Vol. 8: 665–673, 2016
doi: 10.3354/aei00208

AQUACULTURE ENVIRONMENT INTERACTIONS
Aquacult Environ Interact

Published December 29

OPEN
ACCESS

Comparing methods for measuring phytoplankton
biomass in aquaculture ponds
Yi-Kuang Wang1,*, Pei-Yu Chen1, Hans-Uwe Dahms2, 3, Shinn-Lih Yeh4,
Ying-Jer Chiu4
1

Department of Ecoscience and Ecotechnology, National University of Tainan, 33, Sec. 2, Shu-Lin St., Tainan City 70005,
Taiwan, ROC
2
Department of Biomedical Science and Environmental Biology, Kaohsiung Medical University, 100 Shih-Chuan 1st Road,
Kaohsiung City 80424, Taiwan, ROC
3
Department of Marine Biotechnology and Resources, National Sun Yat-Sen University, No. 70, Lienhai Road,
Kaohsiung City 80424, Taiwan, ROC
4

Mariculture Research Center, Fisheries Research Institute, the Council of Agriculture, 4 Haipu, Sangu village, Cigu District,
Tainan City 72442, Taiwan, ROC

ABSTRACT: Algal biomass is important for aquaculture in terms of eutrophication, as a secondary
metabolite threat, and as a food source for suspension feeders and benthos. In order to evaluate
the applicability of an in situ FluoroProbe instrument, chlorophyll a (chl a) measured with this
device was compared to chl a measured by a fluorometer and to algal densities and biovolumes
determined by direct counts. Monthly surveys were conducted in 3 types of aquaculture ponds
(tilapia, milk fish, and common orient clam) from October 2011 through April 2012 in the Cigu
region of Tainan City, Taiwan. Results showed that green algae were the predominant phytoplankton group, followed by cyanobacteria, euglenoids, and diatoms. The 3 types of aquaculture
ponds had wide ranges of chl a, pH, salinity, turbidity, PO4−3-P, and suspended solids. Chl a
measured by the FluoroProbe had significant regressions with chl a values measured by a fluorometer, and with algal densities and biovolumes determined by counting; however, when chl a
was > 250 µg l−1, the correlation between the FluoroProbe and the fluorometer diminished. The
difference in chl a reads between these 2 methods increased when chl a concentration exceeded
200 µg l−1. Of the 4 differently colored algal groups measured by the FluoroProbe, only the green
and blue groups had significant regressions with their respective biovolumes, whereas the red
and brown groups had no significant regression with their respective biovolumes. Our results
show the applicability of the FluoroProbe in algal monitoring of aquaculture ponds, although
caution is needed at higher chl a levels.
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INTRODUCTION
Aquaculture production can be positively or negatively affected by microalgal biomass (Zimba et al.
2001, Hemaiswarya et al. 2011, Anand et al. 2013,
Hu et al. 2013). Algal primary production can be
used by suspension feeders in the plankton (such as
*Corresponding author: ykwang@mail.nutn.edu.tw

