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Summary: Increased sedimentation in the marine environment has been described as a key factor in the degradation of
coral reefs. One of the most important biological components of coral reefs is macroalgae. The objective of this study was
to determine whether the effects of terrigenous sediments on macroalgae affect the current state of the coral reef ecosys-
tem. In an in situ experiment in Capurgana Bay, terrigenous sediments were added to artificial plates and the impact on the
recruitment and growth of the macroalgae was examined. In this experiment, three treatments were used: sediment addition
and two natural conditions, one up to 10 m distance from the sediment addition (control 1) and one between 15 and 20 m
distance from the sediment addition (control 2). The results indicated a high complexity and variability in the response of
reef algae to the effects of sedimentation depending on the sediment grade size deposited. The addition had a positive effect
on the recruitment and growth of filamentous algae, primarily red algae, whereas it had a negative effect on coralline algae.
The sediments found on the plates did not significantly change the macroalgal structure (P>0.05). However, a trend was
observed in the change of the algal cover in each treatment. These results indicate that there is a wide range of response of
the algae depending on the functional groups and the nature of the sediment.

Keywords: functional groups; Colombian Caribbean; sedimentation; ecology; phase shift; filamentous algae.

Efecto de los sedimentos terrigenos en grupos morfofuncionales de macroalgas en un arrecife coralino en la bahia
Capurgana, Caribe colombiano

Resumen: El aumento de la sedimentacién en el medio marino se ha descrito como un factor clave en la degradacién de
los arrecifes de coral. Uno de los componentes bioldgicos mas importantes de los arrecifes de coral son las macroalgas. El
objetivo de este estudio fue determinar si los efectos de los sedimentos terrigenos sobre las macroalgas afectan el estado
actual del ecosistema de arrecifes coralinos. En un experimento in situ en la Bahfa de Capurgand, se agregaron sedimen-
tos terrigenos a placas artificiales y se examiné el impacto en el reclutamiento y crecimiento de las macroalgas. En este
experimento se utilizaron tres tratamientos: adicion de sedimentos (SA) y dos condiciones naturales: control 1 (a 10 m de
distancia de la SA), y control 2 (entre 15 y 20 m de distancia de la SA). Los resultados indicaron una alta complejidad y
variabilidad en las respuestas de las algas arrecifales a los efectos de la sedimentacién dependiendo del tamafio del grano
del sedimento depositado. La adicién tuvo un efecto positivo sobre el reclutamiento y crecimiento de algas filamentosas,
principalmente algas rojas, mientras que tuvo un efecto negativo sobre las algas coralinas. Los sedimentos encontrados en
las placas no cambiaron significativamente la estructura de las macroalgas (P> 0.05). Sin embargo, se observ6 una tenden-
cia en el cambio de la cobertura de algas en cada tratamiento. Estos resultados indican que existe una amplia variedad de
respuestas de las algas en funcidén de los grupos funcionales y la naturaleza del sedimento.

Palabras clave: grupos funcionales; Caribe colombiano; sedimentacion; ecologia; cambio de fase; algas filamentosas.
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INTRODUCTION

Coral reefs are marine ecosystems present in trop-
ical oceans around the world that provide socio-eco-
nomic benefits and contribute to the health of the bio-
sphere (Buddemeier et al. 2004, Hughes et al. 2017).
Additionally, they are one of the most complex and
diverse ecosystems, with high rates of primary produc-
tion (Barlow et al. 2018) and aesthetic and commercial
value, especially with respect to fisheries and tourism
(Rendis et al. 2016).

