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ABSTRACT

The aim of the present study was to describe thectste of shallow-water rhodolith beds from Bahia
Magdalena, one of the most productive estuaringesys of the Mexican Pacific coasts. From September
2008 to May 2009 four rhodolith beds were foundifleen 1 and 3 m depth) and population descriptors
such as rhodolith density, size classes, branchityerolume and weight were determined. The dontina
rhodolith forming species was Lithophyllum margaeit The size of beds ranged from 7,600 to 17,800 m2
approximately with densities from 42.2 to 215.9.md. In these beds, L. margaritae shows fruticose and
foliose growth forms, from which spherical formsre/@redominant (81-99%). Branch density (from 8.0 t
13.3 branches.cf) varied significantly (p < 0.05) among beds. Therage volume (from 2.0 to 400 mL)
and wet weight (from 32.4 to 84.8 g) was not sigaiitly different among sites, but a significansiioe
correlation (r = 0.95, p < 0.05) was found betwterse parameters. The size of plants ranged frOrto2.
11.5 cm with predominant size classes of 40.1-6Q Bifferences in rhodolith density, branch densitd
sphericity were attributed to possible differenitebydrodynamic conditions among sites. These bexte
also a suitable habitat for high diversity of asated sponges. A non-metric multidimensional seglin
(MDS) analysis using sponge species data reveaedbility in the distribution of sponge assembkge
among sites, which is likely the result of diffeces in environmental conditions. Although theseddiith
beds are not as extensive as those of other regiangreliminary surveys revealed that they aceramon
habitat in Bahia Magdalena and likely have an irtgyarrole in the productivity of this estuarinetsys.

Resumo

O objetivo do presente estudo foi descrever ates&rude bancos de rodolitos de areas rasas da Bahia
Magdalena, um dos sistemas estuarinos mais produtla costa pacifica mexicana. Quatro bancos de
rodolitos situados entre 1 e 3m de profundidadaenfomvaliados em relacdo a densidade, classes de
tamanho, densidade dos ramos, volume e peso rampaté setembro de 2008 a maio de 2009. A espécie
dominante no local foLithophyllum margaritae O tamanho dos bancos variou de 7,600 a 17,800 m
aproximadamente, com densidades de 42.2-215.9 fndforam observadas formas de crescimento
fruticosa e folhosa erh. margaritae sendo a forma esférica predominante (81-99%).eAsidade dos
ramos (3.0-13.3 ramos.cnvariou significativamente (p < 0.05) entre osdmmn O volume médio (2.0-400

ml) e o peso Umido (32.4-84.8 g) néo tiveram difeas significativas entre os locais, mas uma ayéael
positiva significativa (r = 0.95, p < 0.05) foi emtrada entre os pardmetros. O tamanho das phentasi

de 2.0 a 11.5 centimetros predominando o padrae &@t1-60 mm. As diferencas na densidade de
rodolitos, densidade dos ramos e a esfericidadenf@tribuidas as condi¢cdes hidrodindmicas difeagiasi

nos locais. Estes bancos também foram um importeatiéat para uma grande diversidade de esponjas
associadas. A ordenacdo das amostras com o esoelsteamultidimensional ndo-métrico (MDS) indicou
grande variabilidade na distribuicdo das assenmléiea esponjas entre os bancos, estas diferencas
provavelmente séo resultado de diferencas nas@@slambientais. Embora estes bancos de rodofitos n
sejam tao extensos quanto os de outras regidesaspesquisas preliminares revelaram que estesshanc
s&o um habitat comum na Bahia Magdalena e provavéniém um papel importante na produtividade do
sistema estuarino da regiéo.

