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ABSTRACT. The phytoplankton community's temporal variability associated with environmental factors and
harmful algal blooms in Acapulco Bay was analyzed. Phytoplankton samples were taken monthly at three sites
(MSL: Morro de San Lorenzo, CDO: Casa Diaz Ordaz, and PP: Playa Palmitas) over 11 months in 2018. The
physical and chemical variables of surface water were measured in situ, and the composition and community
structure of phytoplankton were analyzed. The physical and chemical characteristics studied varied significantly.
The highest temperatures were obtained in September and October (September: 29.6 + 3.58°C, October: 34.61
+ 1.83°C), whereas the highest salinities and chlorophyll-a concentrations occurred from February to May
(salinity: 34.06 + 0.38, chlorophyll-a: 2.73 + 0.15 pg L. The highest oxygen concentrations were recorded
during the rainy season (June 91.8% and December 100%). A total of 201 phytoplankton species were identified:
94 diatoms, 101 dinoflagellates, 4 cyanobacteria, and 2 silicoflagellates. Diatoms dominated during the rainy
season, whereas dinoflagellates dominated during the dry season (June to December). A total of 17 harmful
species were identified; four toxin-producing species included a diatom genus (Pseudonitszchia sp.) and three
dinoflagellate species (Gymnodinium catenatum, Dinophysis caudata, and Phalacroma rotundata). One species
that produces oxygen reactive species and hemolysis (Margalefidinium polykrikoides) caused a harmful algal
bloom at the CDO and PP stations. The temperature is one of the most critical factors for its bloom in October.

Keywords: phytoplankton; harmful algal blooms; temporal variation; composition; Acapulco Bay

INTRODUCTION to differences in the relative rates of increase and

decrease of each population (Shayestehfar et al. 2010).

Approximately 1488 species of marine phyto-
plankton have been identified in the waters of the

Marine phytoplankton constitutes an essential compo-
nent of marine ecosystems. They are autotrophic

organisms at the base of the trophic web that transfer
energy to other trophic levels and comprise over 90%
of existing organic matter. They also contribute to
regulating biochemical cycles and the stability of
multiple aquatic ecosystems (Margalef 1981, Falkowski
& Raven 2007). The structure and composition of
marine phytoplankton depend on each species' presence
and relative abundance, which can vary temporally due
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Pacific Ocean and Gulf of Mexico; they have been
classified into 211 genera, representing 33-42% of the
total estimated for the entire world (Hernandez-Becerril
2014). In particular, 168 genera and 641 species of
marine phytoplankton were reported for Acapulco Bay
from 2000 to 2009 (Meave del Castillo et al. 2012). On
the other hand, Rojas-Herrera et al. (2012) and Moreno-
Diaz et al. (2015a,b) documented approximately 65 to
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87 species from 2009 to 2012, which shows significant
variability in the phytoplankton species composition of
Acapulco Bay over time.

Variability in species composition could respond to
complex interactions between physical, chemical, and
biological factors (Shevchenko et al. 2018). Moreover,
rates of variation fluctuate in intensity and frequency
(Reynolds 1989) due to phytoplankton's high metabolic
activity in response to several environmental stress
scenarios (Fogg 2001). As primary producers, phyto-
plankton species are sensitive to the increase and
decrease in nitrogenous compounds and phosphates,
even in some oligo-elements (Griffith & Gobler 2020),
increasing population numbers known as algal blooms.
Population increases act as a biological carbon bomb
that helps mitigate the greenhouse effect, increases the
production of dimethylsulphide (DMS), and creates
high oceanic production pulses (Carreto-Iraurgui 1989).

Although most algal blooms are harmless (Garate-
Lizarraga & Mufieton-Gomez 2006, Gérate-Lizarraga
etal. 2009), some are not, and have been called harmful
algal blooms (HAB). They are characterized by their
negative impact on public health, agriculture, the
environment, and recreational activities. These HABs
tend to modify the ecological dynamics of aquatic
environments, causing anoxia, hyperoxygenation, and
decreases in pH, among other effects; some adverse
effects are directly related to the harmful and toxic
phytoplankton population growth (Granéli & Turner
2006).

