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Community Structure and Zonation of the
Macroinfauna along a Dissipative-reflective Range of
Beach Category in Southern Chile

E. JARAMILLO and M. GONZALEZ

JARAMILLO,E., and M. GONZALEZ (1991): Community Structure and
Zonation of the Macroinfauna along a Dissipative-reflective Range of
Beach Category in Southern Chile.

Studies on Neotropical Fauna and Environment 26, pp. 193-212,

Three oceanic sandy beaches, covering a full range of dissipative-reflective
categories were sampled at southern Chile (ca. 39°S) during the summer of
1990. The purpose of this study was to analyse the abundance, species

( richness and zonation schemes of the macroinfauna in relation to physical
characteristics (e.g. texture, slope) of that sites. In addition, we also sampled
an estuarine protected beach located nearby. Furthermore, we analysed the
body sizes of the crustacean species to assess between- and within-size
variability. Principal component analysis showed that gravel percentage,
mean grain size and slope were the most important variables accounting for
by the spatial variability in the physical characteristics of the studied beaches.
Maximum species richness (6) and abundances occurred at a dissipative and
at an intermediate type of beach, respectively. Almost no macroinfaunal
organisms were collected at the reflective beach of Matfas. Kite diagrams
and cluster analysis showed that the macroinfauna can be classified in four
faunistical zones, each of one characterized by a particular species or duple
of species. That zonation schemes are compared with other studies. Finally,
body size comparisons detected that sizes of some species differed between
and within beaches.

E. Jaramillo and M. Gonzalez, Instituto de Zoologia, Universidad Austral de
Chile, Valdivia, Chile.
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Introduction

The morphology of exposed sandy beaches results from interactions between
sediments and nearshore processes such as waves and longshore currents, in
what has been called beach morphodynamics (e.g. Short, 1979). By combining
wave energy and sediment size, sandy beaches have been categorized in several
types, whose extremes are represented by dissipative and reflective beaches.
Dissipative beaches have a wide surf zone (usually multibarred), waves break
100-200 m seaward of the beach face, and consequently, dissipate most of their
energy before reaching the beach. On the contrary, reflective beaches are char-
acterized by an almost virtual absence of surf zone. Thus, waves break directly
on the beach resulting in coarser grains and steeper profiles than those usually
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found at the dissipative beaches (Short, 1979, 1983, Wright et al., 1979).

The constantly changing harsh physical environment of exposed sandy beaches
has typically been emphasized as a major structuring force for infaunal commu-
nities of these habitats (see e.g. review by McLachlan, 1983). Thus, variability in
exposure to wave action, beach face slope and sediment particle size have been
stressed as the most significant factors in determining observed patterns of
abundance and distribution of macroinfauna (Jones, 1970; Fincham, 1974; Croker
et al., 1975; Eleftheriou and Nicholson, 1975; Croker, 1977; Dexter, 1979;
McLachlan et al., 1981). However, other physical factors such as sediment tem-
perature (Jones, 1970; Vohra, 1971; Jaramillo, 1987), water content (Salvat,
1964; Sameoto, 1969; Hayes, 1977; Bally, 1983; Wendt and McLachlan, 1985;
Jaramillo, 1987) and penetrability of the sediments (Craig, 1970, 1973; Jaramillo,
1987) have been also stressed as important factors in the spatial and temporal
variability of the sandy beach macroinfauna.

Dissipative and reflective exposed sandy beaches alternate with estuarine
protected beaches along the coast of southern Chile. This situation provides a
wide between site variability in wave exposure and textural characteristics, a
situation which in turn suggest a macroinfaunal variability. The numerically
dominant intertidal organisms along this coast are crustaceans (i.e. Peracarida
and Anomura), although bivalves [Mesodesma donacium (Lamarck)]and polychates
(e.g. Nephtys impressa Baird) are also found, mostly at the lowest intertidal levels.
The temporal variability of the zonation pattern of that organisms has been described
for the dissipative beach of Mehuin (ca. 39° 23°S) (Jaramillo, 1987); however, no
attempt has been made to analyse in this area of the Chilean coast the eventual
spatial variability of community structure and zonation pattern of the macroinfauna
along a gradient of sandy beach variability; neither, the eventual variability in
body sizes along that gradient or across an intertidal gradient (within site variability)
of tidal emersion. Thus, the objective of this study was to analyse the abundance,
number of species and intertidal distribution of the macroinfaunal organisms
along a gradient of beach category; i.e. from a reflective to a dissipative type of
oceanic beaches. Furthermore, we compared the zonation patterns found at those
beaches with the intertidal distribution of the macroinfauna inhabiting an estua-
rine protected beach. Finally, we analysed the spatial variability in body sizes of
the crustacean species collected during this study. That comparisons provided
the ground to analyse the role of wave exposure on the sandy beach macroinfauna
of southern Chile.

