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Abstract

Trichodesmium erythraeum Ehrenberg ex Gomont is a microalga worldwide distributed in tropical seas. This
filamentous microalga was detected in phytoplankton samples collected in the Protected Natural Area “Parque
Nacional SistemaArrecifal Veracruzano”, and because of its ecological importance, its temporal dynamics was
studied using netsamples (30 um) collected in one year period. Samples were studied with a light microscope
recording the presence, morphological characteristics, life form and relative abundance. Trichodesmium erythraeum
occurred as single filaments and was rare in April 2007 and March 2008; as single filaments from May to August
and December 2007; as single filaments and small aggregates in September 2007 and January 2008; in
aggregates of large size (> 3 mm) and high relative abundance in October 2007; and was absence in November
2007 and April 2008. Although the relative abundance of the species was notimportant comparing with other
members of phytoplankton, its occurrence was frequent with a bloom at the beginning of the north winds period.
The observed temporal dynamics of this microalga in this coral reef region comes up on the alertin the monitoring

red tides programs being implemented in Veracruz coast.
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Introduction

Thichodesmium erythraeum Eherenberg ex Gomont is a
microalga widely distributed in tropical and subtropical seas.
Ecological importance of this species has been recognized: first itis a
diazotrophic (i.e. it fixes nitrogen) nonheterocystous species,
contributing in high proportion to the input of this element into
oligotrophic waters (Berman-Frank et al., 2007; Holl et al., 2007).
The nitrogen fixation requires high quantities of diverse compounds
bound iron (Fe) (Achilles et al., 2003; Berman-Frank et al., 2007),
so availability of Fe is important in oligothrophic waters. Second,
the toxicity of Trichodesmium has been recorded mainly in marine
grazers (Hawser et al., 1992; Preston et al., 1998) and a record
in public health exists (Sato, 1963). Neurotoxic effects have been
observed and the only compound with this effect isolated is a
trichamide which purified have not active effect (Sudek et al.,
2006).

The occurrence of T. erythraeum is known in the Gulf of
Mexico (Capone et al., 1997) and blooms of this species have

been recorded in coasts of Florida (Lenes et al., 2001). Bloomsin
this part of the world, have been suggested that are induced by Fe
entries in the dust from Sahara desert (Lenes et al., 2001). In
coasts of Mexico no blooms of this species have been recorded
but only its occurrence (Figueroa-Torres, 1994; Ortega et al.,
2001; Troccoli et al., 2004).

Approximately seven accepted species of Trichodesmium
exist (Guiry, 1996-2009) and the most frequently species recorded
in the literature are T. erythraeum and T. thiebautii Gomont ex
Gomont. Morphological differences between these two species seem
to be the relationship of diameter:height of cellsin the trichome, being
higherin T erythraeumthanin T. thiebautii. In addition, filament of T.
erythraeumis attenuated usually with a calyptra at the end, while T.
thiebautii does not (Desikachary, 1959). Both species occur in solitary
filaments or in colonial aggregates. Trichodesmium erythraeum forms
fusiform aggregates (tuft) while T thiebautii can form fusiform or
spherical aggregates (puff) (Bebout et al., 1993; Carpenter et al.,
2004).
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Both species may coexist but it seemsto be that T erythraeum
is most abundant in the tropics than T. thiebautii (Carpenter et al.,
2004).

In phytoplankton net samples collected during one year
period (April 2007-April 2008) in the Protected Natural Area “Parque
Nacional SistemaArrecifal Veracruzano” (a coral reef system in the
Southern Gulf of Mexico), the occurrence of Trichodesmium was
detected. As this planktonic cyanophyta has important ecological
implications and its incidence in samples varied between few free
filaments and large aggregates, | decided to follow its prevalence
through time (April 2007-April 2008) in this important tropical reef
system as no previous information about the temporal dynamics of
this marine cyanophyte existed.

