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ABSTRACT

To assess the physiological status and photosynthetic activi-
ty of sixteen microalgae strains isolated from Baja California,
growth estimations and in vivo chlorophyll a (Chl-a) fluores-
cence measurements were performed. The bacillariophyte
Diploneis sp. exhibited the highest growth rate, while the hig-
hest cell densities were observed in Tetraselmis suecica and
Navicula sp. strain 2. Most strains showed effective maximum
quantum yield (Fv/Fm) values above 0.50. The highest values
of maximum electron transport rate (ETRm) and saturation
irradiance (k) were recorded for Amphora sp. strain 6 and
Heterococcus sp. The diatom Navicula sp. strain 4 showed the
highest content of chlorophyll a and carotenoids. The culture
conditions used in this study were not stressful for the mi-
croalgae strains. Notably, T. suecica showed high maximum
cell density and Fv/Fm values; Amphora sp. strain 6 exhibited
the highest electron transport rate (ETRm) and elevated sa-
turation irradiance (lv). This work highlights the interspecific
variability in physiological and photosynthetic traits among
native strains, which can be promising candidates for aqua-
culture and biotechnology applications requiring robust
photosynthetic performance.

Keywords: Microalgae; growth rate; chlorophyll a fluores-
cence; photosynthesis performance; electron transport rate.

RESUMEN

Para evaluar el estado fisioldgico y la actividad fotosintética
de dieciséis cepas de microalgas aisladas de Baja California,
se realizaron estimaciones de crecimiento y mediciones de
fluorescencia in vivo de clorofila a (Chl-a). La bacilariofita
Diploneis sp. present6 la mayor tasa de crecimiento, mientras
que las mayores densidades celulares se observaron en
Tetraselmis suecica y Navicula sp. cepa 2. La mayoria de las
cepas mostré valores efectivos de rendimiento cuantico
maximo (Fv/Fm) superiores a 0.50. Los valores mas altos de
tasa maxima de transporte de electrones (ETRm) e irradiancia
de saturacion (lk) se registraron en Amphora sp. cepa 6y en
Heterococcus sp. La diatomea Navicula sp. cepa 4 presentd
el mayor contenido de clorofila a y carotenoides. Las condi-
ciones de cultivo utilizadas en este estudio no fueron estre-
santes para las cepas de microalgas. En particular, T. suecica
mostré alta densidad celular maxima y valores elevados de
Fv/Fm; Amphora sp. cepa 6 present6 la mayor tasa de trans-
*Author for correspondence: M. del Pilar Sanchez-Saavedra

Correo-e: psanchez@cicese.mx

Received: May 21, 2025

Accepted: August 21, 2025

Published: September 18, 2665

porte de electrones (ETRm) e irradiancia de saturacion (lk)
elevada. Este trabajo resalta la variabilidad interespecifica en
los rasgos fisiologicos y fotosintéticos entre cepas nativas, las
cuales pueden ser candidatas promisorias para aplicaciones
en acuicultura y procesos biotecnoldgicos que requieren un
desempeno fotosintético robusto.

Palabras clave: microalgas; tasa de crecimiento; fluorescen-
cia de clorofila a; desempefo fotosintético.

INTRODUCTION

Marine phytoplankton are diverse communities of microsco-
pic photosynthetic organisms that play a fundamental role
in global biogeochemical cycles. They account for approxi-
mately 50 % of the Earth’s primary productivity (Crockford
et al., 2023) and include cells ranging from 0.2 to 2000 um
in size (Haéntjens et al., 2022). The major taxonomic groups
contributing to marine productivity include bacillariophytes,
dinoflagellates, and coccolithophores. Additional contribu-
tors to marine diversity and productivity are green algae,
cyanobacteria, haptophytes, cryptophytes, and eugleno-
phytes (Simon et al., 2009; Calbet, 2024). Despite the high
diversity of phytoplankton, only a fraction of 30,000 existing
species have been formally described to date (Thoré et al.,
2023). Thus, continued efforts in isolating, describing, and
characterizing marine microalgae species are essential to
better understand ocean productivity and to explore their
potential applications in aquaculture, biotechnology, and
the food industry.

One approach to characterizing microalgae involves
assessing their photosynthetic performance through chlo-
rophyll fluorescence measurements. These measurements
provide insights into the physiological status of phytoplank-
ton cells (Juneau and Harrison, 2005) and are commonly ob-
tained using Pulse Amplitude Modulation (PAM) fluorometry
(Figueredo et al., 2009). These devices focus on Photosystem
Il (PSII), and key parameters—such as the maximum quan-
tum yield (Fv/Fm), electron transport rate (ETR), saturation
irradiance (lk), and photosynthetic efficiency (a)—which are
widely used to evaluate cellular responses under varying en-
vironmental conditions (White et al., 2011; Sdnchez-Saavedra
etal., 2018; Vani et al., 2023; Krivina et al., 2023).

A previous study by Jiménez-Valera and Sanchez-Saave-
dra (2016) characterized the growth and fatty acid profiles of
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21 microalgae strains isolated from the northeastern coastal
waters of Baja California, Mexico. That study highlighted the
biotechnological potential of these strains, particularly for
aquaculture, due to favorable attributes such as small cell
size, rapid growth, absence of toxicity, and the presence of
polyunsaturated fatty acids (PUFAs), which are essential
nutrients for fish, crustaceans, and mollusk larvae. However,
no information is yet available on the photosynthetic perfor-
mance of these strains.

The objective of this work was to evaluate the pho-
tosynthetic response of 16 microalgae strains isolated from
Baja California, Mexico, to identify suitable light levels for
their cultivation and optimization. These results provide a
basis for future studies on the potential applications of these
strains in aquaculture and biotechnology.

MATERIAL AND METHODS

Microalgae strain characteristics

We used 16 microalgae strains previously isolated by Jimé-
nez-Valera and Sanchez-Saavedra (2016) from coastal waters
of Ensenada and San Quintin in Baja California, and Mulegé
in Baja California Sur, Mexico. The strains included the chloro-
phyte Tetraselmis suecica, the xanthophyte Heterococcus sp.,
and 14 bacillariophytes: Amphora sp. (strains 1, 2, 4, 5, 6, and
7), Navicula sp. (strains 2, 3, and 4), Cymbella sp. (strains 1 and
2), Nitzschia thermalis, Diploneis sp., and Rhabdonema sp.

Non-axenic, monospecific cultures were maintained in
250 mL Erlenmeyer flasks containing 100 mL of “f” medium
(Guillard and Ryther, 1962) at 20 °C, salinity of 33 + 1 %o, and
under continuous light (24 h) at an irradiance of 50 umol
photons m2s”, provided by cool white fluorescent lamps.
After 10 d of preculture, the microalgae were inoculated into
fresh 100 mL“f"medium in new 250 mL flasks and maintained
under identical culture conditions with daily manual stirring.
All microalgae strain cultures were carried out in triplicate.
Initial cell densities were 0.05 x10° cells mL' for Rhabdonema
sp. and Diploneis sp., 0.1 x108 cells mL" for Navicula sp. strain 3
and Amphora species, 0.25 x10° cells mL" for N. thermalis and
Cymbella sp. strains 1 and 2, 0.4 x10° cells mL" for Heterococ-
cus sp., and 1.0 x106 cells mL" for T. suecica.

