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ABSTRACT

Microalgae play a fundamental role in aquaculture systems, especially in nurseries. They can supplement the
nutrition of cultured species, and also contribute to keep good water quality. Their value depends on the groups
present in major abundance. Thus, being able to understand the factors that influence microalgae composition is
key for an improved system management. In this study, the microalgae community structure in a Marsupenaeus
japonicus nursery is studied. Instead of the classic microscopy approach, the composition and abundance of
periphyton and phytoplankton were analyzed using signature pigments analysis by high pressure liquid
chromatography coupled with the software CHEMTAX. The environmental parameters, which could affect
periphyton and phytoplankton groups, were analyzed statistically. The results showed that diatoms were the
dominant group both in phytoplankton and periphyton. The analysis of signature pigments, allowed to report the
presence of previously undetected groups on periphyton, prasinophytes and prymnesiophytes, which are
characterized by a high nutritional value. This is especially important in nurseries because of shrimp grazing on
periphyton can increase post-larvae survival. Nutrients played a key role on phytoplankton development, but had
a minor effect on periphyton, which was more affected by colonization processes and other environmental

variables.
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INTRODUCTION

Microalgae play a crucial role in aquaculture tanks, both as a feed and for its ability to maintain good water
quality (Ballester et al. 2007; Khatoon et al. 2007a; Anand et al. 2013). These microalgae can be phytoplankton,
the autotrophic component of plankton that drifts in the water column (Harris 2012); or periphyton, which grows
fixed on the substrate (Azim et al. 2005). By origin, they can come from specific cultures or develop naturally in
the environment. Cultured microalgae usually come from intensive monocultures and are provided to the
cultured species (e.g. shrimps) in different ways: lyophilized and included in the feed (Macias-Sancho et al.
2014), as live feed (Barbieri and Ostrensky 2001; Brito et al. 2016) or fixing them on a substrate that is later
supplied to the cultured species (Khatoon et al. 2007b). The effects of microalgae vary according to their
abundance and taxonomic composition. Previous studies have shown that there are groups of microalgae, such as
diatoms, able to improve water quality, and with high nutritional value (Khatoon et al. 2007b). In contrast, other
groups, such as cyanobacteria, are highly toxic, and have a negative effect on survival and growth of cultured

species (Alonso-Rodriguez and Paez-Osuna 2003; Sinden and Sinang 2016).

The dynamics of microalgae in aquaculture systems respond to a complex relationship between different
environmental and biological variables (Alonso-Rodriguez and Pdez-Osuna 2003; Pandey et al. 2014; Llario et
al. 2018). Being able to understand these dynamics can help shrimp farmers to manipulate aquaculture systems
for keeping the most desired microalgae composition. However, most studies have focused on phytoplankton
dynamics, while periphyton studies are scarcer. Temperature, light and nutrients are environmental variables that
have a key effect on microalgae abundance and composition (Yusoff et al. 2002; Zhang et al.2009). In general,
low N:P ratios facilitate undesired species such as dinoflagellates and cyanobacteria blooms in aquaculture tanks
(Alonso-Rodriguez and P&ez-Osuna 2003), while high silica levels favors diatoms (Llario et al. 2018). For
periphyton, is also of paramount importance the effect of substrate. Substrates such as bamboo, plastic sheet,
polyvinylchloride, polyethylene, fibrous scrubber, ceramic, paddy straw and coconut fronts have been tested by
some authors (Thompson et al. 2002; Khatoon et al. 2007a; Anand et al. 2013; Schveitzer et al. 2013; Sruthisree
et al. 2015). Also, shrimp graze on periphyton (Ballester et al. 2007) and the substrates colonizing potential of

some microalgae species can be relevant factors (Khatton et al. 2007a; Zhang et al. 2012).

Periphyton studies are scarce mainly due to sampling and analysis complexity. In general, the recollection of
periphyton, from different aquaculture systems, is based on the suspension of the periphyton in water and its

subsequent analysis following the techniques described for phytoplankton (Kahoon et al. 2007a; Anand et al.



2013). Some studies scrape the periphyton from the substrate and add preservatives such as formaldehyde for its
preservation (Azim et al. 2001). Others, fix the periphyton on the substrate with lugol or formaldehyde and then
resuspend the periphyton with the help of an ultrasonic homogenizer or a vortex (Anand et al. 2013; Viau et al.
2013). Taxonomic groups are usually identified by optic microscopy (Azim et al. 2001; Thompson et al. 2002;
Kahoon et al. 2007a; Anand et al. 2013; Viau et al. 2013). However, this technique involves hard work, and its
results generally underestimate the groups with smaller size or those with lower abundance (Gocke et al. 2003;
Devilla et al. 2005; Silva et al. 2008). In the last decades, the analysis of signature pigments by high-
performance liquid chromatography (HPLC) has arisen as a reliable technique to supplement microscope counts
(Schliter et al. 2006). This technique has already been successfully used for the analysis of phytoplankton from
aquaculture tanks, both for analysis of point samples (Jiang et al. 2016; Lemonnier et al. 2016) and for complete
monitoring of a culture (Llario et al. 2018). In this study, we aim to prove that it is also useful for periphyton

analysis.

