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INTRODUCTION

The timing of reproduction in marine fishes
shows considerable variation at different temporal
scales (i.e. daily, seasonally) and numerous hypothe-
ses have been proposed to explain the advantages of
the different time scales with respect to spawning
activity. Most of these hypotheses have concentrat-

ed on the relationship between larval biology and
environmental conditions that can improve larval
survival and recruitment (Cushing, 1969; Johannes,
1978; Walsh, 1987; Robertson, 1991). However,
several authors have suggested that these larval biol-
ogy hypotheses cannot explain much of the
observed variation in the timing of reproduction
(Robertson et al., 1990; Robertson, 1991; Secor,
2000), and that explanations based on adult biology
should also be included (see also Goulet 1995). 
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In temperate areas, the presence of a restricted
period of benign conditions usually produces
sharply defined spawning seasons (Ebeling and
Hixon, 1991; Robertson, 1991). At a regional scale,
weather conditions can act as determinant of spawn-
ing periodicity (Goulet, 1995). The study of popula-
tion dynamics of littoral fishes under different
weather conditions affords a good opportunity to
assess the relative importance of environmental
stress as a determinant of seasonal patterns of
spawning. For nesting fishes inhabiting shallow lit-
toral areas, weather conditions—reflected mainly in
wave action—can adversely affect not only the sur-
vival of larvae and recruits but also reproduction
itself by preventing nesting activity. 

Several studies have attempted to relate envi-
ronmental parameters, mostly rainfall and its
effects on current velocity and flooding, and the
nesting activities of freshwater fishes (Noltie and
Keenleyside, 1987; Jennings and Philipp, 1994;
Lucas and Orth, 1995; Mol, 1996). However, there
are a few studies that relate wave action with nest-
ing success in lakes (Goff 1985, 1986; Nack et al.,
1993; Popiel et al., 1996), and no studies on the
direct effects of wave action on nest viability in
marine nesting fishes.

The five-spotted wrasse, Symphodus roissali, is a
common nesting fish in the shallow waters of the
Mediterranean Sea. This genus has previously been
well documented in terms of its mating system
(Lejeune and Voss, 1979a, b, 1980; Helas et al.,
1982; Lejeune, 1985), and particularly aspects of its
nesting behaviour (Lejeune, 1985), parental care
(Warner and Lejeune, 1985; van den Berghe, 1990)
and mate choice (Wernereus et al., 1987). Although
these studies have provided insightful information
about social aspects of nesting behaviour, there is
still a lack of studies of the overall reproductive
period, including the influence of environmental
factors on nesting activity.

The objective of the present study was thus to
establish, over a three-year period, possible inter-
annual fluctuations in certain primary features of
spawning, namely: (a) nesting intensity (measured
as the number of nest-building starts), (b) nesting
success (measured as the number of nests surviving
all stages of the nesting cycle), and (c) nest
destruction (measured as the number of nests that
were washed away and destroyed during this
cycle). Variations in such attributes in relation to
weather conditions (mainly wave height) were then
also examined.

MATERIALS AND METHODS

Study species

The five-spotted wrasse, Symphodus roissali, is a
small (TL<15 cm), endemic Mediterranean labrid
inhabiting shallow areas of the littoral zone (<6 m
depth) (Quignard and Pras, 1986). It dwells on shal-
low rocky bottoms with abundant algal cover (Helas
et al., 1982). The oldest individuals recorded have
been less than three years old (Gordoa et al., 2000),
and the natural mortality rate appears to be high
(Macpherson et al., 2000). Spawning takes place
between April and June, and the appearance of the
first new settlers is observed in May (Quignard and
Pras, 1986; García-Rubies and Macpherson, 1995;
and personal observations). There is no lunar rela-
tionship with nesting behaviour. (Lejeune, 1985;
Helas et al., 1982). The entire nesting cycle of the
male (consisting of nest building, accepting females,
guarding and fanning the eggs) takes between one
and two weeks, depending on water temperature
(Lejeune, 1985; and personal observation). Larval
stage duration is quite short, on average less than 14
days (Raventós and Macpherson, 2001). The sex
ratio for this species is 1:1 (Lejeune, 1985). This
dichromatic species displays two non-permanent
colour patterns that can be clearly observed during
the spawning period (Warner and Lejeune, 1985).
Terminal-phase (brightly coloured) males build
nests that are visited by females. Initial-phase
(duller coloured) males do not build nests and are
thus compelled to fertilise eggs by sneaking.

