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ABSTRACT A range of factors may affect the composition and abundance of macroalgae on subiidal rocky reefs. We
experimentally determined the interactive effect ol the occurrence of the long-spine sea urchin, indema antitiaram. depth and
sedumentation levels on macroaleal assemblage structure on eastern Atlantic rochy reefs. Specilically. we mantpulated sea urchin
densities {removal of all individuals vs. unlouched controls al natural densities) on rocky reefs devoid of erect vegetation, and
predicted (1) that removal of sea urchins would differently aflfect macroalgal assemblage structure between deep (16 18 m) and
shallow (8 -9 m) reel strata, and that (2} the effect of sea urchin removal on macroalgae would be allered under different scenarios
of sedimentation (ambient vs. enhanced). Experimental circular plots (2 min dismeter) were sel up al 3 locations at Gran Canaria
{Canarian Archipelago), and were maintained and monoitored every 4 wk for 1 v, At the end of the experimental period. the
structure of the algal assemblages differed between urchin treatments and depth strata. with a larper cover of turl and bushlike
wlgie where urching were removed and at the shallow reef stratum. More important, differences in algal assemblage striueture
between urchin treatments were irrespective of sedimentation levels, bot shifted from the shallow 1o the deep stratum. This
interactive effect was, in turn, observed for bushlike algae, as a result of a farger magmitude of response ti.e. larger cover) in the
shallow stratum relative 1o the deep stratum, but was not detecied for either turf or crustose coralline algae. These results highlight
the importance of same physical couditions (here, differences in depth} to interact with biotic processes (here, urchin abundance)

to create patterns in the organization of subtidid and benthic assemblupes.
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INTRODUCTION

Subtidal temperate habitals are helerogeneous, A range of
factors may facilitate or disturb the presence and abundance of
subtidal macroalgae living on hard bottoms, and thereby affect
their composition and assemblage structure (Lilning 1990). For
example, fight. sedimentation, grazing, and water flow have
heen repeatedly highlighted as important determinants
of macroalgal assemblage structure (Schiel & Foster 1986,
Witman & Davion 2001). In turn, an appreciation of the
interactive effects of physical and biological processes may
assist in the development of predictive models about the
assembly and maintenance of heterogenetty of subtidal com-
munities (Connell 2005).

Depth direetly affects dudlerent abiotic properties, such as
light availability. nutricnt concentrations, sedimentailon, and
temperature {Garrabou et al. 2002}, For example, an increase
in depth i3 associated with a decrcase in light availability and
typically in algal growth. which affect the community dominant
{(Witman & Dayton 2001} A considerable small-scale horizon-
tal spatial vartability (from centimeters to meters) in the
structure and abundance of algal assecmblages clearly mdicate
that other mechamsms are also relevant to influcnee patterns
in algal abundance and assemblage structure on subtidal reefs
(Fowler-Walker & Counell 2002, Schils & Coppejans 2003,
Terlizzi ct al. 2007). For example. sediment deposition may
disturh, and so alter, algal diversity and abundance at smali
scales {Schiel & Foster 1986, Airoldi & Virgilio 1998}, often
indircetly facilitaling opportunistic filamentous turfs to replace
adversely alfected canopy-forming, ercct, macroalgae (Asroldi
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& Cinelli 1997, Irving & Connell 2002), although sediment
disturbance may promote diversily through preventing monop-
olization of space by compeuitively superior species (Littler et al.
1983b, Airoldi. 2003).