Cell density and maximum cell density (MCD) were
measured every 48 h over 12 d using direct cell counts with
a hemocytometer and compound microscope (Olympus
CX-31, Japan). Growth rate (u) and generation time (GT) were
calculated using the equations described by Fogg and Thake
(1987). For the growth rate:

Eq. (1)

_ (log;N;) — (log,N,)
n= -t
Where, p is the specific growth rate; N, is the cell con-
centration at the end of the exponential growth phase; N, is
the cell concentration at the beginning of the exponential
growth phase; Log, is the logarithm base 2 of the cell con-
centration; t, the final time of the exponential growth phase;
and t, initial time of the exponential growth phase.
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Generation time was calculated according to the fo-
llowing equation:

TG =1/p Eq. (2)

WhereTGis the generation time and p is the growth rate.

Pigment determination

Chlorophyll a (Chl-a), chlorophyll b (Chl-b), chlorophyll ¢ (Chl-
¢), and total carotenoids were extracted following Parsons et
al. (1984). Samples of 5 mL of each microalgae culture were
filtered through 25 mm glass fiber filters (GF/C, 1 um pore
size). The filtered samples were extracted with 3 mL of 90 %
acetone solution, incubated overnight at 4 °C in darkness,
and spectra (400 to 750 nm) were recorded using a spec-
trophotometer (HACH DR-6000, HACH, USA). Data obtained
were used to calculate pigment concentrations according to
Jeffrey and Humphrey (1975):

Chl-a (ug mL") =-0.08 Ag—1.54A,,+11.85A , Eqg. (3)

Chl-b (ugmL")=-266 A, +21.03A,,,-543A,,, Eq. (4)

Chl-c (ug mL") = 24.52 Ag—760A,,-167A,, Eq.(5)

Carotenes (ugmL") =7.6 A~ 149A, Eq. (6)
. . . B Cxv

Final concentration = mg pigmentm3= 7210 Eq.(7)

where: A is the corrected absorbance at the wavelength
indicated; C is the concentration of each pigment calculated
according to equations 3 to 6; v is the 90 % acetone volume
used for the extraction (expressed in mL), and Vis the sample
volume filtered (expressed in liters). Wavelength corrections
were applied by subtracting 1x the absorbance of 750 nm
from the absorbances of 630, 647, and 664 nm; 2x from the
absorbance at 510 nm, and 3x from the absorbance at 480
nm. Pigment concentrations were expressed in ug mL"' to
represent the content for each microalgae strain. For absorp-
tion measurements used in the estimation of photosynthetic
parameters, pigment concentrations were expressed as mg
m?3.

In vivo chlorophyll a fluorescence measurements
Photosynthetic activity was assessed on day 3 by measuring
in vivo chlorophyll a fluorescence. Triplicates of 10 mL sam-
ples, a sample from each flask, were dark-adapted for 20 min
to oxidize the PSII reaction centers. Rapid light curves (RLC)
were obtained with a pulse-amplitude modulation fluorome-
ter (Junior-PAM, Heinz Walz, GmbH, Germany) operated with
WinControl software. To ensure optimal signal quality across
replicates and species, settings of intensity, frequency, and
gain of actinic light were adjusted to achieve a fluorescence
yield (Ft) between 200 and 400 mV. The RLC measurements
followed the Universal Light curve protocol (WinControl),
and electron transport rate (ETR) was calculated according to
Schreiber et al. (1995):


https://en.wikipedia.org/wiki/Per_mille

Molina-Cardenas et al: Physiological and photosynthetic performance of native / Biotecnia 27:€2665, 2025

ETR = FA,—:L * @*(A) * E * FII (umol e- (mg Chl-a)! m?s) (Eq. 8)
For this, the effective quantum yield (AF/F’ ) is calculated
according to Schreiber et al. (1995) as:

(Eq.9)

Where, F’_is the maximum fluorescence induced by a
saturating light pulse; F, is the steady-state fluorescence of
light-adapted algae; a*()) is the chlorophyll a (Chl a) specific
absorption of phytoplankton based on the chlorophyll a con-
tent (expressed in mg m?3); E is the photosynthetically active
radiation (PAR) (expressed in pmol m2 s™); Fll is the fraction
of light absorbed by photosystem Il. The Fll values were
obtained from Johansen and Sakshaug (2007) and were 0.8
for bacillariophytes and 0.5 for chlorophyte and xantophyte.
To calculate the absorption coefficient a(\) was obtained as
follows:
a(1)=(2.303 OD;I'") / Chl a content (mg m>)  (Eq.10)
where OD, is the spectral optical density in the visible
range (400 to 750 nm), and 2.303 is the conversion factor
from base-10 logarithm to natural logaritm (log, /log, ). The
maximum quantum yield of PSIl (Fv/Fm) was calculated
using the following equation:
Fv/Fm= (Fm—FO)/Fm (Eq.11)
where F_is the maximmun fluorescence and F is the
minimum fluorescence.

Photosynthetic parameters—maximum electron trans-
port rate (ETRw), photosynthetic efficiency (a), and saturation
irradiance (l—were estimated from Fo an d Fm” values
obtained from rapid light curves, from absrotance a*(\) as
calculated as previously described, and from the fraction
of light absorbed by photosystem Il (Fll), dependig on the
microalgae group analyzed. This information was integrated,
and photosynthetic parameters were calculated using the
hyperbolic tangential function of Eilers and Peeters (1988).

Statistical analysis

Normality and homoscedasticity of data were verified. Diffe-
rences in growth, pigment concentrations, and photosynthe-
tic parameters were analyzed using the Kruskal-Wallis test,
followed by a Tukey a posteriori test when significant diffe-
rences were found. Statistical significance was set at p < 0.05.
Data were analyzed using Statistica 7.0, and graphs were
generated with Origin Pro 8.0.

RESULTS AND DISCUSSION

Microalgae strains exhibited significant differences in
growth parameters (p < 0.05) (Table 1, Figure 1). The highest
growth rates (u) were observed in the diatoms Diploneis sp.
(0.52 £0.02 divisions d), Navicula sp. strain 3 (0.41 +£0.04

