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ABSTRACT

The analysis of the evolutionary relationships be-
tween members of the Class Dinophyceae and their
chloroplasts hosts represents one of the keys to
solving the complicated evolutionary history of chlo-
roplasts acquisition in this group, and although the
amount of work on the matter seems very scarce, in
recent years it has been a significant development
that could solve in the future evolutionary discre-
pancies in other groups. It is essential to analyze the
trends within the study of this topic to understand
the evolution of scientific literature as an essential
step for developing and strengthening the field. The
assessment was achieved by carrying out quantita-
tive and qualitative analyses of global research and
emerging trends from 1996 through 2020, using
the Web of Science Core Collection. These analyses
showed an increasing work on the study of the
evolution of chloroplasts in dinoflagellates, and the
leading countries were those with the most signifi-
cant economic and scientific development. Likewise,
even though many publications were analyzed in
this work, the number of publications on this sub-

ject is still scarce compared to more general topics,
so research will remain active and growing during
the next decade.

Keywords: Bibliometric analysis, Dinophyceae, endosymbiosis,
evolution.

RESUMEN

El andlisis de las relaciones evolutivas entre los
miembros de la clase Dinophyceae y sus cloro-
plastos huéspedes representa una de las claves
para resolver la complicada historia evolutiva de la
adquisiciéon de cloroplastos en este grupo, y a pe-
sar de que la cantidad de informacion al respecto
parece escasa, en los ultimos afios se ha realizado
un avance importante que podria resolver en un
futuro las discrepancias evolutivas en otros grupos.
Para entender la evolucién de la literatura cientifica
como un paso fundamental para el desarrollo y for-
talecimiento de este campo, es importante analizar
las tendencias en el estudio del tema. Con este fin,
se realizaron analisis cuantitativos y cualitativos de
las investigaciones internacionales, asi como de las
tendencias emergentes durante el periodo 1996
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- 2020, utilizando para ello la Web of Science Core
Collection. Estos analisis mostraron una tendencia
en el incremento de trabajos sobre la evolucién de
cloroplastos en dinoflagelados, con una clara ten-
dencia al liderazgo de los paises de mayor desarro-
llo econémico y cientifico. Asimismo, a pesar de que
en este trabajo se analizaron diversas publicaciones
es evidente que el nimero de ellas sobre el tema
es escaso, en comparacion con otras mas generales,
por lo que se proyecta a futuro que la investigacion
sobre los cloroplastos en el grupo estara activay en
crecimiento durante la préxima década.

Palabras  clave:  Andlisis  bibliométrico, Dinophyceae,
endosimbiosis, evolucion.

INTRODUCTION

Endosymbiosis has been the most important event
in the history of the emergence and evolution of
photosynthesis, without which life, as we know it
today, would not exist. Over the eons, endosymbio-
sis of a cyanobacterium by a eukaryotic organism
that resulted in the origin of the primary plastids
and their subsequent lateral transfer to various
eukaryotic lineages, giving rise to secondary plas-
tids, has drawn the attention of many researchers
(Bhattacharya & Medlin 1998; Cavalier-Smith 1999;
Delwiche 1999; Gabrielsen et al. 2011).

However, complex plastids originated from en-
dosymbiosis between eukaryotes that have incor-
porated secondary plastids and gave rise to tertiary
plastids, which have not been well studied (Inagaki
et al. 2000). These tertiary plastids are characteri-
zed by presenting three to four membranes and
modifications of intracellular transport (Archivald
2009; Gray & Spencer 1996). In this context, di-
nophytes are a unique group that can present both
secondary and tertiary chloroplasts that have been
acquired by various algal lineages (Gabrielsen et al.
2011), incorporating organisms such as diatoms
which already have chloroplasts of secondary ori-
gin (Calassan et al. 2018; Hehenberger et al. 2014;
Keeling 2004, 2010). These dinophytes have been
commonly called dinotoms (Imanian et al. 2010).
Based on the ultrastructural analysis of dinotoms, it
has been observed that the endosymbiont retains
its photosynthetic machinery, as well as a functio-
nal nucleus with protein-coding genes, a considera-
ble amount of cytosol, and mitochondria (Imanian
& Keeling 2007; Imanian et al. 2012; McEwan &
Keeling 2004; Takano et al. 2008). Despite the de-
gree of independence and minimal reduction, the
endosymbiont diatom is present in all stages of

development of the host cell, indicating a synchro-
nization between their life cycles (Calassan et al.
2018), unlike the ancestral peridinin chloroplasts of
the dinophytes. These chloroplast remnants have
been considered a unique endosymbiont stigma
(Dodge 1983; Figueroa et al. 2009; Horiguchi et al.
1999; Moestrup & Daugbjerg 2007; Takano et al.
2008), surrounded by a triple membrane structure
(Horiguchi & Pienaar 1994).

Molecular analysis of the transcriptome of the Du-
rinskia baltica Carty & E.R. Cox 1986, and Kryptope-
ridinium foliaceum (F. Stein) Lindemann 1924 have
revealed that almost no functional reduction has
occurred in the nucleus of their diatoms. However,
these studies have demonstrated the independen-
ce between the diatom and the host; the latter has
managed to maintain the endosymbiont by con-
trolling its karyokinesis (Hehenberger et al. 2016).
Based on these studies, it has been suggested that
diatoms of dinotoms constitute an intermediate
phase of evolution between kleptoplasty and in-
corporated chloroplasts (Horiguchi 2006; Keeling
2010; Yamada et al. 2019).

Although analyses of the evolutionary relationships
between dinotoms represent one of the keys to sol-
ving the tangled evolutionary history between hosts
and endosymbionts in this group (Matsuo & Inagaki
2018), the number of studies on this subject seems
scarce, so it is essential to analyze the tendency of
these studies to understand the evolution of the
scientific literature as an essential step for the deve-
lopment and strengthening of this study field.
Auseful tool for this type of analysis is bibliometrics.
This is a research method used within the study of
information sciences which includes quantitative
and statistical analyses (Sun et al. 2011). These
analyses have become fundamental tools for stud-
ying current trends within the scientific literature
and in specific areas (Oliveira et al. 2020).

A common approach to bibliometrics is the Science
Citation Index (SCl), which tracks publications from
the Institute for Scientific Information (ISI). The
bibliometric analyzes carried out using the ISI have
been widely used in topics related to photosynthesis
(Yu et al. 2012), research on microalgae (Rumin
et al. 2020), diatoms (Zhang et al. 2019), and
dinoflagellates (Oliveira et al. 2020). And recently,
the use of different data bases such as Coci, Scopus,
Lens and Semantic scholar is also recommended.
However, although these studies indirectly address
the evolution of dinotoms, this area has not been
emphasized. Due to this situation, the main objective
of this work is to analyze global research and
emerging trends quantitatively and qualitatively in
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studies about the evolution of dinotoms to provide
objective guidelines and trends for future research.