Descritores: Rhodolith bedsjthophyllum margaritae distribution, Bahia Magdalena, Baja California,

México.
Descritores: Bancos de rodolitdsthophyllum margaritagdistribuicdo, Bahia Magdalena, Baja California,
México.
INTRODUCTION have been recorded forming large biogenic habitats

from the low intertidal zone to depths dowmn250 m
Rhodolith beds are composed of population§BOS_ENCE' 1983; LITTLER et al., 1991; FOSTER,
of non-geniculate coralline red macroalgae, whicit001; KONAR et al., 2006). Currently, several studies
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have highlighted the importance of rhodolith beals i

marine ecosystems because: 1) they provide MATERIAL AND METHODS
microhabitats and shelter for a high biodiversify o
plants and animals (e.g. BIRKETT et al., 1998; Study Area

HALL-SPENCER, 1998; BARBERA et al., 2003;

STELLER et aI.,’ 2003; HINOJOSA-ARANGO; ) . 3
RIOSMENA-RODRIGUEZ 2004; KAMENOS et al., The study area is located in Bahia
2004; PENA:; BARBARA, 2008; RIUL et al., 2008), Magdalena, a coastal lagoon system located between
2) their structures have the potential to provideg4°15'N and 25°20°N and 111°30'W and 112°15'W on
information on past oceanic conditions (FRANTZ ethe Pacific coast of the Baja California peninsula,
al., 2000) and 3hey contribute to maintaining the pH Mexico (Fig. 1). This anti-estuarine system has an
of seawater (CANALS; BALLESTEROS 1997). In irregular form and is mainly _composed of intertidal
addition, they are exploited as a source of calciurind shallow areas and relatively narrow mangrove

carbonate for a wide variety of human uses (eg., ghannels with ~an average depth of 3.5 m
agricultural  and  horticultural  fertilizer,  soil (SCHWEERS et al., 2006). Within this system the sea

conditioner, toxin eliminator, drinking water Surface temperatures range from 20.3 + 0.5°C during
purification, biological denitrification and animal January or February to 26.9 + 1.0°C in September
fodder additive as well as in the pharmaceutical an(LLUCH-BELDA et al., 2000). In the shallower

cosmetic sectors, in bone surgery and even in trones, salinities reach high levels (39.2 %) ity 2uld
nuclear industry) (LOPEZ-BENITO, 1963: August and low ones (34.1 %) in March (ALVAREZ-

BLUNDEN et al., 1977: BLUNDEN et al., 1981; BORREGO et al, 1975). The tidal regime (24.8

GRAY et al., 2000: BARBERA et al., 2003: GRALL, hours) in Bahia Magdalena is mixed semidiurnal, with

2003; GRALL:; HALL-SPENCER 2003: RIUL et al., Periods of higher high water followed by those of
2008). lower low water, a condition that produces greater

In the eastern Pacific, rhodolith beds havecurrent velocities during ebb tides (LANKFORD,
been recorded in Alaska (USA) (KONAR et al., 2006)1977; OBESO-NIEBLAS et al., 1999). Through our
in Mexico from the upper Gulf of California to the field expeditions (from September 2008 to May 2009)
Revillagigedo Islands (STELLER; FOSTER, 1995;|n_th_|s bay four rhodolith _beds were |de_nt|f|e_dcdmed
FOSTER et al., 1997: STELLER et al., 2003;W|th|n the Estero Banderitas (Fig. And in this paper
HINOJOSA-ARANGO: RIOSMENA-RODRIGUEZ, they have been designated as Bed 1 (24°48'45"N;
2004) and more recently in the Gulf of Chiriqui,112°05'59"W) , Bed 2 (24°54"12"N; 112°05'24"W),
Panama (LITTLER; LITTLER, 2008). Of these, theBed 3 (24°53'47°N; 112°06'29"W) and Bed 4 (24°48’
Gulf of California’s rhodolith beds are those which42"N; 112°06'32"W). The distances between the beds
have been most extensively studied as to the tgati fanged from 0.9 to 10 km, approximately. The bottom
description and analysis of live and fossil rhotioli in the areas adjacent to the rhodolith beds wadysan
communities (e.g. STELLER; FOSTER, 1995;With small seagrass patches.