divisions d), and Amphora sp. strain 5 (0.35+0.04 divi-
sionsd”). In contrast, the xanthophyte Heterococcus sp.
showed the lowest growth rate (0.16 + 0.01 divisions d'). An
inverse trend was observed for generation time (GT): Hetero-
coccus sp. had the longest GT (6.19 £ 0.25 ds), while Diploneis
sp. showed the shortest (1.69 = 0.38 ds). On average, most
strains remained in exponential growth for 8 ds; however,
Amphora sp. strain 26, Nizschia thermalis, and Cymbella sp.
strain 2 showed extended exponential phases of 13, 11, and
11 d, respectively. The shortest exponential growth phases
were observed in Navicula sp. strain 3, Cymbella sp. strain
1, and Amphora sp. strain 2, with durations of 7, 7, and 5 d,
respectively.The growth rates of all microalgae strains in this
study were lower than those reported by Jiménez-Valera and
Sanchez-Saavedra (2016), who conducted a preliminary cha-
racterization of the same strains. This reduction may be attri-
buted to longer exponential growth phases observed in our
cultures, which typically lower the calculated growth rate. For
Navicula sp. (0.35 divisions day“) and Cymbella sp. (0.30 divi-
sions day™'), growth rates were similar to those reported by
other authors (Correa-Reyes et al., 2001; Khatoon et al., 2010).
The chlorophyte Tetraselmis suecica and the diatoms Navicula
sp. strain 2 and Nizschia thermalis reached the highest cell
densities (46.79 + 0.38, 46.37 +2.18, and 44.49 + 1.59 x 10°
cells mL?, respectively). Conversely, Cymbella sp. strain 1 and
Diploneis sp. exhibited the lowest densities (3.65 + 0.25 x 10°
cells mL" for both). In this study, Tetraselmis suecica, Navicula
sp. strain 2, and Nizschia thermalis reached values close to 4
x 108 cells mL", which were higher than those observed by
Jiménez-Valera and Sanchez-Saavedra (2016). Temperature,
medium, and agitation conditions used in this study were
the same as those used by Jimenez-Valera and Sdnchez Saa-
vedra (2016), except for the irradiance level. Thus, differences
in growth rate may be attributed to variations in irradiance
conditions: we used 50 umol m?s”, whereas the previous
study used 100 umol m2s™.

Tetraselmis suecica is a widely studied species due to its
importance in aquaculture and biotechnology (Grabowsky,
2017; Renteria-Mexia et al., 2022). In aquaculture, T. suecica is
one of the most commonly used microalgae species as feed
for fish, crustaceans, and mollusk larvae due to its cell size,
biochemical composition, ease of culture, and digestibility
(Yigitkurt et al., 2025). This microalgae species is widely used
in wastewater bioremediation (Andreotti et al., 2020), as a
startategy to control the density of pathogenic Vibrio species
(Smahajcsik et al.,, 2025), and for the production of com-
pounds with anticancer, antibacterial, and anti-inflamatory
activities (Renteria-Mexia et al., 2022). The higher cell den-
sities observed here, compared with previous studies, are
likely related to differences in nutrient availability, salinity,
photoperiod, and possibly strain variation.

Another relevant factor influencing growth is the initial
inoculum density. In our study, higher inoculum concentra-
tions may have contributed to lower growth rates, consistent
with findings by Jiménez-Valera and Sanchez-Saavedra
(2016) and Michels et al. (2012), who reported that high initial
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Table 1. Mean values and standard deviation of growth rate (u: divisions day™), generation time (GT: d), maximum cell density (MCD: cells mL' x10°) and days in
exponential growth phase (EGP: days) for 16 microalgae strains isolated from Baja California, Mexico. Letters indicate significant differences by non-parametric

ANOVA Kruskal Wallis, n = 3, a = 0.05, a>b>c>d>e>f>g>h>i.

Tabla 1. Valores promedio y desviacion estandar de la tasa de crecimiento (u: divisiones dia™"), tiempo de generacién (GT: dias), densidad celular maxima (MCD:
células mL" x10°) y dias en fase de crecimiento exponencial (TEP: dias) de 16 cepas de microalgas aisladas de Baja California, México. Letras indican diferencias

significativas por la prueba no paramétric ANOVA Kruskal Wallis, n = 3, a = 0.05, a>b>c>d>e>f>g>h>i.

Group Species M GT MCD EGP
Chlorophytes Tetraselmis suecica 020 =+ 0.01 gh 497 + 035b 46.79 + 1.68 a 9.00
Xantophytes Heterococcus sp. 0.16 =+ 0.01h 6.19 + 0.25a 10.16 + 0.19cd 8.00
Amphora sp. strain 1 028 =+  0.02def 353 + 0.25def 6.62 + 0.21 efgh 8.00
Amphora sp. strain 2 034 =+ 0.01bcd 288 + 0.15efg 6.59 + 0.15 efgh 5.00
Amphora sp. strain 4 031 =+ 0.01cde 320 +  0.05def 5.94 + 0.02 fghi 8.00
Amphora sp. strain 5 035 =+ 0.04 bc 282 + 0.40 fg 8.15 + 0.27 def 9.00
Amphora sp. strain 6 021 =+ 0.01 gh 471 + 0.04 b 8.97 gk 0.06 cde 8.00
Amphora sp. strain 7 030 =+ 0.01cde 326 + 0.12def 4.87 + 0.58 hi 8.00
Navicula sp. strain 2 029 =+ 0.01 cdef 342 +  0.14def 46.37 + 2.18a 8.00
Bacillariophytes
Navicula sp. strain 3 041 = 0.04b 245 + 0.27gh 8.02 + 1.41 defg 7.00
Navicula sp. strain 4 022 =+ 0.02 fg 438 + 0.45 bc 11.45 gt 0.52 bc 10.00
Cymbella sp. strain 1 031 £ 0.01cde 320 + 0.11def 14.07 i 039b 7.00
Cymbella sp. strain 2 027 + 0.071efg 376 + 0.16 cd 3.65 4t 0.25i 11.00
Nitzschia thermalis 029 * 0.01 cdef 339 +  0.03def 44.49 i 1.59a 11.00
Diploneis sp. 052 + 0.02a 169 + 0.38h 3.65 4t 0.251i 5.00
Rhabdonema sp. 028 +  0.02def 354 + 033de 5.27 i 0.29 ghi 13.00

cell densities reduce light availability within bioreactors, limi-
ting cell division. For Navicula sp., the growth rate obtained in
this work was 0.35 divisions day™', which is similar to the 0.29
divisions day' reported by Correa-Reyes et al. (2001) and 0.37
divisions day' obtained by Khatoon et al. (2010). For Cymbella
sp. strain 1, the growth rate was 0.31 divisions day, whereas
for Cymbella sp. strain 2 was 0.27 divisions day™. These results
are consistent with the 0.35 divisions day'reported by Kha-
toon et al. (2010). It is important to note that the irradiance
used by Correa-Reyes et al. (2001) was 150 umol m?s™, whe-
reas the culture medium and temperature conditions were
the same as those used in this study. In the study of Khatoon
etal.(2010), cultures were maintained at 28 °C, using Conway
medium, and an irradiance of 32 umol m2s™, which is similar
to that used in this study.

Pigment content and photosynthetic activity

Chlorophyll a (Chl-a) was the most abundant pigment across
all strains, with concentrations ranging from 2.42 +0.35
Mg mL? in Navicula sp. strain 4 to 0.18 £0.03 ugmL" in
Navicula sp. strain 3. Chlorophyll b (Chl-b) was consistently
lower, with the highest concentration found in Heterococcus
sp. (0.52£0.03 ug mL"). The highest carotenoid content
was recorded in Navicula sp. strain 4 (0.71 £0.00 ug mL"),
while the lowest values were observed in Tetraselmis suecica
(0.04 £0.00), Amphora sp. strain 4 (0.05 % 0.00), Cymbella
sp. strain 1 (0.05 £ 0.04), and Nizschia thermalis (0.05 = 0.01
pug mL') (Table 2). Pigments found in diatom species stu-
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died here are in consistent with those reported for diatoms
(Sharma et al., 2023), whereas the pigments detected in T.
suecica and Heterococcus sp. are similar to those reported in
the literature for these microalgae species (Serive et al., 2017;
Casian-Gonzalez, 2020).