Within reef ecosystems, algae are one of the most
important components because they play a critical role
in diverse ecological processes, such as forming the base
of trophic chains, contributing to the formation and con-
struction of coral reefs, and providing a habitat for var-
ious species of ecological and commercial importance
(Mumby et al. 2007, Diaz-Pulido et al. 2009). One of
the main consequences of coral reef degradation is the
coral-algal phase shift, which refers to a change from
reefs dominated by corals to reefs dominated by algae
(Hughes et al. 2017). This change has a negative effect
on the reef ecosystem because it includes a loss of bi-
odiversity, evidenced by the herbivores that live in and
feed on the ecosystem (Cheal et al. 2010, Lépez-Jimén-
ez et al. 2020), eutrophication through increased algal
growth (Lapointe 1997), the mortality of coral caused
by the release of macroalgae through competition for
space with corals (Diaz-Pulido et al. 2009), and the rap-
id degradation in response to numerous anthropogenic
drivers (Hughes et al. 2017). A major factor in reef deg-
radation is sedimentation due to coastal development,
dredging and other activities, which produce suspended
sediments (Kroon et al. 2012). Moreover, sedimentation
poses a threat to the persistence of coral reefs because it
reduces recovery after disturbance events (Weber et al.
2012, Jones et al. 2016). Sediment can be released into
the water column by terrestrial runoff (Fabricius 2005,
Kroon et al. 2012), natural resuspension events (Orpin
and Ridd 2012) and anthropogenic activities present in
the coastal zone (Jones et al. 2016, Hughes et al. 2017).
Sediments can either be deposited or remain in the wa-
ter column, depending on their concentration, grain size,
density and buoyancy, as well as the hydrodynamics of
the water column (Smith and Friedrichs 2011). This is
why excessive sedimentation can adversely affect the
structure and function of corals and macroalgae, altering
biological processes such as reproduction, metabolism,
recruitment, growth, coverage and density (Babcock and
Smith 2002, Florez-Leiva et al. 2010). Coral function,
coralline alga recruitment and reef calcification rates are
also negatively affected (Fabricius and De’Ath 2001),
leading to a long-term loss of the coralline alga sym-
biont community and impairing the future recoloniza-
tion potential of corals on disturbed reefs (Ricardo et al.
2017). These downstream effects facilitate the growth of
fast-growing macroalgae such as turf algae (Kendrick
1991, Diaz-Pulido and McCook 2004).

In the present study, we investigated experimentally
the effects of terrigenous sediments on different mor-
phofunctional groups of macroalgae (filamentous turf,
fleshy algae and coralline algae) to determine how these

effects impact the coral reef’s ecosystem during the dry
season in Capurgané Bay in the Colombian Caribbean.

MATERIALS AND METHODS
Study site

This study was carried out at a coral reef on the
coast of Capurgand (8°37°08.7”°N and 77°19°53.6"W)
located in the Gulf of Urab4d, Colombian Caribbean
(Fig. 1). This zone is mainly dominated by the coral
species Acropora palmata, Agaricia tenuifolia, Ag-
aricia undata, Colpophyllia breviserialis, Millepora
squarrosa, Diploria labyrinthiformis, Montastraea
cavernosa, Porites porites and Siderastrea siderea
(Reyes et al. 2010). These species are considered to
have been adapted to the natural and anthropogenic
geomorphological processes and changes to which the
study area is exposed during the dry season (Decem-
ber 2015 to May 2016). The most impactful physical
phenomenon for regional intra-annual climatology is
the latitudinal displacement of the Intertropical Con-
vergence Zone (ITCZ), which generates contrasting
dry and wet climatic seasons (Poveda 2004). In the
dry season, from December to March, winds from the
north predominately come from the Atlantic, with crit-
ical values above 9 m s™! (Chevillot et al. 1993). These
winds cause sedimentation conditions to improve as
waves and currents intensify, leading to negative ef-
fects such as fragmentation and erosion of some coral
species (Lonin and Visquez 2005). The frequent eddies
in the region cause sediments to rise with the northerly
current (Andrade 1993). In the rainy season, from April
to November, the contribution of sediments to the coral
reef increases because of the upsurge of the flow of the
tributaries into the bay (Andrade 1993) and the south-
easterly winds coming from the Pacific Ocean, pene-
trating the Atrato river basin from the Chocoan coast.

Owing to its semi-closed form, the study area is
influenced by the circulation of cyclonic cycles (Pan-
ama-Colombia) and by the coastal contraction of the
Darien Gulf, which flows eastwards, forming a water
recirculation system (Andrade 1993). The drift direction
does not allow the sediments of the Atrato delta to be
distributed along the length of the gulf, so the deposition
of sand is caused mainly by the biological contributions
from the Chocé coastline (Garcia-Valencia 2007).

