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Abstract 

Species determination is nowadays of major importance for biodiversity conservation. Until 

recent years, it has always been done using dichotomous determination books with their 

complexity of determination process and difficult criteria. Now, a new era of electronic 

determination keys is open. Such keys display illustrations, distribution maps or drawings to 5 

enhance and facilitate the determination process. It gives the user the possibility to choose the 

path of determination he wants to take with its multi-access structure. The user is not strained 

to the path proposed by a dichotomous key. He chooses the next criteria he wants to answer, 

and continues the determination process with the same principle. Even if a criteria is missing 

(or damaged), the electronic key will provide a way to know which species it is. Thus leading 10 

to applications that can be used either by scientists than by beginners in species identification. 

In this way, eKey, a new interface which has been created for the determination of Swiss 

mayflies, stoneflies and molluscs and then adapted to Swiss aquatic macroinvertebrates fauna, 

has been used to create an electronic determination key of the Swiss fish fauna. The fish fauna 

of Switzerland lead us to create two separated keys. The first one contains every species 15 

except the cyprinids and the second one contains only the cyprinid species. The species 

present in the key are illustrated with professional pictures taken by Michel Roggo for a 

project in collaboration with the Federal Office for the Environment (FOEN). Moreover, lots 

of information has been added to those determination keys to enhance the knowledge of the 

user on fish species. The aim of this project was to provide the keys for the Swiss fish fauna 20 

occurring actually and to bring more information on those species than just its common or 

scientific name. 

Keywords 

Swiss Fishes, electronic determination key, freshwater, multi-access interface, taxonomy 

25 
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Résumé 

La détermination d’espèces est de nos jours d’importance majeur pour la conservation de la 

biodiversité. Jusqu’à présent, la détermination d’espèces était toujours réalisée à l’aide 

d’ouvrage de détermination contenant une clé dichotomique complexe d’utilisation et 

contenant des critères parfois difficilement compréhensibles. Depuis peu, une nouvelle ère est 30 

apparue : la détermination électronique d’espèces. De telles clés apportent des illustrations, 

des cartes de distribution ou bien même des dessins et descriptions pour faciliter le processus 

de détermination. Elles offrent la possibilité à l’utilisateur de choisir son cheminement de 

détermination grâce à leurs structures multi-accès. Il choisit le caractère suivant et continu le 

processus de détermination de la même manière. Même si un caractère est absent ou 35 

endommagé pour une espèce, ce type de clé donne la possibilité de le contourner afin de 

réussir malgré tout une détermination. Cette nouvelle ère apportent des outils utilisables aussi 

bien par des scientifiques que par l’utilisateur débutant non connaisseur de la faune piscicole. 

Dans ce sens, eKey, une nouvelle interface proposée pour la détermination des larves 

d’éphéméroptères, de plécoptères et de mollusques de Suisse puis adaptée pour la 40 

détermination des familles de macro-invertébrés aquatiques de Suisse, a été utilisée pour crée 

la clé de détermination électronique des poissons de Suisse. La faune piscicole Suisse nous a 

conduit à créer deux clés de détermination séparées, l’une contenant toutes les espèces de 

Suisse excepté celles de la famille des cyprinidés (Cyprinidae) et l’autre contenant les espèces 

de cyprinidés. Les espèces présentent dans les clés sont illustrées à l’aide de photos réalisées 45 

par Michel Roggo, photographe professionnel, pour un projet en collaboration avec l’Office 

Fédéral de l’Environnement (OFEV). Beaucoup d’informations ont été rajoutées à la clé pour 

renforcer la connaissance de l’utilisateur sur les espèces qu’il peut rencontrer. Le but de ce 

projet est de fournir les clés de détermination des espèces de poissons présents actuellement 

en Suisse et connue au moment de la création du logiciel. De plus, il permet de fournir à 50 

l’utilisateur plus d’informations sur les espèces Suisse qu’uniquement leurs noms communs 

ou scientifiques. 
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Introduction 

The worldwide fish fauna, around 25’000 taxa, representing the richest vertebrates group, is 55 

becoming of major importance nowadays (Lundberg, et al. 2000, Muus, et al. 2007, Quartier 

1980). The traditional term pisces (also ichthyes) refers to a typological classification rather 

than to a phylogenetic one (Keith, et al. 2001, Kottelat 1995). It represents a group which 

excludes the tetrapods, which descend from within the same ancestry, and is thus paraphyletic 

and includes any gill-bearing aquatic vertebrate that lacks limbs with digits (Keith, et al. 60 

2001). Recently we realized that some natural evolutionary processes have been modified by 

human activities due to different threats to the aquatic environment (Burkhardt-Holm 2008, 

Kirchhofer, et al. 2007, OFEV 2009). River bank adjustments, use of fish resources, 

introduction of new species, artificial modifications of river streams and the most important 

one pollution of water networks, are the elements contributing to this modification (Pedroli, et 65 

al. 2003, Weber, et al. 2009). These different threats lead to the diminishing of fish 

populations, the disappearance of sensitive species and modifications in population diversity 

(Burkhardt-Holm 2008, Cihar 1993, Zimmerli, et al. 2007). The assessment of those 

modifications by the authorities in charge of aquatic heritage leads to a change in behaviour 

(Büttiker 2005, Cipel 2001, Cipel 2003, Cipel 2004, Cipel 2006). Primarily, at the end of the 70 

80’s, an idea of management emerged and the first inventory at the Swiss level began. An 

atlas of distribution (Pedroli, et al. 1991) and a national red list (Kirchhofer, et al. 2007) were 

created. Secondly, the second inventory began ten years later with the aim of completing and 

actualising the data obtained in order to understand and act in a way that promote 

conservation of the aquatic heritage (Buisson, et al. 2009, Pedroli, et al. 2003).  75 

