


3 Suspension Feeders on Sandy Beaches
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3.1 Introduction

Sandy beaches are the most common coastal habitat on temperate and
tropical coasts; comprising about 75 % of the world’s coastal zone (Bascom
1980). Exposed sandy beaches support a diverse and abundant macroinfauna
(Brown and McLachlan 1990). In terms of species richness, sandy beach
macroinfauna is dominated by crustaceans, bivalves and polychaetes. In
terms of abundance, peracarid crustaceans are usually the dominant organ-
isms. However, large suspension feeders, such as anomuran decapods
(Emerita spp.) and bivalves (Mesodesma and Donax spp.), are usually the top
contributors to biomass (e.g. Hutchings et al. 1983; Donn 1990; Dugan et al.
1994; Jaramillo et al. 2001).

Basically, sandy beaches can be described in terms of wave and sediment
characteristics, also called beach morphodynamics. A dimensionless index,
Dean’s parameter (also called parameter Q), reflects the interaction between
wave height, wave period and sediment fall velocity of sand particles from the
sediments at the breaker zone (Short and Wright 1983; Short 1996); i.e.
Q=Hb/T x sand fall velocity, where Hb is the height in centimeters of waves at
the breaker zone, T is the wave period in seconds, while sand fall velocity
(cm s7!) is derived from the mean grain size of sands from the breaker zone
and empirical data given by Gibbs et al. (1971). Using this parameter, three
major types of beaches can be described: reflective, intermediate and dissipa-
tive.

Reflective beaches are characterized by a virtual absence of surf zone,
coarse sand, small waves (usually lower than 1 m) and steep profiles. At the
other end of the spectrum, dissipative beaches have a wide surf zone (i.e.,
waves dissipate most of their energy before reaching the beach face), fine
sands, large waves (usually higher than 2m) and flat profiles. Intermediate
beaches lie between both extremes, with bar-trough systems, rip currents and
variable seasonal conditions (Short and Wright 1983; Short 1996). The swash
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climate of exposed sandy beaches varies with the morphodynamic states. For
example, reflective beaches have swashes with short periods, dissipative ones
have longer swash periods, and intermediate beaches show swash periods
intermediate between that of reflective and dissipative beaches (McArdle and
McLachlan 1991). The following Dean’s values have been mentioned (e.g.
Short and Wright 1983) for the beach types: <1.0=reflective beaches, 1.0-6.0=
intermediate beaches, and >6.0=dissipative beaches.

Dean’s parameter is a useful tool to categorize sandy beaches on microtidal
coasts. However, when tide ranges are greater than 2-3 m, the role of tides in
beach morphodynamics increases (Masselink and Short 1993). To account for
this, McLachlan et al. (1993) created the beach state index (BSI) where
BSI=log [(Hb x MTR/T X sand fall velocity X ET)+1]. MTR is the maximum
tide range and ET is the maximum theoretical equilibrium tide for which the
earth covered in water is 0.8m (McLachlan et al. 1993). Based upon a
comparative study of about 70 beaches, McLachlan et al. (1993) suggested the
following scale for BSI: <0.5=reflective beaches, 0.5-1.0=low to medium
energy intermediate beaches, 1.0-1.5=high energy intermediate-dissipative
beaches, 1.5-2.0=fully dissipative beaches, and >2.0=ultra-dissipative macro-
tidal beaches.

Beach morphodynamics have been considered a key factor in the
community structure of the sandy beach macroinfauna around different
zoogeographic regions of the world. A comparative study of sandy beach
macroinfauna communities from all around the coast of South Africa,
Australia and the coast of Oregon showed a linear increase in species richness
and an exponential increase in abundance and biomass of the macroinfauna
from reflective to dissipative conditions (Fig. 3.1, McLachlan 1990). Since the
BSI allows for comparisons of sandy beaches located at different zoogeo-
graphical regions which have very large differences in tidal range, McLachlan
et al. (1993, 1996, 1998) subsequently studied the sandy beach macroinfauna
in South Africa, Oregon, Australia, south central Chile, and Oman showing
that the patterns already found also hold globally. However, recent seasonal
studies carried out along the coast line of Chile (from about 19 to 42° S, circa
2500km) show that these sorts of relationships are indeed quite variable.
Thus, the higher abundance and biomass values are found at intermediate
beaches with Dean’s values close to 3 (Fig. 3.2a). These values of abundance
and biomass are usually higher than the values predicted by the worldwide
model given by McLachlan et al. (1996) in which the BSI is used (Fig. 3.2b).

