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Observations and trends on the intra-annual variation
of the fish assemblages on two artificial reefs in
Algarve coastal waters (southern Portugal)*
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SUMMARY : In 1990 two artificial reefs were deployed in southern Portuguese coastal waters, off Faro (FPR) and Olhdo
(OPR) respectively. In order to investigate the fish assemblages and their intra-annua variability, the two artificia reefs
were monitored monthly by means of visual censuses from March 1994 to February 1995. Due to the complexity of the
reefs, three strata were considered for fish counts. The two artificial reefs showed similar patterns in terms of residence sta-
tus and spatial occupation. Most species recorded are characteristic of the infralittoral, the Sparidae family being the most
represented. OPR, which is|ocated closer to the main openings of the Ria Formosa lagoon, showed higher mean values than
FPR in terms of: fish density (2.01+0.74 fish/m?), fish biomass (123.6+77.4 g/m?®) and number of species (7.5). The effect
of the juvenile fish migrations from the lagoon to the coastal waters was more evident at OPR. FPR showed a greater intra-
annual variation of the ecological indexes than OPR. The results show that artificia reefs that are equal in terms of com-
plexity and size may aggregate different fish assemblages as a result of their isolation and the influence of both hydrologi-
cal features (e.g. water temperature) and endogenous biological processes in the area (e.g. proximity of nursery grounds).
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RESUMEN: OBSERVACIONES Y TENDENCIAS SOBRE LA VARIACION INTRA-ANUAL DE LAS COMUNIDADES DE PECES DE DOS ARRE-
CIFES ARTIFICIALES EN AGUAS COSTERAS DEL ALGARVE (SUR DE PORTUGAL). — En 1990 se fondearon dos arrecifes artificiales
en aguas costeras del sur de Portugal, frente a Faro (FPR) y Olhdo (OPR), respectivamente. A fin de investigar las comuni-
dades de pecesy su variabilidad intra-anual, los dos arrecifes artificial es fueron monitoreados mensual mente mediante cen-
sos visuales desde marzo 1994 a febrero 1995. Debido a la complejidad del arrecife, tres estratos fueron considerados para
los contajes de peces. Los dos arrecifes artificiales mostraron pautas similares en términos de estatus de residenciay ocu-
pacion espacia. Lamayor parte de especies censadas son caracteristicas del infralitoral, siendo la familia Sparidae lamejor
representada. OPR, que estd emplazado mas cerca de las aperturas principales de la laguna de Ria Formosa, mostré valores
medios superiores que FPR en términos de: densidad de peces (2.01 + 0.74 peces/m?), biomasa de peces (123.6 + 77.4 g/m?)
y nimero de especies (7.5). El efecto de las migraciones de peces juveniles desde lalaguna a las aguas costeras fue mas evi-
dente en OPR. FPR mostré una mayor variacion intraanual de |os indices ecol 6gicos que OPR. Los resultados muestran que
arrecifes artificales iguales en términos de complejidad y tamafio pueden agregar diferentes comunidades de peces como
resultado de su aislamiento e influencia de caracteristicas hidrolGgicas (p.e. temperatura del agua) y procesos biol 6gicos
enddégenos en el rea (p.e. proximidad de fondos nurseria).

Palabras clave: arrecifes artificiales, comunidades de peces, tendencias intraanuales, Algarve (sur de Portugal).

INTRODUCTION ing the last three decades they have been used world-
wide for protecting juvenile populations and creating

Artificia reefs are a popular enhancement tech-  fishing grounds (Ardizzone et al., 1989; Spanier et
nique in aquatic ecosystems (Stone et al., 1991). Dur- al., 1989; Moreno et al., 1994; Gomez-Buckley and
Haroun, 1994; Santos and Monteiro, 2001; Jensen,

* Received December 10, 2003. Accepted November 29, 2004. 2002). In 1990, the National Marine Research Ingti-
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tute (IPIMAR) deployed the first artificia reef sys
tems in Portuguese coastal waters. These were locat-
ed off Ria Formosa lagoon (Algarve coast, southern
Portugal), which is a highly productive system and a
nursery for a great number of fish species that sea
sonally migrate to the inshore coastal waters, where
they are exploited by the local fishing community
(Monteiro et al., 1987, 1990). The artificia reef sys-
tem included a protection reef that was intended to
create shelters for the populations that migrate from
the lagoon (Santos, 1997).