Experimental design and data collection

The alga assemblages used as the objects of study
were selected according to the classification of func-
tional groups by thallus shape, growth rate and similar
reproductive strategies (Cetz-Navarro et al. 2015). The
morphological groups of these algae used were clas-
sified into filamentous turf (FTA), fleshy algae (FA)
and coralline algae (CA). The morphology of algae is
frequently related to several important functional fea-
tures, including productivity, respiration, growth rate,
reproductive success, longevity, resistance to physi-
cal stress, susceptibility to herbivores and competitive
ability (Littler and Littler 1980, Littler and Arnold
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Fig. 1. — The national (A), departmental (B) and regional (C) context of the study.
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Fig. 2. — Diagram showing the experimental design of sediment additions in an in situ experiment in Capurgana Bay. Three treatments were
used: sediment addition and two natural conditions, one up to 10 m distance from the sediment addition (control 1) and one between 15 and
20 m distance from the sediment addition (control 2).

1982). Based on these observations, morphologically
similar algae are usually classified into between six and
eight polyphyletic morphological groups, which differ
in several ecological characteristics and respond differ-
ently to disturbances such as herbivory, desiccation and
wave strength (Littler and Littler 1980, Hay 1997).

Thirty recruitment plates (artificial substrate) were
installed, consisting of 100 cm?terracotta plates. They
were distributed randomly in the reef at a depth of
between 10 and 12 m and marked according to their
function (sediment addition and two natural condi-
tions). They remained in the study area for four weeks
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(the incubation period). One month later, the experi-
mental manipulations of the sediments were initiated
immediately. Sediment collected from the Capurgana
River was deposited weekly on the recruitment plates
for four weeks. Of the natural condition treatments,
control 1 plates were up to 10 m from the sediment
addition and control 2 plates were between 15 and 20
m from the sediment addition (Fig. 2). Two controls
were used to take into account that, owing to the wa-
ter recirculation and the currents present in the area,
sedimentation gradients could occur because of the
distance from the sediment source. Samples were col-
lected and extracted from the study site using SCUBA
diving and then transported to the laboratory using
sealed bags (Fig. 2).

The sediments used for the addition treatment
were collected from the centre of the Capurgané River
(8°26°98.2”N and 77°34°72.7°W) as this side of the
Bay directly discharges sediment into the reef eco-
system during the rainy season (Bernal et al. 2005,
Arroyave-Rincén et al. 2012). The sediments were
collected using an organic driftnet used for limnetic
system studies (<250 um), placed perpendicular to the
current in the middle of the water column for one hour.
The sediments were stored and carried to the labora-
tory, where they were washed to remove undesirable
material (e.g. litter and organisms) and then added to
the algal recruitment plates.

The amount of sediment deposited on the plates
for the experiment was determined from the natural
dry season sedimentation rate (~3.374 g cm™ year™)
(Garzoén-Ferreira et al. 2000). To determine the exper-
imental sedimentation rates to be used per plate, the
adjusted natural sedimentation rate (0.00924388 g cm™
year™! for the dry season) was multiplied by the area of
the plate (100 cm?) and by the approximate number of
days between each addition. Thereby, a sedimentation
rate of 6.47 g of sediment/week/plate was determined
for the experiment in order to understand what hap-
pens when the sediment environment is overloaded and
how the algae respond to this stressor. This calculated
sedimentation rate along with the natural rate of sedi-
mentation constituted the sediment addition treatment
and the sedimentation rate used for the controls was the
natural one (0.00924388 g cm™ year™).

Data analysis

The variables considered for this experiment were:
i) the percent coverage of the recruited algae, recorded
as the number of recruits present on each plate, exclud-
ing a 1 cm rim to avoid any potential edge effects, and
ii) the percentage of algae per morphofunctional group.

After the field phase, the percentage of coverage
of algal functional groups was also determined using
the three categories, FTA, FA, and CA, and the algae
were classified by morpho-functional groups according
to the development state and the ability to colonize. A
microscope and stereoscope were used to more clear-
ly observe the characteristics of the macroalgae. Spe-
cies were identified by consulting specialized literature
(e.g. Littler and Littler 2000).