In the first part of this study we compare the community structure of the
sandy beach macroinfauna vs. beach morphodynamic types on different
coasts. We will explore the role of the most distinctive suspension feeder
along Chilean sandy beaches - the anomuran crab Emerita analoga - in terms
of the observed trend for this coast by comparing unpublished information of
sandy beach surveys carried out along the Chilean coast and Spain (Galicia)
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Fig. 3.1. General trends of species richness, abundance
and biomass of the sandy beach macroinfauna vs.
morphodynamic beach type. R, I, D reflective,
intermediate and dissipative beaches (see text)
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Fig. 3.2. Sandy beach macroinfauna from the Chilean coast. Abundance and biomass of
the total macroinfauna vs. beach types defined by Dean’s parameter (Q) (a) and beach
state index (BSI) (b). The regression lines are from McLachlan et al. (1996);

y=0.39+2.55x for abundance and y=-0.34+2.12x for biomass
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with published data from Australia (McLachlan et al. 1996) and Oman
(McLachlan et al. 1998). In the second part we also examine unpublished and
published information to examine whether morphodynamic beach types
affect the population biology and behavior of large suspension feeders such as
Emerita and Donax. Finally, we analyze across- and along-shore zonation of
these suspension feeders to examine the possible role of biological inter-
actions in shaping spatial distributions on exposed sandy beaches.

3.2 Beach Morphodynamic Types vs. Community Structure
of the Macroinfauna

E. analoga is the most common suspension feeder inhabiting sandy beaches
along the Chilean coast. It primarily occupies the lower shore levels (swash-
resurgence zone), although stranded animals are sometimes also found at the
mid-shore levels or retention zone. Along this coast, the abundance of this
species is usually higher than 50 %, while biomass values may well represent
more than 80 % of the whole macroinfauna (Fig. 3.3). The dominance of this
species results in significant correlations for total abundance and biomass vs.
abundance and biomass of E. analoga on these beaches (log total abundance=
-3.27+1.61 x log abundance of E. analoga, r=0.85, n=19, p<0.01 and log total
biomass=-1.04+1.31 xlog biomass of E. analoga, r=0.95, n=16, p<0.01).
Dugan et al. (2000) have reported E. analoga as the most abundant species on
22 out of 36 beaches surveyed along the coast of California (5 to 98 % of the
total macrofaunal abundance). Similarly, biomass of this crab accounted for
22-99 % of the total biomass on those beaches (Dugan et al. 2000).

The total abundance of the macroinfauna on Chilean beaches is higher
than the worldwide model presented by McLachlan et al. (1996) (Fig. 3.4); in
other words, similar abundances were found on Chilean beaches with lower
BSI values than those studied at other latitudes such as Australia, Spain and
Oman. Biomass vs. BSI shows a similar pattern to that of the abundance, and,
in some cases, macroinfaunal biomasses on Chilean beaches were higher than
those found on Omani beaches, being both similar in BSI (Fig. 3.4). We
conclude from this that for the sandy beaches of Chile and also those in
California (see Dugan and Hubbard 1996), factors other than beach morpho-
dynamics influence patterns of macroinfaunal community structure in
exposed sandy beaches. Those factors would apply primarily to large sus-
pension feeders such as E. analoga; e.g. upwelling waters along the coast of
Chile and California. Interestingly, sandy beaches located on coasts with up-
welling waters (e.g., sandy beaches of Galicia, Spain; de la Huz 1999) but with
low abundances and biomass of large suspension feeders (or even absent)
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Fig. 3.3. Relative values for Emerita analoga (abundance and biomass) at exposed sandy
beaches located along the Chilean coast. The names of the study beaches are: Ag Aguila;
Ho Hornitos; Ap Apolillado; LC Las Cruces; Ma Matanzas; Co Cobquecura; LM La
Misién; MB Mar Brava

