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Abstract

Variation in seasonal nitrogen/phosphorus ratio and phytoplankton community
succession were compared between March and November 1997 in a lake directly
connected to the Main River and in another lake without direct connection. Results
showed a massive growth of Cyanophyta during summer in association with low
N/P ratios (10-5:1), whereas Crysophyta and Chlorophyta abundance was ac-
companied by high N/P ratios (50-20:1). Evidences suggest that composition and
structure of the phytoplankton community are related to phosphorus and nitrogen
availability, and also contributes to the appearance of new phytoplanktonic species.
However phytoplanktonic community succession were more correlated with the
dominance degree of some species.

---------- Key words: nitrogen-phosporus ratio, succession, phytoplankton
community structure, Main river.

La relacion/nitrogeno fosforo y la sucesion
de fitoplancton en dos lagos localizados
en la pradera del Rio Main (Alemania)

Resumen

Entre marzo y noviembre de 1997 se compard la variacion estacional de la relacion
nitrogeno/fosforo y de la sucesion de la comunidad fitoplancténica en un lago
conectado directamente al rio Main y en otro lago sin conexion directa. Asociado
a bajas relaciones N/P (10-5:1) se observo un crecimiento masivo de cianofitas en
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el verano, mientras que la abundancia de crisofitas y clorofitas estuvo acompaa-
do de altas relaciones N/P (50-20:1). La evidencia sugiere que la composicion y
estructura de la comunidad fitoplanctonica esta relacionada con la disponibilidad
de fosforo y de nitrogeno, y ademas contribuye a la aparicion de nuevas especies
fitoplanctonicas. Sin embargo, la sucesion de la comunidad fitoplancténica estuvo
mas relacionada con el grado de dominancia de algunas especies.

---------- Palabras clave: relacién nitrégeno/fosforo, sucesién, estructura
de la comunidad fitoplancténica, rio Main.



Introduction

Law of the minimum or limiting nutrient concept
suggests that the minimum availability of a che-
mical substance in an ecosystem, defined by the
stechiometrical relationship between mass and
concentration, determines the biomass. An incre-
ment in the availability of the minimum factor
increases the capacity of biomass sustentation,
until another resource turns into the minimum
factor but limiting factors are not changeable one
for another [ 1].

The limiting nutrient concept is based in the prin-
ciple that, under adequate light and temperature
conditions, the algae growth in a mass of water
is proportional to the nutrients concentration,
and the former is a function of its charge [2].
Hence this concept is related to eutrophication
phenomenon, especially in limnetic environ-
ments, therefore it could be useful in limnological
theory to the elaboration of predictive models that
allow the development of strategies for adequate
management of those ecosystems.

The OECD —Organization for Economic Coope-
ration and Development— model [3] describes
the relationship between phosphorus charge and
concentration, and the biomass of the phyto-
plankton. For the control of antropogenic eutro-
phication it should be considered as an effective
strategy, the reduction of the nutrients input into
the water system [2].

Phytoplankton absorbs and uses nutrients from
water column in an atomic relationship of 106 C:
16 N: 1P [32, 20]. The limitant concentrations of
the bioavailable fraction are 20 ug L! of nitrogen
and 5 pg L' of phosphorus. If both concentrations
are higher than that, the nitrogen/phosphorus
ratio is used to establish the limiting nutrient [2].
Different positions regarding the hypothesis that
there is a deterministic effect of the N:P quotient
on the structure of the phytoplankton were pre-
sented concerning this matter [4].

Lakes formed in alluvial material extraction zo-
nes are secondary biotopes, which are originate
from groundwater contributors and not from dis-

embarkation zones [5, 6]. In this kind of ecosys-
tem with a high antropic influence, a secondary
succession is expected [7]. In the present work,
two lakes formed by the extraction of alluvial
material were studied, aiming to establish the
seasonal nitrogen/phosphorus ratio variation and
the successional changes in the phytoplankton
community.

Zone of study

The lakes are located in the middle zone of Main
River in the Federal Republic of Germany. Lake
1 is located at 49° 54’ north latitude and 10° 10°
west longitude, close to Ober Eisenheim (Main,
km 314,75). Lake 2 is located at 49° 53° north
latitude and 10° 10’ west longitude, close to El-
gersheim (Main, km 310).