METHODS

Data were obtained from the Thomson Reuters
Web of Science™ Core Collection database, inclu-
ding the Science Citation Index Expanded bases
(SCIE): SSCI, A & HCI, CPCI-S, CPCI-SSH, BKCI-S, BK-
CI-SSH and ESCI.

A detailed search was carried out proving different
sets of the keywords and the final set was decided
upon the one that produced the most entries falling
within the main subject related to the evolution
of chloroplast in dinophytes. The final set was ob-
tained using the following keywords and Boolean
operators: “dinoflagellate  OR dinophyte” AND
“endosymbiont” AND “plastid” OR *“chloroplast”,
the word “evolution” was not including in this set
because it produced entries related to more general
subjects. All documents from 1996-2020 were inclu-
ded. One hundred sixty-nine entries coincided with
the established criteria, of which 25 were removed
because they corresponded to groups other than di-
noflagellates. The final database was of 144 records.
Obtained information included data on authors,
title, origin, abstract, year of publication, countries,
type of document, keywords, citations, and subject
category. Data was exported in simple text format of
the ANSI type (FN ISI Export Format VR).

The publications obtained from the databases were
organized and processed using the Bibliometrix
3.0 package (Aria & Cuccurullo 2017) from RStudio.
Data processing, statistical analysis, and graphics
generation were carried out with BiblioShiny appli-
cation of the Bibliometrix 3.0 package. The biblio-
metric analysis was divided into three parts: an
intellectual structure, a conceptual structure, and a
social structure analysis of the information.

To understand the intellectual structure of the in-
formation, a co-citation analysis of the information
was carried out, reviewing the scientific production
over time, as well as the total number of citations
per year. The relationship between the countries
with the most significant scientific production was
analyzed as well as the thematic evolution.

The conceptual structure was evaluated with a
word grouping analysis in which the evolution of
trending topics and keywords dynamics were re-
viewed. Bradford's model was used to estimate the
exponential decrease in performance when expan-
ding the search for references in scientific journals,
as well as the dynamics of the references.

The evaluation of the social structure was perfor-
med with a co-authorship analysis, within which

the impact of the 50 most cited authors was de-
termined based on the number of citations their
articles received (h-index), the most relevant affi-
liations, and global distribution. According to their
productivity, the Lotka model was determined as
well as a co-authorship network.

RESULTS

The 144 publications resulting from the initial
search in the Thomson Reuters Web of Science ™
database comprised 122 articles (85 %), two book
chapters (1 %), six proceedings articles (4 %), one
editorial material (1 %), ten reviews (7 %), and three
book article reviews (2 %). All 144 publications were
in English (100 %).

Figure 1 shows the trend in the number of publica-
tions changes during 1996-2020. From 1996-1998,
the production was poor, while for 1999 there was
a considerable increase to six publications. Sub-
sequently, a gradual increase in publications was
observed with three in 2000, five in 2001 and seven
in 2002, decreasing again to four in 2003.

In the following four years, we could see progress,
with the largest number of publications: nine in
2004 and 2006, 10 in 2007, and eight in 2008, with
2005 being the best year for the evolution of dino-
toms research, with 11 publications. From 2009 to
2014, there was a fluctuation, and 2011 was the
year with most publications in the period.

From 2015 to 2017, production remained low, and
in 2018 it increased to seven publications. Howe-
ver, during 2019 and 2020, production dropped. An
exponential regression model was adjusted to the
data of the analyzed period (R? = 0.705), showing
that the trend in the number of publications will
continue with an average of six publications for the
next ten years.

Regarding the relationship in the number of ci-
tations per year (Fig. 2), a stable trend was noted
between 1996-1998, with one citation in 1999
followed by an increase of six citations. In the fo-
llowing four years, a fluctuation between three and
seven citations was observed.

From 2004-2007 a positive trend was observed with
nine to 11 citations. The last value corresponded to
2005, the year with the highest number of citations
in the interval. There was a fluctuation from 2008-
2013, with ten citations in 2010-2012 and eight in
2011-2013.1n 2014 and 2015, there was a decrease
with six and two citations, respectively. From 2016
to 2020, there were no more records.

Figure 3 shows how the relationships between the
thematic of chloroplasts evolution research in di-
nophytes have changed over time. In the first cut
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that comprised the 1996-2008 period, it was obser-
ved that the topics related to maximum likelihood
analysis for the study of chloroplast genomes had
the least number of publications in that period,
and in the second cut, corresponding to the period
2009-2020, there was no increase in publications or
thematic relationships.

The next topic with the least number of publica-
tions is related to the study of ribosomal genes,
which for the second section was related to topics
of diversity and chloroplast genomes. The topic
“chloroplast” was related to the topic “apicomple-
xan parasites” towards the second cut, as well as
with dinoflagellates in general.

The evolution topic presented a relationship with a
greater number of publications about chloroplast ge-
nomes. Finally, the topic with the highest number of
publications was “dinoflagellates” and relating to this
topic of the second cut with sequencing and diversity.
Figure 4 shows the relationship of the largest
scientific production by country during 1996-2020.
It was observed that the largest production is led
by the USA, United Kingdom, and Japan, followed
by Canada, China, France, Germany, Norway, and
Australia. In third place are Sweden, Poland, Bel-
gium, Spain, and Saudi Arabia. In the last places are
Egypt, Kenya, and Brazil.

About the conceptual structure, based on Brad-
ford’s law, the journals Protist, Molecular Biology
and Evolution, Journal of Phycology, PloS One and
Proceedings of the National Academy of Sciences of
the United States of America were identified as the
core references (Fig. 5).

Figure 6 shows the dynamics of the 20 most cited re-
ferences during 1996-2020. Most of them followed
the same trend over time, oscillating between 0-1
publications. The sources that stand out with two
publications are Marine Biotechnology in 2005, Jour-
nal of Molecular Evolution in 2006, PloS One in 2011,
Journal of Phycology in 2012, European journal of
Phycology in 2013, and the Journal of Eukaryotic Mi-
crobiology in 2014. The journal Molecular Biology and
Evolution issued two publications in 2007 and three
in 2013; however, Protist leads the sources with two
publications in 2004, 2007, 2011, and 2012.
Concerning keywords dynamics over 1996-2020,
Fig. 7 shows that the words with the highest fre-
quency were “evolution”, with its maximum values
in 2006-2010, and “dinoflagellates” in 2006, 2011,
2013, and 2018. The terms “chloroplast” and
“phylogeny” presented the greatest fluctuations
in frequency over time, the first with the highest
frequency records in 2005, 2010, and 2012. For its
part, the term “phylogeny” presented the highest

frequency values in 2004 and 2006. The word “ori-
gin" presented the highest frequency during 2007
and 2012.