The presence of high sea urchin population densitics has
been widely advocated as & key mechanism determining the
organization and functioning of temperate reefs: Overgrazing
by sea urchins may cause the elimination of erect macroalgae,
ultimately turning algal beds into “urchin-grazed barrens™
dominated by algal crusts and sessile invertebraies (e, Daylon
ct al. 1992, Andrew 1993, Andrew & Underwood 1993, Shears
& Babceock 2003, Graham 2004, Yuya ct al. 2004bj. The
intensily of sea urchin grazing, and subscquently its cffects on
the organizatjion of benthic assemblages. is, however, consider-
ably heterogeneous through space and time {Benedetti-Ceechi
et al. 1998). A range of biotic and abiotic mechanisms can alter
sea urchhn densities, and so grazing rates. For the former, shifts
in the behavior (Sala et al. 1998) and recruitment (Ebert 1983,
Balch & Scheibling 2000) patterns are two of the main studicd
mechanisms. whereas for the latier, differences in urbulence.
wiave action, substrate rugosity. and heterogeneity are factors
routinely advocated to influence the effect of sea urchin grazing
over algal assemblages (Lawrence 2001). For example, water
turbulence typically decreases with increasing depth {Denny
1988, Roberts ct al. 2006), and may therefore increase the
susceptibility of crect algae Lo sea urchin grazing (Alves et al.
2001, Tuya et al. 2007, Shears el al., 2008). Similarly, the
negative effect of sea urchin grazing over erect macroalgae can
be exacerbated under scenartos ofinereased sediment loads that
facilitate opportunistic filamentous algae through an inhibition
of the recruitment of crect macroalgae (Valentine & Johnson
2008), although the effect of urching on macroalgae can be
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reduced when high levels of sedimentation have adverse cttects
on larval und postsettlement survival of sea urching (Shears
el al. 2008).

The long-spine bluck sea urchin, Pigdema antillarnm
{Philippi). is o gregarious cchinoid that occurs in alimost all
marine habitats in the shallow subtidal across the warm temper-
ate waters of the eastern Atlantic. rom Madeira 1o the Gulf
of Guinca. In this region, this species plavs a key role in
siructuring subtidal rocky reels (Alves et al, 2001, Tuva et al.
2004b. because it is divectly invelved in the translormation of
large reef areas previously covered by erect algae Lo barrens,
following the classic trophic cascades paradigm (Salw et al, 1998).
Indeed. the contribution ol other gravers (e.z.. herhivorous
fishes) to the generalion of reel barrens s neghigible when
compared with the grazing caused by D, antiflarmsr (Tuya <t al.
2004a).

Potential interactions between dilferent factors are oftes
ignored in tests of hypotheses aboul the structure of benthic
assemblages. although they might clarily @ substantial amounl
of the spatial variabitity among whole assemblages, In this
study. we experimentally determined the interactive effect
between the occurrence (absence vs. prosenecd of Lhe long-spine
black sca uechin. O wntifiprum. and differences v depth and
sedimentation fambient vs. enhanced) to create patterns in the
assemblage structure of macroalgae on castern Atlantic rocky
reets, Specifically. we manipulated sea urchin densities and
predicted {17 that removal of sea uwrchins would difterentdy
alfect macroalgae assemblage structure between deep and
shullow reef strata. and that (23 ihe effect ol sea urchin removal
on maroalgue assemblage structure would be altered under
different scenarios of sedimentation {enhanced vs. naturaly 1n
particular. we predicted that erecl. bushlike algae would be
more atfected by urchin grazing than filamentous turts, where
sediment loads are heavier,

MATLERIALS AND METHODS

Study Area

The study was carried out at 3 locations. 1 2 km apart, on
the northeast coust <f Gran Canaria (The Canarian Archipel-
ago, 28N, castern Adantic Qcean), rom March 2007 March
2008, Euch location encompasses rocky (hasaltic) reets denuded
ol vegetation (urchin-grazed barrens™) from approximately 4-
20 m depth. and are exposed to the prevailing swells and seas
trom the northwest and northeast. respectively. Occanographic
variables (Le., current patterns. scn surlace temperature, expo-
sure 1w waves) are typically similar from vone location to the
other (Gonzialez Barbuzano 2003). Sea surface temperalure
fluctuates from 18-19°C in winter to 23 24°C in summer. [n
this area. the distribution of benthic communites along the
bathymetric axis shows a consistent vertieal zonation patteri.
Within the shallowest zone (0-3 m) extensive stunds of ulpal
dassemblages  principally, bushlike algae (Tuva & Haroun
2006)- dominate the community, and long-spine sca urchins
only occur in Jow densitics (0t individuals m’). Intensive
avazing by B antiffarwen produces clear interfaces between
these shallow-water algal stands and deeper areas devoid of
vegelation tfrom below 3 m of depth. long-spine sea urchin
mean densitics typically range from 4-6 individuals, m™ [Tuya
et al. 2004b]).
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Inteructive Effects Between Sva Urehin Presence and Depth:
Experimentaf Design

