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ABSTRACT

Lake Mjosa has been subject to an accelerating eutrophication from the 1950s to the mid 1970s, but comprehensive nutrient re-
duction efforts caused marked reductions of phytoplankton production and biomass during the 1980s, a process that continued dur-
ing the 1990s. Zooplankton biomass and species composition was considerably affected during the eutrophication and subsequent
oligotrophication. Total crustacean zooplankton biomass decreased along with decreasing algal biomass during the 1980s and
1990s. The seasonal means of zooplankton biomass were positively correlated with seasonal means of phytoplankton biovolume and
chlorophyll-a, indicating a primarily bottom up regulation of the zooplankton biomass. Several herbivorous and omnivorous zoo-
plankton species (Daphnia galeata, Bosmina longispina, Limnocalanus macrurus and Cyclops lacustris) were probably negatively
affected by reduced algal biomass, whereas other species (Holopedium gibberum and Thermocyclops oithonoides/Mesocyclops
leuckarti) seemed to be positively affected. H. gibberum disappeared in the 1960s, but reappeared in the 1980s after the significant
reduction in algal biomass and primary production. The temporal trend of T. oithonoides/M. leuckarti indicated a strong competition
with cladocerans (mainly B. longispina and D. galeata) in periods with high algal biomass. Early warming of the lake could also
have promoted a biomass increase of T. oithonoides/M. leuckarti in later years, although the mean epilimnion temperature did not
correlate with seasonal mean biomass of these species. The seasonal mean biomass of Eudiaptomus gracilis, the dominant calanoid,
showed substantial fluctuations with 6-7 years between tops, but a decreasing trend during the 1990s. However, there were no sig-
nificant correlations between this species and any of the environmental variables. The study indicated that dominant cladocerans (D.
galeata and B. longispina) are decisive for the success of cisco (Coregonus albula), one of the most important planktivorous fish spe-
cies, as also described by earlier studies. However it also demonstrated top down control on cladocerans in years with especially

large stocks of cisco.
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1. INTRODUCTION

Species composition and biomass of phytoplankton
and zooplankton as well as population characteristics of
single species represent important inputs when studying
effects of more or less man-made environmental
changes of lake ecosystems (Schindler 1987). Thus,
long-term data series on plankton and environmental
variables are growing steadily more valuable for each
year added. Phytoplankton, crustacean zooplankton and
environmental variables have been monitored in Mjosa,
the largest lake in Norway, since 1972. The lake serves
as drinking water reservoir for approximately 80,000
individuals and has great importance for recreation and
fishing activities, as well as for agricultural irrigation
purposes and recipient for sewage treatment plants.

At the beginning of the 20™ century Lake Mjosa was
oligotrophic (Huitfeldt-Kaas 1906), but as in many other
lakes in Norway an accelerating eutrophication took
place from the 1950s, caused by increasing nutrient
loading from agriculture, domestic wastewater and in-
dustries (Holtan 1979). The first severe actions to re-
duce nutrient inputs were taken in 1973, but the eutro-
phication continued and culminated in 1976 with a vig-
orous growth of cyanophytes. As a consequence of this

event and increasing attention to the massive water
quality problems from the public, limnologists, authori-
ties and politicians a comprehensive nutrient reduction
program was established in 1977 ("Save Mjosa Cam-
paign" 1977-1981). In the following years high priority
was given to building of sewage pipe lines and munici-
pal treatment plants, and new restrictions were intro-
duced in order to reduce discharges from agriculture and
industries. The nutrient reduction actions led to a nearly
extinction of cyanophytes and marked reductions of
primary production and phytoplankton biomass during
the 1980s (Rognerud & Kjellberg 1990; Holtan 1993).
The long-term oligotrophication process continued
during the 1990s and caused increased transparency and
nearly acceptable water quality in the lake (Kjellberg et
al. 2001), although considerable autumn blooms of
diatoms have been observed even in recent years.
Studies from other large lakes like Bodensee, Lake
Washington, Lago Maggiore and Lake Maélaren have
shown that temporal changes in trophic state have been
accompanied by important changes in the zooplankton
communities (Einsle 1978; Edmondson & Litt 1982;
Manca & Ruggio 1998; Wallin ef al. 2000). The aim of
this study is to present zooplankton data from Lake
Mjesa for the period 1972-2000, and to examine the
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Fig. 1. Location of Lake Mjesa and its catchment in South Norway.

temporal change in the crustacean biomass and species
composition in the light of changes in abiotic and biotic
factors like water temperature, phytoplankton biomass
and planktivorous fish.

