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Abstract – While studying the fish populations in small streamlets and their responses to climate change
and anthropogenic stress, the following parameters are used: present/absent species, relative number, and
relative biomass recently. Although the image/structure of the population differ from these parameters, this
problem has not been investigated by researchers in this topic. It is now known that the potential energy
accumulated in animal tissues is the best indicator of his strength and importance in nature, but I have not
encountered work assessing the image of population structure according to these population parameters.
Consequently, most reliable parameter � the relative calorific value of biomass (in the wet weight), was
used. Relative biomass is the parameter of the population, which was found to be the closest to the calorific
value of the biomass, as demonstrated by the SOM (self-organizing map) artificial neural network algorithm
used in this study. For this reason, attempts have been made to convince authors of future work that relative
biomass studies are used in the studies of fish assemblages, as research has already been undertaken, and this
paper provides evidence that this choice is justified.
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caloricity
1 Introduction

The complex relationship between abiotic and biotic
factors leads to many assemblages, which differ in their
composition. An assemblage must be more than a random
collection of species able to survive in a given area (Allan,
1995). The availability of adequate food for species is one of
the most important factors governing the composition and
stability of an assemblage, and the caloric content of the body
is one of the important factors deciding about the composition
and stability of populations within an assemblage (Beugly and
Pyron, 2010).

The similarity of the structure of assemblages of fish in
inland waters is assessed using two parameters: the species
present/absent and relative number (Matthews, 1998), plus
also recently the relative biomass (Penczak et al., 2005). The
introduction of the new parameter concerning the relative
calorific value is justified by the validity of the potential energy
in the ecosystem and the species that inhabit it (Tytler and
Calow, 1985) and, accordingly, the growth of vertebrates has
been constrained by the limited supply of potential energy
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(Allan, 1995). A noticeable mistake is that one judges the
validity of a species in an assemblage by comparing, for
example, an individual stickleback (about 1–3 g body weight)
with a sexually mature pike or roach (weighing hundreds or
even thousands of grams). Despite this fact, a few papers have
been published in which the relative biomass of fish was used
for assemblages' analysis instead of the relative number but
without showing how assemblage will be looking when it will
be made by the use of a caloric value (Kruk, 2006; Kruk et al.,
2007; Penczak, 2011b; Kruk and Penczak, 2013; Penczak
et al., 2013).

In temperate zones, fat levels increase in fish tissues
before winter, and during spawning. However, this has no
negative impact on our current research, as fish were caught
in the same month. Also in the Dobrzynka Stream all fish
species have a similar percentage of fat in the body (Penczak
et al., 1977). However, there are fish species with higher
levels of fat in tissues such as Anguillidae, Salmoninae,
Coregoninae, or Thymallinae in Central European rivers,
which may produce large numbers of populations, and the
differences between biomass and body calories may be much
larger, and can provide different of the assemblages
dislocation in respective SOM's neurons, However, relative
biomass and relative body caloricity will still remain most
close to each other.
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Fig. 1. Map of the study area and position of sites (A–E).
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The aim of the study is to show which among used at
present population parameters have a structure similar to the
one obtained by the biomass caloricity.

2 Study area

The Dobrzynka Stream selected for the study is a left-side
tributary of the Ner River in the Warta River system, Poland
(Fig. 1). The length of the stream is about 21 km and its
catchment is mostly meadows adjoining the banks, but there is
occasionally arable land and forest in the source section. The
Dobrzynka Stream, from its sources down to Pabianice, which
the stream enters at the 15 km of its course, was slightly
polluted by domestic sewage and occasionally by several
farms distributed along its upper course.

The stream reach investigated was natural and meandering
during 1979–1988, which is the period of the study. In 1989 the
reach was regulated with two cement low-head dams and the
period after 1989 is ignored to avoid the destructive impact of
the dams on the formation of a fish assemblage (Penczak and
Kruk 2005; Penczak et al., 2009).

Two rifles (each up to 10m long) and ten pools (all being
shallow enough for wading during sampling) occurred within
the natural reach. The mean water discharge on the days of
sampling (in each October of 1979–1988) was 0.15m3 s�1

(0.10–0.26m3 s�1). This stream can be considered a typical
lowland one because the dominant breeding group in it are
phytophilic fish species, and the only lithophil is a species of
lamprey (Tab. 1). Mean water and air temperatures during the
10 years of study measured in October were respectively
13.0 °C (range: 9–13.4 °C), and 16.2 °C (range: 9.5–25 °C).

