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ABSTRACT

The development of the phytoplankton in two years with very distinct weather situations was compared. In 1996, the ice on Jori
Lake 1ll melted in mid June, summer stratification persisted during two months, and ice began to build up again in midl@ctober.
1997, the ice melted only at the end of July, which strongly influenced the development of the phytoplankton. Stratifitstéidn pe
during two months and the lake froze up towards the end of October. The average chlarophg#ntrations were lower in 1996
than in 1997, which reflects the rather high temperatures and stable weather conditions in 1997 after the late meltiog.of the i
These observations lead us to suggest that the duration of the ice-free season is less decisive for biomass producticgathan the
conditions during this period. Haver, the date and duration of melting of the lake ice strongly influence the development of algal

species that are typically observed in early season.
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1. INTRODUCTION

Organisms of high mountain lake ecosystems are
challenged by extreme and extremely variable living

In this paper, detailed physical, hydrological, chemi-
cal and biological features of Jéri lakes Ill and VII are
presented. Furthermore, we compare the development of
the phytoplankton over two years and correlate them
with distinct weather situations. We show, how mete-

conditions, since sudden weather changes are commongrological factors affect the development of phyto-

for high altitudes. The length of the ice-free season as
well as the time and duration of ice melting can vary
significantly. This affects the relative length of water
column stratification, which can last for one to three
months between melting and formation of the lake ice
cover. The particular conditions which characterize high
mountain lakes influence the biomass and community
structure of the plankton. For subalpine lakes, Goldman
et al (1989) showed that the relative length of water
column stratification followed by a sufficiently long
mixing period is very important for the primary produc-
tion. High mountain lakes undergo major physical re-
structuring during ice melting in spring and cooling in
fall. During these periods, the phytoplankton assem-
blages change dramatically, and the meteorological
conditions exert strong regulatory effects on their de-
velopment and seasonal succession (Harris 1986;
Goldmanet al 1996; Litakeret al 1993).

At the beginning of this century, Kreis (1921) stud-
ied the fauna in 13 of the 21 lakes and ponds in the Jori
catchment, and he described the morphology of the
lakes for the first time. About 20 years later, Messi-
kommer (1942) investigated the phytoplankton in the
region of Davos, including two of the Jori lakes.

plankton communities in lakes Il and VII, one con-
taining high amounts of suspended erosion particles
(111, the other one with clear water (VII).

1.1. Characteristics of the catchment

The catchment of the Jori lakes is located in a re-
mote mountain area of the Eastern Swiss Alps, in the
canton of Graublnden, at 46°/46’'N and 9°/58’E. The
entire basin, which comprises 21 lakes and ponds is
3.05 knf in area and extends from 2489 m to 3060 m
a.s.l. Accessibility is more difficult in winter, thus re-
quiring special efforts for measurements of variables
that can not be obtained by electronic logging. The ba-
sin is generally well shielded by high mountain chains
against the west and the south side, but it is open to the
north, in which direction the water drains from the
catchment. There are 16 lakes in the catchment ranging
in size from 500 mto almost 0.1 kfhand 5 smaller
ponds. The total surface area of all lakes is slightly over
0.2 knf corresponding to approximately 18% of the en-
tire catchment area. The Jori basin was initially formed
by the Jori glacier that is presently retreating, but still
covers an area of about 0.3 kriThe lakes show great
variability in suspended particle concentrations since



Seasonal dynamics and phytoplankton diversity in Jori lakes

some get their water directly from the glacier while oth-
ers receive it only from snowmelt and precipitation run-
off. All the lakes lie within the same catchment area
which mainly consists of a homogeneous crystalline
gneiss formation. The major elements in the rock min-
erals are Si and Al (Kréahenbthl 1984). The alkalinity in
the lakes is about 100 pe§and they are less affected

by acidification than the lakes located in the central
Alps of the Gotthard region. The surroundings consist
mostly of large rocks and some flood plains with ero-
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(DIONEX 2000i, separation column AS4A). Calcium,
magnesium, potassium and sodium concentrations were
determined by ICP-AES (VARIAN Liberty 150 AX
Turbo) and double checked in some samples with ion
chromatography. Ammonia was analyzed in the same
cation chromatogram. SRP (soluble reactive phospho-
rus) was determined at the site immediately after sam-
pling employing the method of Murphy and Riley
(1962).

sion mud deposits and only scarce vegetation. Some of 2 3. Phytoplankton

the lakes are connected in a cascade-type system which

allows to follow chemical and biological changes which
occur within a 250 m altitudinal gradient between the
highest and the lowest lakes.

