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Macroinfauna and human disturbance in
a sandy beach of south-central Chile
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i\1acroinfauna y perturbaci6n humana en una playa arenosa del centro-sur de Chile
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ABSTRACT

The effect of rl:creational beach users on the abundance of the intertidalmacroinfauna was studied on a sandy beach of south-
ccntral Chile (ca. J9~ S) during the summer of 1992. A field experiment was conducted over a period of about two months. A
fence was installed in the middle of the beach the early morning of January 22; thus. the beach was divided into a north side to
which beach users were denied access and an accessible south side. The statistical analyses (BACT design with non-parametric
!\fann- Whitney U-test) was based upon the differences in rnacroinfaunal abundances on both sides of the fence. before and
after it was installed. The results did not show any significant effect of human exclusion on the macroinfaunal abundances. Tn
the majority of cases. no significant differences in physical characteristics of sands occupied by the species on either side
of the fence were detected. \Ve conclude that presence of recreational beach users did not produce significant effect on the
m:leroinfauna during the summer of 1992. We argue that this kind of experimental approach is a useful tool in the design of
management plans for sandy beaches affected by recreational pressures. .
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RESUMEN

Se estudi6 el ekcto de los veraneantes sobre la abundancia de la macroinfauna intermareal en una playa arenasa del'.cenrro sur
de Chilt: ~ca. ~9~ S) durante el vcrano de 1992. Para clio se reaIizo un experimcnto de terreno de aproximadamente dos meses.
Se instalo un eereo en la mitad de la playa durante la mai1ana del 22 de enero. es d~cir, la playa qued6 dividida en un lado
norte sin aeceso a la gente y un lado sur con acceso a veraneantes. Los anaIisis estadfsticos (disefio "BACT" con test no
par,imerricu de Mann-Whitney) se basaron en las diferencias entre abundancias poblacionales ocurrentes a ambos lados del
cercu. ,l11tes y despues dc su instalaci6n. Los resultados no mostraron efecto significativo de la presencia y actividades de los
veraneantes subre las abundancias de la rnacroinfauna. En la mayorfa de los casos no se dett:ctaron diferencias en las caracte-
rfsticas fisicas de las arenas ocupadas por las espeeics a ambos lados del cereo. Se concluye que la presencia de veraneantes no
prouujo cfecto signi ficativo sobre la macroinfauna durante el verano de 1992. Se argumenta que este tipo de aproximaci6n
experilt1cntal es una herramienta util para disefiar planes de lI1anejo para playas arenosas afectadas por presiones recrea-
cionaks.

l'alabras clave: Playas arenasas. macroinfauna. verancantes, perturbaci6n humana.

INTRODUCTION

Changes in population abundances and com-
munity structure of natural populations are
usually related to disturbances: i.e.. the
remotion of numbers of organisms by
physical or biological agents (see review
by Sousa 1984). In some cases. physical
disturbances kill appreciable number of
organisms, as shown for stream fishes
(Larimore et aI., 1959), bird and mammals
(Bendel I 1974), soft bottom invertebrates

(Dauer & Simon 1976), cobblestones in-
vertebrates (Sousa 1979), and lake fishes
(Tonn & Magnuson 1982), among others.

Physical disturbances may also produce
changes in habitat which can result in in-
direct negative effects on species populations
(Sousa 1984), as the following examples
demonstrate. As a result of a heavy storm,
large volumes of sands were eroded from an
exposed sandy beach in south central Chile
(ca. 39°S) during the early fall of 1978
(Jaramillo 1987 a). Due probably to loss of
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habitat. the density of the macroinfauna
declined significantly during that period.
Similarly. in Discovery Bay, Jamaica,
Kaufman (1983) observed declines of fish
populations after alterations in habitat (dam-
age in coral reefs) due to storms.

Oceanic sandy beaches are quite dynamic
coastal habitats (Brown & McLachlan 1990).
Waves and both. longshore and rip currents
can mobilize large volumes of sand (e.g.. Ja-
ramillo 1987 a. McGwynne & McLachlan
1992. Swart 1983), resulting in the high
dynamism of these habitats (Aubrey 1983.
Chapman 1983, Wright & Short 1984).
Despite this, it has been shown that sandy
shores are quite diverse habitats (Brown &
McLachlan] 990, Dexter] 992), supporting
permanent macroinfaunal populations (e.g.,
Ansell et aI. 1972, Leber 1982, McLachlan
1983, Jaramillo 1987a, Jaramillo et aI.
1987).

