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Abstract. Interannual changes in the shoot density, biomass
and leaf length of the seagrass Cymodocea nodosa and two
descriptors of the associated fish communities (total fish
abundance and species richness) were evaluated at Playa
Blanca (Lanzarote, Canary Islands) from March 2001 to
April 2002 to provide evidence for responses to the impact of
a marina construction. The seagrass bed under influence, as
well as a control location, were sampled using an experimen-
tal design which consisted of three sites nested within each of
these two locations. We tested the null hypothesis that these
parameters would not change over time as a result of this
construction.

A three-way mixed and symmetrical ANOVA detected
significant ‘Time of sampling ¥ Control vs Impact’ interac-
tions for the shoot density, biomass and leaf length. The same
interactions were observed for the descriptors of the fish
communities using a two way orthogonal ANOVA. We de-
tected an initial fast increase in the mean leaf length as a
possible morphological response to a reduction in the amount
of light at the bottom. Furthermore, a significant decrease was
obtained for the penetration of light into the water column in
the perturbed bed. Therefore, we obtained significant evi-
dence to reject the null hypothesis offered by our study.

Keywords: Anthropogenic perturbation; Cymodocea nodosa;
Fish community; Ichthyofauna; Seagrass; Vascular plant;
Visual census.
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Introduction

Seagrasses contribute significantly to the product-
ivity of coastal areas of both temperate and tropical
waters. These environments provide habitats for a wide
variety of marine organisms, both plant and animal;
these include meiofauna and flora, benthic flora and
fauna, epiphytic organisms, plankton and fish (Phillips
& McRoy 1980). In the Canary Archipelago, the vascu-
lar plant Cymodocea nodosa (Ucria) Ascherson is the
most common and abundant seagrass species (Afonso -
Carrillo & Gil Rodríguez 1980; Reyes 1993; Reyes et al.
1995). This plant forms mixed beds with the green algae
Caulerpa spp., generally located along the south and
southeast coasts of the islands. This plant displays strong
seasonality in the Mediterranean Sea (Peduzzi & Vukovic
1990; Terrados & Ros 1992; Mazella et al. 1993) and
the Canary Archipelago (Reyes et al. 1995). Aspects of
the morphology, anatomy and phenology of this seagrass
have been discussed by Reyes et al. (1995) for the
Canary Islands.

Examples exist of extensive damage to seagrass
environments due to the inadvertent destruction of the
population (Neverauskas 1987; Loflin 1995; Francour
et al. 1999; Delgado et al. 1999; Short & Neckles 1999;
Guidetti 2001). The loss of important seagrass habitats
has been followed by extensive studies (e.g. Thorhaug
et al. 1987) of seagrass communities and an increasing
awareness of the role these play in our coastal marine
environment (Bortone 2000). This author (unpubl.) docu-
mented the impacts of a marina construction on the
seagrass Halophila decipiens. Although Ros & Romero
(1992) have presented a methodological protocol for
impact assessment for the construction of sports’ har-
bours, no study has yet analysed the perturbation deriv-
ing from this type of construction on a Cymodocea
nodosa seagrass bed. Hence, the aim of this paper is to
evaluate the impact on the density, biomass and leaf
length of a Cymodocea nodosa bed during an annual
cycle, as well as on two descriptors of the associated fish
communities. The null hypothesis is that the construc-
tion of the marina would not change these parameters.
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Methods

Study locations

Sampling of the seagrass beds was carried out at two
locations from March 2001 to April 2002, every one to
two months. The impact location (marina) was at El
Berrugo (28∞55' N; 13∞35' W) and the control was at
Playa Dorada (28∞55' N; 13∞36' W). The marina was
built on a rocky platform, but also on a sandy bed
covered by sparse patches of Cymodocea nodosa and
Caulerpa prolifera. The construction of the marina be-
gan in September 2000; no data prior to the construction
were available. The control bed was topographically
and morphologically similar to the impact location, but
sufficiently far away. The similarity of both beds has
been documented by Pavón & Salas et al. (2000). A map
of the study sites is shown in Fig. 1. For each location and
each time, we randomly selected three sites for sampling.
This factor, therefore, represents the spatial replication of
the factor ‘Location’. Hence, a symmetrical post- impact
sampling design has been selected.