JoséA. Aké-Castillo

Materials and Methods

Study area: National Park Sistema Arrecifal Veracruzano (SAV) is
situated in front of the Veracruz State, Mexico (Fig. 1). It was decreed
as Marine National Park in 1992 with an extension of 52, 238 ha. It
is formed by 23 reef structures geomorphologically well constituted.
Historically the system has been subjected to fluvial-pluvial influence
during the rainy season (June to September) and strong winds
coming from the North (called “nortes”) during October to March.
These winds reach velocities from 30 to 80 m s'. From March to
May itis considered to be the dry season. In addition, anthropogenic
influence has occurred since Spanish arrived to America and to the
date as Veracruz develops important dock activities (Jimenez-
Hernandez et al., 2007).
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Fig. 1: Location of National Park “Sistema Arrecifal Veracruzano” and sampling sites
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Phytoplankton sampling and observations: Net phytoplankton
samples were obtained from April 2007 to April 2008 monthly in ten
sampling sites (Fig. 1). Nine sampling sites were distributed into the
polygon of the National Park, and the station 10 was in the Jamapa
River as reference. Mesh size was 30 um and taws were done for
5 minutes horizontally in circles. Samples taken were fixed with
formaldehyde to final concentration of 4%.

Observation of samples was made using a light microscope
(Motic) to 400x and 1000x. Samples were gently shaken and a
drop was put in a slide for observation. Morphological characters of
Trichodesmium were observed according to Desikachary (1959)
and Carpenter et al. (2004) for determination of species: final cell of
the trichome, measures of width and length of cells, and organization
of trichomes, i.e. free filaments or aggregates.

Data analysis: To describe the temporal dynamics of
Trichodesmium, its occurrence was recorded for the 10 samples for
each month. The next scale was constructed: “absent”, not present
inany sample; “rare”, in 1 or 2 samples; “common”, in 3 to 7 samples;
and “frequent” in more than 8 samples. Relative abundance was
estimated using the percentage of individuals of Trichodesmium
observed in each field of observations with respect of total
phytoplankton cells as follows: sparse if less than 10%; moderate
10-50%; and abundant if 51-100%. In addition, the organization of
trichomes was recorded in each observation.

For October 2007, biomass of aggregates was estimated
from plankton samples (120 um) where filtered water was known.
Biovolume of aggregates were calculated using formula for spindle
or partial spindle model: volume = (1/20) x g x diametro?x length
(Miyai et al., 1988). Factor conversion to Carbon (C) and Nitrogen
(N) were for 1 ym® C equals to 0.0017 ng and for N equals to
0.00028 ng. These values were estimated from Carpenter et al.
(2004) and Rodier and Le Borgne (2008).

Results and Discussion

Morphological characters of Trichodesmium in National Park
SAV fitted with that of T. erythraeum. Cells were observed as solitary
filaments (Fig. 2) or forming small (Fig. 3) and large aggregates
(Fig. 4). Terminal cells had convex calyptra and diameter varied
between 7-15 um (Fig. 5). Length of trichomes varied from 50 to
1500 um. Small aggregates were composed of few trichomes, and
large had several trichomes and the tuft sizes exceeded 3 mm.

The species occurred in most of the months, being absentin
November 2007 and April 2008. In April 2007 it only occurred in one
sample as well as in March 2008. Free living trichomes were the
most frequent form observed throughout the period studied but small
aggregates occurred before and after the highest biomass of this
species which occurred in October 2007 in large aggregates. Table
1 shows the dynamics of the species indicating the occurrence,
organization of trichomes and relative abundance.

In general the occurrence and the relative abundance of
Trichodesmium erythraeum followed a pattemn according to seasons.
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Table - 1: Temporal dynamics of Trichodesmium erythraeum during 2007-
2008

Month Ocurrence Form Abundance

April rare solitary sparse

May frequent solitary moderate

June frequent solitary sparse

August solitary moderate

September common Solitary, sparse
smallaggregate

October frequent Solitary, abundant
large aggregate

November absent - -

December common solitary sparse

January common Solitary, moderate
small aggregate

March rare solitary sparse

April absent - -

Table - 2: Estimated C and N in aggregates of Trichodesmium erythraeum
per liter during October 2007

Biovolume um? ng C ng N
Mean 9246118 157138 2620
Min-max 236945018361 40.28-8531 6.71-1422

During the dry season (March-May) was sparse or was completely
absent. During the rainy season (June-September) it was moderate
with the occurrence of small aggregates at the end of the season. In
this season, in August T. thiebautii occurred in few spherical
aggregates with T erythraeum. At the beginning of the nortes Season
in October, T erythraeum reached its highest density in the form of
large aggregates that dominated phytoplankton fraction. After this
high biomass of tufts, a decay of Trichodesmium population happened
with the no detection in November. During the rest of the nortes
season Trichodesmium was sparse or moderate, disappearing in
April 2008 in the following dry season.

