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A B S T R A C T

C han g es  in sed im en t p ro p erties  (g rain  size and co m position ) asso c ia ted  w ith  sh o re lin e  o rien ta tio n  and  loca l hyd ro d y n am ics  
induce beach  d iffe ren tia tio n  a long  the R io G rande  do  Sul coastline  betw een  R io G rande  (32° 10’ S) and  C h u i (33° 4 5 ’ S). 
T h ree  zones  w ith  d is tin c t m o rphodynam ic  beh av io r can be iden tified : fine  sandy  beaches n e a r R io G rande  d isp lay  d issip a tiv e  
c h a rac te ris tic s ; fu r th e r  sou th , a 40  km  stre tch  o f  coast called  “C o n ch e iro s” , is co m posed  o f  shell deb ris  and  fine  sand , and  
rep resen t in te rm e d ia te  to  re flec tiv e  b eaches; at all o th e r loca tions beaches show  an in te rm ed ia te  stage. D iffe ren ces  in m o rp h o ­
d ynam ic  b eh av io r be tw een  these  reg ions are ch arac te rized  by beach face s teepness , frequency  o f secondary  m o rp h o lo g ica l 
fe a tu res, e ro s io n a l c h a ra c te ris tic s  and  a sso c ia ted  hyd ro d y n am ics . A seasonal b eh av io r is su p erim p o sed  on th is  g e n era l 
m o rp h o d y n am ic  p a tte rn , ow in g  to the w ave  c lim a te  reg im e w ith  a tendency  to d evelop  a sw ell p ro file , be tw een  N o v e m b er and 
M arch , and a sto rm  pro file  in the rem ain d er o f  the  year. T he “C on ch e iro s” area  d isp lays low  a bundance  and  d iv e rs ity  o f  the 
bcn th ic  m acro fau n a  and the h ighest s to rm -in d u ced  subaeria l sed im en t vo lum e change  w hen  com pared  w ith  o th e r beach  
system s a lo n g  th is  area. T he  com bina tion  o f  d istinc t m orpho log ica l fea tu res, like  w ell dev e lo p ed  beach  cusps, sca rp s  and 
shelly  g rave l sands  p rov ides  th is a rea  w ith  un ique ch arac te ris tic s  a long  the 210  km  o f  coast.

K ey  w o rd s :  beach  m orp h o d y n am ics , g ra in -s ize  d is trib u tio n , g rave l beaches m acrofauna.

R E S U M E N

L a in te racc ió n  en tre  el tam año  del g rano  y Ios reg ím enes  h id rod inám icos  y eó licos causan  la  d ife ren c iac ió n  de las p lay as  a lo 
largo  de la co sta  su r b ras ileñ a  en tre  R io G rande  (32° 10’ S) y C hui (33° 4 5 ’ S). E n  base  a  varios parám etro s  m ed idos  a  lo largo  
de un año se carac te riz a ro n  tres zonas de d ife ren te  m orfod inám ica : p layas d is ip a tiv as  cercanas a  R io G rande ; p lay as  de 
"c o n ch e ro s” al su r del fa ro  de A lbardáo  que oscilan  en tre  e stados  in te rm ed ios  y re flec tiv o s  y p layas que tienden  a  p e rm an ece r 
en e stad o s  in te rm ed io s  en el resto  de la costa . L as d ife renc ias  en el com portam ien to  m o rfo d in ám ico  en tre  esta s  zonas se 
m an ifie s tan  po r la  in c lin ació n  de las p layas, frecuencia  de tipos  m orfo lóg icos secundario s y carac te rís tic a s  de e ro sió n  e 
h id ro d in ám ic a . C u an d o  c o m p a rad o s  con  las o tras  p layas, Ios “c o n c h e ro s” m u estran  b a ja  a b u n d an c ia  y d iv e rs id a d  de 
m acro fau n a  b en to n ic a  y Ios m ayores cam bios en el vo lum en  de Ios sed im en tos subaéreos p ro v o cad o s p o r to rm en tas . La 
co m b in ac ió n  de aspec to s  m o rfo lóg icos  p a rticu la res  com o m edia  lunas p laya les (cu sp ilito s), e sca lo n es  y sed im en to s  de g rava  
ca lcá rea  c o n fie re  a e s ta  á rea  carac te rís tic a s  únicas a lo largo de 210  km  de costa.