Macroinfaunal communities inhabiting
exposed sandy beaches are chaqcterized by
patchy distributions across and along shore
(see review of McLachlan] 983). The across
and along scape heterogeneity is evidentiated
by faunal belts and mosaic of patches usually
related to gradients in the physical environ-
ment (Bally] 983, McLachlan 1983). Such
gradients have been found to be related to
mech~t'nical disturbance such as loss of
habitat due to erosion of sand during sudden
storms (Jaramillo 1987 a, Jaramillo et aI.,
1987, McLusky et aI., 1975).

.

The intertidal macroinfauna of exposed
sandy beaches of south - central Chile (ca.
39-40° S) is dominated by crustaceans (J ara-
millo 1994, Jaramillo et al. 1993). Talitrid
amphipods, cirolanid isopods and hippid
crabs respectively characterize the upper,
middle and low beach (swash zone) levels of
these beaches. Even when this zonation
scheme is quite conservative, seasonal shift-
ing of macroinfaunal bands is a common
feature observed throughout the years (Jara-
mi 110, unpu bl ished data); i.e., during the
warmer months, most of these macroinfauna
occupy lower beach levels than those
occupied during the coldest and rainiest
months of the year.

The most typical physical disturbance on
these beaches is the variability in sand
storage, wi th a typical recurrent seasonal

cycle of erosion and acretion of sand (Jara-
millo 1987 a). Even when it has been shown
that extreme erosion conditions (i.e., habitat
loss) seriously affect the population abun-
dance of these macroinfauna (Jaramillo 1987
a), it has been impossible to link seasonal
variability in population abundance or zona-
tion of the macroinfauna to sediment varia-
bility such as grain size (Jaramillo 1987 a).

The apparent down shore migration of the
macroinfauna during the warmest months,
is coincident with the highest densities of
recreational beach users. This result in an
evident mechanical disturbance of sand
fabric. There are several examples of studies
dealing with this kind of physical disturbance
on the sandy beach macroinfauna. Van der
Merwe & Van der Merwe (1991) studied the
effects of off-road vehicles on sandy beach
macroinfauna of a sandy beach in South
Africa and found differential species vulner-
ability. Negati ve effects of this type of
disturbance has been shown for dune and
grassland vegetation on a harrier sand beach
of North Car.olina (USA) (Hosier & Eaton
1980) and Qn the South African dune system
of Algoa Bay (Rickard et al. 1994). It has
also been shown that human activity has
significant effects on the physical stability of
sandy beaches (Artukhin 1990).

The objective of this study was to evaluate
the eventual effect of recreational beach
users 0.0 the abundance of the intertidal
beach macroinfauna. Thus, it was hypo-
thesized'that human presence (through mech-
anical disturbance of substratUlll) might well
affect the population abundances of burrow-
ing crustaceans. To test this hypothesis field
experiments (sensu Diamond & Case 1986)
were carried out on the beach of Mehufn (ca.
39° S) during the summer of ] 992.

iVIETrJODS

This study was carried out on the Playa Uni-
versitaria beach, located in Mehufn (39° 26'
S, 73° 13' \V), south central Chile (Fig. 1).
The beach is approximately 300 m long and
is fully exposed to the breaking waves of the
Pacific Ocean. This beach is of the high-
energy intermediate to dissipative type
(sensu Short & Wright] 983). The tides are
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Fig. I: Map of the Chilean coast (a) showing the locatim:l of Playa Universitaria at
Mehufn (b). The lower insets (c) show the experimental design followed in this study.
The "before" inset shows the situation before the fence was set up in January 1992 (i.e.,
people had access to the whole beach); the "after" inset shows the situation after the
fence was set up (i.e., people had access just to one side of the beach).

Mapa de la costa chilena (a) l11ostrando la localizaci6n de la Playa Universitaria en Mehufn (b). Los
cuadros inferiores (c) mllestran el disei'io experill1entalusado en este estudio. EI cuadro "antes" muestra la
situacion antes de \a instalacion del cerco en enero de 1992 (i.e.. la gente tenia acceso a toda la playa); el
cuadra "des plies" muestra la situaci6n despues de la instalacion del mismo (i.c.. la gente tuvo accesO s610 a
un lado de la playa).

semidiurn::ll with a maXImum range of ap-
proximately 1.5 m.

