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Abeach monitoring program carried out near Cadiz, between Chipiona and Rota (SW Spain), provided important
information about the morphological and volumetric evolution of the study area and permitted to determine littoral
cell distribution in an apparently homogeneous coastal sector. Six main littoral cells were found out. These cells are
limited by rock shore platforms, well developed in the nearshore and in the low and middle foreshore, and by two
groins located in the extremities of the study area. These are “fixed" limits, while other limits are “free” because they
change their position according to wave characteristics. Information obtained is very useful for an appropriate
coastal planning such as the design of nourishment works that in the past were carried without taking into account
beach dynamics.
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Characterization of Littoral Cells in an Apparently Rectilinear Coastal Sector in
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rediction of littoral evolution is very important for a proper
management of coastal erosion. This is a difficult task since
often there is a poor database on coastal evolution, which is
moreover controlled by cyclic or rhythmic processes
1988). In this sense, the monitoring of beach evolution at a time
scale of years is very useful to understand beach
morphodynamics and predict littoral behaviour and evolution.
At such a scale, longitudinal distribution of coastal changes is
usually controlled by the existence of littoral cells with different
and independent dynamics. Moreover, cells are strictly related
among them: sediments can cross the limits of a cell and pass to
adjacent ones. Limits are constituted by headlands or human
structures that form “fixed” limits. “Free” limits also exist, they
change their position in time and space and are related to wave
propagation, depending on bathymetric characteristics,
interaction between standing waves and incident waves, etc.

1988; 1998). ., (1995)
differentiated between partially or very permeable limits and
limits that allow transport in one predominant direction or in
two opposite ones.

Studies on coastal cells are based on different methodologies.
Early studies were developed by and (1973), who
used radiation stress and wave energy flux distribution.
Morphological, sedimentological or volumetric characteristics
were used by ., (1987) and (1995) in
India, and (1993), (1994)
and and (1994) in USAand and

(1997) and and
(1997) in the Ontario and Huron lakes respectively, in Canada.
Analysis of aerial photographs or satellite imageries was
employed by (1994) in India, ., (1995) in
England, (1996) in Kuwait and (2002) in
the Nile Delta.

In this study, cell distribution was mainly determined through
a beach-monitoring program carried out during two years in
Cadiz (SW Spain), along fourteen kilometres of an apparently
straight coast (Figure 1). Volumetric variations of several
monitored beach profiles, distributed along the study zone, and
wave approaching angle, were taken into account to reconstruct
littoral transport and assess cell distribution.

tudy zone is located between Chipiona and Rota, in Cadiz
province (SW Spain, Figure 1). According to and

(1998) it constitutes a great physiographic unit that
does not receive important sedimentary supplies from rivers or
streams. Beaches are composed by quartz-rich, medium to fine,
and moderately well sorted sands that record small spatial and
temporal changes: coarser sediments prevail in winter
according to higher energetic conditions and vice-versa, being
seasonal variations in grain size about 0.5 phi (0.06 mm). Beach
morphology presented a great longshore variation and, at
places, certain seasonal changes were observed, with
dissipative states during erosive conditions and reflective ones
associated to fair weather conditions ., 2003).
Dunes, constituted by fine and very well sorted sands, and low
cliffs cut into Plio-Quaternary deposits ., 1987)
characterise backshore.

Dealing with coastal orientation, it is possible to differentiate
two main sectors. The northern one, extended between
Chipiona and Punta Candor promontory, is NNW-SSE
oriented. The southern one is NW-SE oriented and includes
beaches between Punta Candor promontory and Rota (Figure
1). In both sectors coastline is quite rectilinear, without
headlands or promontories. Furthermore, two groins are located
at northern and southern limits of the study zone (Figure 1,
photos a and e) and, at places, a rock shore platform, linked to
cliff retreat, outcrops in the foreshore. The platform presents a
very smooth seaward dipping and a varying width, from tens to
hundreds of meters, giving rise to flat headlands at mean or low
water levels, that may act as natural groins. The platform is well
developed in Punta Camarón and Punta Candor promontories
(Figure 1, photo d) and at La Costilla beach, as well as in
Trayuelas beach, where it gives rise to a small embayment
(Figure 1, photo c). On the rock shore platforms located in front
of the two forenamed promontories, short walls form small
ponds used, in the past, for fishing (locally named “corrales”,
Figure 1, photo d). These structures act as submerged
breakwaters during high tide conditions. A long and straight
coastline is observed in Tres Piedras and La Ballena beaches
(Figure 1, photo b).