zooplankton or larvae of fish and invertebrates) or
from the benthic environment (e.g. bivalves or by
epistrata feeders, such as fish, shrimps, or polychaetes) (Uddin et al. 2009, Li et al. 2015, Zhang et
al. 2016). Algae may also cause problems in aquaculture (Paerl & Tucker 1995, Alonso-Rodríguez &
Páez-Osuna 2003, Casé et al. 2008), as they may
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deteriorate the cultures of farmed organisms by
oxygen depletion at night or after death (Dahms
2014), and by producing toxins that threaten both
the health of the cultured organisms and the health
of consumers (Ettoumi et al. 2011, Florczyk et al.
2014). Algae may impart a bad smell and taste to
aquaculture products (Zimba & Grimm 2003, Smith
et al. 2008, Green & Schrader 2015). Due to the
abovementioned problems, the measurement of biomass, density, and diversity of microalgae has
become a critical issue in aquaculture management
(Mischke 2014, Kurten & Barkoh 2016, Pucher et al.
2016). However, algal measurements are often timeconsuming and require taxonomic expertise, which
is not practical for farmers. The recent development
of a fast, easy-operating, in situ measuring instrument, the FluoroProbe, has improved the aforementioned shortcomings of algal measurements (Beutler
et al. 2002, Rolland et al. 2010).
Several studies have applied the
submersible FluoroProbe in reservoirs and rivers (Leboulanger et al.
2002, Gregor & Maršálek 2004, Gregor et al. 2005, Rolland et al. 2010,
Catherine et al. 2012). These studies
indicated that measurements made
with a submersible FluoroProbe and
the spectrophotometer method were
similar at low chlorophyll a (chl a) levels, whereas the FluoroProbe might
underestimate chl a at high ambient
chl a levels (Gregor & Maršálek 2004,
Rolland et al. 2010). The above studies were conducted in environments
with relatively low chl a. To date, no
study has tested the FluoroProbe in
aquaculture ponds, where relatively
high chl a levels can be reached.
Therefore, such an evaluation seems
timely.
The objective of this study was to
assess whether the FluoroProbe is
applicable to the particular environmental conditions of aquaculture
ponds, particularly to high densities
of planktonic microalgae. Two approaches were taken: (1) to compare
results of the FluoroProbe to that of a
fluorometer; and (2) to compare the
results of overall and individual algal
groups measured by the FluoroProbe
to algal density and biovolume measurements made by direct counting.

MATERIALS AND METHODS
Study area
The surveyed aquaculture ponds were situated in
the Cigu region of Tainan City in southern Taiwan
(Fig. 1). We investigated 3 common types of aquaculture ponds in this area, where the following products were raised: tilapia (Oreochromis spp.), milk fish
Chanos chanos, and common orient clam Meretrix
lusoria (hereafter simply ‘clam’). Each aquaculture
type had 3 ponds. A canal, connected to a water
source for aquaculture ponds, was also surveyed to
expand the range of algal levels. Tilapia ponds had
water depths from 1.8 to 2.5 m, areas from 0.3 to
0.7 ha, a density of about 12 000 fish ha−1, and a
growth period about 1 yr. Milk fish ponds had water
depths from 0.7 to 1.2 m, areas from 0.45 to 1.2 ha,
densities of 7000 fish ha−1, and a growth period of

Fig. 1. Sampling locations of aquaculture
ponds in Tainan City,
Taiwan
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less than 1 yr. Clam ponds had a water depth of about
1.1 m, areas from 1.6 to 4.8 ha, and a cultivating
period of 6 mo to 1 yr. Water in the tilapia and milk
fish ponds was not changed unless the water quality
had severely deteriorated, whereas water in the clam
ponds was flushed by the tides.

Sampling and sample processing
Samples were taken monthly from October 2011 to
April 2012, when cultured organisms were harvested. Field water quality metrics, including water
temperature, pH, conductivity, and dissolved oxygen
(DO), were measured with a multiprobe meter (YSI
556) and a DO meter (YSI DO 200). A Ruttner sampler (Hydro-Bios) was used to collect water at depths
from 30 to 60 cm. Each phytoplankton sample was
900 ml, and each chl a and water chemistry sample
was 300 ml. Phytoplankton samples were preserved
with 5% Lugol’s, whereas chl a and water chemistry
samples without preservatives were stored on ice in a
dark container in the field.
A FluoroProbe instrument (bbe-Moldaenke) was
used to measure chl a and 4 algal groups in situ. The
sensor of the FluoroProbe was lowered to 50 cm below the water surface, and values were read every 2 s
(25 times). The data were initially stored within the
FluoroProbe before statistics were applied as described below.
The FluoroProbe commonly measures fluorescence
emitted by Photosystem II core pigments at 680 nm
as chl a (Beutler et al. 2002). It also uses different
fluorescent wavelengths to separate 4 major algal
groups by their absorption maxima (Beutler et al.
2002). The green group, which is rich in chl a and b,
includes chlorophytes and euglenophytes, whereas
the brown group, rich in xanthophylls, includes
bacillariophytes, chrysophytes, and dinoflagellates
(Rolland et al. 2010). The red group, rich in phycoerythrin, includes cryptophytes and red cyanobacteria, whereas the blue group, rich in phycocyanin,
includes blue-green cyanobacteria (Rolland et al.
2010).

