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ABSTRACT

The macroalgal intertidal community at a tropical location (Punta de la Loma, Colombian Caribbean)
was monitored at irregular intervals from 1992 to 1995. The highly diverse macroalgal community was relatively
invariant in cover, taxa and biomass from small spatial scales (square centimeters). At larger spatial scales
(square meters), however, there was a small but definitive seasonal pulse in dominance and composition. Sand
intrusions over the rocky intertidal represents a strong disturbance reducing macroalgal cover during the dry
season. Interannual variation was also detected. La Punta de la Loma appears to be influenced by the regional

upwelling conditions.
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RESUMEN

Dinamica de una comunidad macroalgal del intermareal rocoso en el Caribe colombiano. La
comunidad macroalgal intermareal en una localidad tropical (La Punta de la Loma, Caribe colombiano), fue
monitoreado a intervalos irregulares entre 1992 y 1995. La altamente diversa comunidad macroalgal presentd
pocos cambios en cobertura, nimero de taxa y biomasa a la escala espacial de los cuadrantes (centimetros
cuadrados). Sin embargo, a la escala espacial del paisaje (metros cuadrados) se detect6 un pulso estacional en
dominancia y composicion, pequeno pero definido. Invasiones parciales de arena en la época seca constituyen
fuertes eventos de perturbacion que reducen la cobertura macroalgal. También se detectd variacion interanual.
La Punta de la Loma parece estar sujeta a las condiciones locales de surgencia.
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INTRODUCTION

The Caribbean coast of Colombia has a variety of marine ecosystems and habitats,
such as coral reefs, seagrass beds, mangroves, and rocky shores. Most rocky shore area
is abrupt, with steep slopes. However, broader (>1-20m) rocky intertidal platforms occur
at some sites, harboring rich and abundant macroalgal communities. The dynamics of
such communities have received little attention in the region and consequently, there is
little information on the diversity, distribution, and variability of these algal assemblages
(Diaz-Pulido and Diaz-Ruiz, 2003).

It is widely known that intertidal communities display important changes
in community structure at varying spatial and temporal scales. Temperate intertidal
communities are highly seasonal and variable at different spatial scales (Underwood
and Chapman, 1998; Underwood, 2000). Ecological processes such as herbivory,
disturbance, predation, and recruitment, as well as oceanographic conditions, have
been shown to structure intertidal communities (Menge and Branch, 2001). In the
tropics, intertidal communities may also vary through time. However, the processes
driving community dynamics are not well understood. Furthermore, it is not clear how
algal communities vary at different spatial (cm? — m?) and temporal scales (within and
between years).

Studies on the dynamics of hard bottom communities in Colombia are rare.
Most information available on macroalgal communities of the area has focused on spatial
patterns of organization (Guillot and Marquez, 1978; Brattstrom, 1980; Méarquez and
Guillot, 1983; Diaz-Pulido and Diaz, 1997). Seasonal variations in algal communities
in Colombia have been documented for coral reefs (Diaz-Pulido and Garzon-Ferreira,
2002) and rocky intertidals (Garcia, 1992; Nunez et al. 1999). However, changes at
larger temporal scales (e.g. > 1 yr) have only been documented for upwelling coral reef
communities (Rodriguez-Ramirez and Garzon-Ferreira, 2003) and there is no information
about interannual dynamics of rocky intertidal communities. Our study is noteworthy in
that algal communities were monitored over several years.

In this study we describe temporal changes in the intertidal community and
non-living elements (sand and bare rock), at La Punta de la Loma, Santa Marta area,
Colombian Caribbean, from 1992 to 1995.

STUDY SITE

La Punta de la Loma (11°07°31”N, 74°14°00”W, approximately) is an exposed
rocky platform encrusted with fossil corals and lithified mangrove roots (von Erffa and
Geister, 1976), surrounded by sandy beaches. The platform provides wide horizontal
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intertidal surface favoring the establishment of a diverse algal community. The intertidal
community at this location is dominated by benthic macroalgae, including algal turfs,
foliose and erect seaweeds, and crustose coralline algae. Invertebrates such as corals,
anemones, and sponges are common. The study focused on the macroalgal assemblage.
There are two main climatic and oceanographic seasons in the region: the dry season,
from December to April, and the rainy season, from May to November (Salzwedell and
Muller, 1983). During the dry season trade winds blow from the northeast reach their
highest intensity, and generates upwelling. During the calmer, rainy season, temperature
rises and salinity decreases due to cessation of the upwelling and to increase of continental
discharges.

