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ABSTRACT

Background: Octopus is a fishery product of economic importance worldwide, the main species caught on
the coast of the Gulf of Mexico and the Caribbean Sea are Octopus maya and 0. vulgaris, the first represents
up to 95 % of national production. Goals: Identify the bacterial flora associated with commercial Octopus
maya captured in the Yucatan Peninsula, using PCR-DGGE. Methods: From the metagenomic DNAs (mDNAs)
extracted from samples representative of the octopus muscle, PCR products were synthesized with universal
primers for bacteria (9c338F and 518R) and specific primers for Phylum Firmicutes (FirF: 369 and gcFirR:
1244). They were separated by electrophoresis in denaturing gradient gels (DGGE). The fragmented DNAs
were recovered by elution, amplified (338F / 518R and FirF: 369 / FirR: 1244), sequenced and analyzed phylo-
genetically. Results: The sequences amplified with universal primers, after the DNA fragmentation by DGGE
were associated with Psychrobacter urativorans, Psychrobacter sp, Pseudomonas sp, Pseudoalteromonas
sp, Shewanella sp, Shewanella baltica, Klebsiella oxytoca, Vibrio aestuarianus, Photobacterium sp, Flavobac-
terium sp, F. antarcticum, Bizionia sp, Flavobacteriaceae bacterium, Bacillus sp, C. divergens, Cetobacterium
somerae, Psychrilyobacter atlanticus, Salinimicrobium sp as well as, Flavobacteriaceae not yet classified.
In the sequences amplified with specific primers (Phylum Firmicutes) were identified: Carnobacterium sp,
Lactococcus piscium Lactococcus sp, and Vagococcus sp Goncelusion: The bacterial genus detected have
been reported in samples from marine environments; therefore, can be part of the native microbial diversity
associated with commercial 0. maya captured in the Yucatan Peninsula, Mexico.

Keywords: Bacterial flora, Octopus, PCR-DGGE, phylotypes

RESUMEN

Antecedentes: El pulpo es un producto pesquero de importancia econdmica a nivel mundial, las principales
especies capturadas en el litoral del Golfo de México y el mar Caribe son Octopus mayay O. vulgaris, el pri-
mero representa hasta el 95 % de la produccion nacional. Objetivo: Identificar |a flora bacteriana asociada al
Octopus maya comercial capturado en la Peninsula de Yucatan, utilizando PCR-DGGE. Métodos: A partir de
los ADN metagenoémicos (ADNmg) extraidos de muestras representativas del misculo del pulpo, se sinteti-
zaron productos de PCR con iniciadores universales para bacterias (gc338F y 518R) e iniciadores especificos
para el filo Firmicutes (FirF:369 y gcFirR: 1244). Mismos que fueron separados por electroforesis en geles de
gradiente desnaturalizante (DGGE). Los ADN fragmentados se recuperaron por elucion, se amplificaron (338F
/ 518R y FirF: 369 / FirR: 1244), se secuenciaron y analizaron filogenéticamente. Resultados: Las secuen-
cias amplificadas con iniciadores universales, después de la fragmentacion del ADN por DGGE se asociaron
con Psychrobacter urativorans, Psychrobacter sp, Pseudomonas sp, Pseudoalteromonas sp, Shewanella sp,
Shewanella baltica, Klebsiella oxytoca, Vibrio aestuarianus, Photobacterium sp, Flavobacterium sp, F. an-
tarcticum, Bizionia sp, Flavobacteriaceae bacterium, Bacillus sp, Carnobacterium divergens, Cetobacterium
somerae, Psychrilyobacter atlanticus, Salinimicrobium sp, asi como, Flavobacteriaceae ain no clasificada.
En las secuencias amplificadas con iniciadores especificos (filo Firmicutes) se identificaron: Carnobacterium
sp, Lactococcus piscium, Lactococcus sp y Vagococcus sp. Gonclusion: Los géneros bacterianos detectados
han sido reportados en muestras de ambientes marinos, por lo cual, pueden ser parte de la diversidad micro-
biana nativa asociada al 0. maya comercial capturado en la Peninsula de Yucatan, México.

Palabras clave: Flora bacteriana, pulpo, PCR-DGGE, filotipos
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INTRODUCTION

In 2014, Mexico ranked 16th among the main countries producing fish
resources worldwide. A wide range of fisheries are exploited in the
country, ranging from octopus, tuna, shrimp, lobster, squid, and sardine;
Spain, Italy, and Japan are the largest consumers, and importers of the-
se fishes’ species. Morocco and Mauritania are the principal Octopus
exporters (FAO, 2014). In Mexico, the states of Campeche and Yucatan
represent 94 % of the national catch, which in 2016 was more than
38 thousand tons. Currently, Mexico is positioned in the third octopus
producer in the world (CONAPESCA, 2017). Fishery products are highly
susceptible to microbial growth due to the chemical composition (pro-
teins, moisture, and lipids), aquatic habitat and post-harvest handling
(Adedeji et al., 2012). Microorganisms can have both positive and ne-
gative effects on food industry systems. Many are used as probiotic
agents, quality indicators and flavor enhancers (de la Cruz-Leyva et al.,
2015) or as elements in a variety of biotechnological processes (Her-
nandez et al., 2016). Others negatively affect product quality by acting
as deteriorating agents. A large proportion of gastroenteritis and food
poisoning cases worldwide are caused by ingestion of uncooked fishery
products contaminated with pathogenic agents (Silveira, 2016).

Plate culture and biochemical tests are the most common methods
for microbial analysis and identification in different food matrices, even
though results document only a minority of the microbial community
(Kirkup, 2013). In recent years, a number of culture independent me-
thods have come into use in which DNA samples are used to amplify
the rRNA 16S gene by PCR (Niibel et al., 1999), and then analyzed using
genetic fingerprint methods such as denaturing gradient gel electro-
phoresis (DGGE) (de la Cruz-Leyva et al., 2011), Temperature gradient
gel electrophoresis (TGGE), Restriction fragment length polymorphism
(RFLP), Ribosomal intergenic spacer analysis (RISA) and Automated
ribosomal intergenic spacer analysis (ARISA) and third generation se-
quencing methods. These methods have allowed the characterization
of culturable and unculturable bacterial populations in different com-
plex samples (Fakruddin & Mannan, 2013). The DGGE method is a sim-
ple genetic fingerprint method able to separate small DNA fragments of
the same size but with different sequences (Muyzer & Smalla, 1998).
It has been widely used for identifying bacterial flora in environmental
samples and applied to study microbial communities in fishery resour-
ces attention (Wu et al., 2012), although cephalopods have received
little attention.

The octopus fishery is significant economic activity on the coasts of
the Yucatan Peninsula, Mexico. Octopus has recently served as a model
for research addressing population density and dynamic (Gamboa-Al-
varez et al., 2015), physiology (Martinez et al., 2014; Rodriguez-Domin-
guez et al., 2013), development (Noyola et al., 2013), feeding (Linares
et al., 2015), nutrition (Tercero ef al., 2015), and captive breeding and
production (Baeza-Rojano et al., 2013). No research has been done to
date on the bacterial community associated with this resource, this in-
formation is essential to establishing adequate quality controls for the
detection of undesirable microflora during product storage, processing,
and marketing. The goal of this study was to characterize the bacterial
flora associated with commercial Octopus maya captured in the Yuca-
tan Peninsula, using PCR-DGGE.

de la Cruz-Leyva Ma. et al.

MATERIALS AND METHODS

Sampling. In this work, 36 commercial samples of 0. maya were co-
llected in the reception area of a fish products packing company loca-
ted in Merida Yucatan, Mexico; following the Mexican regulations for
the capture, handling, and transportation of this samples (NOM-109-
SSA1-1994). Criteria in the selection of the samples: that the speci-
mens did not have more than six hours of capture and that the cold
chain had been maintained, from its capture to the packing company of
fishery products. All specimens were captured on the coast of the Gulf
of Mexico (August to December 2008), located in the Yucatan Peninsu-
la. It occupies a territory of approximately 125,000 km2, is located in
southeastern Mexico and divides the Gulf of Mexico from the Caribbean
Sea in the extreme southeast of North America and northern Central
America.

The octopus samples collected in the processing plant of fishery
products, were transferred to the laboratory at -10 °C in a time not
exceeding 60 min, in the laboratory were stored at -20 °C until use.

Sample preparation. 20 G of the surface tissue of each sample was
mixed with 1X TEN buffer (100 mM Tris-HCI pH 8.0, 500 mM NaCl,
50 mM EDTA pH 8.0) at a 1:1 ratio and homogenized for 1 min a vortex
with the highest setting. A 1500 pl aliquot was taken and centrifuged
at 16270 x g for 8 min at 28 °C, the supernatant discarded and the
pellet suspended in 1 ml 1X TEN buffer. This mixture was centrifuged
at 16270 x g for 5 min at 28 °C, and the pellet was stored at -20 °C
until use.

DNA extraction. Extraction of mgDNA was done following a silica-ba-
sed method described by Rojas-Herrera et al. (2008). Initially, 1 ml of
1XTEN buffer was added to the pellet and vigorously shaken for 15 sec.
Then, 10 pl of 10 % lysozyme (10 mg lysozyme/ml TE, 10 mM Tris-HCI
and 1 mM EDTA, pH 8.0) was added and the solution incubated for 30
min at 37 °C with gentle mixing every 10 min. The solution was then
cooled by placing in an ice-alcohol bath for 10 min and then incubated
for 5 min at 65 °C, a process which was repeated three times. After the
third repetition, 100 pl of 20 % (w/v) SDS were added, the solution was
agitated for 15 sec by manual inversion, incubated for 20 min at 30 °C
and centrifuged for 10 min under the above conditions. A total of 400 pl
of 5 M potassium acetate were added to the supernatant, the solution
was incubated for 5 min at 65 °C and then placed in an ice-alcohol
bath for 20 min. The solution was centrifuged at 16270 x g for 15 min
at 10 °C. The aqueous phase was transferred to a sterile tube, 200 pl
of 4 % (w/v) silicium dioxide (Si0,) was added, the tube was agitated
for 3 min by inversion and centrifuged at 16270 x g for 2 min at 28
°C. The resulting pellet was washed twice with 1 ml of 70 % ethanol,
centrifuged each time under the above conditions and the alcohol resi-
dues evaporated. The pellet was then suspended in 50 pl sterile distilled
water and incubated for 5 min at 55 °C with agitation every 1 min. This
suspension was centrifuged for 2 min under the above conditions, the
aqueous phase recovered without disturbing Si0,, and the extracted
DNA stored at -20 °C until use. The DNA presence was verified by 1 %
(w/v) agarose gel electrophoresis dyed with ethidium bromide (0.3 pg/
ml) together with a carrier solution (1:1 ratio). Lambda DNA/Hind Il lad-
der molecular marker was used as a reference. Electrophoresis was run
with 1X TAE buffer (50X stock solution: 24.2 % Tris base, 5.71 % glacial
acetic acid, 3.72 % Na,EDTA2H,0) for 2 h at 60 V. Gels were viewed
under a UV transilluminator and the image stored in an imager (Gel Doc
XR system, BioRad) using the Quantity One program (BioRad Imaging
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Systems). To estimate DNA purity and concentration, it was diluted in
sterile, ion-free water (ddH,0) at a 1:250 ratio and absorbance read at
260 and 280 nm in a spectrophotometer.

DNA amplification. The V3 region of the 16S rRNA gene was amplified
using the primers gc338F (5’-CGCCCGCCGCGCGCGGCGGGCGGGGCGG-
GGGCACGGGGGGCTCCTAC GGGAGGCAGCAG-3') and 518R (5’-ATTAC-
CGCGGCTGCTGG-3’) (Muyzer et al., 1993). The underlined sequence in
the gc338F primer corresponds to the GC clamp. The reaction mixture
contained 100 ng DNA sample, 2.5 pl 1X PCR buffer, 0.2 mM dNTPs mix-
ture (Invitrogen, Carlsbad, CA), 0.2 mM of each primer, 4.5 mM MgCl,
(Promega), 0.1 % bovine serum albumin (BSA) and 1 U Taq polymerase
DNA (Invitrogen™). The PCR run was as follows: denaturation, 94 °C for
5 min (1 cycle); touchdown at 10 °C above alignment temperature (65
°C), temperature lowered by 1 °C/min until 55 °C and increased to 72
°C for 1 min (10 cycles); denaturation, 94 °C for 1 min; alignment, 55 °C
for 1 min; extension, 72 °C for 1 min (20 cycles); final extension, 72 °C
for 10 min. The Phylum Firmicutes 16S rRNA fragments were amplified
using the primers FirF: 369 (5’-GGAGGCAGCAGTAGGNAATCTTC-3’) and
gcFirR: 1244 (5’-CGCCCGCCGCGCGCGG CGGGCGGGGCGGGGGCACGG-
GGGGTAGCCCARGTCATAAGGGGCATG-3’) (850 pb) (Rojas-Herrera et al.,
2008). The reaction mixture contained 100 ng DNA sample, 4.5 mM
MgCl,, 0.1 % BSA, 2.5 pl 5X PCR buffer, 0.2 mM dNTPs, 0.2 mM of each
primer, 1 U Taq polymerase (Promega®) and sterile double-distilled wa-
ter to complete final reaction volume to 25 pl. The run was as follows:
denaturation, 94 °C for 5 min (1 cycle); amplification, 94 °C for 40 sec,
alignment at 63 °C for 60 sec, extension at 72 °C for 30 sec (35 cycles);
final extension at 72 °C for 7 min (1 cycle). Amplicon verification was
done with 1.8 % agarose gel for the V3 region and with 1.5 % agarose
gel for the Phylum Firmicutes fragments, using the conditions described
in the previous section, except for the use of 0.5X Tris borate-EDTA
(TBE) as the electrophoresis run buffer.

DGGE. Amplicon separation was done by DGGE with a Dcode™ Univer-
sal Mutation Detection System (BioRad), following manufacturer ins-
tructions and the protocol described by Muyzer et al. (1993). The 200
bp amplicons were fragmented in 8 % polyacrylamide gel (w/v) with a
30 to 60 % urea formamide denaturing gradient (100 % corresponds to
7 M urea and 40 % deionized formamide (w/v). For each well 75 pl (500
ng) were mixed with 30 pl 5X load buffer. Electrophoresis was run in
1X TAE buffer at 60 V for 22 h at 60 °C. Firmicutes (900 bp) fragments
separation were done in 6 % polyacrylamide gel (w/v) with a 35 to 60
% urea-formamide denaturizing gradient. Amplicon load volume and
electrophoresis conditions were as described above.

Gels were dyed with a 0.5X SYBR GOLD solution (Invitrogen™, Eu-
gene, Oregon, USA) (5 pl/100 ml 1X TAE buffer) for 45 min and viewed
in a UV transilluminator. Images were stored as described previously.
Unique bands in the banding patterns were cut and eluted for 16 hin 50
pl sterile double-distilled water at 4 °C. The eluted DNA was amplified
by PCR using the previously described conditions, with the exception of
the addition of BSA and MgCl, (3 mM for universal fragments, 4 mM for
Phylum Firmicutes fragments). The amplicons derived from the cut and
DGGE eluted bands were sequenced at an outside laboratory (Macro-
gen, South Korea).

Sequence analysis. Management and refinement of the universal
(150 bp) and Phylum Firmicutes (650 bp) fragments were done with
the BioEdit program, while taxonomic classification was done with the
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BLAST program with the Ribosomal Database Project (RDP) and Gen-
Bank databases. Nearest neighbors were calculated in the RDP data-
base (Classifier and Sequence Match tools, ver. 10.0) (Cole et al., 2003;
Cole et al., 2005). A phylogenetic association was observed using a
maximum parsimony tree with a 100 bootstrap test run applied with
the WinClada program (Nixon, 1999), and including Micrococcus luteus
as an outgroup.

RESULTS

The DNA isolated from the 36 0. maya samples exhibited high mole-
cular weight (average 23,130 kb) with an average purity and concen-
tration of 1.1294 = 39 and 99 = 16 ug/ml respectively. The phyloge-
netic study of the bacterial flora associated with 0. maya samples was
developed from 25 of the 37 sequences obtained because 12 of them
exhibited noisy sequencing and low-quality chromatograms.

Taxonomic classification showed 60 % belongs to Phylum Proteo-
bacteria, 24 % to Bacteroidetes (consisting of Cytophaga-Flexibac-
ter-Bacteroides [CFB] group) and 8 % each with Phylum Fusobacteria
and Firmicutes (Table 1). For the 25 partial DNA sequences (=150 bp)
describing overall bacterial flora, the phylogenetic association was deter-
mined by applying maximum parsimony with the 16S rRNA gene sequen-
ces for the 31 nearest neighbors as calculated with the RDP; 16S rRNA
gene sequences for M. luteus (Actinobacteria) were used as the outgroup.

Only 19.84 % (775) of the 3907 -character alignment was phylo-
genetically informative and these characters generated a total of 16
equally parsimonious trees (L=3039) (figure not shown).

This phylogenetic grouping showed the bacterial flora associated
with the Octopus samples to be composed mainly of Gammaproteo-
bacteria: Psychrobacter urativorans (YucOct24), Psychrobacter sp
(YucOct25 and YucOct27), Pseudomonas sp (YucOct19), Pseudoalte-
romonas sp (YucOct21 and YucOct20), Shewanella sp (YucOct4 and
YucOct26), S. baltica (YucOct3 and YucOct5), K. oxytoca (YucOct28),
Vibrio aestuarianus (YucOct11) and Photobacterium sp (YucOct8, Yu-
¢0ct9 and YucOct10). Of secondary importance were phylotypes re-
lated to the CFB group: F. antarcticum (YucOct23), Flavobacterium sp
(YucOct17), Bizionia sp (YucOct13 and YucOct14), Salinimicrobium sp
(YucOct1), and uncultured Flavobacteriaceae (YucOct18). In a minor
proportion, sequences were also identified affiliated as Cetobacterium
somerae (YucOct6) and Psychrilyobacter atlanticus (YucOct16) (Phylum
Fusobacteria). The species Bacillus sp (YucOct12) and C. divergens (Yu-
c0ct7) were affiliated with Phylum Firmicutes.

Of the 30 bands eluted from the banding profiles describing the
Fhylum Firmicutes only 17 could be amplified. The exact cause is still
unclear, although it may be related to fragment size (900 bp) since one
of DGGE’s limitations is its separation of relatively small (200 to 700
bp) fragments (Muyzer et al., 1998). As a result, the phylogenetic study
was done using the recovered and sequenced fragments. The Bayesian
analysis implemented with the RDP database classifier tools showed
most of these sequences belong to the Carnobacteriaceae family (53
%), followed by the Streptococcaceae (35.2 %) and Enterococcaceae
(11.8 %) families (Table 2). An affiliation of the 17 partial Phylum Firmi-
cutes group sequences (+650 bp) recovered from the DGGE fragments
was done by phylogenetic analysis with the maximum parsimony me-
thod using the 16S rRNA gene sequences for the 20 nearest neighbors
as calculated in the RDP; 16S rRNA gene sequences for M. luteus were
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used as the outgroup. Of the 1312 characters in the alignment, only
26.2 % (428) were phylogenetically informative. The maximum parsi-
mony tree (L=998) showed that 59 % of the bacterial flora associa-
ted with the Octopus samples matched Phylum Firmicutes (figure not
shown): 47 % Carnobacterium sp (MaCCL1, MaCCL2, MaCCL6, MaC-
CL7, MaCCL12, MaCCL13, MaCCL14, and MaCCL15) and 6 % uncultu-
red bacterium (MaCCL3). A further 35.2 % of the analyzed sequences
matched Lactococcus piscium (MaCCL8 and MaCCL9), Lactococcus sp
(MaCCL4, MaCCL5, MaCCL10, and MaCCL11), and two phylotypes were
identified as Vagococcus sp (MaCCL16 and MaCCL17). This phylogene-
tic association analysis of the recovered and analyzed bacterial mgDNA
sequences extracted from commercial Octopus samples produced the
description of the bacterial flora associated with this fishery product.

de la Cruz-Leyva Ma. et al.

DISCUSSION

Genetic fingerprint molecular techniques have been proposed for the
study of the structure of bacterial communities associated with com-
plex samples; including microorganisms that have not yet been cul-
tured in the laboratory (Piterina & Pembroke, 2013). Use of universal
PCR products in DGGE analysis allows for detection of 90 to 99 % of
numerous species in a community, which is why specific primers are
needed to study specific microorganisms (Miihling et al., 2008).

From the phylogenetic analysis of the sequences recovered during
this investigation, part of the bacterial flora associated with the 0. maya
was observed, which were grouped to Phylum Proteobacteria (60 %),
Bacteroidetes (24 %), Fusobacteria and Firmicutes (the last two 8 %
each). This it coincides with the detected previously, during the stan-

Table 1. Taxonomic classification of 25 sequences amplified with universal primers (338F / 518R) recovered from elution of fragment DNA by

PCR-DGGE®.

Phylotype GenBa;llj(nll-\;::fsmon Phylum Genus or species sm;%‘: ity
YucOct1 HM007325 Bacteroidetes Salinimicrobium sp 94
YucOct3 HMO007326 Proteobacteria Shewanella baltica 100
YucOct4 HM007327 Proteobacteria Shewanella sp 98
YucOct5 HM007328 Proteobacteria S. baltica 100
YucOct6 HM007329 Fusobacteria Cetobacterium somerae 97
YucOct7 HM007330 Firmicutes Carnobacterium sp 100
YucOct8 HM007331 Proteobacteria Photobacterium sp 98
YucOct9 HM007332 Proteobacteria Photobacterium sp 99
YucOct10 HM007333 Proteobacteria Photobacterium sp 97
YucOct11 HM007334 Proteobacteria Vibrio aestuarianus 97
YucOct12 HMO007335 Firmicutes Bacillus sp 93
YucOct13 HMO007336 Bacteroidetes Bizionia sp 97
YucOct14 HMO007337 Bacteroidetes Bizionia sp 99
YucOct16 HMO007338 Fusobacteria Psychrilyobacter atlanticus 97
YucOct17 HM007339 Bacteroidetes Flavobacterium sp 99
YucOct18 HMO007340 Bacteroidetes Uncultured bacterium 95
YucOct19 HM007341 Proteobacteria Pseudomonas sp 100
YucOct20 HM007342 Proteobacteria Pseudoalteromonas sp 100
YucOct21 HM007343 Proteobacteria Pseudoalteromonas sp 100
YucOct23 HMO007344 Bacteroidetes Flavobacterium antarcticum 100
YucOct24 HM007345 Proteobacteria Psychrobacter urativorans 99
YucOct25 HM007346 Proteobacteria Psychrobacter sp 98
YucOct26 HM007347 Proteobacteria Shewanella sp 96
YucOct27 HM007348 Proteobacteria Psychrobacter sp 96
YucOct28 HMO007349 Proteobacteria Klebsiella oxitoca 98

2The DNA was extracted from samples of commercial 0. maya captured on the coast of the Gulf of Mexico (Yucatan Peninsula).

®Last taxonomic range with which the sequence has a similarity equal to or greater than 80 %, based on the RDP Bayesian classifier.

¢Without classification in this range. Sequences with less than 80 % similarity with the following range.
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dardization of an RNA isolation and purification method for the study of
the bacterial flora of 0. maya samples; where the Phylum Proteobacte-
ria (75 %), including the families Vibrionaceae and Enterobacteriaceae,
were those that were identified mainly (de la Cruz-Leyva et al., 2011).
In a study conducted in 0. variabilis, they also reported the presence of
Phylum Proteobacteria (63.5 %), Bacteroidetes (18.6 %) and Firmicutes
(3.5 %), among others, using lllumina Miseq sequencing and quantified
by real-time PCR (Lee et al., 2017).

The octopus has largely benthic habits, which keep it in constant
contact with marine sediments; which may, in turn, explain the link be-
tween marine and sedimentary ecosystems in its bacterial community
diversity. In marine sediments have been detected Firmicutes, Actino-
bacteria, Proteobacteria, and Bacteroidetes, and dominated mainly by
the genus Pseudoalteromonas (40.5 %), Bacillus (36.3 %) and Photo-
bacterium (5.8 %) (Li et al., 2017). It has also been reported that the
diversity of microbiota and bacterial loads in octopuses is influenced
by environmental factors such as water temperature and geographic
location (Lee et al., 2017). The sex of the animal could also influence the
bacterial diversity contained in Octopus samples. It has been mentioned
that the predominant species in the female octopus are Vibrionaceae
and Streptococcaceae, whereas only Vibrionaceae were identified more
frequently in male octopuses (Lehata et al., 2015). In this research, the
presence of V. aestuarianus was also detected in 56 % of the octopus
samples analyzed, this bacteria has been isolated from mussels, plank-
ton, sediments, and seawater. It is one of the main pathogens in the
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culture of Pacific oysters Crassostrea gigas in France, Spain, and Italy,
causing considerable economic losses (Travers et al., 2017). Therefore,
it is corroborated that the bacterial diversity detected in this study is
consistent with the microflora described in environments, resources
and marine products.

It has been mentioned that lactic acid bacteria (LAB) make up only
a small proportion of any bacterial community, which makes it difficult
to detect when PCR is used with universal primers, for example in hu-
man feces (Walter et al., 2001).

In the present work, two LAB (Bacillus sp and C. divergens) were
detected from universal primers. However, with specific primers
(Phylum Firmicutes) 17 sequences related to LAB (Carnobacterium sp,
L. piscium, Lactococcus sp, and Vagococcus sp) were identified in 0.
maya.

Genetic fingerprint methods allow the identification of all the mi-
croorganisms in fishery resources, both those acquired in the envi-
ronment and during handling, storage and export. For this reason, the
PCR-DGGE method is recommended as a traceability tool. Traceability
studies allow the detection of functional microorganisms with biotech-
nological potential; as well as the timely detection of spoilage bacteria
in fishery products and identification of pathogenic microorganisms
that can affect the health of consumers.

Table 2. Taxonomic classification of 17 sequences amplified with primers for Phylum Firmicutes (FirF: 369 / FirR: 1244) recovered from elution of

fragment DNA by PCR-DGGE?.

Phylotype GenBa;:n?;:::ssion Family Genus or species s"?,z;:ity
MaCCL1 HM007308 Carnobacteriaceae Carnobacterium sp 99
MaCCL2 HM007309 Carnobacteriaceae Carnobacterium sp 100
MaCCL3 HM007310 Carnobacteriaceae Carnobacterium sp 100
MaCCL4 HM007311 Streptococcaceae Lactococcus sp 96
MaCCL5 HMO007312 Streptococcaceae Lactococcus sp 100
MaCCL6 HMO007313 Carnobacteriaceae Carnobacterium sp 99
MaCCL7 HM007314 Carnobacteriaceae Carnobacterium sp 99
MaCCL8 HM007315 Streptococcaceae Lactococcus piscium 100
MaCCL9 HM007316 Streptococcaceae Lactococcus piscium 99
MaCCL10 HM007317 Streptococcaceae Lactococcus sp 99
MaCCL11 HM007318 Streptococcaceae Lactococcus sp 98
MaCCL12 HM007319 Carnobacteriaceae Carnobacterium sp 99
MaCCL13 HM007320 Carnobacteriaceae Carnobacterium sp 98
MaCCL14 HM007321 Carnobacteriaceae Carnobacterium sp 96
MaCCL15 HM007322 Carnobacteriaceae Carnobacterium sp 93
MaCCL16 HM007323 Carnobacteriaceae Vagococcus sp 97
MaCCL17 HM007324 Carnobacteriaceae Vagococcus sp 87

2The DNA was extracted from samples of commercial 0. maya captured on the coast of the Gulf of Mexico (Yucatan Peninsula).

®Last taxonomic range with which the sequence has a similarity equal to or greater than 80 %, based on the RDP Bayesian classifier.

Vol. 29 No. 3 » 2019



106

This capacity is important for identifying particularly troublesome
strains such as LAB. These have become problematic in aquaculture
systems during the recent decades because they contain pathogenic
strains which have caused infection and death in fish worldwide. Other
LAB species identified from fish and 0. vulgaris include L. garvieae (Fi-
chi et al., 2015; Meyburgh et al., 2017), L. raffinolactis, Streptococcus
iniae, S. dysgalactiae, S. parauberis, S. agalactiae, Carnobacterium sp,
Enterococcus “faecium” group, Vagococcus fluvialis, V. carniphilus, V.
salmoninarum, and Aerococcus sp. Most of them are an opportunistic
species that cause infections in fish and crustaceans (Michel et al.,
2007). The genus Carnobacterium, Lactococcus and Vagococcus were
detected in this work.

On the other hand, it is important to mention that species of this
genus have been suggested as probiotics in aquaculture (Lebreton et
al., 2013; Sequeiros et al., 2015). Of particular interest is the identi-
fication of the LAB genus Carnobacterium, especially the species C.
divergens, since it can tolerate high pressure (piezophile), freezing and
thawing, also has properties anaerobic. Carnobacterium strains are
commonly isolated from a variety of environments, vacuum-packed
and modified-atmosphere packed (MAP) meats, and seafood products
(e.g. cod, salmon and shrimp) (Macé et al., 2013). For example, in a
study of aerobic and anaerobic microbial communities of MAP sal-
mon and coalfish by using multivariate analysis of the 16S rRNA gene
with RT-PCR and T-RFLP, a strong association was observed between
Brochothrix thermosphacta and C. divergens with salmon (Rudi et al.,
2004). However, this genus can also metabolize arginine and various
carbohydrates, including chitin. It has been studied widely as a growth
inhibitor for Listeria monocytogenes in fish and meat products and for
its production of bacteriocins and tyramine, which inhibit deteriorating
microflora (Leisner et al., 2007). Study of the total microbial diversity in
fishery products generate vital data for the control of food production;
as well as the hazard analysis critical control point (Rudi et al., 2004).

In general, the microorganisms of marine ecosystems are conside-
red extremophiles, because they can withstand high or low temperatu-
res, halotolerant, withstand high hydrostatic pressures, alkaline pH and
even anoxic conditions; they have been studied extensively for having
the capacity to produce enzymes, antimicrobial metabolites such as
bacteriocins, exopolysaccharides (EPS), among others (Poli et al., 2017).
The properties of extremophile microorganisms are desirable since they
can be used in biotechnological processes. In this sense, it is important
to mention that of the genus or species detected in this work from the
amplification with universal primers (P. urativorans, Psychrobacter sp,
Pseudomonas sp, Pseudoalteromonas sp, Shewanella sp, S. baltica, K.
oxytoca, V. aestuarianus, Photobacterium sp, Flavobacterium sp, F. an-
tarcticum, B. paragorgiae, Salinimicrobium sp, Bacillus sp, C. divergens,
Cetobacterium somerae, Psychrilyobacter atlanticus, and uncultured
Flavobacteriaceae), there are some genus that has been reported with
some biotechnological characteristic. For example, species of the genus
Photobacterium are psychrophiles, piezophile (P profundum) and biolu-
minescent for example P phosphoreum, some species live in symbio-
sis with marine organisms (P. leiognathi) (Urbanczyk et al., 2011). The
genus Pseudomonas possesses a diversity of bacterial species of me-
dical (pathogenic strains: P aeruginosa, P fluorescens, among others)
and biotechnology importance, has been isolated from different habitats
(such as soils, fresh or marine water, plants, animals, biofilms, plank-
ton, among others), thanks to its metabolic versatility (Ozen & Ussery.
2012). Exopolysaccharides (EPS) is produced by bacteria of the genus
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Pseudomonas, Pseudoalteromonas, Shewanella, Klebsiella to adapt and
remain in diverse environmental niches. These biopolymers are of inte-
rest due to their involvement in the formation of biofilms, the formation
of capsules, virulence or their possible medical and industrial uses (Hay
et al., 2014; Roca et al., 2016). Recently it was observed that EPS have
the capacity to absorb heavy metals (mercury and cadmium) (Caruso et
al., 2018); K. oxytoca and Shewanella sp, synthesizes biogenic polysac-
charide-iron hydrogel nanoparticles, known as Fe (lll)-exopolysaccharide
(Fe-EPS) (Kianpour et al., 2016). These can provide important roles in
redox capability in biogeochemical cycling, environmental bioremediation
and wastewater treatment (Shan-Wei et al., 2016).

Finally, it is important to mention that in the phylum of the Bacteroi-
detes (CFB) is a group that, like other genus mentioned here; is present
in different types of habitats such as fresh water, oceans, coral, ma-
croalgae, soils, compost, leaves gymnosperms and angiosperms, dairy
products, activated sludge and gastrointestinal tract of animals (Bac-
teroides thetaiotaomicron) where they degrade complex polysacchari-
des. In marine environments, they have the ability to degrade proteins
and complex carbohydrates and recalcitrant sequestered in particulate
organic detritus and colonize surfaces. However, in the genus Flavo-
bacteria, opportunistic pathogens have been reported that can cause
polymicrobial infections (Bacteroides fragilis, B. thetaiotaomicron,
among others) in humans. On the other hand, species of the genus
Flavobacterium (F. psychrophilum, F. columnare, F. branchiophilum,
among others) have caused considerable economic losses in aquacul-
ture farms and wild fish (Thomas et al., 2011). In the present work, it
was not possible to identify if any of the bacterial species detected in
this research have adhered for the manipulation of the fishermen; since
the bacterial genera detected in this investigation have been reported
in different samples of marine environments. A previous study cited
that the indigenous microbiota in the small octopus (0. variabilis) could
inhibit the colonization of successional species (e.g. V. vulnificus) du-
ring storage (Lee et al., 2017); it will be necessary to carry out more
research to verify this theory. However, there is a strong possibility that
the identified bacterial flora are part of the native microbial diversi-
ty of 0. maya captured in the Yucatan Peninsula, which can be more
analyzed for their biotechnological applications or in other cases, due to
their adverse effects on the health of aquatic organisms.
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RESUMEN

Antecedentes: La alimentacion de moluscos bivalvos en cultivo in vitro ha tenido como base unas cuantas
cepas de diatomeas y algas verdes; empero, se ha observado que dichas cepas tienen bajo valor nutricional.
Por ello, se han buscado otras especies de microalgas como alternativa; como en este caso recurriendo al
estudio de la alimentacion in situ de estos moluscos. Objetives: Determinar la composicion de especies de
diatomeas que forman parte de la dieta in situ del ostion de placer Crassostrea corteziensis, tanto silvestres,
como de cultivos extensivos que se desarrollan en humedales estuarinos de Nayarit, México. Métodos: Se
recolectaron 130 especimenes de C. corteziensis en tres sitios y tres sustratos, i.e., sartas, sedimentos y
raices de mangle, durante (noviembre 2013) y (marzo y junio 2014). Se disectaron sus tractos digestivos y se
revisaron sus contenidos intestinales estos se oxidaron y se montaron en resina sintética para identificar las
diatomeas consumidas. Resultados: La dieta in situ de C. corteziensis incluy6 212 especies y variedades de
diatomeas. El 72.6% fueron formas benténicas, 50% fueron de afinidad marina, 16% dulceacuicola y 14%
de agua salobre. El tamafio de las diatomeas pennadas vari6 entre 7.4-230 pm de largo y 2.82-50.61 pm de
ancho; el diametro de las céntricas vari6 entre 4.89-123 ym. Gonclusiones. De acuerdo con los resultados,
C. corteziensis se alimenta de un alto nimero de especies de diatomeas cuyo habitat es predominantemente
bentdnico. La composicion especifica y riqueza de las diatomeas en el contenido intestinal de C. corteziensis
es propia de sedimentos de zonas estuarinas y representan una primera descripcion de la taxocenosis de
diatomeas bentdnicas del estero Camichin, Nayarit y de ambientes similares de la region. La frecuencia es-
pacial y temporal de taxones como Cyclotella striata, Cymatotheca weissflogii, Neodelphineis silenda, Shio-
nodiscus oestrupii y Thalassionema nitzschioides var. capitulatum en contenidos intestinales, representan
alternativas para la dieta de C. corteziensis en cultivos de laboratorio.