When artificial reefs are deployed, there is a need
to qualitatively and quantitatively assess and monitor
these habitats in order to determine whether the
objectives are being met. Several studies on the fish-
eries (Santos and Monteiro, 1997, 1998) and ecolog-
ica (Santos er al., 1995, 1996, 2002a) aspects of the
artificial reefs of the south coast of Portuga have
been presented. As part of the Algarve Artificial Reef
Program, our goal was to describe and compare the
observations and trends in the intra-annual variation
of the fish assemblages of the first two protection
reefs deployed in southern Portuguese waters.

MATERIAL AND METHODS
Artificial reefs and study sites
The five-year-old artificial reefs are located in

two different areas of the Algarve coasta waters
(south Portugal, Fig. 1). These artificial reefs were

Ria Formosa lagoon

*$S  Aificial reef

\ Matural reef

set off Ria Formosa lagoon, which is a nursery
ground (Monteiro et al., 1987, 1990) for most local
economically important species. The Faro Artificial
Reef (FPR) is located 2.6-4.8 km off Faro on a
sandy bottom, while the Olhdo Artificial Reef
(OPR) is 1.8-2.6 km off Olh&o on a sandy-muddy
bottom. Some scattered natural hard substrate was
found near the FPR. The mean monthly sea surface
water temperature variation during the period Sep-
tember 1995 to September 2004 is shown in Figure
2. A peak isobserved in August and the minimumin
February. During this period the sea surface water
temperature ranged between 11.5 and 29 °C.

Each artificial reef consists of 735 small concrete
cubic units (2.7 m? per unit) divided into 21 groups,
occupying atotal area of 39 haat depths of 17-22 m
and 18-21 m at OPR and FPR respectively.

Data collection

Both artificial reef groups were visualy cen-
sused from March 1994 to February 1995. Since we
were interested comparing fish assemblages of the
artificial reefs, divers carried out sampling between
11:00 and 13:00 h on the same day at both reefs to
reduce bias due to daily migrations. In view of the
tidal regime in the area and the fact that tides might
affect visibility, al visual censuses were made dur-
ing high tide. This procedure helped usto determine
specific details about each reef and reduced the
influence of: (i) visibility changes with the tides and
(i) the diel migrations that were described for these

8°00" 7°55'

7°50' 7045

Fic. 1. — Location and scheme of the Faro (FPR) and Olhado (OPR) protection reefs on the Algarve coastal waters (southern Portugal).
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Fic. 2. — Mean monthly variation of sea surface water temperature

(°C) off Sta. Maria Cape (MMST) between 1994 and 2003 and at

the study sites during the surveys (MSTO, Olh&o protection reef;
MSTF, Faro protection reef).

reefs by Santos et al. (20024). The species-time ran-
dom count method developed by Thompson and
Schmidt (1977) and Jones and Thompson (1978)
was used to determine the minimum time required to
count the fish in the artificial reefs, following the
method of Harmelin-Vivien et al. (1985). The sta-
tionary point count was then used to census the fish
assemblages on the artificia reefs. This method,
developed by Bohnsack and Bannerot (1986), is
based on a census taken at randomly selected points,
where the observer rotates around himself and
counts the fish in the known cylinder (1.5 m height
in our case). Due to the complexity of the reefs,
three sampling points per stratum (bottom, middle
and top of the reef) were used for fish counts. At
each stratum divers recorded the fish species present
within the area, along with their relative mean size
and abundance, in a 6-minute interval (this mini-
mum value was determined by the species-time ran-
dom counts). The nomenclature adopted was that of
Whitehead er al. (1986).

Dengity was calculated as the number of fish per m?
of water. The calculation of biomass density was made
using: (1) the estimated average length of each species
(for each sample), (2) the length-weight relationship
(Santos et al., 2002b; Froese and Pauly, 2003; Borges
et al., 2003) and (3) the estimated density of fish.