Study site

The study was carried out off the coast of Cat-
alonia in northeastern Spain (NW Mediterranean
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FIG. 1. – Map of the coast of Catalonia, Spain, showing the 
locations of the sampling sites near Blanes (Sites 1, 2, and 3).



Sea) (Fig. 1) from March to July in 1998, 1999 and
2000. Three study sites were sampled. The first two
sampling stations were located at the northernmost
(Site 1) and southernmost (Site 2) ends of the same
bay, separated by a long sandy beach. The third sam-
pling station (Site 3) was relatively isolated from the
coastline, being located at the end of a small isth-
mus. The characteristics of all three sites were simi-
lar, and natural barriers (e.g. the presence of broad
sandy strips) were presumed to ensure separation of
the three subpopulations considered. Accordingly,
the adult population at each site was regarded as a
separate spawning stock.

The three sampling sites were similar in size, ~
200 m2, and all consisted of a shallow (0-6 m depth)
habitat comprising an entirely rocky bottom with
abundant algal cover.

Wave height measurement

Significant wave heights (defined as the mean
one third of the highest amplitudes recorded) were
obtained from a surface wave buoy (WANA Buoy)
located at a distance of 15 km off-shore from the
study sites. Data were recorded every three hours,
and later averaged over a 24 h period. In a previous
study, Zika (1999) has shown that cross-correlations
between daily averaged wave heights for a buoy
located further away (30 km) and another buoy
located just 3 km distant from the study sites indi-
cated highly correlated wave events for the two
locations (r > 0.75 for the years 1996 and 1997, 0
day lag time). Based on these results, the data from
the above-mentioned buoy, located 15 km from the
study sites, were used in this study.

Nest censuses

Surveys were conducted by SCUBA diving at
each site at the beginning of March in each of the
three years, before any nests had been built, in
order to be able to accurately time the start of
building of the first nest. From that time on, each
site was visited twice weekly. The surveys were
performed along a 2 m wide x 100 m long transect
that traversed the entire sampling site (200 m2).
Traversal of the survey transect took from 30 to 90
min, depending on the stage of the spawning cycle,
and hence the number of nests present at each site.
The total time to complete these surveys during the
three-year study period was around 120 SCUBA
diving hours.

Each site was mapped and overlaid with a grid to
enable accurate record-keeping of all nest sightings.
The maps were attached to a clip-board for census
data recording during the survey dives. Nests
observed were designated by the grid block number
on the corresponding site map; the block surface
area was 2 m2 of substratum and consequently cer-
tain blocks sometimes contained two or more nests,
in which case a subscript was added to the individ-
ual nest designations for identification purposes.

Nests were classified according to one of the three
stages of the spawning cycle as described by Lejeune
(1984): stage 1) nest-building (2.4 ± 0.8 days); stage
2) sexual activity (2.4 ± 0.8 days); and stage 3) fan-
ning (ventilation) (10.6 ± 2.5 days). On this basis, the
time 0, or beginning of stage 1, for stage 2 or stage 3
nest sightings, was back-calculated with an acceptable
degree of accuracy. Accordingly, for each day of the
spawning period the presence or absence of nests in
stage 1 was recorded. Three more categories or stages
were defined for the final development of each nest:
stage S for successful nests that had survived and
passed through stage 3 and reached the end of the nest-
ing cycle; stage D for destroyed nests; and stage A for
abandoned nests. These latter nests can be distin-
guished from the destroyed ones because they
received no paternal care even though the nest struc-
ture was complete or only partially destroyed.

Experimental design

Linkage of wave action with nesting starts and
final development of the nests

Differences in mean wave height affecting nest-
ing starts and final development of nests were
assessed using one-way ANOVA. For each day of
sampling the mean value of wave height of both the
day before and the same day of the sampling was
compared between days with presences/absences of
nesting starts (stage 1 nests, n=sampling days). To
determine whether sea conditions determine the
final stage of each nest, means of wave height dur-
ing the nesting survey period for the total number of
nests reaching any of the final stages (stages, S, D or
A) were compared (n=total number of nests). More-
over, to determine whether the occurrence of storms
determine the final nest development (nest in stage
S, D or A), maximum values of significant wave
height occurring since the last survey day were com-
pared to the final development of each nest (n=total
number of nests).
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Interannual variation

The nesting features assessed were:
a) Nesting intensity: the total number of nest

building starts (stage 1 nests).
b) Nesting success: the number of nests that suc-

cessfully survived all stages through to hatching of
the eggs (stage S nests). 

c) Nest destruction: the number of nests that were
completely washed away (stage D nests). 

