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The sea urchin Pseudechinus magellanicus is a dominant species in coastal habitats of southern Argentina 
and Chile. This study investigates its size distribution, abundance, and spatial arrangement in relation 
to coastal environmental gradients and habitat complexity along a depth gradient in central Patagonia 
(Argentina) during the austral spring. P. magellanicus exhibited a unimodal response to depth, with lower 
densities observed at intertidal levels and depths greater than 12 m. Size distribution showed depth-related 
patterns, with larger individuals prevalent at subtidal levels, intermediate sizes more common in intertidal 
and shallow depths, and recruits and juveniles most abundant at the infralittoral fringe and subtidal zones. 
A positive relationship between structural complexity and sea urchin densities was found, especially for 
smaller size classes. Conversely, larger individuals tended to inhabit areas with lower structural complexity 
and higher food availability. Sedimentation impacted the vertical distribution, particularly affecting recruits, 
juveniles, and young adults. Spatial arrangement analysis showed that aggregation is the predominant 
pattern along the coastal depth gradient. However, at depths of 3–5 m, where the kelp forest (Macrocystis 
pyrifera) dominates, recruits, juveniles, and intermediate-sized sea urchins displayed a less aggregated, 
more random distribution. These findings reveal the critical role of habitat complexity and depth in shaping 
the population dynamics of P. magellanicus and highlight the adaptability of this species to varying habitat 
conditions and its potential as an indicator of coastal ecosystem health.
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BACKGROUND

Sea urchin populations vary greatly over time 
and space, causing significant changes in community 
structure due to intense competition, high herbivory 
pressure, and bioerosion from dominant species 
(Alcoverro and Mariani 2002; Levitan et al. 2014). 

Habitat structural complexity is considered a crucial 
factor influencing species distribution and abundance, 
with implications for higher organizational levels, 
such as providing refuge from predators and affecting 
resource availability and feeding rates (Hereu et 
al. 2005). Studies have shown positive correlations 
between structural complexity and sea urchin densities 
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(Benedetti-Cecchi and Cinelli 1995; Cordeiro et al. 
2014; Hereu et al. 2005). Field experiments have shown 
that structural complexity promotes the survival of sea 
urchin juveniles by reducing predation and enhancing 
recruitment (Hernández et al. 2008; Palleiro-Nayar et al. 
2011; Scheibling and Hamm 1991). 

The dwarf sea urchin Pseudechinus magellanicus 
is a dominant species in coastal habitats of southern 
Argentina and Chile (Brogger et al. 2013). Despite its 
ecological importance, the influence of biotic (e.g., 
predation, recruitment) and abiotic factors (e.g., density, 
size structure, spatial arrangement) remains scarcely 
studied (but see Ríos et al. 2003). In the central zone 
of the San Jorge Gulf, P. magellanicus is found in both 
the subtidal and intertidal regions, enabling the study 
of its vertical distribution (Gil 2015; Gil et al. 2021). 
The intertidal and shallow subtidal zones provide 
highly complex environments, ideal for examining 
environmental effects within microhabitats (Raffaelli 
and Hawkins 1996). The diversity and availability of 
microhabitats, combined with microclimatic variations 
resulting from interactions between topographical 
features (such as tidal pools and channels) and the 
structural complexity of various macroalgae groups 
(e.g., articulated corallines, kelps) (Zaixso et al. 2015), 
may contribute to environmental heterogeneity and 
likely influence the distribution and abundance of P. 
magellanicus.

Coastal benthic ecosystems are considered 
mosaics of environmental categories due to temporal 
and spatial variation of physical and biological 
factors (Archambault and Bourget 1996; Fraschetti 
et al. 2005). Baseline information on the influence of 
environmental heterogeneity along a coastal depth 
gradient on the density of adult, juvenile, and recruits of 
P. magellanicus is currently lacking. This information is 
particularly important for dominant species, especially 
in the context of global climate change. Recruitment 
in benthic marine invertebrates varies in space and 
time, and is dependant on reproductive success, larval 
availability and transport, substrate selection for 
settlement, and early post-settlement mortality (Morgan 
et al. 2000; Pineda et al. 2009). Sea urchin larvae can 
settle in environments with high structural complexity, 
such as articulated coralline algae or foliose red algae, 
leading to active substrate selection by some species 
(Doll et al. 2022). Alternatively, recruits may settle 
indiscriminately in both intertidal and subtidal areas, 
with early mortality and migration influencing final 
distribution. In some species, sea urchin juveniles seek 
microhabitats with lower post-settlement mortality 
(Cameron and Schroeter 1980), while other studies 
suggest that post-settlement mortality alone determines 
recruit distribution and population density (Morgan et 

al. 2000).
The spatial  arrangement of a species is a 

fundamental population feature, with aggregated 
dispersion being the most common pattern due to 
species traits, inter-individual relationships, and 
environmental variations (Krebs 1999). Sea urchins 
often exhibit aggregated dispersion due to factors such 
as reproductive and feeding aggregations (Levitan et 
al. 1992; Sun et al. 2021), environmental influences 
(Beddingfield and McClintock 2000), defense against 
predators (Bernstein et al. 1983), and protection for 
juveniles (Breen et al. 1985; Nishizaki and Ackerman 
2007). It is expected that the spatial arrangement of 
P. magellanicus in coastal habitats will be influenced 
by habitat complexity and the availability of food and 
shelter in intertidal and subtidal environments. This 
field-based study aims to: (1) examine population 
parameters of P. magellanicus (e.g., size distribution and 
density) in relation to coastal environmental gradients 
and habitat complexity, and (2) determine spatial 
arrangement patterns among different size classes along 
a coastal depth gradient in San Jorge Gulf, Patagonia, 
Argentina.

MATERIALS AND METHODS

Study area and field sampling

Sampling was conducted in La Tranquera, a 
rocky shore located along the central coast of the San 
Jorge Gulf, Argentina (46°02'24.61"S, 67°35'52.61"W), 
from September to October of 2010. This timeframe 
was chosen to align with the austral spring, coinciding 
with significant spawning events typically observed 
between August and September (Gil et al. 2020), 
thus maximizing the chance of encountering recruits. 
The area consists of hard sedimentary bedrock with 
extensive shallow and deep tidepools, primarily located 
within the low mid-littoral zone and upper infralittoral 
fringe. The sampling area is subjected to a daily tidal 
cycle comprising of two low tides and two high tides, 
with average and maximum fluctuations of around 4.2 
and 6.1 meters, respectively. The annual variation in sea 
water temperature ranges from 6.1 to 13°C, while the 
salinity remains at approximately 34.5 psu (Verga et al. 
2020).