For each site the mean number of species and the
mean Shannon-Weaver diversity index per sample
were determined. Fish were assigned to spatial cate-
gory, as suggested by Harmelin (1987) for fish from
Mediterranean rocky bottoms:

- Category 1: highly mobile, gregarious, pelagic
erratic species (e.9. Trachurus trachurus);

- Category 2. planktophagous and relatively
sedentary species, living throughout the water col-
umn (e.g. Chromis chromis),

- Category 3. demersal mesophagous species,
with medium-amplitude vertica movements and
more-or-less important horizontal movements (e.g.
Diplodus spp.);

- Category 4. demersal species, with limited ver-
tical and considerable lateral movements (e.g. Mul-
lus surmuletus);

- Category 5: sedentary demersal mesophagous
species(e.g. Symphodus spp.);

- Category 6. highly-sedentary cryptic benthic
species (e.g. Conger conger).

To show variahility, the frequency of occurrence
was calculated and expressed as a percentage of
presence in al surveys. Four levels of frequency of
occurrence were employed, as suggested by
Harmelin (1987): level |, >75%; level |1, 50%-75%;
level 111, 25%-49.9%; and level 1V, 0%-24.9%.
Finally, fish were categorized as resident, transient
or occasional, according to their resident status as
suggested by Bayle-Sempere er al. (1994).

Statistical tests

All statistical tests were carried out using SAS
(1985) and/or STATISTICA (Statsoft, 1993). In
order to compare the species-time random counts, a
test of equality of two regression functions using a
“dummy variable’ (Neter er al., 1983) was made
after log-transformation of data. Statistical compar-
isons were performed using the ANOVA/MANOVA
(Scherrer, 1984). Levene's test was used to test
equality of variances. Differences were determined
with the Tukey HSD test. Since differences were
found among the three strata of both reefs for most
of the parameters, we treated them separately (see
Table 1).

TaBLE 1. — Results of the ANOVA for fish density, biomass densi-

ty and mean number species (MNS) between strata within the two

artificial reefs (FPR and OPR); ns, non significant; *, p<0.05;
** p<0.01.

Fish density Biomass density MNS

Month Df FPR OPR FPR OPR FPR OPR

* %k * ** ** * %k * %

March
April

May

June

July
August
September
October
November
December
January
February

* % ns * % * * % *

ns * * % * * % * %
* % * ns * % * * %
*% * % * * * % ns
* % * %k * % * % * % * %
* % * * % * * % * %
** ** *%* * * % * %
* % * % ns ns * % * %
*% * * % * % * % *

NNNNNDNDNNNNNDN

ns * % * % * * * %
*% * % * % * % ns * %
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RESULTS

Minimum time required for count

The species-time random count allowed us to
estimate the minimum time required for counting
the fish in the reefs. For both artificial reefs 6 min-
utes was enough to see at least 90% of the species
present (Fig. 3). The log-transformed curves were

Fic. 3. — Curves for determining the minimum time required for
counting fish (MTC) at the Faro and Olhao artificial reefs on the

Algarve coastal waters.

TaBLE 2. — List of species recorded on the two artificial reefs and respective percentage of occurrence by stratum (T, top; M, middle; B, bot-
tom) and reef (FPR, Faro protection reef; OPR, Olh&o protection reef). RS, resident status: R, resident; T, transient; O, occasional. Cat,

spatial occupation category (see text for category definitions).

