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,JARAMILLO, E.; CONTREHAS, H" and HOLLINGER, A., 2002, Beach and faunal response to the construct ion of a
seawall in a sandy beach of south central Chile. Journnl or Coastal Reseorclr, 18(:31,52:3-529. West Palm Beach
(Florida), ISSN 0749-02080

The community structure and across shore zonation of the sandy beach macroinfauna has been found to be closely
related to beach morphodynamics. Thus, any changes in beach morphodynarnics may result in macroinfaunal changes.
The construction during 1997 and 1998, of a concrete seawall at the northern and middle section of a beach in south
central Chile Ica. :39" S) to protect the coast from erosion, provided the opportunity to look at the elfect.s of changing
morphodynamics on beach fauna. To do that, we used physical and biological data collected at both sides of the beach,
before and after the seawall was constructed. Sediment samples 10.0:3 m-', :30 em deep) were collected at ten equally
spaced levels along three replicated transects extending from above the drift line to the swash zone. The sediment
was sieved through a 1 mm mesh and tIll' organisms collected were stored in 5rlt formalin until sorting and measuring.
Physical measurements included width of the intertidal, height and period of waves, sand fall velocity and Dean's
parameter. Values of this parameter showed that both sides had reflective to low intermediate {",atures. The results
of ANOVA indicate that no significant differences Ip:>O.05) were found between before and after or control and impact
sites. BACI analyses were carried out with physical characteristics, i.c. the means of differences between both sides
of the beach were similar. We found no significant differences when similar BACI analyses were carried out with
macroinfaunal community characteristics such as species richness, macroinfaunal abundances and body sizes of the
most common species (the ciro1anid isopod Excirolano hirsuiicoudu Menzies and the anomuran decapod Emerita
analoga (St.irnpson l). Thus, it is concluded that during the study period the' presence of the seawall has not influenced
the physical and macruinfaunal charactorist.ics at the beach studied.

ADDITIONAL INDEX WORDS: Reach morphodvn.amic«, beach [aun«, equilibrium beach, beach sand.

INTRODUCTION

Morphodynamic types of beaches ii.c.. reflective, interme­
diate and dissipative) are the result of the interaction be­
tween wave climate and sediment characteristics (SHOHT,
1996 i. With established sediment sources and under specific
wave climate characteristics, a sandy beach will tend toward
a natural equilibrium where the waves and longshore cur­
rents redistribute the sands supplied from the sources (sec
e.g. KOMAI{, 198:3). The equilibrium and morphodynamic
characteristics will change when jetties, breakwaters and
seawalls are constructed in the coastal zone, sometimes with
negative consequences, such as coastal erosion (e.g. NOI{J)­
STROM, 1989), Even so, dynamic characteristics of exposed
sandy beaches support quite a diverse and abundant rna­
croinfauna (see BI{()WN and McLACHLAN, 1990).

The community structure of sandy beach macroinfauna has
been found to be closely related to beach morphodynamics;
i,e., the species richness, abundance and biomass of the rna­
croinfauna increase from reflective to dissipative conditions
(McLACHLAN and ,JARAMILLO, 1995), It has been also found
that across shore zonation of the intertidal macroinfauna is

OllS5 receired and accepted ill revision 1 February 2002.

affected by beach types; i.e. from reflective to dissipative con­
ditions the number of faunal zones across the intertidal in­
creases (McLACHLAN and JA]{AMILLO, 199fi; McLACHLAN et
al. 1996),