2. STUDY SITE

Lake Mjesa is a deep fjord lake (max depth 453 m)
situated in Southeast Norway (Fig. 1). The surface area
is 362 km® mean depth 153 m, and the theoretical resi-
dence time 5.6 years. Large parts of the catchment arca
consist of mountain regions. Several glaciers in this re-
gion feed the main tributary with heavy silt load during
June-August. The water flow from the river causes re-
ductions in transparency, temperature and algal growth
in Lake Mjosa during early summer, especially in the
northern parts of the lake (Holtan 1979). The lowland
areas around the central part of the lake are one of Nor-
way's best agricultural districts. The total population in
the catchment area is ca 200,000, of which about
150,000 live in the immediate surroundings of the lake.
Implementation of the nutrient reduction plans have
caused ca 50% decrease in total phosphorus concentra-
tion (seasonal means, 0-10 m layer) in the lake from 10
ug ' in the late 1970s to 5 ug I'' at the turn of the cen-
tury (Kjellberg et al. 2001). Total nitrogen concentra-

tion increased by ca 50% (160 pg I"") during the 1970s
and 1980s. However, no further increase took place
during the 1990s. Mjgsa is used as a reservoir for hy-
droelectric power production, and the draw down zone
is 3.6 m. Cisco (Coregonus albula), smelt (Osmerus
eperlanus) and whitefish (Coregonus lavaretus) are the
most important planktivorous fish species in Lake
Mjoesa (Kjellberg & Sandlund 1983). Some limnological
characters for the study period from 1972 to 2000 are
given in table 1. Further information on the lake and the
catchment is given by Holtan (1979, 1993) and Kjell-
berg et al. (2001).

3. METHODS

Samples were collected fortnightly from June 1* to
October 31%, but in some years only monthly sampling
were performed. Data presented here are from the main
station (centre of the lake) at the deepest part of the lake
from the period 1972-2000. Zooplankton was not sam-
pled in 1975 and only once a year in 1976 and 1977.
These observations are therefore not used in calcula-
tions of seasonal means. The zooplankton samples were
collected with a 25-1 Schindler-trap from 0.5, 2, 5, 8, 12,
16, 20, 30 and 50 m. The crustacean plankton individu-
als of each sample were counted and the biomass (ZB)
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Tab. 1. Limnological characteristics of Lake Mjesa (main station, 1972-2000).

Variable mean SD min median max N

Epilimnion temp (°C) 11,5 3,0 4,0 12,0 19,6 265
Transparency (m) 7,4 2,2 2,6 7,3 15,5 269
Total phosphorus (ug 1) 7,7 2,8 2,0 7,3 16,0 254
Total nitrogen (ug ™) 415 82 208 418 756 259
Chl-a (ug 1™ 33 1,7 0,3 2,9 12,5 245
Phytoplankton biovolume (mm’® m) 797 752 27 437 3708 262
Zooplankton biomass (mg Dw m™) 26.5 16.3 2.5 22.4 97.7 217
Mysis relicta (ind. m?) 203 136 0 180 1019 232
Cisco, year class strength 29 3.0 0 2.0 10 28

was calculated for the 0-50 m depth interval. The
cyclopoid copepod species Thermocyclops oithonoides
and Mesocyclops leuckarti were not separated in the
counting. However, based on irregular sampling tests 7.
oithonoides have been the dominant of the two species
during the whole study period. The dry weights of dif-
ferent zooplankton species were calculated according to
standard length-weight regressions (Bottrell et al. 1976).
Phytoplankton biovolume (PB) and total chlorophyll-a
(Chl-a) were analysed in integrated samples from the 0-
10 m layer. Phytoplankton was not sampled in 1974 and
Chl-a was only analysed from 1976 on. The phyto-
plankton samples were analysed according to methods
described by Olrik et al. (1998). Chl-a was measured
spectrophotometrically after acetone extraction (Marker
et al. 1980). Transparency was measured by use of
standard Secchi disk. Epilimnion temperature (Temp)
means the average temperature in the 0-10 m depth in-
terval. Mysis relicta samples were collected by vertical
net hauls (diameter 100 cm, mesh size 200 pm) from
120 m to the surface. Population densities are given as
ind m™. Mysis was sampled in 1976 and in the period
1978-2000. In lack of more quantitative data we have
used year class strength of cisco as an indicator of pre-
dation pressure from planktivorous fish. Each year class
(1972-1999) were classified on a scale from 0 to 10 based
on the relative proportion of the different year classes in
gillnet catches (P. Aas and O. Hegge, pers. com.).

