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ABSTRACT

Sessile organisms that live in consolidated sutestrirequently compete for space. Coral species
have many strategies to face this competition,utticly harming their opponents or hindering their
growth. In the present study, the competitive mt&ons between three species of zoanthids were
investigated in the intertidal zone of a sandstoeef environment in northeastern Brazil. The
competitive abilities of the three species werdwatad by periodic observation of the natural feag

of contact and experimental evaluation of theivgtorate through removal of 100 émf colonies

of each speciesRalythoa caribaeorum and Zoanthus sociatus had similar growth rates, and both
species grew faster thdmotopalythoa variabilis. The recolonization strategy seems to differ among
species. The contact fringes betwéemraribaeorum andZ. sociatus remained unchanged over time,
without any type of aggressive interaction betwtem, suggesting that stand-off was the strategy
used by these organismBalythoa caribaeorum and Z. sociatus grew among the polyps d?.
variabilis, often killing its colonies. The coexistence ofathids reveals a capacity for survival in
the face of competition for limited resources sastiree substrate, which led to the colonizatiah an
establishment of zoanthids in intertidal environtsen

Resuwmo

A competi¢@o por espaco € comum em organismosiségse vivem em substrato consolidado. Os
corais apresentam muitas estratégias para compet@despaco, incluindo danos ao oponente ou
inibicdo do crescimento. No presente estudo, aragbes competitivas entre trés espécies de
zoantideos foram investigadas em um ambiente dfesede arenito no nordeste brasileiro. As
habilidades competitivas dos zoantideos foram saddis por observacdes periddicas das margens de
contato entre as coldnias em ambiente natural kBaefia experimental da taxa de crescimento,
através da remogéo de uma area de 100dencoldnias de cada espédhalythoa caribacorum e
Zoanthus sociatus apresentaram taxa de crescimento similar, crescemdis rapido que
Protopalythoa variabilis. A estratégia de colonizacdo parece ser diferentee as espécies. As
margens de contato enfPecaribaeorum e Z. sociatus permaneceram inalteradas ao longo do tempo,
sem qualquer interacdo agressiva entre as coléuagrindo que a inibicdo do crescimento foi a
estratégia utilizadaPalythoa caribacorum e Z. sociatus cresceram entre os pdlipos Blevariabilis,
muitas vezes sufocando e matando suas coldniameRisténcia entre os zoantideos revela uma
capacidade de sobrevivéncia frente a recursoslilodt, como substrato livre, o que levou ao sucesso
na colonizacéo e estabelecimento de zoantideosnimertes intertidais.

Descriptors: Zoanthids, Competition, Growth rateggklstence.
Descritores: Zoantideos, Competicdo, Taxa de enesttd, Coexisténcia.

INTRODUCTION Among them, predation and competition for space
play a major role in distribution (TANNER, 1997) and
Interspecific interactions are one of thestrongly influence community structure and species

factors that can affect the structure of biologicafiversity on marine hard substrates, particuldnlyse
communities (SANDIN: MCNAMARA, 2012). with encrusting forms. Hard substrate available for
' ' settlement and growth is a limited resource fosites
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invertebrates that are known for competing for spac Knowledge of the competitive strategies of
during their growth (SHEPPARD, 1985). Amongstzoanthids and the competitive interactions between
cnidarians, those that form colonies tend to compethem as also between them and other organisms is of
for space, promoting contactwith neighboringgreat importance in the understanding of the
colonies and generating diverse responsesommunity dynamics of marine hard
(RINKEVICH, 2004). During the interactions among substrates, providing useful insights for  future
cnidarians, particularly corals, many competitivemonitoring and conservation projects of the marine
processes, some of them poorly understood, occur kibta.

morphological, cellular and biochemichal levels, as

for example, the discharge of nematocysts, the

development of mesenterial filaments and sweeper M ATERIAL AND M ETHODS

tentacles, allelopathic interactions, stand-off and

growth over the opponent, the latter being onehef t Study Site

most common and well registered competition

mechanisms (FRANK et al., 1995; CONNELL et al., The coastal region of northeastern Brazil is