ETR curves showed high variability among species,
with values ranging from 3 to 25 pmol e mg Chl-a”' s™. The
light intensities used did not lead to photoinhibition (Figue
2). Variations in ETR curves are related to differences in the
photosynthetic apparatus, pigment content, and light adap-
tation of the analyzed microalgae strain. For example, the
light-harvesting antenna of diatoms differs from green algae
due to the presence of fucoxanthin-chlorophyll a/c protein
complexes, and there is evidence that the organization and
structure of the photosynthetic apparatus can vary among
different diatom species. It is plausible that this heteroge-
neity in pigment composition and architecture of the pho-
tosynthetic machinery may lead to wide photosynthetic res-
ponses among different microalgae groups or even among
species within the same group (Arshad et al., 2021).

Significant differences were observed among strains
in Fv/Fm, photosynthetic efficiency (a), maximum electron
transport rate (ETRm), and saturation irradiance (I (p <
0.05) (Table 3). Fv/Fm ranged from 0.74 £ 0.01 in Tetraselmis
suecica to 0.47 £0.03 in Navicula sp. strain 3. Most strains
exhibited photosynthetic efficiency values (a) between 1.0
and 2.0 x 107?, although Tetraselmis suecica, Rhabdonema sp.,
and Nizschia thermalis recorded higher values (7.0, 3.0, and
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Figure 1. Mean values and standard deviation of cell density (cells mL" x10°) for 16 microalgae strains isolated from Baja California, Mexico.
Figura 1. Valores promedio y desviacién estandar de la densidad celular (células mL' x10°) de 16 cepas de microalgas aisladas de Baja California,
México.
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Table 2. Mean values and standard deviations of chlorophyll g, b, ¢, and carotenoids (Chl-a, Chl-b, Chl-c, and carotenoids, respectively; ug mLKX') in 16
microalgae strains isolated from Baja California, Mexico. Letters indicate significant differences based on non-parametric ANOVA (Kruskal-Wallis test), n =3, a

=0.05a>b>c>d>e>f>g>h>i>j.

Tabla 2. Valores promedio y desviacion estandar del contenido de clorofila g, b, c y carotenoides (Chl-a, Chl-b, Chl-c y carotenes, respectivamente, en pg mL")
de 16 cepas de microalgas aisladas de Baja California, México. Letras ins;dican diferencias significativas por ANOVA no paramétrico Kruskal Wallis, n =3, a =

0.05, a>b>c>d>e>f>g>h>i>j.

Group Species Chl-a Chi-b Chl-c Carotenes
Chlorophytes Tetraselmis suecica 036 =+ 0.01 fg 015 * 001b 002 =+ 0.00 004 + 0.00e
Xantophytes Heterococcus sp. 073 + 0.11cd 052 + 0.08a 005 =+ 0.02 hij 009 + 0.02cd

Amphora sp. strain 1 114 + 0.13 b 002 + 001c 012 = 0.01 cdefg 0.21 + 0.01b
Amphora sp.strain2 094 *  0.09bc 007 * 005¢c 011 = 0.04 defgh 016 = 0.02bc
Amphora sp.strain4 070 +  0.11cd 006 + 00lc 0.16 = 0.03 cde 005 <+ 0.00e
Amphora sp.strain5 022 =+ 0.10g 006 + 001c 006 = 0.03 ghij ND

Amphora sp. strain 6 043 =+ 0.06 ef 003 + 001c 0.08 = 0.01 fghij 0.05 + 0.00e
Amphora sp. strain 7 092 =+ 0.06 bc 007 £ 001c 026 = 0.02b 0.21 + 0.07b

Bacillariophytes Navicula sp. strain2 048 +  0.06 def ND 009 =+ 0.01 efgh 016 £ 0.02bc
Navicula sp. strain3 018 =+ 0.03g 003 + 00lc 003 =+ 0.00 ij ND

Navicula sp. strain 4 242 + 0.35a ND 048 = 0.05a 0.71 + 0.00a
Cymbellasp.strain1 035 =+ 0.02 fg 002 + 001c 006 =+ 0.01 ghij 005 + 0.04e
Cymbellasp.strain2 064 +  0.08cde 002 * 00lc 014 = 0.01 cdef 016 + 0.03bc

Nitzschia thermalis 046 +  0.09 def 002 = 001c 017 = 0.02 cd 0.05 + 001e
Diploneis sp. 061 +  0.05de 004 + 00lc 018 = 0.02 ¢ 011 £ 0.05cd
Rhabdonema sp. 036 =+ 0.06 fg 003 + 002c 009 =+ 0.02 fghi 008 + 0.03cd

3.0 x 107? respectively). The highest ETRx was obtained in
Amphora sp. strain 6 (44.34 £ 1.51 umol e mg Chl-a’ s), fo-
llowed by Heterococcus sp.and Rhabdonema sp. (34.37 + 1.24
and 30.72+4.27 pymol e mg Chl-ag's”, respectively). The
lowest ETRm values (3-4 pmol e mg Chl-a's™) were ob-
served in Amphora sp. strains 1, 2, and 7, and Navicula sp.
strain 2. Regarding saturation irradiance (l), most strains
had values between 400 and 1000 pmol photons m?s™.
Exceptions included Heterococcus sp. (2582.12 £ 5.77 pmol
photons m?s™), Amphora sp. strain 6 (2059.59 + 249.21),
and Navicula sp. strain 4 (1653.13 + 321.15), which exhibited
the highest Ik values. The lowest Ik values were recorded in
Tetraselmis suecica (235.81 £ 24.59) and Navicula sp. strain 2
(310.17 £ 162.08 pmol photons m=2s) (Table 3).

In vivo chlorophyll a fluorescence is a rapid, non-invasive
method to assess photosynthetic performance and physio-
logical status in algae. Light intensity, temperature, and
nutrient levels affect the photosynthetic apparatus and,
consequently, fluorescence (Malapascua et al., 2014; Gebara
et al., 2023). To our knowledge, only one study (Mercado
et al, 2004) has examined the photosynthetic activity of
microalgae strains from the Baja California Peninsula. That
study measured |, values ranging from 12 to 43 umol pho-
tons m2 s in benthic diatoms, consistent with values repor-
ted for other subtidal communities. Species such as T. suecica
and N. thermalis showed high values of photosynthetic effi-
ciency (a) and lower values of |- This response is expected for
low-light acclimatation cells, which adjust their physiology

Volume XXVII
6

to optimize light-harvesting efficiency (Perkins et al., 2006).
High values of a, ETRm, and Ik can be associated with efficient
light utilization and the capacity of photoadaptation to high
irradiances (Pérez-Varillas and Sanchez-Saavedra, 2025). This
suggests that the diversity of photosynthetic strategies in the
microalgae studied here is species-specific and can be linked
to the environmental sites from which they were isolated. In
the benthic diatom Navicula phyllepta, |, values around 800
pmol photons m™2 s were obtained under light intensities of
25 and 400 pmol photons m? s, and no photoinhibition was
detected in the rapid light curves (Perkins et al., 2006). Similar
I, values were obtained in this study for Amphora sp. strains 2,
4,5,6,and 7, Navicula sp. strains 3 and 4, Cymbella sp. strains
1 and 2, and for Rhabdonema sp. ETR  values observed in
Amphora sp. strain 6 and Rhabdonema sp. in this study were
comparable to the 31.6 £ 1.1 umol e ~ m? s reported for
Amphora coffeaeformis (Torres et al., 2013).