Figure 8 shows four main clusters: the first one,
in red, corresponded to “evolution” which was the
central word closely related to “sequence”, “chloro-
plast genomes”, “ribosomal RNA” and “DNA". The
words “RNA”, “nucleus”, “plastid genome”, “expres-
sion”, “organization”,” Amphidinium operculatum"
“dinoflagellate”, “non-coding region”, “RNA gene
transfer” and “Minicircles” had a weaker relation
with the central word “evolution”.

The second cluster in purple, corresponded to the
word “dinoflagellate” as the central word with a close
relationship with “chloroplast”, “phylogeny”, “geno-
me”, and “origin”. These words in turn are related in a
lesser extent with “plastids”, “apicomplexan”, “genes”,
“diversity”, “kleptoplasty”, “molecular evidence”, “acu-
minata”, “Myrionecta rubra” and “retention”.

The third cluster in blue, showed “common origin”
as the central word closely related to “protein”
and “gene transfer”. The words “single origin”,
“maximum likelihood", “red algae”, “dinoflagellate
plastids”, “endoplasmic reticulum” and “Plasmo-
dium falciparum” were observed with a lesser rela-
tionship. The last cluster in green, presented weak
relationships between the words “ultrastructure”,
“green dinoflagellate”, “fine structure”, “endosym-
biont” and “marine dinoflagellate”.

For the social structure, Fig. 9, shows the 50 most
cited authors based on their h impact indexes,
Howe presented an H index of 15 followed by Bar-
brook and Keeling, both with an index of 11. Nisbet
and Takishima presented an index of eight, Hackett
seven, Archibald, Dorrell, Bhattacharya, Delwiche,
Green, Kim, Park, Yih with an index of six. For their
part, Morse, Ogata, Cavalier-Smith, Maruyama, and
Yoon presented an index of five. Kobiyama, Koike,
Leblond, Obornik, Wang, Bachvaroff, Inagaki, Ishisa,
Jakobsen, Koumandou, Maier, Shalchian-Tabrizi, Wa-
ller and Zauner had an index of four. With an index of
three Dacks, Hiller, Kawachi, Lin, Minge, Minnhagen,
Nakayama, Richardson, Stoecker, and Zhang. Finally,
Fussy, Smith, Bodyl, Bonaldo, Bowler, Cahoon and
Caron are grouped with an index of two.

Table 1 shows the most relevant institutions and
their number of publications during 1999-2020. In
this analysis, the University of Cambridge stands
out with 22 publications followed by the Universi-
ties of lowa with 17, Maryland and Tsukuba both
with 12 publications respectively. The Universities
of Chicago and Montreal presented nine publi-
cations, while the Universities of Oslo eight and
Dalhousie seven.
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Chonnam Natl, Kitasato, Kunsan Natl, and Middle
Tennessee State Universities submitted six publi-
cations. Kanazawa University had five publications.
The Parasitol Institute and the Universities of Mar-
burg, Melbourne, South Bohemia presented four.
With three publications, the Universities of Mac-
quarie, Massey, Connecticut, Dusseldorf, Kalmar,
Sidney, and Xiamen stood out, as well as the Mari-
ne Biotechnology Institutes, Natural Environmental
Studies, and the Oceanographic Woods Hole.

A direct relationship was observed between the
countries with the highest production and the most
relevant institutions. From the 136 institutions
analyzed (Table 1) only five presented more than ten
publications during the analyzed period, grouping
27 % of the total production. The institution with the
highest production is in England (Cambridge Univ.),
followed by a Canadian institution (British Columbia
Univ.). Although the number of publications from US
institutions is lower, this country has a higher repre-
sentation because it has more institutions within the
list (Univ. lowa and Univ. Maryland). Finally, the last
place within the five most productive institutions is
Japan (Univ. Tsukuba).

Based on the results of Lotka's Law during 1999-
2020, Fig. 10 shows that in the distribution of
authors according to their productivity, 74 % had
1 publication, 12 % had 2 publications, 3 % had 4,
2.4 % had 3, 2 % between 5-6 and only 1 % had
between 7-12 publications.

In Fig, 11, ten collaboration clusters were observed,
among which Howe's cluster (1) stands out with ei-
ght collaborations, the largest collaborations were
between Howe - Nisbet, Howe - Barbrook, and
Howe - Dorell. The weaker collaborations in this
cluster were the ones with Howe - Koumandou,
Richardson, Dacks, Bowler, and Hiller. The next ma-
jor cluster was the Takishita (2), which features the
largest collaboration with Kobiyama, Koike, Ogata,
and Maruyama. On the other hand, the weaker co-
llaborations were between Takishita and Kawachi,
Inagaki and Nakayama. In Keeling cluster (3), a clo-
ser collaboration with Archibald and more distant
with Waller, Obornil, and Fussy was observed.
Cluster 4 presented a close collaboration between
Bhattacharya and Hackett and less with Yoon and
Bonaido. In cluster 5, a network was observed
between Park, Yih, and Kim. Jakobsen's cluster (6),
showed a close collaboration between Shaichian
-Tabrizi and Minge. In Green’s cluster (7), a close
collaboration with Cavalier-Smith and Zhang was
observed. On the other hand, small collaboration
networks between two authors were observed, as
in the case of Wang-Morse and Bachvaroff-Delwi-

che. The analysis did not group the authors Lin,
Leblond, Cahoon, Smith, Ishida, Stoecker, Minnha-
gen, Bodyl, and Caron.

Figure 12 shows the map of the collaborations
network by country where the country that stood
out with the strongest collaborations was the USA
connected with Canada, China, United Kingdom, and
Spain, with a weaker collaboration USA connected
with Australia and Japan. On the other hand, it was
observed that Canada presented collaborations with
Norway, Germany, the Czech Republic, and Spain.