The granulometric analysis of the sediments was
performed using dry screening for the sediment samples
from the river with a sieve mesh with openings of be-
tween 40 and 140 mm. For the sediment collected from
the plates, a wet sieving method was used. The sedi-
ments were passed through different mesh filters sized
between 80 and 500 um (Alvarez and Bernal 2007).

Statistical analysis

The assumptions of normality (Shapiro-Wilks test)
and homogeneity of variances (Bartlett test) were cal-
culated for the entire experiment. The differences in
natural recruitment and the experimental number of
recruit species among the treatments were compared
using the non-parametric Kruskal-Wallis test. Sub-
sequently, an ANOVA was performed, in which the
addition of sediments was the fixed factor, with three
levels (river sediments, control 1 and control 2), and
replicates (N=5) were carried out for each treatment.
The possibility of type II errors due to the small sam-
ple size was taken into account. A multivariate ANOVA
was run with recruit coverage and functional groups as
independent variables and the three experimental treat-
ments as a factor. Fisher’s LSD test was used to detect
the minimum significant differences between the treat-
ments. The model had a confidence level of 95% in the
determination of statistically significant effects.

The data were processed using the programming
language R-Project (R Core Team 2015), SPSS 25%
version (IBM 2017), and Statgraphics Centurién XVI.I
(Statpoint Technologies 2009).

RESULTS

A total of 66 taxa were found, including two in-
fraspecific taxa and coral reef-forming alga species
(Table 1). Of these, 33 taxa corresponded to FTA, 21
to FA and 12 to CA. The impact of sedimentation on
the algae did not vary in the experiment for either ad-
ditions or natural conditions (P=0.054, potentially due
to a type II error) (Table 2). However, the LSD test
showed differences in some treatments (addition and
control 2, difference=—0.758). These analyses showed
a trend throughout the experiment, in which, were ob-
served higher values of algae recruitment and growth
(mainly FTA) in the treatments with the highest levels
of sedimentation and higher AC coverage on the nat-
ural conditions (control 2). With the addition of sedi-
ment, a higher affinity of the FTA was found, while the
FA and CA had a greater presence in control 2.

Effect of sedimentation on macroalgal functional
groups

The three functional groups of algae responded
differently to the effects of the sediment addition. The
recruitment, cover, and number of species present in
the treatments were different, and although there were
more species in the sediment addition treatment than in
the other treatments, no statistical difference was found
(P>0.05). The addition did not have a negative effect on
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Table 1. — List of species identified in this study on sediment addition plates and natural condition plates (controls 1 and 2). The species indicated
with * refer to the most abundant in each group represented in the experiment. FTA, filamentous turf algae; CA, coralline algae; FA, fleshy algae.

Treatment
Taxa Funct. g.
Addition Control 1 Control 2
RHODOPHYTA

1 Aglaothamnion sp. Feldmann-Mazoyer FTA X

2 Amphiroa sp. J.V.Lamouroux CA X X

3 Amphiroa tribulus J.Ellis & Solander CA X

4 Amphiroa rigida J.V.Lamouroux CA X

5 Apoglossum sp. J. Agardh FA X X

6 Apoglossum ruscifolium J.Agardh FA X

7 Carradoriella denudata (Dillwyn) Saboya & Saunders FTA X X
8 * Ceramium sp. Roth FTA X

9 Ceramium brevizonatum var.caraibicum H.E. Petersen y Borgesen FTA X

10 Ceramium cimbricum H.E.Petersen FTA X X X
11 Ceramium cruciatum Collins & Hervey FTA X X X
12 * Ceratodictyon sp. Zanardini FA X X

13 Ceratodictyon intricatum (C.Agardh) R.E.Norris FA X
14 Ceratodictyon scoparium (Montagne & Millardet) R.E.Norris FA X
15 Ceratodictyon variabile (C.Agardh) R.E.Norris FA X X X
16  Champia sp. Desvaux FA X