The zone of study is characterized by the pre-
sence of weak winds, high temperatures and a
elevated number of daylight hours, compared to
the bordering areas. The precipitation levels are
low and vary from 500 to 600 mm.year! [8]. In
table 1 the morphological features of the lakes
are presented.

Materials and methods

Two stations were chosen in each lake, and in
each one, samples were taken 10 cm below the
surface, in the photic limit zone, while other
samples were taken right above the bottom. The
photic limit zone was established based on the
Lambert-Beer Law [9, 10]. A Ruttner-Schopfer
bottle with a maximum capacity of one liter was
used to take the water samples. The sampling
was done monthly between March and Novem-
ber, 1997.

Chemical variables

The analysis of the chemical variables (nitrogen
and phosphorus) were performed by spectropho-
tometry, using a PU 8620 Series equipment, a
Phillips UV/Visible Spectrophotometer, Scien-
tific & Analytical Equipment, and by the use of
Merck Spektroquant analytical reagents.



Table 1 Morphometric parameters of the lakes

Parameter Lake 1 Lake 2
m. above sea level 200,00 200,00
Maximum depth (m) 1,70 6,20
Average depth (m) 0,96 3,26
Surface (ha) 10,56 9,48
Coastline (m) 1320,00 1560,00
Coastline development 1,15 1,43
Maximum length (m) 610,00 627,00
Maximum width (m) 205,00 182,50
Average width (m) 173,17 151,20
Volume (m?®) 100.897,00 309.174,00

Biological variables

The phytoplankton samples were taken with
10 pm diameter mesh size nets and with 15 cm
diameter and 50 cm ring length. The quantitative
samples were obtained by filtering five liters of
water of each depth at each station. The samples
were fixed with Lugol solution and refrigerated
in the dark at 5 °C, according to the procedure
suggested by Schwoerbel [11]. 48 phytoplankton
samples were analyzed for each lake.

The determination of the organisms was brought to
the level of species in most cases, using the follow-
ing bibliographic sources: Das Phytoplankton des
Stiwasser [12, 13, 14, 15, 16, 17]; SiiBwasserflora
von Mitteleuropa [18, 19, 20, 21, 22, 23, 24, 25,
26, 27]; Bourrelly [28, 29, 30]; Fott [31]; Strebel
and Krauter [32]; Pankow [33]; Mauch [34].

The organisms were observed through a Leitz
Wetzlar Dialux light microscope up to 1250 X,

supplied with an ocular micrometer and a lucid
camera. For the study of the diatomophyceae
algae, the samples were rinsed with a hydrogen
peroxide solution and after that they were fixed
with Canadian balsam. The counting of the
organisms was made with a Leitz Wetzlar Dialux
reverse microscope with the count chamber
held at a volume of 0,3 ml. For each algae
sample a species accumulation table was built.
The organism abundance per volume unit was
calculated according to Ross [35].

Results

In November, due to the low temperatures, only
one sample from the first station of each lake were
obtained. Table 2 shows the results for sample
size (n), arithmetic average (MA), standard de-
viation (SD) and the variation quotient (%CV)
for the variables that are summarized.

Table 2 Main statistics data for the nitrogen and phosphorus variables for Lakes 1 and 2

N MA (mean) SD vc
Variables
Lake1 |Lake2 |Lake1 |Lake2 |Lake1 |Lake2 |Lake 1 |Lake2
Total soluble nitrogen (mg/L) 48 48 2,01 6,23 +1,48 +4,19 74 67

Soluble phosphorus (mg/L) 48 48 0,46

0,66 +0,30  +0,66 66 100




Dissolved nitrogen

In lake 1, the average dissolved nitrogen was
2,01 mg/L, with a variation coefficient of 74%
(table 2). While in March and May a slight in-
creasing tendency of those values with depth was
observed, on the other months the profiles were
orthograde. High dissolved nitrogen concentra-
tions were found in October and November, and
the maximum concentration was measured on
September in the photic limit zone. The dissolved
nitrogen profiles in station 2, lake 1, showed an
orthograde behavior with a tendency to increase
throughout the year.

In lake 2 the average dissolved nitrogen value was
6,23 mg/L with a variation coefficient of 67%. In
station 1, lake 2, orthograde dissolved nitrogen
profiles were found. However, while in August
an increase of the average nitrogen concentration
in the photic zone was observed, on September a
progressive increase of this variable with depth
was registered.

