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Abstract

Spatial and temporal variations of Cocconeis placentula var. euglypta in drift and periphyton were studied in mountain
streams of the Cérdoba Province (Argentina). The sampling program was conducted in study sites located on a con-
fluence between different order streams during an annual cycle. Samples were also taken every two hours during the
daylight period in high and low water conditions. The relationship between drift and cellular reproduction was evalu-
ated by valve length biometrics analysis. C. placentula var. euglypta drift was continuous; its density was not always
dependent on periphyton density in each locality. C. placentula var. euglypta drift could be related to abiotic factors
such as temperature and flow during the annual cycle. There were significant differences between periphyton and drift
valve lengths. Moreover, drift can be associated with cellular reproduction because density was higher when valve
lengths were shorter at different hours of the day. C. placentula var. euglypta epiphytims on Cladophora glomerata
also influenced drift density and size distribution, modifying the relationship between periphyton and drift during the
late spring when C. placentula var. euglypta was detached from senescent mats.
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Variacoes espaciais e temporais do Cocconeis placentula
var. euglypta, na deriva e no perifiton

Resumo

As variagOes espaciais e temporais do Cocconeis placentula var. euglypta, na deriva e no perifiton, foram estudadas em
corregos da montanha da provincia de Cérdoba (Argentina). O programa de amostragem foi conduzido, durante um
ciclo anual, nas estagdes de coleta situadas antes e apés uma confluéncia entre cérregos da ordem diferente. As amos-
tras foram feitas também a cada duas horas ao longo do periodo de luz do dia, sob condi¢des de aguas altas e baixas.
O relacionamento entre deriva e reproducdo celular foi avaliado pela andlise biométrica do comprimento da valva. A
deriva do C. placentula var. euglypta foi continua, sua densidade nido dependeu sempre da densidade do perifiton em
cada uma das estagdes de coleta. A deriva demonstrou uma correlagdo com fatores abiéticos como a temperatura e o
fluxo no ano. Foram obtidas diferencas nao significativas entre os comprimentos das valvas do perifiton e da deriva.
Adicionalmente, a deriva pode ser associada a reproducio celular porque a densidade foi maior quando os compri-
mentos das valvas foram mais curtos, em diferentes horas do dia. Epifitia do Cocconeis placentula var. euglypta sobre
Cladophora glomerata também influenciou na densidade da deriva e na distribuicdo dos tamanhos. Modificaram-se os
relacionamentos entre as densidades do perifiton e da deriva quando Cocconeis placentula var. euglypta fora despren-
dido das esteiras senescent , na primavera tardia.

Palavras-chave: perifiton, deriva, cérrego, Cocconeis placentula var. euglypta.

1. Introduction

The dislodgement of periphyton cells in streams with
a strong flow speed establishes a link with a true phy-
toplankton component that has ecological implications
in river functions due to the importance of transported
algae in river food weds (Wallace and Merritt, 1980;
Feminella and Resh, 1991). Periphyton organisms that
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move from the substrate and are transported in the water
column as algal drift are the most important components
of plankton in streams (Swanson and Bachman, 1976;
Allan, 1995). One of the hypotheses to explain algal drift
is that daughter cells initiate a migration process during
cellular reproduction (Stevenson and Peterson, 1991).
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The number of individuals does not increase because
drift cells recolonize the substrate downstream (Klasvik,
1974, Miiller-Haeckel, 1976).

Algal species have differences in the predisposition to
drift that can be determined by their life form and morpho-
logical characteristics. Those that attach strongly to the
substrate present a greater resistance to the drag forces of
the flow (Rosowski, et al., 1986; Steinman and Mc. Intire,
1986; Kawamura and Hirano, 1992). Mechanical release
by abrasion of substrate and by herbivorous invertebrate
activities also accounts for periphyton cell displacements
to free waters (Stevenson, 1983; Silvester and Sleigh,
1985). In addition, the unicellular diatoms, like other
unicellular algae in running water, have a circadian verti-
cal migration (Miiller-Haeckel, 1971) that influences the
drift process. Therefore, the factors affecting drift -cel-
lular activities, biotic and abiotic external mechanisms
and endogenous rhythms- altogether cause the periphy-
ton cells to incorporate into stream plankton. This proc-
ess affects numerous fluvial system functions: biomass
transport, food availability for filter organisms, popula-
tion dispersion and colonization of substrates eroded by
floods or contamination. However, there are few studies
devoted to the evaluation of the mechanisms that influ-
ence the periphyton drift.