P a la b r a s  c la v e : m o rfo d in á m ica  de p layas, d is tribuc ión  del tam año  del g rano , m acro fauna  de p layas de grava.

IN T R O D U C T IO N

Energy derived from the action of winds, 
waves and currents interact with the existing 
landform morphology of beaches by active 
surf-zone and shore processes. The result is a 
transfer of energy and subsequent change in 
morphology due to accretion or erosion. This 
interaction between existing beach material

and incoming energy determines the morpho­
dynamic behavior of a beach system (Wright 
& Short 1984). A complete understanding of 
beach m orphodynam ics encom passes an 
understanding of processes of wave energy 
transformation across the entire continental 
shelf, sediment characteristics, and the entire 
beach area including the foredunes and the 
backshore region (Short & Hesp 1982).

(R eceived  1 D ecem b er 1994; accep ted  2 A ugust 1996.)
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Changes in sediment properties (grain size 
and composition) associated with shoreline 
orientation and local hydrodynamics induce 
beach differentiation along the Rio Grande 
coastline between Rio Grande and Chui in 
southern Brazil (Fig. 1). These differences 
are characterized by beach face steepness, 
frequency of secondary morphological fea­

tures (beach cusps and scarps), erosional 
characteristics and associated  hydrody­
namics. This study analyses from a morpho­
dynamic approach (Short 1980, Wright & 
Short 1984, Short & Hesp 1982) the spatial 
and temporal variations o f the southern 
Brazilian beaches during a one year period. 
Faunal studies o f a beach com posed o f
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Fig. 1: S tudy area at  the coast  o f  Southern Brazil .  

A rea  e s tu d iad a  en la  c o sta  del su r de B rasil.
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bimodal sediments (shell debris and fine 
sand) was studied in order to compare the 
abundance and diversity of the benthic ma­
crofauna with previous results obtained from 
adjacente beaches com posed o f unimodal 
sediments (fine sand).

S T U D Y  A R EA

The lenght of the study area is 210 km and 
includes the beaches located between Rio 
Grande and Chui (Fig. 1). The Rio Grande 
do sul coastline is a long barrier island (640 
km) which is separeted from the mainland by 
a large lagoonal system consisting mainly of 
the Patos and Mirim Lagoons. The barrier is 
characterized by w ell-d evelop ed  beach, 
dunes and aeolian flats. Most all the beaches 
along the coast are exposed. Exception to 
this pattern is found in the northermost 
part of the barrier, where rocky headlands 
profusions formed by sandstone and basalt 
reach the coast and provide beaches with 
some degree of sheltering. Association be­
tween shoreline configuration, continental 
shelf width and the wave climate provides a 
good example of a wave dominated barrier 
island. According to Motta (1963) incident 
swell and sea entering shallow water are 
respectively from southwest and east. Annual 
average significant wave height is 1.5 m with 
a period o f 9 seconds (Motta 1963).

Based on a three year observation period, 
Malaval (1923 in Duprat da Silva 1941) 
found that w inds predom inate from the 
northeast during spring and summer (Sep­
tember to March) and from the southwest 
during autum and winter (April to August). 
Although the dominant wind direction along 
the barrier comes from northeast, the strong­
est winds are associated with the passage of 
frontal systems (cold fronts) coming from 
the south. The astronomical tide along the 
Rio Grande do Sul coastline is insignificant, 
the mean annual daily range being 0,47 m 
However, wind and barometric pressure play 
the major role in the sea level oscillations 
along the coast. During the passage of frontal 
system s the w ater lin e  can reach the 
basement of the dunes which is aproximately 
1.7 m above the mean sea level.

M E T H O D S

During a one year period (mainly at monthly 
intervals) beach profiles at eight locations 
were conducted along the coast with an 
automatic level and stadia rod. Each profile 
was measured from a bench mark located at 
the dune toe. Survey lines proceeded seaward 
approximately perpendicular to the shoreline 
along established azimuths. Volume changes 
and shoreline changes were obtained using 
the Interactive Survey Reduction Program 
(ISRP), developed by Birkemeier (1985). 
This computer program enable calculations 
of areal parameters for cut and fill cels from 
superimposed profiles.