Palabras claves: contenidos intestinales, cultivo, diatomeas bentdnicas, Nayarit, ostion de placer

ABSTRACT

Background: The feeding of cultured mollusks has been based on a few strains of diatoms and green algae;
however, it has been shown that these have low nutritional value. Therefore, alternatives have been searched
as in this case by resorting to the study of in situ feeding of these mollusks. Goals: To elaborate a floristic list
of diatoms that are part of the in-situ diet of Crassostrea corteziensis, both wild and in extensive culture at the
aestuarine wetlands of Nayarit, Mexico. Methods: A total of 130 oysters were sampled from three sites and
three distinct substrates, i.e., string, sediment, and mangrove roots of the estuarine system, during November
2013, and March and June 2014. Their digestive systems were dissected and their gut contents examined,
oxydized and mounted in synthetic resin for the identification of the diatoms ingested in-situ. Results: We
identified 212 species and varieties of diatoms. Benthic forms composed 72.6% of the species richness, out
of which 50% are of marine affinity, 16% are freshwater forms, and 14% were brackish water forms. The
size of pennate diatoms varied between 7.4-230 pm long and 2.82-50.61 ym wide; while the diameter of
centric diatoms varied between 4.89-123 ym. Conclusions: The in-situ diet of C. corteziensis showed a high
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species richness and a benthic origin. The species richness and compo-
sition of diatoms in the gut contents of C. corteziensis is characteristic
of estuarine sediments and represents an approximate description of
the benthic diatom taxocenosis of estero Camichin, Nayarit and simi-
lar environments in the region. According to their frecuency, taxa such
as Cyclotella striata, Cymatotheca weissflogii, Neodelphineis silenda,
Shionodiscus oestrupii and Thalassionema nitzschioides var. capitula-
tum represent alternatives for the in vitro culture of placer oyster.

Keywords: benthic diatoms, culture, gut contents, Nayarit, placer oyster

INTRODUCCION

Las diatomeas (Bacillariophyceae) generalmente constituyen el princi-
pal componente en la dieta in situ de diversos moluscos bivalvos (Gar-
cia-Dominguez et al., 1994; Boltovskoy et al., 1995; Mufieton-Gomez
et al., 2001; Villalejo-Fuerte et al., 2005; Mufieton-Goémez et al., 2010),
debido principalmente a que el contenido de las diatomeas es digerido
facilmente, promoviendo un mejor crecimiento y condicion fisioldgica
en los ostréidos (Beukema & Cadee, 1991; Rouillon & Navarro, 2003).

La informacion sobre la alimentacion de ostréidos que aborda as-
pectos floristicos de diatomeas es escasa y aquellos disponibles ado-
lecen de precision taxondmica, lo que limita los alcances comparati-
vos. En estudios de laboratorio se ha observado que Magallana gigas
Thunberg, 1793 ingiere preferentemente diatomeas bentonicas de los
géneros Navicula 'y Nitzschia (Cognie et al., 2001); asimismo, se ha
observado que discrimina por tamafio las diatomeas que ingiere y en-
tre aquellas vivas y muertas (Beninger et al., 2008). Los estudios de
alimentacion in situ son todavia mas escasos, no obstante, son infor-
mativos; por ejemplo, Kasim & Mukai (2009) examinaron los contenidos
del tracto digestivo de ostiones M. gigasy de almejas Ruditapes phili-
ppinarum Adams & Reeve, 1850, registrando que no habia diferencias
significativas entre lo consumido por ambas especies. Aunado a esto,
observaron que las diatomeas bentdnicas representaron entre el 70%
y 87% del alimento ingerido, ademas de diatomeas planctonicas y di-
noflagelados.

Sobre el ostion de placer Crassostrea corteziensis Hertlein, 1951
solo existe una referencia acerca de su alimentacion in situ (Hurta-
do-Qliva, 2008); esta menciona que el 88% de las especies encontra-
das en sus contenidos intestinales fueron diatomeas; sin embargo, no
se proporciond una referencia floristica.

Para la region costera de Nayarit, el cultivo de C. corteziensis re-
presenta una actividad econdmica importante. Esta se ha realizado de
manera artesanal durante los Gltimos 40 afios, i.e., engorda de la se-
milla capturada del medio natural (Padilla-Lardizabal & Aguilar-Medina,
2014). En los cultivos experimentales, en la mayoria de los casos, las
dietas suministradas estan constituidas por solo una especie de dia-
tomea y una 0 mas de flagelados (Coutteau & Sorgeloos, 1992). Por
otra parte, las microalgas tradicionalmente utilizadas como Dunaliella
spp., Phaeodactylum tricornutum Bohlin y Tetraselmis spp. ya han de-
jado de ser utilizadas debido a su bajo valor nutricional (Ponis et al.,
2006). En el caso de diatomeas, Skeletonema costatum (Greville) Cleve,
Thalassiosira pseudonana Hasle & Heimdal, Chaetoceros gracilis Pan-
tocsek, C. calcitrans (Paulsen) H. Takano y C. tenuissimus Meunier, atin
se utilizan rutinariamente en dietas para el cultivo de moluscos bivalvos
(Ponis et al., 2006); no obstante, se ha demostrado la importancia de
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otros elementos del microfitobentos (Cognie et al., 2001), los cuales
podrian enriquecer significativamente la dieta de moluscos bivalvos en
cultivo. De acuerdo con esto, se ha iniciado la blisqueda de alternativas
(Barillé et al., 2003); en el caso particular de este estudio, se parte de
la premisa de que se requieren estudios orientados a conocer primera-
mente la dieta in situ de las especies a ser cultivadas, i.e., qué taxones
forman parte de su alimentacion. Al respecto, Kasim y Mukai (2009)
observaron que los moluscos bivalvos consumen una mayor proporcion
de diatomeas en relacion con otros grupos algales. La identificacion
de taxones de diatomeas que conforman parte de la dieta de dichos
moluscos promete detectar especies con potencial acuicola que re-
dunden en la mejora del cultivo de ostion. De acuerdo con lo anterior,
el objetivo de este trabajo fue determinar la composicion de especies
de diatomeas que forman parte de la dieta in situ del ostion de placer
Crassostrea corteziensis, tanto silvestres, como en cultivos extensivos
en humedales estuarinos de Nayarit, México.

MATERIALES Y METODOS

Area de estudio. El estero Camichin y la laguna La Palicienta se lo-
calizan en el municipio de Santiago Ixcuintla, Nayarit y forman parte
de la Reserva de la Biosfera Marismas Nacionales, en la region no-
roccidental de México. Estos sistemas pertenecen a la cuenca mareal
Mexcaltitan-Camichin; son humedales de flujo estuarino que reciben
flujos mareales, fluviales y freaticos, drenan hacia la boca sus llanuras
palustres intermareales (Fig. 1). El clima es calido subhiimedo; el perio-
do de lluvias abarca de mayo a octubre y las mayores precipitaciones
ocurren entre agosto y octubre (960 — 1,396 mm); mientras que secas
comprende de noviembre a abril (De la Lanza-Espino et al., 1996). El in-
tervalo de temperatura ambiente es de 22 - 28 °C (INEGI, 2009), mien-
tras que en el agua alcanza en promedio 28.3 + 2.7 °C con maximo de
32.3 °C y minimo de 23 °C; la salinidad tiene variaciones entre 4.3 ups
(primavera) y 35.1 ups (invierno) con un promedio de 25.8 = 9.7 ups
(Zambrano-Soria, 2015).

Sustratos. Se seleccionaron tres sustratos sobre los que se fija y crece
C. corteziensis. El primer sustrato lo conformaron las sartas suspendi-
das, utilizadas para el cultivo extensivo; estas se componen por 25 a
30 conchas madre de ostion o de almeja, unidas con hilo de polietileno
que se colocan en zonas cuya profundidad impide que los ostiones
toquen el fondo durante la bajamar. Los otros dos sustratos son donde
C. corteziensis se fija de manera natural, a saber, raices de Rhizophora
mangle Linnaeus y sedimentos.

Recoleccion de muestras

Sitios de muestreo. Se seleccionaron tres sitios con base en la pre-
sencia de C. corteziensis silvestres y en cultivo extensivo (Fig. 1). El
primer sitio fue denominado Estero y se ubicd en el estero Camichin
que forma parte de la desembocadura del rio Santiago (21.7475 N,
-105.4950 0). El segundo sitio fue denominado Canal y se ubicd en un
canal artificial que conecta el norte del estero Camichin con el Océano
Pacifico (21.8100 N, -105.5246 0); ambos reciben aportes de agua
dulce provenientes del rio San Pedro y del medio marino. El tercer sitio
se denomin6 Laguna y se localizd en la laguna La Palicienta (21.8015
N,-105.5211 0); se encuentra rodeada por bosques de R. mangley hay
poco movimiento del agua.

Hidrobiol6gica
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Figura 1. Localizacion del area de estudio y sitios de recolecta de muestras.

Las muestras de C. corteziensis se recolectaron en noviembre
2013 y marzo y junio de 2014, que corresponden a las temporadas de
transicion, secas y lluvias, respectivamente. En cada sitio se extrajeron,
al azar, cinco especimenes de C. corteziensis por sustrato, sumando
15 por sitio, 45 por fecha de muestreo y 130 en total. En junio, por
ser temporada de cosecha, no se obtuvieron especimenes de sartas
suspendidas en ningun sitio. Los ostiones fueron puestos en una hielera
sobre una cama de hielo y transportados para su procesamiento en el
laboratorio.

Trabajo de laboratorio. Cada especimen de C. corteziensis fue disec-
tado desde la boca hasta el ano para extraer el aparato digestivo; este
se preservd en alcohol a 96° GL hasta su procesamiento final. Para
la obtencion y limpieza de diatomeas, el aparato digestivo de cada
ostion fue procesado de acuerdo con la técnica de Siqueiros-Beltrones
& Voltolina (2000), la cual tuvo por objeto eliminar la materia organica,
dentro y fuera de la fristula, tanto de las diatomeas, como la propia del
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ostion. Debido a la alta cantidad de materia organica que presento el
aparato digestivo de C. corteziensis, la técnica fue modificada utilizan-
do una mezcla de acido sulfurico, acido nitrico y alcohol comercial en
una proporcion 3:2:1, ajustando segun la cantidad de materia organica
presente en cada aparato digestivo. La muestra oxidada se dejo re-
posar durante 24 horas y se lavd sucesivamente con agua destilada
hasta alcanzar un pH minimo de 6; del material resultante se tomd una
submuestra con la cual se realizaron montajes permanentes utilizando
resina de alto indice de refraccion (Pleurax, IR= 1.7). Para cada muestra
se realizaron dos montajes; estos fueron observados en un microscopio
Carl Zeiss AxioLab A1 con contraste de fases, fototubo y camara digital
integrada (Cannon EQS 6D). En cada montaje se realizaron recorridos
paralelos de un lado a otro del cubreobjetos; durante dichos recorridos
se identificaron las diatomeas observadas. Los mejores especimenes
de diatomeas fueron fotografiados para elaborar un catéalogo iconogra-
fico de referencia.
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Las diatomeas se identificaron con base en la morfologia de la
frustula, principalmente en vista valvar, hasta la minima categoria
taxonémica posible. Como parte del proceso de identificacion se ob-
tuvieron datos morfométricos de cada taxon. Para la identificacion se
utilizaron los trabajos de Al-Kandari et al. (2009), Desikachary et al.
(1987), Desikachary & Prema (1987), Desikachary (1988, 1989), Foged
(1975, 1978, 1984), Hernandez-Almeida (2005), Hustedt (1930, 1955,
1959, 1961-1966), Krammer & Lange-Bertalot (1991a, b), Krammer
& Lange-Bertalot (19974, b), Lépez-Fuerte et al. (2010), Moreno et al.
(1996), Ohtsuka (2005), Park et al. (2012), Peragallo & Peragallo (1908),
Ricard (1987), Schmidt et al. (1874-1959), Siqueiros-Beltrones (2002),
Stidolph et al. (2012) y Witkowski et al. (2000). La lista taxondmica
fue construida con base en la clasificacion de Round et al. (1990) y
las actualizaciones nomenclaturales se realizaron con base en Guiry
& Guiry (2017).

Procesamiento de datos.

La frecuencia de los taxones de diatomeas se calcul6 en funcion de su
aparicion en cada una de las muestras revisadas. La comparacion de
porcentajes de especies bentonicas y planctonicas entre meses, sitios
y sustratos se realizd mediante pruebas de independencia; en aquellos
casos en donde se observaron diferencias signficativas se utilizaron
pruebas a posteriori con la correccion de Yates (Glantz, 2006). En el
caso de la riqueza, se calcularon la mediana y el intervalo de confianza
para cada uno de los factores que se eligieron. En aquellos casos en
donde hubo indicios de diferencia entre los factores se utilizo la prueba
de Kruskal Wallis; las comparaciones a posteriori se realizaron median-
te la prueba ajustada de Bonferroni (Glantz, 2006). Todas las pruebas se
realizaron con el paquete estadistico SPSS v.24 (IBM).

RESULTADOS

Los contenidos intestinales de Crassostrea corteziensis redituaron 212
taxones de diatomeas pertenecientes a 88 géneros, 50 familias y 29 or-
denes (Tabla 1). Imagenes de especimenes representativos se muestran
en las figuras 3-88. Los géneros con mayor riqueza de especies fueron
Nitzschia (27), Navicula (19), Coscinodiscus (11), Amphora (8) y Tryblione-
lla (7); estos en conjunto representaron 34% de la riqueza total.

Las diatomeas pennadas consumidas por C. corteziensis exhibie-
ron variaciones de tamanos entre 7.4-230 pym de largo y 2.82-50.61
pm de ancho; mientras que el tamafio de las formas céntricas varid
entre 4.89-123 pym de diametro.

Del componente bentonico solo Thalassionema nitzschioides var.
capitulatum (H.J. Schrader) J.L. Moreno-Ruiz & Licea (Fig. 47) y Neo-
delphineis silenda (M.H. Hohn & J. Hellerman) N. Desianti & M. Potapova
(Fig. 48) se observaron en el 100 % de las muestras; mientras que, del
planctonico, Cymatotheca weissflogii (Grunow) Hendey (Fig. 69), Cyclo-
tella striata (Kiitzing) Grunow (Fig. 79) y Shionodiscus oestrupii (Osten-
feld) A.J. Alverson, S.H. Kang & E.C. Theriot (Fig. 84) mostraron la misma
ubicuidad. Por otra parte, 14 taxones se observaron solo durante una
temporada (Tabla 2); seis en la época de lluvias, cuando se observaron
la mayor parte de ellas.

En general, la alimentacion in situ de C. corteziensis conformada
por diatomeas comprendié 72.6% de formas bentonicas; empero, se
detectaron variaciones significativas entre las muestras comparadas
por mes (x*= 15.41, g.l.= 2, p<0.01) y sitio (x>= 12.47, ¢.l.= 2, p<0.01),
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evidenciadas por las pruebas de comparaciones mdltiples, las cuales
mostraron que en junio la proporcién de diatomeas bentdnicas y planc-
tonicas fue significativamente menor (x*= 13.64, g.l. = 1, p<0.01) que
en noviembre y marzo. Por otra parte, entre sitios, dicha proporcion fue
significativamente menor (x?>= 9.88, g.l.=1, p<0.01) en las muestras
del estero (Fig. 2) que en las del canal y la laguna. Entre sustratos no se
detectaron diferencias.

La riqueza (S) de diatomeas en contenidos intestinales de C. cor-
teziensis entre meses y sitios variaron entre 133 - 143 y 147 - 152
taxones (Tabla 3), respectivamente. Entre sustratos (“S”) las menores
riquezas correspondieron a las muestras de raices (S=87-103). Asimis-
mo, segun el origen de las muestras, la riqueza especifica varié entre
41 (estero, raices, noviembre) y 91 (laguna, sedimentos, junio) con una
mediana de 60 + 15 especies.

Entre meses, la mediana de la riqueza especifica no mostré varia-
ciones importantes; en noviembre fue de 61 = 13 (IC [52-65]), en junio
de 61 = 18 (IC [49-81]) y marzo de 55 + 24 (IC [43-82)); los intervalos
de confianza construidos se traslaparon completamente, lo cual indica
que no existen diferencias significativas entre dichos valores. Esto mis-
mo ocurrio entre sitios, en donde la mediana en el canal fue de 64 = 16
(IC [58-70] especies), en la laguna de 56 + 30 (IC [49-87]) y en el estero
de 57 + 19 (IC [50-65]). Finalmente, entre sustratos la mediana de la
riqueza en sartas fue de 65 =+ 22 (IC [64-70] especies), en sedimentos
de 64 = 21 (IC [52-70]) y en raices de mangle de 50 + 10 (IC [48-57]);
en este caso, el intervalo de confianza de la mediana para la riqueza de
raices de mangle se traslapd parcialmente con la de sedimento y fue
diferente a la de sartas. La prueba de Kruskal-Wallis (x? (2) = 9.669,
p< 0.05) corrobord las diferencias estadisticas entre sustratos. Las
comparaciones a posteriori mostraron que la riqueza de diatomeas en
ostiones de raices de mangle fue significativamente menor (p< 0.05)
que aquellos en sartas y sedimento.

DISCUSION

Este estudio representa una base de conocimiento cientifico acerca de
la alimentacion in situ de C. corteziensis y complementa el estudio de
Estrada-Gutiérrez et al. (2017) al mostrar una base floristica de referen-
cia para los nuevos registros que aportaron dichos autores.

La composicion de diatomeas observada en contenidos intestina-
les de C. corteziensis mostré una elevada riqueza y fue similar a la
observada por Hirose et al. (2004), Ohtsuka (2005) y Park et al. (2012)
en sedimentos de zonas estuarinas de Japon. Por ejemplo, dichos au-
tores registraron a Neodelphineis silenda, Cyclotella litoralis, Cymato-
theca weissflogii, Diploneis smithiiy Paralia sulcata; al menos las tres
primeras especies se observaron en el 100% de las muestras de con-
tenidos intestinales de C. corteziensis, ello sugiere que la composicion
de diatomeas observada en el tracto digestivo del ostion en Boca de
Camichin, Nayarit es la propia de sedimentos de zonas estuarinas. Asi,
los resultados de este estudio no solo proporcionan informacion directa
de la alimentacion in situ de C. corteziensis, sino también puede con-
siderarse una primera descripcion de la taxocenosis de diatomeas del
estero Camichin, Nayarit y de ambientes similares de la region.

En cuanto a la composicion especifica de diatomeas observada
en este estudio, fue diferente de aquellas en el contenido intestinal de
otras especies de ostréidos, e.g., Hyotissa hyotis (Linné, 1758) (Villale-
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Figura 2. Proporcion de especies de diatomeas bentonicas y planctonicas en contenidos intestinales de C. corteziensis por mes, sitio y sutrato.

jo-Fuerte et al., 2005) y M. gigas Kasim y Mukai (2009). Para H. hyotis
los géneros con mayor nimero de especies fueron Chaetoceros, Rhizo-
solenia, Thalassionema, Cylindrothecay Coscinodiscus (Villalejo-Fuerte
et al., 2005); casi todos estos de origen planctonico. A pesar de ello, en
abundancia dominaron las formas bentonicas. Por otra parte, los espe-
cimenes revisados por los autores fueron extraidos en la zona rocosa
de una isla, a 10 m de profundidad; por lo que la composicion especi-
fica fue tipica de ambientes oceanicos. Por su parte, la composicion de
la taxocenosis de diatomeas del contenido intestinal de M. gigas estuvo
constituida por especies de Achnanthes, Cocconeis, Grammatophora,
Melosira, Navicula, Nitzschia y Paralia (Kasim & Mukai, 2009); dicha
composicion es de formas tipicamente epifitas; en particular es simi-
lar a la taxocenosis de diatomeas epifitas observadas sobre el pasto
marino Zostera marina (Linnaeus, 1753) por Siqueiros-Beltrones et al.
(1987), Kasim & Mukai (2006) y Chung & Lee (2008).

Lo anterior sugiere que la composicion de diatomeas en el conteni-
do intestinal de los ostréidos es influenciada por el ambiente particular
en donde habitan o son cultivados. Esto confirma las propuestas de
Kasim y Mukai (2006) y Siqueiros-Beltrones y Argumedo-Hernandez
(2012) quienes sostienen que la composicion de especies de diatomeas
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observada en contenidos intestinales de moluscos es representativa de
aquellas taxocenosis presentes en su habitat.

La comparacion de la riqueza especifica se dificulta dada la in-
fluencia que tienen el tamafio de muestra y el enfoque particular de
cada estudio. No obstante, resalta que la riqueza en contenidos intes-
tinales de C. corteziensis (S=212) fue mayor que la observada para
otros ostréidos. Por ejemplo, Villalejo-Fuerte ef al. (2005) registraron
11 géneros en contenido intestinal de Hyotissa hyotis Linné, 1758,
mientras que Kasim y Mukai (2009) anotaron 66 especies en M. gigas;
pero debe considerarse que en ambos estudios el enfoque fue cuanti-
tativo, lo que limita el registro de la riqueza. Por otra parte, la riqueza
especifica que se observo es similar a la obtenida en sedimentos de
manglar del noroeste mexicano, v.gr, en B.C.S., Siqueiros-Beltrones
y Sanchez-Castrejon (1999) obtuvieron 230 taxones de diatomeas en
el manglar de la laguna de Balandra, Siqueiros-Beltrones et al. (2005)
observaron 177 especies en Bahia Magdalena y Siqueiros-Beltrones et.
al. (2017) registraron 232 especies en laguna de Guerrero Negro. De
acuerdo con lo anterior, los contenidos intestinales de C. corteziensis
no son solo representativos de la composicion especifica de su habitat,
sino también de la riqueza especifica.
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Figuras 3-60. Diatomeas del contenido intestinal de C. corteziensis. 3) Achnanthes pseudogroenlandica; 4) Achnanthes separata; 5) Achnanthes bergii;, 6) Achnanthes
curvirostrum; 7) Cocconeis diruptoides; 8) Petroneis arabica; 9) Gyrosigma eximium; 10) Navicula phyllepta; 11) Navicula cf. johanrossii, 12) Pinnunavis cf. yarrensis;
13) Navicula flanatica; 14) Cymatoneis cf. margarita; 15) Navicula microdigitoradiata; 16) Navicula perminuta; 17) Hippodonta linearis, 18) Navicula normaloides,
19) Pleurosigma intermedium var. mauritiana; 20) Pleurosigma diverse-striatum; 21) Frustulia weinholdii, 22) Parlibellus hagelsteinii; 23) Luticola mutica; 24) Na-
vicula platyventris, 25) Navicula rostellata; 26) Fallacia litoricola; 27) Diploneis caffra; 28) Diploneis weissflogii, 29) Diploneis gruendleri; 30) Diploneis smithii; 31)
Gomphonema cf. lagenula; 32) Lyrella clavata var. caribaea, 33) Seminavis robusta, 34) Halamphora cymbifera, 35) Amphora ayensuensis; 36) Rhopalodia musculus;
37) Cymbella turgidula, 38) Halamphora coffeaeformis, 39) Delphineis surirella; 40) Tryblionella compressa; 41) Tryblionella granulata; 42) Tryblionella hyalina; 43)
Synedra goulardii, 44) Licmophora gracilis; 45) Tryblioptychus cocconeiformis; 46) Tryblionella victoriae; 47) Thalassionema nitzschioides var. capitulatum; 48) Neo-
delphineis silenda; 49) Cymatonitzschia marina; 50) Tryblionella lanceola; 51) Tryblionella coarctata; 52) Nitzschia compressa var. vexans, 53) Nitzschia filiformis, 54)
Nitzschia obtusa; 55) Nitzschia frustulum;, 56) Nitzschia clausii; 57) Nitzschia cf. debilis; 58) Nitzschia perminuta; 59) Nitzschia brittoni; 60) Nitzschia ligowskii. Barra
de escala de 10 mm excepto para Fig. 18 = 20 ym.
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Tabla 1. Taxones de diatomeas y su frecuencia en contenidos intestinales de Crassostrea corteziensis Hertlein, 1951. La clasificacion se presenta
de acuerdo con Round et al. (1990).

Taxones Frecuencia en % Habitat

Phyllum Bacillariophyta Karsten
Clase Bacillariophyceae Haeckel
Orden Bacillariales Hendey
Familia Bacillariaceae Ehrenberg

Bacillaria socialis (W. Gregory) Ralfs 77 Bentdnica
Cymatonitzschia marina (FW Lewis) Simonsen (Fig. 49) 12 Bentdnica
Fragilariopsis sp. 1 27 Bentonica
Hantzschia virgata (Roper) Grunow 11 Bentdnica
Nitzschia amabilis H. Suzuki 38 Bentonica
Nitzschia brittoni Hagelstein (Fig. 59) 15 Bentonica
Nitzschia cf. debilis (Arnott ex 0’Meara) Grunow (Fig. 57) 42 Bentonica
Nitzschia cf. fusiformis Grunow 4 Bentonica
Nitzschia cf. pellucida Grunow 4 Bentonica
Nitzschia clausii Hantzsch (Fig. 56) 19 Bentonica
Nitzschia compressa var. vexans (Grunow) Lange-Bertalot (Fig. 52) 7 Bentonica
Nitzschia dissipata (Kiitzing) Rabenhorst 31 Bentonica
Nitzschia distans W. Gregory 38 Bentonica
Nitzschia elegantula Grunow 23 Bentdnica
Nitzschia filiformis (W. Smith) Van Heurck (Fig. 53) 35 Bentdnica
Nitzschia frustulum (Kitzing) Grunow (Fig. 55) 88 Bentdnica
Nitzschia gracilis Hantzsch 46 Bentdnica
Nitzschia hadriatica Lange-Bertalot 11 Bentdnica
Nitzschia lanceolata var. minor (Grunow) H. Peragallo & M. Peragallo 46 Bentdnica
Nitzschia ligowskii Lange-Bertalot, Kociolek & Brzezinska (Fig. 60) 88 Bentdnica
Nitzschia martiana (C. Agardh) Schiitt 19 Bentonica
Nitzschia obtusa W. Smith (Fig. 54) 31 Bentonica
Nitzschia perminuta (Grunow) M. Peragallo (Fig. 58) 38 Bentonica
Nitzschia perspicua Cholnoky 69 Bentonica
Nitzschia reversa W. Smith 38 Bentdnica
Nitzschia sigma (Kiitzing) W. Smith 35 Bentonica
Nitzschia sigmaformis Hustedt 42 Bentonica
Nitzschia sp.1 8 Bentonica
Nitzschia sp.2 8 Bentonica
Nitzschia sp.3 27 Bentonica
Nitzschia sp.4 19 Bentdnica
Tryblionella coarctata (Grunow) D.G. Mann (Fig. 51) 96 Bentdnica
Tryblionella compressa (Bailey) Poulin (Fig. 40) 58 Bentdnica
Tryblionella granulata (Grunow) D.G. Mann (Fig. 41) 31 Bentdnica
Tryblionella hungarica (Grunow) Frenguelli 50 Bentdnica
Tryblionella hyalina (Amossé) T. Ohtsuka (Fig. 42) 27 Bentdnica
Tryblionella lanceola (Grunow) (Fig. 50) 46 Bentonica
Tryblionella victoriae Grunow (Fig. 46) 8 Bentonica
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Contintia tabla 1.

Taxones Frecuencia en % Habitat
Orden Cocconeidales E.J. Cox
Familia Achnanthidiaceae D.G. Mann

Achnanthidium exiguum (Grunow) Czarnecki 8 Bentonica
Karayevia amoena (Hustedt) Bukhtiyarova 7 Bentonica
Karayevia rostrata (Hustedt) Kulikovskiy & Genkal 1 Bentonica
Planothidium hauckianum (Grunow) Bukhtiyarova 15 Bentonica
Familia Cocconeidaceae Kiitzing

Cocconeis diruptoides Hustedt (Fig. 7) 23 Bentonica
Cocconeis placentula var. euglypta (Ehrenberg) Grunow 31 Bentonica
Cocconeis scutellum Ehrenberg 27 Bentonica

Orden Cymbellales D.G. Mann
Familia Anomoeoneidaceae D.G. Mann

Staurophora salina (W. Smith) Mereschkowsky 11 Bentonica
Familia Cymbellaceae Kiitzing

Cymbella turgidula Grunow (Fig. 37) 8 Bentdnica
Familia Gomphonemataceae Kiitzing

Gomphoneis cf. clevei (Frickle) Gil 1 Bentdnica
Gomphonema cf. lagenula Kiitzing (Fig. 31) 4 Bentdnica
Gomphonema saprophilum (Lange-Bertalot & Reichardt) Abraca, R. Jahn, J. Zimmermann & Enke 4 Bentonica

Orden Lyrellales D.G. Mann

Familia Lyrellaceae D.G. Mann

Lyrella clavata var. caribaea Cleve (Fig. 32) 1 Bentonica
Petroneis arabica (Grunow ex Schmidt) D.G. Mann (Fig. 8) 2 Bentonica
Orden Mastogloiales D.G. Mann

Familia Achnanthaceae Kiitzing

Achnanthes bergii Cleve-Euler (Fig. 5) 15 Bentonica
Achnanthes curvirostrum J. Brun (Fig. 6) 35 Bentonica
Achnanthes longipes C. Agardh 3 Bentonica
Achnanthes pseudogroenlandica Hendey (Fig. 3) 3 Bentonica
Achnanthes separata Hustedt ex Simonsen (Fig. 4) 3 Bentonica
Achnanthes sp. 1 3 Bentonica
Achnanthes sp. 2 3 Bentonica
Achnanthes sp. 3 3 Bentonica
Orden Fragilariales P.C. Silva

Familia Fragilariaceae Kiitzing

Odontidium hyemale (Roth) Kiitzing 65 Bentonica
Synedra affinis var. gracilis Grunow 23 Bentonica
Synedra goulardii Brébisson ex Cleve & Grunow (Fig. 43) 12 Bentonica
Synedra tabulata var. obtusa Pantocsek 12 Bentonica
Familia Staurosiraceae Medlin

Pseudostaurosira brevistriata (Grunow) D.M. Williams & Round 1 Bentonica
Staurosirella pinnata (Ehrenberg) D.M. Williams & Round 4 Bentdnica
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Taxones Frecuencia en % Habitat
Orden Licmophorales Round

Familia Licmophoraceae Kiitzing

Licmophora gracilis (Ehrenberg) Grunow (Fig. 44) 1 Bentonica
Familia Ulnariaceae E.J. Cox

Catacombas gaillonii (Bory) D.M. Williams & Round 4 Bentonica
Tabularia tabulata (C. Agardh) Snoeijs 69 Bentonica
Ulnaria ulna var. ulna (Nitzsch) Compére 4 Bentonica
Orden Naviculales Cleve

Familia Amphipleuraceae Grunow

Frustulia sp. 1 4 Bentonica
Frustulia weinholdii Husted (Fig. 21) 11 Bentonica
Halamphora coffeaeformis (C. Agardh) Levkov (Fig. 38) 88 Bentonica
Halamphora costata (W. Smith) Levkov 15 Bentonica
Halamphora cuneata (Cleve) Levkov 15 Bentonica
Halamphora cymbifera (Gregory) Levkov (Fig. 34) 57 Bentdnica
Familia Berkeleyaceae D.G. Mann

Parlibellus hagelsteinii Cox (Fig. 22) 12 Bentdnica
Parlibellus rhombicula (Hustedt) Witkowski 12 Bentdnica
Parlibellus sp. 1 12 Bentonica
Familia Diadesmidaceae D.G. Mann

Luticola mutica (Kiitzing) D.G. Mann (Fig. 23) 31 Bentonica
Luticola ventricosa (Kiitzing) D.G. Mann 8 Bentonica
Familia Diploneidaceae D.G. Mann

Diploneis caffra (Giffen) A. Witkowski, H. Lange-Bertalot & D. Metzeltin (Fig. 27) 62 Bentonica
Diploneis cf. dimorpha Hustedt 58 Bentonica
Diploneis gruendleri (Schmidt) Cleve (Fig. 29) 15 Bentonica
Diploneis smithii (Brébisson) Cleve (Fig. 30) 50 Bentonica
Diploneis weissflogii (A.W.F. Schmidt) Cleve (Fig. 28) 96 Bentonica
Familia Entomoneidaceae Reimer

Entomoneis alata (Ehrenberg) Ehrenberg 85 Bentonica
Familia Naviculaceae Kiitzing

Chamaepinnularia sp. 1 Bentonica
Chamaepinnularia sp. 2 Bentdnica
Cymatoneis cf. margarita A. Witkowski (Fig. 14) Bentdnica
Gyrosigma balticum (Ehrenberg) Rabenhorst 40 Bentonica
Gyrosigma fasciola (Ehrenberg) J.W. Griffith & Henfrey 3 Bentonica
Gyrosigma peisonis (Grunow) Hustedt 1 Bentonica
Gyrosigma eximium (Thwaites) Cleve (Fig. 9) 2 Bentonica
Gyrosigma sp. 1 1 Bentonica
Haslea duerrenbergiana (Hustedt) F.A.S. Sterrenbrug 35 Bentonica
Haslea ostrearia (Gaillon) Simonsen Bentonica
Hippodonta linearis (@strup) Lange-Bertalot, Metzeltin & Witkowski (Fig. 17) Bentdnica
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Contintia tabla 1.

