P.S.Z.N.: Marine Ecology, 21 (2): 113—127 (2000)
© 2000 Blackwell Wissenschafts-Verlag, Berlin Accepted: February 2, 2000
ISSN 0173-9565

Abundance, Tidal Movement, Population
Structure and Burrowing Rate of Emerita
analoga (Anomura, Hippidae) at a Dissi-
pative and a Reflective Sandy Beach in
South Central Chile

Eduardo J aramillol*, Jenifer Dugan2 & Heraldo Contreras’

! Instituto de Zoologia, Universidad Austral de Chile, Casilla 567, Valdivia, Chile.

2 Marine Science Institute, University of California Santa Barbara, Santa Barbara,
CA 93106, USA.

With 5 figures and 4 tables
Key words: Sandy beaches, swash, Emerita analoga, south central Chile.

Abstract. To evaluate the effects of beach morphodynamics upon the abundance, tidal
movement, population structure and burrowing rate of the crab Emerita analoga
(Stimpson) (Anomura, Hippidae) we sampled two beaches in south central Chile
(ca. 42° S), Mar Brava and Ahui with dissipative and reflective characteristics, res-
pectively. The swash zone at the dissipative beach was 5—6 times wider than that of the
reflective beach. At the dissipative beach, upwash speeds were higher and the number
of effluent line crossings were lower by more than an order of magnitude. To examine
the tidal movement of E. analoga, we collected crabs from 5 to 6 tidal levels of each
beach every 2 h across 12 h of the tidal cycle. The intertidal distribution of crabs dif-
fered between beaches; i. e., at the dissipative beach they were primarily located at the
swash zone, while at the reflective beach they were mostly located at the low tide level
and shallow subtidal. The change in position of crabs was pronounced across the tidal
cycle at the dissipative beach (Mar Brava), with most of the animals remaining in the
active swash zone. Body size data were used to construct size frequency distributions
for each population. Crabs from the dissipative beach reached larger sizes than those at
the reflective beach. Sediments were coarser at the latter versus the former beach. Crabs
burrowed at similar rates in the sand from both beaches, a result which supports the idea
that E. analoga is a “sediment generalist” capable of burrowing successfully in a wide
range of sediment types. This characteristic is likely a key to the broad success of this
species on the full range of beach morphodynamic types along the coasts of South and
North America.
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Problem

Exposed sandy beaches are widespread dynamic coastal habitats which may be physic-
ally defined by sediment type and wave features (Brown & McLachlan, 1990). Sandy
beaches have often been characterized in relation to single physical factors such as sand
particle size, beach face slope, wave exposure and tidal range (e.g., Eleftheriou & Mc-
Intyre, 1976; McLachlan, 1980; Dexter, 1992). However, researchers such as Wright
et al. (1979, 1985), Short (1983, 1996) and Short & Wright (1983), among others,
adopted a more holistic view of oceanic exposed sandy habitats and classified beaches
across a spectrum of morphodynamic types, from reflective to dissipative. Reflective
beaches are characterized by a virtual absence of surf zone, coarse sand, small waves
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 and flat profiles. Intermediate beaches lie between both ex-
tremes, with bar — trough systems, rip currents and variable conditions (Short, 1983,
1996; Short & Wright, 1983). The swash climate of exposed sandy beaches varies with
the morphodynamic states. For example, reflective beaches have swashes with short
periods, dissipative ones with longer periods, and intermediate beaches show inter-
mediate swash periods (McArdle & McLachlan, 1992).