The Fv/Fm ratio, widely used to assess cellular health, ty-
pically ranges from 0.5 to 0.8 under non-stressful conditions;
lower values suggest stress or cell death (Bobco, 2014). Tan
et al. (2019) reported average Fv/Fm values by algal group:
Chlorophyta (0.71) > Cryptophyta (0.62) > Bacillariophyta
= Chrysophyta (0.60) > Xanthophyceae (0.54) > Pyrrophyta
(0.51). Our Fv/Fm results for the chlorophyte T. suecica (0.74
+0.01) align with these values. Most strains studied here had
Fv/Fm values between 0.50 and 0.72, suggesting that our
culture conditions were generally non-stressful. Only Navicu-
la sp. strains 2 and 3 showed slightly lower values (0.49 and
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Figure 2. Mean values and standard deviation of electron transport rate (ETR, umol e mg Chl-a s') versus Photosynthetic Active
Radiation (PAR, pmol m?s™) for 16 microalgae strains isolated from Baja California, Mexico.

Figura 2. Valores promedio y desviacién estandar de al tasa de trasporte de electrones (ETR, umol e mg Chl-a s7') contra la
radiacion fotosintéticamente activa (PAR, pmol m?s™) de 16 cepas de microalgas aisladas de Baja California, México.
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Table 3. Mean values and standard deviation of maximmum quantum yield of photosystem Il (Fv/Fm), photosynthetic efficiency (a (x102) pmol photon m2s7),
maximum electron transport rate (ETRm: umol e mg Chl-a s™) and irradiance of saturation (I,: umol photon m?s”) for 16 microalgae strains isolated from Baja
California, Mexico. Letters indicate significant differences by non-parametric ANOVA Kruskal Wallis, n = 3, a = 0.05, a>b>c>d>e>f>g>h>i.

Tabla 3. Valores promedio y desviacién estandar del rendimeinto cuantico maximo del fotosistema Il (Fv/Fm), eficiencia fotosintética (a (x102) pmol photon
m?s7), tasa de transporte de electrones maxima (ETRm: umol e mg Chl-a s7) e irradiancia de saturacién (I,: umol photon m? s7) de 16 cepas de microalgas
aisladas de Baja California, México. Letras indican diferencias significativas por ANOVA no paramétrico Kruskal-Wallis, n = 3, a = 0.05, a>b>c>d>e>f>g>h>i.

Group Species Fv/Fm a (x10?) ETRm l,
Chlorophytes Tetraselmis suecica 074 =+ 0.01a 71 = 030a 1731 £ 098c 23581 = 2459 h
Xantophytes Heterococcus sp. 067 =+ 0.03 ab 1.00 = 001d 3437 *= 124b 258212 =+ 5.77 a

Amphora sp. strain 1 063 =+ 0.01 bc 1.00 = 0.01d 383 + 0.89e 500.85 + 5.25efgh
Amphora sp.strain2 061 = 0.02bcde 100 + 001d 334 =+ 065e 690.07 £ 157.17 def
Amphora sp. strain4 060 * 0.02 bcdef 100 = 001d 10.15 =+ 271d 910.21 + 132.72d
Amphora sp.strain5 057 + 003cdefg 100 + 001d 963 =+ 3.14d 859.15 + 131.30d
Amphora sp. strain 6 060 + 0.02bcdef 200 =+ 001c 4434 =+ 151a 2059.59 + 249.21b
Amphora sp.strain7 055 * 0.02defgh 1.00 * 001d 413 = 134e 91899 + 196.46d

Bacillariophytes Navicula sp.strain2 049 =+ 0.05 hi 100 + 001d 302 + 066e 31017 + 162.08gh
Navicula sp.strain3 047 = 0.03i 200 + 00lc 1386 =+ 3.18cd 78883 <+ 56.19de
Navicula sp. strain4 052 +  0.02ghi 1.00 + 001d 1204 =+ 0.52d 1653.13 + 321.15c
Cymbellasp.strain1 054 + 002fghi 200 =+ 001c 1132 * 200d 64830 + 148.86 def
Cymbella sp. strain 2 054 + 003efghi 200 = 001c 1319 = 004cd 64079 =+ 38.48defg
Nitzschia thermalis 058 + 0.0lcdefg 300 =+ 001b 11.02 * 0.11d 42162 * 19.47fgh
Diploneis sp. 060 + 001bcdef 1.00 = 001d 393 =+ 09e 45024 £ 95.06 fgh
Rhabdonema sp. 062 =+  0.03bcd 300 + 001b 3072 + 427b 96770 + 92.06d

0.47, respectively). Based on Fv/Fm and Ik values, the light
intensity used in this study (50 umol photons m=s”) was not
a limiting or stressful factor for most strains. However, some
strains, such as T. suecica and Navicula sp. strain 2, did not
reach high Ik values, indicating potential for adaptation to
lower irradiance. In contrast, Heterococcus sp., Amphora sp.
strain 6, and Navicula sp. strain 4 exhibited higher |_values,
consistent with adaptation to high-light environments, such
as the shallow coastal waters of Ensenada, San Quintin, and
Mulegé, where they were originally isolated (Bermudez-Con-
treras et al., 2008; Perea-Moreno and Hernandez-Escobedo,
2016).

ETRmw values varied among strains and were likely
influenced by pigment composition, cell size, and environ-
mental origin. For example, Amphora sp. strain 6, a small
benthic diatom (5.70 um length, 3.68 um width), showed
the highest ETRn (44.34+1.51 umol e’ mg Chl-a's”) and
a moderate Chl-a content (0.43 +0.06 ug mL"). In contrast,
Amphora sp. strain 7, a larger-celled strain (13.83 um length,
3.99 um width), had the lowest ETRn (4.13 + 1.34), indicating
that larger cells may be less efficient in light capture due
to self-shading and greater pigment packaging (Yun et al.,
2010). An interesting exception was the xanthophyte Hetero-
coccus sp., which exhibited high photosynthetic activity and
moderate pigment content despite being the largest strain
(1903.13 pm in length, 13.44 pm in width). Heterococcus
species are known for their morphological plasticity, capable
of shifting between spherical, elongated, and irregular forms
depending on their life cycle stage, even under controlled
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conditions (Darling et al., 1987). The results of growth and
photosynthetic parameters suggest that the culture con-
ditions applied in this study did not impose stress on the
microalgae strains analyzed. Therefore, these conditions can
serve as a reference for laboratory cultivation of microalgae
in aquaculture or biotechnology facilities.