Study zone is a mesotidal coast with semidiurnal spring and
neap tidal ranges of 3.2 m and 1.1 m, respectively. Domina

(CARTER,

(CARTER, KOMAR, BRAY

MAY TANNER

MALLIK CHAUHAN

WILLIAMS LEATHERMAN CALLIARI

SHIH KOMAR AMIN DAVIDSON-
ARNOTT LAWRENCE DAVIDSON-ARNOTT

KUNTE BRAY

AL BAKRI EL-ASMAR

MUÑ OZ

ENRÍQUEZ

(ANFUSO

(BAENA

et al

et al

et al

et al

et al

Dpto. de Geología, Facultad de Ciencias del
Mar y Ambientales. Polígono Río San Pedro
s/n. 11510 Puerto Real (Cádiz, Spain).
Tel.: 0034/956/016447; Fax: 956/016797;
giorgio.anfuso@uca.es

Journal of Coastal Research Special Issue 39, 2006,



Journal of Coastal Research Special Issue 39, 2006,

Anfuso and Gracia1742

a) Regla b) Tres Piedras and La Ballena

c) Trayuelas

d) Punta Candor promontory

N

e) La Costilla

Figure 1. Location map with topographic profiles, modified from Anfuso et al., (2003), with aerial view of several studied beaches
photographed during low tide conditions from north to south (a, d, e), from south to north (b) and an aerial vertical photograph (c). Regla
beach, in Chipona (a); Tres Piedras and La Ballena beaches in a long, straight coastal sector (b); an embayment formed by rock shore
platform at Trayuelas (c); rock shore platform at Punta Candor promontory (d), where small walls, that affect wave propagation during
high tide conditions, form little ponds (“corrales”) used in the past for fishering and La Costilla beach, in Rota (e). Photographs obtained
from “Demarcación de Costa”, Spanish Ministry of Environment.
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nds blow from theAtlantic Ocean, mainly from WNW, with a
12.8% of annual frequency and 19.3 m/s of mean annual
velocity, and from land, especially ESE, with 19.6% of
frequency and 27.8 m/s of mean annual velocity and

1994). Wave height is usually lower than 1 m during
fair wheatear conditions and about 2 m during storms

., 1997). Sea and swell waves mainly approach the shore from
third and fourth quadrants. Dominant littoral drift, associated to
waves from 4 quadrant, blows south-eastward. A contrary, less
important transport takes place with waves proceeding from 2
and 3 quadrants.

A monthly beach monitoring program was carried out during
two years, from March 1996 to May 1998.Atotal amount of 194
profiles were taken along twelve shore normal transepts
prolonged from the backshore to a closure depth equivalent to
spring low tide level. Topographic data were used to obtain
morphological and volumetric changes. Profiles were spaced
along the study coast to highlight the presence of littoral cells;
smaller cells could be individuated through a more detailed
topographic survey program.