Approximately 90 HAB events were reported from
2000 to 2015 for the coast of Guerrero, and in
particular, for Acapulco Bay, 77 of these events were
harmful, and 11 were toxic HAB events, produced by
40 species: 21 diatoms and 19 dinoflagellates (Meave
del Castillo & Zamudio-Resendiz 2018). The compo-
sition and structure of the marine phytoplankton
community in Acapulco Bay could vary in time and
space and the co-occurrence of harmful or toxic species
(Garate-Lizarraga et al. 2008, 2009, 2013, 2016, Meave
del Castillo et al. 2012, Rojas-Herrera et al. 2012,
Moreno-Diaz et al. 2015a,b). Therefore, the temporal
analysis of phytoplankton communities is highly
relevant to provide information for preventing HAB
and monitoring phytoplankton communities associated
with HAB events, particularly in coastal environments
where several economic and recreational activities are
carried out. Therefore, the present study's objective was
to evaluate the phytoplankton community's temporal
variability associated with environmental factors and
HAB events in Acapulco Bay during the 2018 annual
cycle.

MATERIALS AND METHODS

Study area and sampling stations

Acapulco Bay is located on the coast of the state of
Guerrero in southern Mexico (16°51'42"N, 99°53'11"W),
in the Mexican Transitional Pacific (CONABIO, 2007).
The bay mouth is approximately 2.7 km long, exten-
ding 5.5 km into the bay, with depths ranging from 0 to
50 m. The prevailing climate in the region is rainy
tropical (Aw); in summer, the average precipitation is
above 100 mm between June and October, and
precipitation is below 4 mm between February and
April (Mayo-Vera 2004). Temperatures above 18°C
occur year-round. Phytoplankton samples were
collected at three sampling sites: MSL: Morro de San
Lorenzo, CDO: Casa Diaz Ordaz, and PP: Playa
Palmitas (Fig. 1).

Sample collection and environmental variables

Surface tows of 5 min duration were undertaken at each
site, using a 1.29 m long plankton net with 43 pm mesh
size. Samples were placed in 500 mL polyethylene
bottles and fixed in 4% formaldehyde. Samples were
obtained monthly during 11 months of the 2018 annual
cycle. Environmental variables (physical, chemical,
and biological) such as surface temperature (°C), sali-
nity, dissolved oxygen (% saturation), and chlorophyll-
a (ug L) were measured in situ using a YSI v2-4 6600
multiparameter probes.

Phytoplankton identification, composition, and
structure

Specimen identification was based on cellular
morphology and undertaken to species level, using
specialized literature (Cupp 1943, Balech 1988, Licea-
Duran et al. 1995, Hasle & Syvertsen 1996, Moreno et
al. 1996, Throndsen 1997). Phytoplankton composition
was analyzed based on the relative species abundance,
using randomly counting the first 500 cells for each
sampling site (Rojas-Herrera et al. 2012, Moreno-Diaz
et al. 2015b). The community structure was estimated
using the following community descriptors: total
number of species, Shannon-Weaver diversity index
(H) (Margalef 1981), Pielou's evenness index (J)
(Pielou 1969), and Berger Parker dominance index
(BPI) (Magurran 2004).

Data analysis

Permutation analysis of variance (PERMANOVA) was
undertaken to test for significant differences in the
abundance of the different phytoplankton groups
(diatoms, dinoflagellates, cyanobacteria, and silicofla-
gellates) and the physical, chemical, and biological
variables during the sampled months, using the software
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Figure 1. Location of the sampling area in Acapulco Bay, Guerrero, Mexico.

Paleontological Statistics (PAST 3.23) (Anderson
2001). A principal component analysis (PCA) was
undertaken to visualize the temporal distribution
(among months) and the affinity between the
environmental variables and the sampled sites, using
PRIMER v.6.1.6.

Temporal differences in the phytoplankton commu-
nity structure were analyzed with non-parametric
Kruskal-Wallis H and multiple ranks tests at a
significance level a = 0.05 (Zar 1999), using the
package Infostat 2018 Web [www.infostat.com.ar/]. A
non-parametric Olmstead-Tukey test for association
bivariate graphic analysis was applied to prioritize the
phytoplankton species' dominance, classifying species
as dominant (abundant and frequent), frequent (not
very abundant and frequent), occasional (abundant and
low frequency), or rare (low abundance and low
frequency), using IBM-SPSS Statistics 23.

The temporal similarity in species composition
between the sampled months was analyzed with a
Cluster analysis, using the group average method as a
grouping measure. A multidimensional non-metric
scaling analysis (nNMDS) was used to illustrate the
similarity in species composition between sampled
sites based on the Cluster submodule. The Bray Curtis

similarity matrices of the original data were trans-
formed logarithmically [log (x +1)] using PRIMER
v.6.1.6.

