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Scales of the ray finned fishes can be used for multiple pur-
poses. Beside others by their specific structure and elemen-
tal composition they are usable for age determination and
food-web researches. Additionally, just their presence, ab-
sence, shape, location, or numbers could provide a reliable
taxonomic information. The fish scales show remarkable size
variation also, which characteristics provide reliable informa-
tion about the environmental needs of freshwater fish. But
till now this information was not interpretable and com-
parable in the absence of a sufficiently large and detailed
database. In this study we provide a database which can fa-
cilitate the further complex comparative studies.

Our dataset consists of 2954 scale photos characterising 193
freshwater fish species. All photos have a uniquely identifica-
tion code showing exactly which species the scale belongs
to. In addition to the photos, our database includes a ta-
ble showing the exact taxonomic classification of the stud-
ied species, the average body profile-index, and the relative
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scale size, as well as the ecological (flow and feeding habi-
tat preferences) and life strategic characteristics (feeding and
breeding guild memberships) of each species.
The sampled species have diverse origin, covering five bio-
geographical regions. An average of five adults from each
species were selected for sampling. Three-to-four scales were
collected from the anterior part of the body between the dor-
sal fin and the lateral line. The removed scales were cleaned
and prepared to microscope slides, and after this process
they were photographed or scanned. Our database can be
used for both research and educational purposes. A large
number of scale photos assigned of species can be an oppor-
tunity to create an automatic species identification system.
Moreover, the subjectivity in morphometric measurements
can be eliminated by analysing the database with artificial
intelligence.
© 2024 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/)
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In case of each sampled individuals 3-4 scales from the right anterior trunk
area (between the dorsal fin and the lateral line of each sampled individual)
were removed and cleared. The fish scales than placed between microscope
slides and scanned or photographed. Altogether 2954 scale photos of 193
freshwater fish species were compiled for the database. Beside the scale
photos a table is provided containing the following supplementary data of the
studied species: relative scale size, body profile index (body fineness),
taxonomic position, native realm, Genbank code - if the Citochrome-Oxidase I
(COI) subunit is available, flow and feeding habitat preferences and life
strategic characteristics (feeding and breeding guild memberships).

The fish scales of 193 taxa originated from five biogeographic regions. 110
species from Palearctic, 56 from Neotropical, 12 from Afrotropical, 9 from
Nearctic and 6 from Indomalayan regions. The donor individuals were collected
from various habitats and their scales are deposited at the coauthors working
place’s collections. (HUN-REN Balaton Limnological Research Institute, Tihany,
Hungary; Laboratério de Ictiologia de Sorocaba, Departamento de Biologia,
Universidade Federal de Sdo Carlos, Sorocaba, Brazil; A.N. Severtsov Institute of
Ecology and Evolution of the Russian Academy of Sciences - Moscow, Russia).
Repository name: CONCORDA

Data identification number: 1NTPH]_2024

Direct URL to data: https://hdl.handle.net/21.15109/CONCORDA/1NTPH]
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Takacs, Scale morphology is a promising, additional tool for exploring the
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1. Value of the Data

« This dataset originally was used to reveal how the shape and relative size of fish scales de-
pend on the ecological needs and taxonomic position of the freshwater fish [1].

+ The presented database we share the original photos analysed in the above mentioned work.
In this case anyone can check the results of our statistical analyses.
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This database can be used for educational purposes, especially in the field of zoology or bio-
statistics.

Moreover, scale photos are suitable for training artificial intelligence as well as computer vi-
sion and pattern recognition software [2], thus it facilitates the creation of automatic species
recognition software [3]. This kind of data recordings (photo analyses) allows artificial intel-
ligence to eliminate the bias caused by the human subjectivity during morphometric mea-
surements.

To the scale database a supplementary table added to the photo database provides essen-
tial taxonomical and ecological information about the studied species. This table summarizes
the results of an extensive data collection effort to gather as much information as possible
on the fish species studied. The database contains both our own results (e.g. relative scales
size, profile index data) and those reported in the literature (e.g. flow and feeding habitat
preferences, spawning and feeding guilds).

These data and images can help other researchers to complement or even compare their
morphometric and or ecological datasets of other fish species, other populations, or species
with other environmental needs also.

2. Background

Morphological data measurements - especially the conversion of shape into numerical data
- is not a simple process. In doing so, we are still usually relying on the human eye and prac-
tical experiences, therefore our measurements are often subjected to the measurers’ effects [4].
For example, when comparing the results of morphometric measurements made by two inde-
pendent measurers, the differences detected are maybe artefacts and due only to the different
measurement modes, precision so called the subjectivity of the measurers [5,6]. There are sev-
eral ways to reduce this impact (e.g., choose easily measurable variables, change in the applied
methods, etc.). But the most effective one is to compare measurements taken by the same per-
son, although measurement errors cannot be excluded in this case either. The above-mentioned
problems can be further moderated if the human factor is as largely excluded from the analysis
when possible. For example, this subjectivity can be eliminated by using machine learning and
artificial intelligence.

