
INTRODUCTION
According to a number of papers and manuals on fish

anatomy or systematics the fish shape depends on its life
style and the external environment factors (e.g.,
Grodziński 1971, Opuszyński 1979, Brylińska 1986). The
shape of a fast-moving fish meets the requirements of the
dense medium, such as water. The fusiform shape, which
reduces the resistance of the medium during the motion,
is the most favourable for a pelagic fish, from the point of
view of hydrodynamics (Weihs 1989). The described
varieties of this shape are listed in a number of ichthyolo-
gy textbooks but they are characterised only in a descrip-
tive way (Opuszyński 1979). One of the varieties of the
fusiform shape is that representing of the flatfishes of the
family Pleuronectidae, showing extreme lateral flattening.
The information provided in the textbooks is very gener-
al and seems to be insufficient for the function-based
description of the cross-section contour of the fish.
Traditional morphometric papers (e.g., Wiecaszek et al.
2007) rarely describe three-dimensional aspects of fish

body shape. Such fish body shape studies were prompted
recently by the need to address the selectivity issue of
fishing gear (Carol and García-Berthou 2007). Assuming
that the fish body shape is generally fusiform (with all its
varieties), we can conclude that a model representing the
shape is a spheroid. The cross-section of such a solid fig-
ure is the ellipse of different degrees of eccentricity.

During model testing of tools for the fish processing,
attempts of mathematical description of fish body shape
were undertaken at the Faculty of Fisheries and Food
Technology, Agricultural University of Szczecin (Miler et
al. 1987).

A mathematical description of the cross-section con-
tour of a fresh-water fish was published by Dowgiałło and
Dutkiewicz (2002). The relation outlined by the above
authors enables a quantification of the height of fish as
well as its thickness in a point distant from the end of the
carcass. No single equation was provided, however, to
describe the shape of the whole cross-section outline in
a given section of fish.
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Background. The purpose of this study was to identify mathematical equations describing changes in a flatfish
body shape along its longitudinal axis. The initial function for the description of a cross-section contour is the
ellipse equation including a factor deforming the symmetry with respect to one of axes. Such equations may find
their use in fisheries engineering and food-fish processing.
Materials and Methods. The morphometric examination of the fish raw material was carried out in order to
check whether the proposed function meets expectations and draws a curve. The model fish species used was
flounder, Platichthys flesus (L.).
Results. The mathematical equation describing changes in a cross-section contour of flatfish body shape along
its longitudinal axis. The high value of correlation coefficients (r > 0.99) showed that a hypothetical curve match-
es experiment results quite well. The equation describing the shape of a flatfish body cross-section contour can
be defined by means of the ellipse equation including a factor deforming the symmetry with regard to one of its
axes. The function represented by equation (8) draws a curve that follows the contour of the fish cross-section.
Conclusion. The shape of flounder, defined in the presently reported study may have importance for sustainable
and responsible fisheries, helping to design more selective fishing gear. It can also be used in food-fish engineer-
ing for designing more effective fish-processing machinery.
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A number of attempts of fish body shape description
were undertaken. Suzuki and Gotoh (1982) proposed
a new method of the shape analysis to characterize two-
dimensional forms. The Fourier coefficients are calculat-
ed for a vectorial expression of the form about the centre
of gravity of 19 fish species. Loy et al. (2000) correlated
the fish shape with internal anatomical data using X-rays.
Characteristic shapes were associated with individual pic-
ture frames of internal anatomical anomalies. Liang at al.
(1999) examined the influence of the relation between the
cross-section shape of the fish body and shape of the mesh
opening on fishing gear selectivity.

The fishing gear selectivity is being defined as a proba-
bility measure for catching the given fish species of the spe-
cific length and is based on the assumption, that fish escap-
ing from the fishing gears are undamaged, minimally
stressed, and would able to fully recover (Chopin and
Arimoto 1995). According to Suuronen (2005) the mesh size
and the shape of the net affect selective catching of the fish.

The diamond mesh changes its shape due to the forces
stretching the net fabric longwise and crosswise, limiting
the chances of the fish for passing through (Baranov
1960). The same diamond meshe when turned by 90
degrees of arc (Moderhak 2006) have shapes similar to
cross-sections of the gadid fish. Application of the square
mesh is compulsory for the trawl codends in the Baltic
cod fishing (Anonymous 2005). Fuwa et al. (2003) give
an example of the rectangular meshes facilitating escape
of the flattened body shape fish from the fishing gear.

None of the above-mentioned papers attempted to use
the cross-section contour of fish body described by mathe-
matical equations for designing more selective fishing gear.

The shape of a flatfish seems to be particularly diffi-
cult for a description by mathematical equations, because
of changing the positions of the main axes of symmetry
along its body.

FUNCTIONAL DESCRIPTION OF A FISH SHAPE
The most important seems to be to use such an initial

mathematical function, the graphic representation of
which, would be the most approximate to a closed curve
representing the fish cross-section contour and would
consider changes along the fish body length.