agree quite well with the McLachlan model of increasing abundance and
biomass from low to high BSI values. At this point it is worthwhile mentioning
that earlier studies on the Chilean coast (Jaramillo and McLachlan 1993) were
similar to the results of McLachlan et al. (1996), in the sense that abundance
and biomass of the macroinfauna increased from reflective to dissipative
beaches. However, those studies included three reflective beaches located
close to an estuarine outlet where E. analoga was absent or in very low
abundance. As shown experimentally by Jaramillo (1987), water salinities
lower than 20 ppt result in significant mortality of this species. This would
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explain the low macroinfaunal abundances found by Jaramillo and
McLachlan (1993) and the linear increase in total macroinfauna along a range
of morphodynamic beach types in that area of the Chilean coast. Indeed, it
would be interesting to evaluate if the abundance and biomass of the total
macroinfauna inhabiting exposed sandy beaches of the North and South
American coasts that have species of Emerita agree or not with the worldwide
model presented by McLachlan et al. (1996). Apart from E. analoga, five
species of Emerita have been collected along this coast: E. rathbunae along the
tropical coast of the Pacific Ocean, E. talpoida from the Atlantic coast of the
USA and the Gulf of Mexico, E. benedicti primarily found inside that gulf, E.
portoricensis from the West Indies in the Caribbean, and E. brasiliensis from
the Atlantic coast of South America (Tam et al. 1996).
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3.3 Beach Morphodynamic Types and Abundances
and Population Biology of E. analoga

Seasonal variability in population abundances of E. analoga at two regions of
the Chilean coast is shown in Fig. 3.5. In northern Chile, the abundances were
higher at an intermediate beach (average Dean’s parameter=2.9) as compared
with a site with quite reflective characteristics (average Dean’s para-
meter=1.4). On the other hand, two beaches examined in south central Chile,
a dissipative site (average Dean’s parameter=6.6) and an intermediate beach
(average Dean’s parameter=4.7), supported similar population abundances of
E. analoga. This suggests that beach types affect population abundances of
this suspension feeder just when beach types are close to or at the reflective
condition. This assertion is supported by the fact that, at those sites sampled
in south central Chile, growth parameters of E. analoga are quite similar (E.
Jaramillo, unpubl. data).

northern Chile (ca.23°S)
1000000

100000 4
% _ 10000 A

1000 -

ind.m

100 +

10

south central Chile (ca.39°S)

1000000

a7
100000 -Os_ ’0,:\ .

T_ 10000 '
Q66

m

1000

ind.

100 +

10

Fig.3.5. Seasonal variability in population abundances of Emerita analoga in two areas
of the Chilean coast. The values of Dean’s parameter (Q) are means of the whole study
period at each beach. The sampling months at the beaches of northern Chile were July
(J) and December (D) 1996, March (M), August (A) and December (D) 1997, and August
(A) 1998
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3.4 Tidal Movements and Burrowing Behavior

It has long been known that large suspension feeders of sandy beaches (e.g.
Emerita, Donax) move up and down the shore with tidal variation (Branch
and Branch 1993). However, not much is known about the effects of different
beach types upon that sort of movement. Jaramillo et al. (2000) compared
tidal variability of E. analoga between a dissipative and a reflective beach of
southern Chile (ca. 42° S) and found that the movement of this species was
greater at the dissipative site. Along a tidal cycle that included two lows and
one high tide (ca. 12h) the population mode of Emerita moved up and down
following the limits of the swash zone as it moved up and down the beach. In
contrast, in the reflective site, most of the animals remained below the lowest
swash level through the tidal cycle suggesting that the width of the swash zone
may affect the extent of tidal movement in this suspension feeder. In other
words, this supports the swash exclusion hypothesis (McLachlan et al. 1993)
in the sense that crabs remained below the effluent line on that reflective
beach.

