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Abstract: Aim: We identified and analyzed the developmental phases (exponential and loss) of 
periphyton on artificial substrates based on biomass accrual rate in dry and rainy seasons in a shallow 
mesotrophic reservoir (Ninfeias Reservoir, Parque Estadual das Fontes do Ipiranga, São Paulo, Brazil). 
We evaluated the colonization time required for the developmental phase to change, as well as related 
limnological variables. Methods: Samplings were carried out weekly, totaling 98 days of substrates 
exposure. We analyzed the limnological and periphyton variables (chlorophyll a, ash free dry mass, 
net and gross accrual rate). Results: Maximum biomass occurred on the 42nd day in rainy season 
and on the 98th day in dry season. In the rainy season, the exponential phase of biomass accrual 
continued until the 28th day of colonization, followed by a fluctuation phase (35th to 77th day) and 
then a loss phase (84th to 98th days). In the dry season, the exponential phase continued until the 
35th day, followed by a loss phase (42th to 63rd day) and then a fluctuation phase (70th and 77th day). 
In  the same season, we observed the beginning of a new exponential phase (84th to 98th day). 
The biomass peak was recorded on the 42nd colonization day in the rainy season and on the 98th 
day in the dry season. Biomass and gross and net accrual were higher in the dry season than in the 
rainy season. Conclusions: Periphyton biomass and net and gross accrual rates were higher during 
the dry season, which was characterized by high total nitrogen concentration, water transparency and 
low rainfall. We concluded that periphyton biomass accrual and the duration of the developmental 
phases (exponential, loss and fluctuation) changed with variations in limnological conditions in each 
climatic period in the tropical shallow reservoir studied. 

Keywords: artificial substrates; ash free dry mass; chlorophyll a; gross and net accrual rate.

Resumo: Objetivo: Nós identificamos e analisamos as fases de desenvolvimento do perifíton 
(exponencial e perda) em substrato artificial com base na taxa de acumulação de biomassa no período 
seco e chuvoso em um reservatório mesotrófico raso (Lago das Ninfeias, Parque Estadual das Fontes 
do Ipiranga, São Paulo, Brasil). Foi avaliado o tempo de colonização requerido para a mudança de 
fase de desenvolvimento, a qual também foi relacionada com as variáveis limnológicas. Métodos: 
Foram analisadas variáveis limnológicas e do perifíton (clorofila-a, massa seca livre de cinzas, taxa 
acumulação líquida e bruta) durante 98 dias de exposição do substrato. Resultados: No período 
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(Moschini-Carlos et al., 2000). In this study, the 
periphyton accumulation (net and gross accrual 
rate) on artificial substrates was measured until 
consecutive losses were identified during the 
colonization process. We evaluated the periphyton 
biomass and accrual rates during colonization to 
identify the developmental phases (exponential 
and loss) during the dry and rainy seasons. We also 
evaluated the colonization time required for the 
developmental phase to change, as well as related 
limnological variables.

2. Material and Methods

2.1. Study area

This research was conducted in the Ninfeias 
Reservoir, which is an artificial reservoir designed 
for landscaping purposes inside the Parque 
Estadual das Fontes do Ipiranga (23°39’15.60”S, 
46°37’22.83”W) in São Paulo, São Paulo State, 
Brazil. This reservoir is a shallow mesotrophic and 
polymictic ecosystem with a surface area of 5433 m2 
and a volume of  7170 m3. The mean depth is 
1.32 m with a maximum depth of 3.6 m, and it 
has a mean theoretical residence time of 7 days 
(Bicudo et al., 2002).

2.2. Sampling and analyses

Weekly samplings were performed for 
determination of limnological variables and 
periphyton on artificial substrates at two sites in 
littoral zone, where there was a predominance of 
Nymphaea spp.. Samplings were carried out in 
the rainy (Oct/08/2010 to Jan/14/2011) and dry 
seasons (June/10/2011 to September/09/2011).

