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ABSTRACT

Recent studies have show that small marine herbivores with limited mobility (mesograzers) often feed
on macroalgae chemically defended against fishes or sea-urchins. In order to verify the involved
mechanisms of chemotaxis or chemical defense into this process in Brazilian littoral, two species of
brown algaDictyota menstrualisndDictyota mertensiwere studied against the limited mobility
herbivores, the amphipodarhyale hawaiensiand the crali’achygrapsus transversushese two

species were studied in order to verify the action of their crude extracts in the defense and chemo-
taxis processes related to limited mobility of these herbivores. Feeding preference assays revealed
that P. hawaiensiglo not eaten thedeictyota speciesP. transversuslo not eateD. menstrualis

either, but consumed large amount®ofmertensii Chemical deterrence assays showed that extracts

of these species act as feeding deterrent to both species of herbivores. In addition, chemotaxis as-
says demonstrated that both herbivores are significantly negative chemotactic probably due to the
presence of complementary metabolites into artificial foods. Considering thaDiotylota species

exhibit active extracts against these small herbivores, we suppose that the non-occurrence of these
herbivore species in close relationship with the seawBedsenstrualisandD. mertensiimay ex-

plain the defense action of both extracts related to these mesograzers.

Key words seaweed, chemical defense, chemotaxis, feeding.

RESUMO

Quimiotaxia e defesas quimicas na suscetibilidade de algas benténicas frente a
herbivoria

Estudos recentes demonstram que defesas quimicas de algas que inibem o consumo exercido por peixe
ou ourigos ndo inibem herbivoros com pequena mobilidade. As espécies de algas bebidtymas
menstrualise Dictyota mertensiforam estudadas tendo por objetivo avaliar a atuacdo de seus extratos
brutos nos processos de quimiotaxia e defesa frente aos herbivoros de pequena mobilidade, o anfipodc
Parhyale hawaiensis o caranguejachygrapsus transversu®s ensaios de preferéncia alimentar
demonstraram quB. hawaiensisido consomem ambas as espécieBidgyota Por outro ladoP.
transversugambém ndo consomeh menstrualismas se alimentam de grandes quantidadés. de
mertensii Os extratos brutos de ambas as espéci€salgotainbiram a herbivoria por estes herbi-

voros. Além disso, os ensaios demonstraram que 0s herbivoros apresentaram reacao de quimiotaxic
negativa, provavelmente devido a presenca de metabdlitos complementares presentes no alimento ar-
tificial. Considerando que ambas as espéciedidgyota exibem extratos brutos ativos frente a estes
herbivoros de pequena mobilidade, supomos que a ndo-ocorréncia em estreita associacdo com as alga
D. menstrualise D. mertensiipode explicar os resultados obtidos.

