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experiments with restricted conditions are more

INTRODUCTION easily interpreted than general survey data set,

because the latter one might embody highly

An ecosystem contains many biotic and abiotic complex characteristics of ecosystem data set,
components with functional interactions (Odum, shown by Fielding (1999). The regulated river
1983). Ecologists have conducted experiments or ecosystem, which has river and reservoir aspects
field surveys in order to explain and understand in turns associated with seasons, is being con-
the dynamics of ecosystems. The results from sidered as one of the complex environments (Jeong
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et al., 2003b; Joo and Jeong, 2005). Due to the in-
creasing tendency of flow regulation in the world
(Tharme, 2003), it is meaningful to give ecologi-
cal attention to the regulated rivers, in terms of
explanation, utilization and conservation of ri-
Vers.

In estimating and assessing water quality in
the freshwater systems, beyond the regulated
rivers, the structure and dynamics of phytop-
lankton assemblage were mainly considered.
Many researches have presented patterning and
analyzed the temporal dynamics and the spatial
distribution of phytoplankton regarding water
quality (e.g., Park and Lee, 2002; Millie et al.,
2004). The trophic state of the river was consi-
dered to explain phytoplankton dominance, rela-
ted to nutrient availability through long-term
management (e.g., Edmondson and Lehman,
1981; Reynolds, 1984). Recently, water quality
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improvements have been reported in terms of
food web dynamics. The grazing impacts of the
zooplankton community on phytoplankton could
produce enhancement of water quality, noticed
as a clear water phase (Kim et al., 1999; Kim et
al., 2003). This ecological phenomenon has been
observed in lake ecosystems (e.g., Hwang et al.,
2004; Tan et al., 2004) and rivers (e.g., Gosselain
et al., 1998; Kim et al., 1999; Leonard and Paerl,
2005). The zooplankton grazing on phytoplankton
(Thompson et al., 1982) and bacteria (Urabe and
Watanabe, 1991) have received increasing atten-
tion in freshwater ecosystems.

The Nakdong River is situated on the south-
eastern area of South Korea (Fig. 1). The catch-
ment area is the second largest and nearly 10
million people inhabits along the river. Many
multi-purpose dams have been constructed for
the stable supply of water resources, and an
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Fig. 1. Map showing the basin of the Nakdong River and study site (® : study site).
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esturine barrage was built in order to suppress
saline damage in the 1980s. Artificial alterations
to the river caused structural and functional
changes in the river limnology. First of all, the
physical alteration of the river through dam
construction increased the retention time of the
water body and converted the river ecosystem
into a river-reservoir hybrid ecosystem (Kim et
al., 1998). The Nakdong River is a good example
of a regulated river, because the river flow is
highly dependant on the dam controls.

In the Nakdong River, much research and
many surveys have been conducted with respect
to limnological components (Ha et al., 1998; Lee,
1999; Park et al., 2003) and several case studies
have been done concerning zooplankton commu-
nities (Kim and Joo, 2000; Kim et al., 2001).
Hydrological parameters such as discharge can
affect zooplankton dynamics and especially the
intensive rainfall in S. Korea may have a critical
effect on the proliferation of cladocerans and
copepods during the summer period (Kim et al.,
2000).

Because of the complicated characteristics of
ecological data from the regulated river systems,
it is difficult to apply traditional predictive or
patterning models to the systems, such as stati-
stical or deterministic methods (Jeong et al.,
2003b). An alternative pathway to representative
ecological models, known as machine learning,
has been suggested and applied in past decades.
The algorithms in the field basically deal with
data in non-linear ways, which are thought to be
suitable for the complicated ecosystem data set
(e.g., Stankovski et al., 1998; Wilson and Reckan-
gel, 2001; van Den Grink et al., 2002). Among the
methods, the Self Organizing Map SOM algori-
thm is considered a good pattern recognizer or
classifier for the ecological dynamics (Chon et al.,
1996, 2003; Brosse et al., 2001; Park et al., 2003).