2004). The direct contact between colonies ofomposed of a diversity of habitats such as rocky
cnidarians sometimes results in aggressive responseefs, sandy beaches and dunes. The rocky reeés ha
that can interrupt the growth of both competitonsl a a tabular format, slope gently seaward and comdist
their competitive coexistence (CORNELL; sand cemented by calcium carbonate and iron oxide
KARLSON, 2000). (MORAIS et al.,, 2009). The study area was the
Previous studies have investigatedParacuru Beach, located in the Northeast of Brazil
competition processes among many invertebratg®3°23'53.0"E, 39°00'38.8"W) (Fig.1), with a 3 km
such as sponges (ABDO et al., 2008; LUTERstretch of reef which is only fully exposed at Itide.
DUCKWORTH, 2010), ascidians (SHENKAR; The study site is characterized by many species of
LOYA, 2008; SHENKAR et al.,, 2008), Bryozoans sessile invertebrates such as anemones, starfish,
(TURNER; TODD, 1994) and cnidarians (LANG, mollusks, sponges, ascidians, hydrozoans and
1973; JACKSON; BUSS, 1975; SHEPPARD, 1979crustaceans (MATTHEWS-CASCON; LOTUFO,
1985; KARLSON, 1980; SAMMARCO et al., 1985; 2006), although there is little diversity of hardrals,
SHEPPARD, 1985; DAI, 1990; ROMANO, 1990; which appear in small colonies along the reef.
CHADWICK, 1991; ALINO et al., 1992; FRANK et However, there is a great abundance of zoantHids, t
al., 1995; BASTIDAS; BONE, 1996; VAN VEGHEL form large colonies on the hard substrate. Theystud
et al, 1996; RINKEVICH; SAKAY, 2001; site is the only area on the Ceara coast where
CONNELL et al,. 2004; RINKEVICH, 2004). In zoanthids are found in great abundance and intdirec
Brazil there is a lack of studies reporting thecontact with each other.
competition between corals. Only the studies ofddai
et al. (1995) have described the competition among

Brazilian corals. Growth Rate
Although of great ecological significance,
there are few studies on the competitive abilitgt tre In order to measure the growth rates, 100

settling capacity of antozoans on the rocky reétae cnT of living tissue was removed from 10 randomly
Atlantic tropical intertidal zones. Thus, this chosen colonies of each species, during low. tide
study seeks to investigate the mutually competitivd e colonies chosen were situated approximately 5m
strategies adopted by three species of zoanthid@part and were of the same size; they were removed
Palythoa caribaeorum (Duchassaing; Michelotti, With the help of scalpels and spatula from the raént
1860), Protopalythoa variabilis (Duerden, 1898) and region of the respective colony. The colonies were
Zoanthus sociatus (Ellis, 1767) in a rocky reefs marked with stainless colored wire to facilitateith
environment in northeastern Brazil, thus clarifythg ~0cation during growth monitoring. The regrowth of
degree of dominance among them, determining th&e colonies over the scraped areas was checked usi
growth rate of these species and analyzing the@ 10 X10 cm quadrat subdivided by nylon threads int
capacity to recolonize a free substrate. Thd00 squares, each one of 1%rotaling 100 crh of
competitive strategies and rate of reinvasion es¢h sampling area. The quadrat was placed over the
species through natural competition were checked bigraped areas and the number of squares completely
non-manipulative observation and a manipulativéovered by the zoanthid during its growth was
experiment by scraping the competing colonies antggistered monthly for 250 days to a total of 7 jples
observing their ability to recolonize, with a view Per species. The polyps in each experimental area
ascertaining their mutually competitive abilitesda Were counted and their diameters measured with a

their ability to colonize a disturbed habitat. vernier caliper.
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Fig. 1. Northeastern Brazil map showing the stuth aracuru Beach, Ceara State.