Possible inter and intra-annual differences in the
features of spawning considered (nesting intensity,
nesting success and nest destruction) were assessed
by means of chi-square analysis.

Statistical significance of differences in wave
height between years was determined by comparing
mean weekly values between years using two-way
ANOVA (week x year). 

Data processing

Prior to analysis, some variables were trans-
formed to normalise the data whenever necessary. In
all the statistical analyses, the assumptions of nor-
mality (Kolmogorov-Smirnov test) and het-
eroscedascity (Cochran test) were tested before
applying parametric analyses. If significant differ-
ences were detected, a posteriori comparisons were
conducted using the Tukey HSD test. Differences
were considered significant at p < 0.05.

RESULTS

Nest censuses

During the study a total of 1,153 observations
were made on 460 nests in all. On a yearly basis, 59
nests were observed in 1998, 212 in 1999, and 189
in 2000 (Table 1). The onset of the nesting period

coincided with the last week of March/first week of
April and lasted until the end of June. The sampling
method proved to be effective, since 95% of the
nests were first spotted in stages 1 or 2 (nest-build-
ing or sexual activity stage). Building starts for the
remaining 5% of nests that were not discovered in
these initial stages were back-calculated to the prop-
er week using time estimates for the nesting pattern
(described in the Materials and Methods section).

The number of nests that successfully survived the
entire breeding cycle was in all cases relatively low:
only 30% of the 460 nest-building starts over the three
years were successful (range: 15-44%) (Table 1). The
number of nests that were initiated, and after a short
period abandoned, represents almost half of the total
(48.9%, range: 33.7-66.6) (Table 1).

Linkage of wave height with the number of nest-
ing starts and the final development of the nests

The mean value of wave height for both the day
before and the same day of the sampling did not
determine the nest-building starts (presence/absence
of nesting starts) (ANOVA, p > 0.05, Fig. 2). Mean
wave heights observed during the nest survey period
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TABLE 1. – Numbers of nest-building starts, nests surviving the entire cycle, nests destroyed and nests abandoned (percentages in brackets).

Year Site Nest starts Surviving nests (%) Destroyed nests (%) Abandoned nests (%)

Site 1 28 10 (35.7) 7 (25.0) 11 (60.7)
1998 Site 2 25 11 (44.0) 2 (8.0) 12 (48.0)

Site 3 6 1 (16.7) 1 (16.6) 4 (66.6)
Site 1 80 23 (28.7) 22 (27.5) 35 (43.8)

1999 Site 2 73 31 (42.5) 13 (17.8) 29 (39.7)
Site 3 59 14 (23.7) 16 (27.1) 29 (49.2)
Site 1 70 11 (15.7) 24 (34.3) 35 (50.0)

2000 Site 2 92 34 (37.0) 27 (29.3) 31 (33.7)
Site 3 27 5 (18.5) 9 (33.3) 13 (48.1)

FIG. 2. – Plot of means and standard errors of wave height on both the
day before and the same day of the sampling, compared for days with
presence/absence of nesting starts (stage 1 nests, n=sampling days).



indicated that destroyed nests resulted from a signif-
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Fig. 3. – Plot of means and standard errors of wave height during
the nesting survey period for the total number of nests reaching any
of the final states (S=successful nests; D=destroyed nest and 

A=abandoned nests; n=total number of nests).

Fig. 4. – Plot of means and standard errors of maximum values of
significant wave height occurring since the last survey day for the
total number of nests reaching any of the final states (S=successful
nests; D=destroyed nest; A=abandoned nests; n=total number of 

nests).

Fig. 5. – Dotted line = significant wave height (mean of the highest third of measured wave heights) during the entire spawning period over
the 3 years of the study. Horizontal fine line marks the level of favourable sea conditions (< 1 m wave height). Bounded thick lines define
sufficiently protracted periods (> 1 week) with favourable sea conditions allowing nest completion. In brackets are % of surviving nests 

during such periods.



icantly higher wave height than the successful or
abandoned nests (ANOVA, p < 0.05, Fig. 3). The
maximum values of significant wave height occur-
ring since the last survey day also indicated higher
maximum wave height values for nests that were
destroyed rather than abandoned or successful
(ANOVA, p < 0.05, Fig. 4).