Morphometrie parameters such as: sub­
aerial beach slope, modal beach stage (Q = 
HbAVsT, where Hb = breaker height; W s = 
sediment fall velocity and T = wave period), 
mean beach width (Yb), standard deviation 
of the mean beach width (oYb), coefficient 
of variation of the mean beach width (CV), 
and changes in subaerial beach volume (Vy), 
as described by Short & H esp (1 9 8 2 ), 
were calculated for each beach profile loca­
tion. According to these authors such param­
eters are sensitive to different beach stages.

Significant wave height (breakers) and 
period were visualy obtained at a point inside 
the surf zone. The grain size distribution be­
tween 0 and 4 phi (1 to 0.062 mm) for 80 
sediment samples representing the upper 20 
cm collected with a cilindrical tube from the 
beach face was determined by sieving using 
0.25 phi intervals. The grain’s settling  
velocity (W ) was obtained from tables which 
take in account the conversion o f sphere 
diameters produced with Gibbs et al. (1971) 
equation to that of natural grains using the 
equation of B aba & Komar (1981).

At three occasions (May, June and July 
of 1993), triplicate samples totalizing 12 
samples of 0.03 m2 to 30 cm sediment depth 
were obtained at the “Concheiros”area for 
the study o f the intertidal benthic macro­
fauna. Sampling was conducted from the 
lower foreshore landwards at five meters 
interval across a 20 m transect. Quantitative 
values for the macrofauna were obtained 
based on mean density o f organisms per 
square meter.
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R E SU L T S

Since the beginning of the field trips spatial 
variability in beach morphology was evident 
along the study area. These differences were 
primarily expressed by changes in beach face 
steepness, and the more frequent occurence 
of beach cusps and scarps at the “Conchei­
ros” area. Figure 2 illustrates the longshore 
variation in foreshore slope and grain size. 
The lowest values of foreshore slope ( 1 to 2 
degrees) and grain size were found near Rio 
Grande (Terminal and Querencia beaches). 
The highest values of foreshore slope (> 5 
degrees) and mean grain size was found 
along a 40 km stretch of beach called “Con­
cheiros”.

Alongshore temporal variations of beach 
morphology was evident when the profile 
envelope of each site was ploted as done by 
Wright & Short (1984) (Fig. 3). The beach 
en v e lo p es for Term inal and Q uerencia  
beaches show that vertical changes in the 
sweep zone and in beach width were low. 
Maximum vertical changes during the period 
were 1.25 m and occured from the lower 
foreshore to the berm for the Sarita, Taim, 
“C oncheiros”and H erm enegildo beaches. 
Although for most of the sites, data related to 
the subaqeuos part of the profile are scarce, 
the surf-zone displayed vertical mobility 
similar to the subaerial beach. Bar occurence 
were common to all the beaches. More than 
fifty surveys for Querencia beach indicate

* 4“  3 ,5 .TERMINAL a  QUERENCIA

the occurence of at least one longshore bar 
generally located at 100 from the water line. 
Seasonal patterns indicate the occurence of 
well developed berms south of Querencia 
beach (swell profiles) from November to 
M arch. D ifferen ces  in m orphodynam ic  
characteristics among the beach systems are 
evident when the morphometric parameters 
defined by Short & Hesp (1982) are compar­
ed. Table 1 indicates that the highest and 
lowest values of the standard deviation of the 
mean position of the shoreline (<yYb) and the 
coefficient of variation of mean shoreline 
position (CV) were respectively associated to 
Sarita and Hermenegildo and Terminal, Que­
rencia and “Concheiros” beaches.

Despite the few and instantaneous data 
obtained for the omega (W) parameter, it can 
be seen that the beaches of Terminal and 
“C on ch eiros”d isp layed  resp ectiv e ly  the 
highest and the lowest values for this para­
meter.