CONCLUSION

This work provides a comprehensive physiological and pho-
tosynthetic characterization of 16 native microalgae strains
isolated from coastal environments of the Baja California Pe-
ninsula, México. The results reveal marked interspecific varia-
bility in growth, pigment composition, and photosynthetic
performance, supporting their potential for diverse biotech-
nological applications.

Among the analyzed strains, Tetraselmis suecica stood
out for its high Fv/Fm value (0.74 + 0.01), indicating excellent
physiological status under the tested conditions, and its ele-
vated maximum cell density (46.79 x 10° cells mL"), reinfor-
cing its suitability for aquaculture and biomass production.
Similarly, the benthic diatom Amphora sp. strain 6 exhibited
the highest maximum electron transport rate (ETRw) at
44.34 £1.51 pmol e mg Chl-a' s and one of the highest I«
values (2059.59 +249.21 umol photons m?s), suggesting
strong adaptation to high-irradiance environments. In con-
trast, strains such as Navicula sp. strain 3 exhibited both low
Chl-a content (0.18 £0.03 ug mL") and low Fv/Fm (0.47 =
0.03), pointing to a reduced photosynthetic efficiency under
the tested conditions.
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The strain Heterococcus sp., despite its unusually large
cell size, displayed notable photosynthetic capacity (ETRm:
34.37 £ 1.24 ymol e mg Chl-a” s") and high light saturation
(Ik: 2582.12 £5.77 pmol photons m2s7), highlighting its
morphological plasticity and potential adaptability to fluc-
tuating environmental conditions.

Taken together, these findings not only broaden our
understanding of the physiological diversity among native
microalgae from this region, but also provide a valuable
baseline for selecting strains with optimal traits for targeted
uses in aquaculture, sustainable bioresource development,
and industries such as pharmacology and cosmeceuticals.
Future studies should evaluate these strains under stress
conditions or in large-scale culture systems to confirm their
robustness and commercial applicability.

CONFLICTS OF INTEREST

The authors declare that they have not conflicts of interest.

REFERENCES

Andreotti, V., Solimeno, A., Rossi, S., Ficara, E, Marazzi, F,
Mezzanotte, V. and Garcia, J. 2020. Bioremediation of
aquaculture wastewater with the microalgae Tetraselmis
suecica: Semi-continuous experiments, simulation and
photo-respirometric tests. Science of The Total Environment.
738, 139859.

Arshad, R, Calvaruso, C,, Boekema, E.J,, Biichel, C. and Koufil,
R. 2021. Revealing the architecture of the photosynthetic
apparatus in the diatom Thalassiosira pseudonana. Plant
Physiology. 186:4, 2124-2136.

Bermudez-Contreras, A, Thomson, M. and Infield, D.G. 2008.
Renewable energy powered desalination in Baja California
Sur, Mexico. Desalination. 220:1-3, 431-440.

Bobco, N. 2014. Optimized analysis of variable chlorophyll
fluorescence in algal physiology under stress conditions:
measuring nothing with confidence. Master Science
dissertation. California State University, Monterey Bay, USA.

Calbet, A. 2024. Plankton in a changing world: The impact of
global change on marine ecosystems. Springer Nature
Switzerland.

Casian-Gonzalez, K. 2020. Bioprospeccién de microalgas con
potencial para la produccion de biodiésel. Master’s thesis.
Centro de Investigacion Cientifica y de Educacién Superior
de Ensenada. México.

Crockford, PW., On, Y.M.B., Ward, L.M., Milo, R. and Halevy, I.
2023. The geologic history of primary productivity. Current
Biology. 33:21, 4741-4750.

Correa-Reyes, J.G. and Sanchez-Saavedra, M.P. 2001. Isolation
and growth of eight strains of benthic diatoms, cultured
under two light conditions. Journal of Shellfish Research.
20:2,603-610.

Darling, R.B., Friedmann, E.I. and Broady, P.A. 1987. Heterococcus
endolithicus sp. nov. (Xantophyceae) and other terrestrial
Heterococcus species from Antarctica: Morphological
changes during life history and response to temperature 1.
Journal of Phycology. 23:4, 598-607.

Eilers, PH.C. and Peeters, J.C.H. 1988. A model for the relationship
between light intensity and the rate of photosynthesis in
phytoplankton. Ecologycal Modelling. 42:3-4, 199-215.

Figueredo, C.C., Giani, A., Lemos Filho, J.P. 2009. Photosynthetic
capacity of three phytoplanktonic species measured by a
pulse amplitude fluorometric method. Brazilian Journal of
Plant Physiology. 21:3, 167-174.

Fogg, G.E.and Thake, B.J. 1987. Algal cultures and phytoplankton
ecology. University of Wisconsin Press, London.

Gebara, R.C,, Alho, L.D., da Silva Mansano, A., Rocha, G.S. and
Melédo, M.D. 2023. Single and combined effects of Zn and
Al on photosystem Il of the green microalgae Raphidocelis
subcapitata assessed by pulse-amplitude modulated (PAM)
fluorometry. Aquatic Toxicology. 254, 106369.

Grabowski, Z.L. 2017. Cultivation of Tetraselmis suecica under
various nutrient concentrations and the characterization of
the algal biomass. Master Science dissertation. Dalhousie
University. Halifax, Nova Scotia.

Guillard, R.R.L.and Rhyter J.H. 1962. Studies on marine planktonic
diatoms. I. Cyclotella nana Hustedt and Detenula confervacea
(Cleve) Gran. Canadian Journal Microbiology, 8, 229-239.

Jeffrey, S.W. and Humphrey, G.F. 1975 New spectrophotometric
equations for determining chlorophylls a, b, c1 and
c2 in higher plants, algae and natural phytoplankton.
Biochemistry Physiology Pflanzen, 167, 191-194.

Jiménez-Valera, S. and Sanchez-Saavedra, M.P.2016. Growth and
fatty acid profiles of microalgae species isolated from the
Baja California Peninsula, México. Latin American Journal of
Aquatic Research. 44:4, 689-702.

Johnsen, G. and Sakshaug, E. 2007. Biooptical characteristics
of PSll and PSl in 33 species (13 pigment groups) of marine
phytoplankton, and the relevance for pulse-amplitude-
modulated and fast-repetition-rate fluorometry 1. Journal
of Phycology, 43:6, 1236-1251.

Juneau,P.andHarrison, P.J.2005.Comparison by PAM fluorometry
of photosynthetic activity of nine marine phytoplankton
grown under identical conditions. Photochemistry and
Photobiology. 81:3, 649-653.

Khatoon, H., Banerjee, S., Yusoff, EM. and Shariff, M. 2010.
Effects of salinity on the growth and proximate composition
of selected tropical marine periphytic diatoms and
cyanobacteria. Aquaculture Research. 41:9, 1348-1355.

Krivina, E., Sinetova, M., Savchenko, T., Degtyaryov, E., Tebina,
E. and Temraleeva, A. 2023. Micractinium lacustre and M.
thermotolerans spp. nov. (Trebouxiophyceae, Chlorophyta):
Taxonomy, temperature-dependent growth, photosynthetic
characteristics and fatty acid composition. Algal Research.
71,103042.