Material and Methods

Study Area: The four beaches selected for study were Agua de las Nifias, Mehuin, Matias and
Maiquillahue (Fig. 1). The most protected site was Agua de las Niflas, a beach located in the outlet
area of Rio Queule and protected from breaking waves by a subtidal sand bar located nearby. All the
other beaches were fully exposed to breaking waves of the Pacific Ocean, especially the site sampled -
at Mehuin. Among these exposed sites, Mehuin can be classified as a dissipative beach, Maiquillahue
as a reflective, and Matias as an intermediate type of beach (sensu Short, 1979).

Methods: During the summer of 1990 two 0.03m"2 replicates of sediment, 20 cm deep, were collected
at 5 and 3 m intervals on a transect extended between the predicted low tide level (MLWST) and the
back border of each beach (defined by foredunes, cliffs or drift lines). The replicates were one meter
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Fig. 1. Map of the Chilean coast showing the location of the beaches studied in this study.

apart each other. The sediment samples were sieved on a 1 mm mesh sieve and the residue preserved
in 5% formalin, Later on, the animals were sorted from the sediments, identified and counted.
Density values per 0.03 m2 were calculated and used to draw kite diagrams and describe zonation
patterns. To analyse the zonation of species, macroinfaunal samples (log transformed data) were
subjected to numerical classification. The taxonomic similarity between pair of samples was calculated
with Winer Index (Saiz, 1980) and a dendrogram was obtained after the Pair Group Method (Sokal
and Sneath, 1973). This analysis was performed with the program ACOM (Navarro, 1984). Crustaceans
were measured to the nearest 0.1 mm for body size comparisons among beaches and tidal levels. For
talitrid amphipods, the body length was the distance from the rostrum tip to telson base, while in
isopods the body length was the distance from rostrum tip to telson tip. The cephalothorax length of
E. analoga was used as body size for that species.

The morphology of each beach was determined by the Emery’s (1961) profiling technique. The
slope of the surveyed profiles was measured by the expression a/L x 100, where a is the difference in
height between the highest and lowest point (low tide line), and L is the distance between these two
points. Two replicates of sediment were collected at each macroinfaunal sampling station for textural
analysis. Samples were collected by inserting a 3.5 cm diameter metal core to a depth of 20 cm.
Sediment samples were de—salted (tap water washing) and wet sieved through a - 1 phi (&) screen (2000
microns) to separate the gravel from sand fractions. Afterwards, the sand fractions were analysed for
textural characteristics through an Emery’s settling tube (Emery, 1938). Mean grain size, sorting,
skewness, and normalized kurtosis (1 / kurtosis + 1) were calculated with a moments computational
method (McBride, 1971), and using a program written by Pino (1982) for a Hewlett — Packard 41 CV,
The results for each beach are expressed in @ units (& = — log 2 mm). The slope of each station was
measured with a clinometer (n = 2 measurements). The penetrability of the sediment was measured
by dropping a 33.6 g metal rod down a 1 m tube. The depth to which the rod penetrated into the
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Table 1. Physical characteristics of the beaches studied. Mean grain size and sorting values refer only to the sand fraction of each sample. Standard deviation in

brackets.