17 Champia salicornioides Harvey, W.H. FA X

18  Champia vieillardii Kiitzing, F.T. FA X X
19 Chondria baileyana Harvey, W.H. FA X

20  Chondria cnicophylla (Melvill) De Toni FTA X
21 Chondria collinsiana W.H. Howe FTA X
22 Chondria floridana W.H. Howe FTA X
23 Corallophila sp. Weber-van Bosse CA X
24 Crouania attenuata J.Agardh, FTA X
25  Dasya sp. C.Agardh FTA X
26  Gracilaria mammillaris (Montagne) M.Howe FA X
27 Griffithsia sp. C.Agardh FA X X
28  Griffithsia schousboei Montagne FA X X
29  * Halymenia sp. C.Agardh CA X X
30  Halymenia echinophysa Collins & M.Howe CA X X
31  Halymenia pseudofioresii Collins & M.Howe CA X X
32 Heterosiphonia sp. Montagne FTA X
33 Jania sp. J.V.Lamouroux CA X X
34 Jania pumila J.V.Lamouroux CA X X X
35  Melanothamnus gorgoniae (Harvey) Diaz-Tapia & Maggs FTA X X X
36  Nitophyllum punctatum (Stackhouse) Greville FA X X
37 Nitophyllum wilkinsoniae Collins & Hervey FA X
38  * Polysiphonia sp. Greville FTA X X X
39  Polysophonia atlantica Kapraun & J.N.Norris FTA X
40  Polysiphonia havanensis Montagne FTA X
41 Polysiphonia sertularioides (Grateloup) J.Agardh FTA X
42 Trichogleopsis pedicellata (Lawrence) J.Schwede FTA X X

TOTAL: 42
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Treatment
faxa Funct. g Addition Control 1 Control 2
CHLOROPHYTA
43 Bryopsis sp. J.V.Lamouroux FTA X X
44 Bryopsis plumosa C. Agardh FTA X
45  Bryopsis ramulosa Harvey FTA X
46  Caulerpa cupressoides (Vahl) C. Agardh CA X
47 Caulerpa lanuginosa J.Agardh CA X X X
48  Caulerpa verticillata J.Agardh CA X
49  Chaetomorpha sp. Kiitzing, F.T FTA X
50 * Cladophora sp. Kiitzing, F.T FTA X X
51 Cladophora albida Kiitzing, F.T FTA X
52 Cladophora laetevirens Kiitzing, F.T FTA X X X
53 Cladophora vagabunda (Linnaeus) Hoek FTA X X X
54 Derbesia osterhoutii L.R. Blinks & A.C.H. Blinks FA X
TOTAL: 12
OCHROPHYTA- PHAEOPHYCEA
55 Dictyopteris delicatula J.V.Lamouroux FA X X
56 * Dictyota sp. J.V.Lamouroux FA X X
57  Dictyota caribaea Hornig & Schnetter FA X
58  Dictyota humifusa Hornig & Schnetter FA X X
59 Dictyota menstrualis Schnetter, Horning & Weber-Peukert FA X X
60  Feldmannia mitchelliae (Harvey) H.-S. Kim FTA X
61  Hincksia sp. J.E. Gray FTA X
TOTAL: 7
CYANOBACTERIA
62  * Lyngbya sp. C.Agardh FTA X
63 Lyngbya confervoides C.Agardh FTA X
64  lyngbya majuscula Harvey ex Gomont FTA X
65  Oscillatoria sp. Vaucher ex Gomont FTA X X X
66  Phormidium sp. Kiitzing ex Gomont FTA X

TOTAL: 5

the cover and appearance of most FTA (P=0.245, mean
60+0.613%) and this effect was similar in all the ana-
lysed samples (fleshy, P=0.658, mean 27.27+0.543%;
coral, P=0.631, mean 12.73+0.658%) (Table 2). The
algal cover was lower under the natural conditions
(controls 1 and 2) than under the experimental ones
(sediment addition). Although the experiment showed
no significant statistical differences, a trend towards a
greater presence of FTA and a lower coverage of CA
was observed, although in control 2 there was a greater
presence of CA than in the other treatments (Fig. 3).
The sediment addition treatment affected the pres-
ence of some types of algae (CA 12.73%) but showed
an increase in the presence of FTA (47.27% more
than CA) (Table 2). In contrast, on the non-addition
plates (control 2) there was a prevalence of FA and CA
(46.51% and 23.93%, respectively). In general, in all
the experiments, FTA were the group with the high-