In this study, long-term limnological parameters
and zooplankton community dynamics were mo-
deled with an SOM algorithm. The aim of this
study is to investigate and assess the seasonal
pattern of zooplankton community dynamics (i.e.
rotifers, cladocerans and copepods) in the lower
Nakdong River, associated with environmental
variables. From the model, information regar-
ding the seasonality of zooplankton community
dynamics and relationships with environments
were abstracted. This may be useful for mana-
ging the river ecosystem, with respect to the food

web interactions.

MATERIALS AND METHODS

1. Limnological data collection and
parameters

Limnological parameters were measured at
Mulgum water intake station (27 km upstream
from the estuarine barrage), and water samples
were collected at the depth of ca. 50 cm from the
surface weakly. Water samples were measured
for water temperature, dissolved oxygen (DO),
turbidity, Secchi disc transparency, pH, discharge,
chlorophyll a. The abundances of zooplankton
communities (e.g. rotifers, cladocerans and cope-
pods) were counted from the samples as well. We
used the dataset measured from 1994 to 2003
(n=350).

Water temperature and DO were measured by
YSI model 58 meter. Turbidity (NTU) was obser-
ved by the use of model 11052 turbidity meter,
and pH was measured by Orion model 250A
meter. A 20 cm-diameter Secchi disc was used to
measure transparency. Discharge data were
provided from Nakdong River Flood Control
Center (NRFCC). Chlorophyll a concentrations
were determined by a spectrophotometer using
an extraction method of Wetzel and Likens
(2000). Zooplankton sampling was conducted by
filtering 8 liters water using a 35-um net, and by
adding 10% formalin (4% final concentration).
Copepods and cladocerans were counted by an
inverted microscope at x 25~50 magnification,
and rotifers were counted by one atx100~400
magnification. ldentification of zooplankton taxa
was conducted at the level of genus or species
using Koste (1978), Smirnov and Timms (1983)
and Bayly (1992).

2. Pattern analysis with Self Organizing Map

Self Organizing Map algorithm was from
Kohonen (1982), which was capable of reducing
data dimensionality (Lin and Lee 1996). Kohonen
network is a competitive network system where
the neurons in Euclidean map space compete
each other. A two-dimensional Kohonen network
was adapted to indicate a seasonal pattern of
each ecological parameter.

In this study, a Kohonen network was prepared
with M? artificial neurons (processing elements)
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(Fig. 2). Input for the network was data of limno-
logical variables i, x; identified during the study
period. All the input data was expressed in a
vector, and input layer consisted of those species.
Every node, j, of the output layer was connected
to each node, i, in the input layer. Hexagonal
array of neurons was selected. The weight vector,
w®, represented the connection between input
and output layers. As training preceded, each
weight value, w;, was adaptively changed at
each iteration t. In initial stage, w® was random-
ly and uniformly distributed in the network arc-
hitecture. As input signal entered the network,
each neuron computed the summed distance
between the weight and input through the equa-
tion below:

X — Wi min{X — Wi Eg. 2.
i

The neuron of a maximum response in the
given input data was selected as a winning
neuron whose weight vector has the minimum
distance to the input vector. The winning neuron

and its neighborhoods learned by changing the
weights in the way of reducing the distance
between the weight and input vector. Following
equation was adapted to this purpose:

Wij(t+l)=Wij(t)+d(t)5(j(t)—Wij(t)[Zj Eq. 3.

where Z;j had value 1 for winner and its neigh-
borhoods whereas 0 for the remaining neurons. a
was the learning rate which dynamically chang-
ed during the training steps. The radius value r®
was initially defined between 1 and m, where m
is the integer of (M-1)/2. Radius gradually reduc-
ed to zero as convergence was achieved. Further
and detailed references can be found in Hecht-
Nielsen (1990), Lin and Lee (1996), and the me-
thodology of applying SOM to ecosystem is ex-
plained in Chon et al. (1996).