In this present work a database was made publicly available containing 2954 scale photos
taken from 193 freshwater fish species. This database originally was used to reveal the usability
the scale shape and relative sizes of freshwater fish for taxonomical and ecological purposes [1].

By publishing the analysed photos, we give you full access to the raw data, thus our mor-
phometric measurements are now fully reproducible. Additionally other uses of this database
are also possible. Beside others it can be used for research and educational purposes. More-
over, this database could be used to advance machine learning, automating the identification of
species and eliminating human influence entirely. Beside the raw data - the scale images itself -
we publish some other characteristics, such as the average body profile index, the relative scale
sizes and several ecological characteristics (flow and feeding habitat preferences, reproductive
and feeding guilds) for each freshwater fish species used in our original research article. Thus,
the publicly available knowledge on the analysed species is further extended, and we will also
provide information on a number of data deficient species.

3. Data Description

The database contains 2954 photos of 193 freshwater fish species scales. Each photograph
has a unique code that can be used to infer the name of the species, the individual within the
species, and the sampled scale within the individual (Fig. 1). The table in the database contains
the unique code, scientific name, order, family and native realm of each species. Additionally
the number of sampled scales, the body profile index, the average scale profile index, and the
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Fig. 1. Sample images of fish scales. A: Abrbra_03_02, B: Babgym_01_04, C: Cargib_01_02, D: Chonas_03_02, E: Es-
oluc_01_02, F: Gobdéli_01_04, G: Lepgib_03_01, H: Sanvol_01_03, I: Tintin_05_03. The unique code of the images refers
to the species itself, the sampled individual within the species, and the certain scale’s number sampled from the same
within the individual. (e.g. Abrbra_03_02 image belongs to Abramis brama species, second scale of the third individual).

relative height and width of scales of each species can be found here. These latter values were
measured on the scales, and these raw values were divided by the Standard Length (SL) or the
height (H) of the certain donor individual. The relative scale size can be found not only as aver-
age by species, but also individually by scale on the another worksheet of the table. Additionally
the Genbank Accession number (mtCOI) and ecological characteristics of each species such as
flow preference, feeding habitat, reproductive guild, feeding group were also included in the ta-
ble in case of species where these features were available.

4. Experimental Design, Materials and Methods

The experiment was designed to create a database of freshwater fish scales as large as possi-
ble. The database was built using the scales sampled from conserved fish individuals deposited
in museum collections (Natural History Museum, Vienna, Natural History Museum Budapest).
Permission numbers: 748/1/2023/FOIG, 748-2/2023/FOIG. After data imaging the sampled scales
were returned to the museum collections.

Additionally several samples are originated from the fish collections of the authors’ work-
places. Our own collections were made using electric fishing gears. The permisson numbers for
fish collections: HAGF/69/2022 and HAGF|79/2022. The extensive collection work has resulted in
data on a total of 193 freshwater fish species inhabiting five biogeographical regions. Although
most of the sampled taxa are valid species, but in the case of gudgeons (Cyprinidae, Gobio),
some cryptic species [7-9] were also included in the database. For Neotropical taxa where the
species identification was not clear, we only genus level was indicated.

An average of five adults from each species/taxon were selected for sampling. To compute
the relative scale size and the body profile index we measured the standard length (SL) and
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the body height (H) for every sampled individual. It used three-to-four scales collected from
the anterior part of the body between the dorsal fin and the lateral line. We chose this area
because the it is commonly accepted in ichthyology for purposes of age identification by reason;
herewith, scales stored in archival scale books can be used for comparative purposes worldwide
[10]. The fish scales were put between microscope slides then we photographed or scanned. On
the microscope slides, we also recorded the unique codes of the species, as well as the body
parameters belong to the sampled individuals (H, SL).

Since the people involved in compiling the database had different tools at their disposal,
the scale photos were taken according to three methods. The scales were enlarged by Mitu-
tuyo JP300 profile projector then photographed by a NIKON D500 camera with a 40 mm NIKON
macro objective. In other cases, an Epson Perfection V600 black light scanner and a stereomicro-
scope (Zeiss Discovery V20, Leica M165C) mounted cameras were used to scanned/photographed
the scales.

Every photo has a unique code (indicated in the file name), with which it can be accurately
identified. The height and width of the scale were measured from the images by using the Im-
age] program [11]. Since as the body parameters (H, SL) were recorded, we were able to calculate
a body profile index (body fineness) and the relative scale sizes also. Literature data eg. [12] and
online databases [13,14] were used to determine the exact taxonomic classification and ecologi-
cal characteristics of each species.

Limitations

None.
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