The relationship between the dominant phyto-
plankton species and the environmental variables was
assessed with a gradient analysis, using an ordination
based on the canonical correspondence analysis (CCA).
A Monte Carlo permutation test was used to assess
whether the first axes' eigenvalues and the correlation
values between the species and the environmental
variables obtained with the CCA were statistically
significant at a significance level o= 0.05. The gradient
length was previously estimated with a restricted
gradient analysis (DCA) using CANOCO v.4.5.

RESULTS

Environmental variables

The average values of the physical, chemical and
biological variables are shown (Table 1). The multi-
variate variance analysis showed significant differences
between the analyzed months in the environmental
variables (PERMANOVA, P = 0.0001). The PCA
showed that the months and sites corresponding to the
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Table 1. Temporal variation of the physical, chemical, and biological variables of Acapulco Bay surface water (mean
standard deviation). **Indicates statistically significant differences (P = 0.001).

Temperature

Chlorophyll-a Oxygen

Months °C) Salinity (ug L) (%)

February 27.4+039 33.31+0.27 1.96x0.40 70.1

March 2495+0.8 33.16+0.03 256+02™ 76

April 2554+0.15 33.21+1.11 273+0.15" 721

May 29.55+05 34.06+£0.38™ 1.86+0.21 64.2

June 2846+2.66 28.73+3.27 1.23+0.49 100

July 2553+0.25 29.56+0.23” 0.63+06  77.3

August  2566+050 28.82+573 0.76+0.15 35127

September 29.6+3.58 31.52+091 1.1+0.26 383"

October ~ 34.61+1.83™ 30.31+0.92 0.76+0.06  56.9

December  24.4+0.26™ 31.62+1.57 0.36+0.15" 091.8
dry season (January to May) were associated with high T Ag{;;gg;;
salinities and high chlorophyll-a concentrations. In Y e
contrast, the rainy season months (June to December) =l 8 i
were associated with temperature and dissolved oxygen + June
(Fig. 2). Temperature values varied significantly from it s
24.4 +0.26 to 34.61 + 1.83°C; October was the hottest <1t = el
month (>30°C), and December was the coldest month 3 H Jeeenbel
(<25°C). Salinity was significantly higher in May 8
(34.06 £ 0.38), whereas June had the lowest salinity BT
(28.73 + 3.27). Dissolved oxygen ranged from 34.12%
in August to 100% in June, whereas the highest N
chlorophyll-a values occurred in March and April (2.56
+ 0.2 and 2.73 = 0.15 pg L, respectively) and the
lowest occurred in December (0.36 +0.15 ug L™). 21

Phytoplankton composition and structure

Species composition varied significantly during the
studied months (PERMANOVA, P = 0.0001). The
Cluster analysis showed that similarity in species
composition was above 65% in May and June (Fig. 3a).
The nMDS ordination created three groups with 31%
similarity among them. The first group corresponded to
the rainy season (January to May) with low similarity
(35%) between sites and months. The second group
corresponded to the dry season (June to December)
with more significant similarity (67%). The third group
comprised the CDO and PP stations with 52%
similarity; both were associated with a HAB event in
October (Fig. 3b).

A total of 201 phytoplankton species were identified
during the 2018 annual cycle (Table 2). There were 101
dinoflagellates species, 94 diatoms, 4 cyanobacteria,
and 2 silicoflagellates. Diatoms represented over 60%
of the total in terms of abundance (10,987 ind) and
dominated during the rainy season (July to September).
Dinoflagellates represented 29% of the total (4587) and
dominated during the dry season (January to May) (Fig.