Small reflective pocket beaches alternate with intermedi­
ate and in some cases, dissipative sites along the coast of
south central Chile (ca. :36-40° S) (PINO and ,JAI{AI\1ILLO,
1992; JAI{AMILLO and McLACHLAN, 199:31. Los Molinos is a
sandy beach located at Bahia de Corral, coast of Valdivia (:39'
:31'S, 7:3°45'W) (Figure II. The approximate length of the
beach is 1.2 km. While its north side is more protected from
wave action, its south side is more exposed to breaking
waves. After a single snapshot sampling, J,\IV\I\1ILLO and
McLACIILA]\; (1993 a) found that the north side displayed re­
flective conditions, while the south side had more interme­
diate features, During 1997 and early 1998 a concrete seawall
was built along the north and middle section of this beach to
protect the coast from erosion by wave action; this construc­
tion took in a 3 m band of the upper beach levels. This pro­
vided an unique opportunity to test the hypothesis that the
presence of that seawall affects the morphodynamic charac­
teristics of the north side of the beach, and consequently com­
munity structure and zonation of the intertidal marroi nfa n­
na. To test this hypothesis we used the BACI (Before/After
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Figure 1. Location or tho beach Los Molinos at Bahia Corral, south central Chile. Approximate locations of the concrete seawell and transects sampled
at the north and south side or the beach are also shown.

and Control/Impact Sites) design of STEWART-OATEN et al.
(986), using samples collected before and after the seawall
was constructed.

MATERIALS AND METHODS

To apply the BACI design, we used two data sets (physical
and biological data; see below) collected at the north and
south sides of the beach. The first one is represented by 14
monthly samples collected between April 1992 and August
1993 (the "before" data set); the second one is represented by
13 monthly samples collected during November 1997 and
June 1999 (the "after" data set, see below).

Sediment samples (0.03 m", 30 ern deep) were collected at
the north and south side of the beach (Figure 1) with plastic
cylinders at ten equally spaced levels along three replicated
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 Ii ne and the last
at the lowest limit of the swash zone (indicated by bore col­
lapse). The sediment was sieved through a 1 mm mesh and
the organisms collected were stored in 5% formalin until sort­
ing. Abundance values per running meter of beach were ob­
tained by linear interpolation between sampling stations, af­
ter obtaining mean abundances per m? at each sampling sta­
tion. Mean abundances per m2 were used to draw kite dia­
grams and analyze zonation of the most abundant taxa. The
most representative species (see below) were measured to the
nearest 0.1 mm length: the cirolanid isopod Exciroiana hir­
suticauda Menzies and the anomuran crab Emerita analoga
(Stimpson). For the isopod the body size was the distance
from rostrum tip to teJson base, while the cephalothorax

length was used as a measure of body size in Emerita anal­
oga.

Wave height was estimated by measuring the height of
breaking waves with graduated poles against the horizon.
The wave period (measured with a stop watch) was the time
interval between breakers. Sediment samples were collected
from the 10weT station (swash zone) for grain size analyses
needed to calculate Dean's dimensionless parameter (D) (see
below). Grain size analyses were carried out with a settling
tube (EMERY, 1938). Mean grain size was calculated accord­
ing to the moments computational method (SEWARD-THOMP­
SON and HAlLS, 1973) and used to estimate sand fall velocity
(GIBBS et al., 1971). From estimated mean wave height, wave
period and sand fall velocity, Dean's parameter was calculat­
ed: D = wave height (cm)/sand fall velocity (cm S-l) x wave
period (s) (SHOHT and WRIGHT, 1983). The morphology (i.e.,
beach face slope at each sampling site) was determined by
Emery's profiling technique (EMERY, 1961).

The eventual effect of the seawall on the physical and rna­
croinfaunal characteristics were analyzed throughout the
BACI design. To do that, the following steps were followed:
i ) fOT each sampling period ti.e., before and after the seawall
was constructed), raw differences between the values of the
variables estimated for the north and the south side of the
beach were calculated, ii ) testing of additivity through re­
gression analyses (testing for zero slope) to fulfill one of the
assumptions ofBACI analyses (STEWART-OATEN et al., 1992);
those tests were carried out by using the average value cal­
culated fOT each variable ti.e., average resulting from the val­
ues estimated for the north and south side of the beach) as
independent variable and the difference between the values

Journal of Coastal Research, Vol. 18, No.3, 2002
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f igure 2. Temporal va ria bility in width of th e in tertida l zone (i.e. from
drift.lin e to low tide leve l), beac h face s lope t l /slop e) find mean grain size
of sands collecte d from th e low tid e level a t both sides of the beach . Th e
a rro w se pa ra tes th e sa mpling per iods before and after the sea wa ll was
cons tructed.