est presence of algae (52%), FA were the second most
abundant group with 30%, followed by CA with 18%
(Fig. 3). The species composition showed no differenc-
es (P=0.3819) between the plates with the added sedi-
ment and those with sediment naturally present in the
environment, although a small difference was related
to the presence of some exclusive species within the
group’s functional characteristics present in the treat-
ments. However, there was a greater presence of rhodo-
phytes such as Ceramium sp. and Chondria sp. on the
plates with added sediments, and of Polysiphonia sp.
on the control plates (Table 1).

Red algae were the most dominant species on all
plates of this experiment, in particular FTA (Cera-
mium cruciatum, Ceramium cimbricum, Gelidiopsis
sp., Chondria sp. and Neosiphonia gorgoniae), which
formed turfs and covered the settlement plates. Inde-
pendent of the type of sediment, the fleshy Ceratodic-
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Table 2. — Results of a one-way and multifactorial analysis of variance (ANOVA) on the coverage of species between treatments, a multivariate
analysis of variance (MANOVA), a Fisher LSD test and the means with standard deviation for each treatment and morphological group. FTA,
filamentous turf algae; CA, coralline algae; FA, fleshy algae; NS, no significance.

ANOVA Source Squares Sum df Half Quadratic =~ F-ratio P-value Conclusion
One-way — every group of macroalgae
FTA Between Treatments 0.0045 2 0.0022 1.58 0.245 NS
Intragroup 0.0173 12 0.0014
Total (correlation) 0.0218 14
CA Between Treatments 0.0001 2 0.0000 0.48 0.630 NS
Intragroup 0.0020 12 0.0001
Total (correlation) 0.0021 14
FA Between Treatments 0.0002 2 0.0001 0.43 0.658 NS
Intragroup 0.0038 12 0.0003
Total (correlation) 0.0041 14
One-way — complete experiment
Between Treatments 10.6704 2 5.3351 2.31 0.104 NS
Intragroup 235.664 102 2.3104
Total (correlation) 246.334 104
One-way — addition vs. control 2
Between Treatments 9.6462 1 9.6462 3.85 0.054 NS
Intragroup 165.438 66 2.5066
Total (correlation) 175.084 67
Multifactorial — complete experiment
A: Treatments 12.8788 2 6.4392 2.79 0.066 NS
B: Morphological Group 4.4938 2 2.2469 0.97 0.381 NS
Residual 231.1705 100 23117
Total (correlation) 246.3340 104
MANOVA
Treatment Morphological Group 2.618 2 1.309 1.628 0.201 NS
Coverage 10.670 2 5.335 2.309 0.105 NS
Total (correlation) Morphological Group 84.629 104
Coverage 246.334 104
FISHER LSD TEST — POST HOC
Homo- .
Treatment Case Half geneous Contrast Differ- Limits  Significance
Groups ence
Addition 38 2.5747 X Add-C1 —0.1279  0.6963 0.071
Control 1 37 2.7027 XX Add-C2 —0.7585  0.7363 0.044 *
Control 2 30 3.3333 X Cl-C2 —0.6306 0.7407 0.094
MEANS WITH STANDARD DEVIATION
Turf Coralline Fleshy
Addition 60.00+£0.613 12.73+0.658  27.27+0.543
Control 1 58.82+0.902 16.18+0.786  25.35+0.522
Control 2 29.47+0.785 23.93+0.866  46.61+0.593
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Fig. 3. — The total species of macroalgae in each functional group
per treatment with the error bars showing the standard deviation
indicating the variation in data measurement.

tyon variabile and the coralline Jania pumila were the
most dominant, along with green FTA such as Clado-
phora laetevirens and Cladophora vagabunda, and CA
such as Caulerpa lanuginosa.

Therefore, it can be said that there was no signifi-
cance between the addition of sediments and the natu-
ral conditions, so the sediments did not greatly alter the
macroalgal composition in the substrates used (Table 1).