DISCUSSION

Within the intellectual structure (Figs. 1-3) during the
period of lower production, most of the publications
focused on the study of the diversity of chloroplasts
in dinoflagellates, their possible origins, and different
evolutionary lines related to organisms with similar
characteristics for classification purposes (Baldauf
2003; Dewilche 1999; Saldarriaga et al. 2001; Zhang
et al. 1999). This period was followed by the years of
the highest publication between 2004-2007, during
which new tools and techniques were developed,
especially molecular ones that allowed a greater
approach to phylogeny issues not only for classifica-
tion purposes but also with a diversification towards
physiological and evolutionary topics within which
they begin to approach to endosymbionts as an im-
portant part of the origin of chloroplasts (Horiguchi
2006; Koike et al. 2005; Moestrup & Daugbjerg 2007;
Okamoto & Inouye 2006; Pearce & Hallegraeff 2004).
This development is observed in the thematic evo-
lution of phylogenetic analyses with the incorpora-
tion of maximum likelihood analysis and work with
ribosomal RNA (Fig. 3). In this context, the increase
in production during 2010-2014 may be related
to the development of molecular techniques that
allowed progress towards the study of the origin of
chloroplast diversity in dinoflagellates focused on
endosymbionts (Imanian et al. 2010; Keeling 2010;
Stoecker et al. 2009; Takano et al. 2014). For the
last years of the 2010-2020 decade, the study of the
relationships between the origin of chloroplasts
and the evolutionary history of endosymbionts has
been refined (Bengtson et al. 2017; Calasan et al.
2017; Cavalcante et al. 2017; Gottsching et al. 2017;
Hehenberger et al. 2016; Janouskovec et al. 2017;
Yamada et al. 2017).

Even though in 2019 was an increase in production
(Lira & Tavera 2019; Yamada et al. 2019) and the
trend seemed to be positive, production fell shar-
ply in 2020. This trend was repeated in the number
of citations per year related to the number of publi-
cations per year (Fig. 2).
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Although there is still no statistical information on
the reason for this drop, it is likely due to the diffi-
culties that the Covid-19 pandemic has imposed
on scientific research worldwide. These difficulties
range from the impossibility of entering work cen-
ters to field and laboratory work. The statistical re-
lationship of annual publication production showed
a positive trend with a spike in publications for the
next ten years. However, this trend may be underes-
timating the effects, at different scales, derived from
the pandemic on research on this topic due to the
interruption of international collaboration research.
The world distribution of scientific production was
concentrated among the USA, England, and Japan
(Fig. 4), focusing on particular working groups. This
distribution can be related to social and environ-
mental aspects, but above all, economic, and in this
context, the USA has been for many years the most
productive country with the most significant influen-
ce in different areas of research (Oliveira et al. 2020).
Despite this, the dynamics of production distribu-
tion have been changing, incorporating commu-
nities from other countries in Europe, Asia, and
Africa, mainly due to the development of collabo-
ration networks among researchers from countries
with the highest production and working groups in
countries with lower production (Fig. 12).

The conceptual structure of this analysis showed
that most of the information analyzed is concen-
trated in 5 journals (Fig. 5). These journals do not
coincide entirely with those leading the reference
dynamics (Fig. 6). The reason for this difference
is that there are journals within the core, such as
Protist that cover a wide diversity of topics. For this
reason, this journal presents few publications for
more years, unlike journals such as Molecular Bio-
logy and Evolution that have more publications but
only for a specific couple of years. In this context,
it is interesting to note that the journal PloS One,
although it is among the most cited, being open
access and covering basic research topics in any
matter related to science and medicine, only had 2
publications on this topic in a year (2011).

The word dynamics match the thematic evolution
of the terms “evolution” and “dinoflagellate”, which
are central terms in all word analyses. These ter-
ms formed thematic networks that connect other
words like “chloroplast” and “phylogeny”, being
these terms the ones that had more significant
fluctuations in frequency over time, increased du-
ring the years of greatest publication.

Despite the words “chloroplast” and “phylogeny”
continue to appear within a taxonomic and classifi-
cation context as suggested by Oliveira et al. (2020),

they have been increasing their relevance within
the networks formed by the central words, indica-
ting that these concepts have acquired relevance in
the subject of evolution.

The analyses of the social structure showed that
the increases in the number of publications in Eu-
ropean countries are mainly due to the network of
collaborations with scientists from institutions and
countries with the highest production; the most
extensive collaborations have been carried out
among scientists with a high level of production im-
pact index (Figs. 9-11) although these have formed
close regional associations (Fig. 12). Scientists in
Asia have formed almost no international collabo-
rations and concentrated in small local groups that
have grown in recent years. This study does not
reflect the dynamics of collaboration with coun-
tries that publish in regional or local journals, even
though they work with scientists with a high level
of impact. On the other hand, it will be important
to analyze the changes in collaboration networks
and their effects on international production in the
context of the pandemic.

This bibliometric analysis showed a trend towards
the increase in publications about the evolution of
chloroplasts in dinoflagellates from 1996 to 2020.
The countries with the highest production are coun-
tries with the greatest economic and scientific deve-
lopment, among which the United States of America
and England are the most intertwined within the
global research network together with Japan.

Even though many publications were analyzed in this
work, the number of publications on this subject is
scarce compared to more general areas, so research
on this topic will remain active and growing in the
future. A clear trend was observed towards research
on the evolution of chloroplasts in dinoflagellates,
based on the use of molecular tools increasingly
accessible to most communities, together with the
study of phylogenetic controversies related to gaps
in taxonomic information and classification. The
lack of information on the evolution of chloroplasts
in Dinophyceae will be solved by fostering interna-
tional cooperation among the most productive and
resourceful countries and researchers with working
groups in less developed countries.
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Table 1 Institutions with the highest number of publications during 1996-2020

Affiliations Articles
Univ Cambridge 22
Univ British Columbia 20
Univ lowa 17
Univ Maryland 12
Univ Tsukuba 12
Univ Chicago
Univ Montreal
Univ Oslo

Dalhousie Univ
Chonnam MNatl Univ
Kitasato Univ
Kunsan M atl U niv
Middle Tennesses State Univ
Kanazawa Univ
Inst Parasitol
Univ Marburg
Univ Melbourne
Univ South Bohemia
Macquarie Univ
Marine Biotec hnol Inst
Massey Univ
Natl Inst Environm Studies
Univ Connecticut
Univ Dusseldorf
Univ Kalmar
Univ Sydney
Woods Hole Oceanog Inst
Kiamen Univ
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Figure 1. Trend in the number of publications during the period of 1996-2020

Figure 2. Number of citations per year during 1996-2020

Figure 3. Topic dynamics of chloroplasts evolution in dinophytes research during 1996-2020
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Figure 4. Scientific production by country during 1996-2020. The number of documents is displayed in different
gradations of blue