Table 2 displays the mean values o f  
density and biomass for all the macrofauna 
species found during the sampled period. The 
polychaete Hemipodus olivieri was the most 
abundant organism, reaching in July 245 
individuals per square meter. Less abundant 
organism s found w ere the isop od s  
E x c iro la n a  a rm a ta  (D ana, 1852) and 
Excirolana braziliensis (Richardson, 1902) 
the hipid crab Emerita brasiliensis (Schmitt, 
1935) and the bivalve D onax hanleyanus  
(Philippe, 1842).
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T A B L E  1

M ea su red  movphomet r i c  pa rameter s  for  the s tudied beaches.  N  = number  o f  surveys;  M  = mon ths ;  
H b = b reaker  height ;  T  = wave period;  M z =  mean  grain size; £2 s = mean  sediment  fall veloci ty 
(cm/s) ;  £2 = H b/T  D  ; Y b = Mean  beach width;  o Y b = s tandard deviat ion o f  mean  beach  width;

C V  = coef f ic i ent  o f  variat ion o f  mean  beach width;  V v = volume changes  above  the da tum;  
deno tes  b imodal  sands  the om ega  (£2 ) values are related to both the coarse and fine grains;-  = no data

P arám etros  m orfom étricos  m edidos para  las p layas e stud iadas . N = núm ero  de lev an tam ien to s ;
H b = a ltu ra  de la  ro m p ien te ; T = período  de la ola; M 7 = tam año  m edio  del g rano ; £2s = ve lo c id ad  m edia  

de ca íd a  del sed im en to ; Y h = ancho  m edio  de la p laya; o Y b = desv iac ión  e s tán d ar de la m ed ia  del ancho  de la p laya;
C V  = c o e fic ien te  de va riac ión  del ancho  m edio  de la p laya : V = cam bios de vo lum en  po r en c im a  del datum

B E A C H E S

T erm inal Q u erencia Sarita Tai m V erga A lbardäo C oncheiro s H erm eneg ildo C hu i

N 14 13 9 8 7 7 10 7 5
M 10 11 8 7 3 6 8 5 5
Hb (m ) 0 .70 0 .64 0.74 0.80 0.77 1.02 0.99 0.86 0 .90
T (s.) 8.2 8.7 8.3 8.4 9.0 9.9 10.5 7.5 7.5
M (p h i) 2.88 2.30 IO L/i o 2 .38 2.50 2.38 0 .5 /2 .25  * 2 .50 2.50
\V 1.25 1.81 1.81 2.04 1.81 2.04 2 .2 0 /15 .00 1.81 1.81
£2'' 7 5 3 5 3 - 0 .5 /4 - -

SL O P E 1:30 1:30 1:23 1:22 1:18 1:19 1:13 1:22 1:26
Y b (m ) 183 134 70 83 63 170 109 118 147
o Y b (m ) 3 7 10 6 3.5 9.5 2.5 15 12
CV I 9Í ) 3 3 14 7 8 6 2 12 8
V v (m-7m) 3 4 4 8 8 17 9 19 20

T A B L E  2

Genera l  character i s t ics  o f  the mac rofauna  s tudied at the “Conche i ro s’' area.  B = dry b iomass  ( m g /m 2); 
D  = densi ty ( i nd/m2); Taxa:  (P) = Polychaet a;  (B) = Bivalvia;  (I) = I sopoda;  (An)  = A n o m u ra

C arac te rís tic a s  g en era les  de la m acro fau n a  b en to n ica  estu d iad a  en la región de Ios "C o n ch e iro s” . B = b io m asa  seca  (m g /m 2); 
D = den sid ad  (in d /m 2); Taxa: (P) = P o lychae ta; (B ) =  B iva lv ia : (I) = Isopoda; (A n) = A nom ura

M O N T H S

M ay June Ju ly

T A X A D B D B D B

H e m ip o d u s  ul ¡ f ieri  (O ren san z  & G ianuca . 1974) (P) 186 197 245 224 45 4
Exc iro lana  arm a ta  (D ana. 1852) (I) 7 14 9 77 - -

E x c iro lana  b razi l iens is  (R ich ard so n , 1902) (I) - - - - 40 467
Em eri ta  b rasi l iens is  (S chm itt, 1935) (A n) 19 10944 6 1 137 - -

D o n a x  han le ya n u s  (P h illipe , 1842) (B) 4 11737 6 42757 - -

D IS C U S S IO N

Several studies (Bascom 1951; Sunamura & 
Horikawa 1974; Sunamura 1984) have show 
that the main controlling factors of the beach 
face slope are related to grain size and wave 
parameters (wave steepness and period). 
Since the wave parameters obtained along 
the study area were similar, the spatial dif­
ferences in beach face slope are mainly due 
to changes in grain size. The low beach face 
gradient found for Terminal and Querencia

beaches were due to the fact that they have 
the finest mean grain size which depict the 
small and recent contribution of the Patos 
Lagoon discharge to the coast. The o c­
curence of bimodal sediments (shell debris 
and fine sands) are responsible for the high­
est beach face slope values found along the 
“Concheiros” area. In this area, the presence 
of a beach scarp with 0.5 to 1.20 m height at 
50 m from the water line and the occurence 
of well developed beach cusps on the fore­
shore are frequent (Fig. 4).
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Fig. 4: Beach scarp at the "Conchei ros ' '  area. 

