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Patterns of species richness in sandy beaches of South America
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Species richness of the intertidal macroinfauna of exposed sandy beaches araund South America is reviewed
in relation to geographic location. This macroinfauna is dominated by cirelanid iscpads (Excirolana), bivalves
(Mesodesma and Dorax) and opheliid and spionid polychaetes. In general, the upper shore of tropical and
subtropical beaches is characterized by crabs (Ocypodidae), whereas on temperate beaches it is dominated
by talitrid amphipods and cirolanid isopods. The middle shore is primarily occupied by cirolanids and bivalves,
and hippid crabs, bivalves and amphipods dominate the lower beach. Generally, species richness increases
from upper to lower beach levels. Studies carried out on exposed sandy beaches of south-central Chile
(ca. 40°S} show that different beach states harbour differences in species richness, with the greatest species
richness on dissipative beaches, and the least on beaches with reflective characleristics, a pattern also
observed in Uruguay.

Makroinfauna spesiesverskeidenheid van blooigestelde sandstrande van Suid Amerika word hersien en
vergelyk ten opsigte van geografiese ligging. Die makroinfauna word oorheers deur Isopoda Cirolanidae
{Excirolana), Bivalvia (Mesodesma en Donax) en Polychaeta Opheliidae en Spionidae. Oor die algemeen
word die baonste dee! van tropiese en subtropiese strande gekenmerk deur krappe (Ocypadidae) terwyl die
gematigde strande oorheers ward deur Amphipoda Talitridae en Isopada Cirolanidae. Cirolanidae en Bivalvia
word hoofsaaklik aangetrel in die middelste gedeelte van die strand terwy! krappe (Hippidae), Bivalvia en
Amphipeda die faer deel van die strand oorheers. Qor die algemeen neem verskeidenheid toe van die
boonsie na die laer dele van die strand. Studies wat gedoen is op bloolgestelde strande in die suide van
Chile {ca. 40°S) het getoon dat verskillende strandstadia coreenkom met verskille in spesieverskeidenheid
met die hoogste spesieverskeidenheid op versirooide strande en die laagste op reflektiewe strande. Hierdie
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patroon is ook waargeneem op sandstrande van Uruguay.

Although sandy beaches constiwle most of the coust of
South Americy, research on these habitats has been timited,
especially in tropical tatitudes. The first community level
studies were rather descripuve and devoled primartly 1o
abundunce data and zonation of the most representative
species (c.g. Dahl 1952; Koepeke 1952; Osorio, Bahamonde
& Loper 1967; Dexter 1974; Scarabino, Mayia & Facdo
1974 Escolet, Gianuca, Maytia & Scaravino 1979). More
reeent studies have been based on quantitative sampling and
analysis of physical factors alfecting species richness andfor
the dynamics of zonation patterns (Defleo, Jaramille &
Lyonnet 1992 Turazong & Parcdes 1992; Janmillo &
McLachlan 1993; Jaramillo, Mclachlan & Coctree 19933,
However, an extensive study ol species richness along this
coastal zone which spuns many soogcogruphical provinees
{Butech 1954) has not heen carricd out. Thus, the gim ol this
study was 10 provide o compuarative analysis of the species
nchness on sandy beaches [rom dilfferent arcas of the South
American coasl.

Materials and Methods
This sudy 15 based on three sets of data (a) a review of the
available published information on sandy beach macrom-
launa ground South America (Figure la); (b)) “snapshot’
surveys carricd oot on ten sandy beaches of south-central
Clule (ca. 40°8) in the late summer of 1991 (Figure 1h),
and an two sites ol the Adantic coast of Uruguay i the late
spring of 1991) (Tigure 1¢): and (¢ 4 17-month seasonal
study on  Jour sandy beaches ol south-central  Chile
(Figure 1h).