ca lcula ted for each s ide of t he beach as dep endent variable
(in thi s case, all data se t was used ); additiv ity is assumed
when corr elation values are not significa nt, iii) tes ting of th e
hypothesis of independence (another assumption of BACl
an alyses , STEWART-OATEN et al ., 1992) th rou gh regression
a na lyses between tim e as inde pendent va riabl e and differ­
ences betw een th e values calcul a ted for each side of t he beach
as dependent variable (a ll th e data set was used ); ind epen­
dence is assumed when corre la tion valu es are not significant,
iv) testing of norm ali ty and homo scedasti city (SOKAL a nd
R OH LF , 1995) , and v) realizati on of ANOVA based upon the
di fTere nces in physical a nd macroin faun al da ta from the
north and sou th sides of th e beach, calcula ted separa te ly for
each sampling period: before and a fter the sea wall was con­
structed.

RESULTS

All anal yses carried out to test addit ivity res ulte d in low
values of corr elation (p> 0.05); thus, the hypothesi s of slope
equal to zero is accepted a nd al so addit ivity, Sin ce the re­
gression analyses between north and south side differ ences
a nd time did not show any significa nt corr elation (p> O.OS)
th e data were considered independ ent,

Figure 2 sh ows the temporal variability in th e width of the
intert ida l zone, beach face slope and mea n gra in size of sands

F igure 3, Te mpora l variability in wave heigh t , wa ve peri od and Dea n's
param et er ( n) at both sides of the beach , The val ues or wave cha racte r­
is tics a re means c; 1 sta ndard deviation. Other det a ils as in Figure 2.

from the low tide level a t both sides of the beach . Duri ng
Augu st 1992 a nd Ma rch 19!-l3 the intertidal zone of th e south
side was quite wider th an tha t of the north side (64 and 56
m, re spect ively ), During th e rest of hoth study periods th e
width of th e intertidal zone remained quite s imila r on both
sides of th e bea ch. Most of th e t ime , th e beach face s lope at
both sides va ried bet ween 1/15 and l!20. Th e frequency of
flatter s lopes (> 1/25 ) was higher a t th e north side of th e
beach: 1/37 during June 1992, 1/27 du ring July an d Augu st
1993 a nd 1/26 during Decem ber 1998 (Figure 2). The flattest
s lopes at the south sid e were record ed durin g August 1992
0/3n Most of the tim e, the sa nds of th e swash zone were
coarser at th e south s ide of the beac h, being 90 1 IJ-m the
coarsest gr ains ever rec orded (J une 1993 ) (Figure 2),

Th e temporal vari ability in wave cha rac te ri stics and
Dean 's parameter (nl is shown in Figure 3. Most of th e tim e,
waves were higher a t the south side of the beach , es pecia lly
dur ing June and July of th e first study period (April 1992­
Augus t 1993) when waves as high as 100-150 ern were ob­
served. Wave periods were quite s imila r with overall means
close to 9-11 seconds , Values of Dea n's param eter showed
t ha t th e morphodyn arni c cha racte r istics had quite a seasonal
variabili ty without well defined pa t tern s as far as beac h sides
are concern ed (Figure 3). Vari ability in Dean's parameter in­
dicated that both sid es of th e beach cha nged temp orarily be­
tween reflect ive ( n s; 1) and intermediate features (n from
1 to 4) (sensu SHORT a nd WRfGHT, 1983 ).