Palavras-chavealga bentbnica, defesa quimica, quimiotaxia, herbivoria.
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INTRODUCTION & Paul, 1997) and North Carolina region (e.g. Cro-
nin & Hay, 1996a), little is known about abundance
Secondary metabolites, also known as comand ecological significance of seaweed comple-
plementary metabolites (sensu Sammarco & Collmentary metabolites in South Atlantic region (e.g.
1997) are considered more important and divers€leuryet al, 1994; Pereira, 1998; Peregtal,,
than macromolecular toxins (Cavalier-Smith,1994; Pereira & Yoneshigue, 1999). In the present
1992). In the marine environment, seaweeds, spomwork, we experimentally tested the presence of
ges, ascidian and soft corals produce a diverse arrapemical mediation (chemotaxy and defense)
of complementary metabolites such as terpenoidfietween the Brazilian seaweddlsmenstrualisand
acetogenins, polyphenols (= phlorotannins) and. mertensiirelated to two meso-herbivore species.
alkaloids (Faulkner, 1997).
Complementary metabolites can mediate a MATERIAL AND METHODS
wide range of ecological interactions between
marine organisms, including seaweed chemica$tudy site and organisms assayed
defenses against herbivores (Hay & Steinberg, Seaweeds specitliva fasciata Dictyopteris
1992; Paul, 1992), invertebrate chemical defensdelicatula Dictyota menstrualis Dictyota
against predators (Pawlé al, 1995; Sammarco mertensij Sargassum furcatum Laurencia
& Coll, 1988; Vervoortet al., 1998), anti-fouling flagellifera, Rhodymenia pseudopalmatnd
or allelopathic relationships (Nt al, 1991, 1995; Osmundaria obtusilobé= Vidalia obtusiloba were
Wahl, 1989), chemical mediation in reproductioncollected at Praia Rasa (“Shallow Beach”), located
of alcyonacean corals (Co#it al, 1989) and between Armacgéo de Buzios and Cabo Frio, State
inhibition or induction to larvae metamorphose of Rio de Janeiro, Brazil (281'S and 2244'S).
and recruitment (Pawlik, 1992). It possesses a rocky shore with a gentle slope about
Although several species of seaweed<20 m wide and it is considered to have the most
belonging to Chlorophyceae, Phaeophyceae andiverse algal flora of the state (Peradtal, 1994;
Rhodophyceae exhibit complementary metabolite¥oneshigue, 1985). Infralittoral fringe is characte-
with broad ecological significance (Paul, 1992;rized by dense cover &argassunspp., visible
Paul & Alstyne, 1988), brown algae belonging toduring the lowest tides and forming a continuous
the order Dictyotales are well-known to producebelt about 5m wide along the shore wh&e
the similar dictyols: dictyol B, dictyol B acetate, furcatumis one of the most abundant algal species
dictyol E, dictyol H and pachydictyol A, all that (Yoneshigue, 1985).
have been extensively tested as defenses against It harbors a rich and varied associated fauna.
herbivores. In generdbictyotaproduces comple- Among gastropods, the most abundanfrisolia
mentary metabolites broadly defensive against afinis and other species such @sstoanachis
wide variety of consumers and fouling (Hay, 1992;sertularialumand Mitrella argus are also both
Hay & Steinberg, 1992; Schmigt al, 1995). In  rather dense. The dominant amphipoBashyale
spite of defensive characteristics of these browiawaiensis Another conspicuous herbivore, the
algal compounds, some herbivores are tolerant teea-urchirEchinometra lucunteris usually found
them and selectively consume plants that arslightly above thes. furcatunbelt. Specimens of
chemically defended in relation to other herbivoresP. hawaiensidor laboratory assays were also
(Hay, 1992). Defensive compounds against fishesollected in this zone. However, individuals of the
and urchins do not affect small and relatively sedenerab Pachygrapsus transverswsgere obtained
tary herbivores such as amphipods, polichaeteglosed to laboratory, at Praia de Boa Viagem,
and crabs. In fact, mesograzer herbivores subjedliteréi (Rio de Janeiro, Brazil).
to high potential predation rates may preferentially
feed on this type of plants in order to minimize Feeding assays
their susceptibility to natural enemies (Duffy & Before starting the experiments, both herbivore
Hay, 1994). species were maintained feeding a didf/lvh spp.,
Despite the large literature about seaweedbecause starvation can alter the exact feeding
chemical defenses in Caribbean sea (e.g. Bolser freference by some herbivorous, according to Cronin
Hay, 1996), in Guam — tropical Pacific (e.g. Pittik & Hay (1996b).
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The seaweed susceptibilities to herbivorybetter than these solvents alone (Croeairal.,
were verified through a choice experiment in which1995).
8 previously weighted species of algaé fas-
ciata, D. delicatulg D. menstrualisD. mertensii  Chemical deterrence assays
S. furcatumL. flagellifera, R. pseudopalmatand Chemical deterrence @. menstrualisand
O. obtusiloba were simultaneously presented to D. mertensiiextracts was verified including na-
10 specimens d?. hawaiensign = 18). Control tural concentrations of these extracts in an arti-
aquarium, without specimens of herbivoresficial food prepared according to Hayal (1994).
containing one pre-weighed individual of eachArtificial foods (treatment and control — without
seaweed species and maintained under the saragtract) were included in a small square mesh (7
experimental conditions, allowed us to measurex 10 squares) and offered simultaneously to
biomass variation due to autogenic factors and ndterbivores. Both assays were run in small cups,
by herbivory (Petterson & Renaud, 1989). Aftereach containing 7 individuals & hawaiensign
48 hours, algae were reweighted to evaluate the 13-18) and 1 individual dP. transversugn =
loss of biomass by herbivory. All weights were 16-17). The effect of extract on herbivory was
obtained from wet algae, from which the excessletermined comparing the number of square
of water was blotted off using a “salad spinner”.consumed in both experiment and control meshes.
The consumed biomass was calculated using the
equation [(H x C/C) — H], suggested by Cronin Chemotaxis — paired and multiple-choice assays

