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Abstract. Climate change is one of the most crucial ecological problems of our age with great influence.
Seasonal dynamics of aquatic communities are — among others — regulated by the climate, especially
by temperature. In this case study we attempted the simulation modelling of the seasonal dynamics of a
copepod species, Cyclops vicinus, which ranks among the zooplankton community, based on a
quantitative database containing ten years of data from the Danube’s God area. We set up a simulation
model predicting the abundance of Cyclops vicinus by considering only temperature as it affects the
abundance of population. The model was adapted to eight years of daily temperature data observed
between 1981 and 1994 and was tested successfully with the additional data of two further years. The
model was run with the data series of climate change scenarios specified for the period around 2070-
2100. On the other hand we looked for the geographically analogous areas with the God region which are
mostly similar to the future climate of the God area. By means of the above-mentioned points we can get
a view how the climate of the region will change by the end of the 21" century, and the way the seasonal
dynamics of a chosen planktonic crustacean species may follow this change. According to our results the
area of God will be similar to the northern region of Greece. The maximum abundance of the examined
species occurs a month to one and a half months earlier, moreover larger variances are expected between
years in respect of the abundance. The deviations are expected in the direction of smaller or significantly
larger abundance not observed earlier.
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Introduction

Climate change, the global warming can affect the aquatic ecosystems in a very
sensible way (Straile 2005; Novdky and Balint 2004). Therefore the research of the
effect of climate variability on the aquatic ecosystems is an indispensable task.

One possible approach is the weather conditions depending simulation modelling of
an appropriately chosen aquatic community. By the help of the simulation models we
can predict the possible changes in the seasonal dynamics of the given aquatic
community in the case of the alternative climate change scenarios, it is indeterminate
though. Considering the errors and assumptions of the model, the most likely, possible
scenarios of the effect of climate change can be achieved (Hufnagel and Gadl, 2005).
For the modelling of the seasonal dynamics of population-collectives applying of extant
model system is possible (Laddnyi et al. 2003).

The seasonal dynamics of freshwater zooplankton communities is primarily
influenced by climatic factors. Several authors have tried to describe and explore these
connections (Bernot et al. 2004, Zelikman and Kamshilov, 1960, Hassel 1986, Villate et
al. 1997). For modelling the seasonal dynamics complex approach is used generally:
besides environmental factors, predator and prey terms are used as parameters
(Broekhuizen et al. 1995, Angelini and Petrere 2000). However making comprehensive
models requires many pieces of information, which could not be achieved at all times,
as we are not able to measure the information for the parameters at the field. Therefore
often so-called strategic models are set up, which focus on the essence of the process,
hence many pieces of information are lost. Notwithstanding these models can be useful
tools to understand the general function of the complex system. This is realized by
stressing one factor considered as the most essential and neglecting the other factors.

Many authors draw attention to the relevance of temperature as the main regulating
factor (Baranovic et al. 1993, Christou and Moraitou-Apostolopoulou 1995, Christou
1998, Dippner et al. 2000, Iguchi 2004, Meise-Munns et al. 1990, Viitasalo et al. 1990).
We set up a discrete-deterministic simulation model which predicts the daily abundance
of the investigated species by considering temperature as the main regulating factor and
the abundance of population of the previous day. Our former studies were run on the
seasonal dynamics modelling of the macroinvertebrate community in Lake Balaton
(Sipkay and Hufnagel 2006, 2007) respectively of zooplankton and macroinvertebrate
species in artificial water bodies (Vadadi and Hufnagel 2007). Present case study is
made for modelling the seasonal dynamics of a Danubian copepod (Cyclopoida) species
(Cyclops vicinus Uljanin, 1875) which is classed among the zooplankton.

The model was run with the data series of climate change scenarios that were
specified for the period around 2070-2100, to answer the question, what changes could
be expected concerning the seasonal dynamics of the species in question. What is more,
we searched for the geographically analogous regions with similar climate as compared
to the climate of the sampling site expected in the future, to demonstrate the climate
change of the sampling site for the given period.
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Materials and methods
Data series used in study

Quantitative data on copepods and cladocerans (ind/m’) are available for the period
of 1981-1994 (excepting the year 1990) based on the database of the Hungarian
Academy of Sciences, Hungarian Danube Research Station. Sampling was conducted in
the main arm of the Danube by G6d (1668 rkm) at a constant site near to the riverbank,
filtering 200 liters of water with a plankton net (mesh size 75um) from the surface at all
times. Mostly samplings were performed weekly. Such frequent samplings adapt our
data using for weather-dependent simulation modelling.

The meteorological data of the stations by Viac and Szentendre were applied,
provided by the Hungarian Meteorological Office, as these two stations are near to the
sampling site.