Cocconeis placentula var. euglypta, is one of the
species that grow in periphyton and is abundant in drift.
It is a late colonizer, efficient in incorporating nutrients,
with a prostrate habit, having a slow movement and high
sticky force (Stevenson and Peterson, 1989; Kawamura
and Hirano, 1992). In addition, it is the most abundant
epiphyte on Cladophora glomerata (L.) Kiitz., which
is a suitable substrate for diatoms (Dodds and Gudder,
1992; Allan, 1995). In foothill streams of southern
Comechingones Sierras, Cladophora glomerata (L.)
Kiitz displays the maximum vegetative growth in spring,
when the rainy season begins and floods transport the
macroalga mats (Corigliano et al., 1998). This proc-
ess influences C. placentula var. euglypta dritt, which
is dominant in the epilitic communities (Luque et al.,
1997; Luque and Martinez de Fabricius, 2000; Martinez
de Fabricius et al., 2003). Vegetative multiplication of
diatoms involves a decrease tendency of valve size after
several generations, as it has been demonstrated experi-
mentally, although not yet in natural population studies
(Round et al., 1990). The analysis of frequency in valve
length can be an indicator of the demographic conditions
of drifting and periphyton populations of diatoms. The
aim of this study is to compare drift periphyton abundance
and valve sizes in populations of Cocconeis placentula
var. euglypta (Ehr.) Grun. from foothill streams during
annual and diurnal periods.

2. Material and Methods

The study area is located in the upper basin of
the Chocancharava river, in the southern part of
Comechingones Sierras, Cordoba, Argentina. The area is
between two phytogeographical units; Bosque Serrano

and Espinal woodlands, areas that have been very im-
poverished by forestry and agricultural practices, with
low human population density. Streams are fed by
groundwater during dry seasons and flood pulses oc-
cur during summer storms. Bottom materials are com-
posed of cobble, boulders and gravel in riffles. Pools and
backwaters are covered by sand and silt, surrounded by
aquatic and semiaquatic plants such as Myriophyllum
elatinoides, Myriophyllum  brasiliense, Polygonum
acuminatum and Hydrocotile bonaerensis. Cladophora
glomerata filaments (1-3 m long) cover streambeds
from July to October. An exotic fish species, rainbow
trout Onkorhynchus mykiss, was introduced in upland
streams in 1930.

The study sites were located in the confluence of
two tributaries streams Piedra Blanca (study site 1PB)
and San Bartolome (study site 2SB) and the main river
Chocancharava (study site 3CH) in foothill regions at
550 m.a.s.l., 32° 56° S and 64° 41’ (Figure 1). At this
point Piedra Blanca is a fourth order stream that drains an
area of 326 km?. An average annual discharge at the sam-
pling site is 3.25 m*.seg’!. The hydraulic parameters of
the river channel (current velocity, channel width, depth)
were recorded and physical and chemical variables —pH,
temperature and conductivity- were measured monthly
in situ, with portable electronic sensors Altronix CT2.
To characterize ionic composition, water samples were
taken in high water and low water conditions. Sulfate
(SO,), chloride (Cl), aluminum (Al), calcium (Ca), iron
(Fe), potassium (K), magnesium (Mg), manganese (Mn),
sodium (Na) carbonate (CO,) and bicarbonate (HCO3),
were analyzed according to standard methods (APHA,
1989). The precipitation data came from the National
University Rio Cuarto, Meteorological Station in a near-
by location (La Aguada). These data were used instead
of discharge data, since there are no gauge stations at
study streams. In each site, periphyton and drift sam-
ples were taken monthly from April 1994 to May 1995.
Samples were taken at the same time from 10:00 AM
to 1:00 PM. Samples for the analysis of diurnal distri-
bution of Cocconeis placentula var. euglypta drift were
taken during the light period from 7:00 AM to 8:00 PM,
with two hour intervals, in one day of high water (DHW,
March) and one day of low water (DLW, June) condi-
tions, in the main river (study site 3CH). Periphyton was
sampled scraping 0.010 m? off randomly selected stones
and drift was collected by filtering 100 liters of water
through a 25-um mesh size plankton net. Counts were
made by a transect method (Villafaile and Reid, 1995)
and measurements of valve length (VL) and valve width
(VW) of C. placentula var. euglypta were accomplished
using an optical microscope to 100 x. At least 60 indi-
viduals per sample were measured.