Seven depth-related habi tats / levels  were 
predefined below the mean tide level, as no sea urchins 
had been observed above this level in preliminary 
surveys or previous research in the area (Cabezas et 
al. 2007; Gil et al. 2018; Verga et al. 2025). Within the 
intertidal zone, two shore levels were identified: the 
low midlittoral (LwML, ranging between 1–2 m above 
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Chart Datum) and the upper infralittoral shore zone 
(InfraL, situated between 0.2–1 m). In the subtidal zone, 
five coastal depth levels were defined: 3, 5, 9, 12, and 
15 meters relative to MLW. Throughout the intertidal, 
shallow and deep tidepools are numerous and extensive. 
Intertidal platforms at LwML are characterized by the 
presence of well-formed mussel matrix of Perumytilus 
purpuratus, occasionally combined with patches of the 
turf-forming coralline algae, Corallina officinalis. In 
the InfraL, the substrate is predominantly covered by 
turfs of C. officinalis/C. elongata, interspersed among 
dense mussel beds of Aulacomya atra (Zaixso et al. 
2015). Tidepool bottoms vary in structural complexity, 
including rocky bottoms with crevices, loose rocks, 
shells, and debris that support abundant populations of 
P. magellanicus, often using these elements as cover (Gil 
and Zaixso 2024a). Subtidal habitats at 3 and 5 meters 
exhibited the highest densities of the kelp Macrocystis 
pyrifera in close association with other typical seaweeds 
such as Aphanocladia robusta, C. elongata, Undaria 
pinnatiffida, and Callophyllis variegata (Zaixso et al. 
2015). At depths of 9 and 12 meters, environments 
included channels and scattered large boulders or 
reefs, with isolated and sparse M. pyrifera individuals. 
These habitats displayed a contrasting influence of fine 
sediment, alternating between areas of deposition and 
bare rocky substrate. The 15-meter depth exclusively 
featured fine sediment bottoms. During sampling, the 
kelp forest was senescent, with few specimens and 
limited canopy development. 

At each intertidal shore zone, 10–15 random 
benthic sampling units were taken, each comprising 
of a 15 × 15 (225 cm2) quadrat. For each sample, the 
following environmental variables were recorded: 
(1) presence and depth (± 0.1 cm) of small ponds or 
tidal pools, and (2) coarse sediment relative content, 
categorized into four ordinal levels: 0 (no sediment), 1 
(scarce, < 1 mm deep), 2 (moderate, 1–3 mm), 3 (high, 
3–5 mm), and 4 (very high, > 5 mm). Subsequently, 
all the biota of the sample, including sea urchins (if 
present), were carefully collected with a spatula and 
preserved in 5% saline formalin. In the subtidal area, 
four quadrats of 50 cm × 50 cm (2,500 cm2) were 
randomly collected per depth level through scuba 
diving. All samples, both intertidal and subtidal, 
were also photographed to aid structural complexity 
assessments (e.g., presence of crevices, loose rocks, 
etc.) and seaweed abundance. Inundation levels were 
classified into five ordinal categories: 0 (no inundation, 
exposed bedrock), 1 (low, 1–3 cm in tidal pools), 
2 (moderate, 3–15 cm), 3 (high, 16–50 cm), and 4 
(permanent, for subtidal depths).

Laboratory analysis

The samples preserved in 5% saline formalin 
were transported to the laboratory, where all sea 
urchins were separated, counted, and measured (test 
diameter) using a digital caliper (± 0.1 mm). Particular 
emphasis was placed on identifying recruits and 
juveniles of P. magellanicus during sample examination 
under a binocular stereomicroscope. Subsequently, 
the biological sample was divided into the following 
categories related to structural habitat complexity: (1) 
erect coralline algae (e.g., Corallina spp.), (2) small 
shell fragments or valves (length < 15 mm), (3) large 
shell fragments or valves (length ≥ 15 mm), (4) small 
mussels (e.g., P. purpuratus and juveniles of other 
species), (5) large mussels (e.g., A. atra), (6) small 
rocks (< 5 cm2), (7) large rocks (≥ 5 cm2), and (8) 
kelp holdfasts (e.g., M. pyrifera). Once the different 
components were separated, the volume of each one 
was recorded by water displacement using a graduated 
cylinder (± 2 ml). The abundance of seaweeds present 
in the sample was also recorded through an ordinal 
scale of five categories; 0: absence, 1: scarce, 2: scarce-
moderate, 3: moderate, and 4: high. 

Structural complexity assessment

Structural complexity was assessed by computing 
a dimensionless index, which considered various factors 
influencing the physical complexity of the environment 
(Table 1). These factors included the relative abundance 
of: (1) articulated coralline algae (e.g., Corallina spp.) 
or other habitat-forming species, such as kelp (e.g., 
M. pyrifera); (2) mussels in two size ranges (e.g., 
P. purpuratus and A. atra); (3) inorganic biogenic 
elements in two size ranges (e.g., shell fragments); 
and (4) the existence of loose rocks and crevices or 
cavities. As the sampling units in the subtidal and 
intertidal zones varied in size, the volume data for each 
structural component were standardize to a similar 
area across depths (2,500 cm2) and used to define 
the contributions of different categories of structural 
complexity. To standardize the volume categorization 
of each structural component into scarce, moderate, 
and abundant categories, we used the third quartile 
(75%) as the threshold for the abundant category. This 
value was then halved to establish the threshold for the 
scarce to moderate abundance category. Each variable 
was assigned a distinct numerical value representing its 
structural complexity (SC) (see Table 1), based on its 
significance in habitat heterogeneity relative to the body 
size of P. magellanicus, a recognized small sea urchin 
species (Gil and Zaixso 2024b). These SC values were 
summed for each sample, resulting in an integrated 
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value for each sampling unit. The contribution of each 
structural component is detailed in table 1.

Sea urchin size distributions were analyzed by 
pooling individuals across coastal habitats due to 
sample size constraints. Habitats included the low mid-
littoral (LwML), upper infralittoral (InfraL), subtidal 
kelp forest (3–5 m), and deeper subtidal zone (9–12 m). 
Subsequently, these distributions were compared 
between successive depths using a Kolmogorov-
Smirnov two-sample test, with the significance level 
adjusted according to Bonferroni (Quinn and Keough 
2002).

To analyze the vertical distribution of overall 
sea urchin density and its discrimination by size 
classes, three size categories were defined based on the 
diameters of P. magellanicus: (1) recruits and juveniles 
(TD ≤ 11 mm), (2) adults I, encompassing intermediate 
size classes (11 mm < TD ≤ 16 mm), and (3) adults 
II, comprising large size classes (TD > 16 mm). The 
upper limit of the recruit and juvenile size interval, set 
at 11 mm, approximately corresponds to the size of 
sexual maturity (Orler 1992). However, it is necessary 
to clarify that within this size category, the sampled 
sizes ranged only between 2 and 8 mm. The analyses 
considered the distribution across the four broad coastal 
habitats. Densities were expressed in ind.m-2, except in 
multivariate analyses and Generalized Additive Models, 
where density values were standardized to an area of 
2,500 cm2.

The relationship between the densities of 
different size categories of P. magellanicus (recruits 
and juveniles, adults I, adults II) and a series of 
explanatory environmental variables was examined 
using a Canonical Correspondence Analysis (CCA). 