2. METHODS
2.1. Meteorology and Hydrology on-line measurements

The Jori weather station is situated on the shore of
Lake Ill at an altitude of 2520 m. Meteorological vari-
ables are recorded hourly during winter and spring (No-
vember to June) and in 10 minutes intervals during
summer and autumn (July to October). Variables meas-
ured include air temperature, humidity, precipitation,
wind speed and direction, global radiation and incoming
long wave radiation. In the water, two chains with 11
sensors each measure the temperature profile of Lake 11l
every 15 minutes.

2.2. Chemistry

Samples for lake water analyses were collected bi-
weekly from different depths and filled into polyethyl-
ene bottles in a way that no air remained in the bottle.
The bottles were kept at 4 °C until further analysis. The
deposition samples were collected either in a Berger-
hoff-type collector for bulk deposition (Minger 1996) or
in a polyethylene bottle (wet only deposition). The
deposition samples were kept at 4 °C until analysis.

The pH was measured with a Methrom pH Meter
without stirring but with previous addition of 50 mg su-
prapur NaCl per 50 ml sample in order to obtain a
higher ionic strength. For conductivity measurements a
cell with a constant of 1 chwas used and the value
was directly normalized to 25 °C. The pH and the con-
ductivity of lake water samples were measduireditu
and double checked in the laboratory. All determina-
tions included a control of the measured conductivity
with the conductivity calculated from equivalent con-
ductances of all species analyzed (Marchetoal
1996). The quality criteria are fulfilled if the difference

between calculated and measured conductivity is less

than 15%. Alkalinity was determined by Gran titration
(Gran 1950, 1952) with a common Methrom pH Meter
632 in presence of suprapur NaCl to obtain an ionic
strength of 0.1 M.

Anions (chloride, nitrate and sulfate) were measured
with ion chromatography with chemical suppression

500 ml samples in PET bottles were taken from
three different depths (1 m below surface, thermocline
depth and one meter above the bottom) and fixed with
Lugol solution. Enumeration of the dominant species of
algae was performed using an inverted microscope with
phase contrast optics. Biovolume conversion factors
were calculated using approximations to geometrical
shapes (StrasSkraboed al. 1999, this issue). The speci-
fic carbon content was calculated from C = 0.120%V
using the regression after Rocha & Duncan (1985).

2.4. Chlorophylla

Samples were taken with a 3-I plexiglass water sam-
pler from the different depths. 400 ml to 1000 ml water
were filtered through glass fiber filter (GF 6, Schleicher
and Schuell, Dassel, Germany) within two hours after
sampling. Filters were transported frozen to the labora-
tory for analyses. Chlorophydl- concentration was
measured after extraction in 90% acetone using
fluorimetric determination after Schanz (1982).

2.5. Water column profiling

Water column profiling was done weekly during the
ice-free season and at least three times during the ice-
covered period. Winter sampling was required to deter-
mine the oxygen consumption below the ice cover.

Temperature, pH, oxygen and conductivity were
measured with a Hydropolytester (Zullig, Rheineck,
Switzerland). Turbidity was determined by light scatter
loss in a photometer (PU 8625 UV/VIS Spectrophoto-
meter, Philips, Zurich, Switzerland) in 5 cm glass cu-
vettes at a wavelength of 660 nm and transformed to
NTU (DEV 1996; 38'404-C2).