& Hay (1996b). Hand H correspond to the initial Several assays were carried out to verify
and final wet masses, respectively,ahd Cto chemotaxy of extracts for both speci&s
initial and final masses of the control. menstrualisandD. mertensiito P. hawaiensisAgar

Seaweed susceptibilities assays with the crablocks were prepared using a similar procedure
P. transversusised the same experimental desigremployed in the chemical deterrence assays but
and procedures as in the amphipod ones. Howevéncluded in small acrylic molds (2 cm diameter
in the feeding preference tests 6 species oX 1cm thickness). These are the assays that were
seaweeds were applidd: fasciata D. menstrualis  developed: control blocks x blocks with mens-
D. mertensij S. furcatumL. flagellifera andO. trualis extract (n = 20); control x blocks wifD.

obtusiloba(n = 25). mertensiiextract (n = 20); control x blocks with
D. menstrualisextracts control x blocks witD.
Mobility experiments mertensiiextract (n = 20); control i. fasciata

Mobility or displacement of both herbivorous blocks (n = 15), and agar blocks x blocks wiith
P. hawaiensiandP. transversuso each species menstrualisextract (n = 15). In all assays two or
of seaweed were assessed using a system in whittiree options simultaneously to amphipods were
pieces of seaweed were placed in equal distana&fered. It was observed both the initial and fi-
of the herbivore in a small aquarium. For eachal contacts of amphipod individuals with the ar-
replicate assay, 5 individuals Bfhawaiensisvere tificial foods in each assay type.
placed in the center of the aquarium with seawater
and the first contact with the seaweed species weitatistical analysis
observed. The assay was replicated 40 times. For  Feeding preference or chemotaxis experi-
the crabP. transversushe same methodology was ments with simultaneous offer of more than two
applied but due to its behavior, two types of assayalimentary items are very common in the ecological
were done: in one of them seaweed species welierature and the Analysis of Variance (ANOVA)
offered in cages (n = 20), in the other there wa®r some variations of this are applied. However,

no cage (n = 20). this procedure becomes inadequate, because the
samples (different species of seaweeds) are not
Extraction procedures independent (a low consumption of a single species

The extracts ob. menstrualiandD. merten- could be interpreted as resultant of the high
sii were prepared using a mixture of 2:1 dichlo-consumption of other). In most cases, there is no
romethane and methanol. This combination ofstatistical analysis adapted to this type of
solvents tends to extract the lipophilic compoundexperiment. It can take a confusion in the results
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RESULTS

if the animals consume, for example, great amounts

of a type of low preference trying to compensate
a low nutritional quality that is offered. Thus, the Feeding assays
The different susceptibilities of 8 algal

t test was applied to the initial and final biomass

of the algae, to verify the existence of differencespecies to herbivory by the amphigachawaiensis

of consumption for each species. On the other handre shown in Fig. 1.

to analyze the existence of alimentary preference  The following decreasing sequence was
between the species, the Friedman test was appliedserved among species (mb):fasciata(16.5)
according to suggestion of Roa (1992), because D. mertensii(13.6) > S. furcatum(9.6) > L.

this test doesn’t demand independence betwedffagellifera (3.3) >D. menstrualis(2.9) >D.

treatments. The remaining results of the expedelicatula(1.5) >R. pseudopalmaté-0.9) and
> O. obtusiloba(-2.5).

riments were analyzed by singléest.
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Fig. 1 — Differential susceptibility of seaweed species to herbivoryPbfiawaiensisandP. transversugn = 10 and n =
25, respectively). Vertical bars in each point represent standard deviations.