Arithmetic mean values of plankton biomass and
environmental variables were calculated for the period
from June 1% to October 31", Biomass data on 10 zoo-
plankton species (as seasonal means, mg DW m™) were
used in ANOVA correlation analyses (Stat Graphics)
with seasonal means of epilimnion temperature, trophic
state indicators (PB, Chl-a), Mysis (ind m?) and year
class strength of cisco. In the correlation matrix vari-
ables were log-transformed to improve normality and
reduce the influence of outliers.

4. RESULTS

4.1. Temporal trends in environmental variables and
plankton biomass

Phytoplankton biovolume (PB) increased towards
the mid 1970s, and PB and Chl-a showed decreasing
trends from the late 1970s to 2000 (Fig. 2). Apart from
this general trend, the algal biomass was relatively high

in the early 1980s and some years even in the 1990s (eg.
1991, 1992 and 1996). The transparency increased from
5-6 m in the 1970s to 8-9 m in the 1990s (mean values).
Summer epilimnion mean temperature varied consid-
erably from year to year especially in the late 1990s, but
increased by approximately 1.5 °C during the study pe-
riod (from ca 10.5 °C to ca 12.0 °C). Total zooplankton
biomass increased during the 1970s, and showed a
gradual decrease in the period 1978-2000. In 1973,
1988, 1992 and 1997 the year classes of cisco were very
strong, whereas week or medium strong year classes
were recorded most years in the 1970s and 1980s. Sev-
eral year classes in the 1990s were very week.

4.2. Changes in zooplankton species composition and
biomass

The species composition of the crustacean zoo-
plankton community was characterised by considerable
stability of dominating species in the investigation pe-
riod (Fig. 3). On average calanoids, cladocerans and
cyclopoids made up 57%, 37% and 6% of the zoo-
plankton biomass respectively. The seasonal mean bio-
mass of the dominant calanoid, Eudiaptomus gracilis,
showed substantial fluctuations with 6-7 years between
tops, but a decreasing trend during the 1990s. Limno-
calanus macrurus and Heterocope appendiculata bio-
masses were highest in the 1980s. Cyclops lacustris was
more abundant in the 1970s than in the 1980s and
1990s, whereas Thermocyclops oithonoides/Meso-
cyclops leuckarti showed the opposite trend. Bosmina
longispina and Daphnia galeata were dominant clado-
cerans most years. Both species had higher biomasses in
the 1980s, when algal biomasses were still relatively
high, than in later years. On the other hand, Daphnia
cristata was more abundant some years in the period
1989-2000 than in earlier years. Holopedium gibberum
reappeared in the early 1980s with increasing biomass
from 1984 to 1999, but was less abundant in 2000. The
small cladoceran Bosmina longirostris was quite abun-
dant in 1978 and 1993 (not shown in Fig. 3) but seemed
to be of lesser importance the other years. The inverte-
brate predator Leptodora kindtii was relatively less
abundant in the late 1990s than in earlier years. Byth-
otrephes longimanus, another cladoceran predator, was
occasionally recorded during the whole period, but only
in small numbers (not shown in Fig. 3).
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Fig. 2. Time series of phytoplankton biovolume, chlorophyll-a, Secchi disk transparency, crustacean zooplankton biomass,
epilimnion temperature (seasonal means and 2*standard errors) and year class strength of cisco (Coregonus albula) in Lake Mjosa.
Note that there are too few data to calculate seasonal means of several variables some years in the 1970s and that cisco data from

2000 are missing.