The sediments found on the plates generally corre-
sponded to those naturally present in the environment,
because the largest amount of sediments collected
from the plates had very small particle sizes (0.53-0.27
mm). However, it was found that on the plates with
addition of sediment grain sizes were larger (related
to the addition of terrigenous origin) and the presence
of macroalgae was greater. Conversely, in the natural
conditions, the presence of this functional group was
lower (Fig. 4). It should be noted that some species of
CA were found in both the addition and natural condi-
tions, but they were present in smaller quantities than
FA and FTA. It was also observed that the plates with
sediment treatment had a greater presence of red and
green algae, represented in greater abundance by FTA.
Increases in sediment generally favoured the growth
and recruitment of these macroalgae at the level of ad-
dition evaluated.

DISCUSSION

In this experiment, it was observed that the increase
in sedimentation at the levels explored had a very slight
effect on the structure of the algal community in Capur-
gand Bay. The three functional groups of algae explored
responded differently to the effects of the sediment ad-
dition, as this can change the physicochemical charac-
teristics of the benthic zone and promote the presence
and development of some algal species, primarily FTA
(Birrell et al. 2005, Eriksson and Johansson 2005, Bal-
ata et al. 2007).

The addition of sediments increased the presence
of FTA but had a negative effect on the presence of FA
and CA. Some species, however, appeared mainly in
one treatment or another, but with very low abundances

LYMS
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—4{— CONTROL 1
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Fig. 4. — Comparison of the granulometric distribution curve found in the different treatments, where G is gross, M is medium and F is fine.
The scale of the graph was adapted from Espinace (1979).
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(Table 1). Although no statistically significant differ-
ences were found, the observations show a trend to-
wards a greater presence of FTA throughout the experi-
ment, potentially due to a type Il error as a consequence
of the low number of replicates. It has been found that
some macroalgae can take advantage of sediment-rich
habitats, including thicker stalk growth, apical growth,
vegetative propagation, regeneration of basic struc-
tures, temporal reproduction cycles, and growth due
to fluctuations in sediment cover (Airoldi and Cinel-
li 1997, Garcia and Diaz-Pulido 2006), while others
can be negatively affected by these habitats (Kendrick
1991, Fabricius and De’Ath 2001). The greater pres-
ence of FTA may be due to their ability to retain or
trap more sediment particles from river or continental
discharges than other morphofunctional groups (Birrell
et al. 2005, Quan-Young and Espinoza-Avalos 2006,
Tebbett et al. 2018). This why their dominance in areas
with high sedimentation rates has mainly been attrib-
uted to the fact that they act as natural sediment traps,
accumulating large amounts of fine sediments (Acos-
ta-Gonzalez et al. 2013, Cetz-Navarro 2015). The turfs
accumulate organic matter rich in phosphorus and oth-
er nutrients necessary for optimal growth, and this fa-
vours the proliferation of these communities over the
rest of the functional groups (Purcell and Bellwood
2001, Eriksson and Johansson 2005, Quan-Young and
Espinoza-Avalos 2006). They may remain in conditions
of high sedimentation—unlike some corals and other
algal groups—because they have developed the ability
to take up and store sediment (D’Antonio 1986, Bab-
cock and Smith 2002, Cetz-Navarro et al. 2015). On
the other hand, the reduction in the presence of CA due
to the increase in sediments involves some limitations
for their settlement and development (Diaz et al. 1996,
Doropoulos and Diaz-Pulido 2013), because they are
associated with environments with low sedimentation,
which is decisive for promoting calcification rates and
coral settlement on reefs (Kendrick 1991, Fabricius
and De’ Ath 2001). High sedimentation causes suffoca-
tion in CA, causing them to lose pigmentation or dis-
colour (bleach). It also reduces the light available for
the development of these algae, which can lead to the
long-term loss of the CA community, limiting future
recolonization of previously disturbed reefs (Ricardo
et al. 2017). The increase in sedimentation is a problem
that coral reefs and CA suffer from globally (Fabricius
and De’Ath 2001), because it reduces the availabili-
ty of space for the settlement of coral larvae and CA,
which can cause the death of some coral species by suf-
focation, reducing the growth of coral by abrasion and
decreasing the activity of zooxanthellae among other
deleterious effects (Florez-Leiva et al. 2009, Bégin et
al. 2016, Ricardo et al. 2017).

