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Abstract

Ataxonomic study of diatoms was carried outin a tropical coastal lagoon. Material for this study consists of water
samples obtained from February-March 1992 to November-December 2000. Qualitative and quantitative analyses
showed the presence of 373 taxa of which the families Bacillariaceae (67 species) and Chaetocerotaceae (37
species) were the most abundant groups. The species Skeletonema costatum, Chaetoceros curvisetus,
Coscinodiscus radiatus var. radiatus, Ditylum brightwellii, Thalassiosira eccentrica and Entomoneis alata were
found associated with moderate water quality and forming blooms. In addition, a regional comparison between
Mexico and South America of the identified species is given. For practical handling, indicative values obtained
from their ecological composition are incorporated as well as a code of the floristic list. Achecklist of the species
andtheir occurrence are given.
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Introduction

Studies of diatoms in coastal lagoons and estuaries in
the southern portion of the Mexican Pacific have been scanty
and records for fresh water species, few. However, since more
than a century ago there have been sporadic studies on this
subject (cf. Moreno et al., 1996, Figueroa-Torres et al., 2008;
Figueroa-Torres, 2009). There have been some studies that
provide check lists and indicator values (Ortega et al., 1995;

Moreno-Ruiz, 2000, 2005; Moreno, 2003); however a great
number of species have been excluded. For this reason it is
necessary to study their ecological dynamics. Because of the
extension of the Mexican territory, however, it is necessary to
apply a regional approach to determine the ecological
characteristics in such a magnitude that a greater precision in
the studies that are here developed is provided (Moreno et al.,
1996).
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The study area has social problems with ecological
repercussions that have produced demographic growth, industrial
activities and natural disasters in the lagoon. The problemis even
larger since it corresponds to an area poorly studied in relation to its
biotic resources (Tapia-Garcia et al., 1998). In this investigation our
main goal s to contribute to the current knowledge of the composition
and distribution of diatom species through indicator values of their
ecological composition and habitat characteristics.

Materials and Methods

The study area is located between the geographical
coordinates 16° 14' at 16° 26'N and the 94° 47" at 95° 05' W in the
Isthmus of Tehuantepec (Fig. 1) at the South-east Coastal Plain
Province (Rzedowsky, 1978). The climate is warm and sub-humid
with an average temperature of 27.3°C and the annual oscillation <
to 5°C (Garcia, 1981). Two climatic seasons exist: the dry season
(November to April-May) and the rainy season (May-June to
October). Between January to March, strong winds from the north
called “Tehuantepecos” or “Tehuantepecanos” occur (Monreal-
Gomez and Salas de Ledn, 1998).

For this study, 14 excursions were undertaken. Sampling
was carried out on a boat with an overboard motor at 16 stations
(Fig. 1). ATotal of 224 water samples were gathered at variable
depths (0.4-2.0 m) in February-March, May-June and November-
December (1992, 1996, 1998-1999 and 2000). Material was
collected at the surface level with a Van-Dorn bottle of a two-liter
capacity and preserved in Lugol's solution for analysis on an inverted
microscope (Olympus CK40). Later on, qualitative and quantitative
analyses were carried out, 100 ml of each sample being settledin a
sedimentation chamber (Uterméhl, 1958). In addition, net samples
were taken for each station and preserved in neutralized formalin.
This material was used mainly for detailed identification following the
methods referred to by Moreno (2003). In some cases sub-samples
rinsed of salt were mounted directly on aluminium stubs for Electron
Microscopy for detailed identification. Electron microscopy was carried
out using a SEM model JEOL JSM-5410LV, and a Transmission
Electron microscope being used (JEOL JEM-1200EX2). Species
with their nomenclatural authorities (Table 2) are arranged
alphabetically in each order according to the classification of Round
et al. (1990).

Table 1 shows the species identification, systematic ordination,
and indicator values (pH, salinity, thermic preference, nitrite, nitrate,
ammonium and phosphate concentrations; total nitrogen:total
phosphorus ratio; trophic preferences, frequency or distribution,
importance or dominance, blooms, species richness, Shannon-Wiener
diversity and form of life) were elaborated with original data according
to the approaches of Caljon (1983), Contreras-Espinosa et al. (1994),
Van Dam et al. (1994), Moreno et al. (1996), Moreno-Ruiz (2000,
2005 and 2008), Reguera (2002), Siqueiros-Beltrones (2002),
Moreno (2003) and Smith (2006).