Some of the macroinfaunal species inhabiting the swash zone of exposed sandy bea-
ches show a characteristic migratory tidal rhythm. These movements have been studied
in anomuran decapods of the genera Emerita and Hippa (Cubit, 1969; Fusaro, 1980;
Shepherd et al., 1988), in bivalves of the genus Donax (Tiffany, 1972; McLachlan &
Hesp, 1984; Donn et al., 1986) and in the gastropod genus Bullia (Dye & McGwynne,
1980; Brown, 1982; McGwynne & McLachlan, 1985). Shepherd ef al. (1988), for ex-
ample, showed that the distribution of juvenile Hippa australis in a sandy beach of Aus-
tralia maintains a close relationship with the boundaries of the swash zone. The
molluscs Donax sordidus and Bullia rhodostoma, exhibit no intrinsic migratory beha-
viour: movements result from changes in the physical conditions of the beach, such as
tide levels and variability of the swash line (McLachlan et al., 1979). McGwynne &
McLachlan (1985) suggested that the migratory movements of Bullia rhodostoma, Bul-
lia digitalis and Bullia pura are directly related with the tidal cycle.

The hippid decapod crab Emerita analoga (Stimpson, 1857) is a typical tidal migrant
of the swash zone in sandy beaches along the Pacific coast of America. Its geographical
distribution extends from Alaska (ca. 58° N) to the extreme south coast of Chile
(55° S), being interrupted in tropical regions and those with water temperatures above
20 °C (Efford, 1969; Nuiiez et al., 1974). A number of factors have been related to the
migratory behaviour of this species. Cubit (1969) suggested a role of thixotropic
changes in the substrate during the tidal cycles. Dillery & Knapp (1970) stressed long-
shore currents, while Fusaro (1980) related the distribution of E. analoga to the level of
tides.

The coast of south central Chile (ca. 39—42° S) has a variety of morphodynamic
types of beaches inhabited by a rich and abundant macrofauna, often dominated by
E. analoga. Abundance and biomass of the total macroinfauna along these beaches in-
crease from reflective to intermediate and dissipative types (Jaramillo & McLachlan,
1993; Jaramillo er al., 1993). McArdle & McLachlan (1991, 1992) suggested that
dynamics of the surf — swash zone may be the most important factor structuring the in-
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tertidal sandy beach macroinfauna. We hypothesize that different swash climates also
affect the biology and behaviour of E. analoga. To test this hypothesis, we compared
the population structure, tidal movement and burrowing rate of this species on two
sandy beaches with reflective and dissipative characteristics in south central Chile.

Material and Methods

1. Study area

The two study sites were located on the coast near Ancud (ca. 42° S), Isla de Chiloé, south central Chile. The
sites chosen were the beaches of Mar Brava (41° 54° S, 73° 59° W) and Ahui (41° 49’ S, 73 °51° W) with
dissipative and reflective features, respectively. While Mar Brava is fully exposed to the breaking waves of
the Pacific Ocean, Ahui is located in a sheltered bay (Fig. 1). These beaches are affected by a semidiurnal tidal

cycle with a tide range close to 1.2 m.

2. Beach and swash characteristics

To characterize the morphodynamic beach state, wave height and wave period were estimated at each beach
during low tides on 16—17 March, 1999. Wave height (n = 15) was estimated by measuring the height of
breaking waves with graduated poles against the horizon and adding that to the height difference between the
location of the observer and the lowest point where the backwash met the next incoming swash bore. The
wave period (measured with a stop watch) was the time interval between breakers. Sediment samples were
collected from the lowest swash level with a plastic cylinder (3 cm in diameter) buried to an approximate
depth of 3 cm. Grain size was analyzed using a settling tube (Emery, 1938), and mean grain size was calcu-
lated according to the moments computational method (Seward-Thompson & Hails, 1973). From estimated
mean wave height, wave period and sand fall velocity, Dean’s dimensionless parameter [€2] (Short & Wright,
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Fig. 1. Location of the beaches studied on the coast of Isla de Chiloé, south central Chile.
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1983) was calculated for each beach: Q = wave height [cm] / sand fall velocity [cm - s x wave period [s].
Sand fall velocity values were obtained from mean particle size and following Gibbs et al. (1971). The mor-
phology (i. e., beach face slope) of each beach was determined by Emery’s profiling technique (Emery, 1961).