Today we would like to redress the negative impact of human behaviour on nature (Rubin 

1993, Rubin 1999). That for we have to acquire the essential knowledge on how to protect 

natural habitats and biodiversity. Another question emerged: “Do we know the diversity that 

we want to conserve?” (Kottelat 1998). During the last decade, our knowledge on fish and 

their habitat increased notably and methods used by biologist or fish farmers changed 80 

(Patrick, et al. 1994). Zoologists refined their systematic knowledge and that is of primarily 

importance for conservation (Harris 1995, Kottelat 1998, Maitland 1977). Identifying and 

evaluating the species status, habitats or areas quality is necessary to set management 

priorities, and all this is only possible if we have an accurate taxonomy, detailed distribution 

maps and long-term monitoring (Bohlen, et al. 2001, Rubin 2007). Actually there are in 85 
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Switzerland many laws regarding fish and fishery (OLFP 1993) and, for fishermen’s, who 

knows they are in the presence of a fragile and complex ecosystem (OFEV 2003, OFEV 

2007), it is important to know if they can legally keep the fish they caught or if they have to 

put it back to water. There are many books about the systematic of fishes with different kind 

of keys (Adam, et al. 2011, Cihar 1993, Keith, et al. 2001, Kottelat 1997, Kottelat, et al. 90 

2007, Maitland 1977, Muus, et al. 2007, Quartier 1980, Ribault 1966), but such books are 

often not easy to consult in the field and not exhaustive (Kottelat 1998). In this way, having 

an electronic determination key, which could be easily used in the field, appears to be the 

solution. At the moment there is no electronic key including all fish species in Switzerland. 

The existing electronic keys in Europe are made for different geographical regions or different 95 

taxa, like the Fishid interface proposed by the Wisconsin department of natural resources 

(http://www.wiscfish.org/fishid/), the ActKey a web-based interactive identification program 

proposed by the Missouri Botanical Garden (http://www.efloras.org/) or the Lucid tools 

proposed by the Center for Biological Information Technology (CBIT), Queensland Australia, 

for diagnostic and identification tasks (http://www.lucidcentral.com/).  Knowing that for some 100 

invertebrate groups, a computer multi-access key had been proposed for the diagnostics of the 

water quality, it has been decided to create a similar determination key including every 

species of fish you can currently find in Switzerland (Kirchhofer, et al. 2007, Pedroli, et al. 

2003). This program, called e-key (hepia 2010), uses a user-friendly interface and compiles 

any files wanted for a certain taxa, in order to facilitate the determination process. It displays 105 

pictures and descriptive text helping to point the species. The objective of the present work is 

to provide a useful determination tool for the Swiss fish fauna, which can be used either by 

scientists or fishermen’s than by novices in fish determination. 

Materials and methods 

In order to create the electronic determination keys, different steps were followed. Those steps 110 

will be described in details in the following points. 

Compilation of different systematics proposed in the literature and determination of the Swiss 

fish diversity 

Bibliographic researches were made to have the most exhaustive determination keys 

bibliography and criteria database in order to begin with all the necessary information. Using 115 

all the knowledge on systematics and taxonomy, added to the different determination process 
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occurring in actual or ancestral literature, a choice for the most adapted ones has been done, 

searching for criteria usable in that kind of electronic key. Secondly, looking at the 

cartographic server of the Swiss Biological Records Center (CSCF) and the Distribution atlas 

of Swiss fish species (Pedroli, et al. 1991, Pedroli, et al. 2003), a list of all the species 120 

occurring in Switzerland was made. The species entered in the electronic key were the species 

occurring at the moment of the key creation and accepted by Federal Office for the 

Environment (FOEN). All the species which seems to have disappeared or being extinct (not 

observed since the first inventory in 1990) were not entered in the key in order to avoid the 

possibility of false positive observation caused by the similarity of two sister species. The 125 

extinct species excluded of the electronic keys were: the river lamprey (Lampetra fluviatilis), 

the sturgeon (Acipenser sturio), the allis shad (Alosa alosa), the twaite shad (Alosa fallax), the 

huchen (Hucho hucho), the salmon (Salmo salar), the sea morph of the brown trout (Salmo 

trutta morpha trutta), the ide (Leuciscus idus) and the European weather loach (Misgurnus 

fossilis). 130 

Selection and listing of criteria and completion of the unknown ones 

A collection of as many external criteria as possible for each species present in the electronic 

keys was made. Every determination process for every species was analysed. The creator took 

each dichotomous determination key by its end and redid each determination process 

backwards for each species. This to collect all the different criteria used in all determination 135 

processes for each species. An excel sheet has been created, in which every species was 

represented in a line and every discriminant criteria or combination of criteria between two or 

more species were represented in a column. The intersection of any line with any column was 

filled by “0” if the criteria were not relevant for the species or by “1” if the criteria matched. 