FPR OPR

Species RS Ca T M B Reef T M B Reef
SPARIDAE

Boops boops O 1 8 8 8

Diplodus annularis R 3 67 67 61 100 92 100 100 100

Diplodus bellottii R 3 100 100 92 100 100 92 92 100

Diplodus vulgaris R 3 42 64 75 100 56 67 89 100

Diplodus cervinus T 3 22 14 17 25 14 33

Diplodus puntazzo R 3 a7 31 67 44 44 58

Diplodus sargus R 3 33 42 58 17 25 25

Pagellus acarne T 1 8 8 8 8 39 25 8 33

Spondyliosoma cantharus T 3 33 22 17 39 25 42
BLENNIIDAE

Blennius ocellaris R 6 14 17 14 17

Parablennius spp. R 6 100 100 94 100 100 100 89 100

Parablennius rouxi R 6 100 100 94 100 100 100 89 100
APOGONIDAE

Apogon imberbis R 6 25 25 14 17
LABRIDAE

Coris julis R 5 78 100 100 100 67 100 100 100

Symphodus bailloni T 5 14 42 33 50 14 33 36 42

Symphodus cinereus T 5 7 24 14 42 7 14 14 33
HAEMULIDAE

Plectorhinchus mediterraneus T 3 6 8 8 14 25 25

Pomadasys incisus T 3 8 25 25 14 25 33
SCORPAENIDAE

Scorpaena notata R 6 42 97 100 92 50 92 92 83
GADIDAE

Trisopterus luscus R 3 17 17 17
SERRANIDAE

Serranus cabrilla R 5 31 61 75 75 14 53 a7 50

Serranus hepatus T 5 8 8 8 7 7 8

Serranus scriba T 5 8 8 7 8
CARANGIDAE

Trachurus trachurus O 1 8 8 8 8 8

Trachurus picturatus O 1 8 8 8 8
SCOMBRIDAE

Scomber japonicus O 1 8 8 8 8

Scomber scombrus O 1 6 8 6 8
MULLIDAE

Mullus surmuletus (6] 4 6 8
MUGILIDAE

Liza aurata O 1 4 8 8 8
BALISTIDAE

Balistes carolinensis O 3 6 8 8 8
CONGRIDAE

Conger conger R 6 8 8 6 39 58
MURAENIDAE

Muraena helena R 6 6 6 8
TRACHINIDAE

Trachinus draco T 4 25 25 25 25
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TABLE 3. — List of most common species found in the different zones of the protection reefs (see text for zonation).

UPPER ZONE

TRANSITIONAL ZONE

Sardina pilchardus
Trachurus spp.
Scomber spp.
Boops boops

Trachurus trachurus
Pagellus acarne
Liza aurata
Trachinus draco
Boops boops
Diplodus bellottii
Diplodus vulgaris

REEF ZONE

Bottom-border sub-zone Peripheral sub-zone

Inner sub-zone Contact sub-zone

Coris julis

Symphodus Spp.

Serranus Spp.
Spondyliosoma cantharus
Diplodus annularis
Diplodus bellottii
Diplodus vulgaris
Pagellus acarne

Balistes carolinensis

Mullus surmuletus
Trachinus draco

Diplodus spp.

Plectorhinchus mediterraneus
Pomadasys incisus
Trisopterus luscus

Serranus Spp.

Apogon imberbis

Coris julis

Symphodus pp.

Conger conger
Muraena helena
Scorpaena notata
Blennius ocellaris
Parablennius spp.
Scorpaena notata

similar and not significantly different in slope
(p=0.7048) or intercepts (p=0.7998).

Community composition

During the study period we found 33 fish species
belonging to 16 families (Table 2). Among these,
70% were economicaly valuable. The Sparidae
Family was the best represented (9 species), fol-
lowed by the Serranidae, Labridae and Bleniidae (3
species each) and Haemulidae, Carangidae and
Scombridae (2 species each). The rest of the fami-
lies were represented by only one species each. At
FPR, 31 out of the 33 species were recorded, while
30 were present at OPR. The total species richness
increased from the top to the bottom of the reef.

Residence status and spatial occupation

The two artificial reefs showed similar patterns
in terms of residence status and spatial occupation
(see Table 2). Most of the species recorded were
considered resident (45%), with 10 classified as
transient (30%) and 8 as occasiona (25%). Eleven
species belong to the third spatial occupation cate-
gory, 7 to the sixth and first, 6 to the fifth and 2 to
the fourth. The third category consisted mainly of
seabreams (e.g. mostly Diplodus pp.), while wrass-
es (Coris julis and Symphodus spp.), blennies
(Blennius ocellaris and Parablennius spp.) and
combers (Serranus spp.) were characteristic of the
fifth and sixth categories. According to the four lev-

els of the species occurrence index most species
were very common, followed respectively by rare,
common and uncomMMon SpPecies.

The following description of different reef zones
was based entirely on our observations while diving.
This zonation has the reefs as the object of classifi-
cation, rather than the species, as occursin the usual
classifications used to describe the resident status
and spatial occupation of fish assemblages. Follow-
ing the criteria adopted by Charbonnel (1990), we
identified three major zones (Table 3):

The upper zone, Which corresponds to the upper
layer of the water column (5 m above the reef). In
this zone we found mostly species that may be
attracted to the reef by thigmotaxis. These included
species belonging mainly to categories 1 and 2.