Station 2 exhibited orthograde profiles, except
in August and September, where clinograde

profiles were evident. The values increased
with time, with a maximum in September in the
hipolimnion.

Orthophosphates

Average value of orthophosphates in station 1,
lake 1, was 0,46 mg/L, with a variation coefficient
of 66%. In consequence, there was a continuous
orthophosphate availability throughout the year
in this station. In both stations of lake 1 the
values were around 0,5 mg/L, but on September
a deviation occurred with the presence of higher
values.

In lake 2 the average orthophosphates value was
0,66 mg/L and in station 1, an increase with depth
was observed. For the period of the study the
orthophosphates increased slightly and reached
the maximum value by the end of the summer. In
station 2 the values increased with depth and the
maximum values were also detected in summer.

Table 3 shows the data of the variation in the
nitrogen and phosphorus ratios for both lakes
along the sampling months.

Table 3 N:P ratios in both lakes along the sampling months

Month

March

May

June

July
August
September
October

November

N:P ratio
Lake 1 Lake 2
3:1 2:1
3:1 23:1
2:1 17:1
3:1 13:1
4:1 9:1
5:1 28:1
10:1 8:1
9:1 13:1

Phytoplankton

In the collected samples, a total of 141 mor-
phospecies of the phytoplanktonic community

were found. From these, 8 belong to division
Cyanophyta, 44 to Chrysophyta, 7 to Euglen-
ophyta, 2 to Dinophyta, 12 to Cryophyta and 68
to Chlorophyta.



Quantitative phytoplankton analysis

The main phytoplankton groups succession in lake
1 started with the group of Chrysophytes in Spring,
followed then by the group of Chlorophytes. In

Summer, an increase of Cyanophytes and Eugle-
nophytes occurred. In September, Dinophytes
reached a maximum development, along with
the dominant presence of Cyanophytes, Eugleno-
phytes and Chlorophytes (figure 1).

Cyanophyta

g 10.000
< 5.000

=

== 0e . +- ¢ -
M M J J A N (6] N
Chrysophyta
= 10.000
£
< 5.000
= * : ’ >~ * * - -
M M J J A (6] N
Euglenophyta
= 600
S 400
T 200
— 0
M M J J A S 0 N
Dinophyta
= 1.000
E
= 500 A
£
=~ 0e * *> ¢ : : » *
M M J J A S o) N
Cryptophyta
= 1.500
E, 1.000
e 500
= . ' : : : : : i
M M J J A S o) N
Chlorophyta
= 3.000
E, 2.00
= 1.00
== 0 ) ) I I I I
M M J J A N o N

Figure 1 Main Phytoplankton groups succession in lake 1



The succession of the main phytoplankton groups
in lake 2 started on May with the presence of
Chrysophytes and Cyanophytes. Chrysophytes were
abundant until June, where Chlorophytes and Crypto-
phytes appeared simultaneously, in low abundances.

On July Chrysophytes and Chlorophytes dominance
went on, and from August on, every group was
less abundant. Consequently, the tendency in the
abundance of the algae groups was alternant and
unimodal (figure 2).
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Discussion

In lake 1, the nitrate showed the lowest values
because of the demand of algae in spring and
summer. A little increase in the nitrate concen-
tration in August and September was associated
with a massive growth of Cyanophytes especially
Aphanizomenon flos-aquae and Anabaena spy-
roides, which can fix atmospheric nitrogen. In
short, nitrate did not showed significant varia-
tions, either in the water column nor along the
study period.

The ammonium concentration reached two
maximum peaks associated with depth and
with seasonal conditions. Between August and
October the concentrations varied from 0,5 to
4 mg/L, which can be considered low to moderate.
In summer, when the luminic phase stratification
was stable the rise in the oxygen concentration
through the photosynthesis process favored
significantly the nitrification in the superficial
layers, whereas in the hipolimnion, anaerobic
conditions permitted an increase of ammonium
concentration in the deeper zone. As a result of
the water mixing at night, the oxygen produced
during daylight was brought to the bottom of the
water masses, helping the nitrification occurrence
in the deeper zone.