Taxones Frecuencia en % Habitat
Mayamea cf. recondita (Hustedt) Lange-Bertalot 4 Bentdnica
Navicula abunda Hustedt 19 Bentonica
Navicula agnita Hustedt 69 Bentonica
Navicula cf. johanrossii Giffen (Fig. 11) 27 Bentonica
Navicula cf. paul-schulzii A. Witkowski & H. Lange-Bertalot 23 Bentonica
Navicula cf. subinflatoides Hustedt 4 Bentdnica
Navicula cf. transistantioides Foged 35 Bentonica
Navicula flanatica Grunow (Fig. 13) 85 Bentonica
Navicula microdigitoradiata Lange-Bertalot (Fig. 15) 19 Bentdnica
Navicula normaloides Cholnoky (Fig. 18) 50 Bentonica
Navicula perminuta Grunow (Fig. 16) 92 Bentonica
Navicula phylleptosoma Lange-Bertalot (Fig. 10) 50 Bentonica
Navicula platyventris Meister (Fig. 24) 46 Bentonica
Navicula rostellata Kiitzing (Fig. 25) 4 Bentonica
Navicula sp. 1 8 Bentonica
Navicula sp. 2 1 Bentonica
Navicula sp. 3 4 Bentonica
Navicula sp. 4 23 Bentdnica
Navicula sp. 5 88 Bentonica
Navicula sp. 6 27 Bentonica
Pinnunavis cf. yarrensis (Grunow) H. Okuno (Fig. 12) 8 Bentonica
Seminavis robusta D.B. Danielidis & D.G. Mann (Fig. 33) 46 Bentonica
Familia Pinnulariaceae D.G. Mann

Oestrupia sp. 1 1 Bentonica
Pinnularia cincta (Ehrenberg) Ralfs 31 Bentdnica
Familia Pleurosigmataceae Mereschkowsky

Pleurosigma angulatum (J.T. Queckett) W. Smith 19 Bentonica
Pleurosigma cf. elongatum W. Smith 23 Bentonica
Pleurosigma diversestriatum F. Meister (Fig. 20) 54 Bentonica
Pleurosigma intermedium var. mauritiana (Grunow ex Cleve) M. Peragallo (Fig. 19) 11 Bentonica
Pleurosigma salinarum (Grunow) Grunow 19 Bentdnica
Pleurosigma sp. 1 12 Bentdnica
Familia Sellaphoraceae Mereschkowsky

Fallacia forcipata (Greville) Stickle & D.G. Mann 15 Bentdnica
Fallacia litoricola (Hustedt) D.G. Mann (Fig. 26) 35 Bentonica
Fallacia subforcipata (Hustedt) D.G. Mann 15 Bentonica
Sellaphora pupula (Kiitzing) Mereschkowsky 8 Bentonica
Familia Stauroneidaceae

Craticula cf. cuspidata (Kiitzing) Kiitzing 31 Bentonica

Orden Rhabdonematales Round & R.M. Crawford

Familia Grammatophoraceae Lobban & Ashworth

Grammatophora macilentaW. Smith 31 Bentonica
Orden Rhaphoneidales Round
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Continta tabla 1.
Taxones Frecuencia en % Habitat
Familia Rhaphoneidaceae Forti
Delphineis surirella (Enrenberg) G.W. Andrews (Fig. 39) 88 Bentonica
Neodelphineis silenda (M.H. Hohn & J. Hellerman) N. Desianti & M. Potapova (Fig. 48) 100 Bentonica
Orden Rhopalodiales D.G. Mann
Familia Rhopalodiaceae (Karsten) Topachevs’kyj & Oksiyuk
Epithemia adnata (Kiitzing) Brébisson 15 Bentonica
Epithemia pacifica (Krammer) Lobban & J.S. Park 1 Bentonica
Rhopalodia musculus (Kiitzing) Otto Miiller (Fig. 36) 23 Bentonica
Orden Surirellales D.G. Mann
Familia Surirellaceae Kiitzing
Campylodiscus cf. crebrecostatus Greville 11 Bentonica
Petrodictyon gemma (Ehrenberg) D.G. Mann (Fig. 61) 15 Bentonica
Surirella armoricana H. Peragallo & M. Peragallo 35 Bentonica
Surirella fastuosa var. cuneata 0. Witt 12 Bentonica
Tryblioptychus cocconeiformis (Grunow) Hendey (Fig. 45) 85 Bentonica
Orden Thalassionematales Round
Familia Thalassionemataceae Round
Thalassionema nitzschioides var. capitulatum (H.J. Schrader) J.L. Moreno-Ruiz (Fig. 47) 100 Bentdnica
Thalassiothrix sp. 1 58 Bentonica
Orden Thalassiophysales D.G. Mann
Familia Catenulaceae Mereschkowsky
Amphora ayensuensis Foged (Fig. 35) 4 Bentonica
Amphora coffeaeformis var. salina (W. Smith) Schonfeldt 46 Bentonica
Amphora gacialis Ehrenberg 1 Bentonica
Amphora proteus var. contigua Cleve 46 Bentonica
Amphora proteus var. kariana Grunow 38 Bentonica
Amphora sp.1 1 Bentonica
Amphora sp.2 19 Bentonica
Amphora sp.3 11 Bentonica
Clase Bacillariophyta incertae sedis
Orden Bacillariophyta ordo incertae sedis
Familia Bacillariophyta familia incertae sedis
Cosmiodiscus sp. 1 12 Plancténica
Clase Coscinodiscophyceae Round & Crawford
Orden Asterolamprales Round
Familia Asterolampraceae H.L. Smith
Asteromphalus flabellatus (Brébisson) Greville 4 Planctonica
Orden Aulacoseirales R.M. Crawford
Familia Aulacoseiraceae R.M. Crawford
Aulacoseira granulata (Ehrenberg) Simonsen (Fig. 62) 50 Planctonica
Aulacoseira granulata var. angustissima (Otto Miiller) Simonsen (Fig. 63) 42 Planctonica

Orden Coscinodiscales Round & R.M. Crawford
Familia Aulacodiscaceae (Schiitt) Lemmermann
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Contintia tabla 1.

Taxones Frecuencia en % Habitat
Aulacodiscus kittonii Arnott ex Ralfs (Fig. 75) 19 Plancténica
Familia Coscinodiscaceae Kiitzing

Coscinodiscus apiculatus Ehrenberg 27 Planctonica
Coscinodiscus argus Ehrenberg 11 Planctonica
Coscinodiscus asteromphalus Ehrenberg 15 Planctonica
Coscinodiscus concinnus Wm. Smith 4 Planctonica
Coscinodiscus divisus Grunow 11 Planctonica
Coscinodiscus heteroporus Ehrenberg 11 Plancténica
Coscinodiscus kuetzingii Schmidt 12 Planctonica
Coscinodiscus oculus-iridis (Enrenberg) Ehrenberg (Fig. 82) 4 Plancténica
Coscinodiscus radiatus Ehrenberg (Fig. 85) 88 Planctonica
Coscinodiscus rothii (Ehrenberg) Grunow (Fig. 83) 85 Planctonica
Coscinodiscus subtilis Enrenberg 19 Planctonica
Familia Heliopeltaceae H.L. Smith

Actinoptychus aster Brun 38 Planctonica
Actinoptychus campanulifer Schmidt 35 Planctonica
Actinoptychus heliopelta Grunow (Fig. 87) 4 Planctonica
Actinoptychus senarius (Ehrenberg) Ehrenberg 23 Planctonica
Familia Hemidiscaceae Hendey ex Hasle

Actinocyclus cuneiformis (Wallich) F. Gomez, Lu Wang & Senjie Lin 11 Planctonica
Actinocyclus decussatus D.G. Mann 4 Planctonica
Actinocyclus normanii (Gregory ex Greville) Hustedt 15 Plancténica
Actinocyclus octonarius Ehrenberg 15 Plancténica
Actinocyclus octonarius var. crassus (W. Smith) Hendey (Fig. 74) 27 Plancténica
Actinocyclus octonarius var. ralfsi (W. Smith) Hendey (Fig. 73) 4 Plancténica
Actinocyclus subtilis (Gregory) Ralfs 11 Planctonica

Orden Melosirales R.M Crawford
Familia Hyalodiscaceae R.M. Crawford

Podosira stelligera (Bail) Mann 12 Planctonica
Familia Melosiraceae Kiitzing
Melosira moniliformis var. octogona (Grunow) Hustedt 11 Planctonica

Orden Paraliales R.M. Crawford

Familia Paraliaceae R.M. Crawford

Paralia fenestrata Sawai & Nagumo (Fig. 66, 67) 96 Planctonica
Orden Rhizosoleniales Silva

Familia Rhizosoleniaceae De Toni

Pseudosolenia sp. 1 4 Planctonica
Clase Mediophyceae Medlin & Kaczmarska

Orden Anaulales Round & R.M. Crawford

Familia Anaulaceae (Schiitt) Lemmermann

Eunotogramma laeve Grunow 54 Plancténica
Orden Biddulphiales Krieger
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Continta tabla 1.
Taxones Frecuencia en % Habitat
Familia Biddulphiaceae R.M. Crawford
Biddulphia alternans (Bailey) Van Heurck (Fig. 68) 19 Planctonica
Neohuttonia reichardtii (Grunow) Kuntze (Fig. 64, 65) 38 Planctdnica
Orden Chaetocerotales Round & R.M. Crawford
Familia Chaetocerotaceae Ralfs
Bacteriastrum hyalinum Lauder Plancténica
Bacteriastrum hyalinum var. princeps (Castrachane) J. Ikary Plancténica
Chaetoceros curvisetus Cleve 38 Planctonica
Orden Cymatosirales Round & R.M. Crawford
Familia Cymatosiraceae Hasle, Stosch & Syvertsen
Plagiogrammopsis vanheurckii (Grunow) Hasle, von Stosch & Syvertsen 46 Planctonica
Orden Eupodiscales V.A. Nikoleav & D.M. Harwood
Familia Eupodiscaceae Ralfs
Cerataulus turgidus (Ehrenberg) Ehrenberg (Fig. 76) 1 Planctonica
Pleurosira laevis (Ehrenberg) Compeére (Fig. 77) 31 Planctonica
Zygoceros rhombus Ehrenberg 38 Planctonica
Familia Odontellaceae P.A. Sims, D.M. Williams & M.P. Ashworth
Odontella aurita (Lyngbye) Agardh (Fig. 72) 58 Planctonica
Odontella sp. 1 12 Planctonica
Familia Parodontellaceae S. Komura
Trieres chinensis (Greville) Ashworth & E.C. Theriot 27 Planctonica
Orden Lithodesmiales Round & R.M. Crawford
Familia Lithodesmiaceae Round
Ditylum brightwellii (T. West) Grunow 23 Plancténica
Orden Stephanodiscales Nikolaev & Harwoood
Familia Stephanodiscaceae I.V. Makarova
Cyclotella litoralis Lange & Syvertsen (Fig. 78) 77 Planctonica
Cyclotella meneghiniana Kiitzing (Fig. 80) 54 Planctonica
Cyclotella sp. 1 73 Planctonica
Cyclotella striata (Kiitzing) Grunow (Fig. 79) 100 Planctonica
Cyclotella stylorum Brightwell (Fig. 81) 4 Planctonica
Lindavia glomerata (H. Bachmann) Adesalu & Julius 35 Planctonica
Orden Thalassiosirales Glezer & Makarova
Familia Skeletonemataceae Lebour
Skeletonema costatum (Greville) Cleve (Fig. 71) 85 Plancténica
Familia Thalassiosiraceae M. Lebour
Cymatotheca minima\Voigt (Fig. 70) 85 Plancténica
Cymatotheca weissflogii (Grunow) Hendey (Fig. 69) 100 Plancténica
Ehrenbergiulva granulosa (Grunow) Witkowski, Lange-Bertalot & Metzeltin (Fig. 88) 92 Plancténica
Shionodiscus oestrupii (Ostenfeld) A.J. Alverson, S.H. Kang & E.C. Theriot (Fig. 84) 100 Plancténica
Thalassiosira decipiens (Grunow ex Van Heurck) E.G. Jorgensen (Fig. 86) 88 Plancténica
Thalassiosira eccentrica (Ehrenberg) Cleve 69 Planctonica
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Figuras 61-72. Diatomeas del contenido intestinal de C. corteziensis. 61) Petrodictyon gemma; 62) Aulacoseira granulata, 63) Aulacoseira granulata var. angustissi-
ma; 64-65) Neohuttonia reichardtii (64 vista conectiva, 65 vista valvar); 66-67) Paralia fenestrata (66 vista conectiva, 67 vista valvar); 68) Biddulphia alternans; 69)
Cymatotheca weissflogii; 70) Cymatotheca minima; 71) Skeletonema costatum; 72) Odontella aurita. Barra de escala = 10 pm.

Tabla 2. Especies de diatomeas observadas en contenidos intestinales de C. corteziensis cuya aparicion estuvo restringida a una temporada.

Especie

Transicion Secas Lluvias

Navicula flanatica (Fig. 13)
Halamphora coffeiformis (Fig. 38)
Delphineis surirella (Fig. 39)
Tryblionella coarctata (Fig. 51)
Nitzschia frustulum (Fig. 55)
Nitzschia ligowskii (Fig. 60)
Aulacoseira granulata (Fig. 62)

Aulacoseira granulata var. angustissima (Fig. 63)

Skeletonema costatum (Fig. 71)
Coscinodiscus rothii (Fig. 83)
Coscinodiscus radiatus (Fig. 85)
Ehrenbergiulva granulosa (Fig. 88)
Thalassiosira decipiens (Fig. 86)

(noviembre) (marzo)

(junio)

Las diatomeas ingeridas por C. corteziensis fueron mayormen-
te de origen bentdnico (72.6%), lo cual coincide con lo observado en
otras especies de bivalvos filtradores como Chione gnidia Broderip &
Somwerby, 1829, C. undatella G. B. Sowerby |, 1835, C. californiensis

Broderip, 1835 (Garcia-Dominguez et al., 1994), Corbicula fluminea O.F.
Miller, 1774 (Boltovskoy et al., 1995), Anadara tuberculosa Broderip,
1833 (Mufieton-Gomez et al., 2010), R. philippinarumy M. gigas (Kasim
& Mukai, 2009).
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La mayor proporcion de especies bentonicas en contenidos intes-
tinales de C. corteziensis puede estar relacionada con el tipo de sedi-
mentos (Maclntyre et al., 1996), la accion del viento, turbulencia, co-
rrientes de marea (De Jonge, 1985; De Jonge & Van Beusekom, 1995)
y la abundancia de la macrofauna (Maclintyre et al., 1996). La combina-
cion de estos factores ocasiona la suspension de diatomeas bentonicas
en la columna de agua o ticoplancton (fitoplancton de oportunidad);
este, incluye tanto formas pennadas como céntricas. De acuerdo con
De Jonge & Van Beusekom (1995), en sistemas estuarinos en donde
ocurren los fendmenos de suspension, las diatomeas bentdnicas pue-
den llegar a contribuir entre el 50% y 60 % de la biomasa en la co-
lumna de agua, quedando disponibles como alimento para organismos
filtradores. Esto Gltimo confirma la importancia tréfica del microfito-
bentos en sistemas estuarinos (Delgado, 1989; Maclintyre et al., 1996;
Underwood & Kromkamp, 1999) y su contribucion en la alimentacion de
moluscos filtradores (Dupuy et al., 2000; Kasim & Mukai, 2006).

Por otra parte, la menor proporcion de diatomeas bentonicas con
respecto a las plactonicas observadas durante junio (lluvia) en el estero
(boca del estero), sugiere una relacion entre ambos factores, ya que
tanto la biomasa como la composicion de fitoplancton de los estuarios
esta controlada por las descargas de los rios (Cloern et al., 1983). Asi,
el efecto de las descargas fluviales sobre la composicion especifica
y por ende de la proporcidn bentonicas-planctonicas, fue evidenciado
por presencia de diatomeas planctonicas como: Aulacoseira granulata
(Ehrenberg) Simonsen (Fig. 62), A. granulata var. angustissima (0. Mii-
ller) Simonsen (Fig. 63), Coscinodiscus rothii (Ehrenberg) Grunow (Fig.
83), C. radiatus Ehrenberg (Fig. 85), Thalassiosira decipiens (Grunow ex
Van Heurck) E.G. Jorgensen (Fig. 86) y Ehrenbergiulva granulosa (Gru-
now) Witkowski (Fig. 88); estas solo se presentaron en el contenido
intestinal de C. corteziensis durante la temporada de lluvia (junio). Tanto
A. granulata como A. granulata var. angustissima son tipicas de am-
bientes continentales (Sala et al., 1997); y de acuerdo con lo observado
por Wang et al. (2009), la mayor abundancia de A. granulata se registra
en los meses mas calidos y con menor salinidad, lo que coincide con
este estudio (A. granulata var. angustissima es una variacion morfologi-
ca del ciclo de vida de A. granulata (Kilham & Kilham, 1975)).

Por otra parte, en raices de mangle los ostiones enfrentan una
alta competencia por espacio y alimento (Chavarin Martinez, 2010);
ademas, estan expuestos a desecacion por los cambios en el nivel de
marea, lo cual no ocurre con los ostiones en los otros sustratos. Esto
podria explicar porqué en contenidos intestinales de C. corteziensis en
raices de mangle hubo menor riqueza que en especimenes de fondo y
de sartas suspendidas; empero, es necesario realizar los estudios ex
profeso para poder sustentar esta suposicion.

En este estudio, Neodelphineis silenda (Fig. 48) y Cymatotheca
weissflogii (Fig. 69) fueron de las especies mas frecuentes en conte-
nidos intestinales de C. corteziensis. Estas especies también se han
observado abundantemente en el fitoplancton y en sedimentos de es-
tanques de camardn de una granja ubicada en esteros de Teacapan,
Sinaloa (Siqueiros-Beltrones & Acevedo-Gonzalez, 2010). Asimismo, se
han observado en sistemas estuarinos de Japon (Hirose et al., 2004;
Ohtsuka, 2005; Sar et al., 2010; Park et al., 2012) en donde se cultiva
Magallana gigas. Lo anterior sugiere que dichas especies son compo-
nentes importantes de las comunidades estuarinas y que son suscep-
tibles de ser utilizadas como posibles alternativas para elaborar dietas
para la alimentacion de bivalvos y crustaceos en cultivo de laboratorio.
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Tabla 3. Riqueza especifica (“S”) de diatomeas en contenidos intesti-
nales de Crassostrea corteziensis Hertlein, 1951 por sitio, sustrato y
temporada (N=5).

Mes

Noviembre Marzo  Junio “S” “S”

Sitio Sustrato (Transicion) (Secas) (Lluvias) Sustrato Sitio

Sedimento 51 42 66 100
Estero Cultivo 65 70 64 114 152
Mangle 41 50 57 87
Sedimento 64 76 70 113
Canal  Cultivo 65 87 59 118 147
Mangle 61 55 48 103
Sedimento 52 53 91 118
Laguna Cultivo 87 60 NA 105 149
Mangle 59 48 49 103

“S” Mes 143 136 133

De la misma manera que las especies anteriores, Thalassionema
nitzschioides var. capitulatum (Fig. 47) fue una de las especies mas
frecuentes en contenidos intestinales de C. corteziensis y también se
ha observado en muestras de arrastres superficiales en los esteros de
Teacapan (Nufiez-Moreno; 1996), en la columna de agua y en sedimen-
tos de estanques de camaron (Siqueiros-Beltrones & Acevedo-Gonza-
lez, 2010). Asimismo, ha sido observada en la columna de agua (Kasim
& Mukai, 2006), en sedimentos (Hirose et al., 2004; Ohtsuka, 2005;
Kasim & Mukai, 2006; Park et al., 2012) y en contenido intestinal de
moluscos bivalvos (Kasim & Mukai, 2006) de ambientes estuarinos en
Japon. Ademas, esta especie forma parte del alimento de copépodos
(Schultes et al., 2006), sardinas (Cellamare & Gaspar, 2007) y molus-
cos filtradores (Mufieton-Gomez et al., 2001; Mufieton-Goémez et al.,
2010). Por lo tanto, también podria ser considerada como candidata
para explorar sus propiedades nutricionales e incorporarla en la dieta
de bivalvos y crustaceos en cultivos in vitro.

Ademas de los taxones anteriores, resulta interesante el registro
de Haslea ostrearia (Gaillon) Simonsen esta diatomea bentdnica sin-
tetiza y libera un pigmento verde-azul hidrosoluble (marenina), el cual
provoca que las branquias de los ostiones adquieran una coloracion
verde (Mouget et al., 2005; Pouvreau et al., 2008). Esta caracteristica
en los ostiones ha sido aceptada y valorada en la industria gastrono-
mica; ademas, se ha demostrado que dicho compuesto tiene efectos
antioxidantes, antivirales y anticoagulantes. El reverdecimiento causa-
do por H. ostrearia ocurre de manera natural en ambientes similares a
los observados en este estudio; es decir, aguas tranquilas y con aportes
de agua dulce (Gastineau et al., 2014). De acuerdo con lo anterior, esta
diatomea representa un potencial recurso biotecnoldgico para el cultivo
de C. corteziensis que podria redituar beneficios desde el punto de vista
alimenticio y comercial.
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Figuras 73-88. Diatomeas del contenido intestinal de C. corteziensis. 73) Actinocyclus octonarius var. ralfsi; 74) Actinocyclus octonarius; 75) Aulacodiscus Kittonir,
76) Cerataulus turgidus; 77) Pleurosira laevis; 78) Cyclotella litoralis, 79) Cyclotella striata; 80) Cyclotella meneghiniana; 81) Cyclotella stylorum; 82) Coscinodiscus
oculus-iridis; 83) Coscinodiscus rothii; 84) Shionodiscus oestrupii; 85) Coscinodiscus radiatus; 86) Thalassiosira decipiens; 87) Actinoptychus heliopelta; 88) Ehren-

bergiulva granulosa. Barra de escala de 10 mm excepto para Fig. 81 = 50 pm.

Los resultados de este estudio mostraron que C. corteziensis se
alimentd de un alto nimero de especies de diatomeas cuyo habitat es
predominantemente bentonico. La composicion especifica y riqueza de
las diatomeas en el contenido intestinal de C. corteziensis es propia de
sedimentos de zonas estuarinas y representan una primera descrip-
cion de la taxocenosis de diatomeas bentdnicas del estero Camichin,
Nayarit y de ambientes similares de la region. La frecuencia espacial y
temporal de Cyclotella striata, Cymatotheca weissflogii, Neodelphineis
silenda, Shionodiscus oestrupii y Thalassionema nitzschioides var. ca-
pitulatum en contenidos intestinales, representan alternativas para la
dieta de C. corteziensis en cultivos de laboratorio.
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RESUMEN

Antecedentes: Diferentes especies del protozoario Perkinsus spp. han sido asociados con mortalidades de
moluscos comerciales. Objetivos: Se evaluo la prevalencia de Perkinsus sp. en la almeja Megapitaria squa-
lida (junio 2015 a noviembre de 2016) para determinar la relacion de la infeccion con la talla. Métodos: Se
sembraron 5,000 semillas (5.73 mm altura de la concha y 0.03 g de peso inicial) en un refugio pesquero de
Altata, Sinaloa. Se recolectaron 60 ejemplares cada mes para evaluar su crecimiento y prevalencia del para-
sito. Se obtuvieron los parametros fisicoquimicos del agua (temperatura, salinidad, pH, oxigeno disuelto, pro-
fundidad y transparencia) y la longitud, largo y ancho de la concha y peso final de M. squalida. Resultados:
La prueba de medio fluido de tioglicolato de Ray (MFTR) detect6 células esféricas (10X) de color obscuro,
indicando la presencia de presuntas hipnosporas de Perkinsus sp. durante los primeros 17 meses de mues-
treo. La intensidad de la infeccion promedio fue de grado 2 (leve), mientras que la prevalencia maxima fue
de 43.33% en los meses de noviembre (2015) y marzo (2016), con un promedio de 21.05%. Ninguna de las
muestras positivas (n = 112) de Perkinsus sp. con MFTR confirmd la presencia del protozoario. No se obtuvo
correlacion (p >0.05) entre la prevalencia del patdgeno con todos los parametros estudiados. Conclusiones:
Los resultados sugieren que M. squalida es poco susceptible a la infeccion de Perkinsus sp. El presente
trabajo representa el primer reporte de Perkinsus sp. en la almeja chocolata M. squalida.

Palabras clave: almeja chocolata, Bahia de Altata, estado sanitario, Perkinsosis, refugio pesquero

ABSTRACT

Background. Different species of Perkinsus spp. have been associated to mortality of commercial mollusks.
Goals. The prevalence of Perkinsus sp. in the callista clam Megapitaria squalida was evaluated monthly (June
2015 to November 2016) to determine the relationship between the infection and size of clam. Methods.
5,000 clam seeds (5.73 mm height of the shell and 0.03 g of initial weight) were placed in a fishing refuge
of Altata, Sinaloa. A total of 60 specimens were collected each month to evaluate their growth and parasite
prevalence. The water physicochemical parameters (temperature, salinity, pH, dissolved oxygen, depth, and
transparency) and the length, height, and width of the shell and final weight of M. squalida were obtained.
Results. Ray’s thioglycollate fluid medium test (MFTR) detected spherical cells (10X) of dark color indicating
the presence of presumed hypnospores of Perkinsus sp. during the first 17 months of sampling. The mean
infection intensity was grade 2 (mild), while the maximum prevalence was 43.33% in the months of No-
vember (2015) and March (2016), with an average of 21.05%. None of the Perkinsus sp sample (n = 112)
positively detected by MFTR confirmed the presence of the protozoan. There was no correlation (p >0.05)
between the prevalence of the pathogen with all the parameters studied. Conclusions. The results suggest
that M. squalida is not susceptible to Perkinsus sp. The present represents the first report of Perkinsus sp. in
the callista clam M. squalida.

Keywords: Altata Bay, callista clam, fishing refuge, Perkinsosis, sanitary status



130

INTRODUCCION

Algunas de las principales especies de moluscos bivalvos que se pro-
ducen en México estan representadas por los ostiones y las almejas
(SAGARPA, 2016), las cuales, son destinadas al mercado local y en
algunos casos, constituyen la Unica fuente de ingresos para muchas
familias de los campos pesqueros ubicados en los margenes de las
bahias. De los bivalvos nativos explotados comercialmente destacan:
Crassostrea corteziensis (Hertlein, 1951) (ostién de placer, Ostreidae)
Anadara spp. (pata de mula, Arcidae), Atrina spp. (callo de hacha, Pin-
nidae), Chione spp. (almeja rofiosa, Veneridae) y Megapitaria spp. (al-
meja chocolata, Veneridae) (SAGARPA, 2015). Las Ultimas estadisticas
de produccion de la almeja chocolata Megapitaria squalida (Sowerby,
1835) en Sinaloa, indican un volumen total de 5,083 toneladas (CO-
NAPESCA, 2018). Especificamente en Bahia Altata, Sinaloa, la captura
promedio anual de M. squalida en 2009 fue de 41.22 toneladas, sin
embargo, se presento un colapso en el volumen de extraccion en 2014
y 2017, afos en los que se registraron solo 1.18 y 2.82 toneladas, res-
pectivamente (CONAPESCA, 2018), lo que sugiere la accion de factores
como la sobreexplotacion, que han afectado su poblacion; aunque la
contaminacion de su habitat (Mufioz-Sevilla et al., 2017) y las enferme-
dades provocadas por parasitos (Gongora-Gomez et al., 2016) también
deben ser considerados en la reduccion de su poblacion.

La afeccion de patdgenos en moluscos es descrita con diversos
signos que van desde el simple desarrollo de la enfermedad (Nava-
rro-Barrera, 2011), dafio en tejidos (Aguirre-Macedo et al., 2007) y
perforaciones de la concha (Gallo-Garcia et al., 2004), hasta mortali-
dades masivas (Enriquez-Espinoza et al., 2010). Caceres-Martinez et
al. (2010) concluyeron que el protozoario Perkinsus marinus (Levine,
1978) representa uno de los mayores riesgos en la industria ostricola.
De hecho, Enriquez-Espinoza et al. (2010) reportaron que la mortalidad
masiva registrada en mas de 30 granjas de ostion de la costa de Sonora
durante 20086, estuvo asociada con la presencia de este parasito. Los
bivalvos que han sido infectados en el Golfo de California por diver-
sas especies de Perkinsus incluyen poblaciones silvestres de ostiones
(Caceres-Martinez et al., 2008; 2012), almejas (Enriquez-Espinoza et
al., 2015) y callos de hacha (Gongora-Gomez et al., 2016); ademas de
ostiones cultivados (Enriquez-Espinoza et al., 2010; Villanueva-Fonseca
& Escobedo-Bonilla, 2013).

A pesar de los reportes acerca de la presencia de este protozoario
en moluscos de la costa sureste del Golfo de California (Villanueva-Fon-
seca & Escobedo-Bonilla, 2013; Gongora-Gomez et al., 2016), de la
facilidad con que se transmite horizontalmente entre huéspedes de di-
ferentes especies (Villalba et al., 2004; OIE, 2012) y de ser la presunta
causa de mortalidades en moluscos comerciales del noroeste de Mé-
xico (Enriquez-Espinoza et al., 2010; Caceres-Martinez & Vazquez-Yoe-
mans, 2012), no existe informacion disponible del estado sanitario de
M. squalida en Sinaloa con relacion a la presencia de Perkinsus sp.,
por lo que es prioritario registrar su posible aparicion y grado de infec-
cion en la poblacion silvestre de esta almeja mantenida en el refugio
pesquero de bahia de Altata, Municipio de Navolato, Sinaloa, donde re-
gularmente se siembran semillas producidas en laboratorio con fines
de repoblacion. Por lo tanto, la determinacion de la prevalencia y grado
de infeccion de Perkinsus sp. con relacion a la talla de la almeja M.
squalida del refugio pesquero de bahia de Altata, Sinaloa, representa el
objetivo de la presente investigacion.

Gongora-Gomez A. M. et al.

MATERIALES Y METODOS

La bahia de Altata se encuentra dentro del sistema lagunar Altata-Pa-
bellones, Navolato, Sinaloa (Fig. 1), entre las coordenadas 24° 20"y 24°
40’ de latitud norte y los 107° 30"y 108° 00" longitud oeste (CAADES,
1996). La siembra se realizd introduciendo 5,000 semillas de almeja
chocolata (5.73 mm altura de la concha y 0.03 g de peso inicial) dona-
das por el Instituto Sinaloense de Acuacultura y Pesca (ISAPESCA), en
el corral acuicola (10 X 5 metros) ubicado dentro del refugio pesquero
en la bahia de Altata (Fig.1).

Las semillas fueron aclimatadas y sembradas siguiendo el método
descrito por Gongora-Gémez et al. (2012) para especies bentonicas.
Después de los primeros cuatro meses de mantenimiento en bolsas
mosquiteras contenidas en canastas ostricolas, las almejas fueron es-
parcidas dentro del corral. Cada mes durante 18 meses (junio 2015 a
noviembre 2016), se recolectaron al azar 60 almejas del refugio pes-
quero mediante buceo libre (semiauténomo).

De las conchas, se obtuvieron la longitud (distancia desde la zona
anterior hasta la zona posterior de la concha), altura (distancia desde
el umbo hasta la parte mas distal de la concha) y ancho (la parte mas
amplia de la concha por el lado dorsal) utilizando una regla vernier de
precision digital (0.01 mm, Mitutoyo, CD—8” CS) (Figura 2). El peso total
individual se registrd con una balanza granataria (0.01 g, OHAUS, Scout
Pro SP 2001).

Mensualmente, se obtuvieron los parametros fisicoquimicos in situ:
la salinidad se registré con un refractometro de precision (Atago, S/
Mill, Japon); el pH se obtuvo con un potencidmetro (HANNA, HI 8314,
USA); el oxigeno disuelto y la temperatura del agua se midieron con
un oximetro (YIS, 55/12 FT, Ohio 45387); la profundidad y transparen-
cia con un disco Secchi; y para la temperatura ambiente, se utilizd un
termometro de mercurio. Para la clorofila a (Cla), las muestras de agua
se analizaron de acuerdo al protocolo descrito por Strickland & Parsons
(1972) y los calculos usando la ecuacion de Jeffrey & Humphrey (1975).

Para determinar la presencia de posibles hipnosporas de Perkin-
sus sp. en M. squalida, se prepard medio fluido de tioglicolato de Ray
(MFTR), el cual, es considerado la mejor técnica para la deteccion de
este protozoario (OIE, 2009) por su alta sensibilidad y bajo costo. El
MFTR se enriquecid con dextrosa y cloruro de sodio siguiendo las con-
centraciones recomendadas por la OIE (2016): Para 610 ml de H,0 des-
tilada, se agregaron 18.17 g de MFTR, 17.81 g de dextrosay 12.2 g de
NaCl. Posteriormente, se disolvieron los compuestos aplicando calor y
agitacion en un termo-agitador y el medio se esterilizd usando una au-
toclave (120 °C) por 15 minutos a una atmosfera de presion. Después,
se adicionaron antibidticos (pemprocilina a 500 U mI" y estreptomicina
a 500 U ml"), se vertieron 25 ml de medio preparado en tubos de 50
ml y como antifiingico, se aplicé Nistatina a 400 U ml' directamente en
el tubo (OIE, 2016).

Las muestras de tejido (glandula digestiva, branquias y manto)
recolectadas mensualmente, fueron colocadas en tubos de 50 ml con-
teniendo MFTR y antibiéticos. Los tubos se incubaron en oscuridad a
temperatura ambiente durante 4-7 dias. Después, los fragmentos de
tejido se maceraron con una hoja de bisturi estéril sobre un portaob-
jetos de vidrio, se afiadio solucion yodada de Lugol, para finalmente,
contar el numero de presuntas hipnosporas mediante observacion al
microscopio (10X). La intensidad de infeccion por Perkinsus sp. se cal-
culd con el uso de la escala de Mackin (1962) (Tabla 1).

Hidrobiol6gica
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Figura 1. Localizacion geografica del corral acuicola frente a la bahia de Altata-Ensenada del Pabellén, Navolato, Sinaloa.

La prevalencia de la infeccion (P, %) por Perkinsus sp. se obtuvo
aplicando la formula de Thrusfield (1995): P = (Nimero de organismos
infectados/No. total de organismos analizados) X 100. Para confirmar
la identidad del paréasito se realizé un andlisis de ADN con la técnica de
PCR. Para eso, se extrajo ADN del tejido de branquia (50-100 mg) utili-
zando el método de DNAzol® siguiendo las indicaciones del fabricante
(Molecular Research Center, Inc. Cincinnati OH, USA). Se aplicd la técni-
ca de la reaccion en cadena de la polimerasa (PCR; OIE, 2009), utilizan-
do los oligonucledtidos PerkITS85 (5’-CCG CTT TGT TTG GAT CCC-3’) y
PerkITS750 (5°-ACA TCA GGC CTT CTA ATG ATG-3’) (SIGMA-ALDRICH)
que amplifican la region espaciadora transcrita interna (internal trans-
cribed spacer, ITS) del rARN ribosomal de Perkinsus sp., obteniendo
un producto de 703 pares de bases (pb) (OIE, 2009). Los componentes
de la reaccion fueron los siguientes: My Taq Reaction Buffer 5X (BIO-
LINE), My Taq DNA Polymerasa 1 U (Bioline Cat. B10 21105y 1 uM de
cada oligonucledtido. Para la reaccion, se usaron 100 ng de ADN molde.
Estos iniciadores detectan cualquier especie del género Perkinsus sp.
excepto P qugwadi sp. nov. (incertae sedis) (OIE, 2009). El volumen de
cada reaccion fue de 25 L.

El ADN extraido del ostion Crassostrea viginica (Gmelin, 1791)
infectado por P marinus fue utilizado como control positivo; mientras
que el control negativo consistio en la mezcla de reaccion de la
PCR sustituyendo el ADN por agua estéril. Las condiciones de am-
plificacion fueron las siguientes: desnaturalizacion inicial a 95 °C por
5 min; 35 ciclos de 94 °C por 1 min, 60 °C por 1 min y 72 °C por 1
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min; y extension final de 72 °C por 5 min. Los productos de PCR fueron
separados por electroforesis en gel de agarosa al 1 % y visualizados
con bromuro de etidio (1 pg ml™") bajo luz UV.

Se realizaron pruebas de normalidad (Kolmogorov-Smirnov) y
homoscedasticidad (Bartlett) para analizar los datos obtenidos. Las
diferencias entre los promedios de cada indicador biométrico de M.
squalida (n = 60 almejas cada mes durante 18 meses), se obtuvieron
con las pruebas de ANOVA y de Tukey. La relacion entre las variables fi-
sicoquimicas, prevalencia e intensidad de la infeccion fueron obtenidas
usando la correlacion de Pearson. Para analizar los datos se utilizd el
programa STATISTICA 8, a un nivel de confianza de 95%.

Tabla 1.- Escala de Mackin para calcular la intensidad de infeccion (Ray,
1954).

Nivel No. de células de Perkinsus marinus (Levine, 1978)
1 0 (no infectada)
2 1a 10 células (leve)
3 11 a 30 células (moderada)
4 31 a 100 células (alta)
5 Mas de 101 células (muy alta)
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Altura

Longitud

Figura 2. Medidas biométricas (longitud, altura y ancho de la concha) de Megapitaria squalida (Sowerby, 1835).

