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ABSTRACT

Hypnea musciformi©ccurs widely in the northeast coast of Brazild anis one of the most
important natural sources of k-carrageenan, wtdarsed in food and cosmetic industries. Despite its
potential for exploitation little is known abous iecology. The aim of this study was to investigate
the biology and ecology oH. musciformisin Brazil through analyses of biomass stock and
accompanying flora. Two populations Bf musciformiswere analyzed: those on the beaches of
Stella Maris and Itacimirim (Bahia, Brazil). Eigkamplings were conducted between 2007 and 2009
during the dry and rainy seasons. The algae wenpled along transects (20 m) using quadrats (0.04
m?) in three different hydrodynamic regions of teefs (TP, PRR and FRR). The t-Test, Dunn's Test
and parametric and nonparametric ANOVA were usedtfatistical analyses. 17 host species and 41
associated species were identified. The highesh&és stock was observed during the dry season.
On Stella Maris, the region with the highest biomatck was FRR; on ltacimirim, TP had the
highest biomass value. This study permits the apom that seasonality, microhabitat,
hydrodynamic and micro scale factors contributevddation in biomass stock iH. musciformis
populations.

Resuwmo

Hypnea musciformiecorre amplamente na costa nordeste do Brasdpsema das mais importantes
fontes naturais de k-carrageenana que é utilizadandustrias alimenticia e cosmética. Apesar do
potencial de explotacédo, pouco se sabe sobre siegiec O objetivo deste estudo foi conhecer a
biologia e ecologia del. musciformiso Brasil através da andlise do estoque de bieaeass flora
acompanhante. Duas popula¢desHdemusciformisforam analisadas nas praias de Stella Maris e
Itacimirim (Bahia, Brasil). Oito amostragens foragalizadas entre 2007 e 2009, durante as estagdes
seca e chuvosa. As algas foram coletadas ao loag@usectos (20 m) utilizando quadrados (0,04
m?) em trés diferentes regides hidrodindmicas dodes (TP, PRR e FRR). t-Test, Teste de Dunn e
ANOVA paramétrica e ndo-paramétrica foram utilizadpara a analise estatistica. Foram
identificadas 17 espécies hospedeiras e 41 espa&ssesiadas. O maior estoque de biomassa foi
observado durante a estacdo seca. Em Stella Maggjdo com maior estoque de biomassa foi FRR,
e em ltacimirim, TP apresentou biomassa maior. [Estedo permite supor que sazonalidade,
microhabitats, hidrodinamismo e fatores em micrakescontribuem para a variagdo no estoque de
biomassa em populac¢destdemusciformis.

Descriptors: Bahia, Biomass, Carragenophyte, SeaMariation, Seaweed.
Descritores: Bahia, Biomassa, Carragendfita, Vaoggazonal, Alga.
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INTRODUCTION The assessment of biomass stocks found
in these studies has shown that populations of

The speciesfypnea musciformig\ulfen in Hypnea musciformisvary depending on seasonality

Jacquin) J.V. Lamour is widespread along the cofst and certain environmental factors, such as water

Bahia. This seaweed is one of the natural sources mperature, low diurnal tides, hydrodynamics and
the polysaccharidek-carrageenan, which is widely herblyory (S(_:HENKMAN' 1989; WALLNER et aI.:
used in the food, cosmetics and textile industaigsa 1992, REIS; YONESHIGUE-VALENTIN, 1998;

thickener. The pharmaceutical industry also uses EACCINI; BERCHEZ, 2000). According to Reis and

carrageenan for its antiviral and anti-inflammatoryY ©neshigue-Valentin (1998), the same environmental

properties, as well as a vermifuge and muscle agiax [2ctor can interfere differently in the growth ef.
(SCHENKMAN, 1989; REIS: YONESHIGUE- musciformis depending on the collection site,
VALENTIN, 1998: BRAVIN: YONESHIGUE- evidencing the variation in the stocks of this spec
VALENTIN, 2002). According to Lourengo and OVertime and space.

Marques Jr. (2009), due td. musciformis’economic ~ This study contributes to the knowledge of
importance, natural populations of the species ha/b® biology and ecology off. musciformisthrough
suffered indiscriminate harvesting, especially in@n@lyses of its biomass stock, as well as of its
northeastern Brazil. accompanying flora.