At each location, circular plots (diwmeter. 2 m) were croated
by cither removing all urchins { U) or preserving urchin
densities at natural Jevels (e untouched controls. UL All
plots were set up on horizental reef surfaces with similar
densities of urchins franging from 4 6 individuals m™), and
devord of erect vegetation. The center ot each expenmental plot
wus nirked with a mctal stake drilted into the reef and labeled
fur subsequent identification. Two plots of cach treatment { U
and +Uj werc established at 2 depth strata deep (16- 18 m)
versus shallow (8 9 mi—within cachiocation {i.c.. 8 experimen-
tuf plots per location). All plots were created at the beginning
af March 2007, and were visited approximartely cvery 4 wk to
maintin treatnients and to quanely changes in assemblage
structure, until the ond of the experiment {March 2008). Beeause
adult Do antiflareon individuals show acclear “homing behavior™”
(Tuya et al. 2004¢). colonization of urchin removal plots {-L]}
was mostly roestricted 1o juveniles (personul observation)
throughout the study, which hide in ervptic reef microhabitats
such as cracks and crevices (Herndandez 20000, Immigration ot
adult £ ansifforgn into urchin removal plats ( U, ar any tme
during the &-wk period, was, in all cases. less thun orequal 1o 2
individuals per plot and individuals were removed.

Inrevactive Effects Between Sea Urchin Presesce and Sedinentation:
Experimental Design

The second experiment was conducted il the same locations
using the same methaods deseribed for the previous experiment,
but was only conducted ata single depth stratum (12 -14 m). At
ach location. 2 plots of cach urchin treatment ( U and +L0)
were subjected, overy 4wk, o an “enhanced” scdimentation
treatment by adding sandy (0.28 mm mean grain diameter)
sediments (40,44 g wet weight per experimental ploi} as a fine
“rain” (Alroldl & Virgilio 1998, Connell 20035) uniformly
distributed within each plot. The other 4 plois were maintained
at Tnatural” (e, unmanipulated) levels of sedimentation. To
determine o proxy to the level of sedimentation in the study
area, 4 funnel-like sediment 1raps (63.38 cm” of upper eircular
arca) were established. 30 em above the bottom at | location.
and the mean aecumulation rate (micasured in grams wet weight
per squitre meter perday) of sediments was quantified every day
for 4 suceessive duys. Those plots assigned 1o the “enhanced”
sedimentation treatment were subjected to a 3-Told increise in
sedimentation rates (0.67 g wet weight/m= day) relative 1o
natural sedimentation levels (0.22 ¢ wet weight n®-day'). Such
an increase was selected o represent a realistic scenario in the
shilts of sediment loads within the study arca (Gonzalez
Barbuzano 2003), which facks major runoff sources (e.g.. rivers.
crecks) throughout the year.

Sampling

IFor both experiments, and at each sampling ome (ve. every
4wk from March 2007 to March 2008), a scuba diver quantified
i sire the pereent cover of algae in four 30 % 50-cm quadrats
{0.25 m?) within cach plot. following point-quadrat procedures
previously implemented for the study area (a grid of 121 points
per guadrat was wsed moall cases [Tuva and Haroun 2006]).
Quadrats, tens of centimeters apart, wete haphazardly laid owt
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within each plot. This is a rapid. nondestructive technique to
assess assemblage structure and dominance of sessile hiota
{Fowler-Walker & Connell 2002, MeClanahan e al, 2003),
Finul vidues for each taxon were expressed as percentages. Taxa