RESULTADOS

Los intervalos de las variables ambientales fueron: temperatura 20-
32.5 °C, salinidad 29.8-35%o, pH 5.15-7.84, oxigeno disuelto 3.07-
9.56 mg I, profundidad y transparencia 0.7-1.8 m y clorofila a 0.6-
11.7 mg m3. Ninguno de los pardmetros mostré correlacion con la
prevalencia de Perkinsus sp. (r = -0.15,r =0.22,r = 0.37,r = -0.10,
r=0.11y r = 0.04, respectivamente). Después de 18 meses, las al-
mejas alcanzaron las siguientes medidas: largo de la concha = 59.6
mm, altura de la concha = 46.2 mm, ancho de la concha = 27.5 mm
y peso total = 52.6 g. Al igual que los parametros ambientales, las
variables biométricas de M. squalida no mostraron correlacion con la
prevalencia mensual del parasito (r = -0.37,r =-0.24,r=0.40yr =
-0.34, respectivamente). La deteccion de Perkinsus sp. por medio de la

técnica MFTR mostro células esféricas en el microscopio (10X) de color
oscuro indicando la presencia de presuntas hipnosporas del patdgeno
en los primeros 17 meses (Figuras 3 y 4). La intensidad de la infeccion
fluctué desde 0 células (junio 2015) hasta 2.2 células (octubre 2016).
En promedio, la intensidad total fue de 2 (1-10 esporas, Mackin, 1962),
considerandose leve.

La prevalencia no mostro tendencia o relacion con la talla de la
almeja (Fig. 4).

Para la confirmacion de Perkinsus sp. mediante la técnica de PCR,
se analizaron 112 muestras (positivas con MFTR) de M. squalida pre-
suntamente infectadas por el protozoario, pero ninguna result6 positiva
(Figura 5).

Figura 3. Presuntas hipnosporas de Perkinsus sp. (10X) en tejido de Megapitaria squalida (Sowerby, 1835) mostrando un grado de infeccion 2 en la escala de Mackin

(Ray 1954).
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Figura 4. Prevalencia (%) de Perkinsus sp. y parametros biométricos [largo, longitud y ancho de la concha (mm) y peso (g)] de la almeja chocolata Megapitaria squa-
lida (Sowerby, 1835) registrada durante los 18 meses de cultivo en el corral acuicola de bahia de Altata, Navolato, Sinaloa.

DISCUSION

La prevalencia e intensidad de infeccion de Perkinsus sp. fue determi-
nada en M. squalida desde juveniles recién producidos en laboratorio,
hasta almejas que, por la talla alcanzada después de 18 meses en el
refugio pesquero, pueden considerarse como adultas (Alvarez-Dagnino
et al., 2017). La presencia del parasito en el primer mes (20% de pre-
valencia) y su ausencia en el tltimo muestreo, sugieren que la almeja
chocolata pudiera ser infectada con diferentes grados de intensidad,
independientemente de su talla, lo cual, es contradictorio a lo encon-
trado por Taskinen & Valtonen (1995) y Yee-Duarte et al. (2017) quienes
reportaron que la intensidad infecciosa de diversos parasitos aumenta
con la talla y edad de las almejas Anodonta piscinalis (Nilsson, 1823) y
M. squalida, respectivamente. La prevalencia e intensidad de infeccion
encontradas para la almeja chocolata en este trabajo sugieren que en
comparacion con otros moluscos bivalvos (Aguirre-Macedo et al., 2007
Gullian-Klanian et al., 2008; Enriquez-Espinoza et al., 2010; Pineda-Gar-
cia, 2011; Luz et al., 2018), pudiera ser poco susceptible a Perkinsus
spp., lo cual, coincide con las conclusiones reportadas por Sotelo-Lopez
(2014) y Sandoval-Rivera (2016) en M. squalida colectada cerca de la
zona de este estudio. La prevalencia de la infeccion mostrd tres picos
(julio y noviembre 2015 y mayo 2016) durante el estudio sin presentar
tendencia estacional, coincidiendo con Brandao et al. (2013) para Cras-
sostrea rhizophorae (Guilding, 1828). Burreson & Ragone-Calvo (1996)
y Villalba et al. (2005) mencionan que la dinamica de infeccion del pa-
rasito esta fuertemente asociada a la aparicion de amplios intervalos en
la temperatura (<20 y >30 °C) y la salinidad del agua (<15 y >35%), lo
cual, es comun en el Golfo de México donde se cultiva el ostion america-
no C. virginica. En nuestro trabajo, los intervalos fluctuaron de 20 a 32.5
°C para la temperatura y de 29.8 a 35%o para la salinidad sin presentar
correlacion con los indicadores de infeccion, lo que sugiere que dichos
parametros no alteraron la relacion huésped-parasito mas alla de los
valores de prevalencia e intensidad infecciosa obtenidos.
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La deteccion de esferas redondas y oscuras en M. squalida, carac-
teristicas de presuntas hipnosporas de Perkinsus sp. mediante MFTR,
indicaron la presencia en lugar de infeccion del parasito, sin embargo,
no se confirmd al probar las muestras positivas con PCR. Algunos au-
tores mencionan que esto puede deberse a una baja intensidad infec-
ciosa del parasito y/o a la poca cantidad de ADN del patégeno usada
en la prueba (Burreson, 2008; Sanil et al., 2012; Villanueva-Fonseca &
Escobedo-Bonilla, 2013; Enriquez-Espinoza et al., 2015). Dantas-Neto
et al. (2015) reportd mayores prevalencias de infeccion de Perkinsus
sp. en C. rhizophorae (Guilding, 1828) utilizando MFTR comparado con
PCR, en dos esteros de Brasil. Por lo anterior, se considera que el méto-
do de MFTR es mas sensible que el PCR (OIE, 2009) en la deteccion de
presuntas hipnosporas de Perkinsus sp. Enriquez-Espinoza et al. (2015)
mencionan que para tener resultados positivos con la prueba de PCR,
es necesario que la infeccion sea moderada o mayor segn la escala de
Mackin (Ray, 1954), lo cual, no sucedi en este estudio.

Los resultados obtenidos pueden ser discutidos analizando algunos
factores externos e inherentes a la almeja. Por ejemplo, Villalba et al.
(2004) mencionan que la fase de vida libre del parasito se caracteriza
por células biflageladas que forman parte del plancton, es decir, se
encuentran suspendidas en la columna de agua. Por otro lado, el ha-
bitat bentonico de la almeja implica que una vez asentada en el fondo
arenoso, donde permanece enterrada gran parte de su vida, reduciria la
posibilidad de contacto entre el bivalvo con Perkinsus sp. Por otro lado,
la mayor parte de las mortalidades reportadas para moluscos comer-
ciales por este protozoario, se refieren a ostiones (Villalba et al., 2011;
Da Silva et al., 2014; Scardua et al., 2017), moluscos cuyos tejidos cor-
porales son mas blandos que los que presenta M. squalida. Lo anterior
sugiere una mayor dificultad de Perkinsus sp. para penetrar los tejidos
de la almeja, sin embargo, es necesaria la realizacion de estudios al
respecto para confirmarlo.
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Figura 5. Diagndstico molecular de Perkinsus sp. en gel de agarosa (1%). Deteccion de la region ITS del rRNA de Perkinsus sp. por PCR en Megapitaria squalida
(Sowerhy, 1835) de la bahia de Altata, Navolato, Sinaloa. Carriles 1-7) muestras negativas de Perkinsus sp.; C+ Control positivo de Perkinsus sp.; C- Control negativo

y M) Marcador de peso molecular.

Aunque la prevalencia e intensidad de infeccion fueron bajas, la
deteccion de Perkinsus sp en M. squalida de la Bahia de Altata, Sinaloa,
plantea la necesidad de establecer un programa de monitoreo para co-
nocer el estado sanitario de esa poblacion de almejas en dicho lugar, ya
que cambios ambientales y/o efectos antropogénicos conjuntamente
con cambios en la dinamica de infeccion de este patdgeno u otros,
pudieran poner en riesgo su condicion fisioldgica y tolerancia a ser in-
fectado. De hecho, es recomendable monitorear sanitariamente otras
especies de moluscos en la zona para prevenir y/o evitar una posible
transmision debido a la facil dispersion del patégeno entre diferentes
especies de moluscos (Villalba et al., 2004; OIE, 2012).

El presente trabajo representa el primer informe de la presencia
de Perkinsus sp. en M. squalida en la costa central de Sinaloa, consi-
derando, ademas, la dinamica de la infeccion con relacion a la talla de
la almeja. Sin embargo, es importante realizar otros estudios aplicando
diversas técnicas como histologia, hibridizacion in vitro u otras herra-
mientas moleculares (Shridar et al., 2013; Aranguren & Figueras, 2016;
Guo & Ford, 2016) para conocer el papel como huésped de la almeja
en la posible dispersion del protozoario en el refugio pesquero de bahia
Altata, Sinaloa y en la entidad en general. En conclusion, la prevalencia
de Perkinsus sp. no mostrd relacion con el desarrollo de M. squalida'y
la intensidad de la infeccion fue leve (grado 2). Se infiere que la almeja
chocolata presento baja susceptibilidad al protozoario.
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RESUMEN

Antecedentes: Las comunidades de macroalgas predominan en las costas marinas, especialmente en las
zonas rocosas. La composicion de las especies de estas comunidades puede ser caracteristica segun la calidad
del agua, debido a que cada especie tolera o no variaciones fisicoquimicas, i.e., temperatura, pH, salinidad, oxi-
geno disuelto y concentracion de nutrientes; por lo tanto, se esperaria que la composicion de especies refleje di-
ferentes condiciones fisicoquimicas del agua. Objetivos: Determinar los intervalos de tolerancia de especies de
macroalgas a condiciones fisicoquimicas y clasificarlas, ya sean tolerantes si sobreviven en amplios intervalos,
0 como especies sensibles 0 poco tolerantes, que se distribuyen en condiciones restringidas del agua. Métodos:
Se construyé una base de datos de los registros georreferenciados de diversos lugares del planeta, donde se
ha registrado especies también presentes en el litoral de Baja California Sur (BCS), México, obtenidos del Global
Biodiversity Information Facility (GBIF); ademas, se obtuvieron los promedios de 2005 a 2012 de los valores de
variables fisicoquimicas de los lugares donde se ha registrado cada especie, a través de imagenes satelitales
obtenidas por sensores remotos de la National Oceanic and Atmospheric Administration (NOAA). Resultados:
Se generé un mapa de calor que muestra un aparente cambio en la composicién de especies (taxocenosis)
frente a posibles escenarios de cambio; asi, se propone presentar a las especies que sobreviven en amplias
variaciones fisicoquimicas y/o nutrientes, como parte de los protocolos de referencia para la distribucion del
contenido mineral; mientras que las especies con intervalos estrechos de ocurrencia se incluyen como taxa, que
indican condiciones en donde estas se presenten. Gonclusiones: Se proponen las posibles taxocenosis, que
se presentarian en BCS bajo diferentes estados de calidad del agua, dependiendo de las concentraciones de
nutrientes (silicato y materia organica) y fisicogquimicos (oxigeno disuelto y pH) que mas contribuyeron a definir
la asociacion de especies por estado de calidad de agua.

Palabras clave: bioindicadores, contaminacion, distribucion de especies, sensible, tolerante

ABSTRACT

Background: Macroalgae communities predominate in coastal areas, especially on rocky shores. The species
composition of such communities may be characteristic of a quality status of water inasmuch each species
either adapt or not to the physicochemical variables (temperature, pH, salinity and dissolved oxygen). Therefore,
differences in species composition would be expected from different concentrations of diluted compounds in
water. Goals: To determine the macroalgae’s tolerance intervals to physicochemical conditions, and to classify
them as tolerant if they survive within wide intervals, or as sensitive, poorly tolerant species that are distributed
under restricted water conditions. Methods: A database was built of georeferenced records of other localities on
the planet where species present on the coast of Baja California Sur are also found, was obtained from the Global
Biodiversity Information Facility (GBIF). Besides, the 2005 to 2012 average values for physicochemical variables
and the concentration of nutrients in the water (nitrate, phosphate, silicate and dissolved organic matter) were
gathered from other places where each specie has been recorded through satellite images obtained by remote
sensors of the National Oceanic and Atmospheric Administration (NOAA). Results: A heatmap was generated
showing an apparent distinction in the floristic composition (taxocoenosis), facing possible change scenarios
which proposes to include the species that survive within wide physicochemical and/or nutrient variations as
part of the reference for protocols on the distribution of mineral content. While species with narrow intervals of
occurrence in the measured variables should be considered as taxa that indicate the intervals at which they oc-
cur. Conclusions. Possible taxocoenosis that can occur in BCS under different water quality conditions are here
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proposed. These depend mainly on the concentration of nutrients (silicate
and organic matter) and physicochemical (dissolved oxygen and pH) as
being those variables with a greater influence on the species association
for a given quality status.

Keywords: bioindicators, pollution, sensible, species distribution, tolerant

INTRODUCCION

La calidad del agua en el litoral Pacifico mexicano contintia cambiando
por efecto del desarrollo urbano, turistico e industrial (Lara-Lara et al.,
2008). El aumento o disminucion de los limites naturales en la concentra-
cion de compuestos quimicos, como oxigeno disuelto, nitratos, fosfatos y
metales en la columna de agua, pueden afectar la calidad de los ecosis-
temas (Botello et al., 2014) debido a tres factores principales: 1) Toxicidad
2) Persistencia y 3) Bioacumulacion (Quintero-Rendon et al., 2010).

Las macroalgas se consideran indicadores biologicos, porque pre-
sentan ciclos de vida cortos, toman los nutrientes directamente de la
columna de agua, son sensibles a contaminantes, son faciles de obser-
var y de recolectar (Ospina-Alvarez & Pefia-Salamanca, 2004; Robledo
& Friele-Pelegrin, 2014). Ademas, reflejan la magnitud del estrés con
cambios en el contenido de minerales, asi como, las caracteristicas del
habitat y el grado de exposicion a un estresor (Paez-0suna et al., 2000).
La seleccion de las mejores especies indicadoras, del vasto acervo na-
tural, se obtiene evaluando la sensibilidad o tolerancia (intervalo) a la
concentracion de elementos en el agua de mar, en el que viven los
distintos taxa; y que pueden variar naturalmente y por la contaminacion
antropogénica (De la Lanza-Espino, 2000).

Se ha observado, que no todas las macroalgas sobreviven en areas
con fuertes actividades antropicas (Godinez, 2000); es decir, estas es-
pecies se distribuyen en intervalos estrechos respecto a las concentra-
ciones de los elementos quimicos disueltos en el agua. Por lo tanto, se
esperaria que, ante el aumento en las concentraciones de compuestos
disueltos, se produzcan cambios a nivel comunitario en la taxoceno-
sis, i.e., floristicos. Dicho cambio, en la asociacion de especies puede
constituirse como bioindicador de contaminacion; para establecer este
indicador de cambio se requiere que la taxonomia y la taxocenosis de
una comunidad, en un estado inicial de un sistema costero de interés,
sean bien conocidas. En el area de Baja California Sur, México, Siquei-
ros-Beltrones & Riosmena Rodriguez (1995) identificaron 102 especies
de macroalgas. Adicionalmente, para la zona se conocen otros aspec-
tos comunitarios, como la variabilidad espaciotemporal de especies
conspicuas (Cruz-Ayala, 1996), las especies con mayor produccion
de biomasa (Fajardo, 1993) y los cambios en contenidos de minerales
ante los procesos de contaminacion (Paez-Osuna et al., 2000; Hernan-
dez-Almaraz et al., 2014, 2016).

Los efectos de variables ambientales en la distribucion de las es-
pecies pueden estudiarse a través del programa ModestR ® que per-
mite descargar, importar y depurar registros georreferenciados de las
especies en bases de datos a nivel global (Garcia-Rosello et al., 2014;
GBIF, 2018). Las especies con distribucion en un amplio intervalo de
concentracion de un compuesto en el agua indican especies tolerantes
ante cambios de la variable. Mientras que, las especies presentes en
intervalos estrechos revelan taxa sensibles al cambio (Quintero-Renddn
etal., 2010) y muestran un estado particular del sistema costero. Teori-
camente, un cambio extraordinario de los limites (maximos y minimos)
que se establecieron a partir de la distribucion a nivel mundial, compro-
meteria la supervivencia de cierta especie en el sistema costero, donde
se presente dicha condicion (Godinez, 2000).

Ardila-Poveda L. S.

En el presente trabajo, primero se analiza cada variable donde se
establecen las concentraciones criticas para la supervivencia a nivel de
especie y a nivel de clases. Y, luego, se plantea un modelo hipotético
de variacion taxocenética por estados de calidad de sistemas costeros,
para Baja California Sur ante escenarios de eutrofizacion.

MATERIALES Y METODOS

Las variables hidticas o la taxocenosis conformada por 102 especies
de macroalgas publicadas en GBIF (Siqueiros-Beltrones et al., 2017)
para muestreos de 1994 y 1995 de las bahias La Ventana y La Paz
en Baja California Sur (Siqueiros-Beltrones & Riosmena Rodriguez,
1995) fueron actualizadas taxondmicamente mediante la base de datos
ALGABASE (Guiry & Guiry, 2018) y utilizando el Integrated Taxonomic
Information System (ITIS, 2018). Sin embargo, dado que el programa
ModestR® utiliza esta ultima base para obtener los registros, los nom-
bres derivados se ajustan a esta e incluyen las sinonimias registradas.

La lista taxonémica lograda se considerd como “taxocenosis mo-
delo” de un sistema costero en condiciones iniciales, sin perturbacion
antropogénica; ésta se incorpord a la aplicacion Data Manager, con el
fin de obtener las presencias georreferenciadas para todo el planeta
en el ambiente marino, de especimenes preservados y/o citados en la
literatura de cada especie (Garcia-Rosello et al., 2014; GBIF, 2018). Se
obtuvieron 71 especies, con un nimero robusto de datos de presencia,
para elaborar un modelo de distribucion de Kernel y realizar una com-
paracion estadistica con promedios y desviaciones estandar.

La capa obtenida para cada especie se depuré (Garcia-Rosello
et al., 2014) y se superpuso a las capas de variables abidticas, que
se obtuvieron del promedio de un conjunto de campos climatoldgicos,
analizados objetivamente (cuadricula 1 °) y campos estadisticos aso-
ciados de datos de perfil oceanografico (5 °, 1 °y 0.25 °) a niveles de
profundidad estandar para periodos de composicion anuales, estacio-
nales y mensuales para el Océano Mundial del World Ocean Atlas 2013
version 2 (WOA13 V2). Aqui se analizaron, la temperatura superficial del
mar (°C) (Locarnini et al., 2013), salinidad, oxigeno disuelto (ml "), sili-
catos (umol I"), fosfatos (umol I'"), nitratos (umol I'") y materia organica
disuelta (umol I'') en agua de mar de 2005 a 2012 (Garcia et al., 2013a,
2013b; Zweng et al., 2013); este andlisis se sobrepuso con la capa
obtenida del registro de presencias y con el modelo de distribucion
de Kernel de cada especie, creando y exportando esto a una base de
datos cruzada (Guisande, 2013; Garcia-Rosello et al., 2014) donde cada
registro de presencia de la especie le corresponde un promedio para
cada valor fisicoquimico y de nutrientes.

Se determind el intervalo de tolerancia a partir de la amplitud, el
método mas simple para estimar la dispersion de los datos, es decir,
la diferencia entre el minimo y el méaximo de la serie de datos obte-
nidos. Sin embargo, para evitar muestras sobreestimadas o subesti-
madas (valores atipicos) se tiene en cuenta aqui, la desviacion tipica
o0 estandar que mide la variabilidad de los datos respecto a la media
en la muestra (Guisande et al., 2006) o tolerancia de la especie. Para
visualizar esto, las especies se ordenaron en el eje X, en funcion del
incremento de las concentraciones del compuesto quimico en el agua
de mar. En el eje Y, se establecieron los valores criticos en donde se
perderia el 95% de las especies que conforman la taxocenosis de Baja
California Sur. Es asi como los valores 6ptimos que se establecieron
corresponden al intercuartil del recorrido del intervalo definido, o donde
se agrupa el mayor nimero de presencia de cada especie.
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Se planted el escenario actual de Baja California Sur con promedios
de los ultimos seis afios, de temperatura superficial del agua de mar
(2012-2017) (https://seatemperature.info/es/mexico/la-paz-temperatu-
ra-del-agua-del-mar.html), lo cual varia segtin la época del afio, invierno
(noviembre a febrero) y verano (marzo-octubre) entre 17y 28 °C (Fig. 2)
y se sobrepuso a los intervalos de tolerancia a la temperatura superficial
de agua de mar de cada especie (je x,), ordenadas en funcion del incre-
mento de esta variable.

Ademas, se hipotetizan posibles escenarios futuros que refieren el
descenso en la temperatura promedio en -2°C, asi como, el aumento
del promedio en 1°C del agua superficial; para ello, se establecieron
tolerancia minima a 15 °C y maxima de 29 °C en el agua de mar de
sistemas costeros.

Para determinar si es posible discriminar si las clases de macro-
algas crecen en diferentes condiciones fisicoquimicas y de concentra-
cion de nutrientes del agua, se llevd a cabo un andlisis de clasificacion,
discriminante, usando la aplicacion StatR del programa Rwizard. Esta
técnica estadistica multivariante caracteriza clases de elementos a par-
tir de una clasificacion inicial en funcion de los valores observados de
un conjunto de variables, como en este caso de fisicoquimicos y nu-
trientes. Asi, este asigna en qué clase debe estar cada elemento a partir
de la proximidad (o similitud) y buscando la variable que hace maxima
la separacion entre grupos, lo que equivale a minimizar la variabilidad,
usando el criterio de Bayes: cada elemento se asigna a la clase, para
la que tiene mayor probabilidad de pertenecer, condicionada por los
valores que toman las funciones discriminantes (Guisande et al., 2016).

Las hipdtesis de normalidad de residuos y homogeneidad de va-
rianzas (M de Box) se utilizan para el célculo de las probabilidades de
asignacion de los elementos a las distintas clases; no obstante, estas
son muy sensibles a pequefias desviaciones y, con datos reales, prac-
ticamente siempre nos diran que no se cumplen. Por tanto, el discrimi-
nante es razonablemente robusto, frente a un incumplimiento parcial
de estas hipdtesis y ese incumplimiento no es critico, si el porcentaje
de acierto en la clasificacion (especialmente en la validacion cruzada)
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es elevado, no solamente en el conjunto de los elementos, sino también
en cada uno de los grupos. No es necesario ni conveniente verificar las
hipétesis, salvo que tengamos una clara evidencia de que se incumplen
de forma manifiesta. Si el porcentaje de acierto es bajo, ello podria
deberse al incumplimiento de las hipétesis (Guisande et al., 2016).

Como referencia visual, se gener6 un mapa de calor que muestra
con distintos colores y tonos, la intensidad de la relacion entre las va-
riables estudiadas entre filas (bidticas: especie) y columnas (abitticas:
fisicoquimicos y nutrientes en el agua), clasificando de acuerdo con el
valor de correlacion entre las variables, uniendo en primer lugar, los dos
elementos mas proximos entre si y elaborando dendrogramas margi-
nales para las filas y otro para las columnas. Los colores indican la in-
tensidad de la relacion o los valores de la variable representada, desde
el blanco (maxima relacion o valor mas alto), pasando por el amarillo y
naranja, hasta el rojo intenso del valor minimo (Guisande et al., 2016).

RESULTADOS

En este trabajo se establecieron los intervalos de tolerancia (promedios
y la desviacion estandar) de las especies de macroalgas, que fueron
registradas para Baja California Sur en 1995, a variables fisicoquimicos
del agua de mar (Tabla 1, se incluyen las autoridades de cada taxon).
Asimismo, se establecieron intervalos y valores criticos para cada Clase
y para la taxocenosis de macroalgas de Baja California Sur, lo que se
discute a continuacion por variable abiética estudiada.

Temperatura. Las especies de macroalgas de BCS agrupadas por Clase
muestran que las Florideophyceae y Ulvophyceae se distribuyen en un
intervalo mas amplio (desviacion estandar; entre 0 a 34 °C, Fig. 1); mien-
tras que, las especies de Bangiophyceae (11 a 25 °C) y Phaeophyceae (8
a 26 °C) se restringen a intervalos estrechos. Sin embargo, el promedio
de temperatura en la que se encuentran las algas pardas (Phaeophyceae)
(15 °C) revela que estas se desarrollan en aguas mas frias que otras cla-
ses. La temperatura superficial del agua de mar “optima” (intercuartil del
intervalo) para macroalgas se encuentra entre 12 y 27 °C.

30
|

20
1

Temperatura superficial del agua de mar °C
10 1
1

Bangiophyceae

Florideophyceae

Phaeophyceae Ulvophyceae

Clases de macroalgas

Figura 1. Intervalo de la tolerancia de las clases de macroalgas a la temperatura superficial (°C) del agua de mar — = promedio, [ = intercuartil, L = desviacion

estandar, ° = atipicos, <— = 6ptimos, --- = criticos.
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estandar, ° = valores atipicos, <«— = concentraciones dptimas.

Oxigeno disuelto. EI promedio de OD en el que habitan las Phaeophy-
ceae (5.6 ml ) es significativamente mayor a las demas clases. Mien-
tras que, Florideophyceae (4.1 a 8 ml ') y Ulvophyceae (4.1 a 7.6 ml I")
toleran intervalos mas amplios de concentracion de oxigeno en el agua,
Phaeophyceae (4.2 a 7.1 ml I') y Bangiophyceae (5 a 6.9 ml I'") se
distribuyen en intervalos mas estrechos (desviacion estandar; Fig. 3).

Las especies evaluadas prosperan en concentraciones de oxigeno mi-
nimas de 4.6, a maximas a 7.4 ml I, es decir, aguas oxigenadas. Sin
embargo, el 6ptimo o intervalo de distribucion del mayor nimero de
especies se encuentra entre los 4.8 y 6.2 ml I'", siendo el valor maximo
de tolerancia para la taxocenosis el de 7.5 ml I (Fig. 4).
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Figura 5. Intervalos de tolerancia de las especies de macroalgas al pH del agua de mar. @

Materia organica disuelta. Las especies de macroalgas estudiadas
para BCS se distribuyen en el planeta en aguas de sistemas costeros

con un intervalo de concentracion de 1.1 a 7.2 ymol I de materia

pH. Las macroalgas estudiadas se desarrollan en aguas con valores

de pH entre 7.88 y 8.37. El intervalo donde se desarrollarian el mayor
namero de especies es de 8.1 a 8.3 (linea de tendencia) (Fig. 5).

organica disuelta en el agua. Los valores donde se presenta el mayor

numero de registros se establecieron entre 2 y 5 pmol ' (Fig. 6).
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Especies de macroalgas de Baja Galifornia Sur

Figura 6. Intervalos de tolerancia de macroalgas a la concentracion de materia orgénica disuelta (umol I ' MOD) en agua de mar @ = promedio, | = desviacién

estandar, -+ = linea de tendencia, <«— = concentraciones 6ptimas.
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Figura 7. Diagrama de caja del intervalo de tolerancia de la concentracion de nitrato (NO, mol I''), — = promedio del agua de mar, I = intercuartil, T = desviacién
estandar, ° = residuos, <— = 6ptimos, --- = criticos para supervivencia de macroalgas de B.C.S., México, agrupadas por Clase.

Variables fisicoquimicas y nutrientes que mas afectan la taxoce-
nosis. El andlisis discriminante (Fig. 12) muestra que el canonico 1,
clasificd con el 91.9% de confianza las clases de macroalgas, segun
las concentraciones de compuestos quimicos en el agua de mar donde
se han registrado. Se determiné que las Ulvophyceae y las algas rojas
(Florideophyceae) se distribuyen en intervalos amplios de concentra-
cion de oxigeno, nitrato y silicato, mientras que, las Phaeophyceae se
restringen en intervalos estrechos y toleran menor concentracion de
silicatos en el agua (7.78 % de la varianza) y requieren mayores con-
centraciones de nitrato en la columna de agua y oxigeno disuelto.

Vol. 29 No. 3 » 2019

DISCUSION

El desarrollo de un modelo de distribucion de especies implica muilti-
ples ajustes; por ejemplo, tener en cuenta las sinonimias. Ello debido
a la determinacion taxonémica inicial y los cambios de nomenclatura
de las especies, asi como, por el uso de sinonimias validas en la base
general ITIS durante el proceso de obtencion de las ocurrencias de las
especies en el planeta; estas han sido actualizados en otras bases es-
pecializadas, como ALGABASE vy el world register of marine species
(WORMS).
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Figura 9. Intervalos de tolerancia de las macroalgas a la concentracion de fosfatos (PO, pmol I') en agua de mar. @

concentraciones Optimas para las especies de macroalgas de B.C.S.

ma, pero cambi6 de género a Pyropia thuretii en 2011. Mientras que,

De la lista taxonoémica lograda se presentan varios casos, v.g., Anti-
thamnionella glandulifera que cambi6 en 1989 a Antithamnionella spi-

Prionitis cornea paso a ser Grateloupia cornea en 2001. Y, por ultimo,

Pterocladia capillacea cambi6 a Pterocladiella capillacea (S.G.Gmelin)
Santelices & Hommersand. El uso de la informacion de registros para
las sinonimias obtenidas por el programa confiere robustez a la base

de datos obtenida.

rographidis (Schiffner) E.M.Wollaston. Ceramium fimbriatum del que se

hizo una revisioén del género en 2008 y cambi6 a Gayliella fimbriata, asi
como, C. flaccidum sinonimia de Gayliella flaccida (T.0.Cho & L.J.Mcl-
vor, 2008). Laurencia papillosa, que pasa a ser Palisada perforata (Bory)

K.W.Nam en el 2007. Porphyra thuretii, donde la especie es la mis-

Hidrobiol6gica
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Las variaciones observadas en la taxocenosis de macroalgas se
asocian principalmente a la variacion en la temperatura superficial del
agua de mar, que determina la distribucién espacial y el cambio tem-
poral de los taxa. Esto produce cambios a nivel de atributos comuni-
tarios de las macroalgas, por ejemplo, en la riqueza y composicion de
especies encontradas por mes (Siqueiros-Beltrones, 1998); mientras
que, la diferencia de temperatura en el agua de mar superficial entre
invierno (febrero) y verano (septiembre) para 1995 en la bahia de La Paz
fue de 16 grados centigrados; actualmente encontramos esa diferen-
cia en 11°C (Fig. 2). La tolerancia de las especies estudiadas aqui, se
determind entre 9 y 26 °C de temperatura superficial del agua de mar,
un intervalo de 15°C. Asi, son tolerantes a temperaturas mas bajas,
que los promedios actuales en aguas de BCS, lo que sugiere que estas
especies podrian distribuirse actualmente en aguas mas frias.

Por tanto, esto explica que la taxocenosis en BCS pudo cambiar e in-
cluiria especies introducidas, que han arribado a costas sudcalifornianas
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en los Ultimos afos (Riosmena et al., 2014). Las especies de macroalgas
agrupadas en las clases Bangiophyceae y Ulvophyceae tendrian mayor
tolerancia ante un escenario de aumento de temperatura, mientras que,
promedios de temperatura en el agua de mar entre 10 y 16 °C favorece-
rian el crecimiento de macroalgas pardas (Phaeophyceae); temperaturas
menores a los 10 °C originarian nuevas taxocenosis, dado que la mayor
parte de las especies que fueron analizadas, no presentan intervalos en
estos promedios de temperatura, en su distribucion a nivel mundial. En
un escenario de cambio, el aumento del promedio de la temperatura
méaxima en 1 °C en BCS tendria un mayor efecto en la composicion de
las especies de la comunidad de macroalgas (Fig. 2), debido a que po-
cas especies presentan amplitudes que superen los maximos actuales;
mientras que, si disminuyera la temperatura en un promedio de 2 °C, un
mayor nimero de especies de esta taxocenosis sobreviviria, debido a las
condiciones iniciales del sistema.

Tabla 2. Especies mas tolerantes por variable fisicoquimica en el agua de mar

Temperatura
Especies tolerantes >5
°C

MOD
>1.5 >3
pmol I

Nitrato Fosfato Silicato
>0.4 >10

pmol I pmol I pmol |

>

Corallina vancouveriensis
Griffithsia pacifica
Derbesia marina
Gracilaria spinigera

Ulva flexuosa

Veleroa subulata
Ceramium flaccidum
Lithophyllum imitans
Chaetomorpha linum
Ceramium paniculatum
Champia parvula
Porphyra thuretii

Ulva clathrata
Rosenvingea intricata
Gelidiella acerosa
Laurencia papillosa
Amphiroa valonioides
Hypnea valentiae

Jania adhaerens

Padina durvillaei
Valoniopsis pachynema
Asparagopsis taxiformis
Dictyopteris delicatula
Hydroclathrus clathratus
Bryopsis pennata
Lithophyllum proboscideum
Spyridia filamentosa
Ectocarpus acutus
Antithamnionella spirographidis
Codium setchellii
Dictyota dichotoma
Hildenbrandia rubra
Chaetomorpha linum
Antithamnionella elegans

XX X X X X X X X X X X

>

X X X
X X X
X
X
X

XX X X X X X X X X X X X X

>x< <
>
>

X< X X X X
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Cambios globales de temperatura, también implicarian cambios en
los promedios decadales en las concentraciones de oxigeno y a su vez
a diferentes niveles taxonomicos de las macroalgas. Por ejemplo, la dis-
minucion a concentraciones promedio menores a 4.2 ml "' de oxigeno,
promoveria la variacion en la composicion de las especies registradas
para Baja California Sur. El oxigeno disuelto (OD) en agua de mar fue la
variable con mayor aporte a la diferenciacion de los ambientes, donde
se desarrollan las clases de macroalgas. Cruz-Ayala (1996) encontrd
en la bahia de La Paz (BCS) mayor riqueza en areas con corrientes y
atribuy6 esto a la mayor concentracion de oxigeno en el agua.

Se ha observado, que la disminucién en la velocidad de la circula-
cion de las masas de agua con bajas concentraciones de OD, los cam-
bios en los patrones del viento, el aumento en la estratificacion y la baja
concentracion inicial de OD en aguas superficiales de temperatura alta
(el oxigeno preformado), pueden ser los responsables de los eventos
de hipoxia en el mar abierto; es asi como, la concentracion de oxigeno
disuelto en el agua del Pacifico mexicano varia entre lo hipdxico (<1 ml
I'") en aguas profundas hasta la sobresaturacion (>10 ml I'") (Rubach et
al., 2017). Adicionalmente, en los sistemas costeros la materia organica
que ingresa por cualquier via consume oxigeno durante su descom-
posicion y favorece la anoxia (De La Lanza-Espino et al., 2011; De La
Lanza-Espino & Gutiérrez-Mendieta, 2017).

La pérdida de especies de macroalgas en un habitat presume dis-
minuciones en el promedio de las concentraciones de oxigeno en la
columna de agua (Fig. 4). En BCS, en donde probablemente la disminu-
cion o el aumento de 1 ml I'' en la concentracion promedio de oxigeno
en el agua propiciaria diferentes taxocenosis, debido que aqui se en-
contro, que ninguna especie presenta intervalos de tolerancia mayores
a 2 ml I Concentraciones promedio mayores a 5.3 ml I'* de OD propi-
ciara, al menos para un tercio de las especies, salir de concentraciones
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optimas; otro punto critico seria el aumento a promedios mayores a
5.8 ml I a las que probablemente sobreviva apenas un tercio de la
composicion actual; las mismas que muestran intervalos de tolerancia
a mayores concentraciones de oxigeno en la columna de agua.