Journal of Coastal Resea rch. VoL 18, No.3 , 2002
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DISCUSSION

Exposed sandy beach habit.at.s are among the most dynamic
coastal habitats on earth (BROWN and McLACHLAj'\), 1990);

Table 1. 'value» of fond p rANOVA) for differences In physical character­
i"II(., or both sides a/the beach before and after the secuoallwas construct­
cd.
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variability in tides, longshore currents and sudden storms
may produce noticeable changes in their morphology and size
of grains in short periods oftime (e.g. JARAMILLO et al., 1987;
JARAMILLO, 1987). Smaller, pocket beach types are especially
prone to such physical changes (e.g. JARAMILLO, 1987). It is
also known that erosion processes cause more drastic changes
in fully exposed beaches, but erosion is usually more persis­
tent. on protected sandy beaches due to the fact. that post­
storm accretion is not enough to replace sand losses (NORD­
STROM, 1989). Consequently, it is possible to hypothesize that
any engineering st.ruct.ure installed in the back shore of
sandy beaches would have more effect on small pocket beach­
es. as is t.he case of the beach at Los Molinos.

The results of this study show that the presence of the sea­
wall has not. influenced the physical and macroinfaunal char­
acteristics at the beach of Los Molinos. It must. be stressed,
however, that changes in sediment storage indeed occurred;
as a matter of fact, the foundation of the seawall was fre­
quently exposed, as shown in Figure 7. It must also be said
that. sudden storms have been regularly noticed after the sea­
wall was constructed. Thus, it would be expected that chang­
es in sediment size and hence in beach face slope would pri­
marily happen during such conditions; i.e., rise in sea level
would lead t.o beach erosion since t.he construction of the sea-

Figure 4. Temporal variability in total species richness (i.e. the three
transects included), and mean abundances of Excirolana hirsuticauda.
Emerita ana/ago and total macroinfauna at bot.h sides of the beach. The
values of abundances are means :_ 1 st.andard deviation. Other details
as in Figure 2.
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The results of A!'JOVA indicated that no significant differ­
ences (p>0.05) were found when the BACI analyses were car­
ried out with physical characteristics, i.e. the means of dif­
ferences between both sides of the beach were similar (Table
1),

The cirolanid isopod Excirolana hirsuticauda Menzies and
the anomuran decapod Emerita analoga (Stimpson) were the
most common species over the study period. The following
species were also collected: Orchestoidea tuberculata Nicolet
(Amphipoda, Talitridae), Excirolana braziliensis Richardson
(Isopoda , Cirolanidaei, Macrochiridothea meh.uinensie Jar­
amillo and Macrachiridathea seiifer Menzies (Isopoda, Valvi­
feral, Nephtys impressa Baird (Polychaeta, Nephtydae), Eu­
zonus heterocirrus Rozbaczylo & Zamorano (Polychaeta,
Opheliidae l, and Scalolepis sp. and Scaloplos sp. (Polychaeta,
Spionidael. The last species had very low abundances or oc­
curred in a low number of samples. Thus, the specific faun­
istical comparisons are based upon the abundances of Exci­
rolana hirsuticauda and Emerita analoga.

The temporal variability in species richness, abundances of
Excirolana hirsuticauda and Emerita analaga and total abun­
dance of the macroinfauna is presented in Figure 4. Before
the seawall was constructed the number of'species varied be­
tween 2 and 6 and 1 and 8 at the north and south sides of
the beach, respectively. After the seawall was constructed the
ranges in species number were 2 to 6 at both sides. The abun­
dance of Excirolana hirsuticauda was higher before the sea­
wall was constructed (Figure 4). After that, macroinfaunal
abundance was usually [ower, with the exception of October
1998 when the abundances of Emerita analoga (and conse­
quently the total abundances) were quite high (up to 64160
m 1 for the whole macroinfauna), Figure 5 shows the across
shore distribution of Excirolana hirsuticauda and Emerita an­
alaga at both sides of the beach. While most of the specimens
of the first. species were collected close to the effluent line
(water table out.cropl, Emerita analogti occurred further
down, close to the low tide level. Finally, body sizes of Exci­
rolana lursuticouda and Emerita analaga were similar on
both sides of the beach (Figure 6) As wit.h the physical char­
acteristics. the results of ANOVA show t.hat. no significant
differences (p>0.05) were found when the BACI analyses
were carried out on the macroinfaunal characteristics: thus,
the means of differences between bot.h sides of the beach were
similar (Table 2l.