Two experimental apparatus for periphyton 
colonization were placed at distance of 10 meters 
from each other to include spatial variability. 
The  experimental apparatus consisted of a wood 
frame with 100 glass slides (76 mm × 26 mm) 

1. Introduction

The periphyton biomass is temporally variable 
due to accumulation processes, losses and 
disturbances, which can restart the community 
development (Stevenson, 1996). The periphyton 
biomass tends to increase exponentially until 
reaching a maximum during colonization and later 
tends to decrease due to loss of biomass (Biggs, 
1996). According to Biggs (1996), the pattern 
of periphyton biomass accumulation can reflect 
environmental changes because the accrual phase 
is controlled primarily by resource (nutrients and 
light) availability, while disturbances (e.g. instability 
of the substrate, current velocity) and grazing can 
act primarily during the loss phase.

There is consensus that 2 to 4 weeks of 
colonization time is the optimal range for maximum 
periphytic biomass development in freshwater 
systems, including tropical lakes and reservoirs 
(Cattaneo & Amireault, 1992; Bicudo  et  al., 
1995). However, the relationship between the 
maximum biomass and colonization time is very 
dependent on environmental conditions, which 
have a direct influence on periphyton dynamics 
(Vadeboncoeur & Steinman, 2002). Periphyton 
biomass measurements at specific colonization 
times can underestimate the environment’s ability 
to support high primary production (Stevenson, 
1996; Vadeboncoeur & Steinman, 2002).

The identification of maximum accrual of 
periphyton biomass may improve the understanding 
of the community’s role in the production of organic 
matter in shallow tropical lakes and reservoirs, as 
observed in lotic ecosystems (e.g. Biggs, 1996, 
1998). In Brazilian lentic ecosystems, most studies 
on periphyton succession and colonization were 
performed using time of less than 35 days of 
colonization (e.g. Vercellino & Bicudo, 2006; 
França  et  al., 2009), with only a few exceptions 

chuvoso, a fase exponencial de acumulação de biomassa foi até o 28° dia de colonização, sendo 
seguida por uma fase de flutuação (35°-77° dia) e fase de perda (84°-98° dia). Na estação seca, a 
fase exponencial foi até o 35° dia, sendo seguida por uma fase de perda (42°-63° dia) e de flutuação 
(70° dia e 77° dia). Nesta estação, observou-se o início de uma nova fase exponencial de acumulação 
de biomassa (84° ao 98° dia). O pico de biomassa foi registrado no 42° dia no período chuvoso e no 
98° dia no período seco. A biomassa e a taxa de acumulação bruta e líquida foram maiores no período 
seco do que no chuvoso. Conclusão: A biomassa e a taxa de acumulação líquida e bruta do perifíton 
foram maiores no período seco, o qual foi caracterizado pela alta concentração de nitrogênio total 
e transparência da água e baixa pluviosidade. Concluímos que a taxa de acumulação de biomassa e 
duração das fases de desenvolvimento (exponencial, perda e flutuação) do perifíton mudaram com 
condições limnológicas em cada período climático no reservatório tropical raso estudado. 

Palavras-chave: substrato artificial; massa seca livre de cinzas; clorofila a; taxa de acumulação 
bruta e líquida.
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positioned vertically and submerged to a depth of 
30 cm (to avoid photoinhibition). The apparatus 
height prevented the shading of macrophytes, 
mainly leaves of Nymphaea spp.. The colonized 
glass slides were taken randomly from experimental 
apparatus. In the laboratory, periphyton was 
removed from the substrate by scraping and rinsing 
with distilled water.

We sampled water near the each experimental 
apparatus to determine the chemical and 
physical variables (n=2) on each sampling day. 
On those days, we determined underwater 
radiation (Licor LI-250A), water transparency 
(Secchi disk),  temperature,  conductivity 
(Digimed conductivimeter), dissolved oxygen 
(Golterman et al., 1978), alkalinity (Golterman & 
Clymo, 1971), pH (pHmeter Digimed) and free 
CO2 and bicarbonate (HCO3). Unfiltered water 
samples were used to determine the total nitrogen 
(TN) and phosphorus (TP) (Valderrama, 1981) 
within, at most, 30 days of the collection date. 
Further, air temperature and rainfall values were 
obtained from the Meteorological Station of the 
Instituto Astronômico e Geofísico da Universidade 
de São Paulo (USP, 2015).

