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ABSTRACT

Seaweeds exhibit different strategies to minimize the damage caused by herbivores and also to
influence the feeding preference of these consumers. This study evaluated the feeding preference of
the sea urchin Lytechinus variegatus through multiple-choice experiments using the seaweeds
Caulerpa racemosa, Dictyota menstrualis, Osmundaria obtusiloba, Plocamium brasiliense,
Sargassum sp., and Ulva sp. In order to verify the importance of morphological and chemical aspects
on this feeding preference, two assay-types were carried out using live and powdered macroalgae,
respectively. Two different methods were employed to analyze the results obtained: comparison
between biomass losses versus autogenic changes, and inclusion of autogenic values in biomass loss
through herbivory. In both experiments a clear differential consumption of certain species of
seaweeds by L. variegatus was observed, in the following decreasing order of preference: C.
racemosa =~ Ulva sp. > O. obtusiloba = Sargassum sp. > P. brasiliense > D. menstrualis. It was also
verified that both methods of analysis used yielded similar results. According to the results obtained,
feeding preference of L. variegatus is probably established by the defensive chemicals produced by
P. brasiliense and D. menstrualis, and by morphological aspects of C. racemosa, Ulva sp., O.
obtusiloba and Sargassum sp.

Resumo

As macroalgas apresentam diversos tipos de estratégias para minimizar os danos gerados por
herbivoros que influenciam a preferéncia alimentar dos consumidores. Este estudo avaliou a
preferéncia alimentar do ourigo-do-mar Lytechinus variegatus em experimentos de multipla escolha
utilizando as macroalgas bentdnicas Caulerpa racemosa, Dictyota menstrualis, Osmundaria
obtusiloba, Plocamium brasiliense, Sargassum sp., e Ulva sp. Para verificar a importancia dos
aspectos morfoldgicos e quimicos na preferéncia, os ensaios foram realizados com algas vivas e em
po, respectivamente. Foram utilizados dois métodos distintos de analise de dados: comparagao entre a
perda de biomassa e as mudangas por autogenia, ¢ a incorporagido dos valores de autogenia a perda de
biomassa por herbivoria. Em ambos os experimentos observou-se uma clara preferéncia de L.
variegatus por certas espécies de macroalgas em relagdo a outras, em ordem decrescente de
preferéncia: C. racemosa =~ Ulva sp. > O. obtusiloba =~ Sargassum sp. > P. brasiliense > D.
menstrualis. Além disso, constatou-se que os dois métodos de andlise produziram resultados muito
similares. De acordo com os resultados, a preferéncia alimentar de L. variegatus é provavelmente
condicionada pela quimica defensiva produzida por P. brasiliense e D. menstrualis e aspectos
morfologicos presentes em C. racemosa, Ulva sp., O. obtusiloba e Sargassum sp.

Descriptors: Lytechinus variegatus, Feeding preference, Herbivory, Seaweeds, Chemical defenses,
Morphological defenses.

Descritores: Lytechinus variegatus, Preferéncia alimentar, Herbivoria, Macroalgas marinhas, Defesas
quimicas, Defesas morfologicas.

INTRODUCTION processes and environmental aspects

FEEDING PREFERENCE OF THE SEA URCHIN LYTECHINUS VARIEGATUS

such as

The feeding preference of marine herbivores
for seaweeds is directly related to the particular
characteristics of each species (e.g. VAITILINGON et
al., 2003; COX; MURRAY, 2006). Such
characteristics can be influenced by biological

competition, herbivory, light intensity, temperature,
salinity, water motion and nutrient availability
(LOBBAN; HARRISON, 1994; DAWES, 1998).
Moreover, variations in these parameters directly
affect the growth and the distribution of seaweeds
(LOBBAN; HARRISON, 1994; DAWES, 1998) and
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can act indirectly on their susceptibility to herbivores,
modifying the amount of available nutrients and
defensive chemistry (DUFFY; HAY, 1990).

Herbivory exerts an important effect on the
abundance and distribution of seaweeds in diverse
marine benthic communities (CARPENTER, 1986;
HAY, 1997). In this way, a variety of strategies was
developed by seaweeds to minimize the damages
inflicted by herbivores, including chemical and
structural/morphologic defenses, or occurrence in
association with other unpalatable organisms (HAY;
FENICAL, 1988; DUFFY; HAY, 1990). Such
strategies are also important in the establishment of the
feeding preferences of consumers (VAITILINGON et
al, 2003; COX; MURRAY, 2006). In fact,
understanding which factors affect the feeding
preference of herbivores is fundamental to predict the
effect of herbivores on seaweed communities, as well
as the evolution of plant-herbivore interactions
(POORE; HILL, 2006).