Beach characteristics Agua de las Nifias Mehuin Matfas Maiquillahue
Approximate length (m) 200 200 160 120

Width of transect studied (m) 60 45 40 15

Gravel (%)* 0.00 0.00 0.00 33.07

Mean grain size (J)* 2.32 (0.10) 2.13 (0.03) 1.92 (0.32) 0.21 (0.29)
Sorting (D)* 0.32 (0.02) 0.32 (0.02) 0.55 (0.11) 0.43 (0.05)
Skewness -0.37 (0.16) -0.72 (0.06) -0.64 (0.38) 0.74 (0.33)
Normalized kurtosis 0.75 (0.02) 0.78 (0.01) 0.75 (0.05) 0.79 (0.02)
Beach face slope (%)** 4.25 4.76 6.70 17.6
Textural group*** fine fine medium coarse

*ok
Aokl

overall means based upon the gravel percentages, mean grain size and sorting values calculated for the individual stations sampled at each beach.

calculated through a/L x 100 (see text)

type of sand after Folk (1980) and based upon the mean grain size values reported in this table.

961
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sediment was measured three times at each station, and the average calculated. Sediment temperatures
were monitored at each station with a mercury thermometer accurate to 0.1°C. Temperatures were
read at the surface (approximately 3 mm depth) and a depth of about 20 cm; the values reported here
are the averages of these two readings. Variability of the physical characteristics of the stations, i.e.
percentage of gravel, mean grain size, sorting, skewness, normalized kurtosis, slope, penetrability
and temperature, were analysed by Principal Component Analysis (PCA). For this purpose, the
program Principal Components of the statistical package Statgraphics 2.0 was used. This program
was also used to examine the association among environmental variables and macroinfaunal abun-
dances. Finally, the body size comparisons were carried out through one-way analyses of variance.

Results

The beaches: A summary of some physical characteristics of the beaches studied
are given in Table 1. Textural characteristics and beach face slope showed a high
between—site variability. Gravel sized particles (- 1 to — 2 &) were present only
at the sediments of Maiquillahue, the beach with the coarsest sediments and the
steeper slope. According to the overall mean grain size values of the sand fraction,
Agua de las Nifias and Mehuifn had fine sands, Matfas medium sands, and
Maiquillahue coarse sands. In general, the sands of all beaches were well sorted
sediments, with excess of coarse grains (negative skewness) at Agua de las
Nifias, Mehufn and Matfas, and fine grains (positive skewness) at Maiquillahue.
Sediments of all the studied beaches had similar values of normalized kurtosis
(Table 1).

Fig. 2 shows that in Agua de las Nifias and Maiquillahue, sands of high
intertidal stations had lower mean grain size values than that located at the lower
intertidal. On the contrary, coarser sands were found at the higher intertidal of
Matfas, while almost no variability in grain sizes was found at Mehuin. With the
exception of Matfas, sorting values were quite homogeneous at all the other
beaches. As shown in Fig. 3, the coarsest grains occurred at the steeper stations.
Thus, the regression analysis carried out with slope and mean grain size values
showed that both variables were inversely and significantly correlated. Station
13, located at the low tide level of Agua de las Nifias was excluded from that
analysis due to its particular characteristics, i.e. steep slope and fine sand grains.

Mean sediment temperature increased gradually from low to high intertidal
stations; the highest values fall in the range of 27.5 to 31.2°C (Fig. 4). The
penetrability of the sediments also increased from low to high beach levels, with
exception of Maiquillahue where high values were measured at low and high
intertidal stations (Fig. 4).

In the PCA carried out with the physical characteristics of the studied beaches,
the first two components accounted for by 63.4% of the total variance (component
1=42.0%, component II = 21.4%). Percentage of gravel, mean grain size, skewness
and slope had the highest loadings in the first component, while penetrability and
temperature loaded highest in the second component (Fig. 5). The distribution of
station—points in the plane defined by the first two components is shown in Fig.
6. Stations sampled at Maiquillahue are clearly separated from all the other ones
by component I because of their high percentages of gravel, textural and slope
characteristics (i.e. coarser grains and steeper slopes). Stations from Agua de las
Nifias, Mehufn and Matfas are separated by component II, because of their dif-
ferences in penetrability and temperature. Thus, Fig. 6 shows the existence of a
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Fig. 2. Mean grain size and sorting of the intertidal sediments sampled at the beach studied. The
values calculated for Maiquillahue refer only to the sand fraction of the sediments sampled
there.

gradation from high intertidal stations, mostly located in the left lower quadrat,
to mid and low intertidal stations (with lower temperatures and penetrabilities
than the higher intertidal stations) which are mostly located in the left upper
quadrat.