Sampling of seagrass beds

For both locations random bed samples (n = 3) at
each site were collected with the aid of a plastic con-
tainer (15 cm ¥ 26 cm) penetrating 10 cm into the
sediment, and a shovel. Containers were deployed 6 to
8 m deep. Samples were rinsed and filtered in situ to
discard sediment and were kept in 4% formaldehyde
seawater. In the laboratory, we measured shoot density
and length of 30 randomly selected leaves from each
sample. Biomass of Cymodocea nodosa and total bio-
mass (Cymodocea nodosa + Caulerpa spp.) were ob-
tained as dry weight (dw) after heating at 100 ∞C for 24
hr. (Sand & Jensen 1975; Pérez & Camp 1986; Reyes
et al. 1995). All data were expressed as g.m–2.

Fish surveys

At each sampling time, three replicate 25-m line
transects were randomly laid by boat during daytime
hours (Brock 1982) at a depth of 6-10 m, approxi-
mately parallel to the shoreline, at each location (im-
pact and control). The abundance of fish species was
recorded by a SCUBA diver within 2 m of either side
of the transects as described by Lincoln Smith (1988).
Therefore an area equal to 100 m2 was selected as
sampling area. The variables chosen to describe the
fish community were: (1) species richness and (2) total
number of individuals. They have been employed with
satisfactory results in the Canary Archipelago (Bortone
et al. 1991; Falcón et al. 1996).

Light extinction

To quantify the increase in the attenuation of light
(PAR) in the location under impact from the opera-
tions derived from the construction of the marina, we
measured in situ the light extinction coefficients (k)
using a LI-COR 4 radiometer, by means of measure-
ments at 0, 5 and 10 m deep. We followed the consid-
erations of Margalef (1991).

Statistical analyses

A mixed three-way symmetrical analysis of vari-
ance (ANOVA) was used to compare data on density,
biomass and leaf length over the different times, loca-
tions and sites. The factor ‘Time of sampling’ was
considered random, while the factor ‘Location’ (=
Impact vs Control) was fixed. ‘Site’ was nested within
the factor ‘Location’. This ANOVA design followed
the instructions showed by Underwood (1997). Other-
wise, an orthogonal symmetrical two-way ANOVA
was employed to compare communities of fish (abun-
dance and richness of total species) over the different
times and both locations.

Although these designs are lesser equipped to de-
tect an impact than a BACI design with multiple con-

Fig. 1. Map of study locations. Berrugo (6-10 m deep) is the
impacted location, while Playa Dorada is the control bed (7-11
m deep). Along-shore transport is from E to W. Surface water
temperature ranged from 18.2∞C to 23.1 ∞C, salinity was 36‰.
Depth isolines  are in m.
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trol locations (Underwood 1997), it could be argued
that the changes found at the impact location over time
(compared with those at the control location) could be
ascribed to this impact (Roberts 1996). The lack of
beds with similar conditions to the impact location
resulted in the selection of just one control location. A
similar design was employed by Bortone (2000) in the
study of the impact produced by the construction of a
marina in Florida on a Halophila bed. The idea is to
determine whether a statistically significant change in
the density / biomass /leaf length of seagrass and the
descriptors of the fish communities, occurred as a
direct result of the marina construction thus giving rise
to the comparison with a nearby control location.

Prior to the analysis, the data were examined by
Levene’s test for homogeneity of variances. Since no
transformation rendered homogeneous variances, a
was fixed at 0.01, instead of 0.05, since ANOVA is
robust to heterogeneity of variances, particularly for
large balanced experiments (Underwood 1981).

Finally, a t-test allowed us to compare the light
attenuation coefficients for the two beds studied. All
analyses were carried out using the SPSS 10.0.3 statis-
tical package.

Results

Data on shoot density, biomass (Cymodocea nodosa
and total) and leaf length (Figs. 2, 3 4 and 5, respec-
tively) showed regular seasonal fluctuations for the
control location, reaching maximum values in Spring –
Summer and minimums in Winter. The same pattern was
observed for both descriptors of the fish communities
within this control location (fish richness, Fig. 6, and
total fish abundance, Fig. 7). On the other hand, the
high value of fish abundance (14166 ind.100.m–2) de-
tected in April 2001 was caused by the visualization of
a dense group of the pelagic species Boop boops.
Nevertheless, we have observed a decrease with time
of the above-mentioned parameters and descriptors for
the impact location. Thus, significant ‘Time of sam-
pling ¥ Location (= Impact vs Control)’ interactions
were detected by the ANOVA models (Tables 1 and  2)
for all the variables analysed.