All this was done to collect all the necessary information in one file which could be modified 140 

at any moment of the creation. If any criteria were not known or completed for the chosen 

species, a complementary research in specific literature was done, like in “European 

freshwater fishes” (Kottelat 1997) or in “Handbook of European freshwater fishes” (Kottelat, 

et al. 2007) which are two of the most complete references on small and difficult 

determination’s criteria. Those books had often been used in order to clarify the different 145 

distinction made in different determination keys on similar species. Knowing that for 

determination processes, a lot of internal criteria are used in other keys. The criteria used in 

the present electronic keys were chosen in order to avoid the necessity of killing the fish for 

its determination. Only external specificities were used to characterize the different species. 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

6 
 

Obtaining the pictures and maps necessary for the determination 150 

In actual determination keys, most of the criteria are represented by sentences and sometimes 

linked to a drawing or a picture that helps pointing the criteria. In our case, we expect users to 

be more attracted to illustrations rather than to text. In this way, we used a kind of electronic 

key in which pictures or any supplementary material can be attached (hepia 2010). That 

material is added to help users in their determination process. It clarifies the criteria; 155 

underlining small elements or pointing specificities. The pictures used in this key were taken 

with a Canon EOS-1 by a professional photographer (Michel Roggo – www.roggo.ch) for a 

three years photography project called “Fishes studio – Swiss fish species and fish portraits” 

in collaboration with the Federal Office for the Environment (FOEN). Two macro objectives 

to take those pictures were used; a Canon EF 50/2.5 M and a Canon EF 180/3,5L M. Pictures 160 

were made under special conditions in three different sized fish tanks. The photographer 

created water current inside the tank to make the different species swim for the pictures. He 

also controlled the space available for the fish with glass plates inside the water. The pictures 

were taken using film camera (Fujichrome Velvia 100 ISO) and four Canon 550EX flashes 

from sides and above and then scanned using a Nikon Super Coolscan 4000 ED. The pictures 165 

were then cut out and enhanced using Adobe Photoshop v.6.0 edited by Adobe Systems 

Incorporated (2000) and added on a pure white background. They were finally bought by “La 

Maison de la Rivière” Foundation for an educational and illustrative purpose. Before being 

used in the electronic key, the pictures were treated. The treatment applied to the pictures was 

a combination of different steps and different software in order to have usable, demonstrative 170 

and light pictures to enter into the key. Distribution maps were provided by the Swiss 

Biological Records Center (CSCF) for each species. Maps of 711x599 dimensions and in 

.jpeg format were added directly to the documents illustrating each taxa. 

Modification of pictures and creation of criteria illustrations 

First of all a conversion of the file format from .tiff format to .jpeg format was performed 175 

without a loss of quality using XnView Software v.1.98.2 edited by Kolor (july 19 2011). 

Secondly, every image was reduced in size in order to fit determination process, to be suitable 

for screen view and to be the lightest as possible to shorten the loading step at the beginning 

of the electronic key use. This was done using the resizing tool of XnView Software as well. 

Thirdly, different types of files were created, using those pictures, depending on their 180 

purpose. For the diagnosis section, one or more full screen sized pictures of the entire fish 

were added to illustrate every taxa. In the case of missing species in the pictures library, 

http://www.roggo.ch/
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pictures free of rights (GNU Free Documentation License) were cut out and added on a pure 

white background using GIMP Software - Gnu Image Manipulation Program v.2.6.11 edited 

by The Gimp Team (2011) and used to illustrate the species. For the determination process, 185 

illustrations in order to point out, to clarify or illustrate the criteria used were created. Those 

illustrations were created with the entire fish picture as basis and then were recut or redrawn 

depending on their purpose. Some of the criteria are just pieces of the entire fish, pointing the 

mouth or the caudal fin for example. Those pieces were recut with the XnView Software, 

used for the conversion or the resize of the initial picture, using the crop tool. For many 190 

criteria, adding elements like arrows, scales or captions to the pictures was essential. In this 

way, Adobe Illustrator CS2 v.12.0.0 edited by Adobe Systems Incorporated (2005) was used 

to create professional illustrations for our electronic key. In some case, as for the ventral view 

of the mouth of C.nasus, the illustration of the bended mouth criteria was missing. It has been 

decided for those missing illustrations, to draw them, digitize them and modify them with the 195 

same software (Adobe Illustrator CS2). 

Adaption of e-key for the specific systematics of the Swiss fish, creation of the electronic keys 

(Cyprinids and the other families in two different keys) 

The Swiss fish diversity is represented in the present key by sixty-two species belonging to 

nine-teen families (Table 1). More than 50% of the species belongs to only one family the 200 

Cyprinidae. The size of this family and the complexity to identify the different species 

belonging to this family leads us to the idea of creating two separated keys. The first one 

(fish.clp) includes all the species from the other families than cyprinids and the second one 

(cyprinidae.clp) includes only the cyprinids species. To make a link between the two keys, we 

created a taxa “Family of Cyprinidae”, in the first key, with a button to open the second key. 205 

For example, if the user has a carp in his hands, he begins with the fish.clp key answers to 

different characteristics and at the end of the determination process he will have as answer: 

“Famille des Cyprinidae”. This means his fish is a cyprinid and he must click on the link 

symbol to open the cyprinidae.clp electronic key. The creation of those two keys was done 

following the same principles and using the same software (eKey Creation). The electronic 210 

key creation tool used for this project has been created for the determination of the larvae of 

Swiss mayflies, stoneflies and molluscs (hepia 2009). It has then be adapted to the Swiss 

aquatic macroinvertebrates fauna (hepia 2010) and finally, in the present case, used for the 

Swiss fish fauna. This tool provides an interface equivalent to the one for the user, in which 

the creator enters different parameters for each criteria or each species and the relation 215 
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between them. First of all, each taxa were added into the taxa box “Taxons” of each keys. 

They were entered with their scientific names in order to display valuable information to the 

user. Secondly, every criteria used in determination processes was added to the key via the 

criteria box “Caractères”. This box displays selectable characteristics which opens the 

different modalities the user will have to choose during his determination process. Finally, the 220 

modality box “Modalités” was created in order to have valuables criteria for every species of 

Switzerland. The most important part of the keys construction was the link made between 

those three boxes. Most of the criteria used in the electronic keys were valuable with a few 

modalities for every species. In the case of some criteria link to only one or two species, they 

were created underneath the others into the classification. Dependence for the precedent 225 

criteria was then assigned in a way that those criteria will appear only when they are 

necessary for the user’s determination process. 