667

algae, algal samples were fixed onto a slide using the
syrup method (Stevenson 1984). Subsamples of
phytoplankton of known volumes were added to
0.2 ml of 10% syrup that covered a 22 × 22 mm cover
slip (Stevenson 1984), and then dried in the dark and
sealed onto a slide by nail polish. Algal taxa were
identified at 1000× magnification under a compound
microscope (Olympus BX51) and then counted at
400×. Biovolumes of algae were measured according
to the shape measurements of Hillebrand et al.
(1999). At least 300 natural units were recorded
(Charles et al. 2002). For algal identification, Ding &
Li (1991), Carmelo (1997), and Yamagishi (1992)
were consulted.
Chl a was analyzed according to the ethanol extraction method of the National Institute of Environmental Analysis (NIEA, Taoyuan, Taiwan; Protocol
No. E509.01C). Chl a was concentrated on a filter
paper of 1 µm pore size and 47 mm in diameter
(Whatman GF/C) by filtering 100 ml of the pond
water sample. The extraction was done by dissolving
chl a on filter paper with 10 ml of 99.5% ethanol in a
centrifuge tube, which was further soaked in a 60°C
water bath with periodic shaking for 30 min. After
extraction, the sample was centrifuged at 3500 × g
(13 min). An aliquot from the upper layer of the sample was used for measurements of chl a by a fluorometer (multipurpose, Turner).

Water chemistry
Four types of nutrients were measured in the
laboratory: NH4+-N and NO3−-N were analyzed by
the NOVA 60 water quality instrument (Merck),
whereas NO2−-N and PO4−3-P were analyzed by the
Cintra 20 spectrophotometer (GBC). NO2−-N was
analyzed at 543 nm wavelength, and PO4−3-P was
analyzed at 700 nm wavelength. Regression lines
were established for NO2−-N and PO4−3-P. Turbidity
was measured with a turbidity instrument (TURB
355T, WTW). Suspended solids (SS) were measured
by the NIEA drying method (NIEA W210.58A). These
instruments were calibrated with standards supplied
by their respective companies before measurements.

Phytoplankton analysis
Data analyses
Phytoplankton samples were concentrated to 50 ml
by the settling and decanting method in a refrigerator (Hötzel & Croome 1999). The settling time was at
least 6 h for every 1 cm of water column (Furet &
Benson-Evans 1982). For quantitative enumeration of