Exposed sandy beaches are coastal habitats dominated by sediment in-
stability and strong hydrodynamic forces. One of the main adaptative mech-
anisms to cope with these factors is burrowing behavior; i.e., in exposed
beaches organisms must burrow fast enough to avoid drifting in strong waves
and currents. Burrowing rates of sandy beach organisms are usually affected
by body size of organisms (see, e.g., McLachlan et al. 1995). Jaramillo et al.
(2000) measured burrowing rates of E. analoga on both a dissipative and a
reflective beach in southern Chile and found that crabs burrowed at similar
rates in sediments from both beaches, which suggests that this crab is a
sediment generalist (cf. Alexander et al. 1993). Laboratory experiments using
Donax trunculus from Spain (M. Lastra, unpubl. data) showed ontogenic
changes in clams burrowing in different sediment sizes. Those results show
that individuals measuring 5-25 mm in shell length burrow faster in medium
and fine sands, while bigger animals burrow faster in fine and very fine sands.
These results suggest that small (juvenile) clams are able to cope with more
reflective morphodynamic conditions (e.g., coarser sands) than adults. To
determine whether this trend represents a plastic response of the individuals
that inhabit changing sedimentary environments, further studies are needed.

3.5 Across- and Along-Shore Zonation

The patchy distribution of sandy beach organisms has been mainly studied in
bivalves (e.g. Sastre 1985; Defeo et al. 1986; Jaramillo et al. 1994; Lastra and
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Fig. 3.6. Across-shore distribution of Donax trunculus and Emerita analoga at an
exposed beach in Galicia, Spain, and south central Chile

McLachlan 1996) and anomuran crustaceans such as Emerita (Efford 1965;
Cubit 1969; Perry 1980); the across-shore distribution of the bivalve Donax
trunculus and that of Emerita analoga in Spain and Chile, respectively. Both of
them show space partitioning across the intertidal. This is most obvious with
E. analoga; i.e., smaller (younger) crabs mostly inhabit the upper levels of the
distribution (i.e., at the top of the swash zone). During the times when
juvenile E. analoga are more abundant on the sandy beaches of south central
Chile - spring to early autumn - their highest abundances are usually found
in areas where the abundance of larger crabs is lower (Hinrichsen and Rivera
1994). Thus, results presented in Fig. 3.6 suggest that the spatial segregation of
juveniles and adults of E. analoga on sandy beaches of south central Chile may
be due to some sort of biological interactions. Dugan and Hubbard (1996)
reached similar conclusions for Californian populations of this species; i.e.,
measures of crab size increased while population abundance decreased
among 12 populations on 50 km of coast.

Physical and biological factors have been proposed as causes of spatial
partitioning in the across- and along-shore distribution of large sandy beach
suspension feeders, among them sediment size (Maze and Laborda 1988) and
intraspecific competition (Guillou and Le Moal 1978; Ansell and Lagardere
1980). Although there is not much experimental evidence for the role of these
factors, some published results suggest that biological interactions may well
be involved. Field experiments carried out by McLachlan (1998) on a sandy
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beach in South Africa showed that the burrowing rates of Donax serra and D.
sordidus were affected at high densities of the former species, a result which
suggests that in high density beds of these clams interactions would occur.
Similarly, in a field experiment carried out by Defeo (1996) on a sandy beach
in Uruguay, density-dependent processes were considered important for
Mesodesma mactroides and Donax hanleyanus. More experiments are clearly
needed to elucidate these aspects.

3.6 Conclusions

This review has explored the role of large suspension feeders such as E.
analoga in the observed trends of sandy beach community structure in
coastal areas like Chile and California, where these animals are the most
abundant organisms. In these areas, the relationship between abundance and
biomass of the total macroinfauna does not match the worldwide model in
which morphodynamic beach type is considered to be the key factor in
shaping macroinfaunal community structure. Although few studies have been
carried out, it seems that beach morphodynamic type affects the behavioral
aspects of these organisms, such as tidal migration and burrowing behavior.
The patchy distribution and often size-structured aggregations of large sus-
pension feeders, such as E. analoga, Donax and Mesodesma, also suggest that
biological interactions (an almost unexplored field) may indeed be important
in shaping these patterns on exposed sandy beaches.
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