Training of SOM was achieved using a time-
series dataset of the study site. All data points
were labeled into four seasons; spring (Mar.~
May), summer (Jun.~ Aug.), autumn (Sep.~Nov.)
and winter (Dec. ~Feb.). After training, data were
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Fig. 2. The process of Self Organizing Map based on the artificial neural network.
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clustered according to the calculated U-matrix,
and season labels were distributed on the SOM
plane. Each parameter had a respective SOM
plane represented by color coding. The range of
color coding was determined by average density
or value of each parameter. For developing SOM
model, Matlab 5.3 and SOM Toolbox for Matlab
were used.

RESULTS

1. The characteristics of limnological
parameters

The general characteristics of ecological vari-
ables input in the SOM algorithm are shown in
Table 1. The mean water temperature was 16.8°C
and large variations could be observed. The max-
imum temperature was over 30°C, which was re-
corded in mid summer. Water of the river was not
frozen in winter. The saturation of dissolved oxy-
gen exhibited nearly 100%. Strong over-satura-
tion was frequently observed, and high oxygen
consumption was detected as well. From the data
set, these fluctuations were due to the seasonal
changes of the river environment.

The values of pH at the study site averagely
persisted slightly alkaline status. Mostly large
variations were detected in summer. Light pene-
tration could be inferred to almost 1 meter from
Secchi disc transparency. In the spring seasons,
high transparency was maintained, while pene-
tration was low during flooding periods. Con-

Table 1. The characteristics of ecological parameters in
the lower Nakdong River (Mulgum) during 1994-

2003.
Unit Max Min Mean S.D.

Water o

temperature C 340 11 16.8 8.6
DO % 183.0 28 107.5 28.7
pH 101 65 8.2 0.8
Secchi

transparency cm 262.0 5.0 79.6 34.0
Conductivity pscm™ 670.0 84.0 326.2 127.6
Turbidity NTU 648.0 1.6 16.6 54.4
Chlorophylla pgL™ 2511 0.0 36.1 35.4
Rotifers Ind. L™* 60796.8 0.0 1352.7 4782.9
Cladocerans Ind. L™ 34581 0.0 52.7 223.6
Copepods Ind.L™* 4260 0.0 160 451

Discharge CMS 6769.2 8.2 5735 693.7

ductivity was 370 us cm™, and abrupt decreases
could be observed during rainy seasons. In win-
ter, relatively high conductivity around 450 ps
cm™ was maintained. The average of turbidity
was about 16, but similar to Secchi transparency,
this parameter exhibited high variations in accor-
dance with seasons (i.e., high turbidity in rainy
periods). The variation of discharge at the study
site was relatively large, and high floods could be
observed in the monsoon and typhoon seasons as
well.

The average value of chlorophyll a was nearly
40 pug L', which means that the Nakdong River
is highly eutrophic. Increases in the parameters
occurred mainly when summer blue-green alage
or winter diatom proliferations proceeded. Three
groups of zooplankton communities exhibited
large standard deviations (s.d.). In other words,
their patterns of growth and death progressed
quickly. In particular, cladocerans showed the
highest relative variation (Coefficient of Varia-
tioin=(s.d./mean) x 100%; 424%, rotifers; 353%,
copepods; 282%).
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2. Seasonal patterns of zooplankton from the
SOM model

The developed model distributed seasonal labels
into the SOM plane (Fig. 3). This figure explained
where each season (spring, summer, autumn and
winter) was arranged on the SOM plane. For
example, we could distinguish where winter was
on the plane. However, in the case of summer, it
was difficult to distinguish. Thus, the SOM algo-
rithm exhibited patterns on the plane in respect
to each input variable. Compared with the input
variable plane, the SOM plane labeled according
to seasons was able to conjecture the attributes
of parameters. Then ten input variables were