3 Materials and methods

The fish were sampled each year at the end of their growing
season (October, between 1979 and 1988). In October
freshwater fish in central Europe achieve maximum body
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weight, body caloricity and mean biomass of populations, etc.
in the given year (Penczak et al., 1982). During winter only
decreases in the values of these parameters of fish individuals
and fish populations have been recorded (Wootton, 1985).

The scientific name and English name of fish species, and
their abbreviations, are in Table 1, whereby each species is
organized according to its reproductive guild (Balon, 1990).

This study is based on one run/catch conducted on a CPUE
basis (catch per unit of effort and consistent length of the river
bank, the same electro shocker, two-anode dipnet; data used in
the present study were not used in our former publications
devoted of the Dobrzynka Stream fishes (Penczak, 2011b).

Fish were obtained in the course of the electrofishing by
two people wading upstream with anode-dipnet, using a full-
wave rectified current supplied from a 3 kW generator with an
output of 220–230V and 1.5–3.0A at the dip-nets (Penczak,
1981). The fish were caught in five adjacent sites, each 100m
long, with the exception of the middle one, which was 50m
long; the whole study section was thus 450m (Fig. 1, see sites
A–E). The study used results obtained from the first catch only,
and the average relative number and relative biomass were
calculated from five sites in 100m2.

Measurements of the energy content were made using a
non-adiabatic calorimeter micro bomb (Klekowski and
Bęczkowski, 1973), and pellets prepared from homogenates
of whole fish were used (Penczak et al., 1982). Knowledge of
the percentage of the water content in tissues and the caloric
content of the dry mass of fish made it possible to calculate the
energy content in the wet weight of fish species present in the
stream to calculate the relative biomass (Penczak et al., 1984).
Caloric content can only be measured in the dry matter in the
micro bomb, but in bioenergetic papers it is given in both dry or
wet mass. Such studies are expensive, but data on the body
caloricity of plants and animals are available in literature
(Cummins and Wuycheck, 1971).

A Kohen self-organizing map (SOM) was applied for
ordering data (see Tab. 3) using the SOM Toolbox for Matlab
version 6.1.0.450; implementation the SOM algorithm
developed by the Helsinki University Technology (Vesanto
et al., 2000; Kohonen, 2001; Céréghino and Park, 2009). The
advantage of this method is that it can be used to effectively
analyze complex data sets despite non-linear relationships and
non-normal distributions, and it results in a two-dimensional
map that is easy to interpret (Kohonen, 2001). The method has
been commonly used for data analysis in various fields,
including ecology, agriculture, health, and climate and
engineering (Chon, 2011). The SOM has been proven to be
an effective and powerful tool for exploring patterns in species'
distributions and the structure of plants and animal communi-
ties, and the presence of each of the samples in the same neuron
states do not differ significantly with the relevant parameter
values used for its creation (Chon et al., 1996; Giraudel and
Lek, 2001; Penczak et al., 2005, 2009; Kruk, 2006, 2007;
Kalteh et al., 2008; Bedoya et al., 2009; Jutagate et al., 2011;
Stojkovic et al., 2013).

The number of input neurons is equal to the number of
variables in the data set, such as the number of years (10). Each
input neuron is connected to all of the output neurons. During
the training process, input neurons transmit signals to the
output layer of neurons; with the data being 16 taxa� 10 years.
Times in the rough training phase and in the finetuning phase,
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Table 1. Reproductive guilds, according to Balon (1990), of fish and lampreys collected in the Dobrzynka Stream in the period 1979–1988.