The common form of Trichodesmiumin National Park SAV
was free filaments. However during the peak density of this species,
tuft aggregates were dominant. The colonial formation of
Trichodesmium is known to enhance nitrogen fixation by creating
microzones (Paerl, 1985). By the other hand, nitrogen fixation requires
iron for the enzyme nitrogenase to function (Lenes et al., 2001).
Formation of abundant large aggregates in October in National Park
SAV suggests that Fe availability was promoted during this month.
Lenes et al. (2001) have suggested that Fe fertilization in the Gulf of
Mexico is due to the dust from Sahara desert. However in their study
they showed this happened at the end of July approximately. October
is the month when cold fronts from the north (“nortes”) start arriving
to this region of the Gulf of Mexico. It could be hypothesized that
strong winds caused resuspension (as shown from the records of
benthic diatoms in the phytoplankton samples) from sediments of
micronutrients, i.e. Fe, that were efficiently used by Trichodesmium
atthe beginning of the nortes season.
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Fig. 2-5: Trichodesmium erythraeum from National Park Sistema Arrecifal Veracruzano. Fig. 2. Solitary filament. Fig. 3. Small aggregate. Fig. 4. Large
aggregate. Fig. 5. Filaments with calyptra in focus. Scale bars in Fig. 2 and 5 are 30 pym; in Fig. 3 and 4 are 1 mm.

The tuft colonies represented a high fraction of the
phytoplankton during October. Considering the volume of the tufts
(Table 2), it represented high biomass in the system and the entrance
of new Nitrogen to the reef system.

Hoffman (1999) has pointed out the rapid disappearance of
blooms of Trichodesmium, explained possibly by lysis due to avirus.
The absence of Trichodesmium in November in the SAV followed
this pattern, even the factors that led to this disappearance are
unknown. Lenes et al. (2001) have pointed out the importance of
blooms of Trichodesmiumin Florida coast, as these are followed by
blooms of the toxic alga Karenia brevis (C.C. Davis) G. Hansen & @.
Moestrup. This dinoflagellate was almost absent in most of the net
samples of the period studied.

Trichodesmium erythraeum is an algae distributed in
tropical and subtropical seas: Indian Ocean (Desikachary, 1959),
Red Sea, Pacific Ocean, atlantic Ocean, coast of Australia,
Indonesia (Java), Maledives (Komarek and Anagnostidis, 2005).
Although it has been pointed out that is common in oligotrophic
waters (Berman-Frank et al., 2007; Holl et al., 2007), T.erythraeum
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may occur in eutrophic environments along coasts and coastal
lagoons. In Mexico this species was recorded in high densities in
a eutrophic coastal lagoon in the Pacific Ocean (Figueroa-Torres,
1994). This cyanophyte has been associated to toxic events
during its blooms (Hawser et al., 1991) and recently, Sudek et al.
(2006) found that T erythraeum synthesizes a peptide, trichamide,
which they suggested has an antipredation defense function. This
compound in crude extracts has exhibited neurotoxic effects in
mouse essays. This results on the alert of the occurrence of blooms
of Trichodesmium along coastal zones with economical, cultural
and ecological importance.

In conclusion, Trichodesmium erythraeum is a resident
planktonic microalga in the National Park SAV which the common
form is free filaments. Its temporal dynamics followed a seasonal
pattern being sparse in the dry season and common the rest of the
year (wet seasons). However it can bloom in large aggregates
(tufts) as | register in October 2007 maybe favored by special
conditions. The high biomass of Trichodesmium represent a high
input of C and N to this oligotrophic environment, but its potentially
toxicity as well as the association to Karenia brevis blooms, comes
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up on the alertin the monitoring red tides programs being implemented
in Veracruz coast mainly in this important coral system.
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