Ecological composition or indicator values: The classification
of indicator valuesis illustrated in Table 1. The individual pondered
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indicator value was obtained by using 15 mean values of the variables
referred to in Table 2 for each taxon. The average of the highest
values that the variables used can have produced the highest indicator
value of water quality). 33.3% of this value defined the upper limit of
the high water quality while the 66.9% of the largest value defined
the upper limit of the moderate water quality. Intervals for this study
are shownin Table 1. The average of the pondered indicator values
represented the indicator value of water quality of the analyzed taxa
(Table 2).

Floristic list and distribution: The obtained species list of this
lagoon was compared with species previously reported in the country
by 70 authors between 1838 and 2003, the ones that were also
summarised by Moreno-Ruiz (2005, 2008), data of Mora-Navarro
et al. (2004) and Oliva-Martinez et al. (2005) being included. This
information was upgraded with the addition of new data through the
analysis of materials collected by the authors of this study in different
sites of the country. The fossil material studied, coming from Late-
Miocene (Moreno-Ruiz and Carrefio, 1994), was collected by
colleagues of the Instituto de Geologia of the Universidad Nacional
Autonoma de México, The Universidad Auténoma de Baja California,
CICESE and of the first author. Morphometry and illustration of
important species is shown in Moreno-Ruiz (2000).

Data related to the presence of diatoms species in South
America were obtained from the information referred by Navarro
(1981, 1982a, 1982b, 1983), Gonzalez de Infante (1988), Spiniello
(1996), Huszar et al. (1998), Diaz-Ramos (2000), Soler et al. (1993),
Soler (1993) Donato-Rondén (2001), Riofrio et al. (2003) and
Lacerda et al. (2004).

For the analysis of the species of this lagoon, a matrix was
built with the indicative pondered values for each taxon (Table 2),
which was standardized according to Lepistdé and Rosenstrom
(1998). For the biogeographic analysis, a binary matrix was
integrated using data of the presence and absence of the taxa shared
between the lagoon and those of the rest of the country. With both
data, the sampling sites and of the country locations were classified
through the cluster of minimum variance (Ward, 1963).The statistical
analysis was carried out with the “PAST” package (Hammer et al.,
2001).

Results and Discussion

Floristic list: Atotal of 373 taxa belonging to 50 families of diatoms
were determined, of which 89 genera, 328 species, 71 varieties, 17
forms and 2 morphotypes were found.

Communities: Atotal of 373 taxa were determined for the first time.
Among these diatoms, 36.6% belong to phytoplankton, 59.8% are
benthic and 2.7% are periphytic. There was also a group of species
whose form of life was uncertain (0.9%). The composition of planktic
diatoms had a moderate species richness (120), being dominated
by the family Chaetocerotaceae: Chaetoceros curvisetus,
Chaetoceros laciniosus and Chaetoceros socialis; Skeletonemaceae:
Skeletonema costatum and Skeletonema pseudocostatum;
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Fig. 1: Study area and sampling sites
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Fig. 2: Dendrogram of similarity of sites (E1-16) in five collecting periods
based on species composition and mean ponderate values (pH, H, T, NO,,
NO,,NH,, PO,, NTPt, Tp, Freq, Dom, B, R, H'n and Lf) indicated in Table
2. Arrow shows arbitrary division line that defines identified habitats (I-V)

Leptocylindraceae: Leptocylindrus minimus; Bacillariaceae: Pseudo-
nitzschia pseudodelicatissima; Rhizosoleniaceae: Dactyliosolen
fragilissimus and Guinardia striata, as well as Hemiaulaceae:
Hemiaulus sinensis. It is important to mention the presence of the 11
periphitic species with the dominance of Licmophora cf. ehrenbergii
f. angustata (Table 2). Besides this species and according to the
criterion of Caljon (1983) diatoms belonging to the benthic community
stood out. This outstanding group had a slight increment of species
richness (196) with the prominent Cylindrotheca closterium, Navicula
cincta and Entomoneis alata.