2.1. Data analysis

Alometric relationships among valve measurements
were calculated to determine morphometric variations of
the cellular sizes and to find out if they are indicative of
cellular division and growth. Before observing the condi-
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Figure 1. Study area showing sample sites in the Chocancharava river basin (Cordoba Province, Argentina).

tions of normality (Kolmogorov Smirnov Test, Cochran
test and Barlett- Box test), original data were standard-
ized by means of log (x+1) to stabilize the variance, ex-
cept for pH values. Chi-Square Statistics y, were used
to compare expected valve size frequencies, F statistics
were applied to compare the variance of two samples
and t statistics were used to compare two sample means.
Pearson correlation coefficients were calculated in each
date and locality to examine if there was an alometric
function between valve width and valve length.
Differences in VL and abundance for periphyton and
drift cells from different sites and dates were tested us-
ing one-way ANOVAs. When the ANOVA yielded sig-
nificant results, post hoc analyses were done using the
Tukey’s Honest Significant Different (HSD) Test (Steel
and Torrie, 1988). Monthly and diurnal samples were
grouped by principal component analysis (PCA) using
the CANOCO program, version 3.10 (Ter Braak 1988).
A dataset of 73 samples was used in the monthly PCA
and a dataset of 13 samples was used in the diurnal PCA.
The variables used in the ordination were VL means, VL
ranges, Maximum and Minimum VL, organism density
(percent standardized to analyse drift and periphyton
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abundance simultaneously), water temperature, hydro-
gen ion potential (pH), conductivity, stream current ve-
locity and pluviosity (rainfall). In addition, the daytime
sampling hour was used as a variable in the diurnal or-
dination.

3. Results

Geographic, physical and chemical parameters
supported the characteristics of temperate streams
with thermal and hydrological seasonal amplitudes
and flood pulses originated by pluvial precipitations
(Table 1). Rainfall was concentrated in the spring-sum-
mer months, and consequently, higher temperatures
were observed in higher water conditions (Figure 2).
Stream waters were calcium bicarbonatates and cir-
cumneutrals (Table 2). All observed organisms were
vegetative cells as reproductive forms like conjugants
or auxospore pairs were not observed. The average
of 30 Pearson correlation coefficients obtained was
r: 0.82 £ 0.12, (p < 0.05), indicating a strong correla-
tion between valve width and length in all dates, so VW
and VL grew isometrically, although the valve width
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Table 1. Hydraulic and physical.-chemical parameters of study sites in the Comechingones Sierras streams, Cérdoba,

Argentina.
Parameters Study Sites
1PB 2SB 3CH
Depth (m) 0.47 0.35 0.6
(0.15-0.70) (0.1-0.4) (0.2-1)
Current Velocity (m.seg™) 0.67 0.67 0.79
(0.5-1) (0.4-0.8) (0.33-1.33)
Channel Width (m) 15 10 15
Maximal Discharge (m3.seg!)* 34.0 15.2 27.4
Mean Discharge (m®.seg™)* 3.52 1.09 3.70
Minimal Discharge (m?.seg!)* 0.21 0.01 0.24
Basin Area (km?) 340 270 1450
Distance from head (km) 130 90 135
Order N° 6 3 6
Linkage Numbers 139 18 157
Main Substrate Boulder Cobble Boulder
(Cobble-Gravel) (Gravel-sand) (Cobble-gravel)
Water Temperature (°C) 15.15 18.69 15.62
(9-22) (11-25) (10-24)
Conductivity (uS.cm™) 174.0 129.4 154.7
(70-339) (109-133) (65-202)
pH 7.49 7.63 7.50

* From Agua y Energia, 1987.

Table 2. Chemical variables of study site 3CH during high water and low water sampling days in the Comechingones Sierras
streams, Cérdoba, Argentina.

Study C SDT COH SO,= Cl Na* K* Ca** Mg F
sites pS.em! mgL?! mgL! mgL! mgL! mgL! mgL! mgL! mgL! mgL!
High waters 1PB ~ 225.00 15490 88.50 1691 771 11.16 3.08 21.60 5.61 0.30
2SB 146.00 102.10 56.55 12.59 5.14 5.35 3.08 15.60 3.66 0.42
3CH 223.00 156.00 70.00 31.86 5.14  11.12 293  22.00 7.56 0.26
Low Waters  1PB  209.00 146.00 75.00 20.85 5.71 12.10 2.64 16.00 7.32 0.45
2SB 150.00 105.00 47.50 23.60 3.71 10.40 2.26 14.40 3.41 0.73
3CH 202.00 141.00 75.00 23.21 6.00 12.29 1.85 19.20 3.90 0.43

was more constant than the length. For this reason we
only used VL for size analyses.