To standardize the data and facilitate the application 
of CCA and Generalized Additive Models, depth 
values for intertidal (heights above Chart Datum) and 
subtidal samples (depth below mean low water) were 
recalculated, with the mean tidal level (MTL) as the 
reference point for the study area (depth 0 m). The 
explanatory variables used for CCA were: (1) depth 
from mean tidal level (continuous), (2) availability 
of algae (ordinal), (3) sediment content (ordinal), 
(4) inundation levels (ordinal), and (5) structural 
complexity (ordinal). Following ter Braak (1995), 
ordinal variables with three or more categories were 
treated as continuous in ordination diagrams. In the 
CCA diagram, the projection of P. magellanicus 
size classes onto environmental variables vectors 
approximates their weighted means (ter Braak and 
Šmilauer 2002). Collinearity between explanatory 
variables was verified using a maximum variance 
inflation factor (VIF) criterion of 10.0 The significance 
of the first canonical axis was tested using unrestricted 
Monte Carlo permutations (9999 permutations). 

Since sea urchin size class abundances can follow 
linear or unimodal models, Generalized Additive 
Models (GAM; Hastie and Tibshirani 1990) were used 
to assess their response to environmental variables. This 
analysis identified whether relationships were unimodal 
(with abundance maxima or optima) or monotonic. The 
complexity of the GAM model was controlled through 
a stepwise selection using the Akaike Information 
Criterion. GAM regressions and CCA analysis were 
performed using the CANOCO 4.5 software (ter Braak 
and Šmilauer 2002).

Spatial arrangement

The spatial arrangement of P. magellanicus, 
considering both overall data (pooled sizes) and 
discriminated by the three size categories of the sea 
urchin, in the four broad coastal environments, was 
estimated by computing the variance-to-mean dispersion 
index. The deviation from the Poisson distribution 
(a random distribution) was assessed through the 
utilization of a chi-square statistic. Additionally, the 
standardized Morisita index (Ip), Green index (Ig), and 
Lloyd patchiness index (Krebs 1999) were computed 
to examine whether the various size categories of P. 
magellanicus display an aggregated, uniform, or random 
distribution. These three indices were selected in order 
to have a consensus on the spatial disposition of P. 
magellanicus since the use of a single index can produce 
biased estimates (Krebs 1999; Rufino et al. 2018). The 
indices were computed utilizing the statistical package 
PASSaGE v2.0 (Rosenberg and Anderson 2011).

Table 1.  Additive contribution values of different 
morphotypes for structural complexity (SC) calculation 
in each sample unit. SL: Shell length

Structural components
SC Values

Scarce Moderate Abundant 

Articulated coralline algae +2 +4 +6
Small mussels (SL < 20 mm) +0 +1 +2
Large mussels (SL ≥ 20 mm) +2 +4 +6
Small shells debris +0 +1 +2
Large shells debris +2 +3 +4
Kelp holdfast +4 +6 +8
Tunicates +2 +4 +6
Cavities or cracks (1) +2 +4 +6

Small Large

Presence of rocks +2 +4
(1) derived from in situ observations or photograph.
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RESULTS

Vertical variation in size distribution and 
abundance

The test diameters of P. magellanicus ranged 
from 2.30 to 25.54 mm (mean ± SD: 17.36 ± 3.89 mm; 
n = 326). Size-frequency distributions along a depth 
gradient showed an increase in large size classes from 
LwML to 9–12 meters, with no sea urchins found at 15 
meters (Fig. 1). Significant changes in size distribution 
were observed from the intertidal to subtidal levels 
(K-S test; p < 0.005), but no significant differences were 
found amongst subtidal levels (K-S test; p = 0.10) (Fig. 
1). Recruits and juveniles were present in the InfraL and 
both subtidal levels, while LwML had less variability 
and lacked size classes smaller than 14 mm (Fig. 1). 
The smallest sizes were found in the infralittoral shore 
zone.

Overall and size-class mean density of P. 
magellanicus, are indicated in figure 2. The highest 
overall abundance was found in the infralittoral shore 
zone (InfraL), with mean values exceeding 100 ind.m-2 
(Fig. 2). The analysis by size class reveals that both 
recruits/juveniles and intermediate-size classes (adults I) 
reached mean densities of 7.7 ind.m-2 and 56.2 ind.m-2, 
respectively, in the infralittoral shore zone. Large size 
classes (adults II) showed a higher mean density at 
deeper levels, reaching nearly 50 ind.m-2 (Fig. 2). The 
abundances of recruits/juveniles and intermediate-
sized class (adults I) were highly correlated (r = 0.78; 

Fig. 1.  Size-frequency distributions of P. magellanicus along a coastal 
depth gradient in the central area of the San Jorge Gulf.
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p < 0.001), while the abundance of larger sea urchins 
(adults II) showed no correlation with either of the other 
size classes (p > 0.37 in both cases).

Influence of environmental variables

The CCA illustrated the relationship between P. 
magellanicus size classes and environmental variables, 
which accounted for 75.1% of the total variation (Fig. 3; 
Table 2). Axis I, which explains 30.5% of total inertia, 
showed a positive correlation with water inundation 
(r = 0.61) and sediment content (r = 0.53), and a 
negative correlation with structural complexity (r = 
-0.36). Axis II was negatively correlated with seaweed 
availability (r = -0.42) and depth (r = -0.17). Depth 
positively correlated with water inundation, sediment 
content, and seaweed availability, and negatively with 
structural complexity (Fig. 3). Table S1 provides the 
variance inflation factor (VIF), standard deviation (SD), 
and weighted means of each explanatory variable in 
the CCA, along with the results of cross-correlation 

analysis.
In the CCA biplot (Fig. 3), different size categories 

of P. magellanicus showed distinct ordinations. Recruits 
and juveniles were found in areas with high structural 
complexity, moderate inundation and sediment levels, 
abundant seaweeds, and depths deeper than average 
(mainly in the upper infralittoral shore zone and subtidal 
regions). Adults I were associated with high structural 
complexity, low sedimentation, low inundation, lower 
seaweed abundance, and shallower depths (e.g., LwML 
and InfraL). Large sea urchins (adults II) were linked 
with deeper depths (subtidal habitats), higher sediment 
loads, permanent inundation, abundant seaweeds, and 
low structural complexity.

The GAM modelling showed significant responses 
for structural complexity, depth, sediment content, 
water inundation, and seaweed abundance (Fig. 4; 
Table S2). The GAM curves for depth revealed a 
significant unimodal relationship only for the adult 
size categories (both classes). Large sea urchins (adults 
II) showed an optimum at 9 meters depth relative to 

Fig. 3.  Canonical Correspondence Analysis (CCA) biplot diagram. The circles represent P. magellanicus size classes. The arrows indicate 
explanatory variables. WI: water inundation.

Table 2.  Summary of Canonical Correspondence Analysis (CCA). Significance of the first canonical axis: p < 0.001 
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Eigenvalues 0.305 0.026 0.329 0.091 0.751
Size classes-environment correlations 0.695 0.467 0 0
Cumulative percentage variance of
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Size classes-environment relation 92.1 100 0 0

Sum of all eigenvalues 0.751
Sum of all canonical eigenvalues 0.331
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the MTL, coinciding with the zone of maximum kelp 
forest development. Conversely, intermediate-sized 
sea urchins (adults I) exhibited an optimum at 4 meters 
from the MTL (InfraL). For recruits and juvenile sea 
urchins, the resulting GAM model was not significant 
compared to a null model, despite an apparent peak 
around 6 meters depth (beginning of M. pyrifera kelp 
forest) (Fig. 4).