Beaches swudied in Chile and Uruguay were sampled
during spring low tides. Three replicae samples (0,03 me,

30 ¢m deep) were collected with plastic cores at en cqually-
spaced levels along a transect extending from above the drift
ling 1 the swash zone, The sediment was sieved through a
I-mm mesh and the macroinfauna was stored in 5% lorma-
lin unul soning. Cluster analysis was used o cluctdate
faunistic belts on selected beaches of south-central Chile
and on two beaches from Uruguay. Dendrograms were con-
structed from Wiener similarity matrices (Saiz 1980) based
on the Weighted Pair Group Method (Sokal & Sncath 1973).
Sediment samples were also collected for grain size
analyses using a samphng twbe (Emery 1938) and the
moments  computational  method  (Seward-Thompson &
Hails 1973). The water contenl of sediments was cstimated
as the loss in weight of wet sands after drying (120°C for
U6 h). Pencuabiny was measurcd by dropping a 33,6-g
metal rod down a 1-m wbe. The depth 0 which the rod
pencirated into the sediment was measured lour limes at
cach swtion. The slope of cuch beach was delermined by
Emcry’s profiling lcchnique (Emery 1961). Estimates of
wave height, wave period and sand-fall velocity were used
w calculale Dean's parameter (£)), a measure of the
morphodynamic state of a beach (Short & Wright 1983):

Q=1IhL]W.T

where Hy, is the breaker height in cm, W, the sand velocity
in cm s ' (Gibbs, Mathews & Link 1971) and 7 the wave
period in seconds.

Results and Discussion

Species richness and beach types

Figures 2 & 3 show some physical characieristics of
beaches with reflective and dissipative characterislics (sensu



228

S.-Alr. Tydskr. Dierk. 1994, 29(4)

BO*® 60" 40°
b 0 i 1 1
390
20
22 Oueule =
e -o®
J"\.Q//
24t Fiuncoﬂ
R Mehuin ij
B Mcm f' C
’ I
28+ Maiguiliahue d 58° 56° 54° 5e°
200 L 20° i '
> 3008 YRUGUAY N
_ / Barrgdel Chuy 1340
——— 5
- - v \_/—\__/‘-Arnchqmu
F o Curifanco —w ®
44" \ — © / S
. ©
ae'l ; 25Km % f 1¥"
{ 40°- La0° 2
] L L
ag'l {
(Los Malinus1
50'| San ignociewfy | LosMolinos 2
52’
g 3 50°] 60 5
(i 5
24’ 73720

Figure 1 Map of the South American coast showing: (a) approximale locations of arcas from which published information on sandy-

beach interttdal communities was reviewed,

(M location of 1en sandy beaches siudied in south-central Chile, and () localion of two sandy

beaches studied on the Atlanlic coast of Lruguay. Data collecied at the beaches of Los Molines 1, Los Molinos 2 and 1wo siles in Mchuin
(Mchuin 1 and Mchuin 2) were used in the seasonal study (17 months) in south-cemiral Chile.

Short & Wright 1983) sampled in south-central Chile and
the Atlantic coast of Uruguay. Becaches with reflective
characienstics had mean grain sizes above 400 pm  with
particle sizes increasing from the lower shore. On the other
hand, dissipative beaches had mcan grain sizes lower than
300 wm, and the particle size was quite bomogencous
throughout the intertidal zone {Figure 2). Duc to the coarser
grains in beaches with rellective Icatures, the water content
ol the interstitial spaces drops more drastically across the
intertidal zone than in the dissipative sites. Furthermore, the
sediment packing {exprcsscd here as penctrability ol ihe
sediments) is ditfcrent (Figure 3).