Journal of Coastal Research, Vol. 18. !\io. 3. 2002



Beach Morphod yn arni cs a nd Macroin fauna 527

N

s

efllJent line

II

J J S 0

1998

I I

I I

. I
I
I

afte r

I I
f- - - - --'--

II h

__L- __

before

FM MJJA

1993

- 10000 ind m·2

E. ana/oga _

E. hirsuticauda

A M J JA S O N

1992

..- 3000 ind m·2

~
~

~ 270

~ 180
~
s:

90 I
0 1---'---'--- 1_

1
__1

270

180

90

Figure 5. Position of Excirolana hi rsu ticouda a nd Eme nta an a/ago and the effluent lin e (wa te r ta ble ou tcro p : re la tive to th e low tid e le vel (0 ) a t both
sides of t he beach . Note the differenc e in abundance sca les . Other det ail s as in Figu re 2.

E. hirsuticauda

AMJJA S ONOJFMAMJJ A NOJ FM AMJ JA S ONOJFM AM J

l
E.s 12
~
N.<;;

i
D

wall took about 3 m of the upp er beach levels . During one
such sudden storm (June 13, 1999 ), waves wer e higher a nd
had longer periods than du ring calm condit ions (Table 3);
thus , wave climate characteristic s represented more dissi­
pative or ero sive condition s. However , three days later (after
rough sea conditions a bated), beach face slopes wer e simila r
on both sides of the beach (1113) and mean gra in size of sands
from the lower swash zone wer e not much different (256 J.l.01

a t th e north s ide and 357 J.l.1D at the south side ) from the
valu es es t ima ted from sa mples collected along the wh ole
study period (c( Figure 2). Th ese sna pshot data show th at
even when stor m waves reached an d broke on th e sea wall
foundation , it did not alter th e phy sical and macroinfaunal
characteristi cs of the beach, as the results of BACI analyse s
showed . Notw ith standing, we cons ider these conclus ions val­
id only [or the study period and for th e type of beach s tudie d.
As mentioned earlier, th e beach Los Molino s is loca ted insid e

Ta ble 2. Vo!ues of f and p rANOV,4) for d iffe ren ces in bio logical cho ra c
teristics of both side s of th e bea ch be fore an d af ler th e seruooi l wo s ron ­
structed.
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Figure 6. Temp oral variability in the body sizes of Exciroto 11a hirs utictuuio
a nd Emerita una loga for both sides of the beach. Th e values of body sizes are
mean s :r 1 standa rd devia tion . Othe r details as in Figure 2.

north side south side

Species richn ess
E. hirsut icouda (ind m I )

E. analoga l ind III I )

Macroinfauna tol al (ind III ' I
E . h irsuticruulo (em a bove low wa ter ma rk )
E. unu!oga (em a bove low water mark)
E. hi rsutictu u to (body s ize in rnrn i

E. ol/o logo (body s i7.e in rnm i

0.00
0.00
081
2.79
262
0.40
3 89
0.00

p

0.98
0.99
0.37
01 0
0.11
0.53
0.06
o.ss
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Figure 7. Seasonal sand variability in relation to the same foundation
of the seawall (level 0 l.

-:':
~/

Table 3. Wave characteristics o{ both sides o{ the beach during the storm
o] Ju ne 13, 1.9.9.9 and three days later (calm conditions). The ralues are
means (n = 20) uith standard deviations in parentheses. The measure­
ments uierc carried out during lou' tide periods.
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1998

I

o I J

I

--I
F M A M

1999

Wave height (cm l

Wave period (s)

Calm
During storm conditions Fj;p.;

p

North side 130.0 ( 16.;3) 28.0 (9.6) 554.85 0.000
South side 196.0 (2:3.6) 57.:3 (1:3.l)) 547.71 0.000

F 1.:1H 101.7 65.4
P 0.000 0.000
North side 10.2 (1.5) 8.2 (1.6) 14.96 0.000
South side 13.0 (2.6) 10.S (:3.0) 5.85 0.020

F,.:IH 17.4 9.1
P 0.000 0.004

a bay, and consequently is quite protected from breaking
waves that affect sandy beaches located on the open coast of
south central Chile (with modal heights averaging 3-4 m,
unpublished data l.