3. RESULTS
3.1. Physical characteristics
3.1.1. Hydrology

The lakes in the J6ri catchment area were originally
numbered (I to XIlI) by Kreis in 1921; we extended the
numbering to XXI for those lakes, which have been
newly formed during the last 80 years (Fig. 1). The
lakes described in this paper are numbers Ill and VII.
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Hydrology Lake Il

Lake IIl has the largest volume of all the Jori lakes
(maximum of 600,000 A The surface area is 57'800
m? when the lake is completely filled and up to 5'060 m
less in early winter. The catchment is approximately 1.3
km? it cannot be precisely delineated, however, due to
subsurface inflows from the glacier. The annual average
water residence time (R) calculated from yearly average
precipitation (P), catchment size (A) and lake volume
(V), is about 4 months (R = ¥ P* x A™Y). Lake Ill re-
ceives some water from the glacier, which makes the
lake turbid. Early season Secchi depth can be up to 3 m,

B. Hinderet al.

Fig. 1: Map of the study site of the Jori
lakes (9° 57’ to 9° 59’ N / 46° 46’ to 46°
47’ E). Numbering of the lakes after Kreis
(1921) (1-X11) and Summa (XIV- XXI).
Reproduction with the kind permission of
the Federal Office of Topography,
Switzerland, on January 7, 1999.

3.1.2. Meteorology and climatology

The weather at the Jori lakes can be characterized by
a long cold winter with heavy snowfalls and a short
summer with many thunderstorms and a few nice
weather spells. Snow may be expected at any day of the
year. Maximum air temperatures reach 20 °C on rare
occasions, daily average temperature is usually below
zero from November through April. Yearly average
temperature is —2 °C as measured at the Jori weather
station. This is slightly less than expected, compared
with stations at similar altitudes. When the lakes are
frozen, cold air tends to accumulate above the lakes, due

but it decreases to less than 1 m as more turbid water to the lack of outflow possibilities. The total yearly pre-

from the glacier is added. Under conditions of high tur-

bidity, 99% of the global radiation which penetrates into

the water is absorbed in the top 3 m. Due to its turbidity
and maximum depth of 22 m the lake can be tempera-
ture stratified for up to three months every year.

Hydrology Lake VII

Lake VII has an area of 11,60¢ mnd lies at an al-
titude of 2557 m a. s. .. Its maximum depth is 8.5 m, its
volume approximately 40,000°mand its catchment area
0.16 knf. The average water residence time is about 2.5
months. The water in Lake VIl is clear to the ground
with water inflow from rain and snowmelt only. Secchi
depth is always more than 4 m, it can reach more than 8
m early in the season. It is isothermal for most of the
season.

cipitation is 1400 mm with approximately 70% of it fal-
ling as snow. Annual average radiation is about 185 W
m“ (Tab. 1). Winds tend to be strong only on the ridges,
but most of the lakes are well shielded by the surround-
ing mountains. Lake VII on Jdrifless Pass usually expe-
riences higher winds than the other lakes which lie
deeper in the catchment. Other than exposure to wind,
lakes Il and VIl are similar. Average air temperatures
at Lake VIl are 0.2 °C lower than at lake Ill and due to
mountain shading, average global radiation is about 10
W m? smaller.

Snow on the horizontal plains usually disappears
between mid June and mid August, depending on the
season's maximum snow water equivalent and on early
summer weather conditions. The break-up date for the
lake ice can be at the end of June at the earliest and the
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end of August at the latest for Lake Ill. Calculations in 1996. The same could be observed for the ice cover
were made on the basis of a snow height adjusted de-on the lakes, which did not disappear until the end of
gree day model (M. Gabathuler, unpublished). The July. August was a warm month with precipitation be-
break-up date depends on temperatures from May up to low average. Heavy snowfalls at the end of August
the disappearance of the ice and on the snow load on thecaused the stratification in Lake Ill to weaken temporar-
lakes. Deep lakes as well as lakes at higher altitudes ily. September was extremely dry with only two pre-
tend to break up later. For the build-up of the ice in cipitation events with a total of 45 mm. The average
autumn, altitude is less important than depth, size and temperature for this month was 7 °C higher than in 1996
accumulated heat. Owing to their greater heat energy and 13 cloudless days were recorded. Stratification

content in the autumn, lakes with large volumes tend to

could be observed until Octobet*2Snow covered the

freeze later than small and shallow lakes. The freeze-up area around the lakes from Octobef"1h; the lake

date of Lake Il falls usually into the second half of

froze around the 26of that month.