Jaramillo & Gonralez (1991), Defeo ¢ al. (1992),
Jaramillo & McLachlan (1993), Jaramuillo et af. (1993) and
McLachlan, Jaramillo, Donn & Wessels (1993) have shown
that diffcrent beach types harbour differences in specics
richness. Figure 4 shows the relationships between number
of macroinfaunal specics and physical characteristics ol ten
beaches sampled in south-cenwral Chile and two on the
Atlantic coast of Uruguay. There is a gencral trend of
decreasing species richness with increasing particle size and
beach face slope (steeper beaches), and of an increase from
reflective to dissipative conditions (from lower o higher
Dean’s parametcr values). The best fit (R” = (,83) was with
Dean’s parameter, a measure of beach type. These results
are similar (o those for sandy beaches in the USA, Australia
and South Africa (McLachlan 1990). Swdics carricd out on
sandy beaches of Colombia (Dexter 1974} and on other
arcas of the world have also reported low species richness in
sandy beaches with reflective charactenistics such as course
sands {c.g. Gauld & Buchanan 1956; Dexter 1983; 1988
McLachlan 1985). However, although changes in beach type
appear 1o result in predictable changes in macroinfaunal

specics richness, temporal studies carricd out on four
beaches of south-central Chile suggest that this patiern may
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Figure 2 Intertidal variability in mean grain size of sediments
across the intertidal zone of beaches wilth reflective and dissipative
characteristics in south-cemral Chile and the Allantic coast of
Uruguay. Each line represents the values for a single beach,
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Figure 3 Intertidal variability in water content and penetrahility
of sediments across the ntertidal zone of beaches with reflective
and dissipative characteristics in south-central Chile and the
Atlantic coast of Uruguay. Each line represents the values for a
single beach.
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Figure 4 Number of species versus mean grain size (Mz), beach
face slope and Dean’s parameter ({}). Beaches sampled in south-
ceniral Chile (7 = 10) and on the Atlanuc coast of Uruguay (n = 2)
arc combined in this analysis.

229
10
w
2
O
®
a
w
e
o
[ S
Q
0
E L I | u
g 2-a = n®spp.= 423+ 021 f1
0 o R® =019 p<00O1
0 T T T T T T
0 2 4 6 8 10 12 14

o Los Molinos 2
o Mehuin 2

s L0s Molinos 1
A Mehuin 1

Figure 5 Temporal variability in number of species and Dean’s
parameler (£}) in four sandy beaches of south-central Chile, LM]
= Los Malines 1, LM2 = Los Molinos 2, ME1 = Mchuin 1 and
ME2 = Mchuin 2. More dissipalive conditions from LM1 to MEZ.

be highly variable (Figure 5). This is probably a conse-
quence of the fact that the higher species richness found
under dissipative conditions is due to the presence of low
shore specics which are most alfected by the changing
physical conditions along exposcd gradients.

Within-coast and belween-coast comparative analyses
also show that, in general, sites with dissipative conditions
have more faunal belts across the shore, The within-coastal
variability can be illustrated by the comparison of three
beaches in south-central Chile. On a coastline stréiching no
more than 60 km, three faunal patterns are found (Figure 6):
the first patiern in a reflective coarse sand beach with only
talitrid amphipods occupying the zone above the drift ling; a
second in a reflective sand beach with fine sands and prima-
rily represenied by two faunal zones — an upper zone with
talitrids and a middle-lower zone characterized by cirolanid
isopods; and a third patiern found in fine-sand dissipatve
beaches with a higher number of faunal belts — talitrids and
cirolanids on the upper shore, cirolanids on the middle, and
anomurans, amphipods, idoteid isopods and juvenile bival-
ves on the lower shore. Figures 7 & 8 illustrate the between-
coastal comparisons. In both areas, south-central Chile and
the Adantic coast of Uruguay, one or two faunal zone belis
were differentiated in reflective conditions, whereas three
were distinguished under more dissipative conditions, How-
ever, 1t 1S important io noiice that even when two faunal
zone belts were recorded on the reflective beach of Chile
and Uruguay, they were not the same, ie. on the beach of
Uruguay the mid-shore levels were characterized by Lhe
abscnce of macroinfauna or had very low numbers.