The transitional zone, corresponding to a vast
horizontal area around the reef (beginning 5 m from
the reef edge). Species belonging to categories 1, 3
and 4 were particularly characteristic of this zone.

3) The reef zone, which corresponds to a zone
occupied by the stable reef fish assemblages. This
zone has a spherical shape, its border being an imag-
inary line 5 m from the reef. Within this zone, we
distinguished four sub-zones:

i) The bottom border sub-zone, anarrow, circular
area around the modules (within 1.5 to 5 m from the
reef) and close to the bottom, characterised by the
presence of benthic species.

il) The peripheral sub-zone, surrounding the reef
(within 0 to 1.5 m from the reef) and characterised by
the presence of wrasses, combers and some seabreams.
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Fic. 4. — Mean number of species and standard deviation per stratum at the Faro protection reef (FPR) and the Olh&o protection reef (OPR).

iii) The inner sub-zone, corresponding to an area
inside the reef, occupied by those species that use
the reef as a shelter.

ivV) The contact sub-zone, occupied by benthic
species living in physical contact with the modules.

Mean species richness and mean species
diversity

The mean number of species at the different stra-

ta varied significantly during the year both within
the artificial reefs and between the two sites (Fig. 4,

420 M.N. SANTOS et al.

Table 4). The mean number of species at the top
stratum varied from 2.0 to 8.0 at FPR and from 3.7
to 8.0 a OPR. The lowest values were recorded in
October and January and the highest values from
July to August at FPR and OPR respectively. For the
middle stratum, the corresponding values for FPR
and OPR ranged from 5.7to 11.3 and 6.7 to 11.7. At
FPR the lowest values occurred in April, November
and January, while at OPR the minimum was
recorded in March. The highest records were found
in July and September at FPR and OPR respective-
ly. At the bottom stratum the mean number of



TABLE 4. — Results of the ANOVA and MANOVA for fish density,

biomass density and mean number of species (MNS) within and

between the two artificia reefs. Df, degrees of freedom; ns, non
significant; *, p<0.05; **, p<0.01.

FARO PROTECTION REEF

STRATUM Df Fishdensity Biomassdensity @ MNS
Top 11 * % * % * %
Middle 11 * b *
Bottom 11 * o >

OLHAO PROTECTION REEF
STRATUM Df Fishdensity Biomassdensity MNS
Top 11 ** ** **
Middle 11 *x ** *
Bottom 11 * o >

ENTIRE REEF

Df Fishdensity Biomassdensity MNS
FPRVSOPR 1 *x *x *
STRATUM: Top

Df Fishdensity Biomassdensity MNS
LOCaI l * % * % * %
Month 11 * o >
Local x Month 11 *x *x **
STRATUM: Middle

Df Fishdensity Biomassdensity @ MNS
LOCaI l * % * % *
Month 11 * o >
Local x Month 11 *x *x *x
STRATUM: Bottom

Df Fishdensity Biomassdensity MNS
Local l * % * % * %
Month 11 * o >
Locd x Month 11 ** *x **

species varied from 5.0 to 11.0 at FPR and from 5.7
to 10.7 at OPR. The lowest values were recorded in
September and November at FPR and in March at
OPR, while the highest were found in May and
August. Considering the entire reef, different pat-
terns in the annual variation of the mean number of
species between the two artificia reefs were found
(Table 4). The mean species richness at OPR was
7.5, which was higher than that at FPR (6.9). The
greatest difference were observed between July and
the winter months. At FPR we found two peaks cor-
responding to July and February, while at OPR there
was only one in July (Fig. 4). However, the intra-
annual variability was higher at FPR (Table 5).