presented in less than a 4% cover were onmitted. Responses of

algae can be identified. without loss of significant information.
through taxonomic groups instead of species (Terlizzl ¢t al.
2003). Macroalgae were thus calegorized into 3 morphological
groups, by tiking into account the algal form groups reported
n the litersture (Steneck & Dethier 1994, Fowler-Walker &
Connell 2002, McClanahin et al. 2003 Vasclli et al, 2008), and
previously implemented in the study arca {Tuva and Haroun
20063, Turf algace (hereafter reterred to as TA) consist of small
cushion-shaped and filamentows species. usually tess than Som
in height {e.g.. Colpomnenia sinwosa, Dasyeladus vernioularis,
Jaria spp.. Cereminm spp.). Bushlike alpae (hereafter referred
tor us BA)Y are areet. coarsely branched algae (c.g.. Asparagopsis
spp.. Coralline clongata. Dvetiota spp.. Pading pavenica, Sn-
povardon scopariton, Stypopodimn zonale, Zolaria touriefor i),
from ! 15 em in height, which constitute either large algal
cushions or thin sheets. Finally, coralline algue (hereafter referred
1o as CAYconsisicd of algal crusts (e.z.. the senera Lidhothanion,
Lithophyten. Neogoniofithon. Viranoderinag). and were counted
when not overgrown by other algae,

Statistical Analyscs

For each cxperiment, differences between categories (and
combinations) of predictive factors were evaluated using multi-
and uwmivariate unalysis of variance (ANOVA} Permutational
analysts of varance (PERMANOVA [Anderson 20017 was
used to partition both multivariate and univariale variability,
because this approach allows multivariate twsting for interac-
tions. and uscs pormulations to calculate £ values. The lauer
was preferable because the data were from unknown distribu-
tions dand were overdispersed. The test statistic {pscudo F}is a
multivariate analogue of the univariate Fisher's F ratio, and in
the univariate context the two are identical when using Cuchd-
ean distance us the dissimilarity measure (Anderson 2001),
Because data collected from the same experimental units
through tme are often autocorrclated. and so assumptions of

949

analyses may not be met. we analyzed data at the end of the
experimental period according to 4 mixed cffects. 4-factor
ANOVA maodel. incorporating (1} location {random tactor
with 3 levels), {2} urchins {fixed factor with 2 levels: -1 vs,
"L and orthogonal to the previous factor). (3) depth (deep vs,
shallow strata) or sedimentation (ambient vs. enhanced) {fixed
tactor with 2 levels. and orthogonal to the previous factors). and
(4 plots (random factor with 2 levels. nested within the 2nd
order interaction between location, urchin. and depth or
sedimentation). Raw data were square root transformed to
down-woight the most abundant taxa, and multivariate tthe
cntire macroalgal assemblage) and univariate (pereent coverage
of TA, BA. and CA) analyses were based on Bray-Curtis
dissimilarities and Euclidean distances, respectively. P values
were calculated from 4.999 unrestricied permutations of the raw
data. When appropriale. pairwise ¢ poxterfor] COMPATISOns were
exccuted using 4,999 permutations to test for differences among
levels of Nixed lactlors. To visualize mollivariate patterns, non-
metric nultidimensional scaling ordination wus carried out on
the square root transformed data. Differences in variability
(dispersion) in asscmblage structure between treatments were
tested through pairwise comparisons with the PERMDISP
routine (Anderson 2004) vig 4,999 permutations of the raw
data. Al analyses were performed using the PRIMER 6.0
(PRIMER-E Ltd, UK} statistical package.

RESULTS

Effects of Urchin Removal on Algal Assemblages Between
Shallow and Deep Sirara

Differences in algal assemblage structure between urchin
removal and untouched (control} plots at the end of the exper-
iment shifted from the shallow 10 the deep stratum {Tuable 1.
PERMANOVA. Ur % De, P = 0.05); this interactve eflect was
consistent amonyg locations (Table |, PERMANOVA, Lo X
Ur ® De. £ = 0.1), although the offects of urching and depth
shilted among locations (Table |, PERMANQVA, Lo X Urand
Le x De, P < 0.01% In general. the structure of the algal
assemblages at the shailow siratum was more variable {l.e.
dispersed) relative to those algal assemblages at the deep strata

TABLL 1.

Results of multivarizte and univariate ANOVY A testing the effeets of location (random factor), urchins (fixed Tactor with 2 levels
and orthoganal to the previous factor), depth {fixed factor with 2 levels and orthogonal t the previous factors), and plots
(random factor with 2 levels, nested within the 2" order interaction between location, urchins, and depth) on the structure of
algal assemblages and the percent coverage of each algal morphelegical group at the end of the experiment.