We determined chlorophyll a (corrected for 
phaeophytin) from periphyton samples filtered 
on glass-fiber filters (GF/F Whatman, Maidstone, 
UK), following 24 h extraction with 90% ethanol 
in the dark (Sartory & Grobbelaar, 1984). We also 
determined ash-free dry mass (AFDM) by filtering 
periphyton samples on pre-calcined and weighed 
glass-fiber filters (GF/F Whatman). Subsequently, 
we weighed the samples every 24 hours until 
obtaining a constant mass so as to determine the 
dry mass. Subsequently, we calcined (500 °C, 1 h) 
and weighed the samples to determine the ash-free 
dry mass (APHA, 2005). We determined gross and 

net accrual rate of periphyton biomass (g m-2 d-1) to 
assess the algal biomass changes (Stevenson, 1996).

2.3. Data analisys

Principal Component Aanalysis (PCA) was 
performed to reduce the dimensionality of abiotic 
data. PCA was performed using the covariance 
matrix and the data transformed by ranging 
[(x-xmin) / (Xmax-xmin)]. The randomization test 
(999 permutations) was used to evaluated the PCA 
interpretation dimension (p<0.05). PCA was done 
using PCORD 5.15 for Windows (McCune & 
Mefford, 2011).

3. Results

3.1. Climatic variables

The accumulated rainfall was higher during the 
rainy season (853 mm) than during the dry season 
(142 mm) (Figure  1). High cumulative rainfall 
occurred on the 53rd, 66th, 67th, 94th and 98th 
day of the rainy season (>40 mm). In contrast, 
during the dry season, rainfall was low with the 
highest value occurring on the 89th day (34.8 mm). 
The daily average temperature values were higher 
during the rainy season than those measured during 
the dry season (Figure 1).

3.2. Limnological variables

On average, the limnological condition was 
characterized by high conductivity, TP and 
subaquatic radiation during the rainy season 
(Table 1). In contrast, TN concentration was higher 
in the dry season than in the rainy season. During 
the rainy season, the sampling period of 7 to 42 days 
showed the highest free CO2, dissolved oxygen 
and TP concentration, while the period from day 
56 to day 98 showed the greatest TN, pH and 

Figure 1. Average daily accumulated rainfall and air temperature during study period.
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temperature values. During the dry season, dissolved 
oxygen, free CO2, TN and TP concentrations 
were higher from the 63rd to the 98th day of the 
sampling period.

PCA explained 55.3% of limnological data 
variability in the first two ordination axes (Figure 2). 
Axis 1 ordered the sample units of the rainy season 
on the positive side and the dry season on the 
negative side. On the negative side of axis 1, the 
sampling units were associated with higher HCO3 
and water transparency (Pearson correlation: 
r= –0.703 and –0.893, respectively). On the positive 
side, the sampling units from the rainy season 

were more associated with higher values of total 
phosphorus and temperature (Pearson correlation: 
r=0.592 and 0.819, respectively). Axis 1 represented 
the seasonal variation in the limnological conditions 
at the sampling sites during the study period. 
The  axis 2 ordered sampling units according to 
TN concentration (Pearson correlation: r=0.797).

3.3. Periphyton

Pe r iphy ton  pho to syn the t i c  b iomas s 
(chlorophyll a) increased exponentially until the 28th 
day of colonization during the rainy season and until 
the 35th day during the dry season (Figure 3A). 

Table 1. Limnological variables ranges and, between parentheses, mean and standard deviation (n=14) in aquatic 
macrophyte stands during the dry and rainy seasons.
Abiotic Variables Dry Season Rainy Season
Alkalinity (mEq L–1) 0.21-0.32 (0.27±0.04) 0.24-0.31 (0.28±0.02)
Free CO2 (mg L–1) 1.1-46.4 (10.8±10.9) 0.1-6.1 (14.4±14.9)
Conductivity (µS cm–1) 40.2-55.0 (46.3±3.6) 12.4-57.6 (50.6±11.8)
Total Phosphorus (µg L–1) 33.0-191.6 (78.6±50.1) 58.3-142.3 (101.4±24.4)
Total Nitrogen (µg L–1) 235.3-1306.4 (718.4±424.3) 338.8-1217.0 (637.0±266.0)
Dissolved oxygen (mg L–1) 2.4-7.1 (4.9±1.1) 2.0-7.1 (4.0±1.5)
pH 6.1-7.4 (6.6±0.4) 5.7-8.4 (6.6±0.6)
Subaquatic Radiation (µmol sˉ1 mˉ2) 124.3-1184.5 (585.5±359.6) 202.2-1457.1 (739.8±368.3)
Water Temperature (°C) 14.0-26.8 (17.8±3.2) 20.6-25.5 (23.0±1.7)