The absence of macroinfauna on the middle and lower
shore of a reflective beach in south-central Chile, and the
paucity of organisms on similar levels of some reflective
beaches of the Atlantic coast of Uruguay (Figure 8; Defeo et
al. 19942), support the suggestion of McLachlan er al. (1992)
that on fully reflective beaches the harsh swash climate
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Figure 6 Diagrammatic representation of the zonation pauterns of the intertidal macroinfauna on sandy beaches of south-central Chile
(after Jaramillo er af. 1993): (a) a reflective coarse-sand beach, (b) a reflective fine-sand beach and (c) a dissipative beach. Just the most
typical species are represented. | = Orchestoidea tuberculala (Amphipoda); 2 = Fxcirolana hirswicauda; 3 = Excirolana braziliensis; 4 =
Excirolana monod! (Isopoda); 5 = Phaierisidia macuiata (Coleoptera); 6 = Emerita analoga (Anomura); 7 = Bathyporeiapus magellani-
cus; 8 = MHuarpe sp.. 9 = Phoxocephalopsis mehuinensis (Amphipoda); 10 = Nephiys impressa (Polychaeta); |1 = Macrochiridothea
setifer; 12 = Chaetilia paucidens (Isopoda); 13 = Lepidopa chilensis (Anomura); 14 = Bellia picla (Brachyura) and 15 = Mesodesma

donacium (Bivalvia).

excludes the establishment of  imtertidal  macroinfaunal
specics. McLachlan (1985), Gauld & Buchanan (19356) and
Dye, McLachlan & Wooldridge (1981) also reported the ab-
sence or paucity ol macroinfauna in the middle and lower
intertidal zonc of beaches with refllective conditions in
Australia, Ghana and Natal. South Africa.

Species compaosition in gifferent areas

Dexter (1974 studicd five beaches along the Atlantic and
Pacific coasts of Colombia (about 3-12°N). The cirolanid
isopod Excirolana braziliensis inhabited the upper and
middle shore; the ocypodid crab Ocypode guadrata also
occurred at one of the sites studied (presumably on the
upper shore) and the spionid paolychacte Scolelepis agilis
was present in the interudal zone, being most abundant
toward the lower beach, The lower shore of these beaches
wus primarily occupied by the polychactes femipodus
armatus (Glyceriidac) and Nephuys singularis (Nephtyidac),
phoxocephalid amphipods, two species ol the anomuran
crab Emerita, and scveral species of Donax (Bivalvia).

Percz et al. (1980) studied the zonalon of the macroin-
fauna inhabiting sandy bcaches in Veneruela, around 10~
11°N. They found that the upper shore was occupied by
Ocypode quadrata, cirolanid isopods (probably Excirolana)
and amphipods {probably 1alitrids). Cirolanids, polychactes,
Emerita brasiliensis and Donax dominated the middle shore,
whereas the lower beach was occupied by bivalves (Donax
and Tivela), the echinoid Mellita quinguiesperforata and the
starfish Astropecten marginatus. Dahl {1952} also examined
a sandy beach in Venczuela (about 10°N); he found ocypo-
did crabs on the upper shore and cirolanid isopods on the
middle shore. He also mentioned that anomuran crabs (Hip-
pidae} probably occur in the swash zone of the beach he
studicd. Rodriguez (1959) analysed the sandy shore commu-
nities of Isla Margarita (about 11°N) located in the Carib-
bean off the coast of Venczuela. His results were similar to
those described by Perez er al. (1980) but with taliund
amphipods on the upper shore.

Swennen & Duiven (1982) swdied two coarse sandy
beaches in Surinam (about 6°N) and found that Ocvpode
quadrata wnhabited the high-tude mark of these beaches.
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Figure 7
Maiquillahue was omiuted from the classification analysis.

Apanl from onc¢ juvenile of the brachvuran flepatus pudi-
bundus, no macroinfauna was found across the intertidal
ZONc.