Figure 5. Core references graph according to Bradford's law

Figure 6. Dynamics of the 20 most citation references during 1996-2020
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Figure 7. Keywords dynamics during 1996-2020

Figure 8. Relationship’s network of the most relevant words analyzed during 1996-2020
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Figure 9. Authors with the highest H impact index during 1996-2020

Figure 10. Lotka's Law productivity distribution of authors during 1996-2000
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Figure 11. Collaboration networks between authors analysis during 1996-2020

Figure 12. Collaboration network by country, the number of documents is shown in different gradations of blue. The
thickness of the red line indicates the degree of collaboration
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RESUMEN

El conocimiento y la mencion, adecuada y correcta,
de los nombres que se asignan a los taxones de un
estudio floristico es posiblemente la tarea mas im-
portante al inicio de cualquier trabajo taxonémico
o en el analisis de un grupo en especifico. Primero,
porque deja claro para los lectores, especializados o
no, cudles son las circunscripcionesy las identidades
de sus unidades de trabajo; con qué otros nombres
han sido citados sus individuos y si existen identi-
ficaciones erréneas en trabajos anteriores que pu-
dieran confundir la naturaleza del elenco floristico
encontrado. Aqui exponemos la importancia de los
sinénimosy la confusién comun, de considerar a los
nombres mal aplicados como sinénimos heterotipi-
cos de un taxén. Enfatizamos la posibilidad, que los
autores tienen, de cuestionar la racionalidad de los
cambios sugeridos en nomenclatura y clasificacion.

ABSTRACT

The knowledge and proper and correct mention
of the names assigned to taxa in a floristic study is
perhaps the most critical task at the beginning of
any taxonomic work or in analyzing a specific group.
First, because it clarifies to readers, specialized
or not, which circumscriptions they are using and
the identities of their work units; with what other

names their individuals have been cited and if there
are misidentifications in previous works that could
confuse them the nature of the floristic cast found.
Here we expose the importance of synonyms and
common confusion, considering misapplied names
as heterotypic synonyms for a specific taxon. We
emphasize the authors' possibility of questioning
the rationality of the suggested changes in nomen-
clature and classification.

INTRODUCCION

En el estudio, andlisis e interpretacion de la bio-
diversidad es fundamental que exista claridad de
las unidades biolodgicas reconocidas o recuperadas
(hablando en términos filogenéticos), de tal manera
que la publicacién de resultados se convierta en un
ejercicio de exégesis para el lector. La ambigliedad,
introducida por los autores, debe ser minimizada
en el trabajo taxonémico y convertirse en un objeti-
vo de todo ficdlogo. Estas unidades, representadas
por sus nombres, deben de contar con un respal-
do depositado en alguna coleccién o herbario, a
las que cualquiera pueda acudir para examinar,
opinar o corroborar datos. Esto es crucial cuando
ademas se tratan registros nuevos para una region
o pais (Novelo & Tavera 2013). Toda la informacién
gue podamos reunir entorno a estas unidades con-
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forma datos robustos que dan claridad y justifican
nuestra decision de asignar correspondencia con
un taxén ya conocido o la publicacién de algo como
nuevo. Esta aproximacion es la utopia de la Taxo-
nomia integrativa (Dayrat 2005; Padial et al. 2010)
e incluye forzosamente la asignacion de nombres.
Por lo tanto, también es necesario eliminar la am-
bigiedad en ellos, pues esta vaguedad se trans-
mite a otras publicaciones, base de datos y demas
instrumentos de toma de decisiones (Pedroche &
Novelo 2020b), con sus consecuencias en la sobre-
valoracién o subestimacion de la diversidad y las
diversas aplicaciones que de ella derivan.

En una contribucion anterior tratamos de moti-
var el consenso en el uso de algunos nombres
en determinados entornos nomenclaturales
(Pedroche & Novelo 2021). En la presente y en la
misma direccién, tocaremos el error de confun-
dir los nombres mal aplicados (identificaciones
erréneas) con los sinbnimos.

¢POR QUE SURGEN LOS SINONIMOS?

Aunque explicitamente en el Codigo (Turland et al.
2018) no hay una definicion oficial de sinénimo, si
existe su entrada en el glosario, que textualmente
lo define como: “Uno de dos 0 mas nombres que se
aplican al mismo taxén” ;por qué existe confusion
al nombrar a un taxén (diversidad de nombres) si
claramente el Codigo menciona que solo puede
haber un nombre para cada uno de ellos? (Prin-
cipio IV, Art. 11.1). Los sin6bnimos nacen por dos
acciones: una taxonémica y la otra nomenclatural.
La primera esta relacionada con la circunscripcién
de un taxén (Turland 2019) y la segunda como re-
sultado de la aplicacion del principio de prioridad
(Principio Ill) (Turland et al. 2018). Qué elementos
estan incluidos en la definicion de un taxén hacen
su circunscripcion (Pedroche 2019) y ésta puede
permanecer inalterable a través del tiempo o pue-
de sufrir modificaciones, accion que en nomencla-
tura se denomina enmendar. Asi, la circunscripcion
puede estrecharse o puede ampliarse causando
la particién del concepto original o la inclusién
de otros conceptos sumandose al originalmente
planteado. El efecto de la primera es producir no-
vedades taxondmicas y en el segundo novedades
nomenclaturales. Aqui queremos aclarar que en
el Cédigo solo se menciona a las segundas (Art.
6.10, Nota 4): “La frase “novedad nomenclatural”,
tal como se usa en este Cédigo, se refiere a cual-
quiera de las siguientes categorias: nombre de ta-
x6n nuevo, combinacién nueva, nombre en rango
nuevo y nombre de reemplazo, o a todas ellas”; sin
embargo, en la literatura y en nuestra perspectiva,

se pueden diferenciar precisamente por el origen o
causa que les da origen. La propuesta de un taxén
0 categoria nuevos es un acto previo a su denomi-
nacién, un acto taxonémico.

Cuando se recurre a la enmendacion, ésta debe
ser claramente indicada en la publicacién (Reco-
mendacion 47A.1), pues cambia la percepciony los
limites del taxén involucrado (Pedroche 2019).