Creation and providing of documents for the diagnose of the result 

In the diagnosis section of the electronic key, a description text for every taxa was added. This 

text is very useful to validate the observation after a determination process. In this way, we 230 

added different documents to each taxa. In the section “Documents généraux du taxon” 

distribution maps of the species are accessible. There is also descriptive sheets (.pdf format) 

containing useful information about the species to provide a complementary explanation on 

the observed species. All that material has been added in order to enhance the user’s 

knowledge on the species he observed and to provide him the adequate material to find more 235 

information if necessary.  

Creation and providing of general documents for the electronic key 

The electronic keys provide general documents for the user and those documents are chosen 

by the creator. In the present case, the Swiss fish fauna leads us to choose different types of 

documents to enhance the understanding of fish and aquatic environment specificities. Every 240 

documents attached to the general documents of the key were added in .pdf format, this to 

provide sheets easily usable with other platforms. Those documents provide the necessary 

information on eKey utilisation, fish anatomy, Swiss river basins, conservation status, Swiss 

geographical regions, river stream partitioning and vocabulary to answer the different 

modalities. A bibliography was also added to help person interested in having more 245 

information on a species. Thinking on the importance of species occurrence knowledge for 

conservation, a direct link between the electronic key and the office in charge of species 
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distribution maps was created (Webfauna: online recording platform CSCF-karch). That link 

can also be found in the electronic keys general documents. 

Finalization of the key in order to have a commercial product 250 

In order to finalize the electronic keys, several tests were conducted. First of all they were 

tested by the creator himself, and by people knowing fish specificities. Finally with people, 

who didn’t know fish at all, were pleased to test the keys. During and after the test phases, 

several modifications in the picture appearance and in the words used in the criteria were 

made to have easier usable electronic keys. Keeping in mind that for a commercial product 255 

copyrights are needed on pictures and other protections, the developers of the creation 

software (hepia 2009) provided a tool to encrypt pictures automatically at the insertion of 

illustrations. Finally the fish determination keys were published on a Compact Disk (CD-

ROM) adequate for a saleable product. 

Results 260 

The results of this work are two usable determination keys for the Swiss fish fauna. The first 

one containing twenty-nine species out of eight-teen families (Petromizonidae, Anguillidae, 

Clupeidae, Salmonidae, Thymallidae, Esocidae, Cobitidae, Balitoridae, Siluridae, 

Ictaluridae, Gadidae, Gasterosteidae, Percidae, Centrarchidae, Bleniidae, Gobiidae, 

Cottidae, Coregonidae) and the second one contains thirty-three species out of one family, the 265 

Cyprinids (Cyprinidae). Table 1 correspond to the list of species present in the keys. Those 

keys are accessible on the CD-ROM (Fish eKey) attached at the end of the present document. 

Electronic key initialization 

The two determination keys are developed to help the user to find the species he has in his 

hands. To begin a determination process, the user has to insert the CD-ROM in his computer, 270 

open the Fish eKey folder and finally open the eKey evaluation .exe application file. Before 

using the electronic keys, users are pleased to read the user’s manual 

“Aide_utilisation_fish_ekey.pdf” (Appendix 3) which can be found in the Fish eKey folder or 

in the general documents tab. To start with one of the two determination keys, the user has to 

click on the button “Fichier” on the upper-left part and then choose “Ouvrir un projet…”. A 275 

beginner will start all the time with the fish.clp key which is the general key for every species 

occurring in Switzerland and goes automatically to the second key if he is in the presence of a 

cyprinid. The advanced user will choose to start directly with the cyprinids key 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

10 
 

(cyprinidae.clp) in order to shorten the determination process if he is sure he is in the 

presence of a cyprinid and not of a fish of another family. For beginners, general documents 280 

are accessible via the “Documents généraux” button on the upper-left part. That box contains 

seven different documents. First, a fish anatomy sheet (Appendix 4) has been created and 

added to point the different parts of the fish used in determination processes. Second, a sheet 

containing a Swiss map coloured differently for each river basin in order to clarify the 

different basin’s names used in the species descriptive sheet (Appendix 5). Third, a sheet 285 

containing the equivalences for international (IUCN 2011) and national (Kirchhofer, et al. 

2007) species status was added in order to clarify differences between the international and 

the national terms used to classify species status (Appendix 6). Fourth, a map of Swiss 

biogeographic regions was added to clarify the differences between Swiss regions (Appendix 

7). Fifth, a sheet presenting the partition of a river using fish information was added to 290 

enhance the understanding of river stream studies and characterization with its biodiversity 

(Appendix 8). Sixth, a glossary was added to help the persons who don’t know the terms used 

for fish or aquatic environment (Appendix 9). And the last one is a bibliography which was 

added to help people interested in having more information on fish species (Appendix 10). 

Proceeding to a determination 295 

To proceed to a determination, the user has to answer several criteria about the species he as 

in his hands. Firstly, it is recommended to click on the discriminant order button on the 

middle-left part of the screen to enhance and shorten the determination process. Then, the user 

will have to choose a criteria in the list (Figure 1a) which will make appear the different 

modalities for that criteria (Figure 1b). The coloured dots correspond to the difficulty of the 300 

criteria. The criteria with a green dot correspond to easy determinable criteria, the yellow ones 

are of middle difficulty and the red ones are the most difficult ones to identify. To have a look 

only on the type of criteria and modalities used in electronic keys, please refer to 

supplementary materials S1 and S2. He must then select the correct modality for his species 

and this will make a rearrangement in the taxa possibilities (Figure 1c). The most adapted 305 

ones regarding the criteria already completed will be shown as first’s lines. The user 

continues the determination process by selecting a second criteria for which he answer by 

selecting a modality and so on for a third or as many criteria needed to end with a unique 

possibility in the taxa box. Any criteria in the list can be chosen at any time by the user, but he 

has to keep in mind that the most discriminant ones are at the top of the list and that they must 310 

be used to discriminate between the two or three last taxa. The user can also have a look on 
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every species pictures, distribution map, description or species descriptive sheet even if he has 

not answered any criteria. He just has to click on the corresponding button of any species in 

the taxa box. 