Competitive Interactions Among Zoanthids square centimeters per month and number of
polyps per month. The growth rate was plotted in
In order to analyze the competitive relation to the time necessary to carry through the
interactions among the species of zoanthids, Wegression analysis and the exponential or linear
analyzed the natural competition between them bydjustment for each species. The data were checked
means of a non-manipulative experiment. Ten aréas for independence, homoscedasticity, and usually
contact between colonies of each pair-wiseiormal distribution. Thus one-way analysis of
combination of the three species were randomlyariance (ANOVA), followed by Tukey's test, were
chosen and marked - to a total of 30 samples. if&@e s carried through for the comparison of the growtiesa
were marked with four stainless steel nails forming of the three species of zoanthids in relation warea
quadrat (10x10 cm) and each contact area wasd the number of polyps per month. Graph Pad
photographed monthly for 8 months. According toPrism. 4.0 software was used to construct the box-
Bastidas and Bone (1996), who undertook a similaghisker on the basis of the descriptive variablethe
experiment, this time is sufficient to ascertaiwithe  experiment. Statistical analysis was performed \aith
contact margins between the two species concernggnificance level of 5%.
have changed. A 100cm? quadrat subdivided by nylon
threads into 100 squares was placed over the dontac REsuLTs
areas during the photographic shots. The nails
guaranteed that the quadrat was placed in the same Growth Rate
position for each successive sample. The photograph
were later analyzed to determine the changes #mat h The three species quickly responded to the
occurred in the contact margin and the competitivexperimental scraping by growing out from the edges
capability of each of the species concerned. of the scraped area. The areas denuded of the three
species decreased over time and the species thus
Data Analysis presented effective recolonization capabilRglythoa
) caribaeorum and Zoanthus sociatus were the first to
The mean growth rate of zoanthids wasfylly recolonized the experimental area. By thel en
calculated for each species based on two parametegs the experimentP. caribacorum and Z. sociatus
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had recolonized almost the whole experimental arec

with respective coverage of 92.1 + 6.fcamd 88.2 + =009
9.9 cnf. During this time,Protopalythoa variabilis ) g0
had only recolonized 47.7 + 6.4 ¢nof the scraped E
area (Fig. 2). Ba 60
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Fig. 2. Total growth ofPalythoa caribaeorum, Zoanthus
sociatus and Protopalythoa variabilis after 8 months of
experiment. The line inside the boxes represergsntiean
and the bars show the standard deviation.
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There was no statistically significant
difference between the growth ratedPotaribaeorum

o
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0
and Z. sociatus (P>0.05), but these two species Time (Days)
pre_ser_1t_ed a significantly higher growth rate tffan Fig. 5. Meangrowth rate (crf) of Protopalythoa variabilis
variabilis (P<0.001). on the Paracuru Beach (NE, Brazil) along 8 monfie

Palythoa caribaeorum grew an average 11.0 circle represents the mean and the bars show sthnda
cn?/month and seemed to have a higher initial growtleviation.
which tended to stabilize over time (Fig. Zpanthus
sociatus grew at an average rate of 10.6%month The monthly growth rates of the three
and presented a pattern of growth rate similar tspecies were compared, both in relation to the area
Palythoa caribaecorum (Fig. 4). Protopalythoa occupied and to the number of polyps (Table 1). The
variabilis grew at an average rate of 5.74%month. mean diameter of the polyp d®. variabilis was
This species had a linear growth, instead of theignificantly larger than those & caribaeorum and
exponential growth that characterized the other twd. sociatus. However, the space occupation capacity of
species, and had the slowest growth rate (Fig. 5).  P. variabilis was smaller than those of the other two
species.
Table 1. Growth rates of the three zoanthid spedie

<1004 relation to the area occupied (@month) and the number of
3 polyps per month. The symbol * represents statiliyic
;% similar values.
£ 5 /}( Growth Rate P. caribaeorum  P. variabilis Z. sociatus
T 0
5B 404 / cnf/month 11.05 +0.74* 5.94+0.77 10.65+1.2*
S g
= 20+ n°. polyps/month  52.8 + 3.5% 28.4+3.7 50.7 5.7
o
0 50 100 150 200 260 Competitive Interaction Among Zoanthids
Time (Days)