Tab. 1. Air temperature (°C), precipitation (mm) and radiation (W) rak Jori lake 1Il. Long term averages (1981
— 1998) were taken from the SMI (Swiss Meteorological Institute) station at Weissfluhjoch, situated 13 km from

Jori lakes at an altitude of 2690 m a. s. |.

1996, Lake IlI 1997, Lake IlI 1981-1998, SMI Weissfluhjoch
Temp  Prec Rad Temp  Prec Rad Temp Prec Rad
June 4.2 125 253 2.7 232 196 23 167 239
July 4.3 213 234 3.6 265 195 5.8 182 223
August 4.3 197 160 6.6 182 186 5.8 171 192
September -1.1 110 166 6.4 45 206 29 126 163
October -1.1 122 124 -0.3 83 127 0.2 69 125
Total or average 21 767 187 3.8 807 182 34 715 188

October or the first half of November. Once a lake has
reached isothermal conditions, it can freeze when its
threshold conditions are fulfilled. These conditions are
different for every lake, but always consist of air tem-

3.2. Chemical characteristics

Lake IIl is fed by a subterranean inlet from the Jori
Glacier. In 1996 only surface water had been sampled.

perature, wind and average lake water temperature (Gu Rising concentrations of several ions (K, Mg, l@nd

& Stefan, 1990).

Summer started early in 1996; daily average tem-
peratures regularly came close to 10 °C in early June.
Due to the small maximum snow water equivalent for
this year, snow melted almost a month earlier than

usual. The same can be said for the lake ice covers,

therefore increasing conductivity could be observed to-
wards autumn, which was due to the stratification of the
lake (Lermanet al 1995). The main ions found in the
two lakes were calcium and sulfate which are also the
most important components in the deposition (Tab. 2).
Lake VII showed similar, mostly smaller, concentra-

which disappeared towards the end of June. Between tions of ions than Lake IIl for both sampling years. For

July and October temperatures were regularly below av-
erage, especially in September. The few days with nice

some components, like K and Mg, it is more pro-
nounced which is probably due to the different water

and warm weather were recorded during the second half sources of the two investigated lakes. Lake Il receives

of July, allowing Lake Il to get well stratified. The
stratification weakened with a cold front which came up
in the middle of August and which completely disap-
peared during a heavy snowfall at the end of August.
August was a wet month with precipitation on 24 days
reaching 200 mm in total. Snow constantly covering the
area around the lakes started as early as Septeniber 13
Although there was no stratification anymore in Lake IlI
after September"? a complete ice cover was not ob-
served until October 17

June and July of 1997 were not only colder and with

melt water from the glacier, but also rain water and wa-
ter from upper lakes. In contrast, Lake VII receives
mainly rain and spring water. The average concentra-
tions for the measured ions are listed in table 2; they did
not change substantially from 1996 to 1997. Alkalinity
values for both years were around 100 jitgrP and
total inorganic nitrogen (TN, sum of nitrate and ammo-
nium) concentrations after spring mixing amount to
about 10 ppb and 200 ppb, respectively. After Wetzel's
(1983) trophic state scale, the Jéri lakes are considered
as oligotrophic. Increasing TN- and TP-concentrations

less global radiation than the same months in 1996, but were measured in the depth profiles towards the sedi-
there was also a much higher maximal snow water ment (up to 40 ppb TP one meter above the sediment).
equivalent to begin with, which caused the largest dif- The same observation was made for turbidity, which

ferences in the lake processes. It caused the snowcould indicate a link between particles and nutrient

around the lakes to melt more than one month later than content.
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Tab. 2. Chemical characteristics of Jori lakes Ill and VII in 1996 and 1997. x and s are mean and standard deviation, n is the
number of samples analyzed.

n pH Cond.25°C NH Ca Mg Na K Alk. saQ NO; Cl P
(uSem’) (MgNTF) (mgl) (mgl) (mgl) (mgr) (ueql) (mgl) (ugNTI") (mgl) (ugP I}
X S X s X S X S X S X S X S X S X s X S X s X s