The primary objective of this research was to estimate microalgae community structure in a Marsupenaeus
japonicus nursery. Periphyton and phytoplankton composition and abundance were determined using HPLC
signature pigment analysis coupled with CHEMTAX software. The secondary objectives were to analyze the
environmental parameters that can affect the abundance, composition and development of microalgae in a

shrimp nursery.

MATERIAL AND METHODS

Location and shrimp culture system

The experiment was developed in the Universitat Politecnica de Valéncia facilities (Gandia, Valencia, Spain),
between June 2 and July 17, 2015. Postlarvae shrimps (PLs) of M. japonicus were purchased from La Petite
Canau (Leucate, Aude, France). The PLs had an initial fresh size of 0.020 £ 0.008 g. The nursery facilities
comprised 9 concrete tanks located inside a greenhouse, and constantly individually aerated. The greenhouse had
natural lighting (15 hours every day) and the light intensity was between 3000 and 6000 lux. Water temperature
in the tanks was kept at an adequate range thanks to the greenhouse, no heating systems were used. The tanks
were covered with polyvinyl chloride (PVC) canvas for waterproofing. Each tank had a surface of 3.2 m?, and

was filled with 2250 L of seawater (36.5 salinity), no water renewal was made during the experiment. The water



was disinfected with 10 mg/L of chlorine, which was subsequently removed by adding ascorbic acid to the tanks
(Krummenauer et al. 2014). The shrimp were distributed in three densities per triplicate 25 (tanks 5, 7 and 8), 50
(tanks 1, 3 and 9) and 75 (tanks 2, 4 and 6) shrimp/m?. Densities were chosen according to usual ones in
intensive cultures of M. japonicus (Coman et al. 2004). The feed rate was not the same for the three assayed
densities, it was applied following the recommendations by Barbieri and Ostrensky (2001) according to density
and shrimp size. Feeding was provided twice a day, with commercial feed specifically designed, composed by

38.00% of protein and 1.38% content of phosphate.

Water quality

During the experiment, dissolved oxygen (DO), salinity and temperature (T) were monitored in-situ, using a
multi-parameter probe (YSI ProODO and WTW Multi 340i respectively) twice a day. Freshwater was added to
maintain salinity around 36.5, when the salinity value exceeded 37. The pH was measured once a day using pH-

Meter BASIC 20* Crison.

An initial fertilization of the system was done with sucrose, with a theoretical 15:1 carbon/nitrogen ratio, with
the aim of guaranteeing the initial development of heterotrophic bacteria. During the rest of the experiment a
C:N ratio of 15:1 was maintained, through the addition of a carbon source (sucrose) when TAN values higher

than 1 mg/L were detected (Ebeling et al. 2006).

Every 2 days an aliquot of water was collected to determine the concentration of total dissolved ammonia (TAN
mg/L), nitrites (N-NO,  mg/L) and phosphates (P-PO4>~ mg/L) using the methodology described by Baumgarten
et al. (2010). The nitrates (N-NOs mg/L) were analyzed twice a week, by means of the difference between

nitrites plus nitrates using the methodology described by Grasshoff (1976).

Biological parameters

Before the experiment, pieces of 200 cm? of PVC canvas were submerged at a depth of 30 cm from the surface.
Pieces of canvas of about 20 cm? were cut for the analysis of periphyton once a week (Hagerthey et al. 2006).
Water samples for phytoplankton pigment analysis were filtered on GF/F fiberglass filters (25 mm diameter and
0.7 um pore) once a week. Photosynthetic pigments were extracted using acetone (100% HPLC grade) and were
measured using reverse-phase high-performance liquid chromatography (HPLC). The HPLC method employed

was that proposed by Wright et al. (1991) slightly modified as per Hooker et al. (2001). The system was



calibrated with external standards obtained commercially from the DHI Water and Environment Institute

(Harsholm, Denmark). For more details on the benefits of this analytical procedure see Sebastia et al. (2012).