TIPOS DE SINONIMOS

Los sindnimos pueden ser de dos tipos: sinénimos
homotipicos, que como su denominacién lo indica
son nombres que poseen el mismo tipo y los siné-
nimos heterotipicos que involucran nombres dife-
rentes con tipos diferentes (Art. 14.4). Alos primeros
se les conoce también como sinébnimos nomencla-
turales; es decir, varios nombres para el mismo tipo,
pero como solo puede haber un nombre correcto
para un taxén, se aplica el principio de prioridad. El
basénimo, es un sindbnimo homotipico al cual esta
ligado directamente el tipo nomenclatural. En zoolo-
gia a estos sinénimos se les conoce como objetivos,
obligados o absolutos, pues al estar fincados en el
mismo tipo no hay materia de disputa entre ellos
(Winston 1999). Los segundos, los sinénimos he-
terotipicos o taxonémicos, son nombres basados
en diferentes tipos que se consideran pertenece al
mismo taxon. A esta categoria pertenecen los ho-
monimos (sindnimos que tienen el mismo epiteto),
en donde el mas reciente (homoénimo posterior o
tardio) se considera un nombre ilegitimo (Art. 53.3)
(Pedroche & Novelo 2021). Por esta, en zoologia se
les conoce, a los sinbnimos heterotipicos, también
como subjetivos, no objetivos, pues estan basados
en la opinién del investigador (CINZ 2000) y por
lo tanto pueden ser cuestionados y ser materia
de disputa. Como bien apunta Turland (2019) los
sinénimos homotipicos son sinébnimos de facto,
mientras que los sinénimos heterotipicos son siné-
nimos cuestion de opinidn taxonémica. Una nueva
combinacion y su basénimo son siempre sinbnimos
homotipicos; del mismo modo un nombre de reem-
plazo y su sinébnimo reemplazado. Los sinénimos
a menudo se denotan por el signo de igualdad (=),
pero es posible ser mas preciso empleando el signo
de identidad (=) para sinébnimos homotipicos y el de
igualdad (=) para sinénimos heterotipicos. Algunos
ejemplos, tomados directamente y sin cambio de las
obras citadas, se pueden ver en las figuras 1 (mari-
nas) y 2 (dulceacuicolas).

NOMBRES MAL APLICADOS
Otro tipo de nominacion es el nombre mal aplicado,
es decir, cuando un autor utiliza un nombre existen-
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te en un sentido diferente a su uso original o, mas
precisamente, en un sentido que no incluye su tipo.
También es comun que estos sean el resultado de
identificaciones erréneas y que se citan como fuente
de informacién al realizarse un listado, catalogo o
revision para incluir a todo el material que ha sido
citado o revisado para el analisis del grupo en cues-
tion. Es importante mencionar que a menos que el
autor excluya explicitamente el tipo, en cuyo caso se
publica un homoénimo posterior (Art. 48.1), el nom-
bre mal aplicado no tiene un estado nomenclatural
independiente del nombre tal como se aplicé correc-
tamente. Puede ser simplemente ignorado, aunque
dependiendo de la intencion de la publicacion, es util
citarlo. Cuando éste es el caso, los autores utilizan
la forma sensu que significa: en el sentido u opinién
de y va seguida por el nombre del autor que realizé
la asignacién (identificacion). Entonces, un nombre
mal aplicado, de acuerdo con la recomendacién 50D
del Cédigo, no debe de incluirse en la sinonimia sino
afiadirse después de ella: “Un nombre mal aplicado
deberia indicarse mediante las palabras “auct. non",
seguidas por el nombre del autor o de los autores ori-
ginales y la referencia bibliografica de la identificacién
erronea” (Turland et al. 2018). Desafortunadamente,
la literatura ficologica en México es rica en nombres
mal aplicados, y a menudo se citan como si estuvieran
validamente publicados por derecho propio vy, por
lo tanto, se confunden facilmente con homonimos
posteriores o tardios o bien se consideran inadecua-
damente como sindnimos del taxén tratado.

Como muestra, algunos casos: Nemacystus brande-
geei (Setchell et N. L. Gardner) Kylin una Phaeophy-
ceae registrada para el Golfo de California y con-
fundida previamente con Haplogloia andersonii por
Norris (1973) y Pacheco Ruiz et al. (2008). La forma
sugerida de citar es: Nemacystus brandegeei (Setchell
et N. L. Gardner) Kylin. Haplogloia andersonii sensu
Norris 1973; Pacheco Ruiz et al. 2008 [auct. non Ha-
plogloia andersonii (Farlow) Levring] (Norris 2010).
Otra alternativa es hacer explicito que se trata
de un nombre mal aplicado, como en el ejemplo
citado por Pedroche et al. (2005): Valoniopsis pachy-
nema (G. Martens) Bargesen (= Bryopsis pachynema
G. Marten). Nombre mal aplicado de acuerdo con
Dawson (1959, p. 12): Cladophoropsis robusta.

En el caso de las algas de agua dulce no es facil en-
contrar ejemplos como los anteriores por dos razo-
nes principales, la primera es la falta de colecciones
cientificas de referencia y la segunda es la ausencia
de descripciones e ilustraciones para comparar con
ejemplares o descripciones originales. Un caso re-
levante es el de Scenedesmus quadricauda (Turpin)
Brébisson 1835 non S. quadricauda Chodat 1926, un

nombre controvertido y con muchos problemas no-
menclaturales y taxonémicos. Una breve historia de
este caso aparece en Comas (2020). A partir de ese
nombre, y a raiz de la transferencia de Scenedesmus
con espinas al género Desmodesmus por Hegewald
(2000), en algunas publicaciones aparecié Desmo-
desmus quadricaudatus (Turpin) Hegewald que es un
nombre invalido, pues no ha sido publicado.

Menos frecuente, pero que se puede encontrar en
la literatura, es fide, “por la fe, por la certeza (de), es
decir, segun” (Turland 2019) aunque ésta se emplea
mas, desde nuestra experiencia, en relacion con la
literatura para precisar la opinion de algin autor
con respecto a un tipo, lectotipo, localidad, etc. Por
ejemplo, Cladophora graminea Collins 1909, p. 19,
lam. 78: fig. 6 (loc. lectotipo: Monterey, Calif., USA
fide Smith, 1944, p. 59) (Pedroche et al. 2005); Dict-
yota friabilis Setchell 1926, pp. 91-92, 1am. 13: figs.
4-7; 1dm. 20: fig.1 (loc. tipo: Tafaa Point, Tahiti fide
espécimen en UC [261252]) (Pedroche et al. 2008).
Callithamnion rupicola [“rupicolum”] Anderson 1894,
p. 360, figs. A-B (loc. tipo: B. Monterey, Calif. fide
Smith 1944, p. 319, Sta. Barbara, Calif., USA).