The field experiment consisted of the
exclusion of beach users by dividing the
beach in two areas of similar length (ca. 100
m). A wire fence was installed during the
early morning of January 22, 1992. The
human exclusion spanned about 9 weeks
(January 22 - 1-1arch 30, 1992); during this

time, both sides (the impact site or south side
of the beach and the human exc lusion site or
north side of the beach) were sampled to
study the across beach variabil ity in species
abundances and distribution. Sampling dates
were February 6, February 22, March 7 and
April 4, 1992. Samples (0.03 1112,30 CITI
deep) were collected with plastic cores at ten
equally spaced levels along three replicated
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transects (separated by 1 m) extending from
above the drift line to the swash zone; i.e.,
the uppermost station was located above the
drift line, the second on the drift line and the
last at the lowest limit of the swash zone
(indicated by bore collapse). The sediment
was sieved through 1 mm mesh and the ma-
croinfauna \vas stored in 5% formalin until
sorting. Sediment samples were collected
at each station for water content analyses.
These samples were collected by inserting a
3.5 em diameter plastic core to a depth ap-
proximately 3 em. Samples were wrapped in
aluminium foil and weighed immediately
after collection. Water content of the sand
was estimated by loss in weight of wet
sediments after drying (1200 C for 96 hours).
The penetrability of the ,sediments was
measured by dropping a 33.6 g metal rod
down a I m tube. The depth to which the rod
penetrated into the sediment was measured
several times at each station.

The data was analyzed by following the
BACI (Before/After and Control/Impact
Sites) (Fig. I) d~sign of Stewart-Oaten et a1.
(1986). To ap.ply this design, we used data
from five sampling periods before the fence
was installed: December 1990, January,
February and March 1991 and January 1992.
The four first samplings were carried out in
the north and south side of the beach as
part of routine sampl ing to study spatial
variability-" of the intertidal macroinfauna
inhabiting this beach. That sampling of
January 1992 was carried out one day before
the beach was fenced.

BACI design can be applied by two ways.
One of them. is that suggested by Stewart-
Oaten et a!. (1986) in which the differences
between treatment and control are inde-
pendents. The other one is based upon a
random selection of data gathered before and
after an especial event (Underwood 1991)
The field data gathered during this study are
better su ited for the design suggested by
Ste\vart-Oaten et al. (1986): i.e., because the
studied beach is a public recreational site. it
is not possible to run long term experiments
in which numerous field data from people -
excluded areas could be collected.

The statistical analyses (non-parametric
Nlann- \Vhitney V-test, Sokal & Rohlf 1969)
was based upon the differences in abundance

at each side of the beach. Stewart-Oaten et
al. (1992) mention that one of the
assumptions of BACI analyses is additivity:
i.e., time and location (site) effects are
additive (in the absence of the disturbance,
the expected control-impact differences is
the same for all dates). To evaluate the
additivity assumption we tested for zero
slope in the regression of differences against
average values for biological and physical
variables (Stewart-Oaten et a1. 1986). AlL
but one analysis (that of the water content of
sediments occupied by Orchestoidea
tuberculata). did not show any departure
from additivity (p > 0.01). We also tested for
independence (i.e., observed differences
from independent dates are independent)
as indicated by Stewart-Oaten et al.
1986). Thus. we carried out .regression
analyses between control-impact differences
and time: since those analyses did not show
any significant correlation (p > 0.0 I) the data
were independent.

RESULTS

Figure 2 shows the temporal variability in
macroinfaunal abundances on both sides
of the beach, before and after the fence was

TAS LE 1

Estimated U values for differences in
abundances, water content and penetrability

of sands occupied by the macroinfauna on each
side of the beach before and after the fence was

installed. The critical value for U at a probability
level of a.os is 19 (Rohlf & Sakal 1981),

thus most of the observed values indicate no
significant differences between the

comparisons carried out

Valores estimados de U para las difel-encias en
abundancias. contenido de agua y penetrabilidad de 10s

sedimentos oCl/pados poria macroinfauna a cada lado de la
playa antes y despu~s que se instalo el cerco. EI valor crftico

a un nive! de probabilidad de 0.05 es 19 (Rohlf & Sokal
1981). par 10 tanto la mayoria de los valores observados no

indican diferencias signific:.uivas entre las
comparaciones realizadas
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installation of fence
Fig. 2: Macroinfaunal abundances at Playa Universitaria before and after the fence was

installed.

e-e northside

Abundancias de la lIlacroinfauna en Playa Universitaria. antes y despues de fa inslalaci6n del cerco.

installed at both sides of the beach. The
observed U-statistic values indicate that no
significant differences were detected be-
tween treatments (Table 1)~thus, human ex-
clusion did not affect the macroinfaunal
abundance of the amphipod Orchestoidea
tubercu/ata (Nicolet), the isopods E.rciro/alla
braziliensis Richardson and Exciro/anll
hirslfticauda Menzies and the anomuran crab
Emerita {lllaloga (Stimpson).