Once the concentration of important photosynthetic pigments was determined, the phytoplankton community
was studied using the CHEMTAX software (Mackey et al. 1996) version 1.95 (S. Wright, pers. comm.) to obtain
the contribution to total chlorophyll a (Chla) from the phytoplankton and periphyton groups identified with
microscopy as described in Sebastia et al. (2012) and Sebastid and Rodilla (2013). In order to identify groups of
samples with similar characteristics, a cluster analysis was performed using STATGRAPHICS Centurion XVI.1
to group samples according to pigments concentration. CHEMTAX was applied independently to obtain the
contribution of eight phytoplankton and periphyton groups to the Chla stock: diatoms, dinoflagellates,
euglenophytes, chlorophytes, cryptophytes, prymnesiophytes, prasinophytes, and cyanobacteria. The final matrix

used to estimate the contribution of the different groups to Chla stock is published in Llario et al. (2018).

The HPLC/CHEMTAX is an appropriate tool for identifying and quantifying algal groups, but it does not allow
to identify genus or species. The inverted microscope was used punctually, for routine check of groups as
recommended by standards of use of signature pigments (Roy et al. 2011). Phytoplankton samples were fixed
with formaldehyde, concentrated according to UNE EN15204:2006, based on Utermohl (1958), and qualitatively
examined under a LEICA DM IL inverted microscope. Periphyton samples were scraped and suspended in

filtered seawater (Azim et al. 2001), for subsequent treatment in the same way as phytoplankton.

Statistical analysis

Previously to statistical analysis, we calculated weekly average of environmental parameters to be able to
compare with phytoplankton and periphyton data, which were sampled weekly. Normality and homocedasticity
of all variables were tested before multivariate analysis. As all the variables were not normally distributed, a
non-parametric one-way analysis of variance (Kruskal-Wallis) was performed to statistically assess variations in
the median fraction of all monitored variables within the experimental tanks. Spearman rank correlation analyses
were performed on environmental and biological variables (salinity, pH, T, DO, TAN, N-NO,, N-NO3", P-PO,*,
total Chla in phytoplankton and total Chla in periphyton) with phytoplankton or periphyton groups in order to
examine significant relationship. The significant relationship between phytoplankton and periphyton groups was

also assessed.



RESULTS AND DISCUSSION

During the experiment, no statistically significant differences were observed on physicochemical variables
within the experimental tanks according to Kruskal-Wallis analysis results (P > 0.05). Salinity, pH and dissolved
oxygen were kept stable under conditions suitable for the culture of M. japonicus (Blachier 1998; Barbieri and
Ostrensky 2001). The average recorded salinity was 36.5; this value increased to 37.2 due to water evaporation,
but freshwater was added to avoid exceeding this limit (minimum salinities of 35.6 were due to freshwater
supply). The pH was stable during all the experiment with values between 8.41 and 8.68. Dissolved oxygen
increased slightly from 5.86 to 6.75 mg/L by the end of the experiment. The temperature was generally
maintained at optimum levels for the culture of M. japonicus (24 to 30 °C) according to Preston et al. (1995) and
Hewitt and Duncan (2001), with an average of 30.2 °C. Occasionally, water temperature reached 32.1°C, which

is the maximum temperature recommended.

Water quality was kept at adequate values for the development of shrimp. The addition of carbon to maintain the
C:N relationship allowed the development of heterotrophic bacteria in the water column. These bacteria
participated in the oxidation process of N-TA and N-NO; controlling their levels (Crab et al. 2012). This process
allowed to maintain the water quality without water renewal during the culture. The levels of ammonia and
nitrites were maintained within the limits of safety determined by Lin and Chen (2001), to avoid toxic effects on
shrimp. TAN average was 0.53 mg/L, but occasionally reached 3.70 mg/L; while N-NO." varied between non
detected and 0.58 mg/L, and N-NO3 between non detected and 0.69 mg/L. Both N-NO; and N-NOs" levels
increased along the study period. P-PO,% also increased, with maximum values close to 1 mg/L during the last
culture week. The final fresh weight of shrimps was 0.892 + 0.189 g after 45 days and it did not differ between

tanks or densities of shrimps according to Kruskal-Wallis analysis results (P > 0.05).

The following signature pigments were detected in water samples (Table 1): peridinin, fucoxanthin, neoxanthin,
prasinoxanthin, violaxanthin, diadinoxanthin, alloxanthin, lutein and zeaxanthin. According to pigment analysis,
these seven phytoplankton groups were present: diatoms, dinoflagellates, cryptophytes, euglenophytes,
prasinophytes, prymnesiophytes and cyanobacteria. A Kruskal-Wallis analysis was performed to detect
statistically significant differences in phytoplankton groups abundance between tanks. In Table 2, we summarize
phytoplankton statistics both for absolute composition (absolute contribution to chlorophyll a, ng/L) and relative

composition (percentage of total chlorophyll a, %). In tables 1 and 2, statistically significant differences are



assessed according to Kruskal-Wallis results. There were no significant differences (P > 0.05) in signature

pigments and phytoplankton abundances between different densities of shrimp.