Hypnea musciformiscan develop on a
variety of substrata and can be epiphytic or grow
floating (GUIST JR et al., 1982). Schenkman (1989) Study Sites
reported the specié%argassaurr) cymosué Agardh Two epiphyte populations of Hypnea
as the main host 61. musciformisand also registered sciformiswere analyzed in the state of Bahia, on
as |mportant substrata the. red algagurenma the beaches of Stella Maris (12°56'22"S, 38°19'4)L"W
scopariaJ. Agardh,Bryothamnion seaforthifTurner) o4 |tacimirim (12°36'53"S, 38°02'31"W), located in

Kuetzing ~and Acanthophora  spicifera (Vahl)  ga\ador and Camacari, respectively (Fig. 1).
Boergesen. Also, Reis and Yoneshigue-Valentin
(1998) observed the genB8argassunt. Agardh a$.
musciformis'main host. -
Some countries have undertaken studies €] = ( i
evaluate the variation in the development of naturé®
populations oHypnea musciformig=or instance, Rao
(1970), in a study conducted in India, indicatedsid e flon i
increase in stocks off. musciformisin November, “~ o Beach
with peak of dry biomass from December to February e
Guist Jr et al. (1982) observed that the natuatkst
of H. musciformisn Florida, USA, were higher when
solar radiation was minimal and that, from June tc |/ .
September, there were no populations at all at tt| -« ¢ b7 salvador
collection sites. Both studies observed the peak ¢ 4 | el
biomass during the winter. Friedlander ancg - — -
Zelikovitch (1984) studied natural populations in” " A
Israel and observed that the growth season was fro Atontic Ocean N
April to December (from spring to summer), being |- * PR )
positively correlated to temperature and light risigy. ' '
Aziza et al. (2008) conducted a study in Moroccd anFig. 1. Map showing the localization of the studgza Stella
found that natural populations showed periods offaris (Salvador) and ltacimirim (Camacari), BatBaazil.
active growth from May to November (from spring to ] ]
late autumn). At Stella Maris _beach the reef consists of
Despite the intense exploitation blypnea Precambrlan_ metamorphic basement ar)d__Quaternary
musciformis few ecological studies have been carried®@achrock with calcareous crust. At Itacimirim teac
on the coast of Brazil for the purpose of recordimg the reef consists of carbonate rock, mainly poedlat
spatial-temporal variation in natural populations obY coral and coralline encrusting algae (LEAO, 1996
this species. Of the few studies conducted one may The climate in the coastal region of Bahia
quote those of Schenkman (1989) and Faccini arf@nges from humid to sub-humid, with an average
Berchez (2000) in S&o Paulo, Reis and Yoneshigu@nual rainfall of 1500 mm and 200 days of
Valentin (1998) in Rio de Janeiro, and Wallner et aisunshine/year. Air temperatures vary between 14 and
(1992) in Bahia. 33°C, and sea water temperatures from 20-27°C

MATERIAL AND METHODS
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(MAIDA; FERREIRA, 1997). The rainy season in this Statistical Analyses
region lasts from March to August, the dry season

from September to February. Data on air and WalQh ost the normality of the observed distribution.

temperature, sunlight, humidity and rainfall were5iances were tested for homogeneity with Bargett’
provided by the National Institute of Meteorologytestl Data which did not pass the test of normaliye
(INMET). submitted to nonparametric ANOVA associating the
Kruskal-Wallis test and Dunn’s Multiple Comparisons
(ZAR, 1999). Thet-Test was used to verify the
xistence of significant differences in the biomass

) . tween beaches and the different periods sampled.
2007 and July 2009, 4 during the rainy season and R . !
during the dry season. Samples were collected from 1< Wﬁy A”‘.""VS'S of Vfarllan(.:f(.e (AN(3¥fA) was u?ﬁad to
the intertidal zone during low tides. The reefs avervgr'fy the eX|stence. ot signi icant differences t
' biomass among microhabitats. The data were log-

divided into microhabitats on the basis of their .
. . . ransformed and the confidence level for all tedts
hydrodynamics, in accordance with Nunes and Paula

o A _
(2002). The microhabitats were as follows: a TidaP'gn'f'Ca.lnce \f/vasl_s?t at 95/; (_Fk 2'05)' For
Pools (TP) region, which presented varying depth comparison of multiple means the Tukey-Kramer test
shapes and sizes, a Protected Reef Region (PRR), tl rametric) was applied. Analyses were performed