27.1
27.1
|16 {161
| 5.15 5.5
NTU Discharge
159 4000
1795 |l 2130
| -0.2 ® I 269
Rotifers Cladocerans
% 9160 668
{4660 1334
1173 0

also represented on the SOM plane (Fig. 4). The
variation of water temperature followed normal
seasonal patterns. DO was high during the win-
ter period when water temperature was very
low. pH was low in late summer and autumn but
relatively high in winter. Secchi disc transparen-
cy intermittently displayed unexceptionally high
values. However, it was very low during the au-
tumn season and partially similar to the pat-
terns of zooplankton communities. This will be
considered further in the discussion section. Tur-
bidity and discharge had large similarity each
other and the values were very high, specifically
in summer and autumn. Chlorophyll a was also
clearly distributed during the winter period. In

pH Secchi

|l 8.14

7.31

179

+{193.8

18.38

Copepods

265

{

(1134

12.44

Fig. 4. The results of each input variable on the SOM matrix.
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the patterns of zooplankton communities (i.e.
rotifers, cladocerans and copepods), most of zoo-
plankton communities were closely placed on the
SOM planes. However, rotifers were mainly re-
presented in spring and autumn, while both cla-
docerans and copepods were relatively dominant
during the higher temperature period, including
summer.

DISCUSSION

After obtaining the SOM results, the ten input
variables were readily discernable on the hexa-
gon matrices. The water temperature matrix
could help the seasonal labels to classify and
make distinctions. For instance, even in summer,
we could easily distinguish rainy summer and
non-rainy summer days by comparing the distri-
butions of turbidity and discharge. The high
value of DO in winter can be thought from two
points of view. Firstly, low water temperature is
able to enlarge the oxygen capacity of a water
body. The second reason is the oxygen production
of diatoms by photosynthesis during the winter
period. In the lower Nakdong River, recurrent
diatom blooms occur every winter. This was also
conveyed by the SOM plane of chlorophyll a.
Many case studies were conducted regarding
winter diatom blooms in the Nakdong River (Ha
et al., 1998, 2003; Jeong et al., 2003a). Especially
Stephanodiscus hantzschii is well known as a
predominant species during this period (Ha et
al., 2003). The pH pattern may also be related to
the diatom bloom. Shapiro (1990) explained pH
concerning CO, complex with respect to blue-
green algae. Low concentrations of carbon dioxide
by the diatom bloom can contribute to an increase
in pH values.

Secchi disc transparency was very low and it
was matched with high turbidity on the SOM
plane. However, high transparency was partly
discrete with low turbidity. This is because met-
eorological conditions (e.g. irradiance time, light
penetration, etc.) can largely affect to measure
transparency. Interestingly, the transparency
matrix could discriminate the influence of phyto-
plankton abundance, in contrast to the turbidity
matrix. High concentrations of chlorophyll a dec-
reased Secchi disc transparency during the winter
period (De séve, 1993). On the turbidity matrix,
it was difficult to discriminate the impact of chlo-

rophyll a.

Zooplankton communities mostly dominated
and were placed on similar positions of the SOM
plane. However, rotifers exhibited high density
in lower temperatures as compared with clado-
cerans and copepods. This matched the predomi-
nant period well. Generally, in the lower Nakdong
River, zooplankton abundance has started to
increase since March or April when water tem-
perature goes up (Kim et al., 2000). At the begin-
ning of the periods of zooplankton presence, roti-
fers were dominant and then cladocerans and
copepods, which are bigger than rotifers were
strongly dominant. During this period, the Nak-
dong River is seldom influenced by precipitation
or high discharge. Swift grazing into phytoplank-
ton occurs based on the macrozooplankton (i.e.
cladocerans and copepods) activities (Kim et al.,
2000). Thus, water transparency becomes very
high, and this period is called the ‘Clear Water
Phase’. This phenomenon was indirectly detected
from the SOM plane of zooplankton community
as compared with Secchi disc transparency. It
was thought that cladocerans and copepods com-
munities highly contributed to enhance water
transparency, while rotifers’ effect was relative-
ly low. Even though the cells containing the high-
est Secchi disc transparency values were rela-
tively apart from the high zooplankton cells,
these cells contained data from a serried of dates
(i.e., April to May in 2000). The abundance of
zooplankton communities in this period was
higher than before and after this period (high
transparency period, cladocerans, 109 ind. L™
copepods, 72ind. L™*; other periods, almost 0).