Fish and biomass densities

In terms of fish density we found significant
differences between the two reefs (Table 4). The
mean values found at OPR were 1.35 times higher
than those at FPR (Table 5). However, the two
reefs showed a similar variation during the year,
reaching a maximum in summer (July and August
respectively at FPR and OPR), decreasing until
winter (lowest in January) and then increasing
again. In terms of fish density among the stratum,
significant differences were found both within and
between the artificial reefs, with higher values at
OPR (Fig. 5, Table 4). However, the different stra-
ta showed similar annual patterns, with the highest
values in summer and the lowest in winter. In the
top stratum the mean fish density ranged from
0.73 to 3.11 fish/m®and 0.96 to 4.67 fish/m® at
FPR and OPR respectively. The mean fish density
in the middle stratum of the FPR ranged from 0.95

TABLE 5. — Results of the monthly censuses in terms of the mean fish density (No. fish/m3), mean biomass density (g/m?®) and mean number
species (MNS) at the two artificial reefs. StD is the standard deviation.

Faro protection reef

Olh&o protection reef

Month fish dens. biom. dens. MNS fish dens. biom. dens. MNS
March 1.15 64.09 7.56 1.25 54,59 5.78
April 1.36 68.11 511 1.47 84.38 6.44
May 1.65 93.86 7.78 1.91 117.41 7.67
June 2.10 101.46 8.89 2.19 168.69 8.44
July 293 142.85 10.00 3.15 219.71 9.56
August 214 119.51 8.56 3.38 233.28 9.11
September 1.70 118.01 6.00 2.21 169.05 7.22
October 112 62.85 5.33 3.13 131.90 8.56
November 1.01 56.34 4,78 2.09 91.28 7.78
December 0.93 52.75 5.78 1.20 74.25 6.89
January 0.89 50.78 5.78 0.99 64.44 5.89
February 0.90 50.99 7.78 1.14 74.61 6.56
Mean 1.49 81.80 6.95 2.01 123.63 7.49
StD +0.73 +42.85 +2.41 +0.98 +77.41 +2.04
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FiG. 5. —Mean fish density and standard deviation per stratum at the Faro protection reef (FPR) and the Olh&o protection reef (OPR).

to 2.52 fish/m3®and from 1.28 to 3.22 fish/m? at
OPR. In the bottom stratum the lowest values
recorded were 0.70 and 0.74 fish/m®and the high-
est 3.32 and 2.63 fish/m? at FPR and OPR respec-
tively.

In terms of biomass density we found significant
differences between the two artificial reefs (Table
4). The mean values found were 81.80 and 123.63
g/m? a FPR and OPR respectively (Table 5). The
biomass variation showed a similar pattern on both
artificial reefs, following that described above for
the fish density. In terms of biomass density among
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the three strata, significant differences were found
both within and between the artificial reefs, with
generaly higher values at OPR (Fig. 6, Table 4). In
the top stratum the mean biomass density ranged
from 21.48 to 189.48 g/m® and 33.88 and 159.72
g/m? at FPR and OPR respectively. The mean bio-
mass density in the middle stratum ranged from
45.86 to 142.89 g/m® at FPR and from 56.97 to
231.58 g/m? at OPR. In the bottom stratum the low-
est values recorded were 47.15 and 69.39 g/m? and
the highest 182.92 and 349.89 g/m? at FPR and OPR
respectively.



400
® FPR - Top stratum

@
< 300
2
[y}
£
C)
$200 x
©
£
k<]
o
<
2 100 s &
. ) )
= = - ==
0
M A M J J A S ONID J F
400
o FPR - Middle stratum
& 300
[
3
(5]
£
C)
o 200
(%]
©
E I
g}
< i
@ 100
2
s« %
x
x P .
0
M A M J J A S OND J F
400
® FPR - Bottom stratum
%’ 300
H
(s}
£
C)
o 200 I
@
£ £
a [}
=
2 10 = 3 = 4
s
3 -

M A M J J A S OND J F

400
® OPR - Top stratum

300

200

Fish biomass (g)/m3 water

100 .1 s &

400
® OPR - Middle stratum
300

200 3

100

Fish biomass (g)/m3 water

M A M J J A S OND J F

400
I ® OPR - Bottom stratum

300

200

Fish biomass (g)/m3 water

100 [

.

M A M J J A S OND J F

FiG. 6. — Mean biomass and standard deviation per stratum at the Faro protection reef (FPR) and the Olh&o protection reef (OPR).