; P ) T GraphPad Software for Windows version 3.06
emerged during low tide and was protected fromatlire

wave action, and a Front Reef Region (FRR), a regio§12003)'

The Kolmogorov and Smirnov test was used

Field Samplings

Eight samplings were taken between AugusE

of higher hydrodynamics, subject to direct wave ResuLTs
action. ]
The sampling was performed using a Host and Associated Flora
destructive methodology. Three transects (20 mewer The two populations dflypnea musciformis

arranged parallel to the coastline in each micritalb analyzed presented epiphytic habits, occurring n 1
Five points were marked at random on each transe¢igpst species, representing the divisions Chlorophyta
at each of which 0.04 fquadrat plots were sampled, Rhodophyta and Heterokontophyta. These epiphyte
all the specimens inside the plots being collesi#d  populations were more frequently observed growing
a spatula. The algae collected were fixed in 4%n species of the division Rhodophyta, especially of
formalin and later screened and identified in thehe family Rhodomelaceae, represented by six taxa.
laboratory using the techniques suggested by Nunghe division Heterokontophyta presented four host
(2010). For the taxonomic arrangement of speciegpecies, among thenBargassum cymosunvar.
Wynne (2011) has been adopted. cymosumC. Agardh showed the greatest number of
To determine biomass, algae were dried agpiphytic Hypnea musciformis The division
60°C for 72h until they maintained constant weight aChlorophyta showed only one host specieya
recorded by means of a semi-analytical balance. Thgctuca L. Of the taxa studied, six were found
values of dry biomass are presented as a meanexclusively on Stella Maris, two on Itacimirim and
standard deviation in grams per square mete?fgm  eight were common to both beaches (Table 1).

Table 1. Host species dflypnea musciformi®n the beaches of Stella Maris (Salvador) and
Itacimirim (Camagari), Bahia, Brazil. (x) = presgfi} = absent

Division Family Taxon Beaches
Itacimirim Stella Maris
Chlorophyta Ulvaceae Ulva lactucal. X -
Heterokontophyta  Dictyotaceae Dictyopteris delicatuld.amour. X X
Padina gymnosporé&itz.) Sond. X X
Sargassaceae Sargassum cymoswar. cymosunC. Agardh X X
Scytosiphonaceae Rosenvingea sanctae-cru@srgesen X -
Rhodophyta Corallinaceae Amphiroa anastomosaiWeber Bosse X X
Jania capillaceaHarv. - X
Gelidiellaceae Gelidiella acerosgForssk.) Feldmann & Hamel X X
Gracilariaceae Gracilaria cervicornis(Turner) J. Agardh X X
Halymeniaceae Cryptonemia seminervi€. Agardh) J. Agardh - X
Rhodomelaceae  Acanthophora muscoidé€k.) Bory - X
Bryothamnion seaforth{iTurner) Kitz. - X
Bryothamnion triquetrunS.G. Gmel.)M. Howe - X
Palisada perforatgBory) K.W. Nam X X
Digenea simplexWulfen) C. Agardh X X
Vidalia obtusiloba(C. Agardh) J. Agardh - X

Total species for beach 10 14
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Hypnea musciformisvas found epiphyting commonly represented, with 18 and 16 species
certain species in each microhabitat of the beaohes respectively. The division Heterokontophyta presdnt
Stella Maris and Itacimirim, and species ofseven associated species.

Rhodophyta were the main substratum Ffdypnea
(Table 2).