1996

Lake Il 12 6.750.11 19.92 0.99 7.80 3.60 2.28 0.41 0.30 0.06 0.40 0.06 0.36 0.15 103 52 2.99 0.24 194 41 0.170.18 36 18
Lake VIl 8 6.70 0.10 15.74 0.79 n.d. 1.71 0.14 0.20 0.02 0.33 0.03 0.24 0.07 100 46 1.97 0.15 179 52 0.22 0.13 n.d.
1997

Lake Ill 38 7.150.54 17.90 3.90 8.80 13.60 3.15 1.32 0.40 0.15 0.52 0.18 0.38 0.14 99 55 2.49 0.77 254 74 0.080.11 9 8
Lake VIl 5 n.d. n.d. 2.60 1.30 2.27 0.65 0.25 0.07 0.33 0.09 0.24 0.05 n.d. 148039169 14 001 0 9 4

Although up to 80% of the chemical species which Lake lll. This is due to the dominant but small species
had accumulated in snowpacks are removed with the Dictyosphaerium subsolitariumlaking biovolume and
first 20% of the melt water, organisms can barely profit specific carbon content into consideration, biomasses in
from this nutrient peak (Johannessen & Henriksen Lake Ill are distinctly higher.

1978). During snow melt, the water in all Jori lakes is ,

exchanged in less than one month. Since nutrient-rich S€asonal dynamics

inflow water has a temperature of around 0 °C, it is Both lakes show strongly developed seasonal dy-
lighter than lake water and therefore will not be mixed namics. Comparing the two years 1996 and 1997 it
down to great depths but will exit through a surface out- seems that the date of the ice melting is very important

flow within a few days. for the development of some species. In 1996 when the
ice melted early (late Jun®hodomonas lacustride-
3.3. Biological characteristics veloped rapidly and dominated in the first weeks of the

ice-free period in Lake Il (Fig. 3). After one month, the
3.3.1. Phytoplankton Chlorophyta Dictyosphaerium subsolitariumndEutet-
Phytoplankton composition in J6ri lakes 11l and VII ramorus fotti) appeared in higher cell numbers and
started to dominate the community (Fig. 3). On a C-
content basisEutetramorus fottiiwas the most domi-
nant taxon. Towards the end of the ice-free season,
Kephyrion doliolum and Monoraphidium subclavatum
also developed well. In 1997, when the ice melted very
late (end of July), there was a great number of cysts,
mainly of Chrysophyta, which sometimes persisted
during almost the entire season. After the late melting of
the lake ice, it took longer for biomass production to

In both lakes the Chlorophyta is the most abundant
algal division. Almost all species can be found in both
lakes (Tab. 3). Therefore, phytoplankton biodiversity in
terms of the number of species is about the same in
lakes 11l and VII. The dominance and the abundance of
the species differ considerably, however (Fig. 2).

Tab. 3. Dominant species of algae in Jéri lakes Il and VII.

Chlorophyta Eutetramorus fottii take off than the year before. An exception \iZAso-
Dictyosphaerium subsolitarium bryon cylindricumvar. alpinum which developed even
Monoraphidium subclavatum better than the year before (Fig. 3). On a C-content
Chlamydomonas braunii basis, it was by far the most dominant taxon in July and
Cryptophyta Rhodomonas lacustris

August. In contrast to 199&hodomonas lacustrizas
very scarce. Chlorophyta development was one month
late compared to 1996, but towards the end of the sea-

Chrysophyta Dinobryon cylindricurmvar. alpinum
Kephyrion doliolum
Chromulinasp.