Sediment samples were gathered with a seasonal periodicity
and sieved in laboratory with a ro-tap machine. Statistical
parameters were obtained according to and
(1957). Cell characterization and distribution were determined
relating longshore volumetric variations with data about
approaching wave angle based on visual observations carried

out before field surveys. These observations were compared
with data obtained by the offshore directional buoy “Cádiz”.
Limits between different parts of a cell or limits between
adjacent cells, were located between profiles that recorded an
opposite behaviour (Figure 2, a). Longshore grain size
variations were also taken into account in cell determination
because they are strictly linked to energetic processes that vary
between adjacent cells.

and (1973) terminology was used to
differentiate different parts inside a single cell, while
and (1982) terminology was employed to characterize
limits between cells. Limits (“a” and “e” zones) can be “fixed”,
i.e. constituted by morphological (or human) structures that
exercise a strong control on refraction pattern and/or inhibit
longshore transport, or “free”, usually linked to wave
propagation patterns controlled by the existence of edge waves,
bathymetric configuration, etc. Part “c” in a cell is a transit area
between eroding and accreting areas. In this point, a pivotage in
coastal plan form is observed. Parts “b” and “d” represents areas
of erosion (downdrift of the structure, limit “a”) and
accumulation (updrift of the structure, limit “e”), respectively.
Dealing with cell limits, there exist three possible
configurations: “a/a” (“divergent limit”), i.e. a point where
longshore transport divides in two opposite directions giving
rise to erosion, “e/e” (“meeting limit”), that is a point where two
opposite longshore currents converge giving rise to accretion,
and “a/e” or “e/a” (“pulse limit”), a transit area that does not
record any change.

Monitoring program allowed reconstruct beach cell
distribution taking into account volumetric variations (in m /m)
between successive campaigns (Figure 2) along the littoral.
Beaches recorded a homogeneous behaviour, i.e. erosion or
accretion along the whole littoral, or an opposite one, i.e.
erosion in some places and accretion in others. For example, a
homogeneous accretion took place in February 1997, March
1997 and, in a less extent, in May 1997 (Figure 2, a,b,c).

General erosion was recorded in field surveys carried out in
December 1996 and July 1997 (Figure 2 a, c). Within this
uniform behaviour, some beaches recorded a brief, contrary
trend. An opposite behaviour between adjacent beaches was
recorded in April 1997 and October and November 1997
(Figure 2 b, d), or among groups of beaches, in May 1997 and
March and May 1998 (Figure 2, c, e).

Taking into account grain size variations, it is possible to
stress out how beaches belonging to the same cell presented
similar textural characteristics. In the same way, the passage
from one cell to another, was often characterized by different or
opposite grain size trends, such as in Trayuelas and Peginas.
This relation is quite obvious taking into account that wave
energy varies alongshore, from cell to cell, determining grain
size distribution.

Dealing with wave climate, and according to visual
observations and data recorded by the oceanographic
directional buoy “Cádiz”, wave fronts proceeding from the
third quadrant (S and SSW), were observed before surveys
carried out in December 1996, May, October and November
1997. Waves from the fourth quadrant (W and NW) were
recorded before surveys carried out in July 1997 and May 1998.

According to all these data, it is possible to divide the littoral
in six main cells and also to individuate the different parts of
single cells formed in two typical situations: waves approaching
from third and fourth quadrants (Figure 3).

This is a general scheme which strictly depends on the exact
wave approaching direction and tidal stage. Main littoral cells,
from North to South, are: Regla beach, limited at the south by
Punta Camarón promontory; the great, not very well defined
unit that includes Punta Cuba, Tres Piedras and La Ballena
beaches; Trayuela cell and Pegina beach, limited southward by
Punta Candor promontory; and the two southernmost cells,
Piedras Gordas and La Costilla beaches, being the last
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Figure 2. Volumetric variations between succesive field surveys
at the different studied profiles.
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limited by a groin in Rota (Figure 3).
After conditions of waves approaching from the third

quadrant, accretion was observed updrift of coastal structures in
P.I, P.III, P. VIII (not always), P.X and P.XI. Erosion was
recorded downdrift, in P.III, P.IX and P.XII (Figure 3,A).

As a consequence of waves approaching from the fourth
quadrant, growth was observed in beaches located updrift of
coastal structures, like in P. II, P. IX and P.XII; erosion was
recorded downdrift in P. I, P.III, P. VIII, P.X and P. XI.
(Figure 3, B).