Chl a and water quality variables among the 3
types of aquaculture ponds and the chl a:biovolume ratio of samples dominated by different
algal phyla were statistically compared by 1-way
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Table 1. Comparisons of environmental variables (mean ± SE) among 3 types
Welch’s ANOVA and the Gamesof aquaculture ponds (1-way ANOVA). Within the same row, different superHowell multiple comparison test
scripts indicate significant differences between ponds according to Gamesbecause of variance heterogeneity
Howell’s multiple comparison tests (*p < 0.05; **p < 0.01; ***p < 0.001)
(Field 2005; R package userfriendlyscience [https://cran.r-project.org/web/
Environmental variable
Aquaculture pond
packages/userfriendlyscience/index.
Tilapia
Milk fish
Orient clam
html]). Variables except pH were log
334.7 ± 106.9a 214.7 ± 108.1b 34.2 ± 31.44c
Chl a (µg l−1)***
transformed to achieve normality. ReWater
temperature
(°C)
22.3 ± 3.4
22.8 ± 3.8
23.1 ± 4.2
lationships among chl a measured by
Dissolved oxygen (mg l−1)
5.23 ± 1.54
5.67 ± 1.24
5.86 ± 1.52
the in situ FluoroProbe and the fluopH**
8.0 ± 0.4b
8.3 ± 0.3a
7.8 ± 0.6b
rometer for 3 types of ponds and all
Salinity (PSU)***
2.1 ± 0.6c
6.5 ± 1.0b
28.4 ± 6.8a
samples were assessed by linear reTurbidity (NTU)***
56.50 ± 26.35a 36.99 ± 21.58b 25.79 ± 32.01b
−1
+
NH
-N
(mg
l
)
0.23 ± 0.13
0.24 ± 0.14
0.50 ± 1.07
4
gression (R package stats), whereas
NO3−-N (mg l−1)
1.57 ± 1.18
1.96 ± 1.42
1.17 ± 1.06
the relationships between chl a by the
NO2−-N (mg l−1)**
0.62 ± 1.55a
0.30 ± 0.43a,b 0.08 ± 0.11b
FluoroProbe and fluorometer and alPO4−3-P (mg l−1)*
0.41 ± 0.47b
2.01 ± 2.98a
0.42 ± 0.64b
gal densities and biovolumes (all log
Suspended solids (mg l−1)
80.0 ± 29.9
80.6 ± 48.4
124.5 ± 80.7
transformed) were assessed by linear
regression using the quadratic model
Comparison between submersible FluoroProbe
(y = a + bx + cx 2). To further understand the relationship between these 2 methods, Spearman rank correand fluorometer
lations between ranges of chl a measured by a fluorometer (> or < 25, 50, 100, 150, 200, 250, 300 µg l−1)
Chl a measured by the fluorometer had a signifiand corresponding chl a readings of the FluoroProbe
cant regression with that by the FluoroProbe (y =
were assessed. According to the aforementioned
1.889 + 1.217x, F1, 61 = 486.17, p < 0.001, adjusted R2 =
0.887; Fig. 2a). When different ranges of chl a were
ranges, the paired differences of chl a by these 2
analyzed, correlation coefficients decreased with inmethods were analyzed by a 1-sample t-test (comcreasing chl a (Table 2). When chl a was > 250 µg l−1,
pared to 0). Relationships between chl a of algal
the correlations were not significant. Further anagroups by the in situ FluoroProbe and respective
lyses of chl a differences between the fluorometer
algal biovolumes (all log-transformed) were also
and FluoroProbe showed that the mean differences
assessed by linear regression using the quadratic
were not significantly greater than 0 when ranges of
model. Statistical analyses were conducted with R
chl a were < 200 µg l−1, but the means differed from 0
software (R Core Team 2015).
when chl a was smaller or greater than 250 µg l−1 (t =
2.22, p = 0.032; t = 4.93, p < 0.001; respectively). Samples with chl a > 250 µg l−1 were often dominated by
RESULTS
green algae and/or euglenophytes. The 3 types of
aquaculture ponds also showed significant regresComparison among 3 types of aquaculture ponds
sions between the fluorometer and FluoroProbe chl a
(tilapia: F1,16 = 20.91, p < 0.001, adjusted R2 = 0.539;
Three types of aquaculture ponds differed in chl a,
−
−3
milk fish: F1,19 = 56.85, p < 0.001, adjusted R2 = 0.736;
pH, salinity, turbidity, NO2 -N and PO4 -P (Table 1).
These measured environmental variables covered
clam: F1,15 = 42.01, p < 0.001, adjusted R2 = 0.719).
wide ranges of environmental conditions. Tilapia
ponds had the highest chl a, followed by milk fish
Comparison between FluoroProbe measurements
ponds and clam ponds. Clam ponds had the highest
and algal densities
salinity, followed by milk fish ponds and tilapia
ponds. Dominant algal genera in tilapia ponds inAlgal cell densities had significant regressions with
cluded Chlorella sp. (40.9%) and Euglena sp. (25%),
chl a measured by FluoroProbe and fluorometer (y =
while dominant algal genera in milk fish ponds
0.729 + 3.257x − 0.167x2, F2, 60 = 72.13, p < 0.001,
included Euglena (20.7%), Oscillatoria (16.5%),
adjusted R2 = 0.697; y =1.501 + 2.230x − 0.334x2, F2, 60
Chlorella (10.8%), and Nitzschia (10.2%). Dominant
= 44.96, p < 0.001, adjusted R2 = 0.586; respectively;
algal genera in clam ponds were Euglena (25.6%),
Fig. 2b). Algal biovolume densities also had signifiOscillatoria (20.4%), Chorella (13.4%), and Nitzschia
cant regressions with chl a measured by the Fluoro(12.6%).
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Fig. 2. Relationships between chlorophyll a (chl a) measured
by the FluoroProbe and: (a) chl a measured by the fluorometer, (b) algal density, and (c) algal biovolumes. Solid lines
are regression lines; dashed line shows a 1:1 relationship