Figures .3 and 4 show the variability in
sand desiccation related factors (water

content and penetrability of the sediments)
in the substrate occupied by these species.
Orchestoidea tubercuLata and ExciroLana
braz.iliellsis occupied the driest and softest
sands. while Excirolana hirsuticauda and
Emerita analoga were found in more
compacted sediments with higher water
contents. In the majority of cases no
significant differences were found between
the differences in water content and
penetrability of sands between both sides
(Table 1) indicating that human exclusion
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Orchestoidea tuberculata
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F

90
I

91 92

0 - 0 south side

installation of fence
Fig. 3: Water contents of the sediments occupied by the macroinfauna at Playa Univer-
sitaria before and after the fence was installed.
ConteniJos <.k agua de los sedimentos ocupados por la macroinfauna en Playa Universitaria, antes y

despues de la instalacion del cerco.

.-. northside

did not result in habitat differences; i.e., the
species occurred in sands which had similar
physical characteristics on both sides of the
fence.

DISCUSSION

Because most of the intertidal organisms
examined in this study occur primarily in
shallow sediments (no more than 10 cm
below the sand surface) (Jaramillo 1987 a), it

was thought that human disturbance during
the summer periods might well affect the
abundance and distribution of this macro-
infauna. The results presented here do not
provide any evidence of dis turbance by
beach users on the macroinfauna of Playa
Universitaria during the summer studied.
Thus, destruction of substrate fabrique and
mound and through formation by beach
garners, walkers and sun bathers did not
affect the abundance of these organisms.
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Orchestoidea tuberculata

Excirolana braziliensis

Exclrolana hirsuticauda

Emerita analoga

installation of fence
Fig. 4: Penetrability of the sediments occupied by the macroinfauna at Playa Universi-
taria before and after the fence was installed.
Penetrabilidad de los sedimentos ocupados par la macroinfauna en Playa Universitaria, antes y despues de
la insralacion del cer<.:o.

Two of the species collected, Orchestoidea
({(bercll/ata and Excirolana braziliensis,
occur in the soft, poody compacted sand of
the upper beach levels. There, mound and
through formation by people sunbathing and
play ing result in the destruction of sand
fabric. However, this process did not appears
to affect the abundance of these organisms.
Perhaps amphipods with their capacity to
burrow deep into the sands during the sum-

mer (down to about 1 fileter~ personal obser-
vations) are able to withstand these distur-
bances.

Some of the animals studied (Emerita
ilnaloga) are found at beach levels where the
sand is relatively hard and most resistant to
mechanical pressure (favourable for walking,
running and gaming). However, they seem to
be unaffected by this mechanical disturbance
since we did not find any evidence of
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physical damage such as crushed caparaces.
Similarly to our results, \Volcott & \\Tolcott
( 198.+) did not find any effects of mechanical
disturbance (oft--road vehicles) on anomuJan
crabs (Emerita talpoida) and bivalves (Donax
vllriabilis) in a Atlantic beach of the USA.

it has been shown that recreational pres-
sures on sandy beac hes increase the mobility
of sand rendering the coasts more l1able to
storm erosion (Carter 1975). Artukhin (1990)
found that on a sand beach of the Azov sea,
the activity of the recreational beach users
resulted in mound and through formation to
appear, which eventually leads to sand
movement (and hence erosion) towards the
water line. The difference in magnitude of
sand volumes removed by the effects of
mechanical disturbances produced by recrea-
tional beach users versus that produced by
waves or currents has not been thoroughly
documented. However it can reasonably
guessed that naturally occurrring distur-
bances is a far more i~portant disruptive
event than mechanical disturbance by human
activity.

Even though the design of our experiment
did not include the analysis of short-term
effects '.(e.g. from tides to tides) which might
show the effects of human activity, our
results: so far show that mechanical distur-
bance produced by recreational beach users
is not e:<pected to have a significant effect on
the macroinfauna. Most probably, in highly
dynamic beaches such as Playa Universitaria
(Jaramillo 1987 a), local effects such as those
listed earlier are overrun by massive move-
ments of sands due to the effect of a 'chang-
ing wave climate.