From the SOM results, many phenomena could
be elucidated on the basis of limnological para-
meters. Normally modelling is required when
researchers encounter difficulties in analyzing
ecosystems directly, or need to predict the future
dynamics of the ecosystems (Joo and Jeong, 2005).
Researchers require feasible methods to explain
and analyze their data set. From this point of
view, the SOM model regarding zooplankton
dynamics could be meaningful. First, this analy-
sis was conducted on the basis of a non-linear
algorithm as compared with traditional statisti-
cal approaches. Second, explaining and under-
standing the data sets is more easily acceptable
through the visualization of the SOM. Moreover,
a non-linear algorithm could be more effective
and suitable for the elucidation of environmental



Patterning Zooplankton Dynamics by Means of the Self-Organizing Map 59

parameters due to the complexity and non-lin-
earity of ecosystems as well as the limitations in
considering components.
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ABSTRACT

The aim of this study was to analyze the seaso-
nal patterns of zooplankton community dynamics
in the lower Nakdong River (Mulgum, RK; river
kilometer; 27 km from the estuarine barrage),
with a Self-Organizing Map (SOM) based on
weekly sampled data collected over ten years
(1994 ~2003). It is well known that zooplankton
groups had important role in the food web of fre-
shwater ecosystems, however, less attention has
been paid to this group compared with other
community constituents. A non-linear patterning
algorithm of the SOM was applied to discover
the relationship among river environments and
zooplankton community dynamics. Limnological
variables (water temperature, dissolved oxygen,
pH, Secchi transparency, turbidity, chlorophyll
a, discharge, etc.) were taken into account to
implement patterning seasonal changes of zoop-
lankton community structures (consisting of roti-
fers, cladocerans and copepods). The trained
SOM model allocated zooplankton on the map
plane with limnological parameters. Three
zooplankton groups had high similarities to one
another in their changing seasonal patterns.
Among the limnological variables, water tempe-
rature was highly related to the zooplankton
community dynamics (especially for cladocerans).
The SOM model illustrated the suppression of
zooplankton due to the increased river discharge,
particularly in summer. Chlorophyll a concen-
trations were separated from zooplankton data
set on the map plane, which would intimate the
herbivorous activity of dominant grazers. This
study introduces the zooplankton dynamics asso-
ciated with limnological parameters using a non-
linear method, and the information will be useful

for managing the river ecosystem, with respect
to the food web interactions.

REFERENCES

Bayly, I.LA.E. 1992. ‘The Non-marine Centropagidae
(Copepoda: Calanoida) of the World."” Guides to
the identification of the microinvertebrates of the
continental waters of the world. No. 2. (SPB
Academic Publishing: The Hague).

Brosse, S., J.L. Giraudel and S. Lek. 2001. Utilization
of non-supervised neural networks and principal
component analysis to study fish assemblages.
Ecol. Model. 146: 159-166.

Chon, T.S., Y.S. Park, I.S. Kwak and E.Y. Cha. 2003.
Non-linear approach to grouping, dynamics and
organizational informatics of benthic macroin-
vertebrate communities in streams by artificial
neural networks, In: Recknagel F (ed) Ecological
informatics: understanding ecology by biologically
-inspired computation. Springer-Verlag, NY pp.
127-178.

Chon, T.S., Y.S. Park, K.H. Moon and E.Y. Cha.
1996. Patternizing communities by using an arti-
ficial neural network. Ecol. Model. 90: 69-78.

De seve, M.A. 1993. Diatom bloom in the tidal fresh-
water zone of a turbid and shallow estuary, Rubert
Bay (James Bay, Canada). Hydrobiologia 269-
270: 225-233.

Edmondson, W.T. and J.T. Lehman. 1981. The effect
of changes in the nutrient income on the condition
of Lake Washington. Limnol. Oceanogr. 26: 1-29.

Fielding, A.H. 1999. An introduction to machine lear-
ning methods. In: A.H. Fielding (editor). Machine
Learning Methods for Ecological Applications.
Kluwer Academic Publishers, Massachusetts, pp.
1-35.