Macroinfaunal distribution: The highest macroinfaunal abundances were regis-
tered at the beaches of Mehufn and Matfas, which also had the highest number of
species (Fig. 7). The lowest abundances occurred at Maiquillahue in which the
talitrid amphipod Orchestoidea tuberculata Nicolet was the only species collected
there. The cirolanid isopod Excirolana hirsuticauda Menzies was the species with
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Fig. 3. Relationship between the spatial variability of the slope and mean grain size at the intertidal
levels (i.¢. stations) sampled at each beach.

the highest abundance at all the other beaches.

High beach levels were mainly occupied by O. tuberculata and the cirolanid
Excirolana braziliensis Richardson. However, at Agua de las Nifias and Mehuin,
the insect Phalerisidia maculata Kulzer was collected at higher beach levels than
those occupied by the former two species (Fig. 7). E. hirsuticauda made up the
main component of the mid beach levels, while the polychaete Euzonus heterocirrus
Rozbaczylo & Zamorano and the anomuran crab Emerita analoga Stimpson were
the dominant organisms of the low beach levels. Four major station groups were
recognizable in the dendrogram produced by the cluster analysis (Fig. 8). Groups
A and B included high beach levels; however, Group A was represented by
stations with P. maculata as the only species collected there, while Group B was
numerically dominated by O. tuberculata and E. braziliensis. Group C included
stations dominated by E. hirsuticauda and located at the mid and low beach levels
of Agua de las Nifias, and mid beach levels of Mehuin and Matfas. Finally,
Group D included stations located in the low beach levels of Mehufn and Matfas
and dominated by E. analoga and E. heterocirrus (cf. Fig. 7 and 8).

In the PCA carried out with the values of physical characteristics and
macroinfaunal abundances, the first two components accounted for by 42.2% of
the total variance (component I = 24.4%, component II = 17.8%). Percentage of
gravel, mean grain size, skewness and slope loaded highest in the first compo-
nent, while penetrability, temperature and P. maculata had the highest loadings
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studied.

in the second component (Fig. 9). In this analysis, the ordination of station—
points in the plane defined by the first two components (Fig. 10) was similar to
that obtained when PCA was carried out just with physical characteristics. Thus,
macroinfaunal abundances had no significant role in explaining the variability of
the data collected.



Downloaded by [North Carolina State University] at 13:45 08 March 2015

COMPONENT 1: 420 %

MACROINFAUNA IN SOUTHERN CHILE

COMPONENT 11* 21.4 %

201

- + - +
8 .6 4.2 9 2 4 6 8 8 6 4 .2 2 4 6 8
[T T S B S N [ | T N |
ptst— grave! gravel
Stm—— mean grain size mecn grain size
st sorfing o sorting
e— skewness skewness
h kurtosis - kuriosis
| stope slope
| penetrability —— penetrability
- femperature TRE— temperature

Fig. 5. Loads of each physical variable in relation to the first and second component.

physical dato

*
-3
-2
R
AA"
]
0 AT 8
19
9%1’ A:‘ -1
L] ] A
N
4 3 N a2 \ R . 2 . K s R o
' : : j ' . : i = i| c1'420%
- 1 H -
o3
4
% t
Al
‘l
.'
o’ 2
® AGUA DE LAS NIRAS
o o MEININ
5. A MATIAS
M : & MAIQUILLAHUE
cIll:21.4 %

Fig. 6. Ordination of the intertidal levels sampled at each beach. The first component is represented
by the horizontal axis while the second is represented by the vertical one. This analysis was
carried out with the spatial variability of the physical variables shown in Fig. 5.

Body size comparisons: Fig. 11 shows the mean body sizes of the crustacean
species collected at the beaches of Agua de las Nifias, Mehuin and Matfas.
Specimens of O. tuberculata collected at Matfas were larger than those of Agua
de las Nifias and Mehufn. No significant differences were found between the
body sizes of E. braziliensis collected from Mehuin and Matias. E. hirsuticauda
and E. analoga had their smallest sizes at Matfas. Table 2 shows the body size
variability of that species along the surveyed transects. Body sizes of O. tuberculata
were not significantly different at Agua de las Nifias, while larger individuals of
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Table 2. Body size comparisons between tidal level variability at the intertidal stations (st) in which the species were collected. Means followed by the same
letter are not significantly different at the 0.05 probability level,