Proceeding to the diagnose of the result 315 

After a determination process, the user will have to verify if the taxa obtained is the correct 

one. To do so, the user must click on the diagnosis button in the taxa box in order to open the 

diagnose window. The window (Figure 2) is composed by the species name (Figure 2a), with 

the mark obtained on the number of answered criteria, and by an identification pictures 

(Figure 2b) at the top, followed by a short characteristics text (Figure 2c) including family 320 

name and French common name when unfold. This text provides the key points to identify the 

species. They can also be found in the “Caractères” part of the species descriptive sheet. 

Under the text, a table (Figure 2d) is constructed in which the user will find a comparison of 

the answers he gave to each modality and the correct characteristics given by the creator. 

Each line of the table represents a criteria with the different possible modalities when unfold 325 

and the two columns represents the creator characteristics and the user answers for the left and 

the right one respectively. The criteria answered by the user will be highlighted by a green 

check if they are in compliance with the creator characteristics or a red cross if they are 

discrepant. The uncompleted ones will have a question mark and they can be answered to 

enhance the validation of the observation. At the end of the table, there will be criteria with a 330 

nought and they correspond to criteria unavailable to identify that species.  

Diagnosis documents 

Finally the user will have to open documents attached to the species in order to have more 

information on the observed species. There is a Swiss distribution map of the species in order 

to see if it is a usual observation in the area or a unique case (Appendix 2). If it is a first 335 

observation in an area, be sure that the determination is correct before announcing it to the 

office in charge of species distribution maps. There is also a descriptive sheet attached to each 

taxa (Appendix 1). The descriptive sheet is very useful to have more information on the 

corresponding species. It provides an explanation on its distribution around the world or 

around Europe, for European species, and more precisely its distribution among Switzerland. 340 

It also provides an explanation on its biology containing what the species eats, where it lives 

and when or how it reproduces. Finally the international (IUCN 2011) and national 

(Kirchhofer, et al. 2007) conservation status to provide a comparison on both status. In a 
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conservation point of view, such status or distribution maps can only be created if the 

information on species distribution is available. In that way, an html sheet was attached to the 345 

general documents to create a web link to the classical online data entry for fauna records 

within Switzerland, Webfauna: online recording platform CSCF-karch of the Swiss 

Biological Records Center (CSCF) (Supplementary materials S3). 

Discussion and conclusion 

The electronic determination keys obtained within this project are two usable keys that give 350 

the user the possibility to distinguish between the different Swiss fish species. The user will 

have to watch carefully the species he has in his hands and answer criteria that will 

discriminate between two or more species. Depending on the criteria chosen, the list of taxa 

possibilities will be rearranged to highlight the best ones. If the user is using the discriminant 

order for criteria, the list of criteria will also be rearranged to show the best criteria to 355 

distinguish between the pointed out taxa. The key point of that project was to find criteria that 

represent only external (morphological) criteria in order to avoid the necessity of killing the 

fish to know which species it is. Compared to others dichotomous keys, which need the 

dissection of the fish to provide a full determination (Keith, et al. 2001, Kottelat 1997, 

Kottelat, et al. 2007, Pedroli, et al. 2003), our keys provides a path of determination that 360 

exclude dissection. Thus, in a conservation point of view, the keys are a success. Every 

criteria used in the keys are external and work to distinguish the species occurring in 

Switzerland without killing them. And as Maurice Kottelat said, being able to identify species 

within a given area is the first step towards their conservation (Kottelat 1998). The present 

keys can also be used to assess the species occurrence or distribution among Switzerland and 365 

it optionally offers the possibility to transmit the information to the office in charge of species 

distribution maps creation and that is a novelty compared to dichotomous determination 

books. The user can also access some information directly in the electronic key within the 

documents attached in the general documents tab. There is also a bibliography that offers the 

possibility to the user to search for more information on a species or a group if he is 370 

interested. The illustrations added to the key gives an opportunity to the user to get more than 

only the description text he will find in other dichotomous determination keys like in the 

Pisces atlas (Pedroli, et al. 2003). They also offer a new point of view on small and difficult 

criteria found in other keys. Finally one of the most innovating points of such electronic keys 

is the multi-access structure, in comparison with dichotomous determination keys. It gives the 375 
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possibility to the user to choose the criteria he will answer and he is not strained to the next 

step of the determination process. That is a major innovation compared to others existing keys 