Gosselain, V., J.P. Descy, L. Viroux, C.J. Justo and A.
Hammer. 1998. Grazing by large river zooplan-
kton: a key to summer potamoplankton decline?
The case of the Meuse and Moselle rivers in 1994
and 1995. Hydrobiologia 369/370: 199-216.

Ha, K., H.W. Kim and G.J. Joo. 1998. The phyto-
plankton succession in the lower part of hypert-
rophic Nakdong River (Mulgum), South Korea.
Hydrobiologia 369/370: 217-227.

Ha, K., M.H. Jang and G.J. Joo, 2003. Winter Ste-
phanodiscus bloom development in the lower
Nakdong River regulated by an estuary dam and
tributaries. Hydrobiologia 506: 221-227.

Hecht-Nielsen, R. 1990. Neurocomputing. Addison-
Wesley, Reading, UK.

Hwang, S.J., H.S. Kim, J.K. Shin, J.M. Oh and D.S.
Kong. 2004. Grazing effects of a freshwater biva-
Ive (Corbicula leana Prime) and large zooplankton
on phytoplankton communities in two Korean
lakes. Hydrobiologia 515: 161-179.



60 Kim, Dong-Kyun - Gea-Jae Joo - Kwang-Seuk Jeong - Kwang-Hyeon Chang - Hyun-Woo Kim

Jeong, K.S., D.K. Kim, P. Whigham and G.J. Joo.
2003b. Modelling Microcystis aeruginosa bloom
dynamics in the Nakdong River by means of evo-
lutionary computationand statistical approach.
Ecol. Model. 161: 63-75.

Jeong, K.S., F. Recknagel and G.J. Joo. 2003a. Pre-
diction and elucidation of population dynamics of
a blue-green algae (Microcystis aeruginosa) and
diatom (Stephanodiscus hantzschii) in the Nakdong
River-Reservoir System (South Korea) by a recur-
rent artificial neural network. In: F. Recknagel
(Editor). Ecological Informatics. Springer, Berlin,
pp. 196-213.

Joo, G.J. and K.S. Jeong. 2005. Modelling community
changes of cyanobacteria in a flow regulated river
(the lower Nakdong River, S. Korea) by means of
a Self-Organizing Map (SOM). In: S. Lek, M.
Scardi and J.P. Descy (eds.) Modelling Community
Structure in Freshwater Ecosystems, Springer.

Kim, HW. and G.J. Joo. 2000. The longitudinal dis-
tribution and community dynamics of zooplankton
in a regulated large river: a case study of the
Nakdong River (Korea). Hydrobiologia 438: 171-
184.

Kim, HW., G.J. Joo and N. Walz. 2001. Zooplankton
Dynamics in the hyper-eutrophic Nakdong River
system (Korea) regulated by an estuary dam and
side channels. Internat. Rev. Hydrobiol. 86: 127-
143.

Kim, HW., G.J. Joo, K.H. Chang and S.J. Hwang.
2000. Zooplankton community dynamics during
the summer Microcystis bloom in the lower part
of the Nakdong River, South Korea. Verh. Internat.
Verein. Limnol. 27: 1044-1049.

Kim, HW., K-H. Chang, K.-S. Jeong and G.J. Joo.
2003. The spring metazooplankton dynamics in
the river-reservoir hybrid system (Nakdong River,
Korea): Its role in controlling the phytoplankton
biomass. Kor. J. Limnol. 36: 420-426.

Kim, HW., K. Ha and G.J. Joo. 1998. Eutrophication
of the lower Nakdong River after the construction
of an estuarine dam in 1987. Internat. Rev. Hyd-
robiol. 83: 65-72.

Kim, HW., S.J. Hwang and G.J. Joo. 1999. Grazing
rates of rotifers and their contribution to commu-
nity grazing in the Nakdong River. Korean J.
Ecol. 22: 337-342.

Kohonen, T. 1982. Self-organized formation of topo-
logically correct feature maps. Biol. Cybern. 43:
59-69.