Seaweeds exhibit an enormous variety of
sizes, forms and textures, exhibiting from delicate
filaments to extensive stems, all the way to
incrustating forms (LITTLER; LITTLER, 1980;
LEWIS et al., 1987; HAY, 1997). However, although
it is clear that some structural/morphological
characteristics reduce the susceptibility of certain
seaweeds to some herbivores, such correlations are
many times confused due to the action of chemical
defenses, calling for more studies (PAUL; HAY,
1986). Some seaweeds can modify their morphology
to prevent the complete action of the herbivore. For
example, Padina species (Phaeophyta) living in
habitats with high herbivory pressure occur as
prostrate turfs in the substratum, a morphology
relatively more resistant to herbivore action (LEWIS,
1986; LEWIS et al., 1987).

In addition, seaweeds produce a great
number and variety of secondary metabolites,
including terpenes, aromatic compounds, acetogenins,
amino acid-derived substances, and polyphenols
(BLUNT et al., 2005, 2006), being mainly known for
their defensive function against herbivory (HAY;
FENICAL, 1988, PAUL et al., 2001). For example,
Laurencia species produce more than 570 secondary
metabolites, mainly halogenated compounds (BLUNT
et al., 2005, 2006; FENICAL, 1975), some of them
efficient against herbivory (PAUL et al., 2001).

Regular echinoids are known to be generalist
herbivores feeding on marine plants and/or algae
(LAWRENCE, 1975). For the majority of sea urchin
species, food choice occurs in terms of their feeding
preferences and of food availability (COBB;
LAWRENCE, 2005). Feeding preference in tropical
sea urchins is usually characterized by avoidance of
certain food items that possess structural aspects
and/or chemical defenses that difficult or inhibit

herbivory (OGDEN, 1976; VADAS, 1977, AYLING,
1978; MCCONNELL et al, 1982; HARROLD;
REED, 1985; BEDDINGFILED; McCLINTOCK,
1999; COX; MURRAY, 2006). In fact, determining an
organism’s food choice facilitates predictions about
natural diets and food selectivity (COX; MURRAY,
2006). However, hierarchical feeding preferences
established in the laboratory for benthic marine
invertebrates are known for only a few species,
including Strongylocentrotus spp. (VADAS, 1977),
Tegula spp. (WATANABE, 1984; STEINBERG,
1985), Pachygrapsus transversus (BARRY; EHRET,
1993; PEREIRA et al., 2002), and Haliotis rubra
(McSHANE et al., 1995).

Lytechinus variegatus, commonly known as
the green or variegated sea urchin, is a regular urchin
that inhabits the warm waters of the Western Atlantic
Ocean. It inhabits waters from North Carolina and
Bermuda southward to the Caribbean and Brazil
(HENDLER et al., 1995). The present study had as its
objective to evaluate the feeding preference of the sea
urchin L. variegatus in relation to six different
seaweed taxa, through multiple-choice experiments,
and to determine the preponderant factors in
establishing that preference.

MATERIALS AND METHODS
Collection of the Organisms

Two seaweed species belonging to each
division of macroalgae were evaluated: Plocamium
brasiliense and Osmundaria obtusiloba (Rhodophyta),
Dictyota menstrualis and Sargassum sp. (Phacophyta),
Ulva sp. and Caulerpa racemosa (Chlorophyta). These
algae were collected at Praia Rasa (Buzios, RJ —
southeastern Brazil). The specimens of the sea urchin
Lytechinus variegatus were collected in the sublittoral
region at Itaipu Beach (Niteroi, RJ - Brazil), and
carried to the laboratory in containers with seawater.
Specimens of L. variegatus were kept in a
recirculating  laboratory aquarium at constant
temperature (20°C), salinity (35) and aeration during
the acclimation period, during which Ulva sp. was
offered as food.

Morphological/structural and Chemical Characteristics
of the Seaweeds Assayed

According to  the literature, the
morphological/structural  attributes - Table 1
(LITTLER; LITTLER, 2000) and the presence of
secondary metabolites (BLUNT et al., 2005, 2006) of
the seaweeds offered as food to L. variegatus differ
markedly among the species assayed.
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Table 1. Characteristics of the seaweeds offered to L. variegatus in multiple-choice feeding experiments.