Granuca (1983) and Escofet e al. (1979) studicd the
zonation of the macroinfauna on dissipative beaches of
southern Brazil (about 32°S). They found that the upper
shore Icvels were characterized by the prescnce of Ocypode
quadrata, the talirid Orchestoidea brasiliensis and the
tenebrionid Phaleria brasiliensis. The bivalve Mesodesma
maciroides, the amphipod Cheus micros, the isopod Exciro-
lana armata, and the polychaelcs Spic paucha (Spionidac)
and Euzonus furciferus (Opheliidae) were typical species of
the middle shore, while Mesodesma mactroides and Donax
gemmula, the polychacte Femipodus olivieri. the gasiropods
Mivancillaria vesico auricularic. wnd Buccinanops duartel,
Emerita brasiliensis, the idoweid isopod Macrochiridothea
giambiagiae, and the brachyuran crab Callinectes sapidus
were primarily found on the lower shore (swash zone),

The Auantic sandy beaches of Uruguay (about 34-35°5)
have been studied by Scarabino ef al. (1974), Escolet ef al.
(1979) and Defeo et al. (1992). Delco et al. (1992) Tound
that Qrchestoidea brasiliensis and the cirolanid isopod
Excirolana brazifiensis were typical species of the upper

Intertidal distribution of the macroinfauna, and clustering of stations in beaches sampled in south-central Chile. The beach at

shore. Ocypode quadrata has been found in some arcas
close o southcrn Brazil (Scarabino et al. 1974). Orches-
toidea brasiliensis and Excirolana braziliensis also occurred
on the highest levels of the middle shore in which Excirola-
na armata and Lhe polychacle Euzonus furciferus were
common organisms. Emerita brastliensis, Mesodesma mac-
troides and Dorax hanleyanus characierized mainly the
lower shore; gasropods such as  Olivancillaria vesico
auwricularia and Buccinanops duartei are also found on some
dissipative bcaches. Sandy beaches swdied in northern
Argentina {ca. 37°S) (Escofet et al. 1979) show a similar
pauern of specics zonation Lo that mentioned for Uruguay,
but Ocypode quadrata has not been found in this area of the
Argentinian coasl.

Studies carried out along the Chilean coast {Osorio ei al.
1967; Sanchez, Castilla & Mena 1982; Jaramillo 1978;
1982; 1987; Jaramillo er al. 1993; Clarke & Pecfia 1988)
show significant changes in specics composition with lati-
wude, primarily on the upper and middle shore. On sandy
beaches of south-central Chile (ca. 40°S), the upper shore is
occupied by tencbrionid beetles (Phalerisidia maculata),
talirid amphipods (Orchestoidea tuberculata) and cirolanid
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Figure 8 Irtertidal distribution ol the macroinfauna, and clustering of stations in beaches sampled on the Atlantic coast of Uruguay.

isopods (Excirolana braziliensiy). Tencbrionid beetles, tali-
rid amphipods and omscid isopods (Yyios spinufosus)
occupy similar shore levels vn sandy beaches ol norh-
central Chile (ca. 30°8). The same taxa, plus Excirolana
braziliensis and ocypodid crabs, are found in similar levels
on sandy beachcs at Antofagasta (about 23°S, Clarke &
Pefa); further north {ca. 20°8), only Phalerisidia maculata
and ocypodid crabs are found on the upper shore (Jaramillo
1987). Excirolana braziliensis, Excirolana hirsuticauda (the
most abundant species) and Excirolana monodi occupy the
mid-shore in south-central Chile. The first two isopods also
occur on similar shore levels in north-central Chile, while
only Excirelana braziliensis occupics the mid-shore in
northern Chile. The anomurans Emerita analoga. Lepidopa
chilensis and Blepharipoda spinimana, the brachyuran crab
Bellia picta, the amphipods Bathyporeiapus magellanicus
(Ocdiccratidae), Phoxacephalopsis sp. (Haustoriidac), idote-
id isopods (Chaetilia paucidens. Macrohiridothea spp.) and
the polychacie Nephtys impressa typically inhabit the lower
shore (swash zone) of beaches located along the Chilcan
coast. Spionid, opheliid and glyceriid polychactes have also
been menuoned as common inhabiants of the muddle and
lower shores of some Chilcan beaches (Sdncher er al. 1982,
Clarke & Pecna 1988; Jaramillo ef af. 1993),