Koste, W. 1978. Rotatoria. Die Radertiere Mitteleu-
ropas. Ein Bestimmungswerk begrundet von Max
Voigt, 2nd edn. (Borntrager: Stuttgart, Vol. 1,
Textband 673p., Vol. 2. Textband 234p.)

Lee, S. 1999. Inter-annual variability of nutrient
loading in the lower Nakdong River, Mulgum,
Korea. Acta Hydrobiol. Sinica 23: 17-23.

Leonard, J.A. and H.W. Paerl. 2005. Zooplankton

community structure, micro-zooplankton grazing
impact, and seston energy content in the St. Johns
river system, Florida as influenced by the toxic
cyanobacterium Cylindrospermopsis raciborskii.
Hydrobiologia 537: 89-97

Lin, C.T. and C.S.G. Lee. 1996. Neural Fuzzy Sys-
tems: A Neuro-Fuzzy Synergism to Intelligent
Systems. Prentice Hall, NJ, 797 pp.

Millie, D.F., H.J. Carrickb, P.H. Doeringc and K.A.
Steidingera. 2004. Intra-annual variability of
water quality and phytoplankton in the North Fork
of the St. Lucie River Estuary, Florida (USA): a
guantitative assessment. Estua. Coast. Shelf Sci.
61: 137-149.

Odum, E.P. 1983. Basic Ecology. Saunders College
Publishing, Florida, 613 pp.

Park, S.S. and Y.S. Lee. 2002. A water quality mode-
ling study of the Nakdong River, Korea. Ecol.
Model. 152: 65-75.

Park, Y.S., P.F. Verdonschot, T.S. Chon and S. Lek.
2003. Patterning and predicting aquatic macroin-
vertebrate diversities using artificial neural net-
work. Water Res. 37: 1749-1758.

Reynolds, C.S. 1984. The Ecology of Freshwater Phy-
toplankton. Cambridge University Press, Cambri-
dge.

Shapiro, J. 1990. Current beliefs regarding domi-
nance by blue-greens: the case for the importance
of CO. and pH. Verh. Int. Verein. Limnol. 24: 38-
54.

Smirnov, N.N. and B.V. Timms. 1983. A revision of
the Australian Cladocera (Crustacea). Records of
the Australian Museum Supplement 1: 1-132.

Stankovski, V.M. Debeljak, I. Bratko and M. Adamic.
1998 Modelling the population dynamics of red
deer (Cervus elaphus L) with regard to forest
development. Ecol. Model. 108: 143-153.

Tan, Y., L. Huang, Q. Chen and X. Huang. 2004.
Seasonal variation in zooplankton composition
and grazing impact on phytoplankton standing
stock in the Pearl River Estuary, China. Cont.
Shelf Res. 24: 1949-1968.

Tharme, R.E. 2003. A global perspective on environ-
mental flow assessment: emerging trends in the
development and application of environmental
flow methodologies for river. River Res. Applic.
19: 397-441.

Thompson, J.M., A.J. Fergson and C.S. Reynolds.
1982. Natural filtration rates of zooplankton in a
closed system: The derivation of a community
grazing index. J. Plankton Res. 4: 545-560.

Urabe, J. and Y. Watanabe. 1991. Effect of food con-
ditions on the bacterial feeding Daphnia galeata.
Hydrobiologia 225: 121-128.

van Den Brink, P., J. Roelsma, E. van Nes, M. Sche-
ffer and T. Brock. 2002. Perpest Model, A case-
based reasoning approach to predict ecological
risks of pesticides. Environ. Toxicol. Chem. 21:



Patterning Zooplankton Dynamics by Means of the Self-Organizing Map 61

2500-2506. dictions of algal abundance in freshwater lakes.
Wetzel, R.G. and G.E. Likens. 2000. Limnological Ecol. Model. 146: 69-84.

Analyses. 3rd edn. Springer-Verlag. New York.

429p.
Wilson, H. and F. Recknagel. 2001. Towards a generic (Manuscript received 20 December 2005,

artificial neural network model for dynamic pre- Revision accepted 10 February 2006)