Division Algae Main characteristics
Chlorophyta Ulva sp. Thalli thin, sheet-like, as clusters of strap-shaped blades.
Caulerpa racemosa Frond erect possessing small, often crowded, bead-like branchlets.
Phaeophyta Dictyota menstrualis Thalli bushy, erect, and branching regularly dichotomous.
Sargassum sp. Thalli erect, tough, leathery, and sparsely branched.
Rhodophyta Plocamium brasiliense Thalli erect, and unilateral branchlets compressed to strongly flattened.

Osmundaria obtusiloba

Thalli coarse, tough, bushy, and branching opposite to irregular.

Feeding Experiments

Two kinds of experiments were carried out
to analyze the feeding preferences of L. variegatus: (1)
whole seaweed species; and (2) powdered seaweeds
were simultaneously made available to this sea urchin.
These assays were carried out in tanks containing
about 1000 ml of seawater maintained with a
continuous recirculating seawater system, constant
aeration and natural photoperiod.

The first experiment encompassed a
multiple-choice experiment used to evaluate the
feeding preference of L. variegatus, in which all
macroalgal species were simultaneously offered to this
sea urchin. This type of assay reproduces real
conditions, since in the marine environment several
seaweed species are continuously exposed to
consumption simultaneously. On the other hand, in
this assay type it is possible to evaluate both the
morphological and chemical characteristics of the
species in the preference of L. variegatus. In this
experimental series, 20 aquaria (experimental and
control) were used; in each experimental aquarium,
one previously weighed specimen of each macroalga
(P. brasiliense, O. obtusiloba, D. menstrualis,
Sargassum sp., Ulva sp. and C. racemosa) were placed
together with 1 specimen of L. variegatus. The
seaweeds were offered in comparable volumes to the
urchin, but in different biomasses, since the
volume/biomass ratio is different for each species.
Simultaneously, control aquaria (n= 20), without
herbivores, containing the weighed specimen of each
algal species, were kept under the same experimental
conditions, allowing measurement of biomass changes
due to autogenic factors and not to herbivory
(PETTERSON; RENAUD, 1989). Consumed
biomass was calculated using the equation [(H, x Cy
/C,)- Hy] suggested by Cronin and Hay (1996) for this
type of experiment, where H, and H¢correspond to the
initial and final wet masses, respectively, and C, and

Cr to the initial and final control masses. In another
method, consumption and autogenic values were
compared statistically (¢ test) to verify the existence of
significant ~ differences or the existence of
consumption. Eight and 32 h after the beginning of the
experiment, seaweeds were reweighed to determine
loss of biomass due to herbivory. All weights were
obtained from wet material from which excess of
water was removed using a “salad spinner”.

In the second experiment, a multiple-choice
experiment was also used, this time to evaluate the
feeding preference of L. variegatus related to the
chemical aspect, since feeding preferences were
evaluated using artificial food wafers (described in
Hay et al., 1994) prepared with the powdered algae.
Artificial food wafers were prepared by adding 0.72 g
of agar to 20.0 ml of distilled water and heated to a
boil in a microwave oven. This mixture was then
added to 16.0 ml of distilled water containing 2.0 g of
cach freeze-dried macroalga. The mixture of each
species was hardened onto a mesh screen and cut into
small pieces (10.0 x 10.0 squares each ca. 1.0 mm on a
side), which were then offered to the sea urchin
simultaneously and equidistantly in the containers (n
=15). Feeding preference was estimated by comparing
the percentage of squares of treated and control food
wafers consumed.

Statistical Treatment

Normality of the data was evaluated through
the Kolmogorov-Smirnov and Shapiro-Wilk tests, and
later adjusted by statistical tests (ZAR, 1996). Data
treatment was descriptive, since multiple-choice
experiments are still the target of much discussion in
the literature (PETERSON; RENAUD, 1989; ROA,
1992; LOCKWOOD, 1998; RAFFA et al., 2002;
PRINCE et al, 2004). Data from experimental and
autogenic controls were compared by ¢ test analysis.
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REsuLTs

Experiment with whole Seaweeds

In the first assays using whole seaweeds, and
in which autogenic values were incorporated into
corresponding variation in biomass due to herbivory,
L. variegatus exhibited a clear and consistent
preference, independently of period of the experiment.
In the first 8 h after experiment start, this sea urchin
established a hierarchy among algal species, in
decreasing sequence of preference (Fig. 1): C.
racemosa > Ulva sp. > Sargassum sp. > O. obtusiloba
> P. brasiliense > D. menstrualis. Higher percent
masses of these seaweeds were eaten by L. variegatus
after 32 h of experiment, but the same hierarchy was
maintained among the species (Fig. 1). Based on these
results, it can be said that L. variegatus strongly
discriminates among seaweed species, eating
preferentially the green species C. racemosa and Ulva
sp. over the four other seaweeds.