The contact areas betweeh sociatus and
Fig. 3. Mean monthlygrowth rate (crf) of Palythoa P. caribacorum remained unchanged throughout the
caribaeorum on the Paracuri Beach (NE, Brazil) along 8study period, suggesting that these specis st

months. The circle represents the mean and the dbare  thejr growth when they come into contact witiclea
standard deviation.
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other (Fig. 6). On the other hand, b&@hsociatus and  growth rate ofZoanthus sociatus found in the present
P. caribacorum grew into the spaces between thestudy was similar to those found for the same gseci
polyps of P. variabilis, suggesting that the latter is aby Sebens (1982) and Karlson (1988). According to
weaker competitor (Fig. 7). Moreover, theKarlson (1988),Z. sociatus has a high regenerative
morphology of theP. variabilis colony probably capacity in response to disturbances in the substra
facilitates invasion by. sociatus andP. caribacorum  shadow, transplantation and predation and that it
due to the spaces betweenits polyps. It wapresents changes in the size of the polyps,
observed over time that the latter two speciessafeé phototrophic growth and capacity of regeneration of
polyps of P. variabilis, often kiling them and the colony when in unfavorable microhabitats. Gf th
occupying the free space thus left between them. species studied her®, caribaecorum and Z. sociatus
seem to be those with the highest capacity of
occupation of empty substratum aml variabilis
seems to be that with the least. There are no qusvi
studies describing the growth oP. variabilis,
this being the first to report on the grow ratetlif
zoanthid
Our results show that the pattern of growth
of zoanthid species varieBalythoa caribaeorum and
Z. sociatus growing discontinuously  an@.
variabilis presenting continuous growth.
: Some authors relate the competitive
F|g 6. Contact margin (arrows) Showing “Stand_"aﬂnong Capacity Of C0ra| SpeCieS to their gI’OWth ratesr FO
Palythoa caribaeorum (A) and Zoanthus sociatus (B). example, Sheppard (1979) found that the most
aggressive species are those which grow fast. Dai
(1990) observed that the most aggressive species ar
generally those best able to grow on other spesids
therefore constitute the major components of coral
reefs in the Indo-Pacific. Connell et al. (2004)ified
that the growth of coral colonies is affected by
competition. According to these authors, competiyiv
superior species tend to grow faster than inferior
species. The results of this present study sugbast
P. caribacorum and Z. sociatus have the highest
growth rates whered. variabilis presents the lowest
growth rate. Thus, according to the hypothesis that
fast-growing species are competitively superior,
apparentlyP. caribaeorum andZ. sociatus are superior
competitors andP. variabilis the weakest competitor.
] ] ] However, some authors defend that generally species
Z'rg-u n7d éﬁl'ysz) o%(r)cla?gg aJ())/II"I? ;;V\t';‘r’;b?ﬁ;'b?gogncgig‘év;”gf of slow growth are more aggressive than those sif fa
Zoanthus. sociatus growing around polyps d’?rotopalythoa. growth.. Lang .(1973) observed that. the most
variabilis. aggressive species found on the Jamaican coast are
those with low growth rates. Connell et al. (2004)
suggested that some species with low growth rate
Discussion mobilize their energy for competition. Competition
reduces growth, as the competitive processes use
Our experiments showed that zoanthidenergy that could contribute to growth, leadingato
species are able to recolonize a cleared areaféwa decline in the growth rate. The apparently lower
months. In the present study, caribacorum andZ.  competitive capacity oP. variabilis verified in the
sociatus presented similar growth rates, whi  present study corroborates the hypothesis by which
variabilis grew more slowly. species of low growth have inferior competition
Bastidas and Bone (1996) and Suchanec&apability. However, long-term studies on zoanthid
and Green (1981) have reported tRataribacorum  competition at other sites are called for to canfthis
presented a higher growth rate than other zoanthigsults.
species; however, we have ascertained tRat Polyp size is another parameter used to
caribaeorum presents a growth rate similar to that ofanalyze competitive capacity between cnidarians.
Z. sociatus and higher than that & variabilis. The According to Van Veghel et al. (1996), differendes
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the morphologic characteristics between the speciesibstrates.Palythoa caribacorum is a notoriously
probably play an important role in competitive aggressive competitor for space, and has been
interactions. Abelson and Loya (1999) found adocumented as overgrowing a number of other
positive correlation between the oral disc diamatet  scleractinian corals in studies undertaken at naoger
the aggression capacity, suggesting that the $iteeo locations (SUCHANEK; GREEN 1981; BASTIDAS;
polyp has some influence on competitive abilityisTh BONE 1996). However, no aggressive interaction