The function that seems to describe a cross-section
contour of fish is the ellipse expressed by the equation:

(1)

The next step is to identify a proper coordinate plane.
Positioning axis ‘a’ along the longer axis of the

ellipse, (Fig. 1) it is necessary to look for a deforming fac-
tor which would upset the symmetry with respect to axis
‘y’ and not upset the symmetry with respect to axis ‘x’.

The ellipse equation, where ‘a’ is a half of the ellipse
long axis length, and ‘b’ is a half of the short axis, would
produce:

(2)

Fig. 1. Cross-section of a fish with axes of symmetry
and measuring points

The deformation of the cross-section symmetry with
respect to axis ‘y’ requires the introduction of a deform-
ing factor to equation (2), which is a function of ‘x’:

(3)

where: is deforming function.
Transforming the G(x) functioninto a geometric

series:

(4)

Assuming that: n = 3 and introducing expression (4)
into equation (3), the function representing the location of
points along the contour of the flatfish cross-section can
be obtained:

(5)

The constant coefficients of equation (5) have to be
determined in order to verify, whether the represented
function meets expectations and follows the fish cross-
section contour. The morphometric study on the raw fish
material was carried out to this end.

MATERIALS AND METHODS
The presently reported study was carried out on the

fresh flounder, Platichthys flesus (L.), representing the
autumn Baltic Sea catches and the aim of this study was
to find out the suitability of equations for the description
of ellipse-like cross-sections. The raw material trans-
ported in polystyrene boxes (according to Polish stan-
dards; Konarzewski et al. 1970) was delivered to the lab
within 12 hours after the catch. Then, 30 fish were sam-
pled from the entire shipment of 10 kg of the raw mate-
rial. The fish showed no visible deformations, the aver-
age total length amounted to 29 cm. The temperature
was maintained at 2ºC and the fish were cut into 2-cm
thick transverse sections, as shown on Fig. 2.

The measurements of the cross-sections were made
by means of an image analysis method (Adesign).
Each section, starting from the mouth up to the tail,
was photographed in the background of the real coor-
dinate plane.

The further geometrical analysis was completed by
means of a computer method and the envelope radii were
calculated using CAD software at 0, 10, 20, 30, 60, 90, 120,
150, 160, 170, and 180 degrees of arc counter-clockwise,
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thus obtaining 20 results for each section and 2-D coor-
dinates for each measuring points as well.

Fig. 2. The diagram of a flounder, showing consecutive
cross-sections of the body

The centre of the coordinate plane was an intercept of
the vertical axis of the section and its horizontal axis at
half of the height. Coordinates ‘x’ and ‘y’ were calculated
for points along the contour of certain fish body sections.

Fig. 3. Method of reading 2-D coordinates of measuring
points for each cross-section

The constant coefficients of equation (5) were estimat-
ed on the basis the experimental data.

Fig. 4. Contours of certain cross-sections as determined
by equation (5); numbers: 1, 2, 3, 4, 5, 8, and 11
denoting individual cross-section numbers

High values of correlation coefficients (r > 0,99), at
size n = 600, are very significant and show that equation
(5) was correctly selected. Changes in the shape along the
flat fishbody length can be described in the best way by
the equation (6):

x = λ1z3 + λ2z2 + λ3z + λ4
x = 1.49z3 – 9.4035z2 + 1.4251z – 5.5315

and the graphic interpretation of the equation is
a curve shown in Fig. 5.

Fig. 5. Changes in longitudinal width of flatfish described
by equation (6)
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Cross-section
number

Distance from
head [m] a b γ1 γ 2 r

1 0.02   7.20 19.615 – 0.0037    0.00080    0.999
2 0.04   8.00 36.496 0.0012    0.00018    0.999
3 0.06 14.00 49.697 0.0012    0.00018    0.995
4 0.08 14.00 56.619 – 0.0001 – 0.00003    0.999
5 0.10 12.50 58.730 – 0.0011 – 0.00009    0.990
6 0.12 11.60 56.045 0.0002 – 0.00020    0.998
7 0.14   9.50 50.598 – 0.0020 – 0.00006    0.998
8 0.16  9.00 43.078 – 0.0001 – 0.00012    0.998
9 0.18  8.00 33.028 0.0007 – 0.00043    0.998

10 0.20  7.20 23.174 – 0.0047 0.00015    0.997
11 0.21  5.00 11.988 0.0015 – 0.00499    0.996

Table 1
Values of constant coefficients of equation (5) describing the shape of the fish cross-section

and correlation coefficient to adjust hypothetical function to experimental results

600 pairs of numerical data were used and regarded as the representative number of data.

(6)



The measure of adjustment of hypothetical equation
(6) to experimental values is the correlation coefficient
r = 0.999.

CONCLUSION
The equation describing the shape of a flatfish body

cross-section contour can be defined by means of the
ellipse equation including a factor deforming the symme-
try with regard to one of its axes. The analysis of morpho-
metric examination results leads to a conclusion that the
function represented by equation (5) draws a curve that
follows a contour of the fish cross-section.

The shape of flounder, defined in the presently report-
ed study may have importance for sustainable and respon-
sible fisheries, helping to design more selective fishing
gear. It can also be used in food-fish engineering for
designing more effective fish-processing machinery.
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