Se conoce que el OD esta estrechamente relacionado con el pH
del agua de mar, es decir, procesos como la respiracion generan la
liberacion de CO,, lo que disminuye el pH. Por tanto, aguas hipoxicas
son también aguas de menor pH. Por ejemplo, aguas de bajo pH sobre
la plataforma continental se presentan desde Canada hasta las costas
de Baja California en México (Feely ef al., 2008); si las corrientes de
California se hicieran mas severas por disminucion en la temperatura
del océano, probablemente el fendmeno descrito anteriormente alcan-
zaria las costas de Baja California Sur, presentandose aguas andxicas o
hipoxicas en areas de surgencias.

Las macroalgas rojas (Florideophyceae y Bangiophyceae) se han
registrado en ambientes mas basicos (mayor pH) que Ulvophyceae y
Phaeophyceae; es asi como, se encontrd que las caracteristicas fisico-
quimicas y de concentracion de los nutrientes de los ambientes donde
se desarrollan algas pardas (Phaeophyceae), algas rojas (Florideophy-
ceae y Bangiophyceae) y algas verdes (Ulvophyceae) son diferentes.

Las Ulvophyceae presentan mayor tolerancia al cambio en el pH
en el agua (desviacion estandar; Fig. 5), este grupo es el mas tolerante
ante un escenario de cambio en conjunto con bajas concentraciones
de oxigeno disuelto, como lo sugieren Rubach et al. (2017). El limite
superior de pH para la supervivencia de las macroalgas (8.37) puede
deberse a la acumulacién de la materia organica; por ejemplo, en el
sedimento de las lagunas costeras, dado que los nutrientes proceden-
tes de la columna de agua ya remineralizados (fraccion reciclada) y
de aportes fluviales (fraccion nueva) sin descomponerse, se convierten
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en una fuente potencialmente toxica, porque el amonio se transforma
en amoniaco (gas) en condiciones alcalinas por arriba de pH 8 (De La
Lanza-Espino & Gutiérrez-Mendieta, 2017).

La materia organica disuelta contiene formas de nitrégeno vy
fosforo organicos, las cuales al descomponerse o remineralizarse se
transforman en nutrientes inorganicos y puede generar condiciones de
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eutrofia (De la Lanza-Espino, 2014). En sistemas costeros, los com-
puestos inorganicos nitrogenados varian espacial y temporalmente
segun condiciones locales, desde lo indetectable hasta mas de 30 uM
para NO,*, segin las condiciones prevalecientes de Oxido-reduccion
(De la Lanza-Espino, 2014; Okolodkov et al., 2014). En este ejercicio se
encontro que las especies de la taxocenosis propuesta se desarrollan
en concentracion de nitratos menores a 10 ymol I
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maxima diferencia actual como cambio hipotético en BCS.
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La concentracion de ortofosfatos disueltos en las lagunas costeras
puede oscilar desde lo indetectable hasta 5 pM, sin embargo, pueden
aumentar a valores cercanos a 10 pM como resultado de la comple-
jidad local y la contaminacion (De la Lanza-Espino, 1994). Asi, altas
concentraciones de ortofosfatos en sistemas costeros de BCS pondrian
en riesgo la supervivencia de las especies que actualmente exhiben
maximos de tolerancia de 0.5 pmol I de fosfato en su distribucion a
nivel mundial; en consecuencia, las especies de macroalgas estudiadas
para BCS, no sobrevivirian a condiciones con concentracion de fosfatos
mayor a 0.9 umol I'" en promedio. Los ortofosfatos pueden retirarse del
agua hasta en un 60% por adsorcion en sedimentos (efecto amortigua-
dor) (Hobbie et al., 1975), lo que explica las bajas concentraciones de
este nutriente en la columna de agua de mar.

Pocas especies de macroalgas toleran concentraciones de silicato
mayores a 20 pmol I'. Efectivamente, estas especies seran mas to-
lerantes a mayores variaciones en la concentracion de silicatos en el
agua. Mientras que, especies que presentaron intervalos menores a 1
pmol ', se proponen aqui como las especies mas sensibles.

La salinidad superficial en bahia de La Paz muestra un patron es-
tacional e inverso a la temperatura que responde a la presencia de
diferentes masas de agua en la region. Por ejemplo, en mayo de 2001
se registré la presencia de Agua del Golfo de California con salinidad
de 35.35 y esta disminuyd para julio (35.17) por la mayor influencia de
Agua Superficial Ecuatorial combinada con Agua del Golfo de California,
presentando un valor minimo durante octubre (34.92) (Obeso-Nieblas
et al., 2007). La diferencia en la variacion de la salinidad en 2001 en
la bahia de La Paz fue de 0.43, lo que indica la presencia de diferentes
masas de agua. Si solo aumentara el doble de lo normal, es decir 0.86 y
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llega a 35.81, probablemente se conservarian 18 de las especies de las
71 filtradas, que se han registrado en estas concentraciones (Fig. 11).

La salinidad en el agua también cambia respecto a la profundidad
(Flores-Verdugo et al., 1993). Ademas, las mayores variaciones en la sa-
linidad en el ambiente marino, también se presentan en la desemboca-
dura de los grandes rios, en zonas estuarinas. Probablemente, el que las
macroalgas se desarrollen en las costas que recibe escorrentias, explique
por qué mas especies estudiadas toleran menores concentraciones de
salinidad y otros compuestos en el agua que las especies, que toleran al-
tas concentraciones. Es decir, mas especies sobrevivirian si disminuyera
la salinidad en el agua de mar, que las que sobrevivirian ante un aumento
de la salinidad en sistemas costeros de BCS.

Como conclusion, la sensibilidad o tolerancia de las especies al
cambio (aumento o disminucion extraordinaria de compuestos en el
agua) determina los cambios a nivel comunitario. Asi, se puede aproxi-
mar cuantitativamente la tolerancia de cada especie a las concentra-
ciones de un compuesto quimico en el agua, como el intervalo de dis-
tribucion estadistica de la especie en la variable, misma que representa
su distribucion fisica en el planeta. Las variaciones naturales y por
exceso en sistemas costeros en proceso de eutrofizacion produciran
distincion en composicion floristica (taxocenosis). Asi, se propone in-
cluir especies aqui llamadas tolerantes a variacion de concentraciones
fisicoquimicas y/o nutrientes para conformar protocolos de referencia,
que permitan comparar la distribucion del contenido de minerales, con
otras areas del mundo, porque esto clasificara areas donde se presen-
ta contaminacion (Tabla 2). Mientras que, las especies con intervalos
estrechos pueden ser indicadores de la concentracion del nutriente y/o
fisicoquimico, en donde estas se presenten (Tabla 3).

Tabla 3. Especies sensibles a las variaciones de fisicoquimicos en el agua de mar

Temperatura MOD H Nitrato Fosfato Silicato
Especies sensibles <1 <05 p <05 <01 <1
! <0.01 ) i .
°C pmol I pmol | pmol I pmol |
Dictyosphaeria cavernosa X
Ceramium procumbens X X X X X X
Sargassum lapazeanum X X X X X X
Botryocladia neushulii X X X X X
Chondria acrorhizophora X X X X X
Pterocladia capillacea X
Cladophora hesperia X
Ceramium fimbriatum X X
Colpomenia ramosa X
Gracilaria pachydermatica X
Liagora californica X X X X
Veleroa subulata X
Ceramium paniculatum X X
Digenea simplex X
Prionitis cornea X X
Gelidiella acerosa X
Amphiroa rigida X
Dictyota crenulata X
Hypnea johnstonii X
Veleroa subulata X X
Pterocladia capillacea X X
Dictyosphaeria cavernosa X X
Laurencia pacifica X
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La variacion en la concentracion de materia organica disuelta y
silicatos influird directamente en cambios en la taxocenosis de macro-
algas, debido a los consecuentes cambios en el oxigeno disuelto y el pH
en el agua, desde grandes grupos como clases. Las especies de algas
pardas (Phaeophyceae) son mas sensibles al cambio, porque requieren
aguas con mayores concentraciones de nutrientes, bien oxigenadas y
templadas para su supervivencia; por tanto, una disminucion del pro-
medio anual en el oxigeno en la columna de agua podria ocasionar, que
los taxa de este grupo desaparecieran primero, mientras que, macro-
algas verdes (Ulvophyceae) y rojas (Florideophyceae y Bangiophyceae)
persistirian ante mayores condiciones de estrés.
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Se proponen posibles taxocenosis por cambios en el estado de cali-
dad de agua, como resultado de una prueba de relacion entre variables
estudiadas en un mapa de calor (Fig. 13); las variables pH, silicatos,
materia organica disuelta y el oxigeno disuelto, conforman el grupo que
proporciona mayor aporte a la agrupacion de especies, por similitud del
habitat, (mayor variedad de tonalidades o gradiente) (Fig. 13), donde se
distinguen cuatro asociaciones que indicarian condiciones especificas
del agua. Se propone una clasificacion de estados de sistemas coste-
ros, que a partir de condiciones fisicoquimicas y de la concentracion de
nutrientes especificas, deberia producir una taxocenosis de macroalgas
dependiente de la condicion: “buena, moderada, mala y muy mala”.

Taxocenosis indicadoras de
estados de calidad de sistemas
costeros

Buena

Moderada

Mala

Muy Mala

:

PO, NO, pH

Especies BCS

el F X
o
fROORIEI05' Graciina

g
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1S COr
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§0, MOD O,

Figura 13. Mapa de calor que muestra las posibles taxocenosis de macroalgas de Baja California Sur, México, de acuerdo con el estado de calidad del agua. Los
colores indican la intensidad de la relacion o los valores de la variable representada, desde el blanco (méxima relacion o valor més alto) pasando por el amarillo y
naranja hasta el rojo intenso (minimo valor). Las agrupaciones por similitud entre especies, discrimina en 4 posibles taxocenosis que indicarian condiciones especi-

ficas del agua.
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Las especies sensibles Dictyosphaeria cavernosa, Botryocladia
neushulii, Chondria acrorhizophora, Ceramium fimbriatum, P. capilla-
cea, Veleroa subulata, Digenea simplex, Gelidiella acerosa, Amphiroa
rigida, Dictyota crenulata, Hypnea johnstonii y Laurencia pacifica se
proponen como indicadoras dentro de la asociacion macroalgal con
condiciones “buenas” de calidad de agua; requeriran pH basicos y me-
nores concentraciones promedio de silicatos y materia organica disuel-
ta en la columna de agua, asi como, aguas oxigenadas y oligotroficas
con bajas concentraciones de materia organica.

Se propone un estado de calidad con promedios de concentra-
cion intermedias 0 “moderadas” donde sobreviven probablemente la
mayor parte de las especies, segun la teoria del disturbio intermedio
(Roxburgh et al., 2004). Y las especies Ceramium procumbens, Cera-
mium paniculatum, Sargassum lapazeanumy Liagora californica serian
indicadoras de este estado, que principalmente se ha enriquecido en
materia organica disuelta y silicatos.

Un estado de calidad del agua “malo” por el contrario, implica altas
concentraciones de silicatos y materia organica disuelta en el agua, al
igual que pH mas bajos y menores promedios de oxigeno, como se ha
establecido para otros indices de estados troficos (Vollenweider et al.,
1998). Las especies representativas serian Cladophora hesperia, Col-
pomenia ramosa, Gracilaria pachydermatica, Grateloupia cornea.

En los estados “muy malos” las condiciones descritas se inten-
sifican, especialmente con el aumento en los silicatos en el agua y
menores concentraciones en el promedio del oxigeno disuelto, lo que
determinaria una taxocenosis conformada por pocas especies (Fig. 13)
de las estudiadas y/o las mas tolerantes a cambios fisicoquimicos del
agua. En condiciones muy malas sobrevivirian pocas especies. En su
revision en campo, Cruz-Ayala (1996) también encontrd que la Familia
Corallinaceae se presentd con mayor frecuencia en todas las localida-
des, asi como, el género Codium, tal y como fue asociado en este es-
tudio en el mapa de calor, con datos satelitales y los datos de registros
de presencia en el planeta.

Esta métrica tedrica debera ser probada en condiciones ambien-
tales que suponen las condiciones aqui propuestas, para analizar la
idoneidad del indice, asi como su precision. Otras formas de bioindi-
cacion incluyen la abundancia o cobertura y la presencia de especies
oportunistas (Juanes et al., 2008), este indice con macroalgas es una
propuesta desde la asociacion de especies y las especies sensibles
caracteristicas de cada estado de calidad.
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ABSTRACT

Background: Polypterus condense unique characteristics that astonished and confused naturalists since
1802 when Geoffroy St. Hilaire first described and named this fish. Polypterus was seen in that epoch as
primitive amphibians or a link between fishes and amphibians. Polypteriformes have the ability to regene-
rate its pectoral fins with the accuracy only seen in urodel amphibians and have the capacity to breathe air
using paired lungs. Goals: We aimed to evaluate how forced land-living condition (i.e., terrestrialization)
could affect pectoral girdle bones shape and pectoral fin regeneration in Polypterus senegalus. Methods:
Polypterus were reared in semi-terrestrial conditions for nine months and iterative amputations of pectoral
fins were performed every two months. The bone elements of the shoulder girdle and pectoral fins were me-
asured and compared between terrestrialized organisms and controls. Results: Terrestrialization produces
notable morphological alterations, including general reduced body growth and big eyes, serial amputations
under this condition decreases the number of radial bones of pectoral fins. Conclusions: We propose allo-
metry and heterochrony as reliable concepts to explain the modifications generated by terrestrialization. Also,
we suggest that anatomical alterations in early tetrapod ancestors were an unavoidable consequence of the
influence of environment on general metabolic processes associated with growth.

Keywords: Polypterus, fin, regeneration, allometry, heterochrony

RESUMEN

Antecedentes: Polypterus condensa caracteristicas tnicas que sorprendieron y confundieron a los naturalistas
desde que Geoffroy St. Hilaire lo describiera y nombrara por primera vez en 1802. En esa época Polypterus fue
visto como un anfibio primitivo o como el eslabdn entre peces y anfibios. Los Polypteriformes tienen la capaci-
dad de regenerar las aletas pectorales con la precision que solo se ve en los anfibios urodelos y tienen la capa-
cidad de poder respirar aire utilizando un par de pulmones. Objetivos: Fue evaluar como una condicion forzada
de vida en tierra pudiera afectar a los huesos de la cintura escapular y la regeneracion de la aleta pectoral
de Polypterus senegalus. Métodos: Los Polypterus fueron mantenidos en condiciones semi-terrestres durante
nueve meses y se realizaron amputaciones iterativas de las aletas pectorales cada dos meses. Los elementos
6seos de la cintura escapular y aletas pectorales fueron medidos y comparados entre organismos terrestrizados
y controles. Resultados: La terrestrizacion produce alteraciones morfologicas notables, que incluyen reduccion
del tamafio corporal general y 0jos mas grandes, las amputaciones seriales en esta condicion provocaron que el
namero de huesos radiales de las aletas pectorales se redujera. Gonclusiones: Proponemos que los conceptos
alometria y heterocronia pueden explicar las modificaciones generadas por la terrestrizacion. Asi mismo, suge-
rimos que las alteraciones anatémicas en los ancestros de los tetrapodos fueron una consecuencia inevitable
de la influencia del medio ambiente sobre los procesos metabolicos generales asociados con el crecimiento.

Palabras clave: Polypterus, aleta, regeneracion, alometria, heterocronia
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INTRODUCTION

Polypterus share several morphological and developmental charac-
teristics with lungfishes and extinct tetrapod-like fishes, but impor-
tant exceptions are the absence of choana and robust pelvic bones.
However, despite its frog-like development and larvae with external
gills (Bartsch et al., 1997), now it is clear that Polypteriformes are the
most basal Actinopterygian fishes (Noack et al., 1996). Another im-
portant characteristic is that Polypterus have the capacity to breathe
air by spiracle-mediated aspiration using ventrally paired lungs and,
therefore, potentially could live for a long time in a semiterrestrial en-
vironment (Graham et al., 2014). Additionally, Polypterus has the ability
to regenerate their lobed pectoral fins within 30 days post-amputation
with remarkable accuracy (Cuervo et al., 2012), a characteristic shared
with African lungfishes (Conant, 1973), living urodele amphibians, and
some extinct amphibians (Frobisch et al., 2015). Since endoskeleton
regeneration has only been observed in living freshwater vertebrates
(Frobisch et al., 2015), it is tempting to suggest that this capacity deve-
loped in tetrapods that colonized rivers and lakes distant from brackish
and seawater.

Polypterus normally make use of their pectoral lobed fins for bra-
king, turning, moving forwards and backwards, or rising their ante-
rior body when sitting at the bottom of a pond or river. Polypterus
senegalus can take advantage of these abilities when forced to live
on land (i.e., terrestrialization), such that the use of pectoral fins and
their “walking” performance improves in the long term (Standen et al.,
2014). Apparently, this experimental living condition promotes anato-
mical modifications in the pectoral girdle bones that have been rela-
ted with anatomical changes seen in stem tetrapods (Standen et al.,
2014). Nonetheless, any anatomical modification observed needs to
consider alternative interpretations since it is unlikely that Polypterus
are equivalent to the tetrapod ancestors that attempted life on land. For
example, Eusthenopteron was a strictly aquatic fish with lobed fins with
lepidotrichia and the pectoral girdle attached to the skull. On the other
hand, Acanthostega limbs lack lepidotrichia and the pectoral girdle is
detached from the skull. It is remarkable that the scapulocoracoid bone
in these tetrapod-like fishes had a glenoid cavity where the humerus
head articulates forming an anatomical assembly entirely different from
that of Polypterus (Hall, 2006; Cuervo et al., 2012).

In the present work, we aimed to evaluate how “terrestrialization”
could affect growth and pectoral fin regeneration. We show that te-
rrestrialized Polypterus remained with a complexion and size similar
to that of immature juvenile fishes with no clear external dimorphism
of the anal fin, however, females developed mature gonads. Besides,
terrestrialized Polypterus showed evident bigger and protruding eyes,
but we did not observe significant alterations of pectoral girdle bones
attributable to terrestrialization. Finally, the fin regeneration of fishes
living on land occurred at a slower rate than of those living underwater
resulting, through iterative amputation-regeneration cycles, in regene-
rates with a reduced number of radial bones.

Materials and methods

The rearing habitat were acrylic boxes (40x20 cm) with perforated floor,
covered with a layer of pebbles and Java moss, and placed inside a
tank of 90 gallons maintained at 28 °C with living aquatic plants and fil-
tering system; the water level was minimal (a 2mm layer) and sprayed
from above to maintain a humid environment (Fig. 1A). Commercially
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obtained juvenile bichirs were used for the experiments. No more than
five juvenile fishes were kept per box. The containers for control fishes
were located in the same tank but 15 cm below the water level. Fishes
were fed daily with commercial pelleted food ad /ibitum for 10 minutes.
We noted that terrestrialized fishes eat as avidly as controls along the
time of the experiments. After sixteen days of terrestrialization, both
pectoral fins of one group of fishes were amputated at the base with
a nail clipper as previously reported (Cuervo et al., 2012). Then iterati-
ve amputations were performed at two-month intervals in control and
terrestrialized fishes when complete regeneration is completed in both
groups. To stain the endoskeleton, regenerated fins were amputated,
fixed and dehydrated overnight (ON) in 100% ethanol, then incubated
in acetone for 24 h and stained for 3 h at 37 °C + ON at room tem-
perature in alcian blue and alizarin red in 70% ethanol with 5% acetic
acid. Finally, they were rinsed in tap water before clearing in 1% KOH
and 20% glycerol for 24 h and then cleared in 50% glycerol and finally
stored in 80% glycerol. The same protocol was used for euthanized
fishes to stain the pectoral girdle bones. We evaluated the size of pec-
toral girdle bones of eighteen juvenile Polypterus from another batch
(size 6.2 = 0.2 cm) raised in fully aquatic environment to compare with
theterrestrialized. For this evaluation, we measured the longest and the
broadest lines drawn on cleithrum, supracleithrum and clavicle bones
(Fig. 3B, D). For X-ray images, the Xtreme Bruker equipment was used;
for determinations, fishes were anesthetized by immersion in cold wa-
ter containing a 0.1% tricaine solution. We declare that the experiments
performed were approved by the Bioethics Committee of the Instituto
de Biotecnologia, Universidad Nacional Auténoma de México, and the
criteria used are in accordance with regulations used by the Universi-
dad Veracruzana (NOM-062-2001999 “Especificaciones Técnicas para
la Produccién, Cuidado y Uso de los Animales de Laboratorio”, Secre-
taria de Agricultura Ganaderia Desarrollo Rural, Pesca y Alimentacion).

RESULTS
Differential growth after terrestrialization

The start of the juvenile period in Polypterus senegalus is defined by
the external color change (the grayling stage), which coincides with
the beginning of air breathing through their lungs and external gill re-
sorption (Bartsch et al., 1997). Thus, we performed the terrestrialization
experiments with a batch of thirty uniform juvenile fishes shortly after
the grayling stage (4.8 = 0.3 cm long). At this stage fishes are immature
and the gender is not recognizable. Eighteen fishes forced to live on
land for nine months (Fig. 1A) showed a notorious overall size reduction
(amputated and non-amputated fishes; see below) of about 39% (Fig.
1A, inset graph) (mean 7.2+/-0.3 cm with a range between 6.8 and
7.8 cm) when compared with water raised controls (mean 11.9+/-0.9
cm with a range between 10.4 and 12.7 c¢m) (Fig. 1B), an outcome
similar to that reported by Standen et al. (2014). The size of nine-mon-
ths terrestrialized fishes was reached by controls within the first two
months and terrestrialized fishes did not show significant growth from
the seventh month onwards. Despite the smaller size of terrestrialized
fishes, no evident skeletal abnormality was detected (Fig. 1C) and most
internal organs appeared normal in comparison with water-raised fi-
shes of similar size.

Externally, a differential growth effect by terrestrialization was evi-
dent in nine-months land-raised fishes. Control fishes raised in water

Hidrobiol6gica



showed clear external sexual dimorphism, evidenced by the shape of
the anal fin, a characteristic of Polypteriformes (Holden, 1971). In con-
trast, no marked sexual difference was externally observed in terres-
trialized fishes (Fig. 1D) but, internally, six out of eight females develo-
ped grown oocytes (Fig. 1E). Otoliths were extracted and compared but
did not show a noticeable difference in size and form (Fig. 1F). However,
all (18/18) terrestrialized fishes developed protruding eyes with a dia-
meter 21.8 +1.04% bigger and 16.4 +1.29% wider pupils as compared
with control fishes of the same size and complexion (i.e., juvenile fishes
of another batch) (Fig. 1G).

Fin regeneration in terrestrialized fishes

It is known that highly regenerative species such as newts can rege-
nerate normal limbs after repeated amputations although, occasiona-

3

months
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lly, some skeletal elements are missed (Spallanzani, 1768; Yun et al.,
2015). Therefore, it is expected that Polypterus is able also to perform
repeated fin regeneration cycles and, thus, this ability can be used as
an approach to monitor the long-term growth effect due to terres-
trialization. Thirteen fishes were amputated and five non-amputated
land-raised fishes were used as controls. The fins of a group of eight
fishes maintained in water were also amputated (water-raised control
fishes). Serial amputations of these groups after complete regeneration
were performed at intervals (i.e., at least 8 weeks after amputation)
and the number of radial bones in both pectoral fins was evaluated.
Regenerated fins were well-formed with complete propterygium
and metapterygium bones and the metapterygial edge did not appear
to be affected by accidental ground friction. Interestingly, the number
of radial bones in regenerates of terrestrialized fishes was reduced:

i
¥

control ss terr

7

e
control

control ss

terr

Figure 1. External growth abnormalities in terrestrialized Polypterus fishes. A, Terrestrialized Polypterus and diagram of growth progress. Red squares, control, blue
squares, terrestrialized fishes. B, Comparative size of 9-months terrestrialized (terr) and two controls raised in water, one of the same age and batch (control) and one
younger from another batch of the same size (control ss). C, Dorsal X-ray image of terrestrialized (lower) and control ss fishes (upper). No marked differences were
observed. The internal dark zones evidenced well-developed lungs and the brighter spots in the head are the otholits. D, Anal fin show no marked external sexual
dimorphism between female (f) and male (m) fishes. Arrowhead points the anterior radial bones characteristic of males. E, Grown and immature oocytes; arrow points
the chorion of a developing oocyte. F, Pair of otholits of terrestrialized (lower) and control ss (upper) fishes. G, Eyes of terrestrialized (terr) fish compared with those of
control of the same size (ss). Note the protruding and larger eye of a terrestrialized fish as compared with that of a control fish of the same size.
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the average number of radial bones per fin before amputation was
13.1 (n=30 fins) and, after four consecutive amputations, this number
in water-raised controls was 10.8 + 1.2 radials (n=16 fins), whereas
that in regenerated fins of terrestrialized fishes was 7.8 + 2.3 radials
(n=26 fins) (Fig. 2A). The reduction in the number of radials was gra-
dual according to the number of amputations (Fig. 2B).The reduction in
the number of radials was possibly due to a growth adaptation under
land-living conditions. In agreement with a growth effect by this forced
living condition, a marked extension of the time required for pectoral
fin regeneration was observed. For example, in the last round of ampu-
tations, we observed that at the ninth day post-amputation all control
regenerating fins were in the fin fold stage of regeneration. Whereas
terrestrialized fins were at the stage at which the blastema is still for-
ming (Fig. 2C), and complete regeneration and ossification of radials
took around fifty days for terrestrialized fishes in comparison with the
thirty days required for controls. Nonetheless, it should be noted that
regenerated pectoral fins were reduced in size but this was not directly
associated with the number of radials; for instance, fins with 6 radials
were not half the size of fins with 12 radials (Fig. 2A). Therefore, inde-
pendent of the reduced fin size, the loss of radials is likely originated
from the slower growth rate under land living conditions at the early
stages of regeneration, time at which bone elements are specified.
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Morphological variability of Polypterus girdle bones

After eleven months of terrestrialization, a group of five amputated
and five control fishes were euthanized and the morphology of clei-
thrum, supracleithrum, and clavicle (the pectoral girdle bones) was
evaluated (Fig. 3A). Also, we evaluated the pectoral girdle bones of
eighteen juvenile Polypterus from another batch (size 6.2 + 0.2 cm),
raised in a fully aquatic environment (Fig. 3B, D). No evident anatomical
alterations were detected between groups (i.e., amputated vs. non-am-
putated, land-raised vs. water-raised; Fig. 3A). Instead, the simple eva-
luation approach used here was sufficient to note in some cases an
evident morphological variability between left and right pectoral girdle
bones of up to 15% in the broad lines of supracleithrum and posterior
opercular chamber edge of cleithrum (Fig. 3C). Due to the intrinsic mor-
phological variability, we could not associate the shape of girdle bones
with the living conditions. In addition, the juvenile scapulacoracoid, the
bone that connects the endoskeleton of the fin with the pectoral girdle,
is the last bone to ossify in this assemblage and normally shows mar-
ked variability in the extent of ossification even within the same fish
(Fig. 3E).

control

Figure 2. Fin regeneration in terrestrialized fishes. A. Alizarin red and alcian blue stained regenerated pectoral fins. Regenerated fins of water-raised fishes (control)
were bigger than pectoral fins of terrestrialized fishes. Note the narrowed shape and the reduced number of radial bones in the fins of terrestrialized fishes, particularly
evident when compared with a control of the same size (ss). Fins are placed in the same orientation for comparison. B, Number of radials formed in regenerated fins
during the course of serial amputations along nine months. Amputations were done every 2 months; “0” represents the time of the first amputation. An initial reduction
in the number of radials was observed in the first regenerate of either water or land-raised fishes, but during the succeeding regenerations events, only fins of the
terrestrialized group showed a progressive reduction in the number of radials. C, Lateral (upper panels) and dorsal (lower panels) views of regenerating pectoral fins of
water raised (control) and terrestrialized (terr) fishes at the fin fold stage of regeneration after nine days post amputation. Arrowhead point to the still forming blastema

of a terrestrialized fish. mt, metapterygium. pr, propterygium.
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DISCUSSION

It is known that high oxygen levels in the atmosphere occurred during
the transition from water to land. The fossil record support a direct rela-
tionship among the increase in atmospheric 0, concentration, maximum
body size and radiation of species (Dahl, 2010). However, a small body
size might have been advantageous to support the bodyweight of ear-
ly vertebrates living out of water. The parsimonious scenario would be
that dwarf tetrapod ancestors might have had the advantage to make an
excursion in land and colonize swamps but, once adapted to land, the at-
mospheric 0, concentration allowed them to rapidly gain size and weight.
The small tetrapodomorph Kenichthys exemplified this possibility (Zhu &
Ahlberg, 2004).The advantage of a reduction in body size has also been
documented for the evolution of birds (Lee, 2014). In this context, in ad-
dition to the influence of overall reduced growth for life on land, favorable
conditions for morphological modifications might have also played a role
in the rapid adaptation and evolution of early tetrapods. The reproducible
phenotype observed in Polypterus living on land supports this proposal.
The recent report showing that a conditional training in a semiterrestrial
habitat improved the “walking” performance of the mostly water-living
Polypterus fish experimentally shows the struggles that a fish on land

cleithrum

supracleithrum_
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might have suffered and that without doubt played a role in the selection
for a terrestrial life (Standen et al., 2014).

The anatomical changes observed in most tetrapodomorph fossils
indicate that mesomeres and lepidotrichia bones were first modified
(Coates, 1994). A reduction in the number of radial bones and the even-
tual loss of the dermal skeleton that rim the ancestral fin-limb occurred
previously to the detachment of the pectoral girdle from the skull. In
concordance, modifications in the apical ectodermal ridge-apical fold
transition by iterative apical fold removal links lepidotrichia reduction
with endoskeleton expansion in developing pectoral fins of zebrafish
(Yano et al., 2012). Later, scapulocoracoid growth occurred possibly
as an essential event to support the upper body weight. Many authors
agree that very few of the adaptations suffered by stem tetrapod are in
fact adaptations for life on land; rather, most of them are aquatic spe-
cializations that just fortuitously allowed terrestrial life (Triques & Chris-
toffersen, 2009). Following this view, the term exaptation has been pro-
posed to define a character previously shaped by natural selection for
a particular function coopted for a new function (Gould & Vrba, 1982).

Based in small changes in the shape of pectoral girdle bones de-
termined in terrestrialized Polypterus, the view described above was
recently challenged, and developmental plasticity (polyphenism) was
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Figure 3. Comparative anatomy of pectoral girdle bones of water- and land-raised fishes. A, A comparison between cleithrum, clavicle or supracleithrum bones of
non-amputated terrestrialized fishes (lighter alizarine red staining) and of controls of the same size (stronger alizarine red staining). B, Measurements done on pectoral
girdle bones. Red and blue lines drawn are the maximum width and high, respectively, found in each sample. For cleithrum red line measure the medial zone of the
posterior opercular chamber edge (scale bar, Tmm). C, A comparison between left and right pectoral girdle bones of the same fish. Evident differences in shape and
size were observed for each bone element (scale bar, Tmm); in particular, note the significant difference in width of supracleithrum and at the middle opercular cham-
ber edge of cleithrum. D, Estimation of girdle bone morphology variability. Morphology variability was estimated by measuring and comparing width (red squares)
and high (blue rhombus) lines as indicated in B. E, Frontal (upper panels) and backward (lower panels) scapulocoracoid attached to cleithrum. Note the difference
in ossification between right and left pectoral girdles of the same fish (arrow). The head bone where propterygium and metapterygium articulates is pointed with

arrowhead. fr, frontal right; fl, frontal left; br, backward right; bl, backward left.
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proposed as a macroevolution mechanism that facilitated the origin
of tetrapod characters that allowed the terrestrial life (Standen ef al.,
2014). Our observations show that outlines of bones that compose the
pectoral girdle are intrinsically heterogeneous with a significant margin
of variability even within the same fish (Fig. 3). The slight anatomical
modifications reported attributable to developmental plasticity, as na-
rrowed and 10.6 % longer clavicles, reduced supracleithrum and poste-
rior opercular chamber edge (Standen et al., 2014), fit within the margin
of normal variability that we determined (Fig. 3C), and not necessari-
ly arose as a consequence of the forced living conditions. Furthermore,
a fundamental bone in tetrapod evolution, the scapulocoracoid (Fig. 3E,
and 4), the bone that mediates the mechanical forces between the en-
doskeleton of the fin and pectoral girdle bones, was not considered
in that work. In juvenile Polypterus, the scapulocoracoid is formed of
cartilage and is the last bone ossify of the pectoral girdle assemble (Fig.
3E). It is noteworthy that the scapulocoracoid bone in tetrapods and
tetrapod-like fishes had a socket to articulate the humerus head (the
glenoid cavity) (Hall, 2006). In contrast, the opposite appears to occur in
Polypterus, that is, the propterygium and metapterygium bones articu-
late with a convex head bone that protrudes from the scapulocoracoid
(Fig. 3E) (Cuervo et al., 2012). Therefore, training directed to optimize a
particular biomechanical performance may be the result of the intrin-
sic and already existing physiological and morphological capabilities
of Polypterus (Fig. 4) and not the expression of a polyphenism per se.

In contrast with girdle bones, we did observe the reduced size
of pectoral fins after successive regeneration cycles in terrestrialized
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Polypterus. In this context, it is interesting that the marked reduction
in size observed in regenerates of axolotls after repeated limb amputa-
tions at the bud stage did not cause evident and reproducible morpho-
logical alterations but the reduction in the size of the complete limb (Yun
et al., 2015). Heterochrony has been defined in terms of shifts in the
onset or cessation of a specific developmental process (Klingenberg,
1998). The delay in the formation of the fin fold and the extended time
to attain a complete regeneration and ossification of radials fit that de-
finition. In a broad sense, as stated by Gould (2000) heterochrony refers
to a change in the relative timing of developmental events resulting in
changes in size and shape. For this reason, allometric growth, causing
the uneven scaling of body parts in relation to the whole body, is a
process which origin could be related to heterochrony. Thus, the small
fins regenerated as well as the big eyes, can fit the allometry definition.

We cannot discard that specific modifications such as big and
protruding eyes and slender lobed fins with few radials might have
resulted, by chance, in changes useful to colonize wetlands. Then, it
is advisable to envision a complex experimental scenario combining
terrestrialization with high oxygen levels, brackish water, high tempera-
ture, etc., in which Polypterus or other fishes used to study the swim-
ming-to-walking transition as the catfish or lungfish (Johnels, 1957;
King et al., 2011) are forced to live, in order to evaluate the anatomical
modifications and behavioral changes induced by the environment and
get insights about the events that occurred in the short period of time
when tetrapods prevailed on land.