Penchaszadch (1971), Bocanegra, Carbajal, Oliva &
Ancicta (1985), Tarazona, Armt, Canahuire, Ayala &
Robles (1985), Tarazona, Paredes & lgreda (1986) and
Tarazona & Parcdes (1992) swdied sandy beaches in Peru
{(about 8-12°S). The upper shorc was characterized by

Ocypode guudichaudii, Fxcirolana braziliensis and onc
specics of Phaleriu (Coleoptera). The middle shore was
primarily occupied by Excirolana braziliensis and 1lhe
polychacte lHemipodus triannulatus, although Emerita
analoga and Nephtys multicirrata were also (ound on the
lower levels of the middle shore. Emerita analoga, Donax
obesulus. Mesodesma donacium, Nephtys multicirrata and
Nephtys monilibranchiata, some spionid polychactes, the
brachyuran Bellia picta and the anomurans Lepidopa
chilensis and Blepharipoda spinimana were Lypical of the
lower shore (swash zone),

Based on the intertidal distribution of crustaceans inhabit-
ing some South American beaches, Dahl (1952) proposed a
zonation scheme: a sublerrestrial fringe occupicd by talitrid
amphipods in temperate arcas and ocypodid crabs at lower
latitudes, a mid-livtoral, chicfly characterized by cirolanid
isopods, and a sublivoral fringe, with amphipods on lemper-
atc beaches and hippid crabs in warmer areas. The zonation
schemes described earlier for sandy beaches of South
Amcrica are roughly similar to Dahl’s zonation scheme. The
cocxisicnce of talirid amphipods and ocypodid crabs
(southern Brazil and Uruguay), the occurrence of talitrids
and cirolanid isopods on the upper shore, and the presence
of anomuran crabs (Hippidae) on the lower shore of tropical
and temperate beaches are the primary differences.

In conclusion, this swudy shows that crustaceans are the
most diverse group on the sandy beaches of South America.
Among them, the cirolamid isopods (Excirolana) are the
most typical organisms, primarily on the middle shore.
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Togecther with them, bivalves (Mesodesma and Donax) and
opheliid and spionid polychactes are also found, In general,
the upper shores of tropical and subtropical beaches are
primarily characterized by crabs (Ocypodidac), whercas this
zone on temperale beaches is dominated by talitrid amphi-
pods and cirolanid isopods. Hippid crabs, bivalves and
amphipods dominate the lower beaches. With Lthe exception
of the most reflective beaches, the diversity of the
macroinfauna increases from upper Lo lower beach levels
and towards dissipative conditions. Thus, beach type varia-
bility must be taken into account when diversity patterns of
the intertidal macroinfauna are discussed {c.g. McArdle &
McLachlan 1991). Large scale cvents, such as the periodic
occurrences of El Nifio might influence specices richness
patterns along the eastern coast of South America. Tarazona
er al. (1985), Arntz, Brey, Tarazona & Robles (1987) and
Tarazona & Paredes (1992) have shown that El Nino in
1976-1977 and 1982-1983 had significant cliccts on the
specics richness of sandy beaches on the coast of Peri.
While Mesodesma donacium and Emerita analoga were the
dominant specics of the lower shore before El Nifio, they
disappcarcd or decrecased dramatically in abundance on
some beaches therealler; insicad Donrax obesulis represen-
ted most of the biomass duning and just after El Nifio.
Furthermore, the decrease in the abundance ol bivalves
which occurred during El Nifio 1982-1983 allowed [or the
invasion of macroinfaunal specics not present before; for
example, spionid polychacies (Dispic and  Scololepis)
became members of the lower shore during that period.
Clarke & Peifia (1988) mentioned that Ocypode gaudichaudii
{typically found further north) was seen on the upper shore
ol a sandy beach of Antofagasta (north of Chile) during and
after the El Nifo 1982-1983. Clearly, -more rescarch is
neceded 1o elucidate the role of meso- (variability in beach
morphodynamics) and macro-scale (¢.g. El Nifio} cvents, s
well as the influence of sampling strategics on the faunal
diversity pattems recorded for the sandy beaches of Scuth
America and clsewherc,
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