According to (1988), both antropic and natural
structures affect longshore drift, giving rise to the existence of
littoral cells. In the study zone, the former are constituted by
groins at Chipiona and Rota, the latter being represented by rock
shore platforms. These structures constitute “fixed” limits, very

or partially permeable to littoral transport, depending on wave
direction approaching fronts, wave height and tidal stage. These
parameters control littoral transport direction and sea level
position at both sides of the structures, which control their level
of permeability. In this sense, according to tidal stage, rock
platforms will be totally or partially submerged, blocking just a
small part of littoral drift, or will be totally emerged, completely
impeding littoral drift. Other limits are “free”, i.e. they vary
their position according to wave approaching angle and wave
height.

All limits described in Figure 3 were classified as transit
limits. Moreover, these limits can work as convergent limits at
low tide conditions because of wave refraction and diffraction
on adjacent rock platforms. Dealing with volumetric variations
recorded along the study littoral, homogenous changes were
observed when cross shore prevailed over longshore transport.
This was mainly observed when beaches changed their
m

DISCUSSIONS

CARTER

orphodynamic state, for example from autumn to winter
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Figure 3. Littoral cell distribution according to: waves from the 3 (a) and 4 (b) quadrants. Limits between cells were considered as transit
ones: “a/e” or “e/a”. Within a cell, “b” is a zone of erosion, “c” does not record changes and “d” is a zone of accumulation.
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(survey of December 1996, Figure 2, a), when they shifted from
a constructive state, associated to swell waves during fair
wheater conditions, to a new, dissipative one, related to erosive
sea waves. A different behaviour among adjacent beaches
(survey of July 1997, Figure 2, c) was related to the
predominance of longshore transport and, secondly, to the
response time of each single beach. Tres Piedras and La Ballena
beaches, experienced unclear variations, probably because this
coastal portion is a full open one and limits between cells are
free. In order to individuate them, it would be necessary to carry
out a more detailed spatial and temporal monitoring program,
on both beach morphology and sea conditions. At the same
time, it could be very useful to reconstruct in detail the complex
bathymetric characteristics of this zone (Figure 1). The rock
shore platforms, widely extended in the zone, strongly control
wave refraction patterns, acting sometimes as convergent or
divergent limits. In general, beaches fronted by extensive rock
shore platforms seem to represent transition zones between
cells (e.g. Punta Camarón and Punta Candor promontories,
Figure 3), in the same way as and (1992)
observed in New Jersey (USA), in beaches with a similar
morphodynamic behaviour.

Finally, it is important to stress out how coastal cell
distribution is very important to reconstruct littoral dynamic
because it controls coastal erosive and sedimentary processes.
This information is very useful in coastal planning, or for the
design of engineering structures or nourishment projects. As an
example, artificial fills made in La Costilla beach in
September1996 and March 1997, were carried out not
considering littoral dynamic within that cell. Sand was injected
just only in the southern part of the beach, at P. XII (Figure 1),
not along the whole cell. Nourished sand remained isolated and
coastal plan form changed. Strong erosion took place with
waves approaching from SW (i.e. under conditions close to the
ones presented in Figure 3, B), according to field observations
carried out during a field assessment with fluorescent tracers

., 1999). As a consequence, La Costilla Beach
sediments (P. XII) were transported northwesterly, up to P.XI.

Abeach topographic monitoring program was carried out in a
straight littoral in SW Spain, to individuate littoral cell
distribution. Six main cells were observed, generally limited by
rock shore platforms, well developed in the middle or low
foreshore, and by two groins located at the boarders of the study
zone. All these natural or human-made structures constitute
fixed transit limits whose permeability mainly depends on wave
approaching angle and tidal range.

Cell determination has a great importance to adequately
predict coastal evolution at a medium term. Taking into account
the results obtained in this study, it is possible to estimate
coastal response in relation with two common wave climate
conditions in Cadiz littoral: waves approaching from the 3 and
4 quadrants. All this information is very useful to project any
engineering structure or nourishment works that in the past
were made without taking into account cell dynamics.
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