FOSTER et al.,, 1997; STELLER et al.,, 2003).
Nevertheless, despite the importance of these bioge
habitats in marine environments, little is yet kmow
about the presence of rhodolith beds in most of the
Mexican Pacific coastal zone, and even indhstern Once the beds were located, the density of
Pacific as a whole. Likewise, the organisms assetia the rhodoliths was determined by Scuba diving on
with these habitats (in this region) are in generahree line transects (replicates) of 25 m, placed
poorly known. perpendicularly to the shoreline, within the beideFL

The aim of the present study was, thereforex 1 m quadrats were placed, 5m apart, on each
to describe the structure of the shallow rhoddbi¢ls  transect. The total number of live rhodoliths withi
in the Bahia Magdalena, an extremely productive angach quadrat was then counted. The total area edmpl
biologically diverse embayment on the Pacific cadist at each site was of 15°n{5 quadrats per transect).
Baja California Sur, Mexico. Population descriptorsThen, a 0.25 x 0.25 m quadrat was placed in theupp
such as rhodolith density, average size, spheyicityeft-hand corner of each 1 x 1m quadrat and allitiee
volume, weight and branch density were quantititive rhodoliths present within it were carefully colledt
described and compared with those of other rhddolitThe rhodoliths were identified in the laboratory in
beds. Additionally, in this study we hypothesizatth accordance with the eastern Pacific keys
rhodolith beds are a suitable habitat for a higfRIOSMENA-RODRIGUEZ et al., 1999;
diversity of associated organisms, including spsnge ATHANASIADIS et al., 2004) and the average wet
one of the least studied groups on rhodolith beds ieight (g), size (cm), sphericity, volume (ml) and
estuarine systems. branch density (branches &rwere determined.

Rhodolith Density
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Fig. 1. Study area in the Bahia Magdalena, Bajidtaia Sur, Mexico. The arrows show the studyssi@ed 1, Bed 2, Bed 3
and Bed 4).

Rhodolith Measurements measurement, size frequency analyses were
undertaken for each bed. Branch density was estiimate
(for each plant) as the average number of apipal ti
A total of 100 rhodolith plants were counted in three haphazardly placed 12 emadrats
collected within each bed. Sphericity was calculate(STELLER; FOSTER, 1995). The wet weight (g) was
from the measurement of the longest (a), short®st (also obtained for each specimen using an Ohaus
and intermediate (c) dimensions (in cm) of eacimtpla LS5000 portable digital electronic scale. The vadum
in accordance with Sneed and Folk’s (1958) methognL) was determined by displacement in water, using
and plotted using Tri-plot Ternary diagram plottinga graduated cylinder (see details in AMADO-FILHO
software (GRAHAM; MIDGLEY, 2000). This method et al., 2007). To determine whether there were
has been widely used to classify rhodoliths asignificant differences in rhodolith density, size,
spheroidal, discoidal or ellipsoidal (BOSCENCE;volume and branch density between sites, one-way
PEDLEY, 1982; STELLER; FOSTER, 1995; analyses of variance (one-way ANOVA) followed by
AMADO-FILHO et al., 2007). The average size (cm),the Student Newman-Keuls test were performed. All
i.e., of the greatest dimension of the plants, wagdata sets (average of each replicate) were preyious
measured (STELLER; FOSTER, 1995). With this
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analyzed for normality (Kolmogorov-Smirnov test)plant densities, size, volume, weight and sphericit

and homocedasticity (Cochran’s test). represent this species.
Spherical forms were predominant in Bed 1
Sponges Associated with Rhodolith Beds (99%) over both discoidal (0%) and ellipsoidal (1%0)

forms (Fig. 3). In Bed 2, 80.8% were spherical, 5%
The sponges associated with each rhodolitdiscoidal and 14.2% ellipsoidal. In Bed 3, 87.6%aver
bed in January 2009 were also recorded. Theipherical, 2.1% discoidal and 10.3%llipsoidal.
identification was undertaken by the traditionalSpherical forms were also predominant in Bed 4
morphological method, which considers externalg81.4%), while 9.3% were discoidal and 9.3%
morphology (color, texture and shape) and thellipsoidal (Fig. 3).

arrangement and dimensions of their skeletal elésnen The branch density varied significantly €

(see detailed method in BERMAN; BELL, 2010). 0.05) between beds. Plants from Bed 1 showed a
The sponge species were recorded on eaglignificantly ( < 0.05) higher average density (11.1

of the transects wused for rhodolith densityd.21 branches c‘ﬁ) than those of Bed 2 (9.7 + 0.28

determinations (3 transects per site). To determingranches cif), Bed 3 (6.9 + 0.16 branches érand

whether there was any variability in spongeBed 4 (5.4 + 0.16 branches &(Fig. 4).