Guild Scientific name English name Abbreviation

Nonguarding and open substratum egg scattering

Phytolitophils
Perca fluviatilis L. perch Pfluv
Rutilus rutilus (L.) roach Rruti

Phytophils

Esox lucius L. pike Lluci
Tinca tinca (L.) tench Ttinc
Carassius carassius (L.) crucian carp Ccara
Carassius gibelio (Bloch) giebel Cgibe
Cyprinus carpio L. carp Ccarp
Misgurnus fossilis (L.) mud loach Mfoss
Cobitis taenia L. gudgeon Ggobi
Nemacheilus barbatulus (L.) loach Nbarb

Nonguarding and brood hiding
Litophils Eudontomyzon mariae (Berg) Ukrainian lamprey Emari
Ostracophil Rhodeus sericeus (Bloch) bitterling Rseri
Guarding and cluttch tending
Phytophil Leucaspius delineatus (Heckel) sunbleak Ldeli
Guarding and nesting

Ariadnophils

Gasterosteus aculeatus L. stickleback Gacul
Pungitius pungitius (L.) ten-spined Ppung

stickleback –

Table 2. Quantization and topographic errors for four population's
parameters estimated in seconds (each at 100 epoch) for rough
training phase has length 12 and for finetuning phase � 48; training
phases were equal.

Population parameter Quantization error Topographic error

Species present/absent 0.911 0.000
Relative number 0.886 0.000
Relative biomass (in g) 0.913 0.000
Relative body caloricity
(in KJ wet weight)

0.941 0.000
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with the final quantization error (QE) and final topographic
error (TE), are presented in Table 2. Errors QE and TE
gradually decrease with the increasing map size (Céréghino
and Park, 2009) and, in turn, are important for undertaking a
decision about the proper map size.

Output layers of different sizes were examined step by
step, from 2� 2 (4 neurons) to 5� 4 (20 neurons), and an
output layer of 4� 3 (12 neurons) was ultimately chosen. It
was noted that the determination of the optimum map size can
be problematic, and equally that the SOM dimension is
arbitrary (Céréghino and Park, 2009). One dimension of the
SOM was selected for evaluating the similarity distribution of
samples for the four analysed in this study's population
parameters, as the level of the SOM can change the
deployment trials in neurons.

To finally select a map size we used the heuristic rule by
Vesanto et al. (2000): where map units are 5

ffiffiffi

n
p

and n is the
number of training samples. The actual neuron numbers should
be close to the number determined by Vesanto et al.'s rule, but
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we have accepted a slightly smaller map (4� 3, 12 neurons)
instead of 15 neurons (5� 3), calculated from the heuristic
rule, because there were still 5 empty units (units without
assigned samples). However, this procedure does not yield
clear gradients and is not relevant for other statistical analyses
(Céréghino and Park, 2009), hence our decision.

The log transformed biomass of individuals (normalized
0–1) was presented onto the neurons in the input layer. A batch
training algorithm has been used, which is significantly faster
and does not require specification of any learning rate factor,
and the results of the batch algorithm are not dependent on the
learning order of inputs (Park et al., 2006). Generally, the SOM
is a robust and useful method for ecological study (Kalteh
et al., 2008; Chon, 2011), and different training functions do
not have any noticeable effect on its operation (Noori et al.,
2010).
4 Results

The degree of similarity of the SOM for relative body
caloricity (RBC) to the other three parameters (present/absent
(PA), relative number (RN), and relative biomass (RB)) were
investigated using 10 samples collected in the years 1979–
1988. All the maps were in the form of 4 rows� 3 columns of
neurons which made it possible to identify relevant similarities
between the four population parameters. Output data for the
four population parameters have been included in Table 3.
Maps made for RBC and RB are most similar in the
arrangement of identical samples in the same neurons (Fig. 2);
the samples which are inside a given neuron do not differ at a
significant level in terms of a given population parameter.
Without exception, samples from 1979 to 1983 for parameters
are deployed in neurons c1–c3 and d1–d3 in maps for RBC and
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Table 3. Output data of population parameters used in the study (results from five connected sites): PA � presence-absence, RN � relative
number, RB � relative biomass (in g), RBC � relative body caloricity (in KJ of wet weight). Averages for five sites recalculated per 100m2.
Acronyms for species are given in Table 1 in the legends.