The abundance of recruits/juveniles and adults 
I increased exponentially with higher structural 
complexity (Fig. 4). In contrast, larger sea urchins 
(adults II) showed a sharp density increase at lower 
complexity levels, maintaining high abundance 
thereafter. Different size classes responded differently 
to sediment: recruits/juveniles and adults I peaked in 
low sediment conditions and declined with increasing 
sediment, whereas larger sea urchins showed a peak 
abundance in moderate sediment environments and 
lower abundance in high sediment areas (Fig. 4).

Seaweed availability significantly impacted large-
sized sea urchins, following a non-linear, asymptotic 
model with peak abundances in seaweed-rich areas 
(Fig. 4). Recruits/juveniles showed a similar but less 
pronounced pattern, while intermediate sea urchins 
(adults I) followed a unimodal model, peaking in areas 
with moderate macroalgae. However, the response curve 

for recruits and smaller individuals did not significantly 
differ from a null model (Table S2).

Spatial aggregation 

The spatial aggregation of P. magellanicus along 
a coastal depth gradient showed that aggregation 
is the most common distribution pattern (Table 3). 
However, disparities emerged among size classes: 
recruits and juveniles were highly aggregated in 
the upper infralittoral shore zone, showed high 
aggregation at 9–12 m depth, and tended towards 
randomness in the subtidal zone at 3–5 m depth (Table 
3). The intermediate-size class (adults I) showed high 
aggregation in intertidal and random distribution in 
subtidal zones. Larger adults (adults II) were aggregated 
in all studied habitats (Table 3).

DISCUSSION

Environmental gradients and distribution of 
sea urchins 

Our study reveals that Pseudechinus magallanicus 
exhibits a unimodal abundance pattern during spring 

Fig. 4.  Response curves for different size classes of P. magellanicus in relation to explanatory variables, modeled using Generalized Additive Models 
(GAM). RJ: Recruits and juveniles. See significances test in table S2.
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along the coastal depth gradient in wave-exposed rocky 
shores of the central coast of San Jorge gulf, with peak 
densities in the low midlittoral to 12 meters. The species 
was absent at 15 meters, where sediment accumulation 
is high, but has been observed in deeper fine sediment 
bottoms (Fernández 2006). In the San Jorge Gulf, P. 
magellanicus seems to prefer rocky or coarse-grained 
substrates in shallow waters, selecting fine substrates 
only in sediment-resuspension-free deep waters. For 
other echinoid species, abundance decreases with depth 
due to light exposure, wave action, and sedimentation 
(Cordeiro et al. 2014). In our study, sedimentation 
influences the vertical distribution of P. magellanicus, 
impacting recruits, juveniles, and smaller adults the 
most, while minimally affecting larger individuals. The 
effects of sedimentation on rocky bottoms are complex 
but can lead to mortality due to burial and anoxia, and 
physical damage (Airoldi 2003). In northern Patagonian 
gulfs, the abundance of P. magellanicus decreases 
with higher fractions of very fine sands (Zaixso and 
Lizarralde 2000). Similarly, sediment presence can 
influence larval settlement and survival of Evechinus 
chloroticus (Phillips and Shima 2006; Walker 2007). 

Sea urchins of different size are known to show 
different patterns of abundance based on their habitat 
(Domínguez et al. 2015). Larger P. magellanicus 
are abundant in low subtidal levels, particularly in 
kelp forests or at their interface with sandy bottoms. 

Intermediate-sized urchins mainly inhabit shallower 
waters from the midlittoral to upper infralittoral 
zones, while recruits and juveniles are mostly found in 
infralittoral tidepools and subtidal habitats. Similarly, 
smaller sea urchins were also found in intertidal 
rather than subtidal habitats in Paracentrotus lividus, 
likely due to stressful intertidal conditions, vertical 
migration of larger individuals, or selective predation 
(Domínguez et al. 2015; Ouréns et al. 2013). Early 
stages of P. magellanicus typically inhabit shelters or 
cryptic environments provided by coralline algae, while 
larger individuals are found in more exposed areas with 
lower structural complexity, possibly due to the scarcity 
of optimal shelters in subtidal zones. The absence of 
recruits and juveniles and the presence of smaller sizes 
at the upper limit of their distribution suggest limited 
larval settlement, irregular recruitment, and/or higher 
mortality from increased environmental stress. However, 
methodological constraints (e.g., narrow temporal 
sampling window, limited spatial coverage) may have 
also hindered the detection of recently recruited sea 
urchins at the upper limit. In contrast, the abundance of 
large adults in deep subtidal zones indicates high food 
availability and suggests migration to deeper waters. 
Kelp forests at these depths provide trophic resources, 
enhancing nutritional conditions and promoting growth 
(Gil et al. 2021).

The number of recruits and juveniles in a 

Table 3.  Spatial aggregation indices for P. magellanicus and their interpretation at four coastal habitats in central 
Patagonia, Argentina

Size classes/Index
Coastal habitats

LwMd InfraL Sub 3–5 m Sub 9–12 m

Pooled sizes
p (Var-to-mean) p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001
Stand. Morisita 0.58 (Agg.) 0.53 (Agg.) 0.52 (Agg.) 0.57 (Agg.)
Green Index 0.88 1.60 0.80 2.29
Lloyd (patchiness) Index 5.26 2.34 1.39 2.22

Recruits and Juveniles
p (Var-to-mean) p < 0.0001 p = 0.21 p < 0.005
Stand. Morisita -- 0.66 (Agg.) -0.10 (Random) 0.66 (Agg.)
Green Index -- 0.63 0.05 0.31
Lloyd (patchiness) Index -- 8.81 1.34 4.47

Adults I 
p (Var-to-mean) p < 0.0001 p < 0.0001 p = 0.051 p = 0.15
Stand. Morisita 0.73 (Agg.) 0.56 (Agg.) -0.24 (Random) -0.11 (Random)
Green Index 0.35 1.80 0.14 0.07
Lloyd (patchiness) Index 13.68 4.08 1.80 1.35

Adults II
p (Var-to-mean) p < 0.0001 p < 0.0001 p < 0.0001 p < 0.0001
I. Morisita Est. 0.59 (Agg.) 0.53 (Agg.) 0.52 (Agg.) 0.60 (Agg.)
I. Green 0.98 0.81 0.64 2.53
I. Lloyd 6.13 2.54 1.38 2.61
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population can be influenced by the interactions among 
three processes: substrate selection, larval availability, 
and early juvenile mortality (Cameron and Schroeter 
1980; Morgan et al. 2000). Our study provides useful 
data on vertical variation during the austral spring. 
Primary spawning of P. magellanicus occurs in late 
winter (August to September) and minor spawning in 
summer (Gil et al. 2020), with a larval lifespan of 1–2 
months (Kino and Kani 2009). Settlement is expected 
mainly in spring or early summer, with a secondary 
pulse in autumn. Our results document the vertical 
distribution shortly after the peak settlement or six 
months after a potential secondary pulse from summer 
spawning. Thus, the current distribution of recruits and 
juveniles could also be influenced by post-metamorphic 
events, including mortalities and migration. In some 
species of Strongylocentrotus, juveniles seek and 
migrate to microenvironments with lower mortality 
rates immediately after larval settlement (Cameron 
and Schroeter 1980). However, some authors argue 
that large-scale migration is not feasible, and that post-
settlement mortality determines the distribution and 
contribution of recruits to populations (Morgan et al. 
2000). In other species, high correlations have been 
found between juvenile and adult densities (Ouréns 
et al. 2014), and protective associations between 
juveniles and adults have been described (Breen et al. 
1985; Nishizaki and Ackerman 2007). We showed that 
maximum densities of recruits and juveniles were not 
linked to adult sea urchin densities, which does not 
support the hypothesis of protection mechanisms by 
larger sea urchins. For Strongylocentrotus franciscanus, 
the likelihood of adults providing shelter to juveniles 
increased with sea urchin size and juvenile density, 
but remained generally low (Zhang et al. 2011). The 
presence of P. magellanicus recruits and juveniles in the 
lower infralittoral intertidal fringe and shallow rocky 
subtidal areas is linked to high structural complexity and 
conditions that support larval settlement. In contrast, 
their absence in higher intertidal levels may indicate 
high recruit mortality due to increased environmental 
stress. Long-term monitoring of plankton, larval 
settlement, and hydrographic characteristics could 
improve our understanding of P. magellanicus 
dispersion and settlement patterns.