In lake 1 the soluble phosphorus was available
throughout the whole study period and reached
in September the maximum concentration. The
orthophosphates availability along the water
column is the result of its interaction with iron and
the complete mixing. Despite of the high demand
by blue-green and green algae, the orthophosphates
were available during the study period.

An interesting aspect was the massive and almost
exclusive growth of diatoms during spring in lake
1, and their posterior disappearing over the other
months of the year. This fact could be associated
to the depletion of soluble silica as a consequence
of its high demands on spring by the diatoms.
However, this observation should be a subject of
further investigation, since the concentration of
silica in the water was not measured.

In lake 2, the total nitrogen showed an increasing
tendency with depth only on September due to
high concentrations of nitrate, whereas in June
and July the nitrate values were low associated to a
high primary production, in August and September
the high concentrations were associated with the
decrease in the primary production. In general,
the nitrates concentrations did not showed an
limitating effect upon the primary production in
lake 2.

The nitrites concentrations was generally low and
did not vitiated significativly through the water
column. The ammonium showed an increasing
tendency with depth and reached the maximum
concentrations at the bottom. The presence of
oxygen in the water column in lake 2 favored the
aerobic processes and the permanent nitrification
of the ammonium.

In lake 2 the orthophosphate concentration de-
creased in the subsurface of the water on June
and July in lake 2, due to the high demand by
Chlorophytes and centric diatoms (Stichococcus
cf. bacillaris and Stephanodiscus neoastrea),
without ever reaching total depletion. The perma-
nent interchange of water between the lake 2 and
the Main river favorized a permanent availability
of the soluble forms of nitrogen and phosphorus
in this lake.

As in lake 1, in lake 2 the growth of diatoms was
associated with the availability of silica in the
water. In consequence, after its massive growth
in July, these algae group disappeared in other
months due to the depletion of this substance.

The successional changes in lake 2 were affected
significant by the permanent water interchange
with the river and the irregular morphology of the
bottom. In contrast, lake 1 presented no constant
exchanges with Main river and the morphology
of the bottom was more even.

Both lakes are polimictic with orthograde profiles
during the cold seasons of the year. Due to that in
summer both presented thermal stratification during
daylight and a complete mix at night, the nutrients
were distributed homogenously in the water column



and showed a permanent availability throughout
the study.

In both lakes the phosphorus never behaved as
a limiting factor in neither of the two lakes, due
to the constant supply of this nutrient during the
mix in spring and autumn, and the circulation at
night in summer. Despite of its decreasing in lake
1, the bioavailable nitrogen did not represent a
limiting factor for the algae growth. Nevertheless,
this fact helped a wide dominance of nitrogen
fixating blue-green algae with massive growths
on August and September .

The use of the N:P ratio principle to establish
the limiting nutrient could be applied in this
study without any restrictions, because the
concentrations of nitrogen and phosphorus in both
lakes were up to 20 and 5 pg/L respectively [2].
According to the N:P proportion (table 3) the algae
growth should have been limited by nitrogen in
lake 1, and a limitation by phosphorus should have
occurred in most samples of lake 2. Nevertheless,
in both lakes algae growth reductions were not
preceded by nitrogen and phosphorus limiting
concentrations. In spite of low N:P proportions
showed by lake 1 in summer, in this period was
registered a massive growth of Cyanophyta,
this fact demonstrates that N:P ratio was not a
determinant factor of the growth and structure
of phytoplanktonic community in both lakes
studied.

If the N:P ratio in these lakes would be a con-
clusive factor to the growth and structure of the
phytoplanktonic community, limitations by the
phosphorus should be expected in lake 2. These
limitations were not evidenced, since phosphorus
was always available in the water column. The
successional changes in this lake were associated
with other factors, like the direct connection with
Main river and its effect on the decrease in the
hydraulic retention time, the water temperature
and the polymixis of the system, besides other
intrinsic factors like the successive changes of the
fitoplanckters and the possible depletion of silica
because of its demand by diatoms as result of the
physiologic activity of this group of organisms.

Our results permit to conclude that, in the parti-
cular case of this lakes, the time changes of N:
P ratios do not seem to be a determinant factor
of phytoplankton growth, and the community
behavior can not be either explained by variations
in N:P ratios. There are multiple extrinsic and
intrinsic factors associated to the phytoplankton
successional variation, these factors would have
a weighted effect related to the particular charac-
teristics of each environment.
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