Table 1. Concentration of signature pigments and chlorophyll a presents in the phytoplankton . The table show

the percentile 10 (P 10), percentile 25 (P 25), percentile 75 (P 75), percentile 90 (P 90), maximum and average +

standard deviation (SD) values.

Phytoplankton signature pigments concentration (ug/L)

Signature pigments P10 P 25 P75 P90 Maximum Average £ SD
Peridinin 0.00 0.00 0.00 0.00 2.94 0.06 £0.41
Fucoxanthin 0.11 0.47 4.89 11.85 26.36 3.86 £6.25
Prasinoxanthin 0.00 0.00 0.00 0.00 1.86 0.06 +0.27
Diadinoxanthin 0.00 0.03 0.33 141 7.12 0.49+1.15

Alloxanthin 0.00 0.00 0.00 0.00 0.24 4.70x1073 + 3.36x102

Zeaxanthin 0.00 0.00 0.00 0.23 1.60 0.06 +0.24
Chlorophyll a 0.17 0.59 5.73 20.89 58.01 7.19 £12.13

Data obtained from 54 phytoplankton samples (n=54).




Table 2. Phytoplankton statistics both for absolute and relative contribution to total chlorophyll a. The table
show the percentile 10 (P 10), percentile 25 (P 25), percentile 75 (P 75), percentile 90 (P 90), maximum and

average + standard deviation (SD) values.

Phytoplankton absolute contribution to chlorophyll a (ug/L) Phytoplankton relative cont

Groups P10 | P25 | P75 P 90 Maximum Average + SD P10 | P25 P75 | P90
Diatoms 0.10 | 059 | 546 20.89 57.85 6.57 £11.97 77.86 | 99.73 | 100 | 100
Dinoflagellates | 0.00 | 0.00 | 0.00 | 1.14x10% 4.25 0.08 + 0.60 0.00 | 0.00 | 0.00 | 0.01
Euglenophytes | 0.00 | 0.00 | 0.00 0.02 0.10 0.01+0.02 0.00 | 0.00 | 0.00 | 0.17
Cryptophytes 0.00 | 0.00 | 0.00 0.01 1.26 0.02+0.18 0.00 | 0.00 | 0.00 | 0.12
Prasinophytes 0.00 | 0.00 | 0.00 0.00 4.72 0.12+0.68 0.00 | 0.00 | 0.00 | 0.00
Prymnesiophytes | 0.00 | 0.00 | 0.00 | 1.75x10°3 0.02 8.62x10*+ 3.09x10° | 0.00 | 0.00 | 0.00 | 0.03
Cyanobacteria 0.00 | 0.00 | 0.00 0.23 0.79 0.07+0.21 0.00 | 0.00 | 0.00 | 6.55

Data obtained from 54 phytoplankton samples (n=54).

The average phytoplankton biomass was 6.87 pg/L of Chla, but it varied between non detected and 58.01 pg/L
during study period. Diatoms were the dominant group of phytoplankton, on average they accounted a 93% of
total Chla, and at specific moments they reached 100% (Table 2). In Fig. 1, we represented the temporal
development of phytoplankton abundance by groups. In this figure, the clear predominance of diatoms along the
entire experiment is observed. The mean abundance of other phytoplankton groups was on average lower than
3%. However, both cryptophytes and cyanobacteria arrived to maximum percentages above 50% (Table 2).
Moreover, prasinophytes even get to 100% of total Chla (Table 2). The incidence of these high percentages was
limited since they were isolated cases, that happened on one tank only and disappeared in the next analysis.
Prasinophytes bloom was only observed in tank 7 on day 31, cyanobacteria bloom was detected in tank 1 on day
38, and cryptophytes bloom happened in tank 5 on day 45. Prasinophytes increased from 0% to 100% of Chla in
one week in tank 7 and were not detected the next week. That means that sampling frequency, once a week, was
not enough to detect an intermediate abundance stage. A higher sampling frequency will be needed to have more
information about these blooms development. The phytoplankton in the thanks showed a dynamic similar to

natural systems, where it has rapid shifts in composition and abundance (Suda et al. 2002; O’Kelly et al. 2003).

Chla concentration in water is used as a proxy for phytoplankton biomass (Gaona et al. 2011). In this

experiment, phytoplankton was first detected on day 10, pigments concentration was below detection level on



day 3. Before, no Chla was detected due to the initial disinfection of culture water. Water samples from day 10
to day 24 had Chla concentrations around 3 pg/L. During this first phase, only diatoms were observed. Since day
31, an increase in Chla was observed, with concentrations around 12 pg/L by the end of the study period. During
this second phase, diatoms were dominant but other phytoplankton groups appeared, such as dinoflagellates (0.4
Hg/L on average) and prasinophytes (0.5 pg/L on average). A maximum Chla value of 57.85 ug/L was detected
in tank 9 on day 38; however, no statistical differences were detected among tanks when considering the entire
period Chla abundance. Chla concentration in aquaculture waters is highly variable, because it depends on a
large number of factors (Burford 1997). The Chla values quantified in this experiment in phytoplankton are
similar to those observed by other authors (Guerrero-Galva et al. 1999; Yusoff et al. 2002 and Lemonnier et al.