Table 2. Host species oHypnea musciformismore
commonly occurring in each microhabitat of the emc

Environmental Variables

Stella Maris (Salvador) and Itacimirim (CamagcaBghia, The air temperature during the study period
Brazil ranged from 23°C at its loweki 27°C at its highest,
— - with an average of 25.5°C. There was a high rate of
Beaches/Microhabitats Stella Maris Itacimirim f : . . . .
Tidal pool (TP) Gelidiella acerosa Palisada perforata insolation durlng the Samplmg_ F_)enOd’ ra_nglng fr6m
Protected reef region Gelidiella acerosa Palisada perforata to 10 hours_ per day The hUmIdIty was hlgh durh‘@ t
(PRR) study period, ranging between 75 and 80%,
Frontal reef region Bryothamnion Sargassum cymosuvar. characteristic of the humid to subhumid climatehef
(FRR) seaforthii cymosum

coast of Bahia. The sea water had a minimum
temperature of 23°C, an average of 25.7°C and a

The flora associated with Hypnea . o . ; )
musciformisbanks was represented by 41 species. TW%Z@T&“MOIESQ C. typical values for this tropical

divisions Chlorophyta and Rhodophyta were the most

Table 3. Species of flora associated wlitipnea musciformisn the beaches Stella Maris
(Salvador) and Itacimirim (Camacari), Bahia, Brazil

Division Family Taxon
Chlorophyta Anadyomenaceae Anadyomene stellai@Vulfen in Jacq.) C. Agardh
Caulerpaceae Caulerpa cupressoidg$i. West in Vahl) C. Agardh
C. mexican&ond. exKiitz.
C. racemosdForsskal) J.Agardh
C. sertularioidegS.G.Gmel.) M. Howe
Codiaceae Codium tayloriiP.C. Silva
C. intertextunCollins & Herv.
Cladophoraceae  Cladophora prolifera(Roth) Kiitz.
C. vagabunddL.) C. Hoek
Halimedaceae Halimeda cuneat&. Hering
H. discoideaDecne.
H. gracilisHarv. ex J. Agardh
H. incrassataJ. Ellis) J.V. Lamour.
H. opuntia(L.) J.V. Lamour.
Siphonocladaceae Dictyosphaeria verluysiWeber Bosse

Ulvaceae Ulva fasciataDelile
U. rigida C. Agardh
Valoniaceae Valonia aegagropileC. Agardh
Heterokontophyta  Dictyotaceae Canistrocarpus cervicornigKutz.) De Paula & De Clerck

Dictyopteris justiiJ.V.Lamour.

Dictyota jamaicensi§V.R.Taylor

Lobophora variegatdJ.V.Lamour.) Womersley ex E.C. Oliveira

Padina boergesenillender & Kraft

Spatoglossum schroed¢@. Agardh) Kiitz.
Scytosiphonaceae Colpomenia sinuosgRoth) Derbes & Solier

Rhodophyta Corallinaceae Amphiroa fragilissimgL.) J.V.Lamour.

Spyridia hypnoide¢Bory in Belanger) Papenf.
Galaxauraceae Dichotomaria marginatdJ.Ellis & Sol.) Lamarck.
Gigartinaceae Chondracantus acicularigRoth) Fredericq in Hommersand et al.
Gracilariaceae Hydropuntia cornedJ. Agardh) M. J. Wynne

H. caudata(J. Agardh) Gurgel & Fredericq

Gracilaria cuneataAresch

G. curtissae). Agardh

G. cylindricaBorgesen

G. dominguensiéutz.) Sond. ex Dickie
Lomentariaceae  Gelidiopsis variabiliggrev. Ex J. Agardh) F. Schmitz
Rhodomelaceae  Acanthophora spiciferévahl) Borgensen

Amansia multifida).V.Lamour.

Enantiocladia duperrey(C. Agardh) Falkenb.

Herposiphonia bipinnatél. Howe
Solieriaceae Solieria filiformis(Kutz.) P.W. Gabrielson
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The average number of rainy days per Regarding seasonality, biomass stock was
month, as well as the average monthly rainfalhigher in the dry season on both the beaches, Tn&h
accumulation, for the rainy and dry seasons, were 0.4 gn¥ for Stella Maris, and 10.2 + 0.6 gfrrfor
calculated based on yearly precipitation data @72 Itacimirim, differing significantly from that of #
2008 and 2009 (INMET). In the rainy season, thereainy season (p < 0.005), which attained a prodacti
were monthly averages of about 15 days with rath anof 4.0 + 0.3 grif for Stella Maris, and 6.0 + 0.3 gm
285mm of accumulated rainfall. For the dry seasorfor Itacimirim.
the monthly average was 5.5 days with rain and The influence of seasonality was evident in
160mm of accumulated rainfall. The fluctuation ofthe biomass stock of the microhabitats. For Stella
these rates in the months of sampling is listed iMaris, there were significant differences amongta!
Figure 2. microhabitats between the dry and the wet seasons.
Itacimirim beach presented values that only differe
significantly between all the microhabitats in taey