MATERIAL AND METHODS

To investigate the temporal dynamics of the intertidal community and abiotic
elements, we used 0.25 m? (50 x 50) PVC quadrats divided in 25 subquadrats. To determine
macroalgal biomass variations (i.e., dry weight per species/quadrat), several randomly
placed quadrats were denuded during February-March 1992 (8 quadrats), August 1992
(8 quadrats), February 1993 (8 quadrats), August 1993 (14 quadrats), February 1994 (4
quadrats) and November 1994 (4 quadrats).

The relative abundance of intertidal elements (species of macroalgae, sand and
bare rock) was estimated by point sampling using the same quadrats (described above)
in September 1993 (58 quadrats), February 1994 (93 quadrats), April 1994 (16 quadrats),
July 1994 (16 quadrats), September 1994 (16 quadrats), October 1994 (16 quadrats),
November 1994 (16 quadrats), December 1994 (16 quadrats), January 1995 (15 quadrats),
February 1995 (16 quadrats) and April 1995 (16 quadrats). Quadrats were haphazardly
placed on the rocky shore but not exact spot was revisited in subsequent sampling dates.
The intersections of the subquadrats within each quadrat were used as points, giving a
total of 16 points sampled points per quadrat. As more than one species per point could
be recorded due to superposition of species, frequently total points recorded exceeded 16
for a given quadrat.

Because different number of quadrats were sampled at each time period, the
abundance (number of points) of intertidal elements is expressed relative to sampling
effort, i.e., relative to the total number of points recorded given a sampling date, and
multiplied by 100 for easy numerical manipulations.

Temporal trends were explored by means of nonmetric multidimensional
scaling ordination (NMDS, Field et al. 1982) performed on a Bray-Curtis dissimilarity
matrix. The null hypothesis that intertidal configuration was the same in the rainy (May to
December regardless of the year of sampling) and dry (January to April regardless of the
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year of sampling) seasons, was tested by means of the ANOSIM procedure (Clarke and
Green, 1988). Patterns of diversity and dominance were explored over time by means of
k-dominance curves (Lambshead et al., 1983). As partial sand intrusion events were an
important disturbance feature during the study, they were correlated with historical mean
values for cumulative monthly photoperiod, discharges of the Magdalena river, rainfall,
and wind velocity using Pearson correlations.

A Kruskal-Wallis analysis of variance was carried out on species and abiotic
elements present in all sampling dates, to test the null hypothesis that mean relative
abundance between seasons was the same. December data was excluded to obtain equal
number of sampling dates per season (five). Two-way analysis of variance was used to
test the null hypothesis that mean (log) biomass per season was the same regardless of
sampling year.

In order to assess macroalgal dynamics at the quadrat spatial scale (square
centimeters, in contrast to landscape spatial scale, square meters, which includes sand and
bare rock) one-way analysis of variance was used to test the null hypotheses that relative
abundance and number of taxa per quadrat were the same between months and seasons.
Quadrats in which sand or bare rock appeared were therefore excluded from this analysis.

RESULTS

We found 53 macroalgal taxa on the rocky intertidal platform during the study
(see Appendix 1 with systematic list), although only 33 were found and quantified within
the quadrats (Table 1). The most abundant and most frequent species included the brown
algae Padina gymnospora, the green Caulerpa sertularioides and the reds Acantophora
spicifera, Laurencia papillosa and Gracilaria mamillaris (Table 1). Mean taxa richness
per month was nearly equal between seasons (22.3+2.5 S.D. in the rainy season and
21.2+3.9 S.D. in the dry season).

Ordination analysis (NMDS) showed that sampling dates from the dry season
clustered separately from those of the rainy season, excepting April/1994 that appeared
in the middle of the plot. Interannual variability was also indicated by the ordination
position of sampling months sampled in different years (Figure 1). The null hypothesis
that the configuration of landscape elements at La Punta de la Loma was similar for the
dry and rainy seasons (ANOSIM procedure, p<0.05).