2016).

Absolute contribution to Chla (ug/L)
oo

3 10 17 24 31 38 45
Time (days)
OCryptophytes B Diatoms B Dinoflagellates B Euglenophytes

&1 Prasinophytes Prymnesiophytes  [JCyanobacteria

Fig. 1 Phytoplankton groups mean contribution to chlorophyll a concentration (ug/L) temporal evolution.



In general, diatoms are the dominant group in most shrimp cultures developed in saltwater tanks (Yusoff et al.
2002; Casé et al. 2008; Lemonnier et al. 2016). Environmental variables directly influence phytoplankton and
can help us understand phytoplankton dynamics and the dominance of one or another group (Sanders et al.
1987). In this study, salinity and pH had great stability throughout the culture period, for that reason, these
variables do not have a significant correlation with any taxonomic group (Table 3). In contrast, temperature
showed a positive correlation with different groups, and dissolved oxygen a negative correlation (Table 3); these
correlations were previously observed by Casé et al. (2008) and Llario et al. (2018) in shrimp aquaculture. The
maximum growth of diatoms is usually observed between 25 and 30°C (Renaud et al. 2002), which is the
temperature range used in M. japonicus cultures. The proliferation of phytoplankton in aquaculture tanks is
accompanied by the increase of bacteria, which decompose the organic matter present in the system and

consume oxygen (Paerl and Tucker 1995).

The highest correlations were observed between phytoplankton groups and nutrients (TAN, N-NO;, N-NO5™ and
P-PO.*). Minor phytoplankton groups correlated significantly with a single nutrient each, while diatoms showed
a significant positive correlation with the four nutrients analyzed (Table 3). Diatoms dominance in
phytoplankton (93% relative contribution to Chla) is explained by their rapid use of nutrients and their high
growth rate (Ryther and Officer 1981). While other groups of phytoplankton have a preference for some forms
of nitrogen (Paerl and Tucker 1995; Supraha et al. 2014; Reed et al. 2016), diatoms rapidly consumes nitrogen in
all its forms (Ryther and Officer 1981). The decrease or depletion of silica usually causes the decline of diatoms
and proliferations of cyanobacteria (Casé et al. 2008). In this experiment, the tanks were filled with coastal
waters from Gandia Harbor characterized by high silica levels (Sebastia et al. 2012; Sebastia and Rodilla 2013).
This high initial silica content can maintain important diatom abundances in aquaculture tanks longer periods
than usual (Llario et al. 2018), which explains why their decrease was not observed. The presence of diatoms in
shrimp nurseries is highly desired due to its high nutritional value (Kent et al. 2011), and its efficiency in the

removal of nutrients helps to maintain water quality (Khatoon et al. 2007b).
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Table 3. Rank correlation matrix (Spearman’s) between environmental and biological variables (Salinity, T —
temperature, DO — dissolved oxygen, TAN - total dissolved ammonia, N-NO;" -nitrites, N-NOjs" - nitrates, P-

PO.* - phosphates, and Pe-Chla — total chlorophyll a in the periphyton) and phytoplankton groups.

Salinity pH DO T TAN | N-NOy | N-NOj | P-POs* | Pe-Chla

Diatoms -0.051 | -0.200 | -0.464% | 0.127 0.317° | 0.275° | 0.437% | 0.577% | 0.354%

Dinoflagellates 0.072 -0.023 | -0.285° | 0.410* | 0.221 0.265° | 0.237 0.227 0.118

Euglenophytes 0.111 -0.013 | -0.294° | 0.444% | 0.197 0.197 | 0.273* | 0.194 0.088

Cryptophytes 0.123 0.006 | -0.292° | 0.446% | 0.186 0.179 | 0.273° | 0.189 0.101

Prasinophytes -0.093 | -0.096 | -0.249° | 0.069 0.236 0.222 0.129 | 0.297° | -0.081