Algal Assemblage

Turf Algae

Bush Algae Crustose Algae

Source df AMS F P M8 F P M5 F P AMS F r

Lo tlocation) 2 17.479 3037 00002 0.41 225 0.1473 06,21 10,11 0.0027 4,35 1228 0.0013
Lir turchins) 1 2546782 5770 00462 3047 3709 00253 79926 2449 0039 .09 086 04513
D (depth) 1 20751 4375 00762 3201 45095 G021 L1IRG.76 1187 00478 15,4 408 01RO
Plot {Lo = Ur = ) 12 443,94 Tak o 0.0004 [Nk 397 0000 65,521 500 0.0000 0.3% .69 0.0866
Lo =< Ur M 4,445, 1 10.02 00002 1.03 5.71 NA1%1 32.00 4098 00266 .10 .31 (17413
Lo x De : 12581 IRZF 0 0.0002 1.14 h22 0 14 95,57 14534 {0006 4.52 12,75 (LOOT ]
Lr = [ | 5 R634 T30 00268 209 794 L1062 341.26 1174 Q0757 1.01 185 L3072
[o® Lr x DNe 2 FIRN L6 03696 .26 P45 (12723 1907 444 (1.036] 0.34 1.5 (L2529
Resiclual 72 17227 004 1.17 0.20
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{Table 2. PERMIJSP, most pairwise comparisons, # < (101,
which, indeed. tended to cluster together in the ordination space
(Fig. 1),

For TA, the direction and magnitude of differences between
urchin treatments [ U vs. i 1) was consistent between depth
strata{Table [, Ur X Dcund Lo ¥ Ur X De. £=0.10. Fig. 2),
We detected differences in the percent coverage between urchin
treatments (-U ws, —U) and depth struta (Table |, urchin and
depth. £ = 0.05 Fig. 2). Those plots where urching were
removed (1) contained 31 times more algal cover than
untouched {control) plois (<L), whereas plots at (he shallow
reef stratum contmned 1.6 times more algal cover than the deep
reel stratum (Fig. 2). These differences between urchin treat-
ments and depth strata, however, diftered slightly in magnitude
amonglocations (Table 1, Lo X Ur. Lo X e, P0.05, Fig. 23,

In the case of BA, differences between urchin treatmeits
varied from the deep to the shallow reef stratum (Table | Ur =
De, P — (.07, Fig. 2). as a result of a larger magnitude of
responsc (1.0, larger percent of coverage) in the shaliow relative
10 the deep steatwm (Fig. 21, which cven varied among locations
{Table 1. Lo X Ur X Deo P <2005 Fig. 2). We detected
differences in the percent coverage between urchin treatments
( U wvs. - Uy and depth straw (Table 1, urchin and depth, £ <
0.05, Fig. 2). Those plots where urchins were removed (--U) had
1.4 times more cover of algae than plots where urchins were not
elinunuted (+11), whereas those plots at the shallow reel strutum
had 5.7 times more cover of algae than the deep reef straium
(IFig. 2). These differences between urchin treatments and depth
strata differed in magnitude among locations (Tabic i, Lo X
Ur. Lo ¥ De. P< 005 Fig. 2).

Finally. and for CAL location no. | contained a larger
percenl coverage than the other locations at the end of the
cxperiment (Table 1. location, P < 0,01, Fig. 2). particularly at
the shallow stratum. which resulted (n an mteractive cffect
between these 2 factors (Tuble 1, Lo X De. P=0.01, Fig. 2). No
other significant effects were detected,

Effects of Urchin Removal on Algal Avsemblages Between
High and Low Levels of Sedimentation

The effect of urchin manipulations (-U vs. +U}y on algal
assemblage structure was irrespective of sedimentation levels
at the end of the experiment (Table 3, PERMANOVAL Ur X
Se. P=0.03) (Fig. 3). although it varied among locations ( Table
3. PERMANOVA. Lo x Ur. P =0.05). Moreover. differences
in dispersion in assemblage structure were not observed among

TABLL 2.