These results, when analyzed by comparison
between biomass loss due to herbivory and that due to

D. menstrualis

P. brasiliense

O. obtusiloba

Sargassum sp

Seaweeds

autogenic variation, revealed a very similar decreasing
preference sequence by L. variegatus. The pattern of
C. racemosa and Ulva sp. as preferred food items,
Sargassum sp. and O. obtusiloba in intermediary
preference, and P. brasiliense and D. menstrualis as
less preferred items was observed in both periods, 8 h
and 32 h after beginning the experiment (Figs 2 and 3,
respectively).

Comparison between the two methods of
data analysis yielded very similar results, both in
relation to consumption detected, as well as in the
order of preference of seaweeds.

Experiment with Powdered Seaweeds

In the second experiment, involving feeding
preference of L. variegatus for artificial food
containing seaweeds, the following decreasing
sequence of preference was observed: Ulva sp. > C.
racemosa > O. obtusiloba > Sargassum sp. > P.
brasiliense > D. menstrualis (Fig. 4); in fact, a very
similar sequence was also observed in the first assay
using whole seaweeds.

C. racemosa

b C—J32h

+[ [ 18h
Ulva sp
rrrrrfrrrrrrrrr [ty
-0,5 0,0 0,5 1,5 2,0 2,5 3,0 3,5

Mass eaten (g)

Fig. 2. Consumption (g) of the seaweeds by L. variegatus after 8 h and 32 h of experiment (n =
20). Horizontal bars at each point represent mean and standard deviations.
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Fig. 2. Consumption (g) of the seaweeds by L. variegatus after 8 h of experiment (n = 20). The losses
of biomass due to herbivory and autogenic changes are compared (¢ test, o = 0.05). Horizontal bars at
each point represent mean and standard deviations.

32h
Autogeny

D. menstrualis E p=0.53
i [ ] Consumption

P. brasiliense { =0.03

Sargassum sp :|—‘

O. obtusiloba E p<0.001

Seaweeds

Ulva sp pe0.001

p<0.001
C. racemosa
0

T T
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Mass eaten (g)

Fig. 3. Consumption (g) of the seaweeds by L. variegatus after 32 h of experiment (n = 20). Biomass
losses due to herbivory and autogenic changes are compared (¢ test, o = 0.05). Horizontal bars at each
point represent mean and standard deviations.
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Fig. 4. Percent of mass eaten (%) by L. variegatus during the experiment with powdered seaweeds.
Horizontal bars at each point represent mean and standard deviations.

Discussion

The sea urchin L. variegatus is a generalist
grazer of algae (LOWE; LAWRENCE, 1976; VADAS
et al., 1982; GREENWAY, 1995; BEDDINGFIELD;
MCCLINTOCK, 1999), and occasionally of animals
(LOWE; LAWRENCE, 1976). For example, in central
Florida this urchin can primarily consume macroflora,
except in periods when abundance of algae is
extremely limited (COBB; LAWRENCE, 2005). In
both experiments (live and powdered seaweeds) the
sea urchin L. variegatus presents a clear feeding
preference for certain seaweed species over others. Of
the seaweeds used in this study, the decreasing order
of preference was: C. racemosa = Ulva sp. > O.
obtusiloba ~ Sargassum sp. > P. brasiliense > D.
menstrualis. This pattern was similar 8 and 32 h after
the beginning of the experiment, showing that it is this
urchin’s preferential consumption of the six different
seaweed species. This verified feeding preference of L.
variegatus can be attributed to structural features, as
well as to the supposed presence of secondary
metabolites.

In the morphological context, the results
obtained correspond partially to the proposal by Littler
et al. (1983) to classify seaweeds according to their
morphological aspects related to resistance against
herbivores, where species can be placed in the
following decreasing order of resistance: crustose >
jointed calcareous > thick leathery > coarsely
branched > sheet > filamentous. This classification

would explain the higher preference of L. variegatus
for sheet (Ulva sp.), coarsely branched (C. racemosa),
and thick leathery (Sargassum sp. and O. obtusiloba)
species of seaweeds.