Recorded landscape elements (i.e, algal taxa, sand and bare rock) were sorted
into three groups: elements predominantly present in the dry season or in the rainy season
and elements with no preference. Preference was arbitrarily assigned when cumulative
abundance of a given element accounted for more than 60% in one season (excluding
December to obtain a balanced design of equal number of months (5) per season). The
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Table 1. List of quantified macroalgal landscape elements at La Punta de la Loma, their cumulative relative
abundance (arbitrary units) and frequency of appearance in sampling months. Taxa were ordered according to
cumulative relative abundance.

Landscape element Cumulative relative abundance Frequency
Padina gymnospora 122.1 11
Caulerpa sertularioides 112.8 11
Sand 105.3 11
Acanthophora spicifera 99.3 11
Laurencia papillosa 89.8 11
Gracilaria mammillaris 88.1 11
Dictyopteris delicatula 78.4 11
Hypnea musciformis 59.8 11
Ectocarpaceae spp. 58.0 11
Gelidiella acerosa 57.2 11
Dictyota cervicornis 41.0 10
Ulva lactuca 24.2 11
Dictyota menstrualis 21.6 9
Bare rock 18.1 10
Polysiphonia ferulacea 15.5 7
Bryopsis pennata 13.6 6
Dictyota spp. 12.5 9
Bryopsis plumosa 12.3 8
Hypnea spinella 11.4 8
Sargassum spp. 11.3 8
Caulerpa mexicana 9.4 8
Solieria filiformis 6.0 5
Gracilaria blodgettii 4.9 7
Enteromorpha sp. 44 8
Spatoglossum schroederi 4.0 7
Gracilaria domingensis 3.7 3
Botryocladia occidentalis 34 2
Grateloupia sp. 2.7 4
Dictyota pfaffii 2.4 2
Wrangelia argus 2.2 4
Gracilaria sp. 1.2 2
Cladophora sp. 0.9 3
Bryothamnion seaforthii 0.3 3
Gracilaria damaecornis 0.2 1
Agardhiella ramosissima 0.2 1

groups formed are shown in Table 2. Approximately 1/3 of the elements were insensitive
to seasonal change, whereas 1/3 were sensitive either to the dry or rainy seasons (Table
2). However, when Kruskal-Wallis one-way analysis of variance was used to test the
null hypothesis of equal mean relative abundance per sampling month among seasons
(excluding December again) for those elements that appeared in the 11 sampling dates,
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Figure 1. Nonmetrical multidimensional scaling (NMDS) ordination of sampling dates at La Punta de la Loma.
Stress=0.161.

only sand and Caulerpa sertularioides showed significant differences (p<0.05). This
finding suggested irregular expansions and contractions of the landscape elements month
after month, i.e., high relative abundance variability. Nevertheless there was a definitive
dominance reordering from one season to the other (Table 2).

The macroalgal intertidal community was most diverse in October 1994, which
historically has been the rainiest and calmest month of the year (see k-dominance curves,
Figure 2). In contrast, in April 1995, which corresponds to the driest and windiest time of
the year, the macroalgal landscape was less diverse (Figure 2). The pattern had exceptions
though. For example, diversity in April 1994 could not be distinguished from diversity
in October 1994.

Macroalgal biomass varied significantly throughout the years of study, being
higher during 1994 following 1992 and 1993 (Figure 3). Two-way analysis of variance
revealed no significant differences between seasons nor season and year (p>0.05), but a
significant difference between years (p<0.05). Tukey multiple comparisons resulted that
total macroalgal biomass was significantly different (p<0.05) among the three years.

Relative abundance of taxa per quadrat, i.e., at the quadrat spatial scale, was
not different between seasons (p>0.05) but it was significantly different between months
(p<0.05), with taxa in September 1993 significantly less densely packed than taxa in April
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Table 2. Macroalgal landscape elements by season (> 60% cumulative abundance in one season excluding
December) arranged by dominance. *= more abundant and frequent elements in the study, see Table 1.