VL range varied between 9.60 to 40 um during the
study period, and the range of the VW varied between
7.2 to 12 um. There were no significant differences be-
tween VL means (z-test statistics), and VL frequency dis-
tribution (x? statistics) on drift and periphyton in each
locality. Whereas the F statistic showed evidence that
variances were heterogeneous between 1PB (F

(225; 245)°

Apr Jul Sep Nov Jan Mar  May 2.15, p< 0.01) and 2SB (F(]& 144)2 1.61 p< .01). The VL
94 95 of all samples changed significantly between the months
(ANOVAF |, =5.88,p <0.0001) and the Tukey HSD

[ Rainfall —e— Water T ture °C ¢
amnta ater “emperature test determined that September and October were the

Figure 2. Monthly variations of rainfall and mean wa- months that influenced the change. Drift cell size ranges
ter temperature at study sites in the Chocancharava basin displayed the minimum VL values in the summer. The
streams, Cordoba, Argentina. results of the ANOVA comparing VL between periphy-
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ton and drift values among the 3 study sites were not sig-
nificant. The highest densities of Cocconeis placentula
var. euglypta in periphyton were registered in the winter
in 2SB and 3CH and the autumn in site 1PB and the low-
est in the summer in 1PB and the summer and autumn in
2SB and 3 CH. The drift maximal peak was registered in
April (1995) in site 1 PB (Figure 3). ANOVA for peri-
phyton and drift density among dates, sites and origin of
the cells showed significant differences between study
sites 1PB and 2SP (ANOVA F,, 4.28,p < .0017, the
Tukey HSD test p < .003) and among months (ANOVA
F . = 2.84, p <.0038). The Tukey HSD test showed
differences of July and December, February and March.
Density was not associated with periphyton and drift ori-
gin of the cells (ANOVAF ;=122 p>0.05)

The two first axes of the PCA explained 61% of the
total variance, (F1: eingenvalue: 0.427; F2 eingenvalue:
0.185). Axis F1 is positively correlated with rain and tem-
perature and negatively correlated with density and valve
length (Table 3). This axis probably represents the sea-
sonal gradient of environmental and biological variables.
The plotting of samples represented different dates and

1 i T40
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sites of periphyton and drift samples (Figure 4). Those of
the same day and sites grouped together were indicated
by a positive correlation between drift and periphyton
density (r =0.49, p < 0.05, n =73).

The daily thermal amplitude was of 5 degrees, 17 to
22 °C in the summer and 8 to 13 °C in the winter in the
study site 3CH, where drift diurnal samples were obtained
every two hours, during photo phase periods. Differences
between diurnal height water samples (DHW) and diur-
nal low water sample (DLW) densities were observed
related to the time of day. The density curve was bimo-
dal in DHW, maximum densities observed at 1:00 and
6:00 PM and in DLW maximal density was at 7:00 PM.
(Figure 5). In DLW, the minimum value of the VL was
correlated with a temperature (r: 0.78, p <0.05); ¥ F,
and t statistics indicated significant differences of LV
between DHW and DLW. The former had a greater size
(x> 11.54; n: 900; p < 0.01; F(4so; 420 1.18, p<0.01; t: 2.5
n: 900; p < 0.05), and higher density. One way ANOVA
showed significant differences within the diurnal time
schedule: ANOVA DHW F_ . =3.098, p<0.03; The

(7-393)
Tukey HSD test showed significant differences within
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Figure 3. Monthly variations of mean and range of valve length (vertical lines) and density (continuous lines) of Cocconeis
placentula var euglypta in drift and periphyton of the study site. 1PB: Piedra Blanca stream, 2SB: San Bartolomé stream,

3CH: Chocancharava river.
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Table 3. Factor scores on Axis 1 and Axis 2 of biological and environmental variables in monthly and diurnal PCA ordina-
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tions. Bold type indicates factor loading > 0.70.

Monthly PCA Diurnal PCA
Variables Axis 1 Axis 2 Variables Axis 1 Axis 2
Density -0.70 -0.31 Density 0.95 0.14
Temperature 0.74 -0.37 Temperature -0.79 -0.56
pH -0.55 0.54 pH -0.47 0.12
Conductivity -0.64 -0.15 Conductivity 0.84 0.39
Current velocity 0.49 -0.39 Current velocity 0.72 0.32
Rainfall 0.72 -0.41 Hours 0.17 -0.81
Valve Length -0.70 -0.51 Maximal VL -0.69 0.58
VL Range —-0.65 -0.59 VL Range -0.54 0.73
Minimal VL -0.28 -0.38
Mean VL —0.64 0.39
(=)
b
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Figure 4. Principal Component Analysis (PCA) plots of samples based on physical and chemical parameters and Cocconeis
placentula var. euglypta morphometrics and population variables. Sample references: 1: Piedra Blanca, 2: San Bartolome, 3:
Chocancharava; Ja: January, F: February, M: March, Ap: April, May: My, Jn: June, JL: July, Ag: August, S: September, O:

October, N: November, D: December; d: drift and p: periphyton.