Even without a concern with statistical trea- For the cralP. transversughe following
tment, it was observed thidt fasciata D. mertensii  decreasing sequence (mg) was observed (Fig. 1):
and S. furcatumwere more consumed when S. furcatum(158.6) >U. fasciata(63.7) >L.
compared to the remaining species. In fact, thes#agellifera (5.8) > D. mertensii(-0.1) >D.
three species were all eaten at similar rates anmenstrualig—1.1) >O. obtusilobg-3.2). In fact,

P. transversussignificantly eaten more o8.
furcatumandU. fasciata(P < 0.001, Friedman

test andP < 0.001t test). It is interesting to note

initial and final biomass are differer® & 0.05).
that the cral®. transversusiso avoided the three

The Friedman test confirmed thRthawaiensis
eaten significantly more these three spedies (

0.001).
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species that were less eaten by the amphipod What means tha. hawaiensigpreferred to

hawaiensigqL. flagellifera, D. menstrualisandO.  visit some species in detriment of others. In the taxis

obtusilobg. In contrast, of amphipod assay resultsassays with cages (Fig. 3), more individual$of

both species oDictyota were avoided byP. transversusnoved to the speci€3. obtusiloba6

transversus contacts)L. flagellifera(5) andU. fasciata(3) than

the other onesS. furcatun(1), D. mertensi{1) and

Mobility experiments D. menstrualisOn the other hand, for assays without
The results obtained from the taxis assaysages (Figure 3), they movedS$o furcatum(6) >

are plotted in Fig. 2. A major number of individuals O. obtusiloba(4) > U. fasciata(3) >D. mertensii

of P. hawaiensigreferentially moved t0. fasciata  (2) > L. flagellifera (1) >D. menstrualigzero).

(0.95 contacts)s. furcatum(0.92) and>. mertensii  Both assays (caged or not caged) demonstrated that

(0.87). A lower number of amphipods moved tothe crab avoided visiting bofictyotaspecies.

L. flagellifera(0.75) >O. obtusiloba(0.52) >D.

menstrualig0.42). It is interesting to note that theseChemical deterrence assays

results corroborated the susceptibility assay in In the assays carried out to verify the effects

which the speciebl. fasciata D. mertensiiand  of the crude extracts dd. menstrualisandD.

S. furcatumwere more consumed by the amphipodmertensii(Fig. 4) on feeding by. hawaiensist

P. hawaiensigFig. 1). The Friedman test demons-was observed that, in both assays, controls and

trated a significative difference between the mosexperiments were consumed in different quantities

visited algae R < 0.05). (P < 0.05, Wilcoxon test).
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Fig. 2 — Taxis of P. hawaiensigo six seaweed species (n = 40). Vertical bars in each point represent standard deviations.
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Thus extracts oD. menstrualisand D. = Chemotaxis assays
mertensiiinhibited the herbivory bf?. hawaiensis In a choice experiment (Fig. 5), more individuals
For P. transversugFig. 4), onlyD. mertensii  of P. hawaiensisnoved to control blocks compared
extract inhibited the herbivory by this crab speciego other containing. mertensiiextract P < 0.001,
(P < 0.01, Wilcoxon test). On the other haid, Wilcoxon test). In the same way, individualsFof
menstrualisextract did not inhibitedR = 0.29)  hawaiensisavoided P < 0.001, Wilcoxon test) contact
the herbivory by this crab (Fig. 4). with blocks containindp. menstrualiextract (Fig. 5).
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Fig. 5 —Chemotaxis oP. hawaiensigo D. menstrualign = 40) and. mertensii(n = 40) extracts. A and B — assays carried
out separately; C — extracts offered simultaneously (n = 40); D — blocks containing only poviefastiataand agar
offered simultaneously (n = 15); E — agar dhdmenstrualisn = 15) extracts offered simultaneously. Vertical bars in each

point represent standard deviations.

The same behavior was observed wher(P < 0.01, Wilcoxon test). On the other hand, when
three options were simultaneously offered, controbgar blocks andl. fasciatablocks containing extract
blocks, blocks with extract olb. menstrualis of D. menstrualisvere offered (Fig. 5), the agar
and blocks containing extract bf mertensiiMore  blocks were more visitedP(< 0.01, Wilcoxon test).
individuals ofP. hawaiensisnoved to control blocks

compared to remaining blocks (Fig. 5). DISCUSSION
Complementary assays in which blocks
containing powder ob. fasciataand only agar Several studies reveal important and