Between the plankton flora another microscopic algae group
whose form of life was uncertain showed a low species richness (3)
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Fig. 3: Dendrogram of similarity of the taxonomic composition recorded in
four sites (S10-13), 27 localities of Mexico and the Laguna Superior (see
Table 2). Arrow shows arbitrary division line that defines identified habitats
(I-1V)

and among them Cyclotella sp. 1, Mastogloia delicatissima and
Terpsinoé americana. For this reason it is advisable to incorporate
other techniques to study these organisms in the communities and
sub-communities defined by Round (1981) and Moreno-Ruiz et al.
(2008) more precisely; in any case, with the identified components it
was possible to discemn part of their ecological composition.

The marine influence manifested by the five species
Cyclotella striata, Amphora terroris, Plagiotropis lepidoptera,
Cerataulina pelagica and Thalassionema nitzschioides var.
nitzschioides that were distributed as far as the interior of the lagoon
was remarcable.

In the marine and coastal zone, lagoons and adjacent rivers
some phytoplanktic works were done, but these conceming taxonomy
and ecology of marine species (Tapia-Garcia et al., 1998). Recently,
Moreno-Ruiz et al. (2008) found in the adjacent coast of the study
area that Chaetoceros seiracanthus and C. sublilis var. subtilisf.
knipowitzschii grow in big chains several times a year (3-8 cells);
however, in this study they were found only in single cells at stations
9 at 11. Rines and Hargraves (1988) explain this change when
some species of Chaetoceros live under special environmental
conditions or in cultures. In our case the stations referred to are
sites with strong changes in salinity by which these morphological
variations could probably take place.

The presence in the lagoon of 33 diatoms: Synedra
delicatissima var. delicatissimato Nitzschia siculavar. sicula (Table
2) provided a guide in the detection of considerable concentrations
of organic matter that is frequently deposited through the discharge
of the water coming from the river Juchitan and of the garbage that is
thrown into this aquatic enclosure, which rebounded in the
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Table - 1: Classification of ecological composition or indicator values accordingly with Wilhm and Dorris (1968, WD), Caljon (1983, Ca), Contreras-Espinosa
etal. (1994, CE), Van Dam et al. (1994, VD), Abel (2002, A), Moreno-Ruiz (2000, 2005, 2008 MR), Reguera (2002, Re), Siqueiros -Beltrones (2002, SB),

Moreno (2003, Mo) and Smith (2006, Sm)

pH (Ca, A)
1 acidobiontic, optimal presence to pH <5.5
2 acidophyll, principal presence to pH <7
3 circumneutral, principal presence at pH around 7
4 alkaliphyll, principal presence at pH >7
5 alkalibiontic, exclusive presence at pH >7
6 indiferent, no optimum apparent
(H) salinity (Ca, MR)
1 limnobiont stenohaline <0.5 psu
2 limnobiont eurihaline 0.5-8 psu
3 limnobiont slightly eurihaline 0.5-3 psu
4 limnobionteurihaline 3-8 psu
5 hifalmirobiont, brackiswater occasional at the sea and freshwater
6 brackiswater eurihaline 2-20 psu
7 lower brackiswater 2-10 psu
8 upper brackiswater 8-20 psu
9 marine eurihaline, in marine biotopes
10 holeurihaline, marine water, brackiswater and freshwater
(T) thermic preference (Ca)
1 oligothermic (-3°C)
2 oligo-mesothermic
3 meso-oligothermic
4 mesothermic (18 a - 3°C)
5 meso-polythermic (>18-35°C)
6 poly-mesothermic
7 eurithermic (high temperature)
(NO,) nitrite (mg I, A)
1 low <1.74
2 moderate, between 1.74 and 5.21
3 high > 5.43 (toxic)
(NO,) nitrate (mg I, A)
1 low <488 .4
2 moderate, between 488.4 and 1433.1
3 high > 1462.3 (toxic)
(NH,) ammonium (mg I, A)
1 low <6.1
2 moderate, between 6.1 and 11.9
3 high >12.2 (toxic to pH 8.5 and 20°C)
(PO,) phosphates (mg I, A)
1 low <3.2
2 moderate, between 3.2and 10.5
3 high>10.5 (polluted waters)
(tN:tP) total nitrogen:total phosphorous ratio (Sm)
1 low <7 (nitrogen limitation)
2 moderate, between 15 and 7
3 high>15 (phosphorous limitation)