Element Rainy Season  Element Dry Season
Padina gymnosporaz* > 60% Sand* >60%
Caulerpa sertularioides* >60% Laurencia papillosa* >60%
Acanthophora spicifera* 40-60% Dictyopteris delicatula* 40-60%
Gracilaria mammillaris* 40-60% Gracilaria mammillaris* 40-60%
Hypnea musciformis* >60% Caulerpa sertularioides* <40%
Dictyopteris delicatula* 40-60% Acanthophora spicifera* 40-60%
Laurencia papillosa* <40% Padina gymnospora* <40%
Ectocarpaceae spp.* >60% Gelidiella acerosa* 40-60%
Gelidiella acerosa* 40-60% Hypnea musciformis* <40%
Dictyota cervicornis >60% Ectocarpaceae spp.* <40%
Sand* <40% Dictyota menstrualis >60%
Bryopsis pennata >60% Bare Rock >60%
Ulva lactuca* 40-60% Ulva lactuca* 40-60%
Dictyota sp. >60% Dictyota cervicornis <40%
Dictyota menstrualis <40% Polysiphonia ferulacea >60%
Bare Rock <40% Hypnea spinella 40-60%
Solieria filiformis >60% Caulerpa mexicana >60%
Polysiphonia ferulacea <40% Sargassum spp. 40-60%
Hypnea spinella 40-60% Bryopsis plumosa >60%
Sargassum spp. 40-60% Botryocladia occidentalis >60%
Gracilaria domingensis >60% Enteromorpha sp. 40-60%
Caulerpa mexicana <40% Dictyota sp. <40%
Dictyota pfaffii >60% Gracilaria blodgettii 40-60%
Enteromorpha sp. 40-60% Grateloupia sp. >60%
Gracilaria blodgettii 40-60% Spatoglossum schroederi 40-60%
Spatoglossum schroederi 40-60% Wrangelia argus 40-60%
Bryopsis plumosa <40% Gracilaria sp. >60%
Wrangelia argus 40-60% Solieria filiformis <40%
Cladophora sp. >60% Bryopsis pennata <40%
Grateloupia sp. <40% Gracilaria damaecornis >60%
Bryothamnion seaforthii >60% Agardhiella sp. >60%
Agardhiella sp. Absent Bryothamnion seaforthii <40%
Botryocladia occidentalis Absent Cladophora sp. <40%
Gracilaria damaecornis Absent Dictyota pfaffii <40%
Gracilaria sp. Absent Gracilaria domingensis Absent

1994 and October 1994 (p<0.05, Tukey post-hoc test). Taxa number per quadrat was not
significantly different between months (p>0.05) but it was between seasons (p<0.05).
However, this last difference was more a statistical artifact than a substantial difference in
taxa number between seasons as the absolute difference in taxa number per quadrat is less
than one: 7.124+0.438 (95%CI, n=89) in the rainy season versus 7.957+0.700 (95%CI,
n=70) in the dry season.
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Figure 2. Seasonal and interannual dominance and diversity contrast of landscape elements at La Punta de la
Loma exemplified by selected sampling months: October(16)/1994, April(24)/1994 and April(02)/1995.
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Figure 3. Mean dry macroalgal biomass (g) per quadrat (+ 1 SD) and sampling month at La Punta de la Loma,
Colombian Caribbean.

14 Boletin de Investigaciones Marinas y Costeras - Vol. 35-2006



Table 3 shows the correlation matrix between several environmental factors and
sand cover. The bimodal nature of the local climate was evident in that wind velocity
was inversely correlated to discharges of the Magdalena river and rain, whereas rain was
positively correlated to discharges of the Magdalena river. As expected, sand cover was
correlated with wind velocity, and inversely correlated with discharge from the Magdalena
river. This result was reinforced the fact that sand+bare rock monthly mean cover was
substantially lower in the rainy season (May to December, 4.0+2.3 S.D.) than in the
dry season (January to April, 20.0+14.9 S.D.). Thus, sand intrusions were a disturbance
clearly associated with the dry season (Figure 4).