blocks were simultaneously offered (Fig. 5), moremeaningful aspects related to feeding preference
individuals ofP. hawaiensisnoved toUlva blocks  of marine herbivores to alimentary sources,
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including the activity of complementary metabolitescompound, a defense against herbivores such as
(Paul, 1992), nutritional values (Pennirggsal.,  amphipods and fish (Hagt al, 1988a; Hay &
1993), structure and toughness of the frond (SteSteinberg, 1992). Our TLC showed that these species
neck, 1997) and susceptibility of the herbivore toproduce diverse complementary metabolites, but
predation (Duffy & Hay, 1994). In fact, feeding with distinct characteristics from dictyol H. It is
preference experiments have been used in marpossible that this brown alga produce other major
contexts (Roa, 1992) and it can be considered primetabolites rather than dictyol H (see Appendix).
mordial stages in experimental designs, mainlyBesides, this diterpene in natural concentration found
related to seaweeds. in D. mertensiifrom Praia Rasa, did not inhibit
The results of this study, demonstrated byherbivory byP. hawaiensigFleuryet al, 1994).
feeding preference experiments, assume that the  The results from taxis assays revealed fhat
amphipodP. hawaiensigind the cral. transversus hawaiensigreferredD. mertensiin detriment of
consumed low amounts Bf menstrualiswhereas D. menstrualisa similar result observed in feeding
D. mertensiwas not consumed B transversus preference experiments and extract assays. Our
but was preferred bl. hawaiensisThe extract palatability results clearly evidenced the effective
of D. menstrualisin feeding assays was active action of extract oD. menstrualisas chemical
against these herbivores and it is possibly respordefense and negative attractiveness (chemotaxis)
sible by low consumption verified in the feedingto P. hawaiensis Chemotaxis was a direct
preference experiments. In fa&, menstrualis measurement of the palatability Bf menstrualis
is well-known to produce the diterpene pachy-to herbivory byP. hawaiensisOn the other hand,
dictyol A, a potent chemical defense against herP. transversu assays with and without cage shows
bivory by Caribbean reef fish (Hat al, 1987a), low contact with both algal speciBs menstrualis
the fishedDiplodus holbooki{Hayet al., 1987b), andD. mertensii However, how explain feeding
Lagodon rhomboide¢Hay et al., 1988a) and preferences dP. hawaiensiby D. mertensiifronds
Siganus doliatugHay et al., 1988b), the amphi- and its crude extract inhibition to this amphipod
pods Gammarus mucronatugited in Hay & species? High nutritional values, not analyzed here,
Steinberg, 1992)Hyale macrodactyldHay & could probably explain this result. In general,
Steinberg, 1992) and the sea-urclimdema chemical defenses are less effective in high than
antillarum (Hay et al., 1987a). in low-quality foods (Duffy & Paul, 1992). For
We observed that the inhibition to herbivory example, the diterpene pachydictyol A, as found
by P. hawaiensisandP. transversuss probably in D. mertensij only reduces fish feeding in low-
due to other compounds than pachydictyol A. TLCquality food, but not in the high-quality one (Duffy
analyzes demonstrated that the major compouné& Paul, 1992). Complementary assays demonstrated
belonging to other structural class exhibiting twothe validity of use the green palatable alga
aldehyde protons (see Appendix). Besides, prelifasciataas attractive into artificial food. Besides,
minary assays showed that fraction containing thidoth assays revealed that in spite of its benthic habit
compound is active against these same herbivore§lararamet al, 1978; Bousfield, 1973F. ha-
while the fraction with pachydictyol A was inactive waiensiswas not moved by any substratum, but he
(Pereira et al., 2000). In fact, pachydictyol A isseems to choose the substratum type. In this
effective as chemical defense agaidtawaiensis hypothesis, the block containing powderbf
when in higher concentration (Peredtaal, 1994) fasciatawould be less visited compared to blocks
more than found iD. menstrualisrom Praia Rasa, containing only agar, what did not happen. In the
Brazil. same way, when a block Bf. menstrualiextract
Feeding assays also demonstrated that bothnd an agar one were simultaneously offered, the
extracts ofD. menstrualiandD. mertensiwere  majority of amphipods was observed on the agar
active against botR. hawaiensisindP. transversus  blocks. Although the chemical basis on which
These results are according to feeding preferencamphipods discriminated between blocks with and
experiments withP. transversusbut not expected without extract is unknown, they seem to “recognize”
to P. hawaiensighat preferred. mertensiiin  the presence of defensive metabolites found in untou-
feeding ones (Fig. 1D. mertensiiis known to  ched seaweeds or blocks containing extracts. For
produce the diterpene dictyol H as major activeexample, the amphipdeéseudamphithoides incur-
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