influence has not been confirmed by this preserguch asthe drawing of mesenterial filaments or
study, because the largest polyp diameter wagrowing over the opponent, as some authors have
presented byP. variabilis, the competitively inferior registered for many species of soft corals, was
zoanthid species. This was evidenced by the absengbserved between the zoanthid species in this study
of any competitive strategy on the partofvariabilis  The mechanism observed amadagcaribaeorum and
when in contact with the other zoanthid specieg. sociatus was stand-off with interruption of their
studied. It would have been expected that zoanthidgowth at the contact edges between their colonies.
with larger polyps would occupy free spaces fastefhe contact margins betweéh caribaeorum and Z.
through budding, considering that a larger polyp casociatus showed no modification during the period of
occupy more space. Nevertheless, in this study, tretudy, there being no degree of competitive dormiaan
species with the largest polygs,variabilis, presented between them, thus agreeing with the results fduynd
a smaller capacity of occupation of free space than Bastidas and Bone (1996) in a similar experiment.
other species with smaller polyps. The low speed dfhese latter authors in a study in Venezuela had
recolonization oP. variabilis could be due to the high verified that the edges of contact betweéh
energy cost involved in the growing of big polyps,caribacorum and Z. sociatus had remained
leading to slower growth. According to Fine andyho unchanged over time, suggesting that growth
(2003), the rate at which a colony might grow toinhibition was the strategy of coexistence adopigd
occupy new or newly cleared space on a substraaumthese species. In other words, these species roght
highly dependent on how the modules are arrangeshowing competitive equivalence that limits
(i.e. the growth mode), by how much energy isnovement of the inter-colonial boundaries.
required to generate new modules (for example polyp Zoanthids are known to have a special
size or complexity), and by how easily energetiability to compete for space through allelopathg, i
resources can be mobilized towards the area dofie direct inhibition of one species by anothemgsi
growth. Thus, a large polyp probably requires mor¢oxic substances (SAMMARCO et al., 1985). These
energy, taking longer to grow than small polypsanimals produce large quantities of structurally
which grow faster. interesting and biologically active substances and,
The results in terms of natural competitionbecause they are relatively vulnerable to predattom
found in the present study corroborate the hypighesaccumulation of secondary metabolites is possibly
suggested by Sheppard (1979) that fast-growingelated to defense mechanisms (HARPER et al.,
species are more aggressiPeotopalythoa variabilis,  2001). Palytoxin is a substance found in members of
the apparently slow-growing species, seems to bethe genudPalythoa and is considered the most potent
weaker competitor for space than the other twand toxic biologically active marine molecule kngwn
species, as it did not offer resistance to the graef and only less poisonous than botulinum toxin (KAUL
P. caribaeorum and Z. sociatusin the spaces among et al., 1974). Although biochemical studies on the
its polyps, which frequently led to a colony's deat genus Palythoa are abundant, studieson other
There were no previous studies on the competitiveoanthid genera such &sotopalythoa and Zoanthus
strategy ofP. variabilis, this present one being the firstare still poorly documented. Thus, studies on
to demonstrate the weak competitive capabilityhig t biochemical and biological activity could eluciddte

species when coexisting with other zoanthids. competitive ability of these animals through thedst
In our study we verified that growth of substances produced during allelopathy.
inhibition or stand-off was the strategy used By The coexistence between the zoanthids

caribaeorum and Z. sociatus. The interruption of the reveals a survival capacity in the face of comjmetit
growth on the contact edges, or stand-off, is amom for limited resources which enables the species to
mechanism adopted by corals (DAI, 1990; BAK et al.succeed in settling and establishing themselves in
1982; KARLSON, 1980; LANG 1973) intertidal environments. The strategy displayedthsy
According to Karlson (1978), the growth zoanthid species permits them to coexist in such a
inhibition as well as stand-off interactions arauals way as to maintain a balance in their use of space.
strategies in the competition for space. Karls@388) Knowledge of zoanthid ecology is still restrictex &
found that growth inhibition and stand-off inteiacs  few species, and additional studies are neededlier o
in species of zoanthids, are defensive strategige improve the understanding of the dynamics ard th
adopted in their competition for space on marinel ha competitive behavior of these animals.
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