(Cihar 1993, Keith, et al. 2001, Kottelat 1997, Kottelat, et al. 2007, Maitland 1977, Muus, et 

al. 2007, Pedroli, et al. 2003). The user is not limited to one path of determination but he can 

create his own way to the result by choosing the different criteria he will answer. Sometimes 380 

there is only one criteria to distinguish two species, but he will be directed very early to that 

criteria while choosing the most discriminant criteria at the top of the criteria list. Those 

different points shorten the determination process and facilitate it. This leading to a new way 

of species determination, which can be the way chosen in the future of taxonomy. To 

conclude, there is something that the user has to keep in mind. The present keys have been 385 

created during the year 2011 and as it is known, living species and their habitat are changing 

over time. In the future, the species present in the keys may disappear or new species may 

appear and all those natural modifications will change the fish species occurring at one time 

in an area. The functionality of those keys can be enhanced in the future by adding or 

changing constantly information about the species and even changing the species present 390 

themselves with web deliverable software updates for the application. Another important 

point to keep in mind is that the keys can and must be improved in the future. First, more 

pictures can be added to enhance the user look on fish specificities and that is the major asset 

of electronic keys. Secondly, a new interface concerning juveniles and small forms could be 

added to the present keys to complete the determination possibilities. Finally, the keys can be 395 

enhanced by updates of the program interface or by their adaptation for portable devices like 

Smartphone’s application. 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

14 
 

Acknowledgements 

I would like to thank my director and supervisor, Jean-François Rubin, for guiding me during 400 

this project. A special thank goes to Sandrine Angélibert (hepia) for her precious advices and 

help during the electronic key construction. I would like to thank particularly Nathalie 

Kummer and Géraldine Gavillet (La Maison de la Rivière) for their collaboration. Thank to 

Simon Capt (CSCF) and Blaise Zaugg (Aquarius) for their taxonomic help during the project. 

I also would like to thank all testers for the time they spent (Alexandre Richard, Valérian 405 

Vittet, David Leclerc, David Grimardias, Jane O’Rourke, Jonas Canton, Nicolò De Coi, Anna 

Lisa Mascitti, Linda Müller, Céline Stoffel, Marie Voillemot, Geoffrey Jaffuel, Philippe 

Chatelain, Danilo Foresti, Stefania Berella Piccoli, Vincent Sonnay, Michel Bütikofer, Karim 

Ghali, Isaline von Däniken, Ludovic Dutoit, Joaquim Golay, Lucas Villard, Frédéric Oberli, 

Romain Savary, Gérard Billia, François Mange and Alexandre Chausson). Thanks to 410 

Christelle Burnier and Arlette Walther for their French and English orthographic corrections. 

And finally I would like to thank my family and friends for always having sustained and 

encouraged me. 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

15 
 

References 

Adam B, Geniez M. 2011. Les poissons d'eau douce de France.  Paris: Museum National 

Histoire Naturelle (MNHN) et Biotope éditions. 415 

Bohlen J, Rab P. 2001. Species and hybrid richness in spined loaches of the genus Cobitis 

(Teleostei : Cobitidae), with a checklist of European forms and suggestions for conservation. 

Journal of Fish Biology. 59:75-89. Available from <Go to ISI>://000173541100005 doi 

10.1006/jfbi.2001.1751 

Büttiker B. 2005. Evolution de la faune piscicole et astacicole, ainsi que de la pêche dans le 420 

Léman. Archives des Sciences. 58:183-192. Available  

Buisson L, Grenouillet G. 2009. Contrasted impacts of climate change on stream fish 

assemblages along an environmental gradient. Diversity and Distributions. 15:613-626. 

Available  

Burkhardt-Holm P. 2008. Decline of brown trout (Salmo trutta) in Switzerland - How to 425 
assess potential causes in a multi-factorial cause-effect relationship. Marine Environmental 

Research. 66:181-182. Available  

Cihar J. 1993. Guide des poissons d'eau douce en Europe. Hatier. 

Cipel. 2001. La lettre du Léman n°23. Bulletin d'information de la commission internationale 

pour la protection des eaux du Léman. (23):1-6. Available  430 

Cipel. 2003. La lettre du Léman n°26. Bulletin d'information de la commission internationale 

pour la protection des eaux du Léman. (26):1-6. Available  

Cipel. 2004. La lettre du Léman n°28. Bulletin d'information de la commission internationale 

pour la protection des eaux du Léman. (28):1-6. Available  

Cipel. 2006. La lettre du Léman n°32. Bulletin d'information de la commission internationale 435 

pour la protection des eaux du Léman. (32):1-6. Available  

Harris JH. 1995. The use of fish in ecological assessments. Australian Journal of Ecology. 

20:65-80. Available  

hepia. 2009. CLEMACH : Clé de détermination électronique multi-accès des larves 

d'Ephéméroptères, Plécoptères et Mollusques de Suisse (Genre - Famille) Haute école du 440 
Paysage, d'Ingénierie et d'Architecture (Genève) ; Centre Suisse de Cartographie de la Faune 

(Neuchâtel) ; Musée Cantonal de Zoologie (Lausanne). 

hepia. 2010. eKey : Clé de détermination électronique multi-accès des familles de macro-

invertébrés aquatiques de Suisse Haute école du Paysage, d'Ingénierie et d'Architecture 

(Genève) ; Office fédéral de l'environnement (Berne) ; Centre Suisse de Cartographie de la 445 

Faune (Neuchâtel) ; La Maison de la Rivière (Tolochenaz). 

IUCN Red List of Threatened Species. Version 2011.2 ed. 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

16 
 

Keith P, Allardi J. 2001. Atlas des poissons d'eau douce de France.  Paris: Museum National 

Histoire Naturelle (MNHN). 

Kirchhofer A, Breitenstein M, Zaugg B. 2007. Liste rouge poissons et cyclostomes - Liste 450 
rouge des espèces menacées en Suisse. In:  Neuchâtel: Office fédérale de l'environnement 

(OFEV), Berne et Centre suisse de cartographie de la faune (CSCF), Neuchâtel. p. 64 p. 

Kottelat M. 1995. Systematic studies and biodiversity: the need for a pragmatic approach. 