F1‘C1 (36.8“/:; 1 ’

Figure 2. Principal component analysis (PCA) using the
different physical and chemical variables present in
Acapulco Bay. MSL: Morro de San Lorenzo, CD: Casa
Diaz Ordaz, and PP: Playa Palmitas.
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4). Fourteen species dominated numerically in relative
abundance during the annual cycle, including eight
diatom species (Chaetoceros lorenzianus, Chaetoceros
spp., Climacodium frauenfeldianum, Detonula pumila,
Leptocylindrus danicus, Pseudo-nitzschia sp., Skeleto-
nema costatum, and Thalassionema nitzschioides).
These species represented 57% of the species with
relative abundance ranging from 13 to 80%. Five
dinoflagellate species (Dinophysis caudata, Diplopsa-
lopsis bomba, Diplopsalis lenticula, Margalefidinium
polykrikoides, and Noctiluca scintillans) and one diazo-
trophic cyanobacterium (Trichodesmium erythraeum)
represented 36% of abundance (Table 3). Total species
richness varied significantly over time (H = 15.60, P <
0.05), from 102 species in April to 32 species in
September. The greatest species richness values were
found at PP (44.8 species) and CDO (34.8 species). The
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Figure 3. Temporal variability of phytoplankton abundance. a) Cluster analysis and b) non-metric multidimensional scaling
(nMDS) based on the logarithmic transformation of abundance data by applying the Bray-Curtis similarity index and the
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Table 2. Species richness and phytoplankton composition (%) in Acapulco Bay.

Species  Composition Total Relative

Phyla Class richness (%) individuals abundance (%)
Bacillariophyta  Bacillariophyceae 19 9.4 896 5.6

Coscinodiscophyceae 26 12.93 1266 7.91

Mediophyceae 49 24.37 8825 55.15
Subtotal 10987 68.66
Dinophyta Dinophyceae 101 50.24 4587 28.66
Cyanophyta Cyanophyceae 4 1.99 418 2.61
Ochrophyta Dictyochophyceae 2 0.9 8 0.05
Total 201 100 26987 100

diversity index varied significantly over time, with
values ranging from 0.90 to 3.22 (H = 26.26, P =
0.003); evenness ranged from 0.3t0 0.8 (H = 25.75, P
=0.004). The greatest diversity occurred in April (3.12)
and May (3.22), and the lowest diversity occurred from
July to October (0.90 to 1.49). These values were
significantly correlated with the months of greatest
dominance (H = 25.33, P = 0.004); the greatest
dominance (0.80) was obtained in July, and the lowest
(0.17) was obtained in May (Fig. 5).

The bivariate graph analysis showed 33 dominant
species (i.e. abundant and frequent), of which diatoms
represented 52% (Fig. 6); eight genera were the most
representative (Chaetoceros, Climacodium, Leptocy-
lindrus, Pseudo-nitzschia, Skeletonema, Stephanopyxis,
Streptotheca, and Thalassionema). Forty-eight species
were classified as frequent (i.e. not very abundant and
frequent), mainly from the dinoflagellate group, with
24 species (50%) distributed in 11 genera (Amphisolenia,
Ceratocorys, Gonyaulax, Ornithocercus, Phalacroma,

Podolampas, Prorocentrum, Protoperidinium, Pyro-
cystis, Pyrophacus, and Tripos). Three species were
classified as occasional (abundant and not frequent),
including one diatom (Detonula pumila) and two
dinoflagellates (Diplopsalopsis bomba and Margalefi-
dinium polykrikoides). A total of 117 species were
classified as rare (low abundance and low frequency),
54 of which corresponded to diatoms and 61 to
dinoflagellates.

The CCA applied to the most dominant species and
environmental variables associated significantly (F =
1.91, P =0.004) two phytoplankton species (one diatom
Skeletonema costatum and one dinoflagellate
Margalefidinium polykrikoides) with the highest
temperature (34°C), mainly in October. The latter
species was associated with the HAB event, whereas
the lowest temperatures and the maximum oxygen
levels were associated with Chaetoceros spp. and
Pseudo-nitzschia spp. Four dinoflagellate species
(Dinophysis caudata, Diplopsalopsis bomba, Diplopsalis
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Figure 4. Temporal variation of the main phytoplanktonic groups of Acapulco Bay.

Table 3. Dominant species of the phytoplankton community in Acapulco Bay, Mexico.