However, according to Littler et al. (1983), the
sheet texture of D. menstrualis would result in a high
consumption rate for the species, which was not
observed in our experiments. In fact, the morphology
of D. menstrualis does not represent the preponderant
aspect in this preference. In like manner, although P.
brasiliense possesses a thick coarsely branched aspect,
it was not highly consumed. This contributes to
indicate that other aspects are probably related in this
question. In fact, seaweed morphology is not the only
reason for sea urchin preferential feeding. Wessels et
al. (2006) demonstrated that physical structure, i.e.,
both rigidity and resistance, seems to be sufficiently
effective against consumption by amphipods, but has
little effectiveness against sea urchins.

In the assays using powdered seaweed
incorporated into artificial foods,
morphologic/structural characteristics were removed,
but these aspects had little relevance in the choices of
L. variegatus, since preference order showed little
difference from the experiment with live seaweed. In
this in case, the chemical aspects (defensive and
nutritional) preserved in powdered specimens
reinforce the hypothesis that the feeding preference of
L. variegatus is mediated by seaweed chemicals.

Among brown seaweeds, those belonging to
genus Dictyota are known to produce secondary



SOUZA ET AL.: FEEDING PREFERENCE OF LYTECHINUS VARIEGATUS 245

lipophilic metabolites that can act as defensive
chemicals (PAUL et al, 2001), including D.
menstrualis from Brazil that produces chemical
defenses against herbivores (e.g. PEREIRA et al,
2000). It is thus not unwarranted to affirm that the low
preference of L. variegatus for Dictyota menstrualis is
related to chemical defenses.

Diverse species of genus Plocamium are also
known to produce halogenated secondary metabolites
(see Blunt et al., 2005, 2006 for reviews) which confer
to them low  susceptibility to  herbivory
(ARGANDONA et al., 2002; AMSLER et al., 2005;
HUANG et al., 2006), including P. brasiliense from
the Brazilian coast (PEREIRA et al., 2002). Therefore,
the low preference or the reduced consumption of P.
brasiliense by L. variegatus may be due to the
presence of chemical defenses in this red seaweed.

Diverse species of Chlorophyta, including
those belonging to genera Caulerpa and Ulva, also
produce secondary metabolites that inhibit herbivory
(PAUL et al., 2001; VAN ALSTYNE; HOUSER,
2003). In C. racemosa it was observed that, although it
produces high concentrations of sesquiterpenes (1 to
2% of dry weight), this seaweed is easily consumed by
fish (PAUL; HAY, 1986; MEYER; PAUL, 1992).
Also, the major metabolite caulerpenine does not
inhibit most fishes (WYLIE; PAUL, 1988; MEYER;
PAUL, 1992), although it is able to influence other
herbivores, such as some gastropods (PAUL;
FENICAL, 1986). In the present study, it was
observed that C. racemosa was consumed in high
amounts both with alive and triturated specimens.
Thus, we verify that the morphologic and chemical
defenses of C. racemosa are not efficient agaisnt L.
variegatus.

During the experiment with live seaweeds it
was observed that the individuals of L. variegatus,
when manipulating C. racemosa, gave clear priority to
consumption of the erect portions of the thallus,
leaving the stolon to consume later, a fact also
observed in another green seaweed, Neomeris anulata
(LUMBANG; PAUL, 1996). This fact can be related
to the distinguishing allocation of chemical defenses.
According to Optimal Defense Theory (ODT), parts
and structures that are more valuable for the organism,
or those that are more vulnerable to attack, have high
levels of defensive resources (CRONIN, 2001). In this
way, it is possible to suppose that the erect parts of C.
racemosa are more susceptible to consumption due to
differential distribution of chemicals, rather than to the
absence of defense.

In general, Ulva species are more preferred by
herbivores and are usually included in artificial foods
used in chemical ecology studies (HAY;
STEINBERG, 1992). However, some Ulva species
also produce chemically activated defense against
herbivores (VAN ALSTYNE; HOUSER, 2003).

Usually, they are difficult to distinguish, and we were
unable to identify the species used here, but it
probably does not produce defensive chemicals, since
it was used in previous studies as the major component
of artificial foods (PEREIRA et al., 2000), or was
preferentially consumed in feeding preference assays
(PEREIRA et al., 2002).

According to Cobb and Lawrence (2005),
specimens of L. variegatus are clearly omnivorous but
exhibit a stronger preference for algal and plant
material than for animals. Our observations indicate
that the feeding preference of L. variegatus is probably
due either to chemical or morphological defenses
produced by the seaweeds tested.
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