The characteristics of the swash climate were measured continuously for 10 min every other 2 h during the
crab sampling period of 12 h at each beach. Thus, space travelled and time of incoming swashes were mea-
sured during that 20 min period. Afterward, swash speed was estimated with that data. We noted the times any
swash crossed the effluent line (intersection of groundwater table and beach face) during the 20 min period.
We also took periodic measurements of the width of the swash zone (distance between the lower and upper
limit of swash).

3. Tidal movement of E. analoga

To examine the tidal movement of E. analoga at both beaches, we collected crabs from 5 to 6 tidal levels of
the beach across 12 h of the tide cycle on three transects (18— 19 March, 1999). Transects were at least 15 m
apart in order to avoid disturbance of the crabs in the adjacent transects. Sampling commenced on the morning
low tide and new samples were collected every 2 h from 09:00 to 19:00. Samples were collected at the follow-
ing tidal levels: one below the low swash line, two or three in the swash zone, one in the uppermost level of
this zone (effluent line), and one in the retention zone above the effluent line. The distance between samples
on each transect varied between sampling times and the sampled beaches. That interval depended upon the
total width of the zone from the effluent line to the low swash, which varied with both time and beach type.
We also noted the distance from the drift line to the top of the visible aggregation of E. analoga at each sam-
pling time. Samples were collected with a 10 cm diameter corer and sieved through a 1 mm mesh. Ten cores
were collected at each tidal level and pooled to make up each sample (0.08 m?). The number of crabs in each
sample were counted and measured to the nearest 0.1 mm CL (carapace length) with vernier calipers. The sex
and reproductive condition of each crab were recorded.

4. Population structure of E. analoga

Body size data were used to construct a size frequency distribution for each population. Analyses of popula-
tion characteristics included female size at maturity (the smallest size at which 50 % of the crabs were oviger-
ous), largest ovigerous crab (95th percentile size), smallest ovigerous crab (5th percentile size), and largest
male crab (95th percentile size) (sensu Dugan et al., 1991, 1994).

5. Burrowing rate of E. analoga

We collected variously sized E. analoga and sediments from the intertidal of the two study sites during 1819
March 1999. Burrowing rates of crabs from each beach were measured in sand from Mar Brava and Ahui.
Injured, recently molted and late premolt crabs were not used in the burrowing trials. Burrowing trials were
conducted in sediments from both sites immediately following the collection of the animals at each beach.

Burrowing rates were measured in the field in two 3.5 1 tubs (28 cm in diameter) with 50 mm sand and
20 mm water column, one containing sediments from Mar Brava and the other sediments from Ahui. If neces-
sary, the tubs were adjusted to create a level sediment surface. Sand and water temperatures during the bur-
rowing trials ranged from 13.5-14.5°C. The burrowing times of individual crabs were timed from the
initiation of burrowing (abdomen in contact with the sediments, uropod activity) to the disappearance of the
crab under the sediment surface. Crabs were removed from the sand immediately after burrowing and the
sediments were reconsolidated by tapping the sides of the tub gently. We measured the carapace length (CL)
to the nearest 0.1 mm. Mass was calculated from length-mass regressions for the E. analoga population at
each beach. We calculated regressions for burrowing rates [s] with dry mass [g] for each population in each
sediment type. The burrowing rates of the two populations were compared with ANCOVA.

Sediment samples were collected from the experimental tubs and analyzed as explained earlier for beach
characterization. We also measured the shear strength of the sediments used in those tubs using a Pilcon hand
vane tester (English Drilling Equipment Co. Ltd. England). The instrument comprises a torque head with a
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direct reading scale which is turned by hand. A non-return pointer indicates the reading. The vane (33 mm
diameter) which is screwed into the rear of the torque head was pushed 5 cm into the sediment (the same ex-
tension of the vane). The readings in kg f-cm™ were converted to N-cm 2.

Results

1. Beach and swash characteristics

The physical characteristics of the beaches sampled at Mar Brava and Ahui are shown
in Table 1. The intertidal of Mar Brava was wider and flatter than that of Ahui (about
six and five times, respectively). Mean grain size of sediments of the swash zone at Mar
Brava was finer than that at Ahui. Waves had higher heights and longer periods at Mar
Brava. Dean’s values indicate that Mar Brava has dissipative characteristics ({2 > 6),
whereas Ahui can be categorized as a reflective beach (€2 = 1.3) (cf. Short & Wright,
1983).