As shown above in Figure 4, wave height has a
significant effect on nest destruction, being an
important cause of nesting failure. On the other
hand, when favourable sea conditions prevailed for
at least one week, the number of nests that survived
the entire nesting cycle was found to be greater than
in the rest of the breeding season (Fig. 5). 

Interannual variation

Mean significant wave height values during the
reproduction period were 0.47 m in 1998 (n = 119;
SD = 0.24), 0.50 m in 1999 (n = 119; SD = 0.26),
and 0.57 m in 2000 (n = 119; SD = 0.33). The max-
imum significant wave height values recorded were
1.7, 2 and 2.3 m respectively. These significant
wave height values corresponded to estimated real
maximum values of between approximately 3.3 m
(for significant wave height values of 1.7 m) and 4.5
m (for significant wave height values of 2.3 m). 

Although there was a significant interaction
between weeks and years (F = 2.49, p < 0.000),
mean significant wave height values differed
between years (ANOVA, F = 5.42, p = 0.004) and
weeks (ANOVA, F = 7,93, p < 0.000). Post hoc
analysis revealed that wave height during the year
2000 was significantly greater than in 1998 and
1999.

In 1998 there were two periods when significant
wave height values were less than or equal to 1 m,
namely from 18 April to 29 May and from 1 June
onwards (Fig. 5). Similar sea conditions prevailed in
1999 from 7 May to 6 June and from 5 to 25 June.
In 2000 these sea conditions recurred from 7 May to
8 June and from 12 June onwards. The number of
nests that survived the entire nesting cycle during
these periods was higher than the values for the
remainder of the spawning season (91% in 1998,
64% in 1999, and 84% in 2000).

Nesting intensity 

The number of nest-building starts during the
breeding season varied both between sites (Site 2 >
Site 1 > Site 3; chi-square = 7.84 for site 2 > site 1,

chi-square = 49.21 for site 1 > site 3, chi-square =
63.05 for site 2 > site 3, in all cases df = 2, p < 0.05)
and between years (Year 1999 > Year 2000 > Year
1998; chi-square = 656.9 for 1999 > 1998, chi-square
= 316.1 for 2000 > 1998, chi-square = 23.6 for 1999
> 2000, in all cases df = 2, p < 0.05) (Table 1). 

Nesting success

The number of nests that successfully survived
the entire nesting cycle during the breeding season
differed between sites (Site 2 > Site 1 > Site 3; chi-
square = 37.18 for site 2 > site 1, chi-square = 11.54
for site 1 > site 3, chi-square = 34.45 for site 2 > site
3, in all cases df = 2, p < 0.05), and there were fewer
successful nests in year 2000 than in the other two
years (Year 2000 < 1999 = 1998; chi-square = 12,53
for 2000 < 1998 and chi-square = 7,77 for 2000 <
1999, in both cases df = 2, p < 0.05) (Table 1).

Nest destruction

The number of nests destroyed during the breed-
ing season varied both between sites (Site 1 > Site 3
> Site 2; chi-square = 15.69 for site 2 < site 1, chi-
square = 2.85 for site 1 > site 3, chi-square = 14.65
for site 3 > site 2, in all cases df = 2, p < 0.05) and
between years (Year 2000 > Year 1999 > Year 1998;
chi-square = 18.89 for 1999 > 1998, chi-square =
76.97 for 2000 > 1998, chi-square = 10.53 for 2000
> 1999, in all cases df = 2, p < 0.05) (Table 1). 

DISCUSSION

Symphodus roissali nest sightings indicated that
nesting activity in this species continued from
around the end of March to the end of June for the
study population in the sampling area. This season-
ality corresponds with the onset of the breeding peri-
od for a large number of NW Mediterranean littoral
fishes (Whitehead et al., 1986). As observed in other
species (Robertson et al., 1990, Robertson, 1991,
Goulet, 1995), given the restricted nesting period
described here for S. roissali, there may be no selec-
tive advantage in displaying any lunar spawning
synchrony and further confining spawning to lunar
cycles. Moreover, as presented here, this restricted
period can be affected to different degrees by extrin-
sic constraints such as enviromental stress. These
factors reveal that adult biology related hypotheses,
as suggested by Robertson (1991), may be more
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successful in accounting for this pattern of breeding
success. 