Relative abundance (%)

Month Dominant species Morro de San Lorenzo Casa Diaz Ordaz Playa Palmitas
January Climacodium frauenfeldianum 3.8 0 23.4
February  Thalassionema nitzschioides 56 40.4 17.6
Dinophysis caudata 9.4 29 6.8
March Diplopsalopsis bomba 16.6 22.4 6.6
Noctiluca scintillans 1.6 6.2 37
April Trichodesmium erythraeum 23 0.6 0.4
Diplopsalis lenticula 0.1 12 16.2
Leptocylindrus danicus 0 17.8 4.6
May Tr_ichodes_mium _erythraeum 0 8.6 7.6
Diplopsalis lenticula 16 6.8 4.6
Detonula pumila 214 6.2 0
June Chaetoceros spp. _ 314 374 62.6
Chaetoceros lorenzianus 31 20.4 8.4
July Chaetoceros spp. 91.4 72.6 76
August Pseudo-nitzschia sp. 19.2 18.6 3.6
Chaetoceros spp. 64 62.6 66
Chaetoceros spp. 1 74.2 26.6
September Skeletonema costatum 77.2 5.2 56
Chaetoceros spp. 63.4 274 14
October Margalefidinium polykrikoides 0 59 72.4
December Chaetoceros spp. 38.4 57 9.4

lenticula, and Noctiluca scintillans), four diatoms
(Climacodium frauenfeldianum, Detonula pumila, Lepto-
cylindrus danicus, and Thalassionema nitzschioides), and
one cyanobacterium (Trichodesmium erythraeum)
showed optimum development at the highest salinity
concentrations (Fig. 7).

Harmful phytoplankton species

Seventeen harmful phytoplankton species with the
potential to create HAB events were found in this study.

Seven potentially toxic species, including two diatoms
(Pseudo-nitszchia pungens and Pseudo-nitszchia sp.),
were recorded during the entire annual cycle but were
dominant in August (rainy season). Four dinoflagellates
(Dinophysis  caudata, Gymnodinium catenatum,
Margalefidinium polykrikoides, and Phalacroma
rotundata), and one cyanobacterium (Trichodesmium
erythraeum) (Fig. 8) were also present in April and
May. One dinoflagellate species (Noctiluca scintillans) is
a vector of toxins, and eight potentially HAB-creating
species were found during the dry months (Table 4).
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DISCUSSION

Environmental variables

The local environmental variability (temperature,
salinity, oxygen, and chlorophyll-a concentration) is a
determinant factor to describe the regulation of
hydrology and the relationship with the ecological

dynamics of several aquatic environments (Pham
2017). The temporal variability in salinity concen-
trations in this study could be attributed to continental
water runoff entering the bay during the rainy season
(Rojas-Herrera et al. 2012). The greatest salinity values
found in this study (i.e. 33.31-34.06) were associated
with the dry season months (January to May). In con-
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Figure 7. The orthogonal projection of canonical
correspondence analysis (CCA) between the dominant
temporal species and the physical and chemical variables
present in Acapulco Bay. Marpo: Margalefidinium
polykrikoides, Skeco: Skeletonema costatum, Detpu:
Detonula pumila, Lepda: Leptocylindrus danicus, Diple:
Diplopsalis lenticula, Clifr: Climacodium frauenfeldianum,
Dinca: Dinophysis caudata, Than: Thalassionema
nitzschioides, Nocsc: Noctiluca scintillans, Dipbo:
Diplopsalopsis bomba, Pseni: Pseudo-nitzschia sp.,
Chalo: Chaetoceros lorenzianus, and Chasp: Chaetoceros

SPp.

trast, low salinities were present during the rainy season
(June to December). Low temperatures (i.e. 24.4 + 0.26
to 2554 + 0.15°C) also showed a significant
relationship with high chlorophyll-a concentrations
(2.56 + 0.2 to 2.73 + 0.15 pg L) and with the greatest
species richness (102 species), corresponding to March
and April. The high photosynthetic activity could
explain this association because low temperatures are
linked to low light intensities. Under these conditions,
phytoplankton communities increase the amount and
variety of pigment molecules, maximizing light
absorption during their development (Pal & Choudhury
2014). The highest oxygen concentrations (91.8 and
100%) were recorded in May and December, due to the
transition to the winter cold (winter-spring) when
oxygen solubility is greatest (Kemker 2013).

The temporality of the environmental variables
presented in this study showed a similar pattern
reported by Meave del Castillo et al. (2012). They
attributed this dynamic to the local upwelling
movements and climatic variability in Acapulco Bay

during the year (Rojas-Herrera et al. 2012, Moreno-
Diaz etal. 2015a).