Other mechanisms that could alter P. magellanicus 
densities include mortality from predation. In other 
coastal ecosystems, sea urchin populations are regulated 
by specialized predators, such as sea otters, lobsters 
and crabs, fish, and sea stars (e.g., Bonaviri et al. 2009; 
Clemente et al. 2013; Hereu et al. 2005). However, in 
Patagonian and southern Chilean coastal ecosystems, 
there is no evidence of a specialized predator regulating 
sea urchin populations (Barrales and Lobban 1975; 

Castilla 1985; Vásquez and Buschmann 1997). In our 
study area, predation on P. magellanicus has been 
recorded by king crabs Lithodes santolla (Vinuesa et 
al. 2013), the shrimp Pleoticus muelleri (Roux et al. 
2009), the sea star Cosmasterias lurida (Tolosano, 
pers. comm.) and some coastal fishes (Marcinkevicius, 
pers. comm.). Predation during early settlement stages 
within articulated coralline algae assemblages could 
also occur, with polychaetes and crabs likely serving 
as primary predators. Further research on the predators 
of P. magellanicus is needed to better understand their 
ecological implications.

Influence of structural complexity

Our study revealed a positive relationship 
between habitat complexity and the abundance of 
recruits/juveniles and intermediate size classes of P. 
magellanicus, while larger size classes were more 
common in areas with lower structural complexity. 
Several studies (Benedetti-Cecchi and Cinelli 1995; 
Cordeiro et al. 2014; McClanahan and Shafir 1990) 
have shown positive associations between structural 
complexity and sea urchin densities. The habitats with 
higher structural complexity identified in our study—
such as tide pools with loose shells, articulated coralline 
algae, and M. pyrifera holdfasts—offer physical features 
like crevices, holes, and protruding elements. These 
structures could provide more refuges, surfaces for 
larval settlement, and diverse niches, enhancing food 
diversity and availability. Circumstantial observations 
show that in the low infralittoral fringe, intermediate-
sized sea urchins are anchored in crevices using 
their spines. Habitat structural complexity likely 
enhances the short-term survival of P. lividus juveniles 
(Hereu et al. 2005). Similarly, crevices have been 
shown to reduce predation and promote recruitment 
in Strongylocentrotus purpuratus (Scheibling and 
Hamm 1991), S. franciscanus (Palleiro-Nayar et al. 
2011), Centrostephanus rodgersii (Andrew 1993), and 
Diadema antillarum (Hernández et al. 2008). Increased 
habitat complexity is likely to affect P. magellanicus 
through two main mechanisms: (1) mitigating physical 
stressors, such as wave action and light intensity, and (2) 
reducing mortality from predation. Although predation 
may contribute little to mortality, it cannot be ruled out, 
even in the absence of specialized predators.

Spatial aggregation

The spatial dispersion of P. magellanicus shows 
a prevalent pattern of contagious aggregation in natural 
populations. Vertical distribution variations were 
observed across size categories, with strong aggregation 
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at intertidal levels and less aggregation, approaching a 
more random distribution, in subtidal kelp forests for 
recruits and small adults. Beyond the kelp forest zone, 
aggregation once more became more pronounced. 
These observations suggest that aggregation is 
common in intertidal zones due to environmental 
fragmentation, such as tide pools, crevices, and mussel 
beds. Physical and biological heterogeneity are known 
to affect herbivore behavior, potentially causing 
aggregations (Andrew 1993). Conversely, reduced 
aggregation at depths of 3–5 meters may indicate a 
more homogeneous, less fragmented environment, 
with reduced stress. Future research should expand 
the temporal framework and explore the relationship 
between kelp forest condition (i.e., decaying or senesced 
algae) and demographic aspects of P. magellanicus. 
The 9–12 meters depth range, with increased sediment 
impact and fragmentation from channels and loose 
rocks, also exhibits spatial aggregation. Aggregations 
of P. magellanicus have been observed on detached M. 
pyrifera fronds on the seafloor (Tolosano, pers. comm.). 
Our results indicate a positive relationship between 
algae availability and adult P. magellanicus density, 
potentially contributing to feeding aggregations at 
this depth. Similar aggregation phenomena have been 
reported in other sea urchin species (Lauzon-Guay 
and Scheibling 2007; Rodríguez and Fariña 2001). 
Our findings are only based on observations during 
the austral spring on a wave-exposed rocky platform 
where kelp forests are present. The restricted temporal 
and spatial sampling in this study may not fully 
determine spatial variability or establish relationships 
between kelp forest occurrence and the density and 
spatial arrangement of this sea urchin. Future research 
should examine temporal and spatial changes in the 
aggregation patterns of P. magellanicus in relation to 
food availability and population density.

CONCLUSIONS

The sea urchin Pseudechinus magellanicus 
displayed clear patterns in size distribution, abundance, 
and spatial aggregation along a coastal depth gradient 
during the austral spring on the exposed coast of central 
Patagonia, Argentina. Population density followed 
a unimodal response to depth, with smaller and 
intermediate-sized individuals prevalent in intertidal 
and shallow waters, and larger individuals concentrated 
in deeper zones with lower structural complexity. The 
positive association between structural complexity 
and the densities of younger urchins highlights the 
importance of habitat features in shaping population 
dynamics, while factors such as food availability and 

sedimentation emerged as critical drivers of vertical 
distribution. Aggregation was the dominant spatial 
arrangement across the depth gradient, except where 
kelp forests prevailed, leading to a more random 
distribution of juveniles and intermediate-sized 
individuals.

These findings highlight the complex interplay 
between environmental variables and population 
structure in one of the most abundant sea urchins in 
Patagonian marine benthic ecosystems. By examining 
the depth-related distribution and habitat associations 
of P. magellanicus, this study establishes a baseline for 
future research on the temporal interactions between this 
dominant species and its environment. Such insights are 
important for conservation strategies and management 
practices in coastal ecosystems, particularly in regions 
where environmental changes and human activities may 
affect habitat complexity and resource availability.