Malapascua, JR., Jerez, C.G.,, Sergejevov4, M.L, Figueroa, F.
and Masojidek, J. 2014. Photosynthesis monitoring to
optimize growth of microalgal mass cultures: application
of chlorophyll fluorescence techniques. Aquatic Biology. 22,
123-140.

Mercado, J.M., Sanchez-Saavedra, M.P, Correa-Reyes, J.G., Lubian,
L., Montero, O. and Figueroa, F. 2004. Blue light effect on
growth, light absorption characteristics and photosynthesis
of five benthic diatom strains. Aquatic Botany. 2004 Mar
78:3,265-277.

Michels, M.H., Slegers, PM., Vermué, M.H. and Wijffels, R.H. 2014.
Effect of biomass concentration on the productivity of
Tetraselmis suecica in a pilot-scale tubular photobioreactor
using natural sunlight. Algal Research. 4, 12-18.

Parsons, T.R.,, Maita, Y. and Lalli, C.M. 1984. A manual of chemical
and biological methods for seawater analysis. Oxford.
Pergamon Press.

Volume XXVII



Molina-Cardenas et al./ Biotecnia 27:€2665, 2025

10

Perea-Moreno, A.J. and Hernandez-Escobedo, Q. 2016. Solar
resource for urban communities in the Baja California
Peninsula, Mexico. Energies. 9:11,911.

Pérez-Varillas, N.I. and Sdnchez-Saavedra, M.P. 2025. Biochemical
composition and photosynthesis of selected marine
microalgae, with emphasis on lipid production for potential
use in aquaculture. Journal of Applied Phycology. 1-23.

Perkins, R.G., Mouget, J.L., Lefebvre, S. and Lavaud, J. 2006. Light
response curve methodology and possible implications
in the application of chlorophyll fluorescence to benthic
diatoms. Marine Biology. 149:4, 703-712.

Renteria-Mexia, A., Ulloa-Mercado, G., Gortares-Moroyoqui, P,
Gonzélez-Mercado, A., Sanchez, M., Sineiro, J. and Nufez,
M.J. 2022. Antioxidant potential and antiangiogenic activity
of Tetraselmis suecica grown in a semicontinuous culture.
Journal of Chemical Technology & Biotechnology. 97:9,
2528-2536.

Sénchez-Saavedra, M.P, Castro-Ochoa, F.Y., Nava-Ruiz, V.M., Ruiz-
Guereca, D.A,, Villagémez-Aranda, A.L., Siqueiros-Vargas, F.
and Molina-Cérdenas, C.A. 2018. Effects of nitrogen source
and irradiance on Porphyridium cruentum. Journal of Applied
Phycology. 30:2, 783-792.

Schreiber, U., Endo, T., Mi, H. and Asada, K. 1995. Quenching
analysis of chlorophyll fluorescence by the saturation
pulse method: particular aspects relating to the study of
eukaryotic algae and cyanobacteria. Plant Cell Physiology.
36:5, 873-882.

Serive, B., Nicolau, E., Bérard, J.B., Kaas, R., Pasquet, V., Picot, L.and
Cadoret, J.P. 2017. Community analysis of pigment patterns
from 37 microalgae strains reveals new carotenoids and
porphyrins characteristic of distinct strains and taxonomic
groups. PloS one. 12:2,e0171872.

Sharma, A., Singh, P. and Srivastava, P. 2023. Photosynthetic
pigments in diatoms. In: Insights into the World of Diatoms:

Volume XXVII

From Essentials to Applications, 1-20 pp. Springer Nature
Singapore.

Simon, N., Cras, A.L,, Foulon, E. and Lemée, R. 2009. Diversity
and evolution of marine phytoplankton. Comptes Rendus
Biologies. 332:2-3, 159-170.

Smahajcsik, D., Roager, L., Strube, M.L., Zhang, S. D. and Gram,
L. 2025. Stronger together: harnessing natural algal
communities as potential probiotics for inhibition of
aquaculture pathogens. Microbiology Spectrum. e00421-
25.

Tan L., Xu, W,, He, X. and Wang, J. 2019. The feasibility of Fv/
Fm on judging nutrient limitation of marine algae through
indoor simulation and in situ experiment. Estuarine, Coastal
and Shelf Science. 229, 106411.

Torres, M.A,, Ritchie, R.J,, Lilley, RM.C.C,, Grillet, C. and Larkum,
A. W. D. (2013). Measurement of photosynthesis and
photosynthetic efficiency in two diatoms. New Zealand
Journal of Botany. 52:1, 6-27.

Vani, M.V,, Basha, P.O., Chandrasekhar, T. and Riazunnisa, K. 2023.
Development and characterization of Chlamydomonas
reinhardtii  low chlorophyll mutants to improve
photosynthetic efficiency and biomass. Brazilian Journal of
Botany. 1, 1-2.

White, S., Anandraj, A. and Bux, F. 2011. PAM fluorometry as a
tool to assess microalgal nutrient stress and monitor cellular
neutral lipids. Bioresource Technology. 102:2, 1675-1682.

Yigitkurt, S., Durmagz, Y., Kirtik, A., Degirmenci, U. and Udur, S.
2025. Effect of monoalgal and mixed marine microalgal
diets on pearl oyster larval growth (Pinctada imbricata
radiata). Aquaculture International. 33:4, 304.

Yun, M.S,, Lee, S.H. and Chung, I.K. 2010. Photosynthetic activity
of benthic diatoms in response to different temperatures.
Journal of Applied Phycology. 22:5, 559-562.