Journal of Natural History. 29:565-569. Available  

Kottelat M. 1997. European freshwater fishes. Biologia Bratislava. 52(5):1-271. Available  455 

Kottelat M. 1998. Systematics, species concepts and the conservation of freshwater fish 

diversity in Europe. Ital J Zool. 65:65-72. Available  

Kottelat M, Freyhof J. 2007. Handbook of European freshwater fishes. Publications Kottelat. 

vol.Â 13. 

Lundberg JG, Kottelat M, Smith GR, Stiassny MLJ, Gill AB. 2000. So many fishes, so little 460 
time: an overview of recent ichthyological discovery in continental waters. Annals of the 

Missouri Botanical Garden. 87:26-62. Available  

Maitland PS. 1977. Le multiguide nature des Poissons des lacs et rivières d'Europe en 

couleurs. Bordas. 

Muus BJ, Dahlström P. 2007. Guide des poissons d'eau douce et de pêche. Les guide du 465 
naturaliste ed.: Delachaux et Niestlé. 

OFEV. 2003. Au coeur de l'eau. 

OFEV. 2007. Méthodes d'analyse et d'appréciation des cours d'eau. Aspect général. Berne. 

OFEV. 2009. Ecomorphologie des cours d'eau suisses. Etat du lit, des berges et des rives. 

Résultats des relevés écomorphologiques (avril 2009). Berne. 470 

OLFP. 1993. Ordonnance relative à la loi fédérale sur la pêche (OLFP). In: 92301: 

Confédération Suisse. 

Patrick R, Palavage DM. 1994. The value of species as indicators of water quality. 

Proceedings of the Academy of Natural Sciences of Philadelphia. 145:55-92. Available  

Pedroli J, Zaugg B, Kirchhofer A. 1991. Atlas de distribution des poissons et cyclostomes de 475 
Suisse. Centre suisse de cartographie de la faune. 

Pedroli J, Zaugg B, Stucki P, Kirchhofer A. 2003. PISCES ATLAS. Centre suisse de 

cartographie de la faune. 

Quartier A. 1980. Les poissons de nos lacs et rivières. In: Les poissons de nos lacs et rivières. 

p. 6-10. 480 

Ribault J-P. 1966. Les poissons du Canton de Vaud. Mémoires de la Société vaudoise des 

Sciences naturelles. 14(87):7-127. Available  



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

17 
 

Rubin J-F. 1993. Biologie de l'omble chevalier dans le Lac Léman. Les cahiers de la pêche. 

51. Available  

Rubin J-F. 1999. La réhabilitation du Boiron de Morges. Bulletin de l'ARPEA. 202:31-37. 485 
Available  

Rubin J-F. 2007. Favoriser la reproduction naturelle. Tracés. 20:11-13. Available  

Weber C, Schager E, Peter A. 2009. Habitat Diversity and Fish Assemblage Structure in 

Local River Widenings: A Case Study on a Swiss River. River Research and Applications. 

25(6):687-701. Available from <Go to ISI>://000268418000003 doi 10.1002/rra.1176 490 

Zimmerli S, Bernet D, Burkhardt-Holm P, Schmidt-Posthaus H, Vonlanthen P, Wahli T, 

Segner H. 2007. Assessment of fish health status in for Swiss rivers showing a decline of 

brown trout catches. Aquatic Sciences. 69:11-25. Available  

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

18 
 

Figures and tables 

 

Figure 1: Screen capture of the electronic key while a user is beginning a determination. 

a: Criteria, b: Modalities, c: Taxa possibilities 

 

Figure 2: Screen capture of the electronic key while a user is doing the diagnosis of the 

determination. a: Species scientific name, b: Species picture(s), c: Species description 

(Characteristics present in the determination process), d: Table representing the characteristics 

given by the creator (“Caratéristiques”) and the answers given by the user (“Evaluations”). 
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Table 1: List of species presents in the electronic keys. Family names, genus names, 

species names, subspecies names, common French names and common English names are 

represented in columns.  

Family Genus Species Morph Common French Name Common English Name

Anguillidae Anguilla anguilla Anguille commune (ou d'Europe) European eel

Balitoridae Barbatula barbatula Loche franche Stone loach

Bleniidae Salaria fluviatilis Blennie fluviatile Freshwater blenny

Centrarchidae Lepomis gibbosus Perche soleil Pumpkinseed 

Centrarchidae Micropterus dolomieu Black bass (ou Achigan) à petite bouche Smallmouth bass

Centrarchidae Micropterus salmoides Black bass (ou Achigan) à grande bouche Largemouth bass

Clupeidae Alosa agone Agone Agone

Cobitidae Cobitis taenia Loche de rivière Northern spined loach

Coregonidae Coregonus sp. Corégones Whitefishes

Cottidae Cottus gobio Chabot Sculpin

Cyprinidae Cyprinus carpio Carpe Wild common carp

Cyprinidae Abramis brama Brême franche (ou commune) Bream

Cyprinidae Alburnoides bipunctatus Spirlin (ou Ablette de rivière) Spirlin

Cyprinidae Alburnus alburnus Ablette Bleak

Cyprinidae Alburnus alburnus alborella Alborella Alborella

Cyprinidae Aristichthys nobilis Carpe marbrée (ou à grosse tête) Bighead carp

Cyprinidae Aspius aspius Aspe Asp

Cyprinidae Barbus barbus Barbeau commun (ou fluviatile) Barbel

Cyprinidae Barbus caninus Barbeau canin Brook barbel

Cyprinidae Barbus plebejus Barbeau italien Italian barbel

Cyprinidae Blicca bjoerkna Brême bordelière Silver bream

Cyprinidae Carassius auratus Poisson rouge Goldfish

Cyprinidae Carassius carassius Carassin Crucian carp

Cyprinidae Carassius gibelio Carpe prussienne Prussian carp

Cyprinidae Ctenopharyngodon idella Amour blanc Grass carp

Cyprinidae Chondrostoma nasus Nase (ou Hotu) Nase

Cyprinidae Chondrostoma soetta Savetta (ou Nase d'Italie) Savetta

Cyprinidae Gobio gobio Goujon Gudgeon

Cyprinidae Hypophthalmichthys molitrix Amour (ou Carpe) argenté Silver carp

Cyprinidae Leucaspius delineatus Able de stymphale (ou de Heckel) Sun bleak

Cyprinidae Leuciscus leuciscus Vandoise Dace

Cyprinidae Parachondrostoma toxostoma Sofie (ou Nase de l'Europe du Sud-Ouest) South-west European nase