B s c u r p a m i e n i o  d e  e r o s i o n  c n  Ion " C o n c h e i r o s ' ' .

T e m p o r a l  v a r i ab i l i t y  o f  t he  b e a c h  p ro f i l e s  
as  i n d i c a t e d  by  t he  e n v e l o p e s  (F ig .  3)  s h o w  
tha t  d i f f e r e n t  m o r p h o d y n a m i c  b e h a v i o r  o c ­
c u r s  a l o n g  t he  s t u d y  a r ea .  T e r m i n a l  a n d  Q u e ­
r e n c i a  b e a c h e s  d i s p l a y  t h e  l o w e s t  t e m p o r a l  
va r i ab i l i t y .  S o u t h  o f  t he s e  b e a c h e s ,  t e m p o r a l  
va r i ab i l i t y  i n c r e a se s .  A c c o r d i n g  to  W r i g h t  &  
S h o r t  ( 1 9 8 4 )  l o w  t e m p o r a l  v a r i a b i l i t y  is 
a s s o c i a t e d  w i t h  bo th  d i s s i p a t i v e  a n d  m o d a l l y  
r e f l e c t i v e  b e a c h e s .  D i s s i p a t i v e  b e a c h e s  a re  
g e n e r a l y  f o u n d  in o p e n  a r e a s  w i th  h igh  w a v e  
e n e r g y  a n d  a b u n d a n t  f i ne  g r a i n e d  s e d i m e n t .  
S u c h  b e a c h e s  d i s p l a y  t he  l o w e s t  g r a d i e n t s  
a n d  t he  m a x i m u m  w id th .  T h i s  is t he  c a se  
f o r  t h e s e  t w o  s i t e s  s p e c i a l l y  f o r  T e r m i n a l  
b e a c h  w h e r e  t he  d i s s i p a t i v e  ch a r a c t e r i s t i c  is 
c o r r o b o r a t e d  by m e a n  v a lu e s  o f  o m e g a  ( Q )  
g r e a t e r  t h a n  s e v e n ,  l o w  v a lu e s  o f  s t a n d a rd  
d e v i a t i o n  o f  t he  m e a n  p o s i t i o n  o f  t h e  s h o r e ­
l i ne  ( G Y h) a n d  by  t h e  c o e f f i c i e n t  o f  va r i a ­
t i o n  o f  t h e  m e a n  s h o r e l i n e  p o s i t i o n  ( C V )  
( T a b l e  1).

A c c o r d i n g  t o  S h o r t  &  H e s p  ( 1 9 8 2 )  t he  
m o r p h o m e t r i c  p a r a m e t e r s  g Y (i a n d  C V  
p o r t r a y  r e s p e c t i v e l y  b e a c h  m o b i l i t y  ( m o v e ­
m e n t  n o r m a l  to  t he  sh o r e l i n e )  a n d  b a c k s h o r e