Results of pairwise comparisons of multivariate dispersion
between sea urchin teeatments (removals [-U] vs. uatouched
controls [+L]) from shallow to deep strata.

Giroups H P
-U shallow versus -1 shallow S1.606 0.001
U shallow versus - U deep 1981 1.001
=L shallow versus U deep 35019 0.009
L. shallow versus + 1 deep 29805 0.002
—L: shallow versus - U deep B.61471 0.724
= deep versus - U deep 2442 010
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Figure 1. Two-dimensional nonmetric meltidimensional scaling plot
showing centroids of algal asscmblages thut were subjected to sea urchin
removals (circles) or preserved at natural densities of sea urchins
{unteuched controls, triangles) at shallow (open symbols) and deep (filled
syibols) strata ac the end of the experimental period. Replicated plots
have been averaged within each treatment for cach of the 3 locations.

treatments (all pairwise comparisons. P = 005 PERMDISP,
Table 4. cxcept between --U -sedimenis and -U +sediments).

For both TA and BA, we observed a signilicantly larger
cover, al the end of the experiment within those plots where
urching were removed (Table 3, urchins, P<0.05, 2.1 times for
TA and 2.5 times for BA, Fig. 4}, irrespective of levels of
sedimentation {Table 3. Ur X Se, P> 0.05, Fig. 4). DifTerences
between levels of sedimentation did not cause a significant
change in the cover of both wigal groups (Table 3. sedimenta-
tion, £ = (.05, I'ig. 4}, Finally, location no. | contained more
CA than the other locations at the end of the experiment
(Table 3. location, £ < 0.01, Fig. 4). which even resulted
in an interactive effcct with urchin treatments (Table 3,
Ur X Lo, P <0035, Fig. 4). No other significant effects were
detected.

DISCUSSICN

Effects of Urchin Remuoval on Algal Assemblages Between
Shallow and Decp Srrata

The key role thut sea urchins play in determining algal
asscmblage structure has been experimentally demonstrated
throuphout temperate latiindes (e.g. Dayton ¢t al. 1992,
Andrew 1993, Benedetti-Ceeclii ¢t al. 1998, Alves et al. 2001,
Bulleri ¢t al. 2002, Graham 2004). Typically, an imcrease in the
cover of ereet algae, including both turf and bushlike aigae,
within plots where sea urchins were eliminated (or reduced) has
been observed, which is consistent with our observations from
subtidal rocky reefs at Gran Canaria. Similarly, differences in
the composition and structure of creet macroalgae between
bathvmetric strata have been observed at temperate subtidal
reefs {e.g., Garrabou et al. 2002, Balata and Piazzi 2008, Vergés
clal. 2009). More important, ouwr study demonstrated that the
magnitude of differences in algal assemblage structure hetween
plots subjected to urchin manipulations (removal vs. untouched
controly) shifted trom shallow to decp waters, These results
highhght, therefore, the capacity for physical conditions (i.c.,
depth) to interact with biotic processes (e, urchin abundance)
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Figure 2. Mean percent coverage of cach morphological gronp subjected to sea urchin remaoval (—E) or preseryed at natural densities of sea urchias (+10)
at shaltow (gray bars) and deep (bluck bars) strata at the end of the expecimtental period. Ereor bars are =S¥ of means {7 = 4},

1o creale patierns in the organization of subtidal, benthic
assemblages. Differences in depih not only maintain differences
in the composition and structure of aleal assemblages. but can
also give rise to divergence during succession when the densitics
of major grazers are altered. In this context. bushlike algae
increased more in abundance {i.c., cover) in the shallow than
deep waters when srehing were removed: a pattern that was nol
observed lor turf algac, Such a resull demonstrates the capacity
for depth to impose a strong synergmstic effect that fucibitates the
assembly and maintenance of bushlike algae in shallow waters.