Chrysococcus furcatus son,Eutetramorus fottjiDictyosphaerium subsolitarium
Dinophyta Gymnodinium lantzschii and Monoraphidium subclavaturpropagated even bet-
Amphidinium elenkinii ter. In summary, the proportional composition of the al-

gal divisions differed significantly in the two years:
In Lake Il several species develop with almost the CryPtophyta, which were typical for the early season in

same dominance, but stifutetramorus fottiiis the 1996, did not develop well during the entire season of
most abundant species. AButetramorus fottiiis a 1997. In the second part of the ice-free season, Chloro-
rather large algae, it consequently represents an impor- Phyta were even more dominant in 1997 than in 1996
tant fraction of the total algal carbon content of Lake Il (Fig. 4). For Lake VIl similar observations have been

(Fig. 2). In Lake VII only few species dominate the done (data not shown).
community: Dictyosphaerium subsolitariumn early

season, as well asymnodinium lantzschi{1996) and 3.3.2. Chiorophylla
Monoraphidium subclavaturf1997) towards the end of Chlorophyll-a concentrations in Lake Il range from
the season. In Lake VII cell numbers are higher than in 0.4 to 5.0 ngt In 1996 average concentrations were
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Fig. 22 Seasonal dynamics of dominant species of phytoplankton in 1996 in J6ri Lake Il (A) and in Jori Lake VII (B).
Tab. 4. Chlorophylla (ug ) in J6ri Lake 11l in 1996 (above) and 1997 (below).
depth 26.7.96 8.8.96 21.8.96 22.8.96 23.8.96 10.9.96 11.9.96 12.9.96 3.10.96 mean s.d.
1m 0.4 0.4 0.5 0.6 0.6 11 1.2 15 2.3 1.0 0.7
thermocline (4-6 m) 0.8 1.6 1.7 20 1.9 14 1.6 1.7 21 1.6 0.4
10m 2.2 1.1 0.9 0.7 0.8 1.2 1.6 1.6 - 1.3 0.5
1 m above bottom 11 0.4 - - - 24 1.3 14
depth 30.7.97 14.8.97 19.8.97 26.8.97 2.9.97 9.997 17.9.97 23.9.97 7.10.97 mean s.d.
1m 1.0 1.1 0.7 0.6 0.8 0.7 0.7 0.9 1.1 0.8 0.2
thermocline (4-5 m) 0.8 1.0 0.7 0.9 0.6 1.8 1.2 1.6 1.2 11 0.4
10m 1.0 1.2 3.6 3.2 3.4 3.3 5.0 4.7 25 3.1 1.4
1 m above bottom - 1.0 0.9 1.2 0.9 1.3 1.2 0.9 0.9 1.0 0.2

slightly lower than in 1997 (Tab. 4). The maximal con-
centration in 1996 (2.4 pg)l was only about half the
maximal concentration of 1997 (5.0 u§.| Stratifica-
tion persisted in both years for two months. In 1996 the
highest chlorophylb concentrations were found just
below the thermocline (6 m depth) when the lake was
stratified, although maximal chlorophyll concentrations
were found in October when the lake was no longer
stratified after a cold weather period in early September
(Tab. 4). This supports the findings of Goldmetnal
(1989) in subalpine lakes, that biomass production is
highest after a relative long water column stratification
followed by a sufficiently long mixing period. This al-
lows to recirculate nutrients from the hypolimnion. In
1997, the highest values were found at the end of Sep-
tember a few meters below the thermocline in 10 m

depth (Tab. 4). This correlates also with higher algal
biomasses in this depth, although this correlation was
not always reliable. Only very low amounts of photo-
synthetic active radiation (PAR) penetrates to this depth
(maximal 5 pE i s') and the temperature never ex-
ceeds 4 °C (Fig. 5). An advantage for algae to live at
these depths are the slightly increased ion and nutrient
concentrations (Fig. 5). In a different study, we have
shown that the higher nutrient concentrations were al-
ways linked to increased turbidity due to suspended
particles (data not shown). Algae could thus profit by
living in a less oligotrophic environment. Moreover, al-
gae living in the upper hypolimnion are less affected by
sudden weather changes which happen usually at least
once during the ice-free season.
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Fig. 3. Seasonal dynamics of dominant algal species on a cell number- and a carbon content-basis in Jori Lake Ill in 1996 and 1997.
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3.3.3. Effects of weather events on algae days of sunshine doubled or even tripled the chloro-
phyll-a concentration (Tab. 4). In 1 m depth, chloro-
phyll a concentrations were always low, probably due to
rough living conditions. Chlaphyll-a concentrations in

10 m depth were not affected by the cold front indi-

cating stable environmental conditions in this layer.