Acknowledgments: We thank Héctor Durbas for 
his scuba diving assistance, Cecilia Velasquez for her 
support during field studies, and Estela Lopretto for 
her assistance and insights during the initial drafting 
phases. We also thank two anonymous reviewers 
for their helpful feedback, which improved the early 
version. This paper is dedicated to the memory of our 
co-author, Dr. Héctor E. Zaixso, whose contributions 
were essential to this and other echinoderm studies in 
the Patagonian region.

Authors’ contributions: Damián G. Gil contributed 
to the study design, data collection, data analysis and 
interpretation, and manuscript writing. Héctor E. Zaixso 
contributed to the study design, data analysis and 
interpretation, and reviewing and editing an early draft. 

Competing interests: DGG and HEZ declare that 
they have no conflict of interest.

Availability of data and materials: The data that 
support the findings of this study are available from the 
corresponding author, DGG, upon reasonable request.

Consent for publication: Not applicable.

Ethics approval consent to participate: Not 
applicable.

REFERENCES

Airoldi L. 2003. The effects of sedimentation on rocky coast 
assemblages. Oceanogr Mar Biol 41:161–236.

Alcoverro T, Mariani S. 2002. Effects of sea urchin grazing on 

page 10 of 12Zoological Studies 64: 8 (2025)



© 2025 Academia Sinica, Taiwan

seagrass (Thalassodendron ciliatum) beds of a Kenyan lagoon. 
Mar Ecol Prog Ser 226:255263. doi:10.3354/meps226255.

Andrew NL. 1993. Spatial heterogeneity, sea urchin grazing, and 
habitat structure on reefs in temperate Australia. Ecology 
74:292–302. doi:10.2307/1939293.

Archambault P, Bourget E. 1996. Scales of coastal heterogeneity and 
benthic intertidal species richness, diversity and abundance. Mar 
Ecol Prog Ser 136:111–121. doi:10.3354/meps136111.

Barrales HL, Lobban CS. 1975. The comparative ecology of 
Macrocystis pyrifera, with emphasis on the forests of Chubut, 
Argentina. J Ecol 63:657–677. doi:10.2307/2258743.

Beddingfield SD, McClintock JB. 2000. Demographic characteristics 
of Lytechinus variegatus (Echinoidea: Echinodermata) from 
three habitats in a North Florida Bay, Gulf of Mexico. Mar Ecol 
21:17–40. doi:10.1046/j.1439-0485.2000.00688.x.

Benedetti-Cecchi L, Cinelli F. 1995. Habitat heterogeneity, sea urchin 
grazing and the distribution of algae in littoral rock pools on the 
west coast of Italy (western Mediterranean). Mar Ecol Prog Ser 
126:203–212. doi:10.3354/meps126203.

Bernstein BB, Schroeter SC, Mann KH. 1983. Sea urchin 
(Strongylocentrotus droebachiensis) aggregating behavior 
investigated by a subtidal multifactorial experiment. Can J Fish 
Aquat Sci 40:1975–1986. doi:10.1139/f83-227.

Bonaviri C, Fernández TV, Badalamenti F, Gianguzza P, Di Lorenzo 
M et al. 2009. Fish versus starfish predation in controlling sea 
urchin populations in Mediterranean rocky shores. Mar Ecol 
Prog Ser 382:129–138. doi:10.3354/meps07976.

Breen PA, Carolsfeld W, Yamanaka KL. 1985. Social behaviour 
of juvenile red sea urchins, Strongylocentrotus franciscanus 
(Agassiz). J Exp Mar Biol Ecol 92:45–61. doi:10.1016/0022-
0981(85)90021-8.

Brogger MI, Gil DG, Rubilar T, Martinez MI, Diaz de Vivar ME et al. 
2013. Echinoderms from Argentina: biodiversity, distribution and 
current state of knowledge. In: Alvarado JJ, Solis-Marin FA (eds) 
Echinoderm Research and Diversity in Latin America. Springer, 
Berlin Heidelberg. doi:10.1007/978-3-642-20051-9_11.

Cabezas E, Giménez O, Balzi PP, Cerdá R, Gil DG et al. 2007. 
Asociaciones del macrozoobentos del litoral rocoso en la costa 
central del golfo San Jorge (Argentina). Nat Patagon Cienc Biol 
3:17–36.

Cameron RA, Schroeter SC. 1980. Sea urchin recruitment: effect of 
substrate selection on juvenile distribution. Mar Ecol Prog Ser 
2:243–247. doi:10.3354/meps002243.

Castilla JC. 1985. Food webs and functional aspects of the kelp, 
Macrocystis pyrifera, community in the Beagle Channel, 
Chile. In: Siegfried WR, Condy RR, Laws RM (eds) Antarctic 
nutrient cycles and food webs. Springer, Berlin Heidelberg. 
doi:10.1007/978-3-642-82275-9_57.

Clemente S, Hernández JC, Montaño-Moctezuma G, Russell MP, 
Ebert TA. 2013. Predators of juvenile sea urchins and the effect 
of habitat refuges. Mar Biol 160:579–590. doi:10.1007/s00227-
012-2114-3.

Cordeiro CAMM, Harborne AR, Ferreira CEL. 2014. Patterns of 
distribution and composition of sea urchin assemblages on 
Brazilian subtropical rocky reefs. Mar Biol 161:2221–2232. 
doi:10.1007/s00227-014-2500-0.

Doll PC, Caballes CF, Hoey AS, Uthicke S, Ling SD et al. Larval 
settlement in echinoderms: a review of processes and patterns. 
Oceanogr Mar Biol 60:433–494. doi:10.1201/9781003288602-9.

Domínguez R, Godino JD, Freitas C, Machado I, Bertocci I. 2015. 
Habitat traits and patterns of abundance of the purple sea urchin, 
Paracentrotus lividus (Lamarck, 1816), at multiple scales along 
the north Portuguese coast. Estuar Coast Shelf Sci 155:47–55. 
doi:10.1016/j.ecss.2014.12.048.

Fernández M. 2006. Características físico-químicas de los sedimentos 
del Golfo San Jorge y su relación con los organismos bentónicos 
del sector. PhD dissertation. Universidad Nacional de Mar del 
Plata, Argentina.

Fraschetti S, Terlizzi A, Benedetti-Cecchi L. 2005. Patterns of 
distribution of marine assemblages from rocky shores: evidence 
of relevant scales of variation. Mar Ecol Prog Ser 296:13–29. 
doi:10.3354/meps296013.

Gil DG. 2015. Biología y ecología del erizo de mar Pseudechinus 
magellanicus (Echinoidea: Temnopleuridae) en Patagonia 
Central. PhD dissertation. Universidad Nacional de La Plata, 
Argentina.

Gil DG, Zaixso HE. 2024a. Covering behaviour in the sea urchin 
Pseudechinus magellanicus (Temnopleuridae) in central 
Patagonia, Argentina. J Nat Hist 58:1685–1703. doi:10.1080/002
22933.2024.2396988.

Gil DG, Zaixso HE. 2024b. Growth assessment of the sea urchin 
Pseudechinus magellanicus (Temnopleuridae) in coastal habitats 
of central Patagonia, Argentina. J Mar Biol Assoc UK 104:e10. 
doi:10.1017/S0025315424000067.