N
a
w
a
=}

P " season (Table 5).
-= 250
S1s 260 % Table 5. Representation of significant differenizebiomass
;jm 150 £ among microhabitats, depending on the seasonditthe
s 100 beaches of Stella Maris (Salvador) and Itacimirim
é 5 - (Camagari), Bahia, Brazil. R1 and R2: March and usig
2, o (rainy season), respectively; D1 and D2: Septerrdret
R2 DI D2 RL R DI D2 Rl February (dry season), respectively; NS: no sigaift
Sampling periods difference.
—Days of rainfall —Monthly accumulated rainfall
Sampling R1 R2 D1 D2
Fig. 2. Fluctuation in the number of days with raind nga";ﬂz’s
monthly accumulated rainfall in sampling periods e —gjamaris TP xPRR TP X FRR TPXFRR TP xPRR
beaches of Stella Maris (Salvador) and Itacimirim (P <0.001) (P <0.01) (P <0.001) (P <0.001)
(Camagari), Bahia, Brazil. R1 e R2: March and Audreny E’PRSOXOFSR FproongR
season), respectively; D1 e D2: September and Bab(dry  ,cimirim TP x PRR TP x FRR NS NS
season), respectively. I(Z’PR<R o.ops’%R I(Z’PR<R 0.?%[’)?
(P< (?.001) (P< (?.001)

Dynamics of Biomass

When all the sampling periods are
onsidered, a variation in biomass stock between th
irst and the last month of each season may be. seen
For Stella Maris beach, during the rainy seasoereth

was a significant decrease in biomass stock in Marc
analyses of each individual beachicrohabitats (R1) and _the population’s recovery started in August
showed that they differ significantly. The analyseéRz)' Durlng the dry season, biomass stock became
revealed significant differences (p < 0.005) betweecon.Stant‘ .W'th the exception of that. of the froaefr
microhabitats on Stella Maris beach, where prodacti region which presenteq a decrease in September (D1)
was higher in the frontal reef region (FRR) and Iowe;rhe recovery began in February (D2), as may be
in the tide pool (TP). Itacimirim beach presenteoObserved in Figure 3.

higher yields in the tide pool (TP) and lower ofires -

Hypnea musciformisccurred in the three
microhabitats of the beaches of Stella Maris an
Itacimirim throughout the sampling period. The
biomass stock of the microhabitats of the two beach
showed no significant difference (p > 0.05). Howeve

16
the protected region of the reef (PRR). The statiktic T s
analyses showed significant differences between =12 { w
microhabitats on this beach (p < 0.01) (Table 4). ‘f,;oo; { ([l .

i 0,6 Tl w
Table 4. Representation of averages (+ SD) of doynhss ° EZ ‘ | [ l ‘
values (gnf) of Hypnea musciformisobtained in each 0 IS i
microhabitat of the beaches of Stella Maris (Satvadnd R2 DL D2 RL RZ DI D2 R1
Itacimirim (Camacari), Bahia, Brazil. Sampling periods
Tidal pool M Protected reef region M Frontal reef region

Microhabitats/ Tidal Protected Frontal reef Total Fig. 3. Graphical representation of the mean (+ BiDjnass
Beaches ?TOS)' 'e‘i;;elg)m” region (FRR) biggass of Hypnea musciformisf microhabitats as a function of
Stella Maris 34+03 42+03 43+04 1.9 seasonality on the beach of Stella Maris (Salvaddahia,
Itacimirim 65+07 4.0%0.3 58+0.4 16.3 Brazil. R1 e R2: March and August (rainy season),
g_otal dry 9.9 8.2 10.1 28.2 respectively; D1 e D2: September and February ¢dason),
lomass

respectively. (n = 360 samples).



70 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 61(1), 2013

As for Itacimirim, no abrupt changes in Itacimirim. In addition to the effect of the severa
biomass stock were observed during the study periothicroenvironments that occur in this microhabitag
with the exception of the protected reef region (PRRybserved result may also have been influenced by
which showed a large decrease in March (R1) (Fig. 4)solar radiation, as during low tides the pools rBoe

subject to any movement of the water, possibly thus
35 enhancing the penetration of sunlight (REIS;
3 YONESHIGUE-VALENTIN, 1998).