Phytoplankton composition and structure

The phytoplankton community structure reported in
this study is typical of tropical coastal areas (Loza-
Alvarez et al. 2018) and was characterized mainly by
the great abundance of diatoms (69%) and
dinoflagellates (29%). Dinoflagellates showed the
greatest species richness (101 species), representing
50% of total richness, and dominated during 6 of the 11
studied months, mainly during the dry season. These
results are similar to those reported by Meave-del
Castillo et al. (2012), who reported 347 dinoflagellate
taxa, corresponding to 54% of total diversity, and 274
diatom taxa (43% of total diversity). The dominance of
dinoflagellates could be attributed to the fact that they
tend to develop in low-turbidity environments (oceanic
areas) when hydrodynamics are not affected by
meteorological phenomena (Margalef et al. 1979,
Smayda & Reynolds 2001). In contrast, the diatom
group responds to more active mixing (high turbidity in
coastal areas), to nutrient increases (nitrogen and
phosphate), and the presence of silicates, mainly
contributed by continental runoff, that are used to create
complex cell structures (Mosseri et al. 2008). Silicate
structures allow more remarkable floating ability and
the possibility of remaining in the water column
influenced by mixing processes (Sarthou et al. 2005),
which could explain the presence of several opportunist
species (Chaetoceros spp., Leptocylindrus danicus,
Skeletonema costatum, and Pseudo-nitzschia spp.)
during the rainy months (June and August). The other
species that showed high relative abundances from
January to May (dry season) corresponded to phyto-
plankton populations' succession in tropical areas
(Margalef et al. 1979, Bunse & Pinhassi 2017, Loza-
Alvarez et al. 2018).

The dominance of several species during the studied
months evidences the variability in species composition
over time. The dinoflagellates Dinophysis caudata,
Diplopsalopsis bomba, Diplopsalis lenticula, and
Noctiluca scintillans dominated during the dry season
(January to May), possibly because they present several
types of vertical migration to assimilate nutrients
throughout the water column, as well as mixotrophic
feeding in some species (De Souza et al. 2014, Stoecker
et al. 2017). On the other hand, the presence of the
diazotrophic cyanobacterium Trichodesmium
erythraeum during the succession of the dry and rainy
seasons (April to May) could be indicative of
oligotrophic conditions, mainly due to the presence of
nitrogen (N) and carbon (C) in Acapulco Bay, as this
species can fix nitrogen, which leads to an increase in
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its biomass and dominance (LaRoche & Breitbarth
2005). It also contributes significantly to C and N
oceanic processes in subtropical and tropical areas
(Bar-Zeev et al. 2013). Although macronutrients such
as nitrogen were not measured in this study, the
previous statements could be supported by what was
reported by Rojas-Herrera et al. (2012) and Moreno-
Diaz et al. (2015b), who observed low nitrogen
concentrations in May (0.1 a 0.2 mg L, respectively).

Diversity (H) fluctuated from 0.90 to 3.22 during
the 2018 annual cycle. The most substantial diversity
(3.12-3.22) and species richness (90-102 species) were
obtained in April and May, corresponding to the
beginning of the spring and dry season. These results
are comparable to those documented by Moreno-Diaz
et al. (2015a). They reported a diversity of 2.65 in
March and of 2.71 in April for the same study area,
which could be explained by nutrient limitation during
the dry season. The occurrence of opportunist species

: ) & e

Figure 8. Photographs of some species of phytoplankton present in Acapulco Bay. a) Skeletonema costatum, b) Dinophysis
caudata, ¢) Gymnodinium catenatum, d) Tripos praelongus, e) Dictyocha fibula, f) Phalacroma rotundatum, g)
Thalassionema nitzschioides, h) Tripos furca, i) Trichodesmium erythraeum, j) Noctiluca scintillans, k) Chaetoceros sp., I)
Ornithocercus thumii. Seen in 40x (a) and 10x (b-1).

with fast development is limited (Ahn & Shanmugam
2006).

In contrast, the presence and dominance of fast-
growth species (e.g. diatoms) that take advantage of
nutrients provided by the areas near Acapulco Bay
increases during the rainy season. This same pattern
was seen with the similarity analysis and nMDS
comparing monthly phytoplankton samples, which
created three groups with a similarity level of 31%. The
first group encompassed January to May samples, with
an average richness of 93 species, a high diversity of
3.01, and low dominance of 0.24. The second group
presented relative abundances of over 60%, encom-
passing June to December; the average dominance
value was higher (0.60), and diversity was low (1.52).
Similar patterns have been reported by Rojas-Herrera
et al. (2012). They documented the separation of
groups between months with greatest precipitation
(August to December) and those with low precipitation
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Table 4. Harmful phytoplanktonic species recorded from surface trawls in Acapulco Bay during 2018. *Species with high
relative abundance reported in this study.