Typically, large patches where major grazers are excluded
are colonized by a range of algal specics. mainly via arrival of
propagules from adjacent populations (Airoldi 20003 Dificr-
ences in their abilities to survive and grow subsequently affect
patch colonization. Because an increase indepth s Enked with o
decrease in leht availability, and then a decline limitation}
alpal growth. the results of our experiment suggest that growth
ix more light limited for bushy algae relative to turf algac. This
pereeption is in agreement with their ditferent morphoelogics
and ceologies (Steneck & Dethier 1994, MeClanahan ct al.
2003, and could partially explain the comparatively large
increase in the cover of bushiike algace where sea urchins were
removed. from the deep to the shallow stratum. In general.
flamentous (or a cushion-shaped) morphology 13 more cfficient

thian a bushy one to capture photosyatheticatly active radiation
(PAR) lght (Littler et al. 1983b: Tor example, sell-shading 15
more hmited relative 1o bushlike algae (Littler & Arnokd 19803,
Morcaver, i s also possible that proximity 1o the source of
propagule donors could explain some of these observations,
Because extensive stands of bushlike algae dominale the
community within the shallowest zone (0 3 ) in the study
arca {Tuva & Haroun 2006}, these zones could supply prop-
agules o the mnmedely adjucent strata (1., the shaliow
stratum i our experimient), because the dispersion of algal
propagules generally shows a sharp. exponential decrease
several meters away from the algal donor (Santclices 1990,
Kendrick & Watker 1991, Coleman 2003). Obviously, several
other potential factors (or even combinationsy that vary with
depth (e.g . wave-induced turbulence) couid also atiect cach
group differentially. [urther experimental approaches are
neeessary 1o unravel the various proposed mechanisms behind
the observed patterns. The fack of response observed for
encrusting coralline algae may be explained hy the short
duration of the expertment. [t s likely that both (urf and
bushlike algae did not have sufflcient time to monopolize the
entire avatlable space within plots. which prevented the com-
petitive exclusion of cncrusting coralhine algae. In addition.
encrusting coralline algae are able to reduce settlement of
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TABLE 3,

Results of multivariate and univariate ANOVA testing the effeets of location (random factor), urchins (fixed factor with 2 levels and
urthogonal to the previous factor), sedimentation {lixed factor with 2 levels and orthogonal te the previous factors), and plots (random
factor with 2 levels nested within the 2™ order interaction between locations. urchins, and sedimentation) on the structure of algal
assemblages and the percent coverage of cach algal morphological group at the end of the experiment.

Algal Assemblagpe

Turfl Algae

Crustose Algae

Bush Algae

Source t NS F Id A% I P 1% b F P M35 F P
Lo tlocation) 2 404 427 00002 104 473 (103G 070 [®.43 O B3 2V T Oty (.00
L turching) i a0497 1.21 (O30 13.65 IR63 0 006249 2733 8D 00330 49 59 2,27 10,2711
Se (sedimentation) | 1.861.4 KPR (R LUEE) 0.0% 0014 (L7483 {67 412 01793 12.76 .08 14075
PlottLa x U %S¢y 12 126.3 n&l 0726l (123 4.530 00 .36 251 DoR] 4.03 I8 03265
Lo o» Ur 2 7541 a1y u0on2 033 1.53 (1.2564 .94 2000 01130 2187 347 (021
lo xS 2 9.7 276 UAKI33 .38 1.ag {2275 016 045 (0.6481 1.7y 243 nNn23
Uir o= Se 1 13034 163 02876 1.29 1.47 (L3484 433 03 0.2237 (384 [IXIN] (1 B4R
La ~ Ur ®x Se 2 LRI 632 (L0004 (.58 RE| 0015324 1.13 313 04982 14.00 347 [N [V N
Residual 72 150.7 .05 014 3.46

potential competitors. suggesting that they du not rely on
grazing by herbivores fe.g. sea urchins} to prevent 4 complete
swamping by erect algal species (Bullerr et ul. 2002).

Finally. results trom this experniment mdicated that the
structure of the algal assemblages at the shallow stratum was
considerably more variable compared with alpal assemblages at
the deep strutum. These results support the notion that shallow
environments are typically more variable. and more extreme,
than deeper ones (Garrabou <t al. 20023, Indeed. shallow
habitats are notoriously affected by fluctuations in a suite of
environmental factors, such as scawater temperature. turbu-
lenee and exposurc to hvdrodynamic forces, salinity, light, and
so fortll through annual cycles (Denny 1988). As a resull.
substantial fluctuations in such a range of actors induce u high
degree of environmental, and thus ceological. heterogencity.