Table 3. Correlation matrix between several environmental factors and sand cover (relative abundance) at La
Punta de La Loma. Photoperiod refers to monthly cumulative hours of day light, Magdalena refers to water
volume discharge of the Magdalena River, Rain refers to total precipitation and wind refers to wind velocity, all
in terms of monthly averages.

Photoperiod River Rain Wind
Magdalena -0.520
Rain -0.017 0.623
Wind 0.174 -0.816 -0.924
Sand 0.347 -0.840 -0.500 0.659

Figure 4. Photograph of the study area showing the intertidal algal community and sand. Some macroalgae are
bleached due to desiccation and previous sand intrusions.
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DISCUSSION

One of the striking features of this intertidal community is the high species
diversity of macroalgae. More than 55 macroalgal species co-occur in an area of ca 600
m? Several hypotheses have been put forward to explain why so many species can co-
exist at the same time and location, exploiting the same resources (competitive exclusion
principle). Intermediate physical disturbance and herbivory have been suggested as factors
promoting species diversity in rocky shores (Sousa, 1984; 1985; Dean and Connell, 1987;
Mengue and Branch, 2001). In this study we found that sand intrusions disturb the algal
community on a regular basis, probably acting as an intermediate disturbance force
promoting high diversity. Sand deposited over the macroalgal community is then washed
out and rocky substrate becomes available again for algal colonization, thus avoiding
dominance by few species.

Herbivore pressure has not been measured at La Punta de laLoma, but herbivorous
fishes, urchins, and gastropods are common and are likely to exert some top-down control
on algal dynamics. Other disturbance processes, such as desiccation and wave stress,
may also contribute to high local species diversity. However, from our data we support
the idea that the seasonal impact of sand deposition over the intertidal community in the
dry season, is a likely main mechanism controlling species diversity. Sand intrusion has
been identified as a bottom-up disturbance in other rocky littoral environments in the
Colombian Caribbean (Nufiez et al., 1999), as it results in freeing (space) resources.

At the landscape scale taxa composition and relative dominance of biotic and
abiotic elements (i.e. sand and bare rock), showed a small but definitive seasonal pulse
(Figure 1). Clearly superimposed on the regular seasonal pulse, interannual differences
also occur as shown in biomass and in the ordination map (Figure 1). At the quadrat
scale the macroalgal community was highly variable as to overshadow seasonal
differences (for those quadrats placed in the area where sand intrusions never reached),
confirming findings by Garcia (1992) for number of genera and biomass. In contrast, at
the landscape scale relative dominance of landscape elements, i.e. including sand and
bare rock (with consequences on absolute cover of the algal bed), showed a small but
definitive seasonal pulse and interannual variability.

The floristic composition related to the coastal upwelling (Bula-Meyer, 1977
and 1985) on the northern coast of the Colombian Caribbean was not expressed at La
Punta de 1a Loma. Bula-Meyer (1985) excludes La Punta de la Loma coast line from the
upwelling influence, arguing a peculiar wind regime and the influence of warm brackish
water from the neighboring Ciénaga Grande de Santa Marta (Bula-Meyer, 1985, p. 13),
a large coastal lagoon. Indeed no temperate or subtropical species (e.g. Porphyra) were
present in the algal assemblage, and in terms of composition the marine flora from La
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Punta de la Loma was similar to other rocky intertidal shores in the Caribbean (D{az-
Pulido and Bula-Meyer, 1997).

The seasonal pattern of species diversity observed in La Punta de la Loma
was different to that of the adjacent area of the Tayrona National Natural Park (TNNP).
Macroalgal communities were more diverse in the rainy season (e.g. October) than in
the dry, upwelling season (e.g. April) at the study site, while at the TNNP macroalgal
communities from coral reefs (Diaz-Pulido and Garzon-Ferreira, 2002), sand plains
(Bula-Meyer, 2001) and sea grass beds (Rangel, 2005), are more diverse during the
dry, upwelling season. This illustrates the large variability in the dynamics of algal
communities in the Colombian Caribbean region.

The seasonal variability (depending on the spatial scale of observation, the
landscape or the quadrat) modified by interannual changes demonstrated that if we are
to understand intertidal community dynamics, several spatial and temporal scales need
to be considered.
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