Probe and fluorometer (y = 7.339 + 0.308x + 0.302x2,
F2, 60 = 78.29, p < 0.001, adjusted R2 = 0.714; y = 7.336
+ 0.349x + 0.258x2, F2, 60 = 72.71, p < 0.001, adjusted
R2 = 0.698; respectively; Fig. 2c). Chl a:biovolume
ratio (chl a:BV) was significantly different among
samples dominated by different algal phyla (F6,10.63 =
37.61, p < 0.001). When cryptophytes dominated the

Table 2. Spearman correlation results between ranges of
chlorophyll a (chl a) measured by the fluorometer and the
FluoroProbe. *p < 0.01
Ranges of chl a (µg l−1)
< 25
> 25
> 50
>100
>150
> 200
> 250
> 300

ρ

p

N

0.600
0.910
0.881
0.841
0.757
0.676
0.382
0.429

0.008*
< 0.001*
< 0.001*
< 0.001*
< 0.001*
0.001*
0.144
0.337

18
45
38
34
25
22
16
7

100

100.5

101

FluoroProbe chl a (µg

102.5

l–1)

samples, they had the highest ratio, whereas samples
dominated by other phyla had lower ratios.
The green group chl a measured by the FluoroProbe had a significant regression with biovolume (y
= 6.606 − 0.337x + 0.711x2, F2, 60 = 16.81, p < 0.001,
adjusted R2 = 0.338; Fig. 3a). The chl a of the blue
group also had a significant regression with biovolume (y = 4.771 + 4.641x − 1.306x2, F2, 60 = 30.46,
p < 0.001, adjusted R2 = 0.496; Fig. 3b). However,
the chl a reads of the red and brown groups had
nonsignificant regressions with their respective biovolumes (F2, 60 = 1.90, p = 0.158, adjusted R2 = 0.028;
F2, 60 = 0.484, p = 0.235, adjusted R2 = 0.015; respectively).

DISCUSSION
In this study chl a values measured by the FluoroProbe were related to those measured by the fluorometer in tilapia, milk fish, and clam aquaculture
ponds, and all samples. Other studies found correla-

Aquacult Environ Interact 8: 665–673, 2016

Green group biovolume (µm3 l–1)

670

1011

a

1010
109
108
107
106
105
104
100

Blue group biovolume (µm3 l–1)

1011
10

100.5

101

101.5

102

102.5

b

10

109
108
107
106
105
104
100

100.5

101

101.5

102

FluoroProbe chl a (µg l–1)
Fig. 3. Relationships between chlorophyll a (chl a) measured
by the FluoroProbe and respective biovolumes of (a) the
green algal group (which includes chlorophytes and euglenophytes) and (b) the blue group (blue-green cyanobacteria).
The fitted lines are regression lines

tions between chl a measured by the FluoroProbe
and spectrophotometer in reservoirs (Leboulanger et
al. 2002, Gregor & Maršálek 2004, Gregor et al. 2005,
Rolland et al. 2010). Fluorometers measure the emitted fluorescence, whereas spectrophotometers typically measure light absorbance (Pinckney et al.
1994). These 2 approaches may have differential bias
in the same direction or bias in different directions
of chl a measurements (Holm-Hansen et al. 1965,
Pinckney et al. 1994, Dos Santos et. al. 2003). Thus, it
may be more appropriate to compare the FluoroProbe to the fluorometer than to the spectrophotometer (Kring et al. 2014).
Our results confirmed that the chl a measurements
by the fluorometer were higher than those by the
FluoroProbe when chl a was > 200 µg l−1. Despite the
same detection method, 3 factors may have contrib-