Capurgand Bay is subject to a high degree of an-
thropogenic influence, including tourism, continental
discharge of rivers, overfishing, herbivore fishing and
direct sewer drainage to the sea. These stressors have
caused a greater growth of algae, an accumulation of
pollutants in sediments and marine species, and a re-
duction of light. Higher levels of nutrients and a de-
crease in the transparency of the water indicate a higher

concentration of pollutants (suspended sediments, ni-
trogen and phosphorous), which leads to more algae
and less coral diversity (Lopez-Jiménez et al. 2020). It
should be noted that the increase in sedimentation rates
is a major problem in coral reefs worldwide, causing
mortality in reef species such as hard corals and great-
ly increasing the space available for alga colonization
(Diaz-Pulido and McCook 2004, Bégin et al. 2016).
However, this space can primarily be occupied by FTA,
which are excellent sediment traps and much more re-
sistant (Airoldi 2003) than the other functional groups
evaluated. The prevailing view is that the effects of sed-
imentation on the coral reef ecosystem depend mainly
on the community structure, the interaction with oth-
er biological, physical, and chemical factors and, to a
large extent, the frequency of sedimentation events in
the environment (Babcock and Smith 2002, Birrell et
al. 2005). Nonetheless, it is important to clarify that
there are algae that have natural variations and cycles
that depend completely on factors specific to each spe-
cies or environmental variable characteristic of each
climatic season (e.g. temperature, salinity and light in-
tensity), without necessarily affecting the health of the
coral colonies (Marquez and Diaz 2005).

In the present study, relatively low sedimentation
rates were used when compared with other studies, in
which sediment experiments used higher sedimenta-
tion rates and the nature of the sediment was evaluated
(Babcock and Smith 2002, Florez-Leiva et al. 2009).
Experimental studies with algae have shown that high
levels of sediment decrease the fixation of microscopic
states, limit the fixation of propagules and recruitment
(Balata et al. 2007, Florez-Leiva et al. 2009), and pro-
duce a reduction in the sizes of the thallus and repro-
ductive capacity (Birrell et al. 2005). In summary, there
are a great variety of responses from algal communities
to the addition of different types of sediments, and the
responses largely depend on the geographic, geomor-
phological and natural levels and types of sediments
deposited in the ecosystem. Thus, these processes pro-
mote reef degradation and can modify the population
dynamics and recruitment of algae in Capurgand Bay,
which may have important implications for under-
standing the ecology of this ecosystem.

Finally, for the treatments studied we found that the
responses depended to a large extent on the character-
istics and nature of the deposited sediments and exhib-
ited high taxonomic richness, which was observed in
all the substrates (plates) of the experiment. Given the
complex interactions between the nature of the sedi-
ment and the algae in this study, it is difficult to make
generalizations about their role in algal communities
by morphofunctional groups, although these provide
a relevant degree of information. Hence, in this ex-
periment, it was important to identify the species to a
more specific taxonomic category. Nonetheless, at the
experimental level, this study shows the importance of
the nature of the sediments and their potential effects
on the structure of algal communities in these reef sys-
tems. The intensity of the sedimentation effect was ev-
idenced by the amount of sediments added in addition
to the type of algae studied. The adaptation responses
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of the algae to the sediments in each of the experimen-
tal treatments depended on the species involved in the
interaction, their intrinsic properties, type and strategy
of growth, their susceptibility to herbivores and their
affinity with the sediments. These are some of the prop-
erties that may explain the patterns observed in this
study concerning the frequency and appearance of one
species of algae or another. Due to the multiple and
intricate interactions between sediments and algae in
this study, it is difficult to draw conclusions about their
role in algal communities. However, at an experimental
level, this work shows the importance of studying and
knowing the presence of sediments and the sediments
rate and their possible effects on the structure of algal
communities in coral ecosystems.
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