The effects of weather events on algae were re-
corded at the end of August 1997. During this period,
lake profiles were taken once before and twice after a
strong cold front. The lake was well stratified. The
strong cold front hit the lakes t;t 15 UTC (Universal
Time Coordinated) on August 28reducing air tem-
peratures from 8 °C to —2 °C within a few hours. Heavy 4. DISCUSSION
snowfall built up a snow cover of about 30 cm. Chloro- During the two years of studying the environmental
phyll-a concentration and pH were measured as indica- conditions in the Jéri lakes, high intra- and interannual
tors for the presence of algae and their photosynthetic variability was registered. The timing of the melting of
activity, respectively. On August 26a maximum pH the lake ice seems to strongly influence the starting
value of 7.84 was found at 4 m depth (Fig. 6). Surface conditions for the development of the phytoplankton.
water temperature decreased from 12 °C to 7 °C and The community structure during the ice-free seasons
stratification became less distinct. During this period of differed distinctly. While Cryptophyta were frequent
cold weather the thickness of the epilimnion increased. during the early season of 1996, they occurred only in
As the surface temperature decreased, the epilimnion Jow numbers in 1997 and were replaced by Chryso-
was mixed and consequently approached the water tem- phyta. A large number of cysts, mostly of Chrysophyta,
perature of the surface. Due to these lower temperatures,were observed in 1997 when the ice cover on the lake
some of the original thermocline became isothermal, persisted until the end of August. Only little is known
making the epilimnion thicker and the thermocline about the influence of the timing of lake ice melting on

steeper. This process resulted in a one meter thicker phytoplankton diversity. Scaviat al (1986) hypothe-

epilimnion on September"@which is also reflected in
the vertical pH-profile (Fig. 6).
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Fig. 6. Vertical profile of the pH in Jori Lake Il on three
dates in 1997.

Low temperatures were recorded up to the morning
of August 3% Stratification intensified quickly again
due to the large energy input during the first days of
September. On Septembel, 2wo days after the cold
front had passed by, a maximum pH value of 7.60 was
found three to four meters deeper (Fig. 6). If photosyn-
thesis was the main factor influencing the pH, the pro-
ton consumption in seven to eight meters depth indi-

cates restarting photosynthesis and suggests that pri-

mary production broke down during the storm. One

week later, we again recorded a strongly increased pro-

ton production with maximal values at 5 m depth. A few

sized that abnormal phytoplankton biomass in 1977 in
Lake Michigan could have been attributed to prolonged
spring ice cover. Goldmaat al (1996) showed that
horizontal differences in nutrients, phytoplankton and
productivity in Lake Baikal - apart from other reasons -
probably reflected the variation in the timing of lake ice
melting in different parts of the lake. The authors con-
cluded that during the period of pre-stratification, phy-
toplankton growth in Lake Baikal is regulated by physi-
cal factors. However, we found only small diversity of
phytoplankton after the late ice-break in 1997. Harris
(1986) assumed that small diversity might be expected
to occur in the seasonal sequence if species grow slowly
in comparison to the rate of environmental change; for
example when the lake undergoes major physical re-
structuring in spring and fall. In both years at Jori, the
dominant fraction of total biomass in the second part of
the ice-free season was contributed by Chlorophyta. In
1997, when the weather was brighter and stable for al-
most two months, biomass production was higher than
in 1996. This corroborates with the findings of Goldman
et al (1989) for subalpine lakes, that biomass produc-
tion is highest if a relatively long water column stratifi-
cation is followed by a sufficiently long mixing period.
Litaker et al (1993) found that periodic ecological
processes operating on time scales equivalent to phyto-
plankton cell division rates are important in controlling
chlorophylla biomass changes. Such an event was
studied at the end of August 1997 when a cold front
reached the lakes and surface water temperature was re-
duced from 12 °C to 7 °C in only a few hours. It took a
few days to restore the chlorophgllbiomass in the
epilimnion. Photosynthetic activity two days after the
cold front had passed by, was still low. After one week
sunny weather, it was completely restored or even



160 B. Hinderet al.
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