DISCUSSION
Community composition

Most species recorded on the artificia reefs of
the Algarve waters are characteristic of the infralit-
toral and are readily found on rocky bottoms. The
total number of species recorded was greater than
that found by Bayle-Sempere et al. (1994) in the
south-western Mediterranean (21 species) and by
D’Anna et al. (1995) in Sicily (22 species), but
lower than that found by Relini er al. (1994) in the

northwestern Mediterranean (41 species) and Her-
reraet al. (2002) in the Canary Islands (53 species).

We would expect a more diversified community
a FPR than at OPR, because that is the pattern
observed aong this coast. However, it seems that
the OPR is like an “oasis” in which the species
became aggregated, since thisisthe only hard struc-
ture in the vicinity. Several authors have suggested
that species richness associated with artificial reefs
may be related to the degree of isolation (Gascon
and Miller, 1981; Walsh (1985); Bohnsack et al.,
1991; Ody and Harmelin, 1994; Herrera et al.,
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2002). On the other hand, the OPR location (closer
to the main openings of the Ria Formosa lagoon),
favours their colonisation by those specimens that
cyclically migrate from the lagoon, namely juve-
niles of the Sparidae family. The differences in
colonisation of the two reefs by the juvenilefish that
cyclically migrate from the Ria Formosa was not
evident comparing gill net catches (Santosand Mon-
teiro, 1997, 1998; Santos et al., 1997), as the mesh
size used (60 mm stretched mesh) was unable to
catch the smaller fishes.

Residence status and spatial occupation

The resemblance of the two protection reefs in
terms of residence status and spatial occupation was
expected, since they have the same shape, size and
volume and were colonised by essentially the same
species of fish. As noted by Harmelin (1987), the
concept of resident fish, as defined by the persis-
tence of the fish assemblages, is difficult to apply,
because it depends on the scale of observation con-
sidered (space and time) and on the efficiency of the
observer. However, it isvery useful, sinceit givesan
idea of reef complexity and spatial heterogeneity,
which determine the number of available niches.

As Harmelin (1987) postulated, greater space
heterogeneity is responsible for higher proportions
of resident species. The proportion of resident
species on these artificial reefs is lower than that
found by Bayle-Sempere er al. (1994) in Tabarca
Island (SE of Spain), but similar to that recorded by
Charbonnel (1990) and Ody (1987) in the NW
Mediterranean coast of France. We considered the
moray (Muraena helena), the conger (Conger con-
ger) and the butterfly blenny (B. ocellaris) as resi-
dent species in spite of the fact that they were not
observed frequently. According to Whitehead er al.
(1986), the first two species have cryptic and noc-
turnal habits and despite the fact that we made three
counts per stratum, their visual detection was low.
Bayle-Sempere er al. (1994) adopted the same crite-
riain a similar study. Trisopterus luscus Was also
considered a resident. Despite a low mean percent
occurrence, this species was particularly abundant
on some reef groups but absent on others. We could
not find any explanation for this. In the case of the
blennies, they were not seen more often due to their
behaviour and colour. Most blennies were found
hidden in holes or between the macrobenthic epifau-
na and epiflora. Most of the resident species are
sedentary, showing high site-fidelity and belonging
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to classes 3, 5 and 6, of the Harmelin (1987) classi-
fication.

According to Amanieu and Lassérre (1982), eco-
logical indices provide general information about
community structure. The species richness indicates
the capacity of reception. Since the total number of
species found in the two systems was similar to that
recorded by Santos et al. (1995) on the neighbouring
natural reefs, we believe that these five-year old arti-
ficial reefs are close to or have aready reached an
equilibrium level. According to Bohnsack and
Sutherland (1985), the equilibrium community
structure is achieved within one to five years. How-
ever, the community structure could change in the
future, depending on the succession of the other
colonisers (benthic epifauna and epiflora).