Table 1. Physical characteristics of the beaches and sediments studied at the coast of Ancud, Isla de Chiloé.
Standard deviations in parentheses.

beach maximum slope mean grain size [m] wave wave Q
length width of in- height period
[m] tertidal [m] [em] [s]

top swash  low swash
Mar Brava 4000 160 1/47 178 (1.6)  177(0.7)  287(8) 17.1(5.1) 85
Ahui 200 28 1/10 280(2.0) 326(9.5) 13 (4) 24(0.6) 1.3

The swash characteristics at both beaches are shown in Fig. 2. The swash zone at Mar
Brava was about 5—6 times wider than that of Ahui; in the former beach this zone com-
prised up to 48 % of the total intertidal width. The swash zone at Mar Brava was wider
during the morning low tide and after the afternoon high tide. The width of that zone at
Ahui was somewhat wider during the high tide period, when it measured about 60 % of
the total intertidal width (Fig. 2). During most of the sampling period, upwash speed
was faster at Mar Brava, while the number of effluent line crossings per 10 min was
higher in Ahui, especially during flooding (up to 38 and 45 crossings at 11:00 and
13:00) (Fig. 2).

2. Abundance of E. analoga

The mean population abundances (individuals per running meter of beach) of E. analo-
ga during each sampling period at both beaches are shown in Fig. 3. Population abun-
dances were up to 6.6 times higher at the dissipative beach of Mar Brava.



118

Jaramillo, Dugan & Contreras

75 4 —o— MarBrava - -® - - Ahui A

]

50

|

25

50 —

%

25

60

40

No

20

'.~--.

0__@g§>.q JOR——

9:00

I

LT

11:00 13:00 15:00 17:00 19:00
timeofsamplingT A

HT

Fig. 2. Swash zone characteristics over the tidal cycle at the beaches of Mar Brava (open symbols) and Ahui
(closed symbols). A. width of the swash zone; B. width of the swash zone (as a percentage) in relation to the
total intertidal width (distance from drift line to the low tide level or lowest swash level); C. mean upwash
speed + 1 SD; D. number of swash crossings above the effluent line in a 10 min period. Approximate times of
observed low tides (LT) and high tides (HT) are indicated by solid-lined arrows for Mar Brava and dashed-

lined arrows for Ahui.
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Fig. 3. Mean abundance of Emerita analoga at Mar Brava and Ahui. Approximate times of observed low
tides (LT) and high tides (HT) are indicated by solid-lined arrows for Mar Brava and dashed-lined arrows for
Ahui.

3. Tidal movement of E. analoga

The distribution of E. analoga at both beaches is shown in Fig. 4. At Mar Brava, the
crabs remained in the area between the effluent line and the low tide level through the
sampling period. In contrast, at Ahui, the crabs primarily occurred below the low tide
level (ca. 1.2 m deep). The amplitude of change in the position of population modes of
crabs was greater at Mar Brava than at Ahui; i. e., that position moved a maximum of
107 m over the tidal cycle at Mar Brava and 16 m at Ahui. The range in the intertidal
width (from O to lowest level of swash, Fig. 4) was 95 m at Mar Brava and 17 m at
Ahui. Thus, crabs moved a greater percentage of the total width range at the dissipative
beach (113 %) than at the reflective beach (94 %).

Emerita analoga abundance varied significantly with sampling level at both beaches
(Table 2). At Ahui, there was significant variability in crab number through time (i. e.,
abundance changed over the sampling period). At both sites, there was a significant in-
teraction between the distribution of crabs among the sampling levels and sampling
time (Table 2).