No other significant interactions were obtained in
the ANOVA designs for the density, leaf length and
biomass of the studied seagrass beds (Table 1). Fur-
thermore, and for these parameters, the spatial vari-
ability within both locations is low, since there was
no significant P-value detected either for the interac-
tion term ‘A ¥ C(B)’, nor for the main factor ‘C(B)’
(Table 1).

Although the construction of the marina has pro-

Fig. 2. Annual mean shoot density cycle for the impact and
control locations. Error bars represent standard error of the
means.

Fig. 3. Annual mean biomass cycle of the seagrass Cymodocea
nodosa for the impact and control location. Error bars repre-
sent standard error of the means.

Fig. 4. Annual mean total biomass cycle for the impact and
control locations. Error bars represent standard error of the
means.
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Table 1. Results of the three-way ANOVA designs on the shoot density, biomass and leaf length. B = Location = Impact vs Control.

Source of variation df F-ratio vs:           Shoot density              C. nodosa biomass             Total biomass                Leaf length
MS F MS F MS F MS F

A = Sampling time 9 A ¥ C(B) 373218.93 18.66* 34208.77 40.56* 81587.98 25.35* 27964.91 51.95
B = Location 1 No test 9373999.61 694562.48 1469177.74 785254.64
A ¥ B 9 A ¥ C(B) 108417.57 9.90* 22638.16 26.84* 30457.34 9.46* 38741.84 71.96
C(B) = Site (location) 4 A ¥ C(B) 146273.54 5.42 3357.26 3.98 2940.26 0.91 1058.74 1.96
A ¥ C(B) 36 Error 19992.15 0.46 843.37 0.21 3218.77 0.29 538.32 0.21
Error 120 43320.65 3893.82 10834.71

1740 2478.21
 *: P < 0.01.

Table 2. Results of the two-way ANOVA models on the two
selected descriptors of the fish assemblages.

Source of variation df F-ratio vs:   Fish richness     Total fish abundance
MS F MS F

A = Location
(= Impact vs Control) 1 A ¥ B 40.01 16.26* 4752.60 1.643
B = Sampling  time 9 A ¥ B 3.45 1.40 2930.23 1.01
A ¥ B 9 Error 2.46 5.47* 2893.04 392.72*
Error 40 0.45 7.36

Total 59

* = P < 0.01.

Fig. 5. Annual mean leaf length cycle for the impact and
control location. Error bars represent standard error of the
means.

Fig. 6. Annual mean fish species richness cycle for the impact
and control locations. Error bars represent standard error of
the means.

Fig. 7. Annual mean total fish abundance cycle for the impact
and control location. Error bars represent standard error of the
means.

duced a decrease in the overall fish community richness
and abundance within the impact location, no fish spe-
cies has displayed a strong change in mean abundance
throughout the study period, as a result of the perturbation
induced by the marina construction (Table 3). However,
some fish species as Pagellus acarne and Bothus podas
maderensis have been more frequently observed within
the control bed (Table 3).

The penetration of light decreased (= increase in the
attenuation coefficients) during the first part of the study

(0.302 in March 2001 to 0.385 in April 2001) (Fig. 8) in
the perturbed location. Further, the light extinction re-
mained more or less constant over the rest of the sam-
pling periods. However, the control location displayed a
constant pattern throughout the overall research period,
with a mean value of 0.163 (± 0.02). A significant
difference was obtained when we compared the light
attenuation coefficients between both locations for the
whole study (t-test = 14.69, P < 0.0001).
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Discussion

There is currently a lack of reports on the impact of
human constructions on benthic communities through
post-impact symmetrical sampling designs, as those
showed by Underwood (1997). The present series of
measurements provided enough evidence to reject the
null hypothesis stated in our study. Thus, all the vari-
ables displayed a significant ‘Time of sampling ¥ Loca-
tion’ interaction term in the ANOVA designs, indicat-
ing that natural seasonal variability was different for the
two locations studied. Although interactions at the site
level within a location are ecologically important and
show how communities experience patchiness over time
(Roberts 1996), they contribute little to the general
considerations in comparisons at the larger scale of
impact and control locations.