The desiccation during daytime low tides
which occurs in the protected reef region (PRR) may
have had a direct influence on the low values of
biomass presented by the Itacimirim beach. Accgrdin

o |
W [ I [ [ X | [ to Reis and Yoneshigue-Valentin (1998), the
H [ “ [ [ 1 populations in this region are most likely due to
| I I
2 R1 R2 D1 D2 R1

Dry weight (g/m?)
= N
- w N wv

o
]

o

desiccation because of the period of emersion durin
low tides. The high relative humidity of the ail0g8)
recorded during the period of the study may have
Tidal pool M Protected reef region M Frontal reef region prevented further reductions in biomass stock.
Fig. 4. Graphical representation of the mean (¢ Bibjnass _As for seasonality, Reis and Yoneshigue-
of Hypnea musciformiof microhabitats as a function of Valentin (1998) and Faccini and Berchez (2000) found
seasonality on the beach of Itacimirim (Camacahia, NO evident seasonal pattern in the biomass stock of
Brazil. R1 e R2: March and August (rainy season)Hypnea musciformidor the populations of Rio de
respectively; D1 e D2: September and February ¢gason), Janeiro and S&o Paulo, contrary to the patterndfaun
respectively. (n = 360 samples). this study, with higher biomass values occurring
during the dry season (September to February). Rao
(1970) and Guist Jr (1982) observed an increase in
Discussion biomass stocks during the winter, while Friedlander
and Zelikovitch (1984) and Aziza et al. (2008)
Previous studies undertaken on the coaseported the increase during the months from Jane t
of Bahia, such as those of Altamirano and NuneSeptember, during the summer.
(1997), Nunes (1998), Nunes et al. (1999), Nunes et The analysis of the sampling periods showed
al. (2001) and Lucio and Nunes (2002) reported #hat, during the rainy season, the total biomass
widespread occurrence bfypnea musciformign the decreased on both beaches in March (R1). This
three microhabitats analyzed in this study. reduction is probably due to the high rate of ralinf
The protected reef (PRR) and tidal pool (TPYecorded in this period in addition to the windsan
regions presented the rhodophytes as the maftaytime low tides, which may have caused the
substratum for Hypnea musciformis This fragmentation of the thallus of the algae, thusic@ty
relationship was also observed by Schenkman (198%)e stock of biomass (SCHENKMAN, 1989; REIS;
and Nunes et al. (2001). The frontal reef regioRRF YONESHIGUE-VALENTIN, 2000; WALLNER et
of Itacimirim presented the brown alg8argassunas al., 1992).
the main substratum, thus confirming this species a The dry season is characterized by lower
an important substratum available for naturarainfall. So it follows that the probability of the
populations of H. musciformis (OLIVEIRA; maintenance of the algal population is higher bseau
BERCHEZ, 1987; BERCHEZ et al, 1989;the movement of water and the likelihood of
SCHENKMAN, 1989: BERCHEZ et al., 1993; REIS; fragmentation of the thallus are reduced. Probably,
YONESHIGUE-VALENTIN, 1998; FACCINI; seasonality, the environment (microhabitats), the
BERCHEZ, 2000). hydrodynamic and micro scale factors, together
In relation to microhabitats, biomass stockcontribute to the increase or decrease of the tserof
on Stella Maris beach was higher in the front reeHypnea musciformipopulations.
region (FRR), due to that region’s characteristi¢tgs T This context suggests that to facilitate the
region remains submerged even during low tidess thiexploitation and rational management of populations
avoiding the desiccation of the algal population IRE of Hypnea musciformjsit is necessary to analyze the
et al., 2003, 2008). change in biomass of this seaweed at each of the si
The tidal pools (TP) contain many Of its potential use, taking into consideration the
microenvironments, which may lead to greatepopulation’s capacity for recovery, as the biomafss
variability in biomass production, as observedhist this species generally varies over time and space
study. This microhabitat presented the lowest wlug(REIS; YONESHIGUE-VALENTIN, 1998, 2000;
of biomass on Stella Maris and the highest omREIS et al., 2008).

R2 D1 D.
Sampling periods
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