Figure 4. Schematized dorsal and lateral views of Polypterus. The location ofradials, propterygium and metapterygium bones attached to scapulocoracoid (blue) in
relation to the corresponding pectoral girdle bones (gray) are shown. In the tetrapod-like position, the pectoral fins have a wide range of movements, including forwar-
ding movements (red arrow) and a slight flexion and extension at the “wrist” (black arrows), as occurs in tetrapods. The fin ventral side is used to rest or to move on

the ground.p, propterygium; m, metapterygium; r, radials.
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ABSTRACT

Background: The lateral connectivity in the Maluco river-floodplain system was partially reduced by the
highway built on a natural barrier. Goal: To determine if the concentrations of chlorophyll-a (Chl-a) and nu-
trients contrast in different water levels (WL) during a hydrologic year in the Maluco river-floodplain system.
Methods: The WL, Chi-a, and nutrients (NO,’, NO,", NH,*, and TP) were simultaneously measured six times
in two sites during two years. The expected differences of Chl-a and nutrients concentrations, related to the
intra-annual fluctuation of the WL, were tested through multivariate techniques. The hypothesis holds that
there will be no intra-annual differences of Chl-a and nutrients due to the reduction of lateral interconnection
by the physical effect of the embankment. Results: No variable was discarded during PCA. The intra-annual
distribution of samples was similar according to the similarity profile routine. Furthermore: 1) more than 54%
of the Chl-a and TP values indicated hypereutrophic conditions throughout the year, and 2) none of the values
of WL surpassed the height of the bankfull (4.5 masl). The maximum concentrations of Chl-a were registe-
red at the minimum WL values. Gonclusions: The intra-annual similarity of Chl-a and inorganic nutrients
can be linked to the disconnection between the floodplain and the Grijalva river since the bankfull was not
overflowed throughout the sampling time. The intra-annual trend independent at the time of persistence of
the high Chl-a and TP concentrations in the river-floodplain system opens up the opportunity to estimate the
minimum input flow required to biogeochemical processes in a long-term study.

Key Words: Embankment, eutrophication, fragmentation, Grijalva river, hydraulic disconnection.

RESUMEN

Antecedentes: La interconexion lateral en el sistema rio-llanura de inundacion Maluco fue reducida parcial-
mente por una carretera construida sobre una barrera natural. Objetivo: Determinar si las concentraciones
de clorofila-a (Cla-a) y nutrientes contrastan en diferentes niveles de agua (NA) durante un afio hidroldgico en
el humedal fluvial. Métodos: EI NA, Cla-a y nutrientes (NO,", NO,", NH,* y PT) se midieron simultaneamente
seis veces en dos estaciones durante dos afos. Las diferencias esperadas de las concentraciones de Cla-a
y nutrientes, relacionadas a la fluctuacion intra-anual del NA, fueron analizadas por medio de técnicas mul-
tivariadas. La hipétesis sostiene que no se detectaran diferencias intra-anuales de Cla-ay nutrientes debido
a la reduccion de la interconexion lateral por el efecto fisico del terraplén. Resultades: Ninguna variable
fue descartada con el ACP. La distribucion intra-anual de las muestras resultd similar segun la rutina de
perfiles de similitud. Coincidentemente: 1) mas del 54% de los valores de Cla-ay PT indicaron condiciones
hipereutrdficas durante todo el afio y 2) ninguno de los valores de WL sobrepaso la altura del terraplén (4.5
msnm). Ademas, las concentraciones maximas de Cla-a se registraron en los WL minimos. Conclusiones: La
similitud intra-anual de la Cla-ay los nutrientes inorganicos se puede vincular a que la llanura de inundacion
estuvo desconectada del rio Grijalva, ya que la inundacion no sobrepaso la altura del terraplén durante todo
el tiempo de muestreo. La tendencia intra-anual independiente al tiempo de la persistencia de las altas con-
centraciones de Cla-ay PT en el sistema rio-llanura de inundacion abre la oportunidad de estimar el caudal
de entrada minimo requerido para restaurar los procesos biogeoquimicos en un estudio a largo plazo.

Palabras Clave: Bordo, desconexion hidraulica, eutrofizacion, fragmentacion, rio Grijalva.
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INTRODUCTION

In riverine wetlands, the intra-annual distribution patterns of the con-
centration of physicochemical variables in the water column differ
mainly between the low and high water level conditions, whose surfa-
ce hydraulic interconnection maintains its natural flow (Brinson, 1993;
Junk & Wantzen, 2004; Thomaz et al., 2007). In this way, the values
of chlorophyll-a (Chl-a) and nutrients are influenced by the lateral ex-
change of water due to temporal flooding, residence times and inputs
of organic matter by runoff (Tubatsi et al., 2014; Fritz et al., 2018). For
example, the increase of algal biomass has been frequently recorded
during the low water level (WL) condition (Brito et al., 2014; Roach et
al., 2014; Cruz-Ramirez et al., 2019). On the contrary, its decrement has
been recorded in conditions of high WL (for example, Noe et al., 2013)
since its fluctuation has been linked to the flood pulse that allows the
dispersion of the planktonic community in areas with seasonal inunda-
tion (Junk & Wantzen, 2004; Noe et al., 2013). Moreover, the enrich-
ment in nitrogen and phosphorus has been indistinctly mentioned as
a dominant abiotic processes tied to the spatial-temporal variability in
the WL of the river-floodplain systems (for example, Brito et al., 2014,
Tubatsi et al., 2014; Cruz-Ramirez et al., 2019).

However, the high variability of the concentrations of nutrients in
short times regarding the inter-annual fluctuation of the WL can en-
hance the eutrophication (carbon, nitrogen, phosphorus), which in turn
increase the phytoplankton biomass (Dodds, 2007; Cruz-Ramirez et al.,
2019). Additionally, wastewater discharges, diffuse input of agricultural
nutrients, runoffs and hydraulic disconnection are other causes asso-
ciated with the enhancement of nutrients in river-floodplain systems
(Cetin 2009; Sharma et al., 2010; Sanchez et al., 2012; Jeppesen et al.,
2015; Lazaro-Vazquez et al., 2018).

Frequently, the hydraulic disconnection has been related to phy-
sical obstruction by infrastructure constructed for different purposes.
The infrastructure built to store water or prevents floods as well as the
urban sprawl! has been the main anthropogenic causes that have impai-
red the natural variations in the WL in perturbed river-floodplain system
(Poff et al., 2007). For instance, the reduction of the flow referential
values, as well as changes to water quality in rivers was associated
with a South Africa impoundment (Mantel et al., 2010). Moreover, the
construction of roads and levees has caused hydraulic disconnection
between the river and its flood area in USA (Coffin, 2007; Blanton &
Marcus, 2009), which in turn has originated a decrement of the natural
variation of the WL linked to the increment of the concentration of nu-
trients and eutrophication (Jeppesen et al., 2015).

The Maluco river-floodplain system was temporally interconnected
with the Grijalva River until the early 80s, when its hydraulic intercon-
nection was drastically reduced from three to one storm drains placed
under the highway, which was built on a natural barrier (Gil & Saenz,
1872). Since this time, the highway has worked as an embankment
that has restricted the lateral connection, due to that the bankfull stage
was heightened up to 4.5 m above the sea level. Although, the cons-
truction of channels and embankments has been the most common
public policy to avoid inundations in the cities located in the floodplain
of the Grijalva Basin (Sanchez et al., 2015), there are no environmental
data available on the Maluco river-floodplain system before the 80’s to
corroborate the magnitude of the awaited environmental impacts by the
restriction of the hydraulic interconnection.

Cruz-Ramirez A. K. et al.

The reduction of lateral interconnection due to the physical effect
of the embankment reduces the probability that the Grijalva River has
overflowed above the bankfull stage, which opens the hypothesis that
there will be no intra-annual differences of Chl-a and nutrients. To test
the hypothesis, the concentrations of Chl-a, nitrogen and phosphate
nutrients were measured at different WLs of a hydrological year over a
2-year period in the Maluco river-floodplain system.

METHODS AND MATERIALS

Study area. The Maluco river-floodplain system is located in the floodplain
of the Grijalva Basin. The Grijalva River is originated 17.6 km upstream
the study area, where the dammed Mezcalapa-Carrizal and the free-
flowing Sierra-Pichucalco rivers merge. The Mezcalapa-Carrizal Rivers
have four dams built in the mountains of the Grijalva Basin, which
stored up to 26,081 mm? at the ordinary high WL (Navarro & Toledo,
2008). Both rivers drain an average 17,364.17 mm?®y downriver
(DOF, 2018). Whereas, the Sierra-Pichucalco Rivers drain an average
3,186.76 mm?®/y (DOF, 2018) before merging to the Mezcalapa-Carrizal
River. In the study area (1,580.4 ha) Eichhornia crassipes (Mart.) Solms,
Pistia stratiotes L., Nymphaea ampla (Salisb.) DC., Thalia geniculata
L.and Typha domingensis Pers. are the recorded aquatic macrophytes.
The adjacent lands of the lagoon are used for growing crops and raising
livestock (Palma-Lopez et al., 2007). As was mentioned above, the
lateral exchange of water in the Maluco river-floodplain system was
restricted by a highway built in the early 80’s.

The Maluco river-floodplain system is located 23 km downstream
from the Metropolitan Area of Villahermosa city with a population of
755,425 inhabitants and 77 sewage discharge points. These 77 sites
drain 282 Mm?®/y into the Grijalva river and nearby wetlands, of which
18% have limited or no treatment (INEGI, 2011; 2012).

Sampling design. The Maluco river-floodplain system was sam-
pled bimonthly during two hydrological years (2004 and 2005) to me-
asure the intra-annual variation of average WL (Fig. 1). Two sites (18°
05’ 24.49” N, 92° 45’ 34.30” W and 18° 05’ 22.47” N, 92° 45’ 10.45”
W) were simultaneously sampled in six sampling times (Fig. 2), which
summed a total of 24 records per physicochemical or biological varia-
ble. On each occasion the WL (m) was measured by a depth sounder
(PS-7). The maximum WL in the wetland (13 m) was referenced at 4.5
m above sea level (masl), which is equal to the altitude of the embank-
ment. Water samples were also collected at the medium depth with a
van Dorn bottle and stored at 4° C for laboratory analysis. Nitrite (NO,),
nitrate (NO,), ammonium (NH,?) and total phosphorus (TP) concentra-
tions in mgL" were determined according to APHA (1998) procedures;
whereas, Chl-a (ugL") analyses were done immediately following the
recommendations of SCOR-UNESCO (1966).

Data analysis. The intra-annual variation of the physicochemical
variables (NO,’, NO,", NH,*, TP and, Chl-a) among the six sampling times
was analyzed through a Principal Components Analysis (PCA). The PCA
was based on a correlation matrix, and the dissimilarities were calcu-
lated based in the Euclidean distance after standardization of the five
original variables (Legendre & Legendre, 2003). Additionally, the prin-
cipal components (PC) with eigenvalues >1 (Kaiser-Guttman criterion)
and significant variation (Bartlett; p<0.05) were selected (Legendre &
Legendre, 2003). Then, the variables with absolute values in the ei-
genvectors greater than 10.4] and by having significant contributions

Hidrobiol6gica
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Figure 1. Intra-annual variation of average water level of Grijalva River from 1995 until 1999 in the 30083 hydrometric station in the Grijalva River. Black line= water

level, T= sampling times. Data source: CONAGUA (2012).

were considered in the selected PC’s (Weilhoefer et al., 2008). These
analyses were carried out with the JMP v10 Software (SAS Institute,
2012). Before the PCA calculation, the correlation coefficients (>10.3l)
and the determinant of the correlation matrix (0.325) were used to find
the collinearity among the five variables analyzed. The multicollinearity
was reviewed by means of Bartlett’s test of sphericity (p=0.011) and
the Kaiser-Meyer-0lkin test (0.523), since the variables showed a me-
dium degree of inter-correlation (Tabachnick & Fidell 2014). The last
four analyses were carried out through the IBM SPSS Statistics softwa-
re v24 (IBM Corp, Armonk, NY, USA). Finally, the similarity profile routine
(SIMPROF) was used to determine the possible significant differences
among the groups. The SIMPROF was applied with a significant level
of p<0.05 (Clarke et al., 2008) through the program PRIMER v6.1.6
(Clarke & Gorley 2006). The interpretation of the variables selected was
complemented by the calculation of the mean, standard deviation and
error of each sampling time (four data by sampling time).

RESULTS

No variable was discarded during PCA. The PC1 (eigenvalue= 2.101)
explained 42% of the significantly variation in the riverine wetland
(Bartlett; p=0.006). In this first axis (PC1), Chl-a (0.567), NH,* (0.502),
and NO," (0.497) were positively associated, while NO,(-0.402) was
negatively associated. Whereas, the PC2 (eigenvalue=1.265) described
25.3 % of the variation, but it was not significant (Bartlett; p=0.15).
This second axis showed a positive relationship with NH,* (0.463) and
negative with TP (-0.738).

Vol. 29 No. 3 » 2019

The analysis of the distribution of samples indicated an intra-an-
nual similarity (SIMPROF; p=0.149) since 100% of samples were grou-
ped (Fig. 3). The second and third sampling times presented the highest
concentrations of Chl-a, NH,*, and NO,". Indeed, in the CP1, the low
percentage of the explained variation was associated with the minimal
dispersion of the samples with the time.

It stands out that 54% of the total of Chl-a records exceeded 25
pgL", up to a maximum concentration of 208 gL (Fig. 4). However,
their concentrations showed a tendency to be higher during the first
three sampling times (Fig. 4). Likewise, 66.7 % of the total TP con-
centrations were greater than or equal to 0.1 mgL", although the two
maximum concentrations (> 1 mgL ") were measured in the fifth sam-
pling time (Fig. 4). The 25% of NH,* concentrations were greater than
or equal 1 mgL"", while only the 4.2% of the NO,” values exceeded this
value (Supplement 1). NH,* values greater than 1 mgL™" were quantified
in four of the six sampling times (2, 3, 5 and 6). Instead, NOS' concen-
trations only surpassed 1 mgL™" in the second sampling (Supplement
1). Finally, none of the NO,” values exceeded 1 mgL™", and they recorded
similarity among the six times (Supplement 1).

The maximum values of WL were lower than the overflow level
of the bankfull stage, which was estimated at 13 m (Supplement 1).
Although higher concentrations of Chl-a, and TP were recorded throu-
ghout the study time, the highest values of Chl-a, NO,” and NH,* coinci-
ded with the minimum values of WL, quantified in the 2 and 3 sampling
times (Fig 4).
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Figure 2. Location of study area. Embankment= ===, floodplain= ==, Metropolitan Area of Villahermosa= 1, hydrometric station= black star, sampling sites in
the river-floodplain system= black circle. Map modified from http://antares.inegi.org.mx/analisis/red_hidro/SIATL/# (INEGI, 2013).
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Figure 3. PCA bi-plot of the first two components synthesizing the data of the
Chiorophyll-a (Chl-a), Nitrite (NO,), Nitrate (NO,’), Ammonium (NH,*) and total
Phosphorus (TP) at the Maluco river-floodplain system. The samples are classi-
fied by intra-annual sampling times (1-6). Dashed line=group.

DISCUSSION

The lack of the intra-annual variation of physicochemical and biological
water variables in the Maluco river-floodplain system has also been
reported for other hydraulic altered river-floodplain systems (Jeppesen
etal., 2015; Li et al., 2019). In the study area, the maximum concentra-
tions of Chl-a occurred during the first three times, but all their values
surpassed the hypereutrophic reference value (> 25 pgL-"), according
to OECD (1982), throughout the hydrological year (Supplement 1). Also,
the nitrogen nutrients levels were below 1 mgL" throughout the six
times sampled (Supplement 1) which is the reference inorganic enri-
chment value (Wilde et al., 2015; Zhu et al., 2015). Therefore, the in-
tra-annual similarity among the concentrations of Chl-a, nutrients and
water level can be related to two years of hydraulic of disconnection
between the Grijalva river and the Maluco floodplain due to the fact
that maximum WL measured values (< 12 m) promoted the persisten-
ce of the hypereutrophic conditions, since the overflow of the bankfull
would begin when the Grijalva river reaches 13 m of WL. Likewise, the
persistence in time of the hypereutrophic conditions (Chl-a and TP) in
the Maluco river-floodplain system agree with other results in hydrauli-
cally altered river-floodplain systems (Pinilla, 2010; Reckendorfer et al.,
2013; Li et al., 2019), or with different interannual times of hydraulic
connection (McKinney & Charpentier, 2009). Instead, the variation of
Chl-a and nutrients in non-perturbed river-floodplain systems differed
significantly in relation to WL, mainly between low and high water level
(Brito et al., 2014; Tubatsi et al., 2014; Roach et al., 2014; Cruz-Ramirez
et al., 2019). Indeed, the maintenance of the water connectivity con-
ditions, natural flow cycles, and flood pulses is indispensable to keep
the biogeochemical processes that maintain the ecological functions
and services provided by the river-floodplain systems (Junk & Wantzen,
2004; Marton et al., 2015).

In the Maluco river-floodplain system, the highest values of TP
in time could be better explained by the wide fluctuation of its inputs
throughout the rivers, as has been registered for others riverine ecosys-
tems (Jarvie et al., 2005; Guan et al., 2016). In the case of the Gri-
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Figure 4. Mean and standard error of water level (WL), Chlorophyll-a (Chl-a), total
Phosphorus (TP) in the Maluco river-floodplain system. Dashed lines are the limit
to define a condition: bankfull stage = 13 m, hypereutrophic condition of Chl-a=
25 pgL" and TP= 0.1 mgL"" (OECD, 1982).

jalva floodplain, the TP concentrations increased significantly during
the high water level in sites surrounded by extensive suburban areas
(Lazaro-Vazquez et al., 2018). They related the increment of TP to the
wastewater discharges, which were mainly caused by the expansion of
agricultural areas and growth of human populations.

The restriction of the hydraulic connectivity by the construction
of embankments and roads has also been linked to eutrophication
processes (Coffin, 2007; Reckendorfer et al., 2013). In this sense, the
river-floodplain system in this study kept a hypereutrophic condition
independent of the time since all Chl-a and TP concentrations were
greater than or equal to 25 pgL" and 0.1 mgL™", respectively. Both con-
centrations correspond to hypereutrophic conditions according to OECD
(1982).
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The additional input of wastewater without treatment intensifies
the hypereutrophic processes in aquatic ecosystems isolated hydrauli-
cally (Jeppesen et al., 2015). In hydraulically perturbed river-floodplain
systems, the reduction of the natural fluctuation in the water levels,
combined with a probable low rate nutrient assimilation by primary
producers, contributes to exacerbate the eutrophication (Pinilla 2010;
Reckendorfer et al., 2013; Jeppesen et al., 2015; Salk et al., 2018).
Therefore, the almost permanent hypereutrophic conditions registered
in the Maluco river-floodplain system can be linked to the combined
effect of the hydraulic disconnection, inputs of wastewater without
treatment and shallowness of the ecosystem. However, this rationale
will need to be demonstrated for the study area.

In conclusion, the current WL fluctuation in the Maluco river-floo-
dplain system is insufficient to allow the often-recorded intra-annual
variation between physicochemical variables and water levels in inter-
connected river-floodplain systems. The condition of hydraulic isolation
helps to explain the intra-annual similarity of Chl-a and nutrients, the
maximum WL values in the study area were lesser than the height (4.5
masl or 13 m) of the bankfull stage, and the persistence of hypereutro-
phic conditions linked to the Chl-aand TP enhancement. This persisten-
ce of time-independent hypereutrophic conditions may be a hypothesis
to be tested by estimating the minimum input flow of water needed
to restore the biogeochemical processes in the Maluco river-floodplain
system.
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RESUMEN

Antecedentes. La leguminosa Cannavalia ensiformis es una excelente fuente de energia, proteina, vitaminas
y minerales para ser utilizada en la alimentacion animal; sin embargo, contiene factores antinutricionales
(FAN), que limitan su utilizacion en la alimentacion de peces. Objetivo. En este estudio se evaluaron 7 hari-
nas obtenidas de los procesos de hidratacion, extraccion acida, decorticado, coccion, germinado, autoclave
y desgrasado de las semillas de C. ensiformis como medios de eliminacion de FAN. Métodos. La calidad
nutricional de las harinas fueron corroborados con analisis quimicos proximales y digestibilidad in vitro,
determinando el grado de hidrélisis (GH, %) de las harinas de C. ensiformis obtenidas mediante pH STAT, se
calculd la liberacion de aminodcidos totales (AALT, uyg mL™"), utilizando extractos multienzimaticos de esto-
mago e intestino de juveniles de 0. niloticus. Resultados. Los valores de GH acido/alcalino para la harina de
C. ensiformis cocida fue de 0.76 + 0.01%/ 6.04 + 0.37%, siendo significativamente mayor con respecto a
las otras harinas. Los valores de AALT &cido/alcalino (ug mL™") de esta harina cocida (0.02 + 0.006/ 0.40 +
0.02) fueron significativamente mayores en la fase alcalina en relacion a las otros tratamientos. Conclusion.
Se detectd que la harina cocida deC. ensiformis, permite ser utilizada como fuente de proteina en dietas para
Oreochromis niloticus.

Palabras clave: Cannavalia ensiformis, digestibilidad in vitro, harinas procesadas, Orechromis niloticus.

ABSTRACT

Background. The legume Cannavalia ensiformisis an excellent source of energy, protein, vitamins and mine-
rals to be used in animal production; however, it contains antinutritional factors (ANF), which limit its use for
fishes. Goals. In this study 7 flours obtained from the processes of hydration, acid extraction, decorticating,
cooking, germination, autoclaving and degreasing of the seeds of C. ensiformis were evaluated as means of
elimination of ANF. Methods. The nutritional values of the meals were corroborated with proximal chemical
analysis and in vitro digestibility, determining the degree of hydrolysis (GH%) of the flours of C. ensiformis
obtained by pH STAT, the release of total amino acids (TAAL, pg mL™") was calculated, using multienzymatic
extracts of stomach and intestine of 0.niloticus juveniles. Results. The acidic/alkaline GH values for cooked
C. ensiformis flour were 0.76 = 0.01% / 6.04 = 0.37%, being significantly higher with respect to the other
flours. The values of acidic/alkaline TAAL (ug mL™) of this cooked flour (0.02 + 0.006 / 0.40 + 0.02) were
significantly higher in the alkaline phase in relation to the other treatments. Conclusion. We detected that
cooked meal of C. ensiformis, allow to be used as a source of protein in diets for Oreochromis niloticus.

Keywords: Cannavalia ensiformis, in vitro digestibility, Orechromis niloticus, processed flours.
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INTRODUCCION

Cannavalia ensiformis, L. DC. es una leguminosa que destaca por su
contenido nutrimental (Sandoval et al. 2001), la cual es sumamente
resistente a la sequia e inmune a pesticidas (FAO, 2012), el género
Cannavalia esta compuesto por 48 especies, que son originarios de
las regiones tropicales donde estan ampliamente distribuidas (Fagb-
enro et al. 2007). Su potencial nutricional ha sido bien estudiado en
organismos monogastricos, aves de corral (Wyss & Bicjel, 1988; Ude-
dibie, 1990; Udedibie & Nkwocha, 1990) y peces (Martinez-Palacios et
al. 1988; Akinbiyi, 1992; Abdo De la Parra et al. 1998; Osuigwe et al.
2002; Fagbenro et al. 2007). C. ensiformis es una fuente potencial de
energia, proteinas, vitaminas y minerales; sin embargo, este enorme
potencial nutritivo se ve reducido por factores antinutricionales (FAN),
que limitan su utilizacion en la elaboracion de dietas para peces (Mar-
tinez-Palacios et al. 1988; Abdo de la Parra et al. 1998; Osuigwe et al.
2002, Fagbenro ef al. 2007; Akande et al. 2010). Para la utilizacion
de esta leguminosa como ingrediente para la alimentacion animal se
han estudiado diversos procesos de eliminacion de FAN, para mejorar
su digestibilidad. Asimismo, se han desarrollado métodos para medir
la digestibilidad de la proteina contenida en el alimento, como es el
método “in vitro” de pH-STAT el cual permite un estudio detallado del
proceso de hidrdlisis de la proteina durante la digestion a través de la
cuantificacion de los aminodcidos y péptidos liberados (Dimes & Haard,
1994; Ofa et al. 2003; Moyano et al. 2014), permitiendo evaluar la
digestibilidad y selectividad de los ingredientes dietarios (Tacon, 1995;
Alarcon et al. 2002) que pueden utilizarse en el cultivo de peces. Se
han realizados estudios de digestibilidad in vitro en especies de peces
como Paralabrax maculatofasciatus, Steindachner, 1868, Atractosteus
spatula, Lacepéde, 1803, Chirostoma estor, Jordan, 1880, Centropo-
mus undecimalis, Bloch, 1792, Atractosteus tropicus, Gill, 1863y Ci-
chlasoma urophthalmus, Giinther, 1862, entre otros (Alvarez-Gonzalez,
2003; Aguilera et al. 2005; Avalos-Sanchez, 2006; Concha-Frias, 2008;
Frias-Quintana et al. 2010; Cuenca-Soria et al. 2013), que han permi-
tido crear o mejorar sus formulaciones alimenticias. Este estudio se
disefid para evaluar la eliminacién de FAN mediante los procesos de
hidratacion, extraccion écida, decorticado, coccion, germinado, auto-
clave y desgrasado de las semillas de C. ensiformis, utilizando analisis
quimicos proximales y digestibilidad in vifro de las harinas obtenidas
de estos procesos, con la finalidad de sustituir parcialmente la harina
de pasta de soya en dietas de Oreochromis niloticus, Linnaeus, 1758.

MATERIALES Y METODOS

El presente estudio se dividid en dos etapas: la primera comprendié la
elaboracion de las harinas de las semillas de C. ensiformis a través de
7 diferentes procesos de eliminacion de FAN y la segunda consistio en
la determinacion de la digestibilidad in vitro mediante pH STAT de las
harinas obtenidas previamente utilizando extractos enzimaticos diges-
tivos de juveniles de 0. niloticus.

Etapa 1: Elaboracion de las harinas de las semillas de C. ensi-
formis. Las semillas de C. ensiformis fueron obtenidas del rancho el
Recreo en Teapa, Tabasco, México, cosechadas manualmente y em-
paquetadas en bolsas de polietileno con capacidad de 10 Kg; para lo
cual no se utilizé ningtn tratamiento de conservacion. Este estudio de
procesamiento y analisis proximales fueron realizados en el Laboratorio
de Fisiologia Comparada y Gendmica Funcional, del Centro de Investi-
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gaciones Biologicas del Noroeste (CIBNOR) en La Paz, B.C.S. Para los
procesos de hidratacion, extraccion con &cido, decorticado, cocido y
autoclavado se utilizaron 200 g de semillas de C. ensiformis para cada
tratamiento. Todos los ensayos fueron realizados por cuadruplicado.

Hidratacion. Las semillas se colocaron en un matraz Erlenmeyer y fue-
ron hidratadas con un litro de agua destilada, en agitacion constante
durante 36 h, con recambio total de agua destilada cada 12 h.

Extraccion con acido. Las semillas se colocaron en un matraz Erlen-
meyer y fueron hidratadas en un litro de agua destilada durante 24 h,
con un recambio total de agua destilada a las 12 h, finalmente fueron
colocadas en una solucion de HCI 20 mM por 12 h, todo este proceso
se realizo con agitacion constante.

Decorticado. Las semillas fueron trituradas con un molino mecanico
(molino café Braun KSM 2), posteriormente se elimind la corteza de
la semilla y el decorticado se almacend en un recipiente con sellado
hermético (Bautista, 2009), para la posterior preparacion de la harina.

Coccion. Las semillas se colocaron en un matraz Erlenmeyer y fueron
hidratadas con un litro de agua destilada, durante 12 h a temperatura
ambiente, luego se procedi6 a decantar y lavar con agua destilada. Pos-
teriormente, fueron cocidas a ebullicion durante 30 minutos utilizando
una relacion frijol: agua de 1:5 (Anduaga-Cota et al. 2002).

Germinado. Se seleccionaron 100 semillas (SCE), previamente desin-
fectadas con cloro al 10% por 3 minutos y lavadas en 3 tiempos de un
minuto con agua destilada estéril, luego fueron colocadas en papel toa-
lla humeda dentro de una bolsa plastica, este proceso se realizé en una
camara UV para evitar contaminacion por gérmenes. Posteriormente se
trasladaron a una incubadora (Binder, modelo BD53-UL) en completa
oscuridad por 27°C y 50% de humedad relativa, durante 6 dias, las
semillas fueron humedecidas con agua destilada estéril cada 24 horas.

Autoclavado. Las semillas fueron colocadas en un colador y sumergi-
das para hidratacion en agua destilada por 3 minutos, seguidamente
se retird el colador y se decanto el agua; las semillas se colocaron en
bolsas y expuestas en la autoclave a 121°C 15 Ib por pulg?, por 30
minutos.

Desgrasado. Se pesaron 2 kg de semillas y se realizd una molienda
en un molino industrial (marca Pulvex. S.A. de C.V.), se tamizaron a 500
micras para homogenizar el tamafio de las particulas, acto seguido se
pesaron 200 g de harina y fue introducida en un reactor de vidrio de un
litro y se agregaron 400 mililitros de éter de petroleo con agitacion a
120 RPM en un agitador industrial (MAXQ 3000) durante 2 h. La mezcla
se filtrd en un dispositivo de succién con la ayuda de una bomba de
vacio.

Al final de los ensayos de hidratacion, extraccion con &cido, coci-
do, autoclavado, germinado y desgrasado, las muestras fueron lavadas
con agua destilada, decantadas y secadas en una estufa (VWR, modelo
1680) a temperatura de 70 °C por 24 h y molidas en un pulverizador
PULVEX 200, México, D. F. Posteriormente las harinas se tamizaron a
500 micras y se almacenaron a 4°C para su posterior andlisis segun
Rivas (2006).

Analisis quimico proximal a las harinas procesadas de C. ensifor-
mis. Se aplicaron los métodos de la AOAC (1990) para las determina-
ciones de: a) humedad, determinacion por diferencia de peso a 70°C
por 24 h; b) proteina cruda, cuantificando la concentracion de nitrégeno
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con el Método de DUMAS (Equipo Leco FP-528); c) extracto etéreo,
usando el método de Soxtec-Avanti, TECATOR; d) fibra cruda, Método
de hidrdlisis sucesiva (4cido / base) y €) cenizas, determinacion por
diferencia de peso, previa calcinacion a 500° C por 24 h. Se calcul6 el
extracto libre de nitrégeno, por diferencia de 100% con las determina-
ciones anteriores.

Etapa 2: Digestibilidad in vitro. Los juveniles fueron obtenidos de un
lote de reproductores de tilapia del area de reproduccion del Laborato-
rio de Acuicultura Tropical de la Division Académica de Ciencias Biolo-
gicas en la Universidad Judrez Autonoma de Tabasco. Las larvas, fueron
alimentadas con una dieta comercial hormonada para tilapia con 52%
de proteina y 14% de lipidos (El pedregal Silver Cup®, México, Estado
de México, Toluca) con una dosis de 60 mg de 17 a-metiltestosterona
(MT) Kg de alimento™, por un periodo de 28 dias. Una vez concluido el
periodo de masculinizacion, se les suministré una dieta para tilapia con
45% de proteina y 5% de lipidos (El pedregal Silver Cup®,). Los juveni-
les fueron mantenidos en un sistema de recirculacion de agua, durante
un periodo de dos semanas adicionales antes de su procesamiento.
Los parametros de la calidad del agua fueron medidos diariamente,
se mantuvieron a 29 + 1°C de temperatura, para el oxigeno disuelto
(6.3 = 0.5 mg 1) se utilizd un oximetro YSI 55 (con138 precision de
0.1°Cy 0.01 mg I, California, USA) y para el pH (7.1 = 0.2) se utilizo
un potenciometro (Hanna Instruments, HI 98311, Rhode Island, USA).

Obtencion de extractos multienzimaticos. Para estos ensayos se sa-
crificaron un total de 35 juveniles con una longitud promedio de 21 +
3 cmy un peso promedio de 177.25 + 4.5 g, que previamente fueron
dejados en inanicion por un periodo de 48 horas antes de ser sacrifi-
cados y pesados antes y después de la evisceracion, posteriormente
se le extrajo el estémago y el intestino por separado, los cuales fueron
triturados con un homogenizador de tejidos (ULTRA TURRAX® IKA T18
Basic). Los extractos del estomago se prepararon en agua destilada
ajustando el pH a 3.55 con &cido clorhidrico (0,1 M) y para los extractos
del intestino el agua destilada fue ajustada con hidréxido de sodio (0,1
M) a pH de 7.95 a 4 °C. Se utilizd una relacién 5:1 (5 ml de agua desti-
lada por g de tejido). La mezcla obtenida fue colocada en tubos Eppen-
dorf de 2 mL y centrifugada a 12 000 rpm a 4 °C. El sobrenadante fue
extraido y se les ajusto el pH requerido para cada extracto, luego fueron
almacenados en tubos Eppendorf a -20 °C hasta su posterior analisis.

Actividad especifica de enzimas estomacales e intestinales. Con el
fin de conocer la cantidad de unidades de proteasa acida en el extracto
estomacal, se utilizd el método de Anson (1938), con las siguientes
modificaciones: a 1 ml de hemoglobina (1 %) en tampon 0,1 M glicina
- HCla pH 2y se le afiadieron 5 pl de extracto enzimatico de estdmago
de 0. niloticus. La mezcla de reaccion se incubd durante 5 minutos a 37
°Cy la reaccion se detuvo por adicion de 0,5 ml de &cido tricloroacético
(TCA) al 20 %. Después se dejo reposar la mezcla de reaccion (15 a 30
minutos), se centrifugd a 12000 rpm durante 5 minutos a 4°C. En el
sobrenadante, se midid la cantidad de equivalentes de tirosina libera-
dos (ABS,,,, ) mediante un espectrofotdmetro uv/visible. Una unidad de
actividad se definié como la cantidad de enzima que cataliza la libera-
cion de 1 pg de tirosina por minuto. Para determinar el coeficiente de
extincion molar de la tirosina, se realizé un recta patron con diferentes
concentraciones de tirosina (0 a 300 pg ml"). Todos los ensayos se
realizaron por triplicado.

Para determinar la actividad de las proteasas intestinales se utilizé
el método de Kunitz (1947),modificado por Walter (1984), usando como
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sustrato caseina al 1% en tampon 100 mM Tris-HCI, 10 mM CaCl, a
pH 9. Se agrego 0,5 ml de caseina, mas 0,5 ml de tampon Tris-HCI 100
mM + CaCl, 10 mM, pH 9y 10 pl de extracto enzimatico del intestino
y se incubd por 10 minutos, la reaccion se detuvo con 0,5 ml de acido
tricloroacético (TCA) al 20 %, se centrifugd a 12 000 rpm por 5 minutos
y se determing la cantidad de equivalentes de tirosina liberados segin
el protocolo descrito en el apartado anterior.

Evaluacion de la digestibilidad in vitro acida y alcalina en pH Stat.
Un total de 7 harinas de C. ensiformis como ingredientes proteinicos de
origen vegetal (Tabla 1) fueron expuestas a degradacion enzimatica en
un sistema pH Stat Titrando (Metrohm 902 Suiza), de acuerdo a Saun-
ders et al. (1972), modificado por Dimes & Haard (1994), para evaluar
su grado de hidrolisis (GH, %). Los ensayos de digestion acida se reali-
zaron en un volumen final de 5 ml de la mezcla de reaccion. Cada ingre-
diente de prueba se resuspendid en agua destilada a una concentracion
de 8 mg de proteina mL™" en un vaso de 20 mL, ajustando el pH a 3.5
con HCI 0.1 N para proteasas &cidas, a esta mezcla se le agregaron 189
pl (10 U mL" de mezcla de reaccion) de la preparacion enzimatica a pH
3 manteniendo la mezcla de reaccion en agitacion continua (500 rpm) a
37 °C durante 15 minutos. Se utilizé a la hemoglobina como ingrediente
de referencia. De la misma forma se realizd la digestion alcalina, para
lo cual se ajusto el pH a 7.9 con NaOH 0.1N y se le agregaron 263 pL
(100 U mL"" de mezcla de reaccion) de extracto enzimatico a pH 8 man-
teniendo en agitacion continua (500 RPM) a 37 °C durante 45 minutos y
se utiliz caseina como ingrediente de referencia. Se tomaron muestras
de 20 pL del vaso de reaccion: en la fase acida cada 100 s hasta los
900 sy en la fase alcalina cada 250 s hasta los 2 700 s y conservadas a
-20 °C para determinar los aminoacidos libres totales (AALT). La unidad
de tiempo previa a la adicién de extracto multienzimatico, fue definida
como el tiempo cero. A partir del gasto de HCI (Fase &cida) y de NaOH
(Fase alcalina) se determin6 (GH), el cual se expresa como el porcentaje
del numero de enlaces peptidicos hidrolizados (h) con respecto al total
de la proteina (h, ). Donde el valor de (h) = [consumo de base en ml
(Vb)] x [normalidad de la base (Nb)] x [1 x (constante de disociacion de
los grupos a-NH, y o.-COOH respectivamente) '] x [1 x (masa de protei-
na en la mezcla de reaccion)']. Todas las determinaciones se realizaron
por triplicado.