Figure 2. Principal component analysis (PCA) of the limnological variables in Ninfeias reservoir in the rainy and dry 
seasons. Score abbreviation: first letter refers to climatic season (D: dry season, R: rainy season) and numbers to sampling 
day. Vector abbreviation: Cond: conductivity; TN: total nitrogen; TP: total phosphorus; Temp: water temperature; 
Transp: water transparency; CO2: free CO2; HCO3: bicarbonate; Rad: subaquatic radiation; pH: hydrogenionic 
potential; DO: dissolved oxygen.
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Periphyton AFDM increased exponentially until 
the 21st day of colonization during the rainy 
season, and until the 28th day during the dry season 
(Figure 3B). The maximum values for AFDM and 
chlorophyll a occurred on the 42nd day of the 
rainy season and on the 98th day of the dry season. 
Periphyton AFDM and chlorophyll a exhibited a 
similar pattern of change during the colonization 
process.

Considering the periphyton photosynthetic 
biomass accrual for the 98 days of colonization, 
we observed that gross and net accrual rate was 
1.8 and 5.2 times higher during the dry season than 
during the rainy season, respectively (Figure  4). 
Gross and net accumulation rates of periphyton 
photosynthetic biomass varied over the colonization 
time in the dry and rainy seasons (Figure 5A-B). 
During the rainy season, the exponential phase of 

biomass accrual was from the 7th to 28th day of 
colonization, subsequently a fluctuation phase was 
initiated (35th to 77th day) and following the 84th 
day the biomass loss phase began. During the dry 

Figure 4. Periphyton gross and net accrual rate during 
98 days of colonization in a shallow mesotrophic reservoir.

Figure 3. Temporal variation of periphytic biomass (n=2; chlorophyll a (A) and AFDM (B)) over the colonization 
process in the rainy and dry season in a shallow mesotrophic reservoir.
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season, the biomass accrual phase was from the 
7th to the 35th day of colonization, subsequently a 
biomass loss phase was initiated (42nd to 63rd day), 
then there was an accumulation fluctuation phase 
(70th to 77th day), finalizing with a new phase of 
exponential increase in biomass (84th to 98th day).

4. Discussion

Our findings showed that periphyton biomass 
(AFDM and chlorophyll a) increased with 
colonization time in both the dry and rainy seasons, 
as widely described in the literature (e.g. Cattaneo 
& Amireault, 1992; Vercellino & Bicudo, 2006). 
However, periphyton biomass accumulation was 
strongly influenced by seasonality, which acted 
on both variability and maximum rate of biomass 
accrual in the studied reservoir.

The highest net and gross accrual rate of 
periphyton biomass was found during the dry 
season, suggesting that environmental conditions 
were more favorable for periphyton development. 
During the rainy season, there was a high loss 
of periphytic biomass, especially after high 

cumulative rainfall (> 29 mm). This season was 
characterized by high and constant rainfall, which 
certainly led to a large loss of biomass due to 
the detachment of periphyton from substrates. 
Periphytic biomass is temporally variable because of 
successive accumulation, autogenic sloughing, and 
disturbances that reset community development 
(Biggs, 1996). Various types of disturbance can 
lead to loss of periphytic biomass, including 
heavy rainfall events. For instance, Felisberto 
& Rodrigues (2005) reported that heavy rain 
(287.3-226.2 mm) caused loss of periphytic biomass 
in a tropical reservoir. Furthermore, development 
of periphyton can be negatively influenced by 
increases in turbidity caused by particle material 
flow after large rainfall events (Hill, 1996). Shallow 
lakes and reservoirs usually have an abundance of 
aquatic macrophytes, which reduces the effect of 
the rain on the detachment of periphytic biomass. 
However, despite the studied reservoir having high 
macrophyte coverage, the experimental apparatus 
away kept the leaves of macrophytes (mainly 
Nymphaea spp.) and, consequently, rain strongly 

Figure 5. Periphyton gross and net accrual rate (chlorophyll a) over the colonization process in the rainy (A) and dry (B) 
seasons in a shallow mesotrophic reservoir.
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contributed to the detachment of periphyton. Thus, 
we believe that high biomass accrual rates during 
the dry season were associated with low rainfall and 
changes in limnological conditions, especially TN 
concentration and water transparency.