The tidal position of E. analoga aggregations varied between the beaches across the
sampling period. At Mar Brava, aggregation was visible throughout the sampling peri-
od and the top of the aggregation coincided with highest crab abundance in each sam-
pling time. At Mar Brava, highest abundance occurred in the lower half of the active
swash zone during the morning low tide, moved to the upper half of that zone during
the high tide and returned to the lower half of the swash zone as the tide dropped to the
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Fig. 4. Tidal movement of Emerita analoga relative to the position of the effluent line (EL) and low tide (LT)
at Mar Brava and Ahui. The mean abundance [10 indiv.-(0.08 m?]™" of E. analoga for each sampling station is
represented by the width of the kite at each sampling time. Black dots in each kite indicate the location of the
top of visible aggregation of E. analoga. No aggregation was visible at 15:00 at Ahui. Approximate times of
observed low tides (LT) and high tides (HT) are indicated by arrows for Mar Brava and Ahui, respectively.
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evening low tide (Fig. 4). In Ahui, highest abundance occurred below the low tide level

at all tides (Fig. 4).

Table 2. Summary of a two-way ANOVA to analyze the tidal movements of E. analoga at Mar Brava and
Ahui. SS: sum of squares; MS: mean of squares.

df SS MS F P

Mar Brava  sample time 5 118.49 23.70 0.527 0.7548
sample station 5 2035.83 407.17 9.062 0.0001
time X station 25 2275.16 91.01 2.025 0.011
error 70 3145.33 44.93

Ahui sample time 5 501.66 100.33 1.678 0.1537
sample station 4 1632.30 408.07 6.826 0.0001
time X station 20 1808.51 90.43 1.513 0.1106
error 60 3586.67 59.78

4. Population structure of E. analoga

Polymodal population structures occurred in both populations, consisting primarily of a
distinct mode of smaller male crabs and a mode of larger female crabs, most of which
were ovigerous (Fig. 5). Those modes were separated by a noticeable gap in the size
distribution at both beaches. Very few young of the year crabs occurred. The crabs inha-
biting the dissipative beach, Mar Brava, reached larger sizes than those at the reflective
beach, Ahui. For male crabs, the size of the 95th percentile was 13.8 and 11.6 mm at
Mar Brava and Ahui, respectively. For female crabs, the 5th percentile size of ovigerous
crabs was 19.0 and 16.6 mm, respectively. The 95th percentile size of ovigerous crabs
was 29.2 and 21.9 mm, respectively. Finally, the size at maturity of female crabs was
22.0 mm at Mar Brava and 18.5 mm at Ahui.

5. Burrowing rate of E. analoga

Mean grain size of sediments used in burrowing trials differed significantly (t = —0.61,
P <0.001; results of t-test) between the two beaches, with finer sediments (top
swash) at Mar Brava (mean £ 1 SD =178 um * 1.6) and coarser at Ahui (mean *
1 SD =280 pm * 2.0). The mean shear strength of the trial sediments also differed
significantly (t = —0.67, P < 0.001; results of t-test), with more compact sediments
at Mar Brava (mean = 1 SD = 0.353 N-cm™ + 0.07) versus Ahui (mean + 1SD=
0.186 N-cm™>£0.01).

Burrowing rate increased significantly with body weight of crabs in the original sedi-
ments at both beaches (Table 3). Regressions of burrowing time and crab size did not
differ significantly between beaches in the original sediments (see results of ANCOVA,
Table 3). Thus, crabs of similar size burrowed at similar rates at both beaches.

Burrowing rates increased significantly with body weight in all other sediments
tested (e. g., crabs from Mar Brava in sediments from Ahui and vice versa) (Table 4).
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Fig. 5. Size frequency distributions of crabs collected at Mar Brava and Ahui.

Table 3. Summary of regression equations and ANCOVA between burrowing rates versus body weight of
crabs collected at Mar Brava and Ahui. Values of r are significant at the 0.01 probability level.

ANCOVA
regression equation r n F df P
E. analoga of Mar Brava y =0.550 + 1.581 x 0.77 30 slopes = 0.006 1,54 0.940

E. analoga of Ahui y=0.729 + 1.629 x 0.66 28 adjusted means =0.750 1,55 0.392
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Table 4. Summary of regression equations and ANCOVA between burrowing rates versus body weight of
crabs tested at their original sediments and at the sands of the other beach. Values of r are significant at the
0.01 probability level.