(Tp) trophic preference, mg m* chl a (CE, MR)
Oligotrophic species, in biotopes poor in nutrients:
1 ultra-oligotrophic (0.000-0.122)
2 a-oligotrophic (0.123-0.340)
3 B-oligotrophic (0.350-0.940)
4 v-oligotrophic (0.950-2.600)
mesotrophic, equivalentto:
oligo-mesotrophic, with
5 a-mesotrophic (2.700-7.200)
meso-eutrophic, with
6 3-mesotrophic (7.300-20.000)
eutrophic species, in biotopesrich in nutrients:
7 a-eutrophic (21.000-55.000)
8 B-eutrophic (56.000-155.000)
9 y-eutrophic (156.000-425.000)
10 hiper-eutrophic ( >426.000)
11 euritrophic, in biotopes rich or poor in nutrients
(Freq) frequency or distribution (MR)
1 very low (about 10%)
2 low (11-30%)
3 moderate (31-50%)
4 sligtly high (51-75%)
5 high (76-100%)
(Dom) dominance (Mo, MR)
1 non dominant <1
2 dominant>1
(B) blooms (MR)
1 associate (<1,000 cells ml)
2 non massive (> 1,000 cells ml)
3 massive (> 10,000 cells mI)
4 hipermassive (> 50,000 cells mI)
(R) species richness (MR)
1high>10.7
2 moderate, between 3.6 and 10.6
3low <3.5
(H’n) Shannon-Wiener diversity (WD, MR)
1 clean waters (>3 bits/ind.)
2 moderate polluted (1-3 bits/ind.)
3 high polluted (<1 bits/ind.)
(Lf) life form (SB, MR)
1 benthic
2 periphitic
3 planktic
(IVICA) Intervals of the indicator value of water quality (MR)
high water quality (<1.533)
moderate water quality (1.534-3.067)
low water quality (3.068-4.600)

development of the mentioned diatoms (Morales & Manoylov, 2009;
Yoshida et al., 2009).

Biogeography: In the lagoon the genera: Giffenia (0.3%), the 17
species Thalassiosira minima to Giffenia cocconeiformis (4.6%),
three varieties: Actinocyclus curvatulus var. kariana, Synedra affinis
var. fasciculata and Synedra rumpens var. scotica (0.8%), as well
as Licmophora ehrenbergiif. angustata were outstanding. All these
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taxa are considered as new records for this water body (Table 2,
column NR).

The distribution of Cyclotella meneghiniana and
Cylindrotheca closterium (slightly high) is outstanding because of
their constant abundance in the lagoon produced by the ecological
dynamics of this aquatic body and their small size and highly
competitive character as Nielsen and Kigrboe (1991) have pointed
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out. This excludes, as a result, larger species (Oviat et al., 1989). In
addition, turbulence events were recognized in 14 sampling stations
inthose in which the presence of the species of larger size Enfomoneis
alata stood out. This species, together with other phytoplanktic and
phytobenthic species, showed a mixture process through the
discharge of the stream toward the lagoon, the tide movements and
“tehuantepecanos” winds.

The species of the genera Coscinodiscus, Chaetoceros,
Thalassionema and Thalassiosira are important components in the
marine phytoplankton, in particular for their indicative role of upwelling
(Koning et al., 2001; Berges et al., 2004); because of this, their
presence and abundance in February-March indirectly showed the
blooming of these species in the adjacent marine area associated
with the increment of salinity, a bigger concentration of nutriments
and an increase in the productivity, as has been postulated for the
north of Gulf of Tehuantepec (Roden, 1961; Stumpf, 1975; Monreal-
Gomez and Salas de Ledn, 1998).