Prymnesiophytes | 0.043 0.019 -0.247 | 0.403* | 0.173 0.152 0.197 0.166 0.025

Cyanobacteria 0.117 0.050 | -0.307° | 0.470% | 0.206 0.214 | 0.293 | 0.201 0.218

Bold numbers are those that show significant correlation: 2 p<0.01, ® p<0.05

The appearance of phytoplankton blooms during the culture period, such as prasinophytes, cyanobacteria and
cryptophytes blooms, can have detrimental effects on shrimp and water quality. All the phytoplankton blooms
observed in this experiment, had a short duration and were produced in different tanks during the final phase of
the culture period (days 31, 38 and 45). In this period, P-PO4* y N-NO;s™ accumulated from shrimp excretions
and from the nitrification of nitrogen compounds (TAN and N-NOy). According to several authors,
cyanobacteria, cryptophytes and prasinophytes, grow better with a supply of N-NOs" y P-PO4* (Paerl and Tucker
1995, Supraha et al. 2014, and Reed et al. 2016). In this experiment, this is corroborated by the significant
positive correlation between N-NO3™ and both cryptophytes and cyanobacteria, and the positive correlation of P-
PO,* and prasinophytes (Table 3). Cyanobacteria blooms are common in shrimp farming, and are more common

in low light conditions (Smith et al. 2008).

The following signature pigments were detected in periphyton samples (Table 4): peridinin, 19’-
butafucoxantyhin, fucoxanthin, 19’-hexafucoxantyhin neoxanthin, prasinoxanthin, violaxanthin, diadinoxanthin,
alloxanthin, zeaxanthin and chlorophyll b. According to pigment analysis these eight periphyton groups were
present: diatoms, dinoflagellates, chlorophytes, cryptophytes, euglenophytes, prasinophytes, prymnesiophytes
and cyanobacteria. Like phytoplankton, a Kruskal-Wallis analysis was performed to detect statistically
significant differences in groups abundance between tanks. In Table 5, we summarize periphyton statistics both

for absolute composition (absolute contribution to chlorophyll a, ug/m?) and relative composition (percentage of
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total chlorophyll a, %). In tables 4 and 5, statistically significant differences are assessed according to Kruskal-
Wallis results. There were no significant differences (P > 0.05) in signature pigments from periphyton and

periphyton abundances between different densities of shrimp.

Table 4. Concentration of signature pigments and chlorophyll a presents in the periphyton . The table show the

percentile 10 (P 10), percentile 25 (P 25), percentile 75 (P 75), percentile 90 (P 90), maximum and average +

standard deviation (SD) values.

Periphyton signature pigments concentration (pg/L)
Signature pigments P10 P25 P75 P90 Maximum | Average £ SD
Peridinin 0.00 0.00 0.00 0.00 3.50 0.07 £0.50
19’-butafucoxantyhin 0.00 0.00 0.00 17.78 55.65 3.38 £ 10.00
Fucoxanthin 11.84 23.27 17414 309.71 1254.01 144.00 + 210.47
19°-hexafucoxantyhin 0.00 0.00 0.00 0.00 76.28 1.89+11.08
Neoxanthin 0.00 0.00 0.00 0.00 36.97 1.93+7.42
Prasinoxanthin 0.00 0.00 10.97 43.27 201.79 13.21 £ 33.25
Violaxanthin 0.00 0.00 4.49 12.16 34.07 3.47 £6.40
Diadinoxanthin 0.00 0.00 6.84 15.67 66.75 6.88 £ 13.22
Alloxanthin 0.00 0.00 0.00 0.00 1.17 0.02 £0.17
Zeaxanthin 0.00 0.00 2.35 8.16 103.01 5.70 + 18.72
Chlorophyll b 0.00 0.00 0.00 9.64 149.26 5.06+ 21.89
Chlorophyll a 4.43 25.31 168.09 321.20 925.65 134.42 + 191.50

Data obtained from 54 periphyton samples (n=54).
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Table 5. Periphyton statistics both for absolute and relative contribution to total chlorophyll a. The table show the percentile 10 (P 10), percentile 25 (P 25), percentile 75 (P

75), percentile 90 (P 90), maximum and average + standard deviation (SD) values.

Periphyton absolute contribution to chlorophyll a (ug/m?) Periphyton relative contribution to chlorophyll a (%6)

Groups P10 P 25 P75 P 90 Maximum Average £ SD P10 | P25 P75 P 90 Maximum | Average + SD

Diatoms 0.00 47.21 97.83 100.00 415.43 72.57 £ 154.45 0.00 | 4.65 | 106.37 | 192.29 100.00 67.92 + 36.33
Dinoflagellates 0.00 0.00 0.00 0.00 2.16 0.04 £0.31 0.00 | 0.00 0.00 0.00 10.81 0.20 £1.56
Euglenophytes 0.00 0.00 0.00 46.97 60.58 3.07+10.82 0.00 | 0.00 0.00 0.01 56.82 4.84+19.21
Chlorophytes 0.00 0.00 1.65 7.82 19.68 197 +481 0.00 | 0.00 0.88 10.15 44.94 270 £7.85
Cryptophytes 0.00 0.00 0.00 0.00 3.07 0.07 £0.45 0.00 | 0.00 0.00 0.00 1.68 0.04 £0.25