Demands for recreational facilities and
property development along the Chilean
sandy beaches have increased over the last
few decades. Even when this study did not
show any dIect of mechanical Jisturbance by
beach users, cautjon shoud be ad vised since
high energy dissipative Chilean sandy
beaches support quite diverse faunas (San-
chez et al 1982, Jaramillo 1987 a, b, Clarke
& Pefia 1988). Rather than restricting use of
these areas, management plans should be
developed to minimise any eventual impact.
In this sense, this study constitutes the first to
manipulate human recreational pressures on
a Chilean sandy beach or elsewhere; thus it

provides an example of how ecological and
recreational capacity of sandy beaches can be
studied in order to quantify human impact on
the whole sandy beach cOInmunity.

ACKNOWLEDG~\!IENTS

'Ne thank l\larcia Gonzalez, Sandra Silva.
Victor Poblete (Universidad Austral de Chile),
Gideon Rossouw (University of Port Elizabeth,
South Africa) and many others for help during
field and laboratory work. We also thank Fergus
Kennedy (Bangor, UK) who reviewed the
english, Carlos Moreno (Universidad Austral
de Chile) and anonymous rewievers for
suggestions to an earlier manuscript. Financial
support was provided by CONICYT (Projects
FONDECYT 88-904 and 92-191) and Univer- .
sidad Austral de Chile (DID Project S 94-30).

LITERATURE CITED

ANSELL AD. P SIVADAS. B NARAYANAN. VN
SANKARANARAYANAN & A TREVALLION
(1972) The ecology of two sandy beaches in south
west India. I. Seasonal changes in physical and
chemical factors. and in the macrofauna. Marine
Biology 17: 38-62.

ARTUKHIN YV (1990) Anthropogenic effects on recrea-
tional beaches. In: P Fabbri (ed) Recreational Uses
of Coastal Areas: 2.'Q-2 34. KIuwer Academic Pu-
blishers. The Netherlands.

AUBREY DG (1983) Beach changes on coasts with
different wave climates. In: McLachlan A & Th
Erasmus (cds) Sandy Beaches as Ecosystems: 63-85.
Dr W. Junk Publishers. The Hague.

BALLY R (1983) Factors affecting the distribution of
urganisms in the inte11idal zones of sandy beaches.
In: McLachlan A & Th Erasmus (eds) Sandy Beaches
as Ecosystems: 391-403. Dr W. Junk Publishers. The
Hague.

BENDELL JF (1974) Effects of fire on birds and mammals.
In: Kozlowski TT & CE Ahlgren (eds) Fire and Eco-
svstems: 7.1-1~&.Academic. New York.

BROWN AC & A McLACHLAN (1990). Ecology of sandy
shores. Elsevier, The Netherlands. 328 pp.

CARTER RWG (1975) The eifect of human pressures on
the coastlines of County Londonderry and County
Antrim. Irish Geoghraphy 5: 7::!-85.

CHAPMAN OM (1983) Sedi ment reworking on sandy
beaches. In: NIeLachlan A & Th Erasmus (cds) Sandy
Beaches as Ecosystems: 45-61. Dr W. Junk Pu-
blishers. The Hague.

CLAR KE M & PENA R (l9~8) Zonacion de la macro-
infauna en una playa de arena del norte de Chile. Es-
tudios Oceanol6gicos (Chile) 7: 17-31.

DAUER DM & JL S~IMON (1976) Habitat expansions
among polychaetous annelid s repopulating a
ddaunated marine habitat. Marine Biology 37: 169-
177.

DEXTER DM (1992) Sandy beach comrnunity structure: the



rvlACROINFAUNA AND BEACH USERS

rok of exposure and latitude. Journal of Biogeo-
graphy I Y 59-66.

[)I.-\~IO:'-JD JJ & TJ CASE (1986) Community ecology.
Harper & Row. Publishers. Nev,' York. 665 pp.

HOSIER PE & TE EATON ( 1980) The impact of vehicles
on dune and grassland vegetation on a south -
easthern North Carolina barril:[ beach. Journal of
-\pplicd Ecology 17: 173 - 18.2.

J.-\RAyIlLLO E (1lJ87 a) Community ecology of Chilean
sandy beaches. Ph.D. Dissertation. University of Nt:w
Hampshire. Durham. USA: 216 pp.

JARA\lILLO E (1987 b) Sandy beach rnacroinfauna from
the Chilean coast: zonation patterns and zoogeo-
graphy. Vie et tvlilieu 37: 165-174.

J-\R.-\\IILLO E (1994) Patterns of species richness in sandy
beaches of South Amaica. South African Journal of
Zoology .29: 2.27 -234.