The maximum biomass and time necessary to 
achieve it are very important characteristics in the 
study of periphyton dynamics (Stevenson, 1996). 
The literature suggests a colonization time of 
20 to 30 days (2-4 wk) is ideal for periphyton to 
develop maximum biomass, and avoid subsequent 
sloughing (Cattaneo & Amireault, 1992; 
Bicudo  et  al., 1995). However, the physical and 
chemical characteristics of substrates have a strong 
influence on periphyton biomass accumulation and, 
as a consequence, it is commonly questioned how 
well periphyton on artificial substrates represent 
natural conditions (Vadeboncoeur  et  al., 2006). 
In a review, Bicudo et al. (1995) reported greater 
periphyton biomass and primary production on 
macrophytes than on artificial substrates in a 
tropical ecosystem. Considering the same research 
period in the studied reservoir, maximum biomass 
(1.9 µg cm-2) found in 98 days of colonization 
was within the range recorded for periphyton on 
Utricularia foliosa L. (2.2 µg cm-2; Santos  et  al., 
2013). However, maximum biomass was higher 
than values recorded for Nymphaea spp. (84%), 
Eleocharis acutangula (Roxb.) Schult (68%) and 
Panicum repens L. (11%) (Pellegrini & Ferragut, 
2012; Camargo & Ferragut, 2014; Casartelli & 
Ferragut, 2015). In addition, we also found that 
biomass maximum occurred after the exponential 
phase of biomass increment (dry season: 98th day; 
rainy season: 42nd day), which occurred between 
20 and 35 days of colonization. Thus, time to reach 
the maximum biomass can be greater than 30 days, 
as reported in both tropical and temperate reservoirs 
(Moschini-Carlos et al., 2000; Kralj et al., 2006). 
Good estimates for periphyton biomass on natural 
substrates are possible using artificial substrates, 
but the influence of colonization time on the 
development of periphyton should be considered.

Based on net and gross biomass accrual rate, we 
identified three phases of biomass accumulation 
during the colonization time (98 days): exponential, 
loss and fluctuation. The exponential phase of 
biomass accrual ended on the 28th day of the 
rainy season and on the 35th day of the dry season. 
The period of negative accrual rate was denominated 
loss phase, which occurred between 84 and 91 days 
in the rainy season and 42 and 63 days in the dry 
season. According to Biggs (1996), the biomass 

accumulation pattern reflects changes in the 
primary process because the increment phase 
is controlled primarily by resource availability 
(nutrients, light), while the loss phase acts directly 
after the disturbance process (instability substrate, 
current velocity, suspended solids) and/or grazing 
(invertebrates and fish). The fluctuation phase was 
directly related to the disturbance regime being a 
fundamental determinant of the overall balance 
between accrual and loss processes (Biggs, 1996). 
Slight to moderate disturbances can have a positive 
effect on the increment of periphyton biomass 
mainly due to the removal of the senescent part, 
which promotes the exchange of water and light 
penetration into the deeper layers of the matrix 
(Peterson, 1996; Rodrigues & Bicudo, 2004). Thus, 
phases of periphytic biomass accumulation showed 
that accrual and loss phases can be easily disrupted 
by a disturbance such as rainfall.

5. Conclusion

Our findings showed that the exponential 
phase of biomass accrual occurred within the 
colonization time commonly reported in the 
literature (28 to 35 days), but maximum biomass 
was detected only after 42 and 98 days during 
the rainy and dry period, respectively. Probably, 
the evaluation of the role of periphyton in the 
production of organic matter in tropical shallow 
lakes and reservoirs should consider the colonization 
time to be higher than 30 days.

The highest values of periphyton biomass and 
net and gross accrual rates were recorded during 
the dry season, which was characterized by high 
TN concentration and water transparency as well 
as low rainfall. As expected, the process of biomass 
accumulation was very dynamic, which certainly 
is one of the difficulties in establishing criteria for 
monitoring periphyton. Finally, we concluded that 
periphyton biomass accrual and the duration of 
the developmental phases (exponential, loss and 
fluctuation) changed with variations in limnological 
conditions and climatic conditions in the studied 
tropical shallow reservoir.
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