	_Hlk131576949
	_Hlk173750791
	_Hlk173793831
	_Hlk173793985
	_Hlk173794126
	_Hlk173794193
	_Hlk178863967
	_heading=h.1fob9te
	_Hlk181346883
	_Hlk170732515
	_Hlk170733132
	_Hlk170733575
	_Hlk180345634
	_Hlk180345708
	_Hlk176438735
	_Hlk176438918
	_Hlk180048525
	_Hlk180138192
	_Hlk180050301
	_Hlk180051975
	_Hlk149737756
	_Hlk180063340
	_Hlk180067902
	_Hlk180067935
	_Hlk180138409
	_Hlk159332500
	_Hlk150253874
	_Hlk160390256
	_Hlk180323160
	_Hlk182308491
	_Hlk180323174
	_Hlk182308506
	_Hlk180323193
	_Hlk182308547
	_Hlk180323211
	_30j0zll
	_1fob9te
	_Hlk182308635
	_Hlk182308681
	_Hlk182308692
	_Hlk180323250
	_Hlk182308718
	_tyjcwt
	_Hlk180323279
	_Hlk182308730
	_Hlk179804145
	_3dy6vkm
	_Hlk177495358
	_Hlk167786299
	_Hlk168846513
	_Hlk168847174
	_Hlk167745172
	_Hlk181870135
	_Hlk181885882
	_Hlk181870798
	_Hlk181870990
	_Hlk181968871
	_Hlk169610392
	_Hlk181176245
	_Hlk181176390
	_Hlk181096036
	_Hlk181101973
	_Hlk167091778
	_Hlk166749753
	_Hlk167104250
	_Hlk167097636
	_Hlk167097866
	_Hlk169613835
	_Hlk178184407
	_Hlk172550375
	_Hlk181010827
	_Hlk178797885
	_Hlk185077820
	_Hlk178582558
	_Hlk178582936
	OLE_LINK1
	_Hlk177384050
	_Hlk174619366
	_Hlk175739474
	_Hlk180479663
	_Hlk181183155
	_Hlk181191745
	_Hlk181192180
	_Hlk172545639
	_Hlk181266000
	_Hlk181269026
	_Hlk174261659
	_Hlk167728714
	Mathematical_Model
	Results
	Conclusions
	_bookmark27
	_Hlk112518829
	_Hlk168849723
	_Hlk182743368
	_Hlk118033838
	_Hlk118033933
	_Hlk118036895
	OLE_LINK4
	_ENREF_7
	OLE_LINK1
	_Hlk161187514
	_Hlk137906166
	_Hlk138089591
	_Hlk143009605
	_Hlk139043749
	_Hlk145575656
	_Hlk190162316
	_Hlk189212231
	_Hlk188212661
	_Hlk188212878
	_Hlk188203970
	_Hlk188262995
	_Hlk188191371
	_Hlk188305753
	_Hlk188309719
	_Hlk191382542
	_Hlk191382340
	_Hlk192490216
	_Hlk192490206
	_Hlk192851577
	_Hlk192851587
	_Hlk192851601
	_Hlk192851610
	_Hlk192851621
	_Hlk192851645
	_Hlk192851654
	_Hlk192851669
	_Hlk192851678
	_Hlk192851690
	_Hlk192851705
	_Hlk192851738
	_Hlk192852996
	_Hlk192853019
	_Hlk192853033
	_Hlk192853049
	_Hlk192853069
	_Hlk192853084
	_Hlk192853095
	_Hlk192853102
	_Hlk192853112
	_Hlk192853124
	_Hlk192853137
	_Hlk192853162
	_Hlk192853174
	_Hlk192853188
	_Hlk192853196
	_Hlk192853224
	_Hlk187837750
	_Hlk187426559
	_Hlk187425052
	_Hlk187425374
	_Hlk187706095
	_Hlk187772645
	_Hlk187525622
	_Hlk187770796
	_Hlk187789390
	_Hlk191959763
	_Hlk192612312
	_Hlk192466037
	_Hlk192466165
	_Hlk192466176
	_Hlk171694865
	_Hlk84402907
	_Hlk84491381
	_Hlk192465959
	_Hlk190557702
	_Hlk181875411
	_Hlk190625978
	_Hlk190528309
	_Hlk190624126
	_Hlk176259076
	_Hlk167635679
	_Hlk172043339
	_Hlk190622996
	_Hlk190694336
	_Hlk190693556
	_Hlk190559740
	_Hlk190694942
	_Hlk176259493
	_Hlk190868599
	_Hlk176260041
	_Hlk190873797
	_Hlk190561675
	_Hlk176261143
	_Hlk190864290
	_Hlk190773876
	_Hlk176261272
	_Hlk190520045
	_Hlk176266365
	_Hlk176266771
	_Hlk176267339
	_heading=h.glhswj5eynhl
	_heading=h.w960skxl0wb7
	_Hlk176761595
	_Hlk176762039
	_Hlk193730754
	_Hlk175033954
	_Hlk176762439
	_Hlk176764726
	_Hlk176766371
	_Hlk193744600
	_Hlk193961000
	_Hlk191930105
	_Hlk191929908
	_Hlk186817858
	_Hlk189479778
	_Hlk194239145
	_Hlk179871996
	_Hlk194252401
	_Hlk193884874
	_Hlk193885073
	_Hlk191569143
	_Hlk197342457
	_Hlk191566312
	_Hlk191566547
	_Hlk197351488
	_Hlk191566624
	_Hlk191567198
	_Hlk191567387
	_Hlk191568395
	_Hlk191568530
	_Hlk191568590
	_Hlk197558368
	_Int_CpFE9r7M
	_Hlk189352445
	_Hlk189308569
	_Hlk186989623
	_Hlk189310310
	_Hlk189311467
	_Hlk189313521
	_Hlk185862331
	_Hlk189353130
	_Hlk186209686
	_Hlk189309167
	_Hlk189308623
	_Hlk186478625
	_Hlk185846529
	_Hlk189342352
	_Hlk186381522
	_Hlk189310268
	_Hlk66992731
	_Hlk66992838
	_Hlk66992948
	_Hlk192835209
	_Hlk193204269
	_Hlk193204683
	_Hlk193205033
	_Hlk193205222
	_Hlk193389130
	_Hlk193210219
	bookmark=id.gjdgxs
	bookmark=id.30j0zll
	bookmark=id.1fob9te
	_Hlk193210376
	_Hlk193210456
	_Hlk199143553
	_Hlk199147735
	_Hlk199146832
	_Hlk172029262
	_Hlk177477188
	_Hlk177477219
	_Hlk177206153
	_Hlk177206302
	_Hlk177477543
	_Hlk177477603
	_Hlk177477619
	_Hlk177477772
	_Hlk199397676
	_Hlk167978440
	_Hlk167981207
	394046_ja
	_Hlk199231813
	_heading=h.4anzqyu
	_heading=h.wnyagw
	_heading=h.3u2rp3q
	_heading=h.odc9jc
	_heading=h.1nia2ey
	_heading=h.2mn7vak
	_heading=h.4kx3h1s
	_heading=h.3dhjn8m
	_heading=h.4cmhg48
	_heading=h.2wwbldi
	_heading=h.2b6jogx
	_heading=h.3nqndbk
	_heading=h.vgdtq7
	_heading=h.n5rssn
	_heading=h.10kxoro
	_heading=h.sabnu4
	OLE_LINK2
	_Hlk163723978
	OLE_LINK1
	_Hlk195616999
	_Hlk196389699
	_Hlk126689332
	_Hlk126689656
	_Hlk202803155
	_Hlk195621038
	_Ref187400247
	_Ref187749780
	_Hlk180668772
	_Hlk180668796
	_Hlk180668870
	_Hlk180668931
	_Hlk180668945
	_Hlk180669208
	_Hlk180669256
	_Hlk180669280
	_Hlk180087309
	_Hlk180669312
	_Hlk180080661
	_Hlk180669881
	_Hlk180669901
	_Hlk180669912
	_Hlk180669924
	_Hlk180669941
	_Hlk180669978
	_Hlk180670046
	_Hlk180670319
	_Hlk180670329
	_Hlk180670410
	_Hlk180670488
	_Hlk180670611
	_Hlk180670781
	_Hlk180670868
	_Hlk180670997
	_Hlk180671016
	_Hlk179397741
	_Hlk181173703
	_Hlk196853045
	_Hlk194681055
	_Hlk198049206
	_Hlk181254440
	_Hlk202868293
	_Hlk202449110
	_Hlk141111362
	_Hlk152144482
	_Hlk181101195
	_Hlk152140164
	_Hlk152144494
	_heading=h.9zstzb145bi1
	_heading=h.u0rro4zcblqg
	_heading=h.gld8yp42fghj
	_Hlk202971039
	_Hlk202972079