We used three data series of daily temperature for the period around 2070-2100,
which are based on the A2 and B2 scenarios offered by the IPCC (2007). We used up
the database of the PRUDENCE EU project (Christensen, 2005), namely the A2 and B2
scenarios of the HadCM3 climate change model run by the Hadley Centre (HC).
Thirdly the running results of the Max Planck Institute (MPI) for the A2 scenario were
applied. Daily data specified for the period around 2070-2100 are downscaled to the
region of Budapest. Daily data series gained from running of the above-mentioned
scenarios three times differently, are containing 31 years in each of the three cases.

For the geographical analogy the observed climatic data were obtained from the
internationally accepted CRU TYN CL 2.0 database. This contains the mean monthly
temperature and rainfall data for the period of 1961-1990 with a 10 minutes spatial
resolution.

Geographical analogy

One possible tool for analyzing climate change scenarios is the method of
geographical analogy. This method is used for looking for regions that have similar
climatic features currently, as compared to the examined area in the future (Horvdth,
2007). The CLIMEX method (Sutherst et al., 1998) was used for analyzing the area of
God, the grids of the TYN CL 2.0 (New et al., 1999, 2002) database were characterized
on the basis of the climate related to a given grid, which has the greatest similarity with
the data of scenarios. Regions can be regarded as analogous if their climatic similarity is
greater than 90 %. Calculations were carried out based on the monthly temperature and
rainfall values of all the 12 months.

Simulation modelling

An all the year present, dominant species (Cyclops vicinus), often appearing in high
abundance, was chosen for modelling from the investigated crustacean plankton. The
model is based on the main hypothesis that temperature is the principal regulating
factor, so thus the abundance pattern is determined by the minimum and maximum
temperature, other effects (like trophic relations and other interpopulation interactions)
can be realized as hidden or as integrated in the main effect. We suppose that the
temperature reaction-curve must be the sum of optimum curves, since the temperature
optimum-curves of the different developmental stages of the species in question or its
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distinct subpopulations, additionally every other biological phenomena determining the
growth rate of the species can be added together in the reaction-curve. The seasonal
dynamics of copepodits and adults of the chosen species were modelled separately. The
individual numbers depend on the multiplier of minimum and maximum temperature
(°C) values according to the following formula:

Nt:RT.Nt-l (Eq 1)

Where N is the individual number of the population (adult or copepodit) at the time
o7, Rr is the value of the multiplier. Both of the temperature reaction-curves of
minimum and maximum temperatures can be generated as the sum of two normal
distributions. The parameters of the model consist of the standard deviations and means
of the distributions, as well as an added constant, furthermore the constant values that
were multiplied by the normal distributions. After all, the model for Cyclops vicinus is
realized as the sum of the models run with the data of adults and copepodits. Parameters
were optimalized with the Solver program of MS Excel.

From the data series for 10 years available for us, our model was fitted to 8 years of
data. The remaining two years of data series (the year 1983 and 1987) were used for
testing and validating the model.

The model was run with the daily data series of different climate change scenarios,
beginning each year with an initial copepodit and adult abundance at the first day.

Statistical analysis of the results was performed using Past software (version 1.36,
Copyright Hammer and Harper 1999-2005). The date of reaching of the maximum
abundance was used as indicator, one-way ANOVA was used for checking if there is
any difference between the scenarios regarding their prospective values. The post-hoc
Tukey-test was performed to explore the significant differences between groups in
pairwise comparisons; homogeneity of variance was checked with the Levene test.

Results
Geographical analogy

The present regions which have greater than 90 % similarity with the future climate
of God are presented in Figure I. Intense (above 95 %) analogy was not found in any
cases. Analogous regions can be found most of all in Northern Greece.
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God in the period of 2070-2100 shows 90-93 % similarity with the present climate of
the northern regions of Greece.
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Results of the simulation modelling

The temporal changes of the observed and simulated abundance of Cyclops vicinus
during the 10 years are presented in Figure 2 a and b. It can be seen that the model fits
well to the observed values even in the case of the validating years (1983 and 1987).

The differences between the scenarios proved not to be significant (P= 0,07) based
on the one-way ANOVA, performed for the date of supervention of maximum
abundance in the model for the seasonal dynamics of Cyclops vicinus.
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Figure 2. The seasonal changes of the observed and simulated individual numbers (ind/m3) of
Cyclops vicinus in the years 1981, 1982, 1983, 1984, 1985 (a), as well as in 1986, 1987, 1988,
1989 and 1994 (b).

According to the Levene test (p= 0, 17) the variances are homogeneous. No
significant difference between the scenarios was detected by the Tukey-test based on
pairwise comparisons. More intense similarity can be detected between the A2 and B2

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 6(4): 101-109.
http://www.ecology.uni-corvinus.hu e ISSN 1589 1623
© 2008, Penkala Bt., Budapest, Hungary



Sipkay et al.: Analysis of climate change scenarios based on modelling of the seasonal dynamics of a Danubian copepod species
- 106 -

scenarios of the Hadley Centre, than between the results of the two institute for the A2
scenario.