assemblages within and between beds, analyses of

similarity and ordination (non-metric Rhodolith Density and Dimensions
multidimensional scaling, MDS) were performed. The
similarity analysis was undertaken in accordandé wi The average density ranged from 215.9 +

the ordination techniques recommended by FIELD €3.02 ind n¥ in Bed 1 to 42.2 + 5.12 ind frin Bed 3.
al. (1982) and the similarity matrix was based loa t Beds 2 and 4 had intermediate values with 88.2 +
presence/absence of sponge species (BRAY; CURTIS5.14 ind nf and 114.6 + 6.07 ind f) respectively
1957), where 1 indicates a species’ presence on tfieig. 4). The rhodolith density showed significant
transect and O indicates its absence. The MDS watlifferences between sites (ANOVA, < 0.01) and it
carried out based on the similarity matrixwas significantly higher in Bed 1 than at the other

(KRUSKAL; WISH, 1978). three sites (SNK tegp, < 0.01).
On the other hand, there were no significant
ResuLTs differences (ANOVA,p > 0.05) in average volume
) N between the rhodoliths of Beds 1, 3 and 4 (49.899 4.
Species Composition and Growth Form mL, 558 + 480 mL and 488 + 560 mL,

The four rhodolith beds surveyed were foundespectively), but it was significantly lower (SN#st,
at depths of between 1 and 3 m and their extensigh> 0.01) in Bed 2 (21.0 + 2.09 mL) (Fig. 5). The
ranged from 7,616 ?n(Bed 2) to 17,890 ﬁ'](Bed 1). average weight was, similarly, relatively lowerBed
The dominant rhodolith forming species was2 (32.4 +2.84 g) and similar in Bedls3 and 4 (Bed 1
Lithophyllum margaritae (Hariot) Heydrich which =79.5+7.65(; Bed 3 =84.8 £7.07 g; Bed 4 = 23.7
presents fruticose and foliose growth forms (Fiyy. 2 9.22 @) (Fig. 5). A significant positive correlatio
The following average values (+ standard error) ofSpearman rank correlation, r = 0.95< 0.05) was

found between the average weight and volume.

2cm

Fig. 2. Specimens dfithophyllum margaritadrom Bahia Magdalena showing fruticose and foligsmvth forms.
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Fig. 3. Sphericity diagrams of rhodoliths from tfoeir sampling sites in Bahia Magdalena. Each point
indicates the rhodolith sphericity.
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The size of rhodoliths ranged from 2.0 topredominant size classes at the four sites ranged f
11.5 cm and there were no significant (ANOMVA> 40.1 to 60 mm (up to 41% frequency), followed by
0.05) differences in the average sizes betwees sitspecimens of 60.1-80 mm (between 21 and 37%
(Fig. 6a). The average size was similar in plarfts drequency) (Fig. 6b). Plants longer than 10 mm were
Bed 1 (5.58 + 0.13 cm) and Bed 4 (5.52 + 0.14 cm)carce and were found only in Beds 3 (4%) and 4
Likewise, the average size of Bed 2 (5.94 + 0.18 cm(1%).
was similar to that of Bed 3 (5.87 + 0.18 cm). The
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Associated Sponges The ordination analysis (MDS) of the sponge species
indicated that there was some variability in therspe
A total of thirteen sponge species wereassemblages both within and between rhodolith beds.
recorded in association with rhodolith beds in therhe MDS plot separated sponge assemblages into five
Bahia Magdalena (Table 1). Eleven species werngain groups with 60% similarity. Group 1 included
recorded in Bed 1, eight in Bed 2, nine in Bed 3 anthe three replicates of Beds 1 and 4; group 2 two
twelve in Bed 4. These species presented massiveplicates of Bed 2; group 3 two replicates of Bed 3;
(69%), fistulose (7.6%), encrusting (7.6%) and @ri group 4 one replicate of Bed 2 and group 5 one
(15.3%) growth forms. Only five species werereplicate of Bed 3 (Fig. 7). The stress of 0.1 ia th

common to all the BedsScopalinasp.,Halichondria  MDS indicates an acceptable representation.
cf. semitubulosa Haliclona sp., Mycale cf.

magnirhapidifera and Cliona euryphylla (Table 1).