ANCOVA
regression equation T n F df P

E. analoga of Mar Brava

at the original sands y=0.550+1.581x 0.77 30 slopes = 1.048 1,56 0.310
at the sands of Ahui y=0.444 + 1.880x 093 30 adjusted means =0.324 1,57 0.571
E. analoga of Ahui

at the original sands y=0.729 + 1.629 x 0.66 28 slopes = 1.118 1,54 0.295
at the sands of Mar Brava y =0.887 + 2.359 x 0.62 30 adjusted means =6.633 1,55 0.013

Regressions of burrowing rate and size did not differ significantly between the sedi-
ments of crab origin and those of the other beach for crabs from Mar Brava (see results
of ANCOVA, Table 4). When burrowing rates of Ahui crabs were compared in Ahui
versus Mar Brava sands, there was a significant difference in adjusted means and the
crabs burrowed significantly faster in their original beach sediments (see results of
ANCOVA, Table 4).

Discussion

McArdle & McLachlan (1991, 1992) have shown that different morphodynamic beach
types have noticeably different swash climates: dissipative beaches have faster upwash
times, longer swash periods and lower number of effluent line crossings than intermedi-
ate and reflective beaches. We chose our study sites to represent those two different
beach types in order to increase the possibility of detecting differences in the population
biology and behavior of E. analoga. Beach morphodynamics and swash climate charac-
teristics differed significantly between the two study sites. The dissipative beach of
Mar Brava had a flatter intertidal, a wider swash zone, faster upwashes and lower fre-
quency of swashes crossing above the effluent line than did the reflective beach of
Ahui. However, despite the fully reflective wave and swash climate, the mean grain size
of sands at Ahui were finer than those typically found on other reflective beaches of
southern Chile (cf. Pino & Jaramillo, 1992; Jaramillo & McLachlan, 1993) or else-
where (e.g., McLachlan, 1985; Defeo et al., 1992).

Abundances of E. analoga per linear meter of beach were higher at the dissipative
beach of Mar Brava. This is similar to the trend found by Jaramillo & McLachlan
(1993), who compared the macroinfauna of ten beaches representing the range from
reflective to dissipative conditions along the coast of Valdivia (about 250 km north of
Isla de Chiloé). However, those trends are quite different from recent results (E. Jara-
millo, unpubl. data), which show higher abundances on intermediate beaches of central
Chile (ca. 32° S). Dugan & Hubbard (1996) also found a higher abundance and biomass
of E. analoga on beaches of reflective to low intermediate morphodynamic states in
southern California.
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Population structure and life history traits of E. analoga also differed between the dis-
sipative and reflective beach. The absence of a surf zone in Ahui probably results in
lower phytoplankton abundances and food availability to suspension feeders, such as
E. analoga, than on the dissipative beach of Mar Brava. Lower food availability may
result in reduced growth rates and smaller body sizes at the reflective beach. This idea
is supported by the field study of Dugan et al. (1994), which found that for sandy bea-
ches of California, life history characteristics of E. analoga were positively correlated
with surf zone chlorophyll a; this implies that body size increases with food resources.
In related work which supports that finding, molt increments of E. analoga were posi-
tively correlated with surf zone chlorophyll a concentrations (Dugan, 1990). Also, as
beach sediments become finer and better sorted and beach face slopes become flatter,
as is typical of dissipative beaches, the size of smallest and largest ovigerous crabs and
the size of the largest male crab increase in this species (Dugan et al., 1994). This agrees
with the prediction of the swash control hypothesis (McLachlan et al., 1993) in the
sense that smallest size would be selected as an advantage for animals living in the tur-
bulent swash zone of reflective beaches as opposed to dissipative beaches.