With the data referred to in Tables 1 and 2 the 16 sampling
sites (stations) were classified. Results showed the formation of five
distinctive groups denominated in this study habitats (Fig. 2). Among
the five habitats, there were predominantly stood 51 species (15.5%)
with a wide distribution, 41 species (12.5%) with a fairly wide
distribution, 64 species (19.5%) with a moderate distribution, 109
species (33.2%) with a low distribution and 91 species (27.7%) with
a very low distribution.

The first habitat (stations 7, 12-14) was distinguished for its
high salinity (marine eurihaline) the dominance of Thalassiosira subtilis
with low tN:tP ratios, a decrease of biomass to a-mesotrophic, low
species richness with marine eurihaline taxa (Chaetoceros affinis
var. affinis-Thalassiosira subtilis) the brackish-water eurihaline taxa
Skeletonema subsalsum and the limnobionts Navicula sp 2 and
Cocconeissp. 1.

The second habitat (stations 8-9), showed a decrease of
salinity (mixo-polyhaline) where these stood out the upper brackish
eurihaline Amphora coffeaeformis var. coffeaeformis with a decrease
of the tN:tP ratios, a decrease of the biomass to y-oligotrophicand an
increase of species richness among those the marine eurihaline
Planktoniella sol-Navicula pelagica, the upper brackish Entomoneis
alata var. pulchra and the limnobionts Amphora sp. 6, Navicula sp.
7 and Nitzschia recta.

The third habitat (stations 5-6, 11) is characterised by a
slight increase in salinity (mixo-polihaline), the dominance of the
limnobiont slightly eurihaline Amphora sp 1 with a decrease in the
tN:tP ratios, a decrease in the biomass to y-oligotrophic and low
species richness. The distribution of the species marine-eurihaline
Actinocyclus curvatulus var. curvatulus-Pleurosigma sp. 1, the
lower-upper brackish Tryblionella punctataf. punctata-Nitzschia
sigma, the hifalmirobiont Achnanthes curvirostrum and the
limnobiont eurihalines of second degree Navicula distans to Navicula
halophila.

The fourth habitat (stations 1-4) is characterized by a
decrease in salinity (mixo-polihaline), the dominance of Ditylum
brightwellii (marine-eurihaline) with the smallest tN:tP ratios, decrease
in biomass to 3-oligotrophic and an increase in species richness. It is
composed of the marine-eurihaline species Thalassiosira decipiens-
Pleurosigma sp. 2, and the limnobiont slightly eurihaline Achnanthes
sp. 1. Thus, the integraded species in the previous habitats showed
the brackish tendency of this ecosystem.

The fifth habitat (stations 15-16), limnetic in nature,
characterised by the dominance of Navicula cryptocephala var.
cryptocephala (limnobiont-eurihaline) with low tN:tP ratio, a
decrease in biomass to -oligotrophic and an increase of species
richness. Among them Navicula sp. 3-Navicula sp. 6 (lower
brackish), Aulacoseira granulata var. angustissimaf. angustissima-
Amphora ovalis var. ovalis, (limnobionts slightly eurihaline),
Cyclotella stelligera-Amphora ovalis var. affinis (limnobionts
eurihaline) and Achnanthes lanceolata-Nitzschia sp. 4 (limnobiont
stenohalines).

The line dot of station 10 (Fig. 2) was characterised by a
slight decrease in salinity (mixo polihaline) and the non dominance
of 17 taxa. Among them were Cymatosira lorenziana (marine
eurihaline) to Synedrafiliformis var. exilis (limnobiont) with decrease
in the tN:tP ratio, an increase of biomass to ai-mesotrophic and an
increment in species richness. Besides Synedra affinis var.
fasciculata-Nitzschia media (marine eurihalines), Giffenia
cocconeiformis (hifalmirobiont), Amphora ostrearia var. ostrearia
(limnobiont slightly eurihaline) and Synedra delicatissima var.
delicatissima (limnobiont) were non dominants as well.

The frequent changes of the dominant species in the lagoon
showed part of the succession of the diatoms (Padisak and Reynolds,
1998). This demonstrates the high tension of the ecosystem caused
by the waste that spills into their waters and by the strong oscillations
of salinity. In this respect, the tN:tP ratios registered in the rainy
season toward the interior of the lagoon was indicative of the probable
transport of organic matter that is discarded constantly from the urban
area toits waters (Tapia-Garcia et al., 1998). Another aspect related
to thisis the gradual increment of the salinity from the innermost part
in the lagoon toward its mouth. This showed the circulation of organic
matter because of hydrological dynamics which is characteristic of
the lagoon generated by water the displacement of the adjacent
coastal area through tide movements.