uted to this difference. Firstly, chl a must be extracted
prior to fluorometer measurements, while the FluoroProbe requires no processing of samples. Extraction
can contribute to higher chl a measurements (Welschmeyer 1994). Secondly, tripton in pond water may
block fluorescence emitted by algal cells. Thirdly,
dense algal cells in water may block and scatter light
emission by the cells, thereby reducing measurements of the FluoroProbe. The denser phytoplankton
cells are, the higher is the proportion of blocking,
scattering, and absorbance. The abovementioned
mechanisms can also explain slightly reduced increases in chl a per biovolume at higher biovolumes
indicated in Fig. 2c. High levels of colored dissolved
organic matter (CDOM) may interfere with chl a
readings of the FluoroProbe (Gregor & Maršálek
2004, Rolland et al. 2010). However, CDOM was low
in this study (<10). Thus, this factor was excluded.
Fluorescence quenching may contribute to reduced
chl a readings (Leboulanger et al. 2002, Gregor &
Maršálek 2004, Rolland et al. 2010), but was likely
not the case in the present study. Light extinction is
generally high in aquaculture ponds because dense
algae can block and absorb light in water. The sensor
of our FluoroProbe was placed 50 cm below the water
surface. For algae concentrated at the water surface
(for light), fluorescence quenching may be reduced
in this case. If strong fluorescence quenching occurred in this study, the differences in chl a between
the FluoroProbe and fluorometer would be high at
the lower end of chl a, which was not the case in the
ponds studied here.
Based on correlations with fluorometer readings,
the upper detection limit of the FluoroProbe was
around 200 µg l−1 (bbeMoldaenke GmbH 2010). The
statistical difference between the FluoroProbe and
fluorometer was driven by higher chl a readings
(> 200 µg l−1). However, Rolland et al. (2010) found no
correlation above 21.6 µg l−1 chl a between FluoroProbe and spectrophotometer in a 2 yr reservoir
study. Gregor & Maršálek (2004) found a nonlinear
relationship above 50 µg l−1 when colonial cyanobacteria were dominant in reservoirs. Chl a in our
study ponds ranged from 2.75 to 353.83 µg l−1, which
was much higher than the chl a (0.5−137 µg l−1)
measured in those reservoirs (Gregor & Maršálek
2004, Rolland et al. 2010). The differential bias of the
spectrophotometer and fluorometer may contribute
to the nonlinearity observed at the lower range of
chl a (Holm-Hansen et al. 1965, Pinckney et al. 1994).
The chl a measured by the FluoroProbe and algal
density and biovolumes were related. Although some
data points showed deviations from the regression
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lines, chl a by the FluoroProbe still could predict cell
and biovolume densities, especially when chl a values
were < 200 µg l−1. One possible explanation for deviations is that the chl a:BV (or density) ratio is different
among the algal groups and also changes with environmental conditions (Rolland et al. 2010, Catherine
et al. 2012). For example, non-overlapping small
colonies of cyanobacteria with small cells may be
measured by the FluoroProbe as having a high chl a
content (Rodriguez et al. 1991, Rolland et al. 2010),
whereas large, overlapping, dense colonies, such as
those of Microcystis, may be measured as having low
chl a content (Gregor et al. 2005, Catherine et al.
2012). Thus, the high biovolumes and low chl a content measured for the blue algae group may result
from overlapping colonies of cyanobacteria. Euglenophyta in the green group also has a low chl a:BV ratio
(Catherine et al. 2012). Algae in shaded conditions
may show stimulated chl a production, thus having a
higher chl a content (Langdon 1988). It is difficult to
find a definite relationship between algal cell volumes
and chl a content because cell size and chl a content
are variable in different taxa (Catherine et al. 2012)
and under different environmental conditions (Li et
al. 2000, Mas et al. 2008). This variability may contribute to the large variation in the chl a and biovolume relationship.