[\

Agua de las Nifias Mehuin Matfas -
species st. b4 (s.d.) st. X (s.d) st. X (s.d.)
0. tuberculata 4 8.7 (28)A * 2 14.3 (3.6)A
5 11.1 (54) A 3 6.3 34)B
E. braziliensis b 3 5.8 (2.0) AA 2 7.9 0.6)
4 6.4 (2.DA A 3 5.0 (LA
5 4.8 (12) AB 4 44  (ODA
E. hirsuticauda 7 6.9 (GB.6A 6 6.2 Q0A 3 6.9 24 A
3 61 (LA 7 6.2 A5 A 4 50 (DA
9 51 (1.8 A 8 4.7 (1O A 5 6.7 (13)A
10 6.6 (1.5A 9 44 0.1DA
11 6.5 (1.8) A 10 4.2 (L)HA
12 43 (IL.DA
E. analoga ** 8 7.0 @9A 6 39 (LOA
9 64 (B8 A 7 6.1 (398
10 8.2 3.6 A 8 85 (25B
9 10.2 (20)B

species present at only one station

ok species not collected

ZTIVINOD ‘W ANV OTIIANVIVI '3
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this species were found at the highest station in which it occurred at Matfas. The
smallest individuals of E. braziliensis occurred at the lowest station of Mehufn
and Matfas, a trend which it was also apparent with E. hirsuticauda. However, no
significant differences in body sizes were detected for this species. Finally, E.
analoga was represented by the smallest sizes at the highest stations of its dis-
tribution at Matfas, while no significant differences in body sizes were found at
Mehuin.

Discussion

The three oceanic sandy beaches analysed in this study covered a full range of
dissipative to reflective category. Thus, the coarser grains and steeper slopes
found at Maiquillahue chiefly defined its reflective character, while the finer
sands, flater slopes and a wide surf zone configurated the dissipative character of
Mehuin.-Matfas, with intermediate values in grain sizes and slopes may be ca-
tegorized as an intermediate type of beach, but close to the reflective category
since it lacks a surf zone. Agua de las Nifias, an estuarine sandy beach protected
from breaking waves had similar textural and morphological characteristics (i.e.
slopes) to the dissipative beach of Mehufn. As shown by the results of Principal
Component Analysis, that variables related to texture and profile morphology
were more important in explaining the observed variability, than those of sediment
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physical and biological data
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Fig. 10. Ordination of the intertidal levels sampled at each beach. The first component is repre-
sented by the horizontal axis, while the second is represented by the vertical one. This
analysis was carried out with the spatial variability of physical and biological variables (i.e.
macroinfaunal abundances) shown in Fig. 9.

temperature and penetrability. This is an obvious result due to the wide between —
site variability observed along the range of beaches studied.

The results of this study agree with others in which grain size is assumed to be
the dominant factor controlling sandy beach community structure (e.g. Colman
& Segrove, 1955; Jones, 1970; Croker, 1977; Dexter, 1979; McLachlan et al.,
1981). Thus, the obvious grain size differences found among the beaches studied
correlate well with the differences found in macroinfaunal community structure.
The most obvious difference between the macroinfaunas, was the marked contrast
in abundance and number of species collected in the reflective beach of Maiquillahue
as compared with the other beaches. The paucity of macroinfauna at that beach,
agrees with the findings of Gauld & Buchanan (1956), Dye et al., (1981) and
McLachlan (1985) who reported that reflective beaches of Ghana and South
Africa were characterized by an impoverished macroinfauna. As shown by sev-
eral authors (e.g. McLachlan et al., 1981; Dexter, 1983), species richness and
macroinfaunal abundance are negatively correlated with particle size. Another
important difference among the sites studied was that polychaetes were collected
only at the intermediate beach of Matfas. As reported by several authors (e.g.
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Fig. 11. Inter-beach comparisons of the body sizes of O. tuberculata, E. braziliensis, E. hirsuticauda
and E. analoga. AG: Agua de las Niitas, ME: Mehuin and MAT: Matias.