Species

Harmfulness

Reference

Diatoms

Pseudo-nitszchia sp.”
Pseudo-nitzschia pungens
Chaetoceros sp.”
Leptocylindrus danicus”
Leptocylindrus minimus
Cylindrotheca closterium
Thalassionema nitzschioides”
Skeletonema costatum”

ASP (amnesic shellfish poisoning) per DA
(domoic acid)

Potentially bloom-forming species

Rao et al. (1988), Hasle (2002), Moestrup et al. (2019)

Anderson et al. (2001), Meave del Castillo & Zamudio-

Resendiz (2018)

Dinoflagellates
Margalefidinium polykrikoides”

Gymnodinium catenatum
Dinophysis caudata”
Phalacroma rotundata
Tripos furca

Tripos fusus

Noctiluca scintillans”

Reactive oxygen species (ROS), neurotoxic
and hemolytic

Paralytic shellfish poisoning (PSP)
Diarrhetic shellfish poisoning (DSP)
Diarrhetic shellfish poisoning (DSP)
Potentially bloom-forming species and fish-
killing

Toxins vector

Chang et al. (1999), Garate-Lizarraga et al. (2004),

Gobler et al. (2008)

Oshima et al. (1993), Bustillos-Guzman et al. (2012)

Fernandez et al. (2003), Reguera et al. (2012),

France & Mozeti¢ (2006), Pizarro et al. (2009),

Vila & Mas6 (2005)

Escalera et al. (2007)

Cyanobacteria
Trichodesmium erythraeum”

Neurotoxins, microcystins, palytoxin,

Shaw et al. (2001), Kerbrat et al. (2011)

42-hydroxy-palytoxin

Silicoflagellates

Dictyocha fibula Fish-killing

Anderson et al. (2001)

(May to July); they also observed pronounced
similarity (70%) from October to December, with the
dominance of diatoms (Pseudo-nitzschia spp. and
Leptocylindrus danicus). The third group in this study
was associated with a HAB event during October,
dominated by the dinoflagellate Margalefidinium
polykrikoides, who presented relative abundance levels
ranging from 50 to 72.4% at the CDO and PP stations,
as well as a diversity of 1.27, richness of 46 species,
and dominance of 0.65. This month, the absence of
HAB at the MSL station can be explained by the fact
that these phenomena can either extend over the entire
water body or create random aggregations or patches
(Ahn & Shanmugam 2006). It also explains this
sampling station's exclusion from the third group
created by the Cluster analysis (Fig. 5). Therefore,
HAB events also influenced the spatiotemporal varia-
bility in the phytoplankton community's compaosition
and structure at the local level.

The contribution of rare phytoplankton species
constitutes an essential component in population
dynamics. Loreau & Héctor (2001) indicated that rare
species are more efficient at acquiring and exploiting
resources than some common species in the ecosystem.
In this study, the bivariate classification analysis
indicated that 58.4% of species were rare (not frequent

or abundant). This condition occurred during 7 of the
11 studied months so that only a certain percentage of
the community (>15%) influenced the species that
produced HAB in Acapulco Bay. These results are
comparable to those reported by Meave del Castillo et
al. (2012), who classified over 95% of phytoplankton
species as rare. Likewise, Moreno-Diaz et al. (2015a,b)
reported that over 65% of all species were rare in the
bay phytoplankton community, which indicates that
Acapulco Bay has an important reserve of genetic,
functional, and ecological diversity. Rare species also
support ecosystem stability and diversity because they
respond rapidly to environmental perturbations,
ensuring the growth of different dominant, frequent, or
occasional phytoplankton populations (Weithoff 2003,
Ignatiades & Gotsis-Skretas 2013).

The CCA showed that the most important factors
that had a significant effect on the dominant species
were temperature and salinity, which tend to change
marine phytoplankton's structure and productivity
(Rojas-Herrera et al. 2012, Thomas et al. 2012, Boyd et
al. 2013). It was observed that the diatom Skeletonema
costatum was associated with temperatures above 29°C
in September. This genus has been characterized by
rapid growth during spring and summer in tropical
environments (Herndndez-Becerril et al. 2007, Shikata
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et al. 2008, Meave-del Castillo & Zamudio-Resendiz
2018), which would explain its appearance and
dominance in this month in the bay. Contrary to species
such as Chaetoceros lorenzianus, Chaetoceros spp. and
Pseudo-nitzschia sp., which showed optimum growth
at high oxygen concentrations. Probably due to greater
mixing and gas exchange in the water column during
the rainy season, which allows greater CO; availability
and assimilation for these diatom species. The carbon
fixed is incorporated into their primary metabolism to
produce energy for their rapid development in the bay
(Smodlaka-Tankovi¢ et al. 2018).