4.3. Correlations between environmental variables and
zooplankton

Seasonal means of zooplankton biomass (ZB) were
significantly correlated with seasonal means of phyto-
plankton biovolume (PB, p <0.01). There was also a
significant positive correlation between seasonal means
of Chl-a and ZB (p <0.01). ZB was not correlated to
epilimnion temperature. The correlation matrix (Tab. 2)
gives a summary of the correlations between environ-
mental variables and the 10 most common crustacean
zooplankton species in Lake Mjosa. However, it must
be stressed that a significant correlation between two
variables only shows that there is a low probability that
the relationship between the two variables were caused
by chance. It is no evidence of a cause-effect relation-
ship. Epilimnion temperature seemed to have a signifi-
cant positive effect only on the biomass of H. gibberum,
and no species were negatively correlated to tempera-
ture. A number of species (e.g., L. macrurus, C. lacus-
tris, D. galeata and B. longispina) were positively cor-
related to trophic state variables (PB, Chl-a or both),
whereas T. oithonoides/M. leuckarti and H. gibberum
were negatively correlated to PB and Chl-a. There was a
weak, but significant positive correlation between cisco
and the two most common cladocerans, D. galeata and

B. longispina. Neither did we find significant correla-
tions between Mysis and any of the tested zooplankton
species, nor between E. gracilis, D. cristata or L. kindtii
and any of the environmental variables.

5. DISCUSSION

Our study has indicated a mainly bottom up regula-
tion of the crustacean zooplankton biomass. Along with
increasing algal biomass in the 1970s and subsequent
decreasing algal biomass in the 1980s and 1990s, there
was a parallel temporal trend in total crustacean zoo-
plankton biomass. The total crustacean zooplankton
biomass was probably to a large extent controlled by the
amount of algae as concluded in an earlier study from
the lake (Rognerud & Kjellberg 1990). They found a
significant correlation between zooplankton biomass
and phytoplankton biovolume. However, the correlation
was weak probably because of large fluctuations in the
biomass of calanoids, which dominated the zooplankton
biomass in most years. Thus, the total phytoplankton
biovolume may serve as a rough indicator on the
amount of food for herbivorous zooplankton as the
abundance of edible algae (e.g. nanoplankton) and bac-
teria probably also increased along with increasing
phytoplankton biovolume (Kjellberg et al. 2001). Other
studies have also demonstrated significant positive cor-
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Fig. 3. Seasonal means of phytoplankton biovolume (10 mm® m™) and biomass of the most common species of crustacean
zooplankton (mg DW m™). Note that phytoplankton was not sampled in 1974, and that there are too few zooplankton data to

calculate seasonal means in 1975, 1976 and 1977.

relations between phytoplankton biomass, lake produc-
tivity, and zooplankton biomass (McCauley & Kalff
1981; Rognerud & Kjellberg 1984; Pace 1986; Hessen
et al. 1995a). The phytoplankton biomass seemed to be
a decisive factor for the dominant herbivorous cladocer-
ans D. galeata and B. longispina as well as for the om-
nivorous calanoid L. macrurus and cyclopoid C. lacus-
tris. The decreases in these four species (and E. gracilis

in the 1990s) were the main reason for the declining
trend in total zooplankton biomass in later years. Thus,
reduced algal biomass and probably also decreased con-
centration of edible algae are the most probable expla-
nation to the declining total zooplankton biomass.
Limnocalamus macrurus and C. lacustris are both
cold water species, and we speculate that they may have
suffered from the warmer conditions in later years.
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Tab. 2. Correlation matrix for environmental variables and zooplankton biomasses. All variables except Temp and Chl-a are log-
transformed to improve normality (base 10). Significant correlations are bolded (p <0.05). L. m. = Limnocalanus macrurus; E. g.
= FEudiaptomus gracilis; H. a. = Heterocope appendiculata; C. I. = Cyclops lacustris; T. M. = Thermocyclops oithonoides
/Mesocyclops leuckarti; D. g. = Daphnia galeata; D. c. = Daphnia cristata; B. |. = Bosmina longispina; H. g. = Holopedium
gibberum; L. k. = Leptodora kindtii.

Variable Temp PB Chl-a Mysis Cisco L.m. Eg Ha CIl T M D.g Dec Bl Hg Lk
Temp °C 1.00