m o b i l i t y .  L o w  v a lu e s  i n d i ca t e  l o w  m o b i l i t y ,  
h igh  v a lu e s  i n d i ca t e  a  m o b i l e  b e a c h  o r  b a c k ­
s h o r e  a n d  t h e r e f o r e  h i g h e r  s u s c e p t i b i l i t y  to  
e r o s i o n - a c c r e t i o n  e p i s o d e s .  H i g h e r  v a l u e s  o f  
a Y h a nd  C V  w e r e  f o u n d  fo r  t he  b e a c h e s  o f  
S a r i t a ,  T a i m ,  V e r g a ,  A l b a r d ä o ,  H e r m e n e ­
g i l d o  a n d  C h u i  ( T a b l e  1). T h e  h i g h e r  b e a c h  
m o b i l i t y  f o r  t h e s e  s i tes  is i n d i c a t i v e  o f  i n t e r ­
m e d i a t e  b e a c h e s  sy s t e m s .  T h e  v a l u e s  o f  C V  
w e r e  sp e c i a l l y  h ig h  fo r  S a r i t a  a n d  H e r m e ­
n e g i l d o .  In f a c t  t h e s e  b e a c h e s  d i s p l a y  t h e  
h ig h e s t  su sc ep t i b i l i t y  t o  e r o s i o n  a n d  a c c r e ­
t i on  e p i s o d e s .  T h e  p r e s e n c e  o f  e r o s i o n  s c a r p s  
a t  t h e  f r o n t a l  d u n e s  a n d  t h e  s u b s e q u e n t  
p ro f i l e  r e c o v e r y  a r e  c o m m o n  f e a t u r e s  t her e .

T h e  t e m p o r a l  e v o l u t i o n  f o r  t h e  “ C o n ­
c h e i r o s ” a r e a  show'  t ha t  a t  t h i s  s i te ,  b e a c h e s  
o sc i l l a t e  b e t w e e n  t he  i n t e r m e d i a t e  a n d  r e f l e c ­
t i v e  s t a t e s .  F r o m  N o v e m b e r  t o  J u n e  t h i s  
b e a c h  d i s p l a y  r e f l e c t i v e  c h a r a c t e r i s t i c s  s u c h  
as  a  p r e d o m i n a n t l y  s t e ep  p ro f i l e  w i t h  s a n d  
s t o r a ge  in t he  su b a e r i a l  bea c h .

C o m p a r a t i v e  s t u d i e s  d u r i n g  s t o r m  e v e n t s  
i nd i ca t e  t ha t  a t  t he  " C o n c h e i r o s ” a r ea ,  b e a c h e s  
d i s p l a y  h i g h e r  v a l u e s  o f  s u b a e r i a l  v o l u m e  
c h a n g e  (4 0  n V / m )  w h e n  c o m p a r e d  w i t h  t he
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other beaches along the barrier (20 m3/m). 
The temporal changes displayed by the beach 
envelope at all sites indicate that a subtle 
seasonal behavior ex ists with the sw ell 
profile dominanting between November and 
March (late spring and summer) and the 
storm profile occuring between April and 
October (fall and late winter).

The low values of density and diversity of 
macrofauna found in the “Concheiros” area 
were mainly due to the high subaerial beach 
volume change displayed by this beach. Such 
results are corroborated by those of Defeo et 
al. (1992) which found similar values for in­
termediate beaches located in Uruguay (few  
kilometers to the south). In addition, the high 
concentration o f shell fragments, and the 
high runup velocity attained at this site may 
determine a negative effect on the faunal 
density and diversity. This observation is 
corroborated by Gianuca (1985) who always 
found densities of Excirolana armata, E x­
cirolana braziliensis and Donax hanleyanus 
greater than 200 individuals per square me­
ter, for the intermediate beaches located  
northward o f the “Concheiros “area. These 
findings indicate that dissipative and inter­
m ediate beaches com posed o f fine and 
medium sand, having a smaller slope and a 
low runup are better sites for the develop­
ment o f these three organisms.

Summarizing we conclude that the varia­
bility of the morphodynamic behavior along 
the studied beaches is mainly due to grain 
size changes associated to the area under the 
influence of the Lagoa dos Patos discharge 
and to the local occurence of coarse shell 
fragments south of Albardâo beach. Changes 
described by the morphometric parameters 
and the profile envelope for each site indicate 
the occurence of three zones with distinct 
morphodynamic behavior: the beaches near 
Rio Grande with dissipative characteristics; 
an area called “Concheiros”, located south of 
Albardâo lighthouse with intermediate to 
more reflective beaches and beaches with 
intermediate stage. There is a seasonal be­
havior related to the regional wave climate 
regime, with a tendency to develop a swell 
profile between November and March, and a 
storm profile during the remainder o f the 
year. The beach morphodynam ic model 
(Wright et al. 1979, Short & Hesp 1982,

Wright & Short 1984) proved to be a ef­
ficient approach in explaining the existing 
differences in m orphology and m orpho­
dynamic behavior between adjacent beaches 
along this barrier island.
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