Prasinophytes 0.00 0.00 19.31 83.46 107.58 10.41+21.48 0.00 | 0.00 | 14.39 40.66 100.00 15.84 + 30.81
Prymnesiophytes 0.00 0.00 0.00 0.30 213.62 5.23+30.96 0.00 | 0.00 0.00 1.30 66.51 1.99+9.72
Cyanobacteria 0.00 0.00 2.26 29.74 108.29 7.71+£23.77 0.00 | 0.00 2.22 8.27 65.38 6.47 +13.80

Data obtained from 54 periphyton samples (n=54).
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Chla concentration in periphyton had mean values of 101.07 pg/m?, but maximum values of 441.42 pg/m? were
detected in tank 1 on day 45. Mean Chla values are similar to those observed by Khatoon et al. (2007a) on the
same type of surface (PVC) after 45 days of culture, although other authors observed superior values in this
substrate (Thompson et al. 2002; Sruthisree et al. 2015). Shrimps graze on periphyton (Ballester et al. 2007), so
the increase of available surfaces, through the placement of PVC sheets in the tank, may increase of periphyton
biomass and improve shrimp productivity. But, the substrate is not the only variable that affects periphyton
development, other environmental variables have an important influence (Khatoon et al. 2007a; Anand et al.

2013; Sruthisree et al. 2015).

Although periphyton was dominated by diatoms (67.92% of Chla) from the beginning of the culture, a higher
percentage of other taxonomic groups was detected than in phytoplankton. The most abundant groups, apart
from diatoms, were prasinophytes (15.84%), cyanobacteria (6.47%) and euglenophytes (4.84%) as shown in
table 5. The rest of groups had a mean contribution lower than 3% of Chla. Although most of the samples were
dominated by diatoms, the punctual dominance of other periphyton groups was observed, such as euglenophytes
on day 10 (tank 8), day 17 (tank 1) and day 45 (tank 8), prasinophytes on day 10 (tanks 1, 6 and 7), day 17 (tanks
2 and 6) and day 31 (tank 2), prymnesiophytes on day 38 (tank 4) and cyanobacteria on day 31 (tank 8). The
incidence of these high percentages was limited since they were isolated cases, that happened on one tank only
and disappeared in the next analysis, returning to show very low concentration such as those observed before the

appearance of blooms.

Chla concentration evolution in periphyton samples by group is represented (Fig 2). In this experiment, the same
as with phytoplankton, no Chla was detected before day 10 in periphyton samples. On day 10, periphyton
absolute abundance was 97 pg/m? of Chla, mainly due to diatoms and prasinophytes. These two groups
abundance decreased on day 17, but later recovered. Since day 24 until the end of the experiment, a progressive
increase in total Chla was observed, reaching a maximum of 129 ug/m? on day 38. This increase was mainly due
to the growth of cyanobacteria and prymnesiophytes (14 and 9 ug/m? of Chla respectively), while diatoms and

prasinophytes maintained constant levels around 84 and 13 pg/m? of Chla respectively.
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Fig. 2 Periphyton groups mean contribution to chlorophyll a concentration (ug/m?) temporal evolution.

Table 6 shows rank correlation matrix (Spearman’s) between environmental and biological variables with
periphyton groups, less significant correlations were observed than with phytoplankton groups. The pH did not
have significant correlation with any group. Salinity was positively correlated with two of the three major groups
(diatoms and prasinophytes). Some authors have observed that high salinity favors the proliferation of
periphyton on aquaculture tanks, fundamentally diatoms (Khandeparker et al. 2017). Dissolved oxygen was
directly correlated with chlorophytes, which were more abundant at the beginning of the experiment, and
inversely correlated with dinoflagellates, which were more abundant at the end when oxygen was lower.
Temperature was in general positively correlated with some periphyton groups, this positive effect of high
temperatures has also been observed by other authors (Phinney and Mclntire 1965; Zhang et al. 2009). Nutrient
significant correlation with periphyton groups was minor as compared with phytoplankton. Only TAN was
positively correlated with chlorophytes, and N-NOs™ with dinoflagellates, cryptophytes and prymnesiophytes.
Chen (2001) also observed that chlorophytes easily assimilate TAN. The scarcely significant correlations suggest
that environmental variables played a minor role in determining periphyton development. The major role must