PB mm’ m” -0.28  1.00

Chl-a  pgl! -0.28 0.85 1.00

Mysis ind m™> -022 032 0.16 1.00

Cisco year class str. 0.17 043 034 044 1.00

L m mg DW m? -0.08 0.67 056 0.13 026 1.00

E g mg DW m? 0.13 0.06 026 0.03 0.01 -0.17 1.00

H. a. mg DW m? 0.11 -0.13 0.05 -0.16 0.14 -024 031 1.00

C. I mg DW m? -0.11 0,52 037 -0.13 036 0.63 0.00 -0.17 1.00

T.M. mg DW m? 0.17 -0.70 -0.57 -0.14 -033 -0.63 0.04 024 -0.62 1.00

D.g mg DW m? 002 051 043 0.14 047 0.18 024 029 043 -022 1.00

D.c. mg DW m? 0.07 -041 -035 -0.13 -040 -041 035 0.06 -0.16 048 -0.10 1.00

B. 1 mg DW m? -039 057 051 031 051 014 0.14 029 029 -023 045 -0.04 1.00

Hg mg DW m? 047 -0.70 -0.57 -040 -031 -0.66 0.01 022 -0.54 065 -025 027 -0.51 1.00

L k mg DW m? -0.21 0.12 -0.01 -0.03 -0.19 0.04 045 0.17 023 006 0.17 030 025 -031 1.00

However, no significant negative correlations with
epilimnion temperature were found. Although, tem-
perature can be an important variable, but the declining
trend of these omnivorous species in later years is
probably mainly caused by decreasing abundance of
living and dead algae. Termocyclops oithonoides/M.
leuckarti showed the opposite trend with higher bio-
masses in years with low algal biomass. This is some-
what surprising, as both species are common even in
eutrophic lakes, although high pH and eutrophic condi-
tions probably favours M. leuckarti of the two species
(reviewed by Nilssen & Warvagen 2000). Growth of
young stages (nauplii) of cyclopoids can be severely
hampered because of competition from cladocerans
when the cladocerans dominate the plankton (Santher &
Lampert 1995; Winder et al. 2003). This could also
have been the case in Lake Mjesa during periods with
high abundance of herbivores like B. longispina and es-
pecially D. galeata. Thus the temporal pattern of T.
oithonoides/M. leuckarti can be explained by strong
competition with cladocerans in periods with high algal
biomass. Termocyclops oithonoides have been shown to
survive high fish predation pressure better than M.
leuckarti, and is therefore a more typical plankton spe-
cies than the latter (Nilssen & Warvagen 2000). Both
are warm water species and can respond to increasing
water temperature by prolonging the active phase in the
plankton and increasing population size (Gerten &
Adrian 2002). The population increase of T. oithonoides
was probably caused by the early start of population
growth in warm springs, whereas M. leuckarti seemed
to respond to both elevated temperatures in spring and
unusually warm conditions in mid-summer (Gerten &
Adrian 2002). However, the fact that the two species
were treated together in our data set makes the inter-
pretation difficult. Although the mean epilimnion tem-
perature in Lake Mjesa did not control the seasonal
mean biomass, early warming of the lake can explain

the population increase of 7. oithonoides/M. leuckarti in
later years. Reduced competition from C. lacustris may
also be a possible explanation, but it seems not very
likely as the two warm water species mostly occupies
higher strata than C. lacustris in the ice-free season.
High predation pressure from planktivorous fish on
adult females with eggs has probably contributed to
high mortality rates on M. leuckarti in some years (cf.
Nilssen & Warvagen 2000). However, Kjellberg &
Sandlund (1983) found that T. oithonoides/M. leuckarti
were not positively selected by planktivores in Lake
Mjesa.

The temporal trend in the Eudiaptomus gracilis
population and lack of significant correlations with tro-
phic state variables are consistent with earlier observa-
tions from Lake Mjesa (Rognerud & Kjellberg 1990).
Lack of significant correlation between biomass of ca-
lanoids and lake trophy have also been shown in 12
lakes in Canada (Pace 1986). The positive correlation
between E. gracilis and epilimnion temperature ob-
served from 1972-88 in Lake Mjosa (Rognerud &
Kjellberg 1990), disappeared when 12 more years were
added in our study.