The considerable temporal (annual and interan-
nual) and spatial variation in the number of S.
roissali initiating nests construction (nesting intensi-
ty) and the number of nesting cycle completions
(nesting success) can be related to different causes,
weather conditions being the main cause determin-
ing nesting success. Nest destruction seems to
depend upon sea conditions and therefore varies
between years. Jennings and Philipp (1994) suggest-
ed similar results for a stream dwelling fish: during
years characterised by low, relative stable flow, nest
failures could be attributed to biotic interactions,
and during years of more variable flow, most brood
looses occurred during floods.

Mean significant wave height on both the day
before and the same day of the sampling was not
adequate to explain interannual and inter-site varia-
tions in the nesting intensity recorded. This may be
due to the fact that the minimum period of prevail-
ing good weather conditions necessary to trigger
nest-building starts is shorter than the sampling peri-
od of this study. Although not significant, days with
better sea conditions display more nesting starts than
days with worse conditions. On the other hand, the
percentage of nests that were able to survive the
entire nesting cycle was observed to increase when
prevailing sea conditions remained favourable (i.e.
< 1 m significant wave height) for a sufficiently long
time (min. 1 week), thus allowing nesting to start
and proceed through all the stages in the cycle with-
out suffering the effects of external perturbation. 

Overall, the number of nests that successfully
completed the entire cycle was relatively small. Of
460 nest-building starts recorded over the three-year
study period, only around 15-44% succeeded in sur-
viving the cycle (maximum and minimum value
recorded). Similar low values and variability (33-
88%) of successful production of young smallmouth
bass (Micropterus dolomieu) have been recorded
and related to the total hours of strong winds (Goff,
1985, 1986). Differences in nesting success were
significant between all sites, but not between all
years. Significant differences were found for the
year 2000, this being a less successful nesting year
than the other two. If wave action is responsible for
nesting failure, breaking the nesting cycle, and pre-
venting completion of breeding activity in a given
number of nests, these results support the sea condi-
tion hypothesis since significant wave height in the
year 2000 was significantly higher than in the years

1999 and 1998. The fact that there were significant
differences between sites may be due to the different
degree of effects on the three sampling sites by the
same swell. 

The deleterious effect of strong wind generating
water turbulence and hence damaging the nests of
fresh water fishes has been described previously
(Goff 1985, 1986; Nack et al., 1993; Popiel et al.,
1996). Goff (1985, 1986, and references therein)
found that nest success was higher when total hours
of strong wind was lower. Popiel et al. (1996) inves-
tigated the influence of several environmental factors
on reproduction success in a lake fish species and
found that only wind-generated turbulence was
important. If the phenomenon of winds that physical-
ly disrupt nests is important for fish species inhabit-
ing lakes, one can imagine the importance of effects
that sea conditions may have on the viability of nests
constructed in shallow inshore marine waters. Nest
destruction in the case of the five-spotted wrasse is
thus mainly the result of extreme weather conditions.
In a few cases (< 2%), however, nest destruction can
also be due to the action of sea urchins or some
unknown predators (personal observation).

The number of abandoned nests was high. This
relatively large percentage of abandoned nests can
reflect the high percentage of nests that did not
acquire eggs, and which were subsequently left by
the male one or two days after the begining of con-
struction, as observed previously in freshwater fish-
es (Mol, 1996). 

Information concerning the effects of storms on
the diverse fish faunas of coral reefs and in temper-
ate seas mainly deals with the mortality and migra-
tion to deeper areas of fishes after the passage of
major storms (Walsh, 1983; Harmelin-Vivien and
Laboute, 1986; and references therein). Information
on the adverse effects of wave action on nesting
activity for marine fishes is scarce. Furthermore,
though the effects of sea conditions have been stud-
ied little in other species, the observations presented
here indicate that—at least for Symphodus
roissali—wave action in the shallows may have
devastating effects on nesting success. At the same
time, sufficiently protracted periods of favourable
sea conditions allow nests to survive the entire nest-
ing cycle, and hence larval output tends to be con-
centrated within such periods. Further research is
needed to determine whether settlement and recruit
survival match this nesting pattern, and hence may
be predictably coupled with periods of calm weath-
er condition.
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