IMPORTANCIA DE LOS SINONIMOS Y DE LOS NOMBRES MAL
APLICADOS

El conocimiento y la mencién adecuada y correcta
de los nombres es posiblemente la tarea mas im-
portante al inicio de cualquier trabajo taxonémico o
analisis de un grupo en especifico (Mayr & Ashlock
1991). Por una parte, nos brinda la historia de la no-
menclatura del taxén, ¢bajo cudles otros nombres
ha sido registrado el taxén en afios previos? Esto,
evita la duplicacién de taxones y la sobrevaloracion
de la diversidad. Por otra parte, nos permite vislum-
brar y evaluar la concepcion de la entidad biolégica
en diferentes tiempos por diferentes autores, cdmo
se han ponderado los caracteres, qué variabilidad
ha sido observada y registrada, qué opiniones taxo-
ndémicas han prevalecido y cual ha sido la tendencia
en la caracterizacién del taxén y finalmente, cual
es la conclusién y decisién del autor para elegir el
nombre correcto del taxén o taxones citados. Los
nombres mal aplicados pueden indicar un descono-
cimiento del grupo estudiado, la ausencia de infor-
macién bioldgica suficiente para una identificacion
acertada, la deficiencia de los instrumentos para la
correcta determinacion o bien el trabajo con poco
cuidado y sin tomarse el suficiente tiempo, descono-
ciendo el impacto y las consecuencias de la eleccion
de un nombre incorrecto.

CONSIDERACIONES FINALES

Es muy importante enfatizar que los autores de un
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estudio tienen la facultad de cuestionar la racionali-
dad de los cambios sugeridos por otras autoridades
en materia de nomenclatura y clasificacién. A esto
le hemos llamado “opinién taxondémica” (Pedroche
& Novelo 2021) y creemos que cuando un cambio
de nomenclatura parece dudoso para un usuario,
estd justificado no aceptarlo; aun cuando ya esté
aprobado por taxbnomos competentes y represen-
te una novedad nomenclatural (Mina et al. 2006). Es
necesario entender que las decisiones taxonémicas
o nomenclaturales sugeridas para ciertos grupos
son en ocasiones exclusivas para esos grupos y ta-
xones, y no deben ser extrapoladas hasta no seguir
los protocolos reconocidos en taxonomia y nomen-
clatura (Pedroche & Novelo 2020a) jTodas estas
propuestas se convierten en hipotesis a corroborar
o falsear! Finalmente, con frecuencia nos preguntan
si se deben de mencionar todos los sinébnimos de un
taxén en un trabajo de indole floristica o cudles de
ellos es necesario incluir. La respuesta esta en cual
es la pregunta que se quiere enfrentar o responder.
Para trabajos locales, lo necesario es conocer los
sinénimos bajo los cuales se han registrado taxones
en esa area geografica y que cuya inclusion pudiera
dar unaidea errénea de la riqueza floristica local. Sin
embargo, en trabajos de tipo monografico o de revi-
sién si es conveniente conocer y citar los sinbnimos
a nivel mundial o regional reconocidos, para ofrecer
una opinion calificada de su existencia y naturaleza.
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Figura 1. Algunos ejemplos de citas que incorporan sinénimos en algas marinas. Tomados de 1: Calderon et al. (2016),
2: Enciso-Padilla et al. (2019), 3: Garcia-Soto & Lopez-Bautista (2018), 4: Mateo-Cid et al. (2018).
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Figura 2. Algunos ejemplos de citas que incorporan sinénimos en algas dulceacuicolas. Tomados de 1: Gardufio
Solérzano et al. (2016), 2: Novelo (2012), 3: Oliva Martinez et al. (2005), 4: Ortega (1984), 5: Valadez Cruz et al. (2010).
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Uno de los cereales mas importantes a nivel mundial
por su consumo es el maiz (Zea mays). Es de alto ren-
dimiento, facil de procesar, de digerir y mas barato
que otros cultivos. Cada parte de la planta del maiz
tiene un valor econémico: el grano, las hojas y el ta-
llo se emplean para producir una gran variedad de
productos alimenticios, medicinales y artesanales. El
maiz tiene una gran demanda de nutrientes, lo que
conlleva a la degradacion del suelo, esto exige el em-
pleo de fertilizantes quimicos. Por lo anterior, se han
buscado alternativas para el cultivo, entre ellas, las
que impulsen el manejo de bioestimulantes de plan-
tas. Las algas marinas se utilizan ampliamente en di-
versas industrias por su composicion quimica y sus
extractos que contienen sustancias promotoras del
crecimiento de plantas como auxinas, citoquininas,
betainas, giberelinas y aminoacidos. Para realizar el
bioensayo se eligi6 el maiz de la raza Tuxpefio varie-
dad Nortefio de Querétaro, y Sargassum filipendula
(Phaeophyceae) y Ulva lactuca (Ulvophyceae), estas
ultimas obtenidas de Barra de Cazones, Veracruz,
las que se lavaron, secaron y trituraron colocandose
6 botes por prueba y 6 testigos en botes de 20 L de
capacidad con 18 kg de suelo; en proporcién de 3, 6
0 9g/kg de suelo. El maizy el suelo se obtuvieron del
poblado de Lira, municipio de Pedro Escobedo, Que-
rétaro; el suelo se caracterizd en el laboratorio de
Microbiologia del Suelo de la ENCB. Se determin¢ el
potencial de germinacién en el lote de frutos, se co-
locaron a germinar 100 frutos en 10 cajas Petri con

papel filtro #4; el papel se humedecié con 3 mL de
agua destilada y se dejaron por 8 dias, obteniéndose
100 % de germinacion, por lo que se considero este
lote viable para llevar a cabo el bioensayo. Se realiz6
la siembra de maiz el 1 de abril, al germinar, se eli-
gieron las plantas mas vigorosas a las que se evalua-
ron 7 variables: 4 vegetales que se midieron sema-
nalmente y 3 de rendimiento obtenidas al final del
bioensayo. Se realiz6 un analisis de ANOVA de una
via, una de Tukey o Kruskal-Wallis y Mann-Whitney.
Adicional a las 7 variables se usaron los parametros
fisicoquimicos del suelo para un Analisis de Compo-
nentes Principales, el cual no mostré diferencias es-
tadisticamente significativas, por lo que se hizo una
regresion lineal simple. Tanto S. filipendula como U.
lactuca estimularon el crecimiento, la produccion de
biomasa y el rendimiento del cultivo lo que se atri-
buye a las proteinas, energia metabolizable, fibra 'y
cenizas que contienen las harinas. El andlisis esta-
distico mostré que el contenido de materia organica
en los tratamientos tiene una relacion directamente
proporcional con la altura de las plantas de maiz, y
la capacidad de intercambio catidnico (CIC) con el
ndimero de nodos. Las variables con mayor parti-
cipacion en la definicion de los componentes (PCT,
PC2) son conductividad eléctrica, humedad relativa
y la biomasa. La produccién de biomasa y frutos fue
mayor en los tratamientos con U. lactuca por lo que
se considera mejor bioestimulante que S. filipendula.
Las caracteristicas fisicoquimicas del suelo se modi-

Cymbella 7 Num. 2 (2021)

72 [



ficaron con las harinas de las algas. La capacidad de
retencion de agua, el pH y CIC del suelo mejoraron
con la harina de U. lactuca. La materia organica y la
conductividad eléctrica del suelo mejoraron con la
harina de S. filipendula.