Gil DG, Reartes MB, Mutti C, Tolosano JA, Zaixso HE. 2018. Living 
under intertidal mussels: distribution, reproduction, and condition 
indices in a brooding sea star, Anasterias minuta, in Patagonia, 
Argentina. Mar Biol 165:1–14. doi:10.1007/s00227-018-3397-9.

Gil DG, Lopretto EC, Zaixso HE. 2020. Reproductive timing and 
synchronized reproduction of the sea urchin Pseudechinus 
magellanicus (Echinoidea: Temnopleuridae) in central Patagonia, 
Argentina. Mar Biol Res 16:311–326. doi:10.1080/17451000.20
20.1772493.

Gil DG, Boraso AL, Lopretto EC, Zaixso HE. 2021. Depth-related 
plasticity in the diet composition of Pseudechinus magellanicus 
(Echinoidea, Temnopleuridae) in nearshore environments 
off central Patagonia, Argentina. Aquatic Ecol 55:589–606. 
doi:10.1007/s10452-021-09847-4.

Hastie TJ, Tibshirani R. 1990. Generalized Additive Models. 
Chapman & Hall, London, United Kingdom. 

Hereu B, Zabala M, Linares C, Sala E. 2005. The effects of predator 
abundance and habitat structural complexity on survival of 
juvenile sea urchins. Mar Biol 146:293–299. doi:10.1007/
s00227-004-1439-y.

Hernández JC, Clemente S, Brito A. 2008. The key role of the sea 
urchin Diadema aff. antillarum in controlling macroalgae 
assemblages throughout the Canary Islands (eastern subtropical 
Atlantic): A spatio-temporal approach. Mar Environ Res 66:259–
270. doi:10.1016/j.marenvres.2008.03.002.

Kino S, Kani K. 2009. Settlement ecology of the sea urchin 
Loxechinus albus using suspended collectors in Chiloe Island, 
Chile. Aquacult Sci 57:489–499.

Krebs CJ. 1999. Ecological methodology. Benjamin/Cummings, 
California, USA.

Lauzon-Guay JS, Scheibling RE. 2007. Behaviour of sea urchin 
Strongylocentrotus droebachiensis grazing fronts: food-mediated 
aggregation and density-dependent facilitation. Mar Ecol Prog 
Ser 329:191–204. doi:10.3354/meps329191.

Levitan DR, Edmunds PJ, Levitan KE. 2014. What makes a species 
common? No evidence of density-dependent recruitment or 
mortality of the sea urchin Diadema antillarum after the 1983-
1984 mass mortality. Oecologia 175:117–128. doi:10.1007/
s00442-013-2871-9.

Levitan DR, Sewell MA, Chia FS. 1992. How distribution and 
abundance influence fertilization success in the sea urchin 
Strongylocentotus franciscanus .  Ecology 73:248–254. 
doi:10.2307/1938736.

McClanahan TR, Shafir SH. 1990. Causes and consequences of sea 

page 11 of 12Zoological Studies 64: 8 (2025)

https://www.int-res.com/abstracts/meps/v226/p255-263/
https://doi.org/10.2307/1939293
https://www.int-res.com/abstracts/meps/v136/p111-121/
https://doi.org/10.2307/2258743
https://doi.org/10.1046/j.1439-0485.2000.00688.x
https://www.int-res.com/abstracts/meps/v126/p203-212/
https://doi.org/10.1139/f83-227
https://doi.org/10.3354/meps07976
https://doi.org/10.1016/0022-0981(85)90021-8
https://doi.org/10.1007/978-3-642-20051-9_11
https://www.int-res.com/articles/meps/2/m002p243.pdf
https://link.springer.com/chapter/10.1007/978-3-642-82275-9_57
https://doi.org/10.1007/s00227-012-2114-3
https://doi.org/10.1007/s00227-014-2500-0
https://www.taylorfrancis.com/chapters/oa-edit/10.1201/9781003288602-9/larval-settlement-echinoderms-review-processes-patterns-peter-doll-ciemon-caballes-andrew-hoey-sven-uthicke-scott-ling-morgan-pratchett
https://doi.org/10.1016/j.ecss.2014.12.048
https://www.int-res.com/abstracts/meps/v296/p13-29/
https://doi.org/10.1080/00222933.2024.2396988
https://doi.org/10.1017/S0025315424000067
https://doi.org/10.1007/s00227-018-3397-9
https://doi.org/10.1080/17451000.2020.1772493
https://doi.org/10.1007/s10452-021-09847-4
https://doi.org/10.1007/s00227-004-1439-y
https://doi.org/10.1016/j.marenvres.2008.03.002
https://www.int-res.com/abstracts/meps/v329/p191-204/
https://doi.org/10.1007/s00442-013-2871-9
https://doi.org/10.2307/1938736


© 2025 Academia Sinica, Taiwan

urchin abundance and diversity in Kenyan coral reef lagoons. 
Oecologia 83:362–370. doi:10.1007/BF00317561.

Morgan LE, Wing SR, Botsford LW, Lundquist CJ, Diehl JM. 
2000. Spatial variability in red sea urchin (Strongylocentrotus 
franciscanus) recruitment in northern California. Fish Oceanogr 
9:83–90. doi:10.1046/j.1365-2419.2000.00124.x.

Nishizaki MT, Ackerman JD. 2007. Juvenile-adult associations in sea 
urchins (Strongylocentrotus franciscanus and S. droebachiensis): 
protection from predation and hydrodynamics in S. franciscanus. 
Mar Biol 151:135–145. doi:10.1007/s00227-006-0462-6.

Orler PM. 1992. Biología reproductiva comparada de Pseudechinus 
magellanicus y Loxechinus albus, equinoideos del canal Beagle. 
PhD dissertation, Universidad Nacional de la Plata, Argentina.

Ouréns R, Flores L, Fernández L, Freire J. 2013. Habitat and density-
dependent growth of the sea urchin Paracentrotus lividus 
in Galicia (NW Spain). J Sea Res 76:50–60. doi:10.1016/
j.seares.2012.10.011.

Ouréns R, Freire J, Vilar JA, Fernández L. 2014. Influence of habitat 
and population density on recruitment and spatial dynamics of the 
sea urchin Paracentrotus lividus: implications for harvest refugia. 
ICES J Mar Sci 71:1064–1072. doi:10.1093/icesjms/fst201.

Palleiro-Nayar JS, Sosa-Nishizaki O, Montaño-Moctezuma G. 
2011. Importancia del sustrato y la presencia de adultos en el 
reclutamiento del erizo rojo Strongylocentrotus franciscanus en 
Baja California. Cienc Mar 37:59–70.

Phillips NE, Shima JS. 2006. Differential effects of suspended 
sediments on larval survival and settlement of New Zealand 
urchins Evechinus chloroticus and abalone Haliotis iris. Mar 
Ecol Prog Ser 314:149–158. doi:10.3354/meps314149.

Pineda J, Reyns NB, Starckak VR. 2009. Complexity and simplification 
in understanding recruitment in benthic populations. Popul Ecol 
51:17–32. doi:10.1007/s10144-008-0118-0.

Quinn GP, Keough MJ. 2002. Experimental design and data 
analysis for biologists. Cambridge University Press, England. 
doi:10.1017/CBO9780511806384.