Table 1. Sponge species found in rhodolith beds #Bahia Magdalena (x presence, -absence).

Sponge species Bed 1 Bed 2 Bed 3 Bed 4
Scopalinasp. Schmidt, 1862

Halichondria panicegPallas, 1766)

x X X

Mycalecf. magnirhaphidiferavan Soest, 1984

x

X X X
X X X
Halichondria cf. semitubulosd.ieberkiihn, 1859 X X X
X X X

X

Mycale ceciliade Laubenfels, 1936

x

Suberites aurantiacéDuchassaing and Michelotti, 1864) X X - X
Dysidea cachuCarballo et al. 2006 -
Cliona euryphyllaTopsent, 1888

Cliona californianade Laubenfels, 1932

Haliclonasp. Grant, 1836

x x < x <
.
x X x X X

Haploscleridasp. 1 Topsent, 1928
Haploscleridasp. 2 Topsent, 1928 - X - -
Clathrinida sp. Hartman, 1958 - X X X

SITE Stress: 0.1
Asepi
Oeeo2
|
O BED 4

Fig. 7. Non-metric multidimensional scaling (MDSptpconstructed from a Bray-
Curtis similarity matrix of presence/absence of shenge species recorded in four
rhodolith beds in the Bahia Magdalena. Ellipsesumdo data points indicate
similarities (at 60% similarity) of sponge assenglelsdetermined by cluster analysis.



372 BRAZILIAN JOURNAL OF OCEANOGRAPHY, 59(4), 2011

Discussion As has been commented above, the factors
that might help to explain differences in rhodolith
This study contributes to our knowledge ofMorPhology between sites vary. Branch density and
the rhodolith beds of the Mexican Pacific as thithe ~SiZ€ generally decrease with increasing depth are h
first time they have been recorded on the westtafas P€€n related to factors such as water motion and
the Baja California peninsula. And, according toSedimentation (STELLER; FOSTER, 1995). In this
Foster (2001), this is also one of the few studie§Udy, the higher values of rhodolith density and
describing living rhodolith beds in the easternifiac ranch density as well as a high proportion of
The dominant rhodolith forming species in BahiasPherical forms occurred in Bed 1, which possibly
Magdalena wad ithophyllum margaritag which has reerpts an environment with relat|\(ely mtgnse avat .
also been considered one of the commonest speciesOlioN, as has been suggested in previous studies
the Gulf of California (RIOSMENA-RODRIGUEZ et (MARRACK, 1999). Although depth did not vary
al., 1999: STELLER et al., 2003: STELLER et a|.,3|gn|f|cantly between sites, Bed 1 was located in a
2007). The dimensions (size, branch density anff!atively more exposed zone (at the entrandestéro
volume) and weight obtained in this study were iaith Banderitas)than the other three S|te_s. Nevertheless, it
the range of specimens bf margaritaefound in the has qlso been observ.ed that rhodollth.morphology ma
Gulf of California (STELLER; FOSTER, 1995: not simply be a function of water motion (STELLER;
STELLER et aI., 2003) However, in the BahiaFOSTER’ 1995; FOSTER, 2001) but that rhodolith
Magdalena beds the plants seem to attain greates si otation may be affected by processes other than
(ranging from 2.0 to 11.5 cm in diameter) and vatum purrents(e.g., d|sturbance by grazing fish and benthic
(from 2.0 to 400 mL) than those described for thdlVertebrates and epiphyte overgrowth) (GLYN, 1974;
shallow areas of the Bahia Concepci6n (average siz-OFFIN et al., 1985MARRACK, 1999). Thus
ranging from 2.1 to 4.8 cm and volume from 2.1 tdurther studies are required to examine possible
34.9 mL) (STELLER et al., 2003). Larger specimen?”v'ronmemal Qn"ferences (hydrodynamlc conditions
were scarce and generally found at the edges of tid@d sedimentation) between sites.

beds. Similarly, in this study the rhodolith denpsit Our surveys conducted in Bahia Magdalena
(from 42.2 to 215.9 ind ) and branch density (from revealed that rhodolith beds are a common macrbalga