Palabras clave: bioestimulantes, estimulante de crecimiento,

mejorador de suelo, Sargassum, Ulva.

Texto completo en: https://tesis.ipn.mx/hand-

le/123456789/28286
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Las zooxantelas son algas dinoflageladas perte-
necientes al género Symbiodinium que mantienen
una simbiosis obligatoria con los corales escle-
ractinios. Estas algas son de suma importancia
debido a que proveen de diferentes nutrientes a
los corales y les permiten desarrollar una mayor
tasa de calcificacion en un menor tiempo. Exis-
ten nueve clados de zooxantelas con diferentes
atributos fisiolégicos y ecologicos, entre los que
estan incluidos el conferir a los corales una mayor
resistencia a caracteristicas ambientales adversas.
Para evaluar la composicién y la diversidad gené-
tica de las poblaciones de zooxantelas presentes
en cuatro arrecifes coralinos del Pacifico mexicano
después del evento “El Nifio” 2015-2016, se obtuvo
ADN de zooxantelas de 102 fragmentos del coral
Pocillopora verrucosa de cuatro arrecifes coralinos
de Zihuatanejo, Guerrero. Este material se ampli-
fico y secuencié para los marcadores moleculares
28S e ITS2. Los arboles filogenéticos resultantes
de ambos marcadores mostraron que el 100 % de
las secuencias de Symbiodinium se agruparon con
el clado D, siendo mas cercanos con los subclados

D1.1y D1.2. A este clado se le ha atribuido resis-
tencia a temperaturas altas. El andlisis de redes de
haplotipos y de diversidad genética mostraron una
mayor diversidad con el marcador ITS2 que con el
28S, revelando 28 haplotipos vs. 5 haplotipos, res-
pectivamente. Entre las zooxantelas de los cuatro
arrecifes se encontré un haplotipo ancestral, del
que la poblacién de Islote Zacatoso se alejé con
mas pasos mutacionales, mostrando ademas la
mayor diversidad genética. Los corales con esa
poblacién de zooxantelas fueron los que sufrieron
menos blanqueamiento durante el evento “El Nifio”
2015-16. De esta manera, se discute la posible re-
lacion de la composicién actual de zooxantelas con
un solo clado de zooxantelas es una respuesta al
estrés térmico provocado por este evento, pudien-
do haber existido anteriormente varios clados de
zooxantelas.

Palabras clave: Symbiodinium, corales, filogenia molecular,
zooxantelas, Guerrero

Texto completo a solicitud de la autora.

Cymbella 7 Num. 2 (2021)

7+



RESUMEN DE TESIS

David Alejandro Gonzdlez Rivas
Estimacion de aportes de nitrdgeno provenientes del Distrito
de riego del Rio Mayo: potenciales efectos sobre ecosistemas

costeros y marinos del golfo de California.

Doctorado en Ciencias. Uso, Manejo y Preservacion de los Recursos Naturales (Orientacién en Ecologia)

Programa de Posgrado. Centro de Investigaciones Biolégicas del Noroeste, S. C.

Correspondencia: dagriva@gmail.com; dgoznalez@pg.cibnor.mx

Las afectaciones en las actividades agricolas sobre
la zona costera, consecuencia de la escorrentia de
nutrientes, forman parte de los principales desa-
fios ecolégicos en todo el mundo. Hoy en dia, el
nitrogeno es uno de los fertilizantes mas utilizados
a nivel mundial, el uso excesivo de este elemento
y su escurrimiento de los sistemas agricolas ha
provocado multiples consecuencias en los ecosis-
temas continentales y marinos, tales como: flora-
ciones de algas nocivas, zonas de hipoxia o anoxia
y pérdida de biodiversidad. Por ello, cuantificar
el total de nitrégeno que llega a la zona costera
proveniente de la acuicultura y de la agricultura,
resulta fundamental tanto para la parte ecoldgica
como para el sector socioeconémico. Sin embar-
g0, en la practica no se tiene un método rapido y
efectivo para hacer esta estimacion. Dentro de este
contexto, las zonas costeras de México no son la
excepcion, especialmente el golfo de California,
en el que convergen las principales pesquerias
riverefias, granjas acuicolas y distritos de riego. En
este trabajo, se utilizaron imagenes de percepcion
remota y sistemas de informacion geografica, para
determinar el area cultivada, asi como los grupos
de granjas camaronicolas, realizando una clasifi-
cacién de imagenes Landsat 8 durante el periodo
2015-2016. En tanto, los puntos de entrada de
nutrientes y subcuencas se obtuvieron a partir de

un modelo de elevacién digital, combinado con la
digitalizacién de mapas de canales de drenaje den-
tro del distrito de riego del Rio Mayo. A partir de
esta informacién se estimé el nitrogeno que llega
a la zona costera utilizando el area de cultivo y el
porcentaje de escorrentia de nitréogeno obtenido
de la literatura especializada. Como resultado, se
identificaron cuatro grupos de granjas camaronico-
las, asi como ocho subcuencas, dos de las cuales
destacan por la cantidad de nitrégeno que drenan
directamente tanto a una laguna costera como al
mar. Ademas, se confirmé la influencia de estas zo-
nas mediante un analisis de varianza utilizando los
datos del sensor MODIS (Clorofila-a y el Coeficiente
de atenuacién difusa a 490 nm Kd (490)) Se conclu-
y6 que hay un alto aporte de nitrégeno, asi como
de otros contaminantes tanto en las lagunas cos-
teras como en la zona marina, provenientes de las
zonas agricolas y acuicolas del distrito de riego del
Rio Mayo. Finalmente, se confirm6 que el método
aplicado para estimar el volumen de la escorrentia
de nitrégeno es util, rapido y puede mejorarse con
datos in situ.

Palabras clave: agricultura, escorrentias, nitrégeno, zona costera.

Texto completo en: https://cibnor.reposito-
rioinstitucional.mx/jspui/handle/1001/2026
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