Mclntyre, 1970; Seed and Lowry, 1973; Croker, 1977; Dexter, 1983; McLachlan,
1983), the abundance of sandy beach polychaetes increase along a gradient of
decreasing wave exposure. But other factors than those related to wave exposure
should be invoked here to explain the high abundances of the spionid E. heterocirrus
at Matias. That, because in a beach with lower exposure (i.e. finer sands and
flater slopes) such as Mehufn, polychaetes were absent. Finally, E. analoga was
only collected at Mehuin and Matfas. While this species has been casually found
at this area, it has never been collected at protected estuarine beaches of southern
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Chile (Jaramillo, 1987). Low salinity tolerances shown by E. analoga in labora-
tory experiments, suggests that its absence from that estuarine beaches, is due to
the lower salinities of these habitats as compared with the exposed sandy beaches
of e.g. Mehuin and Matfas (Jaramillo, 1987). In addition, the absence of a surf
zone at that estuarine areas, may in turn indicate an absence of an adequate food
source in suspension, precluding the establishment of this suspension — feeder at
that sites.

Several zonation schemes have been proposed for sandy beach habitats. While
Dahl (1952), Pichon (1967) and Trevallion et al. (1970) based their schemes in
biological factors (i.e. the intertidal distribution of the macroinfauna), Salvat
(1964) used physical characteristics; i.e. the water content of the sediments.
Thus, Dahl (1952) proposed three faunistical zones: the higher one characterized
by talitrid amphipods in temperate areas and ocypodid crabs in warm areas (the
subterrestrial fringe), the middle one dominated by cirolanid isopods (the midlittoral
zone), and the lower zone, mainly characterized by amphipods and anomurans
(the sublittoral zone). Salvat (1964) defined the zones of drying (the water spray
zone), retention (water is trapped at the interstitial space), resurgence (water
moves in the sand, but that is not saturated) and saturation (the sediment is
saturated of water). Dahl’s subterrestrial fringe corresponds to the Salvat’s dry-
ing zone; the midlittoral zone of Dahl is equivalent to the retention and resurgence
zones of Salvat, and Dahl’s sublittoral fringe corresponds to the Salvat’s saturation
zone (MacLachlan, 1983). Recently, classification and ordination techniques
have been used to look up into the number of such faunistical zones. In that way
four zones have been distinguished in sandy beaches of South Africa (Bally,
1983; Wendt & McLachlan, 1985) and Namibia (Donn & Cockcroft, 1989),
while in northern Chile just three zones were determined (Clarke & Peifia, 1988).

The kite diagrams representing the intertidal distribution of the macroinfauna
and the cluster analysis carried out with the samples collected in this study,
showed that the stations sampled can be classified in four groups, each one
numerically dominated by a particular species or duple of species. Thus, P. maculata
can be considered as a typical species of the subterrestrial fringe — drying zone;
O. tuberculata and E. braziliensis dominated at the high beach levels of the
midlittoral zone (retention zone), E. monodi and E. hirsuticauda were numeri-
cally dominant at the low levels of the midlittoral zone (resurgence zone), while
E. analoga and E. heterocirrus were typically found at sublittoral fringe or satu-
ration zone, It should be emphasized, however, that species which dominated at
some particular tidal level also extended their distribution to another ones; e.g.
O. tuberculata was also found at the uppermost stations sampled (i.e. drying
zone) of Matfas and Maiquillahue, while E. hirsuticauda the dominant taxon at
the midlittoral zone, was also collected at the saturation zone of Agua de las
Nifias and Mehuin. Furthermore, the zonation pattern outlined before may change
considerably with season and tidal period (i.e. spring versus neap tides). As a
matter of fact, no specimens of P. maculata are usually found at that beaches during
winter time (unpublished data). Also, Jaramillo (1987) has described at seasonal
downshore migration of the peracarid assemblage at the beach of Mehuin; e.g.
during the summer time, species characteristics of the high beach levels occurred
at lower tidal levels than those previously occupied during winter and early
spring. Thus, temporal variability might be a key factor in the configuration of
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that zonation schemes.