High levels of cyanobacteria may serve as an indicator for critical water quality (Casé et al. 2008) since
they can impart an ‘earthy’ off-flavor to aquacultural
products (Zimba & Grimm 2003) and might have toxic
effects on cultured organisms (Zimba et al. 2001).
Measurements of the red and blue groups by the
FluoroProbe provide a rapid indication for cyanobacteria. However, dinoflagellates, which are important
causes of harmful algal blooms in coastal and brackish water environments, are not separated from bacillariophytes and chrysophytes in the brown group
by the FluoroProbe. If the FluoroProbe could further
separate dinoflagellates, this could help to quickly
detect this nuisance group in the coastal ponds.
The red and brown groups showed no significant
correlations between biovolumes and the FluoroProbe measurements in our study. Several possible
explanations are stated below. Cyanobacteria can
be separated as either the blue or red group (Gregor et al. 2005), which may reduce the relationship
with the overall cyanobacterial biovolumes, especially for the red group. Oscillatoria, small cyanobacteria, and N-fixing cyanobacteria with phycoerythrin may be classified by the FluoroProbe as
belonging to the red group (Gregor et al. 2005,
Catherine et al. 2012). When samples are fixed
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with Lugol’s solution or formalin, dinoflagellates
(brown group) may be misclassified as cryptophytes
(red group; Rolland et al. 2010).
The FluoroProbe is applicable to common aquaculture conditions, but needs to be used with caution at
higher chl a values (> 200 µg l−1). The chl a levels
from different aquaculture ponds showed distinct
differences. Those with low chl a, such as the clam
ponds (5.35–129.76 µg l−1), could correctly be assessed by the FluoroProbe, whereas for those with
high levels of chl a, such as the tilapia ponds
(158.56–553.69 µg l−1), the FluoroProbe can still be
used with some considerations and adjustments.
Critical levels of chl a for water quality management,
selected by farmers, play a role in the usage of the
FluoroProbe. If the critical level of chl a is < 200 µg l−1,
the FluoroProbe can provide a reliable reading with
no prior adjustments. If the critical level of chl a is
> 200 µg l−1, water samples with high chl a can be
diluted at a known ratio and measured in a cuvette of
the FluoroProbe Workstation 25 (a benchtop unit of
the FluoroProbe). For example, in this study, we were
able to detect high levels of chl a in a clam pond
using the FluoroProbe, which provided a warning
sign for the farmer; this pond was subsequently harvested and cleaned.
The present study had several limitations. Firstly,
the aquaculture ponds were brackish, as neither fully
freshwater nor fully marine ponds were available for
comparison. However, our samples spanned wide
ranges of chl a and environmental variables otherwise and represented a broad range of environmental conditions of aquaculture ponds. Secondly, we did
not dilute samples for use in the FluoroProbe Workstation 25 when chl a was > 200 µg l−1 because Workstation 25 was not available during this study.

CONCLUSIONS
Phytoplankton management is a way to stabilize
water quality for aquaculture ponds. Instant monitoring by measuring phytoplankton standing stocks is
critical and becomes feasible by using the FluoroProbe. Our results showed that the FluoroProbe
can indicate reliable chl a measurements < 200 µg l−1
when compared with a fluorometer. A lower range of
phytoplankton density is desirable for certain aquaculture species, such as the common orient clam.
When the acceptable phytoplankton level is higher,
the FluoroProbe Workstation 25 is more applicable.
This instrument can not only provide overall phytoplankton biomass levels but also differentiate be-
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tween different algal groups, which is useful for the
assessment of critical algal condition. The FluoroProbe may provide practitioners like scientists,
technicians, and farmers with detailed and reliable
data for water quality management in terms of algal
densities.
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