There is li ttle literature on the effects of engineering struc­
tures upon macroinfaunal sand beach communities. One of
the few ones, is that of BOWMAN and DOLAN (1985) who stud­
ied the spatial distribution of Emerita talpoida at both sides
of a 600 m pier in a sand beach of North Carolina, USA. They
found that the spatial distribution of this crab was affected
by the interaction between pier structure and incident wave
energy; i.e. densities of Emerita talpoida were greater in ar­
eas where the pier provides shelter. Protected sandy areas
located close to rocky promontories also harbours high den­
sity aggregations of Emerita analoga in sandy beaches along
the coast of Chile (E Jaramillo, unpublished observations).

The most abundant species at the beach Los Molinos were
Emerita anologa and the isopod Excirolana hirsuticauda.
Both species, the first as inhabitant of the swash zone and
the second as a shallow dwelling isopod (JARAMILLO, 1987),
are vulnerable to beach modification and thus likely to ex­
hibit a response to such activity. However, since both are ac­
tive swimmers they probably relocate quite soon after any
disturbance of beach deposit. Thus, we can hypothesize that
any sudden change in beach characteristics at Los Molinos is
followed by a quick response from these species. That seems
to be the case for the results found by J ARAM I LLO et al.
(1996), who, in a different context to that studied here, hy­
pothesized that mechanical disturbance produced by summer
vacationers on a sandy beach of south central Chile (ca. 39°
S) affected population abundances of the intertidal macroin­
fauna. However, the experimental exclusion of vacationers
during the summer of 1992 did not result in any effect on the
macroinfauna. Also, HAYDEN and DOLAN (1974) found that
Emerita talpoida from North Carolina, had a quick response
to sand discharge occuring during beach nourishment activ­
ities. Thus, impact of that disturbance on Emerita talpoida
was of short duration; it probably involved redistribution of
crabs rather than massive mortality.

The absence of significant effects of the seawall construc­
tion upon macroinfaunal communities may be related to the
high degree of plasticity that sandy beach organism show
(BI{OWN, 1996, SOARES et al., 1999). Thus, as SOARES et al.,
(1999) hypothesized, behavioural, ecophysiological and mor­
phological plasticity of beach organisms allow them to cope

and adapt to short and long-term changes of their dynamic
habitat ii.e. phenotypic plasticity as adaptation to the chang­
ing habitat). For sandy beach organisms, BI{OWN (1996) dis­
tinguished long term and short term plasticity, the first one
generally resulting from adaptations to a new environment,
and the second one including responses to usually unpredict­
able environmental perturbations, such as storms and beach
erosion. As mentioned by BROWN (1996), some sand beach
organisms appear to be able to detect approaching storms
and migrate up the beach ti.c . the talitrid amphipod Talor­
chicstia capensis on sandy beaches of Cape Peninsula, South
Africa). Upward movement and digging deeper may then help
to cope with changing beach conditions. Thus, even when the
seawall studied would indeed affect beach characteristics,
that would not necessarily lead to macroinfaunal mortality
or changes in zonation patterns.

Coastal management is starting to be topical issue along
the coast of Chile. As clearly established by UNDERWOOD
(1991), BACI analyses is the correct way to evaluate eventual
effects of environmental impact on coastal communities. This
sort of analyses has recently been used in a variety of coastal
studies, such as assessment of effluent discharges on assem­
blages of Australian larval fishes (GI{AY et al., 1996) and that
of oil spillages due to pipeline rupture on rocky shore com­
munities of the coast of Brazil (LOPES et al., 1997 L However,
BACI analyses seldom appear in the literature. Yet, they can
provide an unique opportunity to test environmental impacts
and hypothesis concerning functioning of coastal communi­
ties, such as those in sandy beach habitats.
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