Species

Pfluv Rruti Eluci Ttinc Ccara Cgibe Ccarp Mfoss Ctaen Ggobi Nbarb Emari Rseri Ldeli Gacul Ppung

PA
1979 0 0 0 0 1 0 0 1 1 1 1 1 1 1 1 1
1980 0 1 0 1 1 0 1 1 1 1 1 1 1 1 1 1
1981 1 1 0 0 1 0 0 0 1 1 1 1 0 1 1 1
1982 1 1 0 1 1 0 0 0 0 1 1 1 1 1 1 1
1983 1 1 0 1 1 0 0 0 1 1 1 0 1 1 1 1
1984 1 1 1 1 1 0 0 0 0 1 1 0 1 1 1 1
1985 1 1 1 0 0 0 1 1 0 1 1 0 0 1 1 1
1986 1 1 1 1 0 0 0 0 0 1 1 0 1 1 1 1
1987 1 1 1 0 0 0 1 0 0 1 1 0 1 1 1 1
1988 1 1 0 1 0 1 1 0 0 1 1 1 1 1 1 1
RN
1979 0 0 0 0 1 0 0 2 5 542 245 63 6 320 96 930
1980 0 4 0 1 53 0 1 1 1 790 301 43 44 27 355 806
1981 1 4 0 0 16 0 0 0 1 285 76 25 0 31 171 47
1982 48 135 0 16 32 0 0 0 0 789 83 37 41 193 226 26
1983 28 25 0 4 50 0 0 0 2 447 105 0 3 16 118 20
1984 5 45 4 3 65 0 0 0 0 348 96 0 2 690 129 24
1985 6 9 7 0 0 0 1 2 0 415 190 0 0 32 449 255
1986 6 40 2 1 0 0 0 0 0 453 109 0 7 93 249 18
1987 5 92 1 0 0 0 1 0 0 442 89 0 9 59 20 23
1988 4 138 0 1 0 1 3 0 0 405 98 1 15 80 9 1
RB
1979 0 0 0 0 11 0 0 30 36 3211 2223 861 26 436 94 790
1980 0 90 0 12 447 0 32 5 3 7770 3645 529 138 51 207 548
1981 2 70 0 0 150 0 0 0 4 3988 1078 316 0 51 200 78
1982 135 240 0 200 153 0 0 0 0 5351 921 481 160 307 221 31
1983 369 197 0 65 966 0 0 0 18 4359 1178 0 16 53 132 34
1984 75 611 364 237 1052 0 0 0 0 4581 848 0 3 904 141 33
1985 22 281 794 0 0 0 84 41 0 3281 1457 0 0 39 411 321
1986 86 709 731 1 0 0 0 0 0 3329 910 0 30 97 299 20
1987 22 944 217 0 0 0 15 0 0 3816 765 0 21 112 32 32
1988 131 2734 0 15 0 24 80 0 0 4448 944 3 44 220 19 2
RBC
1979 0 0 0 0 55.0 0 0 182.8 187.6 18858.2 12010.9 4316.2 140.8 1896.2 547.4 4543.8
1980 0 480.8 0 69.2 2234.1 0 191.4 30.5 15.6 45633.2 19693.9 2651.9 747.5 221.8 1205.4 3151.9
1981 10.9 373.9 0 0 750.0 0 0 0 20.8 23421.5 5824.4 1584.1 0 221.8 1164.6 448.6
1982 733.9 1282.0 0 1153.6 764.7 0 0 0 0 31426.4 4976.2 2411.3 866.7 1395.1 1286.9 178.3
1983 2005.9 1052.3 0 374.9 4828.1 0 0 0 93.8 25600.4 6364.7 0 86.7 230.5 768.6 195.6
1984 407.7 3263.8 1963.4 1367.0 5257.9 0 0 0 0 26904.2 4581.7 0 16.3 3931.5 821.0 189.8
1985 119.6 1501.0 4282.8 0 0 0 502.5 249.8 0 19269.3 7872.2 0 0 169.6 2393.2 1846.3
1986 467.5 3787.3 3943.0 5.8 0 0 0 0 0 19551.2 4916.7 0 162.5 421.9 1741.1 115.0
1987 119.6 5042.6 1170.5 0 0 0 89.7 0 0 22411.4 4133.3 0 113.8 487.1 186.3 184.1
1988 712.1 14604.2 0 86.5 0 123.4 478.6 0 0 26123.1 5100.4 15.0 238.3 956.8 110.6 11.5
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RB, whilst in maps for PA and RN these samples are arranged
very differently (Fig. 2, Tab. 4).