In the model fitted to the observed data (between the years 1981 and 1994), the
maximum abundance occurs between the day 111 and 153, on the average at the day
137 (17 May). In contrast to the above-mentioned results, the maximum abundance
occurs one respectively one and a half month earlier, on the average at the day 93 (A2,
MPI), 98 (B2, HC) or 101 (A2, HC) regarding the scenarios, consequently between the
3 and 11 April.

No obvious increasing or decreasing tendency can be stated based on the maximum
abundance and the yearly total abundance (7able 1), but anyway a shift is expected
compared to the examined state. According to the climate change scenarios in the
period around 2070-2100, lower or markedly higher maximum abundance and yearly
total abundance values are expected by greater chance, as compared to the period 1981-
1994. Only on the basis of the A2 scenario of the Max Planck Institute can be stated that
the abundance shifts around the higher values compared to the examined values. On the
whole rather increasing abundance can be predicted based on the three scenarios, since
the abundance values (maximum and yearly total abundance) proved to be so high on
the basis of many years of model running, as could not be observed in the examined
period. The results however must be handled watchful, since the simplicity of the model
and also because the scenarios are outcomes of different models.

Table 1. The summary of the results of the model fitted to 10 years of observed data and to
the data of A2 and B2 scenarios of the Hadley Centre (HC) and the Max Planck Institute
(MPI) launched for 31 years. In the first column the categories of the supervention of the
maximum abundance (which day of the year), maximum abundance and yearly total
abundance are presented. In the other columns the proportions of the real data and
scenarios are presented in percentage.

Supervention of the maximum abundance Real data A2 (HC) A2 (MPI) B2 (HC)
below 100 0% 42% 65% 45%
101-130 30% 55% 29% 55%
131-160 70% 3% 6% 0%
above 161 0% 0% 0% 0%

Maximum abundance Real data A2 (HC) A2 (MPI) B2 (HC)
below 100 20% 39% 16% 45%
101-400 50% 23% 10% 13%
401-800 30% 3% 3% 6%
above 801 0% 35% 71% 36%

Yearly total abundance Real data A2 (HC) A2 (MPI) B2 (HC)
below 3000 20% 55% 19% 45%
3001-6000 40% 13% 6% 10%
6001-20000 40% 6% 7% 19%
above 20001 0% 26% 68% 26%

Results

Neither similar climate to the expected climate of God for the end of the century
along the Danube, nor intense similarity throughout Europe were found, supposedly
owing to the large extent of changes due to happen by the end of the century. The
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regions with the greatest similarity are at a distance of about 400 km, which is in
accordance with the data from literature.

We managed to set up a model predicting the seasonal changes of the abundance of
Cyclops vicinus based on the daily maximum and minimum temperature values, it fitted
well to the observed data and was validated. Even if we do not understand exactly the
reason that the temperature is the main regulating factor, nevertheless we accept this
fact; predictions can be made for the period around 2070-2100 regarding the abundance,
by means of the model run with the data series of scenarios. From the A2 and B2 basic
scenarios of the IPCC, the former predicts more drastic, the latter more moderate
changes (IPCC, 2007). However our results show, that greater correspondence is
between the outcome of the model run with the data series of the A2 and B2 scenarios
of the Hadley Centre, compared to the results for the A2 scenarios run with the data of
the two institutes. No significant difference was found between the scenarios.
According to the former result, the change caused by the significant warming with
different rate does not create notably different outcomes regarding the seasonal
dynamics of the given species; the reaction to the warming can be regarded as uniform
compared to the examined period (1981-1994).

According to the results the date of the supervention of maximum abundance shifts
one respectively one and a half month earlier during the year. From the change in
abundance predicted by the scenarios (namely shifting the maximum abundance and the
yearly total abundance around the higher or lower values) may be concluded that, an
unstable weather status may evolve in the period around 2070-2100 from the point of
view of the examined species. Accordingly significantly greater fluctuations are
expected in the abundance between the years due to global warming. On the other hand
rather the increase of abundance can be made probable, which can be interpreted by
physiological reasons. The shift of maximum abundance was observed around earlier
dates by the cyclopoids and Eudiaptomus zachariasi in small artificial water bodies due
to drastic warming, based on the simulation model in our former investigations (Vadadi
and Hufnagel, 2007). However the zooplankton abundance showed distinct decline
because of the drastic warming. Puelles et al. (2003) found the zooplankton abundance
decreasing in a survey included 5 years, which was correlated with the global warming.
This contradiction can be explained by the different physiological needs of the chosen
species, or by the fluvial milieu.

Based on our zooplankton database the next step beyond the survey of species can be
the research of guilds, moreover complex guilds within a food web. Nevertheless in the
future it is worth investigating the relationship between the temperature of air and
water, just as their potential changes owing to climate change.
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