019 Las Almejas 90 0.72 2.18 3.02

7 February 2019 Trocadero 90 0.96 1.30 1.36
7 February 2019 Jardines del Norte 90 1.19 2.72 2.29
7 February 2019 Las Almejas 90 1.04 1.17 1.12
7 February 2019 Playa Blanca 90 1.19 2.72 2.29
7 February 2019 El Lenguado 1 90 0.92 1.42 1.54

29 December 2018 Las Almejas 90 0.19 0.31 1.65
21 September 2018 Las Almejas 90 2.64 5.22 1.97

Table 3. P values for Dunnett’s multiple comparison tests for C. cinereus densities in sampling events
(p values lower than 0.05 denote significant differences, in bold).

S R Q P O N M L K J I H G F E D C B

A 0.000 1.000 0.000 0.032 0.134 0.001 1.000 0.000 1.000 0.006 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000
B 1.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 1.000 1.000 0.000 0.000 0.001 0.000 0.002
C 0.194 0.000 1.000 0.474 0.130 1.000 0.000 1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 0.000
D 0.000 1.000 0.018 1.000 1.000 0.373 0.987 0.060 1.000 1.000 0.000 0.000 0.002 0.000 0.000
E 0.101 0.000 1.000 0.846 0.247 1.000 0.000 1.000 0.000 1.000 1.000 1.000 1.000 1.000
F 0.047 0.000 1.000 1.000 0.491 1.000 0.000 1.000 0.000 1.000 1.000 1.000 1.000
G 0.009 0.000 1.000 1.000 1.000 1.000 0.000 1.000 0.000 1.000 0.850 0.850
H 1.000 0.000 0.148 0.000 0.000 0.006 0.000 0.048 0.000 0.001 1.000
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Table 3. Cont.

S R Q P O N M L K J I H G F E D C B

I 1.000 0.000 0.148 0.000 0.000 0.006 0.000 0.048 0.000 0.001
J 0.000 0.061 1.000 1.000 1.000 1.000 0.000 1.000 0.541
K 0.000 1.000 0.004 1.000 1.000 0.117 1.000 0.016
L 0.000 0.001 1.000 1.000 1.000 1.000 0.000
M 0.000 1.000 0.000 0.000 0.001 0.000
N 0.000 0.010 1.000 1.000 1.000
O 0.000 0.945 1.000 1.000
P 0.000 0.279 1.000
Q 0.001 0.000
R 0.000

A = Las Almejas: 21 September 2017; B = Las Almejas: 29 December 2017; C = El Lenguado 1: 7 December
2018; D = Playa Blanca: 7 February 2019; E = Las Almejas: 7 February 2019; F = Trocadero 1: 7 February 2019;
G = Trocadero 2: 7 February 2019; H = Playa Blanca: 17 September 2019; I = Las Almejas: 17 September 2019;
J = El Lenguado 1: 27 December 2019; K = El Lenguado 2: 27 December 2019; L = Trocadero 2: 28 December 2019;
M = Playa Blanca: 28 December 2019; N = Las Almejas: 28 December 2019; O = El Lenguado 2: 5 February 2020;
P = El Lenguado 1: 5 February 2020; Q = Playa Blanca: 6 February 2020; R = Las Almejas: 6 February 2020;
S = Jardines del Norte 2: 7 February 2020.
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4. Discussion

The results showed that the presence of C. cinereus in sites included in the present
study agrees with classic literature on the biogeography of this species on the coast of
mainland Chile [2,3,7]. The presence of negative binomial distribution in many of the
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sampling events would agree with the early literature on rocky shores in central Chile,
in which this species was described as forming groups that live under rounded rocks in
the intertidal zone [6]. A similar pattern was reported for Petrolisthes granulosus in central
Chile [5], and these two species coexist along the rocky shores of this area [2,5–7]. However,
these references did not report any quantitative data on population density.

The use of probabilistic models for the spatial distribution of marine crustaceans in
mainland Chile was reported for the intertidal rocky shore in central Patagonia. The results
show a preference for aggregated patterns, associated with negative binomial distribu-
tion [23]. This association of an aggregated pattern with negative binomial distribution has
been reported by classic literature on benthic fauna [25], as well as by applied entomologi-
cal studies [22]. The same pattern was reported for inland water crustaceans in Chilean
Patagonia [24,26], for intertidal invertebrates on the north Patagonian coast [27], and for
the gastropod Echinolittorina peruviana on the rocky shore of Antofagasta [12]. The existence
of uniform distribution in four of the 19 sampling events is probably due to interspecific
interactions, most likely competition with other species that share the same ecological
niche [5–7].

The presence of negative binomial distribution associated with aggregated distribution
is a survival strategy for the efficient use of trophic resources [5,6], as well as a protection
against desiccation in intertidal environments [28–30]. The literature describes the existence
of migration patterns influenced by the tides and day—night cycle [5,6]. At low tide,
intertidal crustaceans, including C. cinereus, form groups under rounded rocks that create
a favourable microenvironment [31], whereas at high tide the individuals are dispersed,
probably to avoid predation [5,6]. In this scenario, more detailed study is needed to inves-
tigate potential migration patterns based on the tides and the day–night cycle [5,6,12,13].
In our study, the samples were collected in the middle of the day at low tide, but future
studies could be extended to variations in spatial distribution at different times of day and
state of the tide [5,6]. The influence of the topographical characteristics of each habitat
could also be explored. In the long term, the oceanographic conditions that can affect the
population structure might also be investigated.
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