Analisis de aminoacidos libres totales (AALT). Las muestras pre-hi-
drolizadas (20pl) del vaso de reaccion, se fijaron con 20 pl de una solu-
cion de acido tricloroacético (TCA) al 12% y fueron analizadas me-
diante la técnica de o-phtaldialdehido (OPA), de acuerdo con Church
et al. (1983), que consiste en la union de la parte amino terminal de
los aminodcidos con el reactivo OPA. La solucién de OPA esta com-
puesta de 50 ml de tetraborato sddico 0,1 M; 5 mL de SDS al 20 %;
80mg deo-phtaldialdehido (disueltos en 1 mL de metanol) y 0,2 mL
de B-mercaptoetanol, aforando con agua destilada hasta 100 mL de
volumen final. Las muestras prehidrolizadas que fueron mezcladas con
TCA se centrifugaron a 12 000 rpm por 15 minutos. Se tomaron 10 pl
del sobrenadante y se afiadieron directamente a 1 mL del reactivo OPA,
mezclado brevemente e incubando durante 5 minutos a temperatura
ambiente. Finalmente se midid la absorbancia a 340 nm y se compard
con un estandar elaborado con I-leucina (0.5 mg mL™") concentraciones
crecientes de 0 a 20 pg ml' para la determinacion de la cantidad de
aminoécidos libres totales en las muestras. Los resultados se expresan
como g de equivalentes de I-leucina liberados por cada pg de proteina.
Los ensayos fueron realizados por triplicado.
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Tabla 1. Composicion proximal (%) de harinas de Cannavalia ensiformis,L. DC, utilizando diferentes métodos de procesamiento.

Pardmetros Humedad Proteina E?(tracto Fibra cruda Cenizas (%) ELN Energia
(%) (%) Etéreo (%) (%) (%) (cal/g)
Harina Desgrasado 513+ 0.21 3257+021 048+0.08 11.31+0.05 4.16=0.09 51.47 4178.29 £ 6.76
Harina E. &cido 6.61+020 3241+016 193x0.03 978+010 3.33+0.08 5254  4224.84+506
Harina Autoclavado 740+023 3159x022 207x0.06 10.05+005 410+0.05 5219  4243.29+1.50
Harina Coccion 9.07+0.08 3237+027 198+010 991+006 3.28+003 5246  4305.83+3.20
Harina Decorticado 1123+£010 39.38+014 217x0.03 0.80+000 415+003 5351  4330.05x7.59
Harina Hidratacion 6.46 028 3226+017 213x0.10 1071+021 3.31=0.11 5159  4275.90 = 2.68
Harina Germinado 1241029 3439+014 195+005 972x0.26 4.31+0.04 49.63 4154.91 = 1.00
Harina sin Tratamiento 1018010 3287+0.16 2.08x006 822x0.15  4.04+0.03 52.79  4200.69 +2.49

Valores promedio + desviacion estandar de 3 réplicas por muestra. Resultados expresados en base seca, excepto humedad.

Analisis estadistico. Se corrobord la normalidad y homoscedasticidad
para los valores de GH y liberacion de aminoacidos totales, por lo que
se aplicd un analisis de varianza de una via y pruebas posteriores de
Tukey para determinar las diferencias entre los tratamientos. Para to-
das las pruebas estadisticas se utilizé un valor de significancia de (P
< 0.05). Asi mismo para todos los estadisticos se utilizd el programa
estadistico STATISTICA V7.

RESULTADOS

Analisis quimico proximal. El analisis proximal de las harinas proce-
sadas de las semillas de C. ensiformis se muestra en la Tabla 1.

Actividad especifica de extractos multienzimaticos de estomago e
intestino. Los ensayos de proteasas acidas y alcalinas, revelaron que
los juveniles de 0. niloticus, tienen una mayor actividad de proteasas
en el intestino en relacion a la actividad enzimatica presentada en la
seccion estomacal del tracto digestivo (Tabla 2). Ambos valores de ac-
tividad especifica se tomaron como base para calcular el volumen de
extracto multienzimatico, tanto en el proceso de hidrélisis acida, como
en la alcalina.

Digestibilidad in vitro de las harinas de C. ensiformis como ingre-
dientes proteinicos. Para la hidrolisis acida se utilizaron los extractos
enzimaticos estomacales de O.niloticus y fueron expuestos a las dife-
rentes harinas procesadas de C. ensiformis mediante la técnica del pH
STAT, tomando como base la hemoglobina, donde sus valores fueron
considerados como el 100 % del grado de hidrdlisis (GH, %). Todas las
harinas mostraron valores de GH menores al 100 %, siendo la harina
cocida la que presenta mayor valor de GH con respecto al resto de los
tratamientos. Por otro lado, el tratamiento con 4cido alcanzo el valor
mas bajo (Fig. 1a).

En la fase alcalina las harinas fueron expuestas a extractos mul-
tienzimaticos intestinales, utilizando los valores de la caseina como el

100 % de GH. Los resultados mostraron que la harina cocida tiene el
mayor valor de GH con respecto al resto de los tratamientos, siendo el
tratamiento con &cido quien mostro el valor mas bajo (Fig.1b).

En la Tabla 3, se muestran los valores de GH para cada fase (acida
y alcalina) y el valor del GH total, asi mismo el porcentaje de digestibi-
lidad alcanzado por cada una de las harinas analizadas, donde la suma
del GH de la hemoglobina y la caseina, se tomaron como control y fue
considerada como el 100% de la digestibilidad. Aqui podemos observar
que el tratamiento por coccion presenta un GH total mayor y por encima
del 50 % de digestibilidad con respecto a los demas tratamientos.

Determinacion de aminoacidos libres totales mediante la técnica
de OPA. En la fase &cida, el tratamiento por germinado mostro los ma-
yores valores de AALT (0.28 + 0.006 ug mL™") seguidos del decorticado
(0.12 = 0.022 pg mL") (Fig.2a), estos valores fueron mayores a los
mostrados por la hemoglobina (0.09 + 0.009 ug mL™), los tratamientos
de cocido (0.02 + 0.006 ug mL") y por autoclave (0.03 = 0.012 pg mL™)
presentaron los valores mas bajos de AALT (Tabla 4).

En la fase alcalina el tratamiento por coccion presentd valores sig-
nificativamente altos (0.40 = 0.02 pg mL™) (Fig.2b), siendo el trata-
miento por desgrasado que mostré el valor mas bajo de AALT (0.08 +
0.01 yg mL"") (Tabla 5), en donde la caseina presentd valores de 0.53
+0.03 yg mL".

DISCUSION

En este estudio se aplicaron de forma independiente 7 diferentes pro-
cesos para la eliminacion de FAN en semillas de C. ensiformis. A cada
una de las harinas obtenidas de estos procesos se les evalué el GH y los
AALT. Los analisis proximales muestran que la harina cocida presenta
un contenido de proteinas y grasas similares a la harina sin tratamiento.
Segun Okomoda et al. (2016), el tratamiento térmico de hasta 40 min
no afecta significativamente el contenido de proteina y grasa de C. en-

Hidrobiol6gica



Cannavalia ensiformis alimento para Oreochromis niloticus

175

120
a) f
100 - —
80 - e
S 60 -
I d
o 40 -
0 o <\ o (\ '\ 'z;
0‘?"’ F\)\o \Xb C’e \e‘e«\o
120
100 | ) £
e 80 1
X
z 60 g
40 1
c c
* Hall i
el lidas
O A0 ¥ O 0 6" \(\0
00:,() Cad ?/)::\0(}9@ CP;Q @(QC:\ @ (ﬂ(\\«b RS O’b

Figura 1. Valores de GH (% =+ DE) de los ingredientes proteinicos de las harinas de Cannavalia ensiformis: a) fase acida, como ingrediente de referencia la hemoglobina

y b) fase alcalina, como ingrediente de referencia la caseina.

siformis, pero a partir de 30 min disminuyen los contenidos de lectinas,
saponinas e inhibidores de tripsina, no asi la canavalina, similar a lo
reportado por Tiamiyu et al. (2016), mediante el proceso de tostado de
semillas de esta especie. Sin embargo, Ndidi et al. (2014) reportaron
pérdidas de proteina cruda y grasa en hervidos y asados de semillas
Sphenosty stenocarpa, Hochst. ex A. Rich. Harms; mientras Audu & Are-
mu (2011), encontraron perdidas de grasas por tratamiento térmico,
pero no significativamente en proteinas de haba procesada (Phaseolus
vulgaris L.), lo que indica que el efecto térmico depende de la composi-
cion bioquimica de las semillas y la especie a tratar, afectando no solo
a los FAN sino también a los nutrientes, aunque en C. ensiformis solo
afectd a los FAN.

Todas las harinas analizadas presentaron valores menores al 100%
de digestibilidad en la fase acida y alcalina con respecto al control. La
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harina cocida mostré el valor mas alto (58.73 %) de digestibilidad en
relacion al resto de los tratamientos, datos similares son reportados
por Concha-Frias (2008), para pasta de soya y gluten de trigo en C.
undecimalis. Asimismo, se ha observado que C. ensiformis presenta
GH menores a otras harinas vegetales (Cuenca et al. 2013), esto puede
deberse a que esta especie contenga mayor cantidad de FAN que las
especies analizadas por este autor, los cuales inhiben el crecimiento
de los peces (Moyano et al. 1998; Alarcon et al. 2001; Francis et al.
2001; Alarcon et al. 2002; Chong et al. 2002; Pérez et al. 2003; Ofia et
al. 2005), al disminuir la biodisponibilidad de los nutrientes mediante la
inhibicion de la actividad enzimatica. De Ofia et al. (2003), mencionan
que las diferencias en los valores de hidrdlisis entre las distintas pro-
teinas, podrian estar relacionadas a sus perfiles aminoacidicos y a las
caracteristicas de sus estructuras terciarias.
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Tabla 2. Actividad de enzimas proteoliticas del estomago (proteasas acidas) e intestino (proteasas alcalinas) de Oreochromis niloticus, Linnaeus,
1758.

Unidades g

Actividad Proteolitica Unidades ml" . Unidades juveniles™
Tejido fresco™!
Acida 52.78+5.38 263.9+26.91 2111.2+215.27
Alcalina 380.02+15.26 1900.1+76.28 1215.6+48.80

Se incluye la desviacion estandar.
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Figura 2. Valores de AALT (ug mL" + DE) de los ingredientes proteinicos de las harinas de Cannavalia ensiformis: a) fase acida, como ingrediente de referencia la
hemoglobina y b)f ase alcalina, como ingrediente de referencia la caseina.

Hidrobiol6gica



Cannavalia ensiformis alimento para Oreochromis niloticus

177

Tabla 3. Valores finales de los grados de hidrdlisis (GH) fase &cida, fase alcalina, GH total y digestibilidad relativa (%) de los ingredientes proteinicos
de las harinas de Cannavalia ensiformis, L. DC. e ingrediente de referencia (hemoglobina y caseina).

Ingrediente Agil;llo Alc(:lino GH Total Digestibilidad (%)

Harina Desgrasado 0.29 + 0.06 2.97 +0.25 3.26 28.11
Harina E. acido 0.21 £ 0.05 1.23£0.07 1.44 12.40
Harina Autoclavado 0.39 = 0.03 2.84+0.12 3.23 27.89
Harina Coccion 0.76 + 0.01 6.04 +0.37 6.80 58.73
Harina Decorticado 0.29 = 0.04 2.00+0.18 2.29 19.74
Harina Hidratacion 0.25 +0.02 2.08 +0.05 2.33 20.10
Harina Germinado 0.35+0.04 1.55+0.11 1.90 16.43
Harina sin Tratamiento 0.45 +0.03 1.29 +0.20 1.74 15.05
Hemoglobina/Caseina 1.05 = 0.02 10.53 = 0.24 11.58 100.00

Se incluye el % y la desviacion estandar.

En el analisis de AALT, en |a fase &cida, los mejores valores se obtu-
vieron en los tratamientos de germinado y decorticado, mientras que en
la fase alcalina fue el tratamiento por coccion, seguido del germinado
con respecto a los demas tratamientos. En este sentido, se considera
que las enzimas intestinales tienen una mayor actividad proteolitica
que las enzimas gastricas para 0. niloticus, lo cual es normal si con-
sideramos que la tilapia no posee un estdmago bien desarrollado (Pé-
rez-Mufioz & Saenz-Ramos, 2015), datos similares reportaron Chong
et al. (2002) en el ciclido azul (Symphysodon aequifasciata, Pellegrin,

Tabla 4. Valores finales de la liberacion de aminoacidos totales (AALT)
fase acida de los ingredientes proteinicos de harinas de Cannavalia
ensiformis,L. DC. e ingrediente de referencia (hemoglobina).

1904), lo anterior se vio reflejado en el proceso de hidrdlisis de los
diferentes tratamientos de C. ensiformis, debido a que la fase alcalina
mostré valores mayores de hidrolisis que los presentados por la fase
4cida del estémago, indicando que en el estdmago de 0. niloticus se
lleva a cabo la iniciacién de la hidrélisis proteica pero que es en el
intestino donde ocurre la mayor parte de la degradacion y por ende una
mayor cantidad de aminodcidos libres que son absorbidos al torrente
sanguineo por los enterocitos de las paredes intestinales (Moyano et al.
1998; Concha-Frias, 2008).

Tabla 5. Valores finales de la liberacion de aminoacidos totales (AALT)
fase alcalina de los ingredientes proteinicos de harinas de Cannavalia
ensiformis,L. DC. e ingrediente de referencia (caseina).

Ingrediente AALT (pg ml) AALT (%) Ingrediente AALT (pg ml) AALT (%)
Hemoglobina 0.09 = 0.009 100.00 Caseina 0.53+0.03 100.00
Harina Desgrasado 0.07 = 0.001 77.70 Harina Desgrasado 0.08 = 0.01 15.45
Harina E. acido 0.08 = 0.023 86.99 Harina E. &cido 0.17 = 0.01 32.98
Harina Autoclavado 0.03 = 0.012 30.11 Harina Autoclavado 0.25 = 0.01 47.48
Harina Coccion 0.02 + 0.006 21.93 Harina Coccion 0.40 +0.02 75.85
Harina Decorticado 0.12 = 0.022 138.29 Harina Decorticado 0.19 = 0.02 35.94
Harina Hidratacion 0.08 + 0.006 88.48 Harina Hidratacion 0.15+0.01 27.68
Harina Germinado 0.28 = 0.006 311.15 Harina Germinado 0.38 = 0.04 72.57
Harina sin Tratamiento 0.09 = 0.021 98.14 Harina sin Tratamiento 0.23 = 0.01 42.56

Se incluye el % y la desviacion estandar.
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La harina con mayor digestibilidad in vitroy valores de AALT en fase
alcalina fue la harina cocida de C. ensiformis con respecto al resto de
harinas. En este aspecto, los estudios realizados indican que las protea-
sas alcalinas durante el proceso de hidrélisis proteinica en 0. niloticus
son las que llevan a cabo la mayor cantidad de hidrolisis y apoya que el
intestino es el 6rgano donde se absorbe la mayor cantidad de aminoa-
cidos liberados en el proceso. Por su parte, los valores GH y AALT para
la harina de cocido, nos indican que es posible realizar una sustitucion
parcial de pasta de soya por C. ensiformis en dietas para 0. niloticus.
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ABSTRACT

Background: Cadmium (Cd) is a toxic heavy metal present in seawater, and can damage DNA, producing
lipid peroxidation, and protein inactivation. Goals: This research aimed to investigate the effect of Cd on the
concentration and expression of TNF-o protein in the Diadema setosum. Methods: This study was conduc-
ted for 4 weeks in the laboratory of Marine Conservation LIPI Ambon. Experimental Cd concentrations were
0.0, 1.0, 3.0, 6.0, 9.0, and 12.0 pg/L. The experiment was conducted in 6 tanks (100 x 60 x 70 cm?) each
one with 7 individuals of D. setosum as 7 biological replicates. The examination of activation and concentra-
tion of TNF-o. was performed with immunohistochemical techniques as well as indirect ELISA and western
blotting at the Laboratory of Medical Physiology of Brawijaya University. The data related to TNF-o. protein
concentrations were analyzed by one way ANOVA and a Duncan test (p < 0.05). Results: The results showed
that Cd treatment significantly increased the levels of TNF-a. protein. There is a linear relationship between
Cd concentration and TNF-a. protein levels. The level of the TNF-a protein at the concentration of 12 pg/L
Cd was the highest. Conclusions: The results of this research on the concentration and presence of TNF-o.
protein indicate that this approach could be implemented as a biomonitoring model of the exposure to Cd at
the molecular level using D. setosum as bioindicator species in marine waters.

Keywords: heavy metal cadmium, Diadema setosum, TNF-o. protein, biomonitoring

RESUMEN

Antecedentes: El cadmio (Cd) es un metal pesado toxico presente en el agua de mar y puede dafiar el ADN,
produciendo peroxidacion de lipidos e inactivacion de proteinas. Objetivos: Este trabajo tuvo como objetivo
investigar el efecto del Cd sobre la concentracion y expresion de la proteina TNF-o. en Diadema setosum.
Métodos: Este estudio se realizo durante 4 semanas en el laboratorio de Conservacion Marina LIPI Ambon.
Las concentraciones experimentales de Cd fueron 0.0, 1.0, 3.0,6.0,9.0 y 12.0 pg/L. El experimento se realizé
en 6 tanques (100 x 60 x 70 cm?®) cada uno con 7 individuos de D. setosum, asi como 7 réplicas bioldgicas.
El examen de activacion y concentracion de TNF-o se realizé con técnicas inmunohistoquimicas, asi como
ELISA indirecto y western blot en el Laboratorio de Fisiologia Médica de la Universidad Brawijaya. Los datos
relacionados con las concentraciones de proteina TNF-o. se analizaron mediante ANOVA de una via y una
prueba de Duncan (p <0,05). Resultados: Los resultados mostraron que el tratamiento con Cd aumento
significativamente los niveles de proteina TNF-a.. Existe una relacion lineal entre la concentracion de Cd y
los niveles de proteina TNF-c.. El nivel de la proteina TNF-o. con la concentracion de 12 pg/L de Cd fue el
mas alto. Conclusiones: Los resultados de esta investigacion sobre la concentracion y presencia de proteina
TNF-a indican que este enfoque podria implementarse como un modelo de biomonitoreo de la exposicion al
Cd a nivel molecular utilizando D. setosum como especie bioindicadora en aguas marinas.

Palabras clave: cadmio de metales pesados, Diadema setosum, proteina TNF-o., biomonitoreo
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INTRODUCTION

The heavy metal cadmium (Cd) is a pollutant from the industrial activi-
ties (WHO, 2007; Ashraf, 2005), and is known to be harmful to aquatic
organisms (Chiarelli & Roccheri, 2012; Liu et al., 2012; Arai et al., 2012;
Wei, 2013). Recently, there are many reports of the effects of Cd on
various organs from different animals. The studies conducted over the
past two decades show that cadmium can damage DNA, producing
lipid peroxidation, and protein inactivation (Valko et al., 2005). Sary &
Mohammad (2012) reported the accumulation of cadmium in fish Acan-
thopagrus pilate and Platycephalus indicus caused slow growth and
health problems for humans.

Studies about monitoring the exposure to heavy metals at the mo-
lecular level in various aquatic animals have been performed to see
the effects of heavy metals have been reported by several researchers.
The bioassay with embryo-cytotoxicity techniques by Dermeche et al.
(2012) has found Paracentrotus lividus is very sensitive to Cd. For this,
P, lividus is recommended as bioindicator species of the marine en-
vironment. Indicators of stress on freshwater invertebrates were also
reported by Molnar & Fong (2012) with the Neutral Red Retention-Ly-
sosomal Destabilization Assay. Liu et al. (2012) reported with a random
amplified polymorphic DNA (RAPD) test that Arabidopsis thaliana ex-
posed to Cd presented genetic changes. Besides, Wei (2013) research
with FTIR spectra techniques applied on gonads of sea urchins Stron-
gylocentrotus nudus exposed to Cd, found the occurrence of stress
at the molecular level with damage to lipids and proteins. Sea urchin
embryos are very sensitive to environmental stress, and Cd constitutes
an inductor from modulator factors, like protein kinases and phospha-
tases, caspases, heat shock proteins, metallothioneins, transcription
factors, reactive oxygen species, apoptosis and autophagy (Chiarelli &
Roccheri, 2012; Chatterjee et al., 2014).

Related with the utilization of various protein molecules to see the
responses elicited by heavy metals, Jung & Lee (2012) reported that
Heat Shock Proteins (HSPs) plays a role in the process of homeostasis
under stress conditions. HSPs act as molecular chaperones in living
organisms, where the expression of HSP27, HSP70, and HSP90A-1
have been recommended as a molecular marker to monitor the toxici-
ty of heavy metals in the aquatic environment. Protein molecules that
have been used as a stress response markers for Cd (P41087, P4825,
P2746, P2811) have shown strong correlation with Cd located in the
locus in maintaining the integrity of the Ref-1 and hOGG1 genomes
or responses as a result of cellular activation due to oxidative stress
(Liu et al., 2012). Additionally, Rumahlatu et al. (2012) used methalo-
tionine protein (MT) a molecular marker to see the damage to the spi-
nes, shells, gonads, and intestines accumulated with Cd. Previously,
Shimoda et al. (2003) found that MT protein expression was related to
resistance to apoptosis in cardiomyocytes so that MT protein was used
as a marker of failure to treat tumor cell apoptosis. The use of Tumor
Necrosis Factor-alpha (TNF-o.) protein to see the repair mechanisms
in the health sector has also been reported. TNF-o plays a role in the
pathogenesis of diabetes mellitus type 2 and can reduce obesity with
the increased levels of cytokines (Swaroop et al., 2012). Interestingly,
TNF-a is a pro-inflammatory cytokine which has a biological effect,
and expressions of TNF-o. can mediate the effects of stress from the
hypotension of arteries, coagulation of blood vessels, and hypoglycemia
(Lépez-Bojorquez et al., 2004; Cavalcanti et al., 2012).

Ramirez-Torrez J. A. et al.

Previous research reviews (Jung & Lee, 2012; Liu et al., 2012;
Shimoda et al., 2003; Rumahlatu et al., 2012) have investigated more
on the response of biological molecules of HSP and MT proteins as
molecular markers caused by exposure to heavy metals. However, the-
re have not been many types of research on the molecular response
of Diadema setosum as a result of the exposure to Cd using TNF-c..
Therefore, the purpose of this study was to investigate the molecular
response in the form of activation, expression, and concentrations of
TNF-a. D. setosum caused by the exposure to Cd in basin treatment.

MATERIALS AND METHODS

One-year-old Diadema setosum specimens were treated on 6 basins
in the laboratory of Research Center for Deep Sea, The Indonesian Ins-
titute of Sciences Ambon. A total of 42 individuals of D. setosum with
the same characteristics body weight and diameter of 90 g and 15 cm,
respectively were used for this study. The exposure experiments were
conducted in 7 basin aquaria (100 x 60 x 70 cm®) with 1 control basin
and 5 basins for the experimental concentrations of CdCl,.

The experimental concentrations were 0.0, 1.0, 3.0, 6.0, 9.0, and
12.0 mg/L of Cd. Each basin treatment was filled with 200 L seawater,
which was changed once a week with electric-aerator air circulation.
Each basin was applied one level of Cd concentration treatment, and
each basin was inhabited by seven specimens of D. sefosum as indi-
vidual replicates. The sea urchin was fed with seagrass every morning
by binding the seagrass on the boulder and placed in the treatment
basin and spreading the seagrass on the surface of the water of the
treatment basin.

After 4 weeks of the treatment, surgery on the 42 individuals was
performed to take the liver which was transferred into a sample pot for
further examination activation of TNF-o protein, the concentration me-
asurements of TNF-a protein in the Laboratory of Medical Physiology,
Brawijaya University, Malang.

Examination of TNF-c. protein Activation. The Examination of TNF-o.
protein activation in the liver of D. setosum was performed by using
immunohistochemical methods. Livers were prepared through the sta-
ges of tissue fixation, embedding, and sample sectioned. Tissue slides
were activated by soaking with xylene twice, 15 minutes each. Then,
the slide was incubated in a series of ethanol series 100% |, 100% I,
95%, 90%, 80%, and 70%, each solution for 5 minutes. Then it was
incubated again in the water for 5 minutes. The provided slides were
soaked into the H,0, 0.3% for 30 minutes at room temperature.

The incubation time was 10-30 minutes for frozen sections, and
5-10 minutes for frozen tissue arrays. Then the slides were rinsed with
water followed by 1 x PBS (Sigma Aldrich) (pH 7.4) once, then tissue
sections were circled with Pap Pen. The samples were incubated with
1% of PBS serum [Mix 1x 3.5 ml of PBS, pH 7.4 as much as 1 drop (ca.
35 pl/drop) normal serum in the tube for 30 minutes at room tempe-
rature. Those slides were incubated with PBS which was diluted with
the antibody in @ humid chamber for 1 hour at room temperature, then
rinsed with 1xPBS 3 times in 5 minutes. After that, slides were incuba-
ted with a Biotin-labeled secondary antibody for 30 minutes at room
temperature. The slides were rinsed with 1xPBS 3 times for 5 minutes.
Then, the detection solution was added to the tissue sections and it was
incubated at room temperature for 30 minutes. The slides were rinsed

Hidrobiol6gica



Effect of cadmium on TNF-a: protein in sea urchin

with 1XPBS for 3 times, each for 5 minutes. The slides were dripped
with DAB liquid (Diamino-benzidine tetrahydrochloride). After that, the
cells were dripped with counterstains with hematoxylin for 10 minutes.
Cells were washed with flowing water and then with distilled water for
10 minutes. Cells were left at room temperature. The tissue was placed
on an object glass and dripped with Entellan®. After that, the liver cells
undergoing activation of TNF-a. protein were observed using a photonic
microscope (Olympus) with slide blot shooting at a 400x magnification
field of view.

Measurement of TNF-o. Protein Concentration. The measurement
of TNF-a protein concentration used an ELISA method (Enzyme-Linked
Immunosorbent Assay) (Lequin, 2005). Sample preparation was carried
out by softening the liver organ of D. setosum through the thawing step.
The ELISA reader was performed by making an ELISA plate plan and
coating buffer based on the sample code and location of the sample.
After that, Coating Antigen was performed with the levels 1:40 diluted
with coating buffer and incubated at a temperature of 4°C overnight.
The next day the plate was washed with a solution of 0.2% PBS Tween
as much as100 pl and repeated 6 times. After that, 100 pl of primary
antibody anti-TNF-o (1: 400) was added into assay buffer. Then, the
ELISA plate was incubated at room temperature for 2 hours while being
shaken with ELISA plate shaker.

In the next stage, the plate was washed with a solution of PBS
Tween 0.2% as much as 200 pl for 6 times, and then 100 pl secondary
antibody IGg biotin anti-rabbit (1:800) was added into assay buffer and
incubated at room temperature for 1 hour while being shaken. After
that, the plate was washed again with PBS Tween 0.2% 6 times. Next,
100 pl SAHRP solutions (1:800) were added to the assay buffer and
incubated at room temperature for 1 hour while being shaken. Then,
the solution was washed with PBS Tween 0.2% 200 pl for 6 times.
After that, each was added 100 pl of good substrate sure blue TMB
microwell, incubated for 20-30 minutes in a dark room. At this stage, if
their reaction occurs between the antigen and the antibody, the solution
would turn blue. The solution that was previously blue would turn ye-
llow. The sample was analyze by using an ELISA reader at a wavelength
of 450 nm., and the levels of TNF-o protein of each sample would be
observed eventually.

Examination of the Expression of TNF-c. Protein. The examination
of the expression of TNF-o. protein used the western blotting method
(Young & Hongbao, 2010). The examination of TNF-o protein expression
was preceded by the examination of SDS-PAGE, namely by performing
electrophoresis on the samples of protein standard broad range (Bio-
lab). The gel, the results of SDS PAGE, was soaked in 100 mL deionized
water (pH 7.0) for 5 minutes. Then the gel, NC membrane, and sponge
were soaked in transfer buffer for 5 minutes. Furthermore, it was arran-
ged sequentially in each well: black able, sponge, two sheets of filter
paper, gel, NC membrane, 3 pieces of filter paper, sponge, and white
able. Then it was put into the chamber, electrified from the negative to
the positive pole (100 volts, 120 minutes). Furthermore, the NC mem-
brane was rinsed with deionizing 3 times, and immersed in blocking
buffer (5% BSA), and incubated at 4°C overnight. NC membrane was
washed with TBS 0.2% Tween 3 times for 5 minutes and added anti-
bodies in TBS BSA 1%. It was incubated for 2 hours and shaken. After
that, the gel was washed with TBS-Tween 0.2% 3 times for 5 minutes.
Then IgG biotin anti-rabbit was added in TBS, incubated for 1 hour and
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shaken. It was washed again with TBS-Tween 0.2% for 3 times for
5 minutes, and SAHRP was added in TBS, incubated for 1 hour and
shaken. After that, it was washed with TBS-Tween 0.2% 3 times for 5
minutes. After that, the TMB substrate was added to the membrane for
15-30 minutes until the ribbon on the membrane emerged. Stop the
reaction with distilled water.

Data analysis. The data were analyzed descriptively to describe the
activation, concentration, and expression of TNF-c. protein and to deter-
mine the effect of the concentration of heavy metals Cd on the concen-
trations of TNF-a protein. Inferential statistical analysis one-way ANOVA
followed by Duncan test (p <0.05) was performed to determine whether
there were statistical differences between the mean concentrations of
TNF-a protein in D. setosum.

RESULTS

Activation of TNF-o Protein Diadema setosum due to heavy me-
tal exposure. The results of the immunohistochemical assay on the
liver tissue of D. setosum using rabbit anti-TNF-a antibodies (Fig. 1)
show that TNF-a activated cells were brown, while the cells that are
not activated TNF-o were blue. The cells undergoing the activation of
TNF-a protein seem to spread and form clusters of cells. This brown
cell morphology reflects the activation of TNF-a protein that occupies
the cytoplasm and the nucleus of D. setosum liver cells. It can be seen
that the higher the concentration of Cd exposure can affect liver cells so
that the cell is brown. This brown color shows the activation of TNF-o
protein. This means that the concentration of heavy metal Cd tends to
increase the activation of TNF-o. protein.

Concentration and Expression of TNF-o. Protein Diadema setosum
due to heavy metal exposure. The concentration of TNF-a. protein by
ELISA reader (Table 1) measurement showed an increase in concentra-
tion with the increasing exposure to heavy metals Cd. It can be seen
that the levels of TNF-a protein concentrations increase from low to
high, that is, in basin 1 <2 <3 <4 <5 <6. On the other hand, the results
of the analysis of variance (Table 2) indicate that the concentrations of
Cd show a significant influence on the concentration of TNF-o protein
in the liver of D. setosum, with the value of F = 7.961 and p=0.000. In
addition, the results of Duncan test with a=0:01 (Table 3) show that
there is a significant difference in the concentrations of heavy metals
Cd of 0.0 (control), 1.0, 3, 0, 6.0, 9.0, and 12.0 pg/L Cd on the concen-
tration of TNF-av protein in the liver of D. setosum.

Table 1. The mean concentrations of TNF-a protein in 6 treatment ba-
sins of the concentration of Heavy Metal Cd

Heavy metals Cd The mean concentrations of TNF-a. protein

concentration at 6 (ng/ml)
treatment basins (ug/L) Mean Standard deviation
0.00 (Control) 152.60 24.50
1.0 167.83 19.73
3.0 212.36 65.45
6.0 227.60 72.51
9.0 239.74 55.06
12.0 297.71 37.83
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Figure 1. The results of immunohistochemical smearing using rabbit anti-TNF-o. antibody in liver tissues of Diadema setosum. Observations with Olympus microscope
slides for shooting four dots with 400x magnification zoom. Image with Notation: A) control; B) concentration of 1.0 pg/L Cd; C) the concentration of 3.0 pg/L Cd; D)
concentration 6.0 pg/L Cd; E) concentration of 9.0 pg/L Cd; and F) concentration of 12.0 pg/L Cd. The arrows show the liver cells where the TNF-X protein is activated

the brown signal.
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Table 2. The results of ANOVA, effect of heavy metal Cd concentration on the TNF-o. protein concentration in the liver of D. setosum

Source variance Sum of squares  df Mean square Value F  Sig. (P-value)
Concentration TNF-o protein ~ Between Groups 96096.826 5 19219.365 7,691 .000
Within groups 89964.584 36 2499.016
Total 186061.410 41

The observed differences in the group of Cd concentration levels
showed the effect of the exposure of Cd concentration levels on the
concentrations of TNF-a protein in the liver of D. setosum. The con-
centration of Cd significantly increases the concentrations of TNF-o
protein. This shows that the higher the concentration of Cd exposed
can increase the concentration of TNF-o protein of the D. setosum. On
the other hand, the expression of TNF-o. protein based on the results
of western blotting test (Figure 2) revealed that the TNF-o. protein was
colored by the rabbit anti-TNF-o. antibody with the molecular weight of
33.57 kDa if the protein tape is the TNF-a protein. Figure 2 also showed
increased expression with higher exposure to the concentration of hea-
vy metals Cd.

3

144

35

54

24

13

Table 3. Duncan test results of the ANOVA there is a significant effect
of the concentration of heavy metals Cd on the concentration of TNF-o
protein in the liver of Diadema setosum

The mean concentrations
of TNF-a protein in liver
of D. setosum

Concentration of

heavy metals Cd Notation Duncan

0.00 (control) 1.52595E2 a

1.0 1.67833E2 ab
3.0 2.12357E2 ab
6.0 2.27595E2 abc
9.0 2.39738E2 bc
12.0 2.97714E2 c
- s 6

<+ 137Tda

Figure 2. TNF-o. protein expression by western blotting test on the liver of Diadema setosum at 6 treatment basins of heavy metal Cd concentration. The gel results
of electrophoresis SDS-PAGE were performed western blotting test, that is, buy incubating it with monoclonal antibody rabbit anti-TNF-c. as a primary antibody and
secondary rabbit anti IgG biotin. Shown in the top row of the concentration levels at 6 treatment basins, the purplish-brown tape is TNF-a. protein marked with arrows.

M: marker, 1 to 6: Cd concentration at 6 treatment basins.
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DISCUSSION

The concentration of Cd which became higher caused changes in cell
tissue, and it was related to the protective strategy of D. setosum to
combat stress due to the accumulation of Cd. This is evidenced by the
growing activation of TNF-a protein of D. setosum with the higher con-
centrations of heavy metals Cd. It has been shown that the induction
of Cd can trigger histopathological changes and cause disturbances in
the lipid composition so that the macrophages will release TNF and in-
creases oxidative stress in the liver organ (Faix et al., 2005; Smiri et al.,
2010). Besides, cadmium can lead to osteoporosis, and it is generally
deposited in the liver, kidney and damage the functioning of the brain,
lungs (Ohta et al., 2000; Johri et al., 2010; Jaishankar et al., 2014).