Harmful phytoplankton species

Several marine phytoplankton species, particularly
dinoflagellates and diatoms, have been associated with
the production of marine toxins and several intoxication
events and multiple alterations in the integrity of
aquatic ecosystems (Granéli & Turner 2001, Smayda &
Reynolds 2001, Landsberg 2002). Some HAB species
identified in this study (e.g. Gymnodinium catenatum,
Trichodesmium erythraeum, among others) coincide
with those reported by Garate-Lizarraga & Mufieton-
Gbémez (2006), Lopez-Cortés et al. (2006, 2015),
Garate-Lizarraga et al. (2007), and Mucino-Marquez et
al. (2018) for other locations in the Mexican Pacific.
Several diatom species recorded in this study belong to
the genus Pseudo-nitszchia; this species dominated
during the rainy season, which indicates that at least for
the 2018 cycle, this genus' presence in Acapulco Bay
was not limited by the temporal variability of physical
and chemical factors. Likewise, Rojas-Herrera et al.
(2012) and Meave del Castillo & Zamudio-Resendiz
(2018) documented this genus during the rainy season,
with relative abundances of 9 to 20% and a cell
concentration of over 300x10° cells L%, Several species
(i.e. Pseudo-nitzschia delicatissima, P. pungens, and P.
pseudodelicatissima) have been reported in Acapulco
Bay. Furthermore, although this genus is one of the
main producers of domoic acid in marine environ-
ments, events related to human intoxication in the area
have not yet been reported (Trainer et al. 2012). Further
studies should be carried out in Acapulco Bay to
identify the factors that allow the subsistence of several
species of this genus during the annual cycle.

Of the 17 harmful species identified in the present
study, at least three dinoflagellate species have been
linked to paralyzing toxins (i.e. Gymnodinium
catenatum) and diarrhea-causing toxins (Dinophysis
caudata and Phalacroma rotundata) (Hallegraeff et al.
2003, FAO & WHO 2016). The dinoflagellate
Margalefidinium polykrikoides have been associated
with harmful effects in aquatic ecosystems, including
hemolytic and allelopathic activity and production of

oxygen reactive species (Tang & Glober 2010, Lim et
al. 2014). In this study, M. polykrikoides dominated in
October with a relative abundance above 65% linked to
the maximum temperatures recorded (34.61 + 1.83°C).
However, M. polykrikoides is potentially harmful and
has been recorded over several years in Acapulco Bay
(Meave del Castillo & Zamudio-Resendiz, 2018).
Previous studies in the Mexican Pacific indicate that
this species has had a limited presence during the rainy
season due to its relationship with high nutrient inputs
from the continental area (Lopez-Cortés et al. 2019).
However, the physiological mechanisms that ensure
permanence and biomass increase are still unknown
(Kim et al. 2002, Thoha et al. 2019).

Results show that the composition of the structure
of the phytoplankton community of Acapulco Bay
varied temporally during the 2018 annual cycle.
Temperature and salinity were the main environmental
factors that affected dynamics. However, they were
also influenced by the rainy and dry seasons, with
marked pulses of primary production during spring and
summer. Moreover, the appearance of harmful species
(e.g. M. polykrikoides) in the Mexican Pacific has been
limited to short-term events, recurring seasonal
phenomena, and rare events related to exceptional
climatic conditions, such as the EI Nifio and La Nifia
phenomena (Meave del Castillo & Zamudio-Resendiz
2018, LOpez-Cortés et al. 2019). Therefore, the compo-
sition and structure of phytoplankton in Acapulco Bay
is a good indicator of coastal water masses linked to
several events (e.g. climate change and increase in
terrestrial activities) that influence these ecosystems at
the local level. The continuous monitoring of coastal
areas with economic activities is important to follow
events caused by several HAB-producing species to
predict their adverse effects on public health and the
stability of tropical marine ecosystems.
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