Some problems, however, can be found in the top rows
(a1–a3, b1–b3), and this applies to all four maps. However, the
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smallest differences were recorded between RBC and RB,
because samples 1984 (a1), 1985 (b3) and 1987 (a3) in both of
these compared maps are in the same neurons. However,
between the RB and RBC only two samples (1986 and 1988) of
of 7



Table 4. Number of samples on SOMs made for parameters: PA, RN
and RB which occupy the same position * as in the SOM for RBC
(Fig. 2), and ** number of samples located in adjacent directly
neurons as these in RBC. Explanations: PA� species present /not, RN
� relative number, RB � relative biomass, and RBC �relative body
caloricity.

Population parameters PA RN RB

Number of samples * 1 2 8

Number of samples ** 1 1 2

RB RBC

PA

a1  a2  a3 

b1 b2 b3 

c1 

d1 

c2 c3 

d2 d3 

RN

a1 a2 a3 

b1 b2 b3 

c1 c2 c3 

d1 d2 d3 

a1 a2 a3 

b1 b2 b3 

c1 c2 c3 

d1 d2 d3 

a1 a2 a3 

b1 b2 b3 

c1 c2 c3 

d1 d2 d3 
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Fig. 2. SOMs formed by 12 hexagons (4� 3) representing neurons as indicated by years of sampling data. SOMs created using: PA � present/
absent, RN � relative number, RB � relative biomass and RBC � relative body caloricity. Initial data: see Table 3.
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row ‘a’ moved to adjacent neurons in the same row (Fig. 2),
thus indicating a significant similarity between these two
compared maps. Besides, only maps for RB and RBC blank
neurons are the same: b1, b2, c2, c3, and d1.

5 Discussion

I have no objection to different measures of abundance or
biomass being applied for investigating assemblage structures
of investigated populations in such groups that are uniform in
body size, such as Entomostraca, Acarina, Pseudoscorpioni-
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dae, Eriophyidae, Pseudoscorpionidae, Cladocera, Acarina,
Chironomidae and Acrania, etc.

Studies on the formation and stability of fish assemblages
have been conducted for a long time now and literature on the
subject was already quite rich during the end of the last century
(Matthews, 1998). The last important factor in this study is
monitoring, as evidenced by the creation of several scientific
journals noting this in their titles. Most of these studies are
based on one sample/catch which allows for a so-called
relative number and the comparative reliability of this
parameter increases when sampling is based on the constant
CPUA (catch per unit of effort). The value of such research
increases if you use the same equipment to obtain samples (in
our case the fish in the rivers) taken from the same place and
same time periods/intervals, paying attention to the longevity
of the surveyed individual species. In the case of fish, which
differ considerably in body size, some researchers began using
the relative biomass in their studies instead of the relative
abundance (Penczak and Kruk, 2005; Penczak et al., 2005;
Kruk, 2006; Penczak, 2011a; Kruk and Penczak, 2013;
Stojkovic et al., 2013). Weighing fish in field conditions is no
longer expensive, and the fish of a given species can also easily
be counted before releasing them back to river water, and
without exposing them to any harm. Another parameter for
auditing fish rather than the relative abundance was noted in a
of 7
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book by Tytler and Calow (1985), dedicated to fish energetics
and the little representative abundance of any given sample; for
example, 1 g body weight of stickleback and 100 g of pike or
any other of large-bodied fish species. If, according to Tytler
and Calow (1985), the best known parameter is the potential
energy stored in a population's tissue, it is necessary to check
how the structure of an assemblage's population will look when
we apply parameters: species present or not (incidence),
relative number, or relative biomass. These results show that
the relative body biomass is among the three tested parameters
most similar to the relative body calorific value. SOMs
constructed for RBC and RB were most similar to each other,
and could be replaced by the relative biomass. To be more
specific, this is possible when the SOM methodology is
applied, because samples that are inside the same neuron
(represented by a hexagon � a graphic unit built by SOM) do
not significantly differ in species' composition or their
abundance values (Kalteh et al., 2008; Céréghino and Park,
2009; Noori et al., 2010; Chon, 2011; Penczak, 2011a).

The fish body caloricity parameter was first used and tested
on fish, and it is revealed that this important parameter gives an
image of a fish assemblage that is similar to that obtained from
the use of relative biomass, and this does not change the cost of
the research done so far.
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