JARAivllLLO E. RA CROKER & EB HATFIELD (1987)
Long-term structure. disturbance. and recoloniza-
tion of macroinfauna in a New Hampshire sand
beach. Canadian Journal of Zoology 65: 3024-3031.

JARAMILLO E. A fvlcLACHLAN & Ph COETZEE (1993)
Intertidal zonation patterns of macroinfauna over a
range of exposed sandy beaches in south-central Chi-
le. Marine Ecology Progress Series 101: 105-118.

KAUFMAN LS (19S3) Effects of Hurricane Allen on reef
fish assemblages near Discovery Bay. Jamaica. Coral
reefs 2: ..D-47.

LARIMORE R W. WF CHILDERS & C HFCKROTTE
(1959) Destruction and reestablishment of stream fish

and invertebrates affected by drought.' Transactions
of the American Fishery Society 8S: 261-285.

LEBER Ki\1 (1'182) Seasonality of macroinvertebrates on a
temperate. high wave energy sandy beach, Bulletin of
~hrine Science 32: 86-98.

McGWYNNE L & A McLACHLAN (1992) Ecology and
management of sandy coasts. Institute of Coastal
Research (University of Port Elizabeth, South Africa)
Report 30: 1-83.

McLACHLAN A (1983) Sandy beach ecology' - A Review.
III: ~IcLac hlan A & Th Erasmus (eds) Sandy Beaches
as Ecosystems: 321-380. Dr W. Junk Publishers. The
Hague.

!\tcLUSKY DS. SA NAIR. A STIRLING & BHAROA V A R
( 1975) The ecology of a central west Indian beach
with particular reference to DOllll.\- il/(,lInlllfliS.
!'.Iarine Biology 30: 267-270.

RICKARD CA. A McLACHLAN & GIH KERLEY (1994)
The effects of vehicular and pedestrian traffic on

663

dune vegetarion in South Africa. Ocean & Coasral
Management 23: 225-247.

ROHLF IF & RR SOKAL (1981) Statistical tables. WH
Fn:eman and Camp.my. New York.

SANCHEZ M. JC CASTILLA & O. MENA (1982) Varia-
ciones verano - invierno de la macrofauna de arena
en playa Morrillos (Norte Chico. Chile). Studies on
Neotropical Fauna and Environment 17: 31-49.

SHORT & WRIGHT (1983) Physical variability of sandy
beaches. In: McLachlan A & Th Erasmus (cds).
Sandy beaches as ecosystems. W. Junk. The Hague.
pp. 133-144.

SOKA.L RR & JF ROHLF (1969) Biometria. Blume Edicio-
nes. Madrid. Espana.

SOUSA WP (1979) Ex.perimental investigations of
disturbance and ecological succession in a rocky
intertidal algal community. Ecological Monographs
49: 227-254.

SOUSA WP (1984) The role of disrurbance in natural com-
munities. Annual Review of Ecology and Systematics
15: 353-391.

STEW ART-OA TEN A. WW MURDOCH & KR PARKER
(1986) Environmental impact assessment: "Pseduore-

plication" in time'? Ecology 67: 929-940.

STEWART-OATEN A. JM BENCE & CW OSENBERG
(1992) Assessing effects of unreplicated perturba-

tions: no simple solutions. Ecology 73: 1396-1404.
SW ART DH (1983) Physical aspects of sandy beaches - A

Review. In: McLachlan A & Th Erasmus (eds) Sandy
beaches as ecosystems: 5-44. Or W. Junk Publishers.
The Hagut:.

TONN W & JJ ~AGNUSON ( 1982) Patterns in the species
composition' and richness of fish assemblages in
northern Wisconsin lakes. Ecology 63: 1149-1166.

UNDER WOOD AJ (1991) Experimental designs for
detecting human environmental impacts on temporal
variations in natural populations. Australian Journal
of M;1rine and Freshwater Research 42: 569-587.

VAN DER'MERWE D & VAN DER MERWE (1991)
Effects of off - road vehicles on the macrofauna of a
sandy beach. South African Journal of Science 87:

210-2-13.
WOLCOT TG & DL WOLCOT (1984) Impact of off-road

vehicks on macro-invertebrates of a mid-Atlantic
beach: Biological Conservation 29: 217 -240.

WRIGHT LD & AD SHORT (1984) Morphodynarnic
variability of surf zones and beaches: a synthesis.
Marine Geology 56: 93-118.