In the present study, we found a remarkable increase in the TNF-o
levels in the D. setosum tissue of the liver after Cd exposure. Quantita-
tively, the ELISA test (Table 1) shows that the concentrations of TNF-a.
protein increase along with the increasing exposure to the concentra-
tion of Cd. Semi quantitatively, the western blotting test (Fig. 2) shows
that the expression of TNF-a protein increases along with the increa-
sing exposure of the concentration of Cd. This means that the higher the
concentration of TNF-a protein effected the thicker the tape showing
the expression of the protein. The concentration of the TNF-o. protein
at the concentration (of 12 pg/L Cd) treatment was the highest, which
was almost 5 times compared to the controls, with the highest level of
expression. The description of the expression of TNF-a. protein based
on western blotting is following each concentration of the TNF-o. pro-
tein recorded, and consistent with these findings is that the metals may
affect the expression of TNF-o. and, hence, disturb the cell metabolism
of organisms (Marth et al., 2001). On the other hand, Cd exposure also
significantly elevated the level of TNF-a in the intestine of microbiota
(Liu et al., 2014). This means that Cd addition has an anti-proliferative
and anti-inflammatory effect when associated with TNF-o stimulation.
According to Goetz et al. (2004) and Min et al. (1998), TNF-a. is involved
in a variety of cellular activities as cell proliferation, differentiation, and
cell death. In addition, the results of the analysis of variance (Table 2)
showed that the concentrations of heavy metals Cd had a very signifi-
cant effect (p <0.05) on the concentration of TNF-o protein in the liver
organ of D. setosum, which is consistent with this finding is that lead
metal causes a significant increase in the levels of TNF-a. and caspa-
se-3 in the liver when compared to controls (p <0.05) (Ponce-Canchi-
huaman et al., 2010). On the other hand, Cd exposure significantly in-
creased plasma TNF-o. and IL-6 levels in mice (p < 0.001) compared to
normal mice (Alghasham et al., 2013). Besides, the increased oxidative
stress causes interference with the permeability of the mitochondrial
membrane, causing the cytochrome-c release from mitochondria to the
cytoplasm so that it binds to Apaf-1, and activates the cascade, which
causes cell death (Chu, 2013; Gulbins et al., 2003; Reed, 2000).

The concentration and expression of TNF-a protein as a molecular
response was caused by the accumulation of heavy metal Cd. Kerss-
haw & Flier (2004) explained that TNF-o is a cytokine produced by
macrophage cells and if the levels within the cell increase, they can
be associated with the mechanism to suppress the oxidation process
in the liver.

The exposure to Cd increases the production of TNF-a, and it is
associated with the molecular response in the form of activation, ex-
pression, and concentrations of TNF-a. D. setosum which caused by
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the exposure to Cd. Abbas et al., (2000) described that when the cells
undergoing severe infection, TNF-a is produced in large quantities and
can cause a pathological state. The results in the form of concentration
and expression of TNF-o protein are a biomolecular response due to
the exposure to heavy metals Cd. The response is a defensive mecha-
nism against oxidative stress caused by exposure to heavy metals Cd.

The results of the study revealed that the higher the concentration
of heavy metals Cd exposed can increase the macrophage cells produ-
ce TNF-a so that the concentration and expression of TNF-a protein
in the cell. The increased TNF-o. triggers the formation of NO (nitric
oxide) by activating iNOS to convert L-arginine into 2 NO molecules and
causes oxidative stress (Gulbins et al., 2000; Machida et al., 2006). This
proves that the concentration and expression of TNF-o. protein can be
molecular markers of oxidative stress caused by the exposure to heavy
metals Cd on D. setosum can be used as biomonitoring species of hea-
vy metals Cd in the waters.

CONCLUSION

Biomolecular response in the form of activation, concentration, and the
expression of TNF-a protein in the liver of D. sefosum due to the expo-
sure to heavy metals Cd showed that concentration of TNF-a. protein in-
creased when the concentration of heavy metals Cd exposed increased.
The occurrence of the increased expression with higher exposure to
the concentrations of heavy metals Cd was characterized by the ticker
tape of TNF-a. protein based on the results of western blotting test. The
research results on the concentration and expression of TNF-o protein
could serve as a biomonitoring model of the exposure to heavy metals
Cd at the molecular level using D. setosum as biomonitoring species.
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ABSTRACT

Background: Pterois volitans Linnaeus 1758 is an invasive exotic species established in the Atlantic and Cari-
bbean, threatening the native marine biodiversity. It has led to reduced recruitment and biomass of small reef
fish of ecological interest, altering the fish community structure by reducing the number of herbivores. In Cuba,
it was first reported in 2007. Goals: This research aims to characterize the reproductive biology of P volitans
in the western part of the Baconao Biosphere Reserve, in southern Cuba. Methods: Sampling was carried out
monthly from April 2012 to May 2013 (n = 535 fish). Total length (L, cm), total mass (M,, g), and weight of the
liver, gonads, and abdominal fat were recorded for each individual. To analyze spawning, the gonadosomatic (/,)
and hepatosomatic indices (/) were determined. Results: Mean size and weight of adults were 26.8 cm and
290.9 g, respectively. The size structure revealed that females are dominant in lengths of 22-31 cm, whereas
males dominate from 31 cm onwards. The sex ratio was 1:1. , showed seasonal spawning peaks between
March and May 2013. No significant differences were observed amongst monthly means, but /, monthly means
and monthly rates of abdominal fat showed significant differences. The size at first maturity was 30.07 cm in
males and 26.2 cm in females. Conclusions: The results of this study suggest that the lionfish P, volitans shows
an asynchronous reproductive cycle characterized by high gonadal index values during the breeding season
and an inverse trend of |, and |, suggesting that the liver and body fat store nutrients for use in reproduction.

Key words: gonadosomatic index, invasive exotic species, size of first maturity, protected areas, sex ratio.

RESUMEN

Antecedentes: Pterois volitans Linnaeus 1758 es una especie exotica invasora establecida en el Atlantico y
el Caribe que amenaza la biodiversidad marina nativa. En consecuencia, su presencia ha reducido el reclu-
tamiento y la biomasa de los peces pequefios del arrecife de interés ecoldgico, alterando la estructura de
la comunidad al reducir el namero de herbivoros. En Cuba, se informd de su presencia por primera vez en
2007. Objetivos: Esta investigacion tiene como objetivo caracterizar la biologia reproductiva de P, volitans en
la zona occidental de la Reserva de la Biosfera Baconao, costa sur oriental de Cuba. Métodos: El muestreo
se realizo mensualmente de abril de 2012 a mayo de 2013 (n = 535 peces). A cada pez capturado se le
registro la longitud total (L, cm), peso total (M,, g), peso del higado (g), gonadas (g) y grasa abdominal (g).
Para analizar la época de desove, se determinaron los indices gonadico-somético (/) y hepatico-somatico
(1). Resultados: La talla promedio fue 26.8 cm con un peso medio de 290.9 g. La estructura poblacional,
revela que las hembras son dominantes en longitudes que van desde 22-31 cm y los machos a partir de los
31 cm. La proporcion de sexos fue de 1: 1. EL /, mostrd picos estacionales de desove, entre (marzo y junio),
aunque no se encontraron diferencias significativas entre las medias mensuales, pero si entre las medias
mensuales del /, y el indice de grasa abdominal. La talla de primera madurez se determind en los machos de
30 cm y en las hembras de 26.2 cm. Conclusiones: Los resultados de este estudio indican que el pez Leén
P. volitans tiene un ciclo reproductivo asincronico, con altos valores del indice gonadosomatico durante el
periodo reproductivo y con una tendencia inversa con el £,y el I, lo que sugiere que el higado y la grasa del
cuerpo contienen nutrientes que se utilizan durante el periodo reproductivo.

Palabras claves: indice gonadosomatico, especies exoticas invasoras, talla de primera madurez area pro-
tegidas, proporcion de sexos.
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INTRODUCTION

The invasion of lionfish Pterois volitans Linnaeus, 1758 and P miles
(Bennett, 1828) in the northwest Atlantic and the Caribbean is one of the
fastest invasions of marine fish recorded in history (Morris et al., 2008).
These species are considered as established in these seas (Morris et
al., 2009; Schofield, 2009; Schofield, 2010).

Lionfish are a major concern for managers of marine protected
areas, governments, and local communities, and their impacts as pre-
dators affect the reef fauna, particularly the fish community (Albins &
Hixon, 2008). P, volitans is far more abundant than P miles; therefore,-
current research is focused on the former species. It has been determi-
ned that the lionfish is able to cause a 79% reduction in the recruitment
of forage fish (Whitfield et al., 2007), which play a key role contributing
to maintain the equilibrium in the algae-coral relationship. Meanwhile,
Green et al. (2012a) reported biomass reductions in 65% of 42 species
of small reef fish. Other authors have also documented the predatory
impact of this species on the reef (Green & Coté, 2009; Brown et al.,
2009; Santander-Monsalvo et al., 2012). From the economic viewpoint,
impacts of lionfish are expected on fisheries and in the reduction of reef
fish that are major attractions for tourism, thus deserving evaluation.

The first confirmed record of lionfish in Atlantic waters occurred
in Florida, where a specimen was collected in October 1985 (Morris &
Akins, 2009). Since 1992, lionfish were observed in Palm Beach, Boca
Raton, and Miami, Florida; since 2000, they were recorded in North
Carolina, South Carolina, Georgia, and Bermuda (Whitfield et al., 2002;
Hare & Whitfield, 2003; USGS, 2004; Reef, 2008). The species conti-
nued to expand rapidly in the Atlantic and the Caribbean (Schofield,
2009) as well as in the Gulf of Mexico (Brown & Ruiz-Carus, 2006;
Aguilar-Perera et al., 2012; Santander-Monsalvo et al., 2012).

In Cuba, lionfish were first reported in 2007 off the coast of Santia-
go de Cuba, near the Aquarium of Baconao (Chevalier et al., 2008), and
rapidly colonized the rest of the coast, to the extent that since 2010, it
was considered as a well-established species in the country.

The seasonality of lionfish reproduction throughout its natural ran-
ge is unknown (Morris et al., 2008). Ruiz-Carus et al. (2006) stated that
this species may have been breeding in Florida during the first months
of the year; their rapid colonization of other areas led to suspect that
reproduction may occur throughout the year under suitable conditions
(Morris et al., 2009).

Therefore, this study was designed to fulfill the scarce information
on the breeding process of lionfish in Cuba and the need to address
recommendations to control their populations aiming to minimize their
impacts on local reefs. Specific goals were to determine (1) seasonality
of spawning, and (2) minimum recruitment size at first reproduction.
With these results, we expect to provide data that will support the de-
velopment of proposals to address lionfish management in the Baconao
Biosphere Reserve.

MATERIALS AND METHODS

Study area. The selection of the study area followed criteria based
on the monitoring protocol for the study of lionfish in Cuba (Acuario
Nacional de Cuba, 2011). A site encompassing 10 km of coastline in
the eastern sector of the Baconao Biosphere Reserve was selected (Fig.
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1), including the Siboney-Jutici Ecological Reserve, one of the five core
conservation areas of this biosphere reserve. As sampling biotope (1
km scale), spur and groove sites of coral reef were selected ata 0.1 km
scale, considering access to the coast.

This area is characterized by a coast of tectonic origin, with no pla-
tform, but with abundant submarine terraces, where coral reef grows
at short distance from the coastline (100-200 m in some areas). The
surface sea current runs from east-to-west with a maximum speed of
50 cms™. Salinity is stable, with values slightly above 36 ppt (lonin et
al., 1977). Sea surface temperature fluctuates around 27.6°C across
the entire area (Garcia, 1989).

Capture method. Sea lionfish catches were performed on a monthly
basis, from April 2012 until May 2013; the only exception was Novem-
ber 2012 because of the impact of Hurricane Sandy in Santiago de
Cuba. Catches were carried out with scuba-diving equipment at 15 to
30 m depth by dive computer Mares Puck Pro®. Fish were collected by
speargun fishing, and all the animals sighted during diving were cau-
ght, regardless of fish size. On the surface, fish were placed in a cooler
chest and transported to the laboratory at the Siboney-Jutici Ecological
Reserve, where they were kept refrigerated and processed within 24
hours.

Data collection. Total length (L,, cm) of each fish was measured with
a board to the nearest 1 cm. Total weight (M,, g) was recorded with a
dynamometer to the nearest 1 g (= 1 g weight error). Then, fish were
dissected by following the procedures detailed in Green et al. (2012b).
The Kruskal-Wallis test was run to test for differences between monthly
medians of both total length and total weight. The significance level
applied was a=0.05. The weight of gonads, liver, and fat were recorded
with an analytical balance (to the nearest 0.001 g). The U Mann-Whit-
ney test was used to explore the statistical significance of differences
in size between males and females. A Chi-square test (o. = 0.05) was
used to determine significant differences between months.

Data processing to determine the breeding season. To determine
the breeding season, the gonadosomatic index was calculated using
the following equation:

I, = (M, / M) 100 (Maddock & Burton, 1998).
where:

|, = Gonadosomatic index.

M, = Weight of both gonads (g).

M, = Total weight without stomach content (g).

Mean monthly 1G values were plotted to determine the peak of
spawning, when this index decrease in an annual cycle.

The hepatosomatic index (/) was used as a quantification of cycli-
cal changes in accumulation of reserves.

f,= (LM /M.) 100 (Maddock & Burton, 1998)
where:

|, = Hepatosomatic index

LM = Liver weight (g)

M, = Total fish weight (g)

Hidrobiol6gica
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Figure 1. Study area in the Baconao Biosphere Reserve, south-eastern coast of Cuba.
Oeste; 6. Jutici Este; 7. Caballo Blanco; 8. La Cantera; 9. Playa Siboney; 10. Bucaner

Additionally, a body fat index was determined, as this is a reserve
substance that accumulates before the onset of breeding; the following
formula was applied:

.= (MF/M,) 100

where:

I = Fat somatic index

MF = Weight of fat (g)

M, = Total weight of fish (g)

Data processing of average size at maturity. Organisms in the ma-
turity, spawning and post-spawning stages (It was determined based in
GDS 1l, IV, V, and VI according to Morris et al. (2011) and Priyadharsini
et al. (2013), regardless of sex) were used to estimate the size at first
maturity (L) defined as the length at which 50% of organisms are
sexually mature. Results were plotted and fitted to a logistic function
not linear (Gaertner & Laloe, 1986; Sparre & Venema, 1997).

1

1+ C;vb‘Ll

P =

H

Where:
H L Percentage of sexually mature individuals corresponds to:

Lys=a/b (2
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. 1. Aguadores Este; 2. Sardinero Oeste; 3. Sardinero Este; 4. El Mangle; 5. Jutici
0; 11. Playa Juragug; 12. Playa Damajayabo.

RESULTS

We caught a total of 535 individuals with an average size of 26.8 (stan-
dard deviation SD = 2.1 cm). The mean total weight was 290.6 g (SD
=197.6). The largest and smallest fish caught were 42.2 cm and 13.8
cm, respectively. In general, individuals over 35 cm were found at dep-
ths greater than 30 m, while fish under 10 cm were observed at depths
of less than 10 m. To note, the latter were not collected.

The Kruskal-Wallis test showed significant differences between the
monthly medians of total length (K-W = 58913, p< 0.001) and total
weight (K-W = 53936, p< 0.001). Females had a mean total length of
24.7 cm (SD = 3.9) and a mean weight of 207.8 g (SD = 96.1); males
reached a mean length of 29.5 cm (SD = 6.1) and a mean weight of
382.1 g (SD = 231.3). The largest fish caught was a 42.3 cm long male
weighing 1600 g, while the smallest (undifferentiated) measured 13.8
cm and weighted 10 g.

The microscopic examination of all fish caught showed that 218
fish were females and 233 were males; however, sex could not be de-
termined in 84 fish (Fig. 2). In the remaining specimens, gonads were
either damaged or immature, thus precluding the identification of the
sex. The Chi-square test (X*> = 0.499, p = 0.480) showed a 1:1 (F:M) sex
ratio; only in May 2012, when 27 males and 13 females were sampled,
there was a significant difference (X = 4.225, p = 0.03983).
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Figure 2. Number of lionfish captured during the sampling period. Baconao Biosphere Reserve, south-eastern coast of Cuba. April 2012 to May 2013.

The size structure by sex revealed that females were mostly in the
22-31 cm size range, while males dominate from 31 cm onward (Fig.
3). In this regard, significant differences in size between males and
females were found (U Mann-Whitney: U = 18161.00 [L ], U =13157.50
[M]; p< 0.001).

Breeding season.The female Gl values show a small decrease from
April to June 2012 (4.5 to 2.8) and from March to May 2013 (5.6 to
3.9), which indicates reproductive activity. Males and undifferentiated
were not considered since they did not show significant variation (Fig
4 A). Opposite trends were observed between the hepatosomatic index
(1) and the body fat index (k) (Figs. 4 B y C), as well as between each
of these two indices with /,, during spring and summer; also, significant
differences were observed in this indices throughout the study period
(X2(})= 82.693, p< 0.001; X* (k)= 54.818, p< 0.001).

Recruitment size at reproduction.The size at first maturity of fema-
les was 26.2 cm (a= 11.406; b=0.4352); for males, it was 30.07 cm
(@=10.94; b=0.36). The smallest mature female was 17.5 cm; the sma-
llest male, 17.9 cm (Fig. 5).

DISCUSSION

Mean total length of the fish caught during this study is similar to the
mean value reported in the reefs of Santa Marta, Colombia (24.8 cm;
Gonzalez et al., 2011). On the other hand, Froese and Pauly (2018) re-
ported a maximum length of 35 cm, which is lower than the length

of the largest fish caught in this study (42.2 cm), and similar to the
maximum length reported by Baker et al. (2004) in North Carolina (43
cm). The observations in this work highlight the presence of small fish
at shallow depths and larger fish at deeper depths, suggesting segre-
gation according to size across the water column, which opens up a
new line of research for future studies. Similarly, the predominance of
females in sizes between 15-28 cm at a depth around 25 m suggests
a possible bathymetric segregation by sex, as males >30 cm in length
prevail beyond 30 m depth, as observed in Turks and Caicos Islands,
Bahamas, and in Roatéan, Honduras (Claydon et al., 2012; Babour et al.,
2010; Biggs & Olden, 2011).

Variations in /, values suggest an asynchronous reproductive cy-
cle, which is consistent with the findings reported by Morris (2009) in
waters of North Carolina, South Carolina, and the Bahamas. This re-
productive profile partially explains the rapid dispersal, invasion, and
colonization of lionfish in the Caribbean and Atlantic, as a result of the
favorable environmental conditions (Morris, 2009; Morris et al., 2011).
These include the presence of abundant food for adults, ensuring gonad
development at a proper temperature (27.6 °C) (Garcia, 1989) in the
study area, known to have a positive effect on reproduction in this spe-
cies. This temperature is well above the temperature limiting the deve-
lopment of this species, as determined by Kimball et al. (2004) (feeding
stops at 16.1 °C; 10 °C is lethal). A factor closely related to temperature
is photoperiod, also showing little variation in tropical latitudes; both
factors contribute to constant food availability (https://searchworks.
stanford.edu/view/1077428).

Hidrobiol6gica
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Figure 3. Distribution of sexes by size class. Baconao Biosphere Reserve, south-eastern coast of Cuba. April 2012 to May 2013.

The peak in reproductive activity in winter was reported previously
in Florida waters by Ruiz-Carus et al. (2006). When these spawning
seasons is compared with reports for the natural range of lionfish in
the southeast coast of India in August (Priyadharsini et al., 2013), an
important difference of 4-7 months emerges, which may be an adaptive
response of this species to conditions in Cuban waters.

The opposite trends of /, and /. values during the months when
lower [, values were recorded may be explained by the accumulation
of reserves, mainly lipids and vitellogenin, the yolk precursor stored in
oocytes during vitellogenesis (Love, 1970; Van Bohemen et al., 1981).
In this study, /, and /, apparently do not follow an opposite trend, with
both decreasing as a result of reproduction. This is assumed to happen
as a consequence of a surplus energy reserve, thus allowing lionfish
not to deplete its reserves. This is supported by the fact that lionfish
is iteroparous, so the liver does not play a major role, contrasting with
species inhabiting in limiting environments that impose the need to sto-
re reserves to cope with starvation periods (Love, 1970; Van Bohemen
et al., 1981; Saborido-Rey, 2008). To determine whether this statement
is actually true would require performing bioenergetic studies. The sta-
bility of CF throughout the study period regardless of the reproductive
stage reflects favorable conditions for lionfish, i.e., abundant food and
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absence of predators, allowing them to maintain a constant physiologi-
cal performance throughout the whole year (Morris et al., 2011).

As regards the size of recruitment to the reproductive stock, the si-
zes at first maturity observed in the present study (26.2 cm for females
and 30.07 cm for males), are larger than those by reported by Morris
(2009) for North and South Carolina, Bahamas, and the Philippines, i.e.,
a size of first maturity of 17.5 for females and 10 cm for males in pooled
samples of the three locations. The smallest female with reproductive
activity reported in this study (17.5 cm) is similar to the size reported by
Morris (2009) (17.2 cm), but differs from values reported by this same
author for lionfish from North and South Carolina (15.8 cm) and the
Bahamas (9.8 cm). In the case of males, the values reported by Morris
(2009) for North (13.2 ¢cm) and South Carolina (10.5 ¢cm), the Bahamas
and the Philippines (10 cm) differ from those recorded in the present
study (17.9 cm). These differences may be explained as a response to
fishing pressure by reaching maturity at smaller sizes.

The findings in this study suggest that the lionfish, P volitans,
shows an asynchronous reproductive cycle characterized by high go-
nadal index values during the breeding season and an inverse trend of
I, and I, suggesting that the liver and body fat store nutrients for use
in reproduction.
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ABSTRACT

Background. The mangrove Avicennia bicolor was first recorded in Mexico in 1946, however until now there
is no basic information about its distribution supported by herbarium specimens. Goals. Three recent records
of A. bicolor are provided at a new location in Mexico on the coastal wetlands of the Gulf of Tehuantepec,
Chiapas; and the information about its known records on the American Pacific is summarized. Methods.
Plant specimens were collected, which then, were dried, corroborated and deposited in four national herbaria.
In the field, some structural attributes of the mangroves were determined such as density, basal area and
height. A database and publications of species records were reviewed to preliminarily analyze their known
distribution in the Pacific. Results. In Mexico, A. bicolor has been recorded only on the coastal wetlands of
Mar Muerto and Los Patos-Solo Dios. The preliminary ecological diagnosis showed its presence in relatively
dense stands (234 + 86 trees ha™") and with high structural development (basal area: 16.1 m?ha™, height:
13.9 m). Although its presence is apparently conspicuous in several localities of Panama and Costa Rica,
data on the species in the coastal strip between the Gulf of Fonseca and the Gulf of Tehuantepec is lacking.
Conclusions. The importance of these records is evident, considering the scarce information available on A.
bicolor and its restricted distribution in Mexico. We consider it appropriate to increase the ecological studies
in its distribution area and give it protection through its inclusion in the Official Mexican Standard (NOM-059).

Key words: mangrove, distribution, Chiapas, Gulf of Tehuantepec, NOM-059

RESUMEN

Antecedentes. El mangle Avicennia bicolor fue registrado por primera vez en México en 1946, sin embargo,
hasta ahora se carece de informacion basica sobre su distribucion respaldada en ejemplares de herbario.
Objetivos. Aportar tres registros recientes de A. bicolor en una nueva localidad para México en humedales
costeros del Golfo de Tehuantepec, Chiapas y resumir la informacion sobre sus registros conocidos en el Pa-
cifico americano. Métodos. Se recolectaron ejemplares botanicos, los cuales fueron herborizados, corrobora-
dos y depositados en cuatro herbarios nacionales. En campo se determinaron algunos atributos estructurales
de los manglares (densidad, area basal, altura). Se revis6 una base de datos y publicaciones de registros de
la especie para analizar preliminarmente su distribucion conocida en el Pacifico. Resultados. En México, A.
bicolor se ha registrado unicamente en los humedales costeros de Mar Muerto y Los Patos-Solo Dios. El diag-
ndstico ecoldgico preliminar demostrd su presencia en rodales relativamente densos (234+86 arboles ha™)
y con elevado desarrollo estructural (area basal: 16.1 m? ha™'; altura: 13.9 m). Aunque su presencia es apa-
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rentemente conspicua en varias localidades de Panama y Costa Rica,
se carece de datos sobre la especie en la franja costera comprendida
entre el Golfo de Fonseca y el Golfo de Tehuantepec. Gonclusiones.
Se evidencia la importancia de estos registros, considerando la escasa
informacion disponible y su restringida distribucion en México. Consi-
deramos congruente incrementar los estudios ecoldgicos en su area
de distribucion y darle proteccion mediante su inclusion en la Norma
Oficial Mexicana (NOM-059).

Palabras clave: manglar, distribucion, Chiapas, Golfo de Tehuantepec,
NOM-059

Mangroves are tree and shrub communities that occupy intertidal
zones of tropical and subtropical regions. The few species that com-
pose this group display distinctive morphological, physiological and
ecological traits that make them adaptable to the coastal environment
dynamics (Hogarth, 2007; Tomlinson, 1995). Mangroves are highly pro-
ductive ecosystems, they provide several environmental services; in-
cluding protection from coastal erosion, sediment trapping and they are
efficient carbon sinks, also, they work as nursery and feeding areas for
many fishery species (Sanjurjo-Rivera & Welsh-Casas, 2005; Polidoro
et al., 2010; Donato et al., 2011). In Mexico four species of mangro-
ves are widely distributed in both the Atlantic and the Pacific coasts:
Rhizophora mangle L. (Red Mangrove; Rhizophoraceae), Avicennia ger-
minans Jacq. (Black Mangrove; Acanthaceae), Laguncularia racemosa
Gaertn. (White Mangrove; Combretaceae) and Conocarpus erectus L.
(Button Mangrove; Combretaceae) with two varieties (erectus and seri-
ceus) (Lopez-Portillo & Ezcurra, 2002; Pennington & Sarukhan, 2005).
Additionally, in the state of Chiapas the presence of Rhizophora harri-
sonii Leechman (considered a natural hybrid between R. mangle and
R. racemosa G. Mey.) and Avicennia bicolor Standl. (Salty Mangrove)
has been reported (Moldenke, 1960; Rico-Gray, 1981; Lot et al., 2015).

Avicennia bicolor is a native mangrove of the Central American
Pacific and found in the restricted areas between Buenaventura Bay
in Colombia and the southern Mexican Pacific coast (Jiménez, 1990,
1994; Tomlinson, 1995; Duke, 2010). Avicennia bicolor and A. germi-
nans can occur in mixed stands and can be easily distinguished by
morphological characteristics (leaves and inflorescence arrangement)
(sensu Gibson, 1970; Tomlinson, 1995). Microsatellite data suggests
that a contemporary genetic isolation between the two species exists
(Nettel et al., 2008).

The following is a dichotomous key to differentiate the two species
of Avicennia present in Mexico (Tomlinson, 1995).

1. Corolla conspicuously hairy within, appreciably zygomorphic, sta-
mens slightly to appreciably unequal.............ccccoveee.. 2

2A. Flowers 10-15 mm long and almost as wide at anthesis, sta-
mens excerpted and only slightly unequal; style long, excerp-
ted from calyx when corolla is shed. Fruit distinctly beaked,
glaucous, surface rough but not pitted. Leaf ovate to elliptic at
most. Widely distributed from the Pacific and the Gulf of Mexico
COASHS.....vevevrrrerreinns Avicennia germinans

2B. Flowers 5—6 mm long and about as wide at anthesis; stamens
included and markedly unequal, with a short filament (0.5 mm)
on the inner pair and a longer filament (1 mm) on the outer pair;
style short, either deciduous or not excerpted from calyx when
corolla is shed. Fruit blunt, globose, greenish yellow, surface
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irregularly pitted. Leaf blade oblong, elongate, often less than
three times as long as wide. Restricted distribution in Chiapas
(Mexico) and Central American Pacific coasts............ccccevevenee.
Avicennia bicolor

Records of A. bicolorin Mexico are particularly scarce. Its occurren-
ce has been cited without location data (e.g., Lopez-Portillo & Ezcurra,
2002; Rodriguez-Zufiga et al., 2013) or valid specimens, generating
uncertainty on the actual occurrence and on its distribution in the coun-
try. The aim of this note is to report three recent records of A. bicolor
in the state of Chiapas. Also, we provided data on the mangrove com-
munity structure with emphasis in A. bicolor and the general characte-
ristics of its habitat. Additionally, information gaps of the species were
determined through an analysis of its records in the Central American
Pacific.

Previous records. The Japanese botanist Eizi Matuda collected the
first record of A. bicolor in Mexico in 1946. This specimen collected in
Paderon [sic], Chiapas (16° 2" 25.5” N, 093° 51" 59.91” W approxima-
tely) was deposited in the U.S. National Herbarium (US 1889845; we
revised photographs of this specimen in April 10, 2015). A second spe-
cimen was collected after 40 years later, on the east of the Mar Muerto
coastal lagoon (Chiapas state) during an ungraduated research project
in 1987 (see section material examined) (Gallegos & Gomez, 1989). The
information provided by the mangrove forests inventory made on the
coasts of Chiapas and Oaxaca (Tovilla-Hernandez et al., 2007; 2010)
suggests that A. bicolor is found in some sites on the northeastern of
the Gulf of Tehuantepec, Mexico (Fig. 1).

Recent records. Avicennia bicolor stands were in the Mangrove Prio-
Chiapas (CONABIO-PS28; Rodriguez-Zuiiga et al., 2013). In this new
locality, forest structure parameters (DBH> 2.5 ¢cm, density height, basal
area) were determined in three plots (300 m?) where A. bicolor was
found. In April 2015 and November 2016, we collected specimens using
standard field and herbarium techniques (Lot & Chiang, 1986), and for
botanical determination, we used the keys of Gibson (1970) and Pool
& Rueda (2001). Herbarium specimens were deposited at MEXU (Na-
tional Herbarium, Universidad Nacional Autdnoma de México), UAMIZ
(Metropolitan Herbarium “Dr. Ramodn Riba y Nava Esparza”, Universidad
Auténoma Metropolitana-lztapalapa), HEM (Herbarium “Eizi Matuda”,
Universidad de Ciencias y Artes de Chiapas) and ECO-SC-H (EI Colegio
de la Frontera Sur-San Cristdbal).

Material examined. Mexico. Chiapas. Municipality of Tonald: Mar
Muerto, Estero Cinco Arrobas, ca. 7.5 km southeast of Paredon, 15°
51"N, 093° 51" W, 28 February 1987, A. Gémez and M. Gallegos, 268
(UAMIZ 32515); Panama. Province of Coclé: On Isla del Pozo in sali-
nas (salt flats) of Rio Estero Salado, 8° 11" N, 080° 30" W, 12 February
1982, S. Knapp, K. Clary and D. Piperno, 3401 (MEXU 378957); Province
of Panama: Punta Chame, 10-15 miles from Pan-American Highway,
8°40°N,79° 45" W, 17 September 1981, S. Knapp, 1244 (MEXU 382325).

Additional material from the new locality. Mexico. Chiapas. Muni-
east of the San José estuary channel and 500 m north of the beach,
15° 43’ 39.50” N, 93° 29’ 50.20” W, S. Santamaria-Damidn 001 and
E. . Romero-Berny, s/n (MEXU, UAMIZ. HEM, ECO-SC-H), 13 April 2015
(Fig.2). Ca. 40 m east of the San José estuary channel and 510 m north
of the beach, 15° 42’ 55.60” N, 093° 28’ 52.70” W, S. Santamaria-
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Figure 1. Map of the Pacific coast of Central America showing georeferenced localities of Avicennia bicolor. Multiple records in close geographic proximity may be
represented by a single symbol. Area of recent records of the species in Los Patos-Solo Dios (Chiapas, Mexico) is represented by a star.

Damign 002 and E. I. Romero-Berny, s/n (MEXU, UAMIZ. HEM, ECO-
SC-H), 15 April 2015. Municipality of Tonala: Los Patos-Solo Dios lagoon
system, ca. 50 m south of the La Ceiba fishing pier, 15° 45’ 30.66" N,
093° 31’ 48.74" W, S. Santamaria-Damian 003 and E. /. Romero-Berny,
s/n (HEM, ECO-SC-H), 18 November 2016.

Tree community structure. In Los Patos-Solo Dios lagoon system,
mean density of A. bicolor trees (DBH> 2.5 cm) was estimated at
234+86 trees ha'. Average basal area and mean height were 16.1 m?
ha and 13.9 m, respectively. Avicennia bicolor stands were observed
in an intertidal creek adjacent to the main estuarine channel. These
stands are located to the side of the sandbar that separates the estuary
from the open ocean and it has a surface salinity of 34 psu (dry season,
February 2010). Rhizophora mangle trees occurred at the borders of the
creek (605177 trees ha™') while the A. germinans stands (661+107
trees ha') are surrounding the stands of A. bicolor. The composition
and structure of dry climate mangroves along the Pacific of Central
America show differences among stands in the inland and edge sec-
tions of the forest where the runoff seasonally modifies the patterns of
local drought and salinity, which is evident in A. bicolor- A. germinans
mixed stands (Jiménez, 1990). In general, the communities of A. bicolor
in this new Mexican locality have a more developed forest structure in

Vol. 29 No. 3 » 2019

comparison to those of the Gulf of Fonseca (southeastern El Salvador),
where low values of density, height and basal area are reported (Chi-
cas-Batres et al.,2016).

Distribution records. To summarize the distribution records of A. bico-
lorin the Central American Pacific, we compiled locality data using the
Global Biodiversity Information Facility dataset (GBIF, 2013) and litera-
ture. The search of GBIF returned 176 records with georeferenced data
(including the synonym A. tonduzij). The species has been collected in
seven countries including Mexico. Most records come from Costa Rica
and Panama (Fig 1). However, there are no records north of the Gulf of
Fonseca and the coast of Guatemala, with exception of those mentioned
for Mexico in this note.

In Mexico, this species is restricted to a coastal stretch along the
Mar Muerto lagoon to the Joaquin Amaro-La Conquista dredged chan-
nel (40.3 km). The Mar Muerto record (Pareddn, Chiapas) represents
the northernmost locality for this species in the Eastern Pacific, althou-
gh it is necessary to intensify exploration in the northern region of the
Gulf of Tehuantepec to locate a more precise distribution limit. It is also
advisable to carry out a more complete characterization of its habitat
to determine the environmental drivers that define its distribution and
structural patterns.
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Figure 2. Herbarium specimen of Avicennia bicolor
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Federal laws protect mangrove ecosystems in Mexico; however
there is a gap with respect to A. bicolor, which is not listed in the Offi-
cial Mexican Standard (Norma Oficial Mexicana, NOM-059-SEMAR-
NAT-2001), although the UICN Red List categorized it as Vulnerable
(Duke, 2010; SEMARNAT, 2010). Our records show that A. bicolor is
distributed in a limited but important area in the northern Mesoame-
rica, in relatively dense stands with high structural development. The
mangrove system of Los Patos-Solo Dios lacks conservation status and
is threatened by changes in land use and selective logging (Santama-
ria-Damian et al., 2015). Therefore, it is considered congruent to give
legal protection to the site and necessary to include A. bicolor in the
NOM-059.
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