Effects of Uvrchin Remaval on Algal Assembluges Beiween
High and Low Levely of Sedimentation

An increase in the cover of both turl and bushlike algac was
detected, again. where sea urchins were eliminated, However,
pittterns i the structure of these assemblages were irrespective
of sedimentation levels. Filamentous algae may tolerate heavy
sediment aceunmulations (Atroldr & Virgilio 1998, Airotdi 2003,
Connell 2005). Similarly. encrustung coralline algae have been
also experimentally observed to be unaltected by large sedi-
mentation (Kendrick 1991, Vasclli ¢t al. 2008). although
negative effects of sediment are possible for some taxa (Airoldi

TABLE 4.

Results of pairwise comparisons of multivariate dispersion
between sea urchin treatments (removals [-L vs. untouched
controls [+L]} and levels of sedimentation.

Giroups t P
=L sediments vs U sediments Sk.2d42 0.048
U0 sediments vs, +U o sediments 14,3049 0.07s
—U —sediments v U wsediments 16404 n.a7
L sediments vs, -2 - sediments 6. 4524 (.003
U sediments v, U —sediments 19.072 0088
-1 +sediments v, L tsediments (.50 0,438

2003). For bushlike algae, the lack of responsc to a chanpe in the
level of sedimentation is sonichow unexpected. particuiurly
when coupled with o change in the densities of major grazers
(Valentine & Johnson 2005} Several reasons can explain this
outcome. First, it is possible that the dose added was insufficient
to detect a significant change in these algal ussembliges; itis also
possible that the duration of the experimental period, and even
the frequency of scdiment additions, were not sufficient o
detect a perceptible change in their macroscopic cover. The
duration and intensity ol sediment treatmenls greatly alfect the
outcome of these experiments (Airoldi & Cinelli 1997, Airoldi
2003, Vaselli et ab. 2008). For example, the frequency of
sediment additions might huve been considerably long: it is
possible that sediments were swepl away by swells between any
2 consceutive additions. Second. 1t 15 also possible that bush-
like algae in the study arca may tolerate sedimentation more
cliiciently than previously suspected. Third, we cannot rule out
the possibility that the experiment was carried out al a depth
too deep for BA. AL the moment. it is difficult (o estimate the
relative importance of these explanations. For example. despite

2L Stress: 0,1

* o
]
-
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Figure 3. Two-dimensional nonmetric multidimensional scaling plot show-
ing centroids of algal asscmblages that were subjected to sea urchin remoyval
(cireles) or preserved at matural densitics of sea urchins (untouched
controls, irtangles) at enhanced {open symbols) or ambient (filled symbals)
levels of sedimentatinn at the end of the experimental period. Replicated
plots have been averaged within ¢ach treatment for cach of the 3 hieations.
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Fignre 4, Moean percent coverage of each morphological group subjected (o sea urchin removal {-1) or preserved at natural densities of sea wrchins
{+1!) at enhanced (+sediments) or ambient levels ( sediments) of sedimentation at the end of the experimental period. Error bars are £5F of means

{(n= 8).

the Tact that most studies dealing with the cffeets of sedimen-
tation on macroalgae have experimentally added doses 1-2
orders of magnitude larger than ours (Airoldi & Virgilio 1998,
Counell 2005), a slight reduction in the amount of sediments
sinking over algal assemblages can affect the diversity and
dominance of ulgae. particularly with regard to colomization of
patches of bare rock (Airoldi & Cinelli 1997), similar 1o those
plots where sea urchins were removed. Because species-speeilic
responses Lo sediment-induced disturbanees and the local
characteristics of the regime of sedimentation considerably
alfect the response (Adroldi 2003). it s obvious that lTurther
experimental approaches are necessary to address the interac-

tive potential ol sedimentation with biotic mechanisms {i.c..
erazing. compettion) shaping the organization of subtidal
benthie assemblages in the study area,
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