Consequently, the operations deriving from the con-
struction of the marina at El Berrugo (impact location)
increased the attenuation of light in the water column
and reduced the growth of plants in relation to a nearby

control area. This pattern was also observed in seagrass
through shading assays in the Atlantic Ocean (Vermaat
et al. 1993). Thus, we observed a decrease in the density
and biomass of this bed with time. However, the control
bed showed a seasonal pattern as described for the
Cymodocea nodosa beds in the Mediterranean Sea
(Peduzzi & Vukovic 1990; Terrados & Ros 1992) and
the Canary Archipelago (Reyes et al. 1995). Moreover,
the average leaf length experimented a fast increase at
the beginning of the study (March 2001 to June 2001),
as a possible morphological response of the plant to a
decrease in the amount of light at the bottom during the
initial phase of the marina construction. Afterwards, the
mean leaf length decreased quickly. This may be attri-
buted to the inhibition of plant growth as a response to
the high turbidity at the perturbed location.

In addition, we observed a similar pattern for the fish
communities. Therefore, the descriptors of the associ-
ated fish communities displayed seasonal behaviour in
the control location. This type of tendency was obtained
by Guidetti & Bussoti (2000) for a Cymodocea nodosa
bed in the Mediterranean Sea using a visual census
technique similar to that employed by this study. How-
ever, the perturbed location showed a gradual decrease
with time of these descriptors, as a result of the reduc-
tion of available seagrass biomass, since there is a
strong correlation between the cycle of the biomass of
this seagrass and the descriptors of the fish communities
(Guidetti & Bussotti 2000). Further, the observation of
some fish species (Pagellus acarne and Bothus podas
maderensis) which occurred more frequently within the
control bed throughout the overall sampling period,
cannot be explained in any ecological or biological way.

Table 3. Mean abundance (n = 3; 100 m2) of fish populations at control (C) and impact (I) beds during the ten sampling times.

mar 01 apr 01 may 01 jun 01  jul 01  sep 01  oct 01  dec 01 feb 02  apr-02
Species C I C I C I C I C I C I C I C I C I C I

Boop boops  -  - 140  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
Bothus podas maderensis 0.66  - 0.33  -  -  -  -  -  -  - 0.33  - 0.33  -  -  -  -  -  -  -
Canthigaster rostrata  -  -  -  -  - 1  -  - 0.66  - 1  - 1  -  -  -  -  -  -  -
Diplodus annularis  -  -  - 0.66  -  -  - 0.66  -  -  - 0.33 4  -  -  -  -  -  -  -
Lithognathus mormyrus  - 0.66  -  -  -  -  -  -  -  - 2.66  -  -  - 2  -  -  -  -  -
Mullus surmuletus  - 1 0.33  -  -  -  - 0.33  -  - 6  -  -  -  -  -  -  -  -  -
Pagellus acarne 0.33  - 0.33 0.33 0.66  - 4  - 3  -  -  -  -  -  -  - 1.66  - 3  -
Sarpa salpa  -  -  -  - 0.33  -  -  -  -  -  -  -  -  -  -  -  -  -  -  -
Sparisoma (Euscarus) cretense  - 0.33  -  -  -  - 0.33  -  -  - 0.33  -  -  -  -  -  -  -  -  -
Stephanolepis hispidus  -  -  -  - 0.33  -  -  -  -  - 0.66  -  -  -  -  -  -  - 3  -
Synodus spec.  -  - 0.33  -  -  -  -  - 0.33  - 0.33  -  -  -  -  -  -  -  -  -
Xyrichthys novacula  - 0.66 0.33  - 0.33 1 1  -  -  - 1  -  -  -  -  -  -  - 0.33  -
Total 1 2.66 141.66 1 1.66 1 5.33 0.33 4 0 12.33 0.33 5.33 0 2 0 1.66 0 6.33 0

Fig. 8. Annual cycle of the light extinction coefficient (K) for
the impact and control location.
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