11:00 AM vs. 7:00 AM, 1:00 PM and 7:00 PM, (p < 0.05),
and ANOVA DLW F(6-413) = 2.94, p < 0.008; the Tukey
HSD test showed significant differences within 1:00 PM
vs. 3:00 PM and 7:00 PM., (p < 0.05).

In the PCA grouping of diurnal samples the two first
axes (F1: eigenvalues: 0.43; F2: eigenvalues: 0.25) ex-
plained 68% of the accumulated variance. Samples were
ordered in two groups: high water and low water sam-
ples dispersed by hourly scheduled sequences in each
ordination quadrant (Figure 6). The F1 correlated with a

density (r: 0.95; p < 0.05), water temperature (r: —0.79,
p < 0.05), conductivity (r: 0.84, p < 0.05) and current
velocity (r: —0.72, p < 0.05) and the F2 correlated with
an hourly schedule (r: —=0.81, p < 0.05) and LV ranges
(r: = 0.73, p < 0.05) (Table 3).

4. Discussion

Seasonal and daily variations in VL and the density
of C. placentula var. euglypta cells in periphyton and

Braz. J. Biol., 67(4): 587-595, 2007
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Figure 6. Principal Component Analysis (PCA) plots of samples during daylight hours in high water (HW) and low water
(LW) conditions based on physical and chemical parameters and biological variables of Cocconeis placentula var. euglypta.
Sample references: 1 = 7:00 AM, 2 = 9:00 AM, 3 = 11:00 AM; 4 = 1:00 PM, 5 = 3:00 PM; 6 = 5:00 PM; 7 = 7:00 PM;

8 =8:00 PM.

drift were observed. Density values were higher in the
winter and early spring, despite shorter light periods. In
the summer, rains and the consequent increase in stream
discharge and current velocity reduced the periphyton

Braz. J. Biol., 67(4): 587-595, 2007

density, with smaller valve sizes from November to
March, which indicates higher cellular activity.

The epiphytic life form of this species is also a trait
that can influence its drift with water flow, when the se-
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nescent filaments of Cladophora glomerata detach from
the thallus during the late spring (Corigliano et al., 1998).
This would explain the presence of drifting C. placentula
var. euglypta cells when they are under minimal densi-
ties in periphyton or even when they are absent. Other
authors have reported that C. placentula var. euglypta is
frequent in drift even when it has not been recorded in
epilitic communities (Yoshitake and Fukushima, 1985).
The drift process does not constitute a significant erosion
of periphyton populations because substrate recovery by
algae occurs immediatly after rain (Miiller-Haeckel and
Hakansson, 1978; Halminton and Duthie, 1987).

During the summer, the C. placentula var. euglypta
density diminished or was absent in periphyton, prob-
ably because the processes of substrate recolonization
were made by the early colonizers like Achnanthidium
minutissimum (Kiit.) Czarnecki (Stevenson and Peterson,
1991) that accompanies C. placentula var. euglypta in al-
gal communities in study sites (Luque et al., 1997).

There are few previous data of daily hourly based
studies of diatom drift in streams. Miiller-Haeckel (1971)
investigated drift circadian rhythms in a polar stream, but
in tempered zones there are not many previous records
throughout a dial period. Our results showed evidence of
two types of density increase: one around mid afternoon
(3:00 PM in DLW), coincident with that observed by
Halminton and Duthie (1987), and another at sunset.

The frequency of VL values, both seasonal and daily,
indicates a heterogeneous population and significant
shifts in spring months, of the annual cycle, and at mid-
day, in diurnal hours, when 75 % of VL was lower.

A tendency to decrease in valve size after several
generations could be accepted as a premise, although
there are not yet enough studies in natural populations
(Round et al. 1990). With respect to the diurnal differ-
ences, the PCA showed a higher density in low waters.
A separation in the samples of hourly measurements was
observed. Significant changes in valve length were re-
vealed by ANOVA after midday, which suggests that a
mitotic activity took place in periphyton and that daugh-
ter cells were released to drift.

Cocconeis placentula var. euglypta drift is continu-
ous during the annual cycle and at different hours of the
day. Length frequency distributions showed evidence of
significant changes between periphyton and drift cells
and valve sizes underwent seasonal changes in both as-
semblages. C. placentula var. euglypta drift seems to be
related to abiotic factors like temperature and discharges
during the annual cycle, and to cellular reproduction
process, during the different hours of the light period.
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