The zonation schemes reported for the crustacean assemblage studied here are
similar to that reported for Castilla et al. (1977) for exposed sandy beaches of
central Chile (ca. 32°S); i.e. the same species were collected at both areas of the
Chilean coast and at similar intertidal levels. However, the distribution of E. gnaloga
at the beaches studied for Castilla et al. (1977) included not only the low inter-

“tidal levels, but also part of the midlittoral zone. On the other hand, our results

differ from others found at another Chilean sandy beaches. For example, Clarke
& Peiia (1988) found that in a protected beach of northern Chile (ca. 23°S) the
cirolanid isopods did not appeare at the midlittoral zone, which was occupied by
E. analoga and polychaetes. Similar situation was reported by Sanchez et al.
(1982) for an exposed beach of central Chile (ca. 30°S), in which the midlittoral
zone was primarily occupied by polychaetes and oedocerotid amphipods. Fi-
nally, Epelde — Aguirre & Lopez (1975) distinguished just two faunistical belts,
without an indication of the characteristic cirolanid belt found in this study.
However, the most striking difference between the last three studies and our
study is that related to the number of cirolanid species that were collected in some
of the beaches studied here. Two species were collected at Agua de las Nifias and
Mat{as, while three cirolanid coexisted at Mehuin. At any of these beaches, that
species had their maximum abundances at different tidal heights. A similar gra-
dient in zonation of cirolanid isopods was described by Jones (1971) from the
coast of Kenya; there he found that Eurydice geniculata Jones had a distribution
centered on the upper beach levels (HWN to MHW), while E. orientalis (Dana)
showed a maximum density just below MLWN. Similarly, Pichon (1967) found
that in Madagascar E. natalensis (Vanhoffen) occurred at the subterrestrial fringe—
drying zone, while E. orientalis was distributed further down in the midlittoral
zone. The former distributional schemes represent common examples of closely
related species partitioning available space. Both horizontal and vertical space
partitioning have been suggested as reducing, or avoiding potential competition
between peracarids of oceanic sandy beaches (Jones, 1979; Croker, 1967; Croker
& Hatfield, 1980). But, as far as cirolanid isopods is concerned, no strong evi-
dence has been presented to validate that suggestion. For example, in coexistence
experiments carried out with the sympatric species E. braziliensis and E.
hirsuticauda Jaramillo (1987) did not find evidence for ongoing competition
between these species; i.e. mortality rates were similar in single or mixed cultures.
Body size differences have been found in the intertidal distribution of several
sandy beach species. This phenomenon has been observed in gastropods (Edwards,
1969), bivalves (e.g. Wade, 1967; McLachlan & Hanekom, 1979; Tarifefio, 1980;
Amtz et al., 1987), hippid crabs (Efford, 1965; Philip, 1974; Haley, 1982), haustoriid
amphipods (Hager & Croker, 1979), talitrid amphipods (Craig, 1973) and cirolanid
isopods (Glynn et al., 1976; Dexter, 1977). Causes of zonation by sizes have
been attributed to several factors, among them beach morphology (e.g. Cubit,
1968; Perry, 1980; Bowman & Dolan, 1985), reproductive behaviour (Efford,
1965), intraspecific competition (Haley, 1982) and sand dessication tolerance
(Hager & Croker, 1979). It is difficult to assess the causes which originate
between-beach differences in the body size of some of the crustaceans studied
here. For example, while O. tuberculata was significantly larger at a coarser beach
(Matias versus Agua de las Nifias), E. hirsuticauda was significantly smaller. Other
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body size comparisons (i.e. within beach-variability) showed that some of the
crustacean species studied here were zoned by sizes; i.e. E. braziliensis and E.
analoga. Due to the fact that almost no differences were found in the textural
characteristics among the tidal levels occupied by E. braziliensis it can be hy-
pothesized that differences in the distribution of sizes are related to differences
in sand dessication related factors. A similar hypothesis can not be invoked to
explain the apparent concentration of juveniles of E. analoga in the higher dis-
tributional level of this species. On the contrary, wave disturbance might well be
the factor causing the differential size distribution shown by E. analoga: i.e.
larger animals could stand better (by burrowing deeper) the energy liberated by
the breaking waves of the lower shore.

In conclusion, the macroinfauna of the beaches studied showed similar char-
acteristics to that of other littoral areas around the world; i.e. number of species
increased from high to low beach levels; that species can be zoned in distinct
faunistical zones, and finer and flater slope sediments had higher species rich-
ness and abundances than coarser and steeper sediments (i.e. more exposed
substrates). Thus, wave exposure related factors, such as grain size and slope
were the most important ones in defining the observed patterns.
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