The across-shore zonation of E. analoga differed between dissipative and reflective
beach. At the dissipative site, Mar Brava, crabs were primarily located at the swash
zone, while at the reflective beach, Ahui, they were mostly located at the low tide level
and shallow subtidal (ca. 1.2 m deep). Changes in position across the swash zone and
shallow subtidal suggest that tidal movements of E. analoga differed between the two
beach morphodynamic types. Our results also suggest that these tidal movements also
vary along the shore, particularly in reflective and intermediate beaches where features
such as cusp horns and bays develop clearly. As shown by McLachlan & Hesp (1984)
in a reflective beach of western Australia, swash climates differed between cusp and
bay horns. For example, cusp horns had maximum upwash velocities, while cusp bays
had maximum backwash velocities. These features were observed at Mar Brava and
Ahui. McLachlan & Hesp (1984) reported higher concentrations of suspension feeding
bivalves (Donacilla angusta and Donax fava) in the bays of those beaches, suggesting a
dependence on swash to move across the shore.

Tidal changes in across-shore zonation of E. analoga as observed in our study may be
related to changes in sediment compactness and thixotropic conditions as tides move
up and down (cf. Cubit, 1969). The results of Fusaro (1980), however, suggest that other
factors cause tidal movements, since abundance of E. analoga aggregations in a sandy
beach of California varied between day and night.

Temporal variability in tidal migration of E. analoga is probably higher than that
shown in the present study. Our sampling was conducted during spring tides when
swash characteristics probably differed from those occurring during neap tides. Thus,
tidal migration of E. analoga may well follow a gradual, semilunar and downward
movement from spring to neap tides as has been reported for other sand beach organ-
isms such as Tylos punctatus in South Africa (Kensley, 1974). In addition, during the
night, tidal movement may be more extreme than we observed in this study, as sug-
gested by the results for an intermediate sandy beach of southern Chile (E. Jaramillo,
unpubl. data).

Fusaro (1980) and McLachlan & Hesp (1984) reported that this hippid crab moves up
and down the swash zone to maintain a suitable water depth for feeding; i.e., E. analoga
moves to occupy positions coinciding with that depth as tides change through the day.
This may also be an adaptation to avoid predators such as fishes and birds (cf. Carlisle
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et al., 1960; MacGinitie, 1938). In this way, crabs would maintain position at a water
depth not easily accessible to fishes and birds. Fishes such as Cilus montii and Elegino-
pos maclovinus and shorebirds such as Numenius phaeopus and Calidris alba are usual-
ly seen probing in the swash levels occupied by E. analoga along the coast of southern
Chile. Pequefio (1979) reported a high frequency of this crab in stomach contents of E.
maclovinus at Mehuin, about 250 km north of Isla de Chiloé. We also observed one in-
dividual of Larus pipixcan catching E. analoga from the shallow subtidal during the
falling tide at Ahui.

Crabs burrowed at similar rates in sediments from both beaches. These results sup-
port the idea that E. analoga is a sediment generalist (Alexander et al., 1993) and is able
to burrow successfully in a wide range of sediment types. The field studies of Jaramillo
et al. (1993) and Dugan & Hubbard (1996) and the experiments of Jaramillo (1987)
confirm that this species has quite a broad range as far as sand grain sizes is concerned.

Summary

Differences in abundances, population structure and tidal migration of Emerita analoga
between beach morphodynamic types and swash climates were observed. While the
across-shore distribution of this species was wider at the dissipative beach of
Mar Brava, crabs were confined to the low tide level and shallow subtidal at the re-
flective beach of Ahui. These results agree with the predictions of the swash control
hypothesis proposed by McLachlan et al. (1993), which states that swash characteris-
tics towards the dissipative end of beach types (e.g. longer swash periods) are more
beneficial to suspension-feeder invertebrates such as E. analoga. Thus, although this
study sampled only two of a broad range of beach types along the coast of southern
Chile, we envision a range of tidal behaviour along a range of beach morphodynamic
types and swash climates. That, and the broad range of grain sizes occupied by E. ana-
loga, is likely the key to the broad success of this species along the sandy shores of
South and North America.
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