Mean species richness and mean species
diversity

Seasonal variation of fish communities, and thus
of the mean number of species and species diversi-
ty, has been previously reported by several authors
(Bohnsack and Sutherland, 1985; Relini er al.,
1994; D’ Anna et al., 1994, 1995; Fabi and Fioren-
tini, 1994; Bayle-Sempere et al., 1994; Relini er al.,
2002). The monthly variation of these ecological
indices is generaly linked with water temperature
and follows the seasonal pattern, with maximum
values in summer and minimum values in winter.
Thus, we expected both systems to show this pat-
tern, but FPR did not. As shown in Figure 2, during
the sampling period the sea surface water tempera-
ture followed a dlightly different pattern off Faro. In
fact, the water was unusually cold from August to
October and dlightly warm in March and February.
FPR showed a greater intra-annual variation of the
ecological indices than OPR, but it is not clear
whether this was a result of the unusual water tem-
perature pattern in the area or a consequence of the
natural characteristics of this particular environ-
ment. The Faro area is characterised by the pres-
ence of natural reefsin the nearby shallower waters
and is affected by the tidal currents, being exposed
to an intensive hydrodynamic process which con-
stantly re-suspends bottom sediments (e.g. particu-
|ate organic carbon and particul ate organic nitrogen
suspended/re-suspended in the water column at
FPR are 2 times higher than those obtained at
OPR). The comparison of the species richness
between the two reefs showed very well the influ-
ence of the Ria Formosa lagoon at OPR, which is



the nearest reef to the lagoon, especially in autumn
when the juvenile specimens migrate from the
lagoon to the coastal waters (Monteiro et al., 1987,
1990). Santos er al. (1995) showed that there were
no differences between the mean species richness
of FPR and a neighbouring natural reef. Thus, the
differences found in the current study between FPR
and OPR, are probably due to the influence of the
lagoon at OPR.

Fish and biomass densities

The fish and biomass densities followed the
usua annual variation in water temperature. D’ An-
na et al. (1995) in Sicily and Fabi and Fiorentini
(1994) in the Adriatic Sea reported this pattern pre-
viously. The mean density of fish and biomass found
on the artificial protection reefs of the Algarve
waters was higher than those found by Ambrose and
Swarbrick (1989) in southern California, Relini et
al. (1994) in the northwestern Mediterranean and
D'Anna et al. (1994, 1995) in Sicily. As stated
before, these differences were not evident in previ-
ous studies that made use of gill net catch data (San-
tos and Monteiro, 1997, 1998; Santos et al., 1997).

In terms of the fish density per stratum, the val-
ues recorded at the top of the OPR were mainly due
to the young-of-the-year that usually migrate from
the Ria Formosa lagoon (e.g. Diplodus spp.). These
migrations occur primarily in summer and late
autumn (Monteiro et al., 1990) and were responsible
for the main differences between the two artificial
reefsin these periods. At FPR these small fish (9-11
cm) do not occur in such high densities as at OPR.
This is probably related to the distance from the
main openings of the lagoon and the existence of
other (natural) reefs in the FPR area. The Ria For-
mosa also contributes to the greater variation in fish
density between strata. During our surveys we
observed small shoals of young-of-the-year speci-
mens, especialy in the top stratum.

The mean biomass density increased from the
top to the bottom of the reefs. This pattern is due to
the fact that the larger animals prefer to hide on the
bottom, while the smaller fish occur mainly in the
upper stratum. However, it was not clear whether
this behaviour was caused by the presence of the
divers. Arriving a the reefs, we sometimes saw
large fish swimming quickly to the bottom, where
they would stay for a while or swim away. Because
of this behaviour we always started our surveys by
the lower stratum.

Although the two artificial reefs showed similar
trends of intra-annual variation, both in terms of fish
and biomass densities, differences between FPR and
OPR occurred especialy in July-August, which is
the period of migration of juvenile fish from the Ria
Formosa lagoon to the coastal waters (Monteiro et
al., 1990). These results highlight the importance of
the lagoon in the colonisation of the OPR. However,
these differences may also be due to the isolation of
the OPR (the “oasis’ effect) and the existence of
natural reefsin the Faro area, which favours the dis-
tribution of the fish assemblagesin awider area. On
the other hand, the differences in substrate between
the two sites apparently do not affect the species
composition or their abundances.

As a general conclusion, these results show that
similar artificial reefs (in terms of complexity and
size) located not far from each other may aggregate
different fish assemblages as a result of their isola-
tion and the influence of both hydrological features
(e.g. water temperature) and endogenous biological
processes in the area (e.g. proximity of nursery
grounds).
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