have been played by the different colonization capacity, typical of each microalgae group. The colonization
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process is highly dependent on phytoplankton composition (Khandeparker et al. 2017). Diatoms are one of the
first colonizers because they generate a large amount of extracellular polymeric substance, which helps them to
bind to the substrate (Hanlon et al. 2006, Choudhary et al. 2017). Also, diatoms with apical pads adhere easily to
the substratum and usually form the first periphyton layer, that serves as anchorage to other groups such as stalk
forming species (Acs et al. 2000). As shown in Table 6, there is a significant correlation between periphyton
diatoms and phytoplankton biomass, which main contributor are diatoms. During the first phase of surface
colonization, a smaller variety of groups is observed in periphyton. Over time the number of groups and their
abundance increases (Acs et al. 2000; Jobgen et al. 2004; Khatton et al. 2007a; Zhang et al. 2012). The main
groups present in phytoplankton (diatoms, euglenophytes, prasinophytes, prymnesiophytes and cyanobacteria)
have species that generate extracellular polymeric substance that can facilitate their adhesion to the periphyton
(Claquin et al. 2008; Brake and Hasiotis 2012; Eldridge et al. 2012; Choudhary et al. 2017). The thick

periphyton cover could be responsible of stabilizing the diatoms growth at the end of the study period.

Table 6. Rank correlation matrix (Spearman’s) between environmental and biological variables (Salinity, T —
temperature, DO — dissolved oxygen, TAN - total dissolved ammonia, N-NO;," -nitrites, N-NOjs™ - nitrates, P-

PO4* - phosphates, and Ph-Chla — total chlorophyll a in the phytoplankton) and periphyton groups.

Salinity pH DO T TAN | N-NO; | N-NOs | P-PO;* | Ph-Chla

Diatoms 0.264° 0.012 -0.223 0.055 0.040 -0.143 0.139 0.026 0.383?2

Dinoflagellates 0.062 0.102 | -0.258° | 0.262" | 0.141 0.018 | 0.281° | 0.227 0.169

Euglenophytes 0.080 | -0.078 | -0.002 | -0.103 | -0.100 | 0.038 0.054 0.083 0.113

Chlorophytes 0.254P 0.200 | 0.273* | -0.122 | 0.405* | -0.085 | -0.043 | -0.189 0.007

Cryptophytes 0.043 | 0070 | -0.198 | 0217 | 0175 | 0.065 | 0.281° | 0.172 | 0.193

Prasinophytes 0.265° | 0.013 0.074 | -0.0114 | -0.143 0.053 -0.019 0.032 0.117

Prymnesiophytes | 0.261° 0.003 -0.220 | 0.253° | 0.135 0.184 | 0.357% | 0.221 0.295°

Cyanobacteria -0.037 | -0.030 | -0.237 | 0.396* | 0.170 0.093 0.158 0.011 0.212

Bold numbers are those that show significant correlation: 2 p<0.01, ® p<0.05.
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The dominance of diatoms and cyanobacteria to a lesser extent, on periphyton, coincides with observations by
other authors (Thompson et al. 2002; Ballester et al. 2007; Khatoon et al. 2007a; Anand et al. 2013). The
presence of euglenophytes, prasinophytes and prymnesiophytes in the periphyton has not been reported in most
previous studies on aquaculture (Ballester et al. 2007; Kahoon et al. 2007a; Anand et al. 2013; Betancur-
Gonzalez et al. 2016). However, these studies analyzed periphyton composition by optic microscopy. In
phytoplankton studies, carried out with optical microscopy, a large presence of these three groups is not reported
either (Ballester et al. 2007; Kahoon et al. 2007a; Anand et al. 2013; Sruthisree et al. 2015; Betancur-Gonzalez et
al. 2016). On the other hand, the analysis of photosynthetic pigments by HPLC in aquaculture tanks has allowed
to report the presence of these groups in phytoplankton (Jiang et al. 2016; Lemonnier et al. 2016; and Llario et

al. 2018).

Due to the small size of these groups, optical microscopy often underestimates the abundance of these groups or
even does not detect them. But even small concentrations of signature pigments are detected by HPLC, and this
makes possible to quantify their abundance more accurately (Gocke et al. 2003; Devilla et al. 2005; Schluter et
al. 2006; Silva et al. 2008). The coexistence of diatoms, prasinophytes and prymnesiophytes in the periphyton
increases its nutritional potential, since these groups are the most used as a source of food for shrimps

(Benemann 1992; Jaime-Ceballos et al. 2006).

Conclusion

The use of HPLC coupled with CHEMTAX software is consolidated as an adequate tool for the determination of
microalgae in aquaculture tanks. The analysis of signature pigments, has allowed to report the presence of
previously undetected groups on periphyton, prasinophytes and prymnesiophytes, characterized by their high
nutritional value. This is especially important in nurseries because shrimp grazing on periphyton can increase
post-larvae survival, as periphyton is a supplementary feed source. In this experiment, diatoms dominated the
phytoplankton due to its high yield in the use of all nutrients. However, the accumulation of nitrate and
phosphate, could have caused the timely appearance of blooms of other phytoplankton groups. Diatoms also
dominated periphyton. Nevertheless, nutrients had a minor effect on the development and composition of the

periphyton, which was more affected by colonization processes.
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