The long-term temporal trend of H. gibberum, as
well as the highly significant negative correlation with
PB and Chl-q, indicates a preference for oligotrophic
conditions consistent with Pejler (1965) and Hessen et
al. (1995a). The species disappeared in the 1960s, but
reappeared in small numbers in the 1980s after a sig-
nificant reduction in algal biomass and primary produc-
tion (Rognerud & Kjellberg 1990). Ambient Ca con-
centration has been shown as a key factor in regulating
the distribution of H. gibberum and daphnids (Hessen et
al. 1995b; Waervagen et al. 2002). Because of their high
Ca demands, species of Daphnia are supposed to be
competitively disadvantaged in softwater lakes relative
to less Ca-demanding species like H. gibberum. Our
data from Lake Mjegsa does not contradict this, but
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rather suggest that high phytoplankton biomass and/or
production can also affect H. gibberum abundance con-
sistently. The positive correlation between epilimnion
temperature and H. gibberum may indicate that this spe-
cies has also taken benefit of higher epilimnion tem-
perature in Lake Mjesa. However, the population in-
crease of H. gibberum took place in a period with both
increasing epilimnion temperature and declining algal
biomass. Thus, it is difficult to evaluate what was the
most important factor. However, it is striking that H.
gibberum disappeared during the eutrophication proc-
ess, and reappeared when the algal biomass had been
markedly reduced. This might have been caused by a
negative impact of high concentrations of inedible algae
or high pH (>8) in periods with high primary production
(cf. Hessen et al. 1995b with references).

It is reasonable to assume that the positive correla-
tions between D. galeata and B. longispina and year
class strength of cisco are related to these two cladocer-
ans being dominant food items for cisco. We hypothe-
sised that year class strength of cisco could be used as
an indicator of fish predation pressure, but this was ob-
viously not the case. Instead, large biomasses of the two
dominant cladocerans seemed to promote strong year
classes of cisco, thus indicating a bottom up effect. The
amount of available food during the early stages of de-
velopment is most likely decisive for the year class
strength of cisco. Our observations are in accordance
with earlier observations that young of the year cisco in
the lake probably rely almost exclusively on crustacean
plankton and to a large extent on D. galeata and B.
longispina (Kjellberg & Sandlund 1983). Average body
lengths of D. galeata and B. longispina (adult females
with eggs) have varied within the ranges 1.0-1.3 mm
and 0.5-0.6 mm respectively in most years (Kjellberg et
al. 2001). These relatively small average body sizes are
most likely caused by strong size-selective predation by
planktivores (cf. Kjellberg & Sandlund op. cit.; Sand-
lund et al. 1987). The relative success of D. galeata
versus the smaller and less visible D. cristata is proba-
bly influenced by the intensity of predation by plank-
tivorous fish, with D. galeata being the more vulnerable
to high predation pressure (cf. Sandlund et al. 1987,
Hessen et al. 1995a). Planktivorous fish may also affect
cladoceran populations indirectly by controlling the
abundance of invertebrate predators like Mysis relicta
and Leptodora kindtii (Kjellberg et al. 1991; Rognerud
& Kjellberg 1990).

Daphnia galeata almost disappeared and other me-
dium sized cladocerans (B. longispina, D. cristata) were
observed in small numbers in 1993, the first year after a
very strong year class of cisco hatched. On the other
hand, another even smaller cladoceran (B. longirostris)
was recorded in considerable numbers in contrast to
most other years. It is reasonable to assume that this
event was caused by intense predation by the large stock
of 17 cisco. If so, the results indicate both top down and
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bottom up effects between planktivores and zooplank-
ton. However, the low abundance of herbivores in 1993
did not cascade down to the phytoplankton level causing
enhanced algal biomass as expected by the trophic cas-
cade hypothesis (Carpenter et al. 1987). PB and Chl-a
concentrations were very low in 1993, thus suggesting a
primarily bottom up regulation of the phytoplankton
level in Lake Mjosa.

6. CONCLUSIONS

The eutrophication and subsequent oligotrophication
of Lake Mjesa affected zooplankton biomass and spe-
cies composition considerably. Several crustacean zoo-
plankton species were clearly negatively affected by re-
duced algal biomass, whereas a few species seemed to
show a positive response. The data from the monitoring
also indicated influence between other time-dependent
factors like epilimnion temperature, planktivorous fish
and zooplankton, although some of the effects were
contrary to what we had expected. Our study empha-
sises the importance of bottom up forces for the tempo-
ral changes in zooplankton community structure and for
the success of planktivorous fish populations. However,
it also indicated top down control on dominant clado-
cerans in years with especially strong year classes of
cisco and competitive interactions between cladocerans
and cyclopoide copepods. This underlines the complex-
ity of factors and processes that affect changes in zoo-
plankton species composition and biomass. The ongoing
monitoring program can serve as a useful tool for the
local, regional and national environment authorities also
in the future, in order to prevent a new eutrophication
process to emerge and for assessing other environmental
impacts like climate change and effects of micro pollut-
ants.
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