3.0 to 13.3 branches @nwere lower than the values habitat within this system and together with margro
documented for the same species in the Bahfgots and shell banks also provide hard substcata f
Concepcion (average density [+ SE] of 8538 + 252§reat diversity of invertebrates and epiphytic
ind m? and from 4.4 to 21.8 branches &m seaweeds. In the case of sponges (one of the most
(STELLER et al., 2003). diverse groups), the MDS plot indicated that thisre

As has ’already been documented, apart frofj@riability in sponge assemblages within and betwee
light and temperature the main factor affectingsiteS (With only 38% of species shared). This asialy
distribution stability, shape, density and branghin (60% similarity) included within one and the same
patterns of rhodoliths is the hydrodynamic forcegroup all the replicates of Beds 1 and 4, which ey
(BOSENCE, 1976; HILY et al., 1992: STELLER: because the relatively short distance between these
FOSTER, 1995; BASSO, 1998). Although, in thissites (0.9 km) aIIow_s the flow of species betweemnt
study, hydrodynamic conditions were not measured85% Of their species are shared). Moreo&sds2
the tidal currents appear to be a major hydrodyoamfnd 3 showed a higher within site variability for
force leading to the accumulation of rhodoliths inSPONge species data. That variability suggests that
certain areas of the bay, as rhodolith beds wevaysl SPONge assemblages were not homogeneous between
found near or within tidal channels. These tidaf€Plicates of one and the same rhodolith b
currents reach speeds of up to 120 ct a the varied over small spatial scales. These findings ar
entrance to the bay (ROBINSON et al., 2007). consistent with those of Bell and Barnes (2003) and

On the other hand, the influence of wavescarballo and Nava (2007), who found that sponge
produced by tropical storms or hurricanes on th@SSemblages varied considerably between rocky
spatial distribution of these rhodolith beds canpet nabitats that were less than 50 m apart. The factor
ignored as these meteorological phenomena frequent]KelY o be responsible for this variation inclueval
make their landfall in this region (MARTINEZ- SUPPly, recruitment, ~physical disturbance and
GUTIERREZ; MAYER, 2004). Unlike the Gulf of biological interactions (UNDERWOOD et al., 1991).
California’s beds, which are generally larger (oé th It was also noted that although this is one of
order of kilometers), they occur in two primary et "€ most important embayments of northwestern
motion  regimes, wave-dominated and currentMexico, the rhqdollth_beds seem to be Iess_lmpacted
dominated. and beds have been characterizdly human activities (fishery and urban pollutiongut

accordingly as wave beds and current beds (STELLE[R0S€ described in other places worldwide (HALL-
et al., 2009). SPENCER; MOORE, 2000; STELLER et al., 2009).



AVILA AND RIOSMENA-RODRIGUEZ: RHODOLITH BEIS FROM BAHIA MAGDALENA, MEXICO 373

In brief, this is a preliminary study that MOORE, P. G.; MORA, J.; PITA, M. E.; RAMOS-
describes for the first time the structural chazgstics ESPLA, A. A RIZZO, M., SANCHEZ-MATA, A;
of the rhodolith beds of the Bahia Magdalena and the SEVA. A SCHEMBRI, P. J.; VALLE, C. Conservation
associated sponge species that inhabit them. The &nedd‘ter?;ilzaemnfgérl g; g so\”org:eaétonsgﬂa_mﬁar and
dqminant rhpdolith forming speciels.(n_wa_rgaritae) in Freslhw. Ecosyst.y. 13, p. 65;%{ 2003, Ve '
this estuarine system showed similar structurgdasso, D. Deep rhodolith distribution in the Pontia
dimensions to those of specimens of the same specie |slands, Italy: a model for the paleoecology of a
in the Gulf of California. Likewise, although these  temperate sea.  Palaeogeogr., Palaeoclimatol.,
beds are relatively smaller than those described in Palaeoecol., v. 137, p. 172-187, 1998.
other places around the world, they constitute aRELL, J. J.; BARNES, D. K. A. Effect of disturbanam
available substrate for a great diversity of assed assemblages: an example using Porif@ial. Bull., v.
organisms. Undoubtedly, further ecological studies 205, p. 114-159, 2003,

. . . BERMAN, J.; BELL, J. J. Spatial variability of s
required to determine the abundance of associate assemblages on the nglil’l]gto\:‘l 'SOL'JLK coasrt]mNew
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