Raffaelli DG, Hawkins SJ. 1996. Intertidal ecology. Springer, Berlin, 
Germany. doi:10.1007/978-94-009-1489-6.

Ríos C, Mutschke E, Cariceo Y. 2003. Estructura poblacional de 
Pseudechinus magellanicus (Philippi 1857) (Echinoidea: 
Temnopleuridae) en grampones de la macroalga sublitoral 
Macrocystis pyrifera  (L.) C. Agardh en el Estrecho de 
Magallanes, Chile. Anales Instit Patag 31:75–86.

Rodríguez SR, Fariña JM. 2001. Effect of drift kelp on the spatial 
distribution pattern of the sea urchin Tetrapygus niger: a 
geostatistical approach. J Mar Biol Assoc UK 81:179–180. 
doi:10.1017/S0025315401003587.

Rosenberg MS, Anderson CD. 2011. PASSaGE: pattern analysis, 
spatial statistics and geographic exegesis. Version 2. Method 
Ecol Evol 2:229–232. doi:10.1111/j.2041-210X.2010.00081.x.

Roux A, Piñero R, Moriondo P, Fernández M. 2009. Diet of the red 
shrimp Pleoticus muelleri (Bate, 1888) in Patagonian fishing 
grounds, Argentine. Rev Biol Mar Oceanogr 44:775–781. 
doi:10.4067/S0718-19572009000300023.

Rufino MM, Bez N, Brind'Amour A. 2018. Integrating spatial 
indicators in the surveillance of exploited marine ecosystems. 
PLoS ONE 13:e0207538. doi:10.1371/journal.pone.0207538.

Scheibling M, Hamm J. 1991. Interactions between sea urchins 
(Strongylocentrotus droebachiensis) and their predators in field 

and laboratory experiments. Mar Biol 110:105–116. doi:10.1007/
BF01313097.

Sun J, Zhao Z, Zhao C, Yu Y, Ding P et al. 2021. Interaction 
among sea urchins in response to food cues. Sci Rep 11:9985. 
doi:10.1038/s41598-021-89471-2.

ter Braak CJF. 1995. Ordination. In: Jongman RHG, CJF ter Braak, 
OFR Van Tongeren (eds) Data analysis in community and 
landscape ecology. Cambridge University Press, Cambridge. 
doi:10.1017/CBO9780511525575.007.

ter Braak CJF, Šmilauer P. 2002. CANOCO reference manual and 
CanoDraw for Windows user’s guide: software for canonical 
community ordination (version 4.5). Microcomputer Power, 
Ithaca, USA.

Vásquez JA, Buschmann AH. 1997. Herbivore-kelp interactions 
in Chilean subtidal communities: a review. Rev Chil Hist Nat 
70:41–52.

Verga RN, Tolosano JA, Cazzaniga NJ, Gil DG. 2020. Assessment of 
seawater quality and bacteriological pollution of rocky shores in 
the central coast of San Jorge Gulf (Patagonia, Argentina). Mar 
Pollut Bull 150:110749. doi:10.1016/j.marpolbul.2019.110749.

Verga RN, Tolosano JA, Cazzaniga NJ, Gil DG. 2025. Spatial patterns 
of macrozoobenthos diversity on sewage-impacted intertidal 
rocky shores in Central Patagonia, Argentina. Mar Pollut Bull 
211:117358. doi:10.1016/j.marpolbul.2024.117358.

Vinuesa JH, Varisco MA, Balzi P. 2013. Feeding strategy of early 
juvenile stages of the southern king crab Lithodes santolla in the 
San Jorge Gulf, Argentina. Rev Biol Mar Oceanogr 48:353–363. 
doi:10.4067/S0718-19572013000200014.

Walker JW. 2007. Effects of fine sediments on settlement and 
survival of the sea urchin Evechinus chloroticus in northeastern 
New Zealand. Mar Ecol Prog Ser 331:109–118. doi:10.3354/
meps331109.

Zaixso HE, Lizarralde ZI. 2000. Distribución de equinodermos en el 
golfo San José y sur del golfo San Matías (Chubut, Argentina). 
Rev Biol Mar Oceanogr 35:127–145. doi:10.4067/S0718-
19572000000100002.

Zaixso HE, Boraso AL, Pastor CT, Lizarralde ZI, Dadon JR et al. 
2015. El bentos costero patagónico. In: Zaixso HE, Boraso 
AL (eds) La zona costera patagónica argentina: comunidades 
biológicas y geología. EDUPA, Comodoro Rivadavia.

Zhang Z, Campbell A, Leus D, Bureau D. 2011. Recruitment patterns 
and juvenile-adult associations of red sea urchins in three areas 
of British Columbia. Fish Res 109:276–284. doi:10.1016/
j.fishres.2011.02.014.

Supplementary materials

Table S1.  Weighted means, standard deviation (SD) 
and variance inflation factor (VIF) of the explanatory 
variables in the CCA analysis, and cross-correlation 
analysis. (download)

Table S2.  Generalized Additive Models (GAM) 
significance test relating the abundance of different size 
classes of P. magellanicus and a series of environmental 
predictors. (download)

page 12 of 12Zoological Studies 64: 8 (2025)

https://doi.org/10.1007/BF00317561
https://doi.org/10.1046/j.1365-2419.2000.00124.x
https://doi.org/10.1007/s00227-006-0462-6
https://doi.org/10.1016/j.seares.2012.10.011
https://doi.org/10.1093/icesjms/fst201
https://www.int-res.com/abstracts/meps/v314/p149-158/s
https://doi.org/10.1007/s10144-008-0118-0
https://doi.org/10.1017/CBO9780511806384
https://doi.org/10.1007/978-94-009-1489-6
https://doi.org/10.1017/S0025315401003587
https://doi.org/10.1111/j.2041-210X.2010.00081.x
http://dx.doi.org/10.4067/S0718-19572009000300023
https://doi.org/10.1371/journal.pone.0207538
https://doi.org/10.1007/BF01313097
https://doi.org/10.1038/s41598-021-89471-2
https://doi.org/10.1017/CBO9780511525575.007
https://doi.org/10.1016/j.marpolbul.2019.110749
https://doi.org/10.1016/j.marpolbul.2024.117358
https://www.int-res.com/abstracts/meps/v331/p109-118/
http://dx.doi.org/10.4067/S0718-19572000000100002
https://zoolstud.sinica.edu.tw/Journals/64/64-08.TableS1.docx
https://zoolstud.sinica.edu.tw/Journals/64/64-08.TableS2.docx
http://dx.doi.org/10.4067/S0718-19572013000200014
https://doi.org/10.1016/j.fishres.2011.02.014

	BACKGROUND
	MATERIALS AND METHODS
	Study area and field sampling
	Laboratory analysis
	Structural complexity assessment
	Spatial arrangement

	RESULTS
	Vertical variation in size distribution and abundance
	Influence of environmental variables
	Spatial aggregation

	DISCUSSION
	Environmental gradients and distribution of sea urchins
	Influence of structural complexity
	Spatial aggregation

	CONCLUSIONS
	Acknowledgments
	Authors’ contributions
	Competing interests
	Availability of data and materials
	Consent for publication
	Ethics approval consent to participate
	REFERENCES
	Supplementary materials
	Table S1
	Table S2