It can be concluded that the five habitats found by an analysis
of environmental characteristics synthesized in the pondered value
of importance show the moderate water quality that was generated
by the human different activities carried out in the lagoon orin their
immediacy.

The diatoms of the lagoon and those of the 31 Mexican
localities were similar (Table 2) [Ehrenberg, 1838; Moreno-Ruiz,
2000, 2005; Siqueiros-Beltrones, 2002; Moreno, 2003] shared 98%
families, 88.8% genera and 87.5% species.
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Banderas-Tarabay (1997) found a similarity of 40.4% when
comparing species distribution between his study and the one of
Ortega (1984), both in Mexico. In contrast, in our study the similarity
is only 5.8% of the shared species. This is probably due to the
exhaustive analysis of the literature referred to in Moreno-Ruiz (2005
and 2008).

Four groups stood out in the classification of the Mexican
localities with 373 identified taxa (Fig. 3): the first one was formed
with 8 localities located in the north-east region to central northeast-
southwest (Tamaulipas-Estado de México). The second habitat
was structured with 11 localities of the central region (Colima-
Distrito Federal) as well as a northwest locality (west coast of
Lower California). The third habitat was integrated by 3 localities in
the northwest to the sub-central east region (Nayarit to Veracruz)
and 4 localities south to central west (Chiapas-Oaxaca to Guerrero-
Michoacan). The fourth habitat was structured with 3 localities at
the northwest to southwest region (Sonora to Oaxaca) and a
northwest locality (West of Lower California). In these four habitats
4 species (1.1%) stood out with a slightly high distribution, 61
species (16.4%) showed a moderate distribution, 144 species
(38.6%) presented a low distribution and 152 species (40.8%)
had a very low distribution.

Conceming the four habitats established in Fig. 3, the second
thatincluded the regions central west-east to north-west of the country
exhibited the lowest species richness that together with the drop of
species richness of the regions south-west to northwest (habitat 1) is
indicative of faulty information; this means that further research on the
composition abundance and distribution of microalgae in the country
must be undertaken to obtain a bigger phycofloristic relationship.
Even so, the classification of the all states of the country (Fig. 3)
exhibited the widest distribution of the three taxa limnobiont
eurihalines: Synedra ulna var. ulna, Cyclotella meneghiniana and
Aulacoseira granulata var. granulata f. granulata and the lower-
upper brackish eurihaline Cylindrotheca closterium.

The similarity among the microscopic algae of South-America
and those of the lagoon (Table 2) of 78% families, 73% genera,
41.8% species, 40.9% varieties and 58.8 % forms was obtained.
In these algae the Chaetoceraceae showed a great species richness
(25) andin second place, the Bacillariaceae (18).

When comparing the diatoms present in South America with
those of Mexico, among six species, the limnobiont weakly eurihaline
Aulacoseira granulata var. granulata f. granulata up to the brackish
eurihaline Entomoneis alata with a lightly high distribution were
prominent. 27 species among the limnobiont estenohalines Cyclotella
stelligera to Rhopalodia gibberula exhibited a moderate distribution,
and 104 species consisted of the marine eurihaline Thalassiosira
eccentrica up to hifalmirobiont Surirella tenera having a low
distribution.

Banderas-Tarabay (1997), talks about the common origin
and wide dispersion of the microscopic algae between South America
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and North America with the recognition of a diatom species similarity
of 2.13%. However, this contrasts with the increase of 41.8%
registered in this study. For this reason it cannot be conclude that the
diatoms of Mexico are richer than those of South America, since a
distribution of diatoms in the little studied neotropical region was
outstanding, the registration of taxa depending mainly on the temporal
and spatial intensity of research (van Dam et al., 1994). It thus is
urgent to carry out more research in South America and Mexico; this
will probably rebound in the increment of species richness and
shared species, a better understanding of floristic relationships and
recognition of highly productive areas.
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