Cyprinidae Phoxinus phoxinus Vairon Minnow

Cyprinidae Pseudorasbora parva Pseudorasbora Pseudorasbora

Cyprinidae Squalius cephalus Chevaine Chub

Cyprinidae Rhodeus amarus Bouvière Bitterling

Cyprinidae Rutilus rutilus Gardon (ou Vengeron) Roach

Cyprinidae Rutilus pigus Pigo (ou Gardon galant) Danube roach

Cyprinidae Rutilus rubilio Triotto (ou Rovella) South European roach

Cyprinidae Scardinius erythrophthalmus Rotengle Rudd

Cyprinidae Telestes muticellus Strigione Italian riffle dace

Cyprinidae Telestes souffia Blageon Riffle dace

Cyprinidae Tinca tinca Tanche Tench

Esocidae Esox lucius Brochet (ou Grand brochet) Pike

Gadidae Lota lota Lotte Burbot

Gasterosteidae Gasterosteus gymnurus Épinoche Threespined stickleback

Gobiidae Padogobius bonelli Ghiozzo Padanian goby

Ictaluridae Ameiurus melas/nebulosus Poisson-chat Black or brown bullhead

Percidae Perca fluviatilis Perche Perch

Percidae Gymnocephalus cernua Grémille Ruffe

Percidae Sander lucioperca Sandre Pikeperch

Percidae Zingel asper Apron (ou Apron du Rhône) Apron

Petromizonidae Lampetra planeri Petite lamproie (ou Lamproie de Planer) European brook lamprey

Salmonidae Oncorhynchus mykiss Truite arc-en-ciel Rainbow trout

Salmonidae Salmo marmoratus Truite marbrée Marble trout

Salmonidae Salmo trutta fario Truite de rivière River trout

Salmonidae Salmo trutta lacustris Truite de lac (ou lacustre) Lake trout

Salmonidae Salvelinus alpinus Omble chevalier Arctic charr

Salmonidae Salvelinus fontinalis Saumon (ou Omble) de fontaine Brook charr

Salmonidae Salvelinus namaycush Truite des lacs canadiens (ou Cristivomer ou Omble du Canada) American lake trout

Siluridae Silurus glanis Silure glâne European catfish

Thymallidae Thymallus thymallus Ombre commun (ou de rivière) European grayling  
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Appendixes and supplementary materials 

Appendix 1: Species descriptive sheets (alphabetical order, .pdf sheet present in taxa 

documents of each species) 

Appendix 2: Distribution maps of Swiss fish species (alphabetical order, .jpeg present in taxa 

documents of each species) 

Appendix 3: Help file (.pdf sheet present in general documents of both keys) 

Appendix 4: Fish anatomy (.pdf sheet present in general documents of both keys) 

Appendix 5: Swiss river basins (.pdf sheet present in general documents of both keys) 

Appendix 6: Conservation status comparison (.pdf sheet present in general documents of both 

keys) 

Appendix 7: Swiss biogeographic regions (.pdf sheet present in general documents of both 

keys) 

Appendix 8: River stream partitioning (.pdf sheet present in general documents of both keys) 

Appendix 9: Glossary (.pdf sheet present in general documents of both keys) 

Appendix 10: Bibliography (.pdf sheet present in general documents of both keys) 

Supplementary material S1 and S2: Excel file (.xls) with the two sheets containing fish.clp 

and cyprinidae.clp criteria and modalities respectively. 

See supplementary_materials.zip 

Supplementary material S3: Folder containing html file and documents for the Webfauna 

online recording platform CSCF-karch of the Swiss Biological 

Records Center (CSCF). See supplementary_materials.zip 
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Appendix 1and 2: Species descriptive sheets and distribution maps (alphabetical order, .pdf 

sheet present in taxa documents of each species) 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

22 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

23 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

24 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

25 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

26 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

27 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

28 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

29 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

30 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

31 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

32 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

33 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

34 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

35 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

36 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

37 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

38 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

39 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

40 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

41 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

42 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

43 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

44 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

45 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

46 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

47 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

48 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

49 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

50 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

51 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

52 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

53 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

54 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

55 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

56 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

57 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

58 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

59 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

60 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

61 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

62 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

63 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

64 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

65 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

66 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

67 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

68 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

69 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

70 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

71 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

72 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

73 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

74 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

75 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

76 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

77 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

78 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

79 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

80 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

81 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

82 
 

 



Master thesis  Philippe Walther 
Fish e-key  MSc BEC – UniL 2011 

83 
 

Appendix 3: Help file (.pdf sheet present in general documents of both keys) 

 495 
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Appendix 4: Fish anatomy (.pdf sheet present in general documents of both keys) 
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Appendix 5: Swiss river basins (.pdf sheet present in general documents of both keys) 
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Appendix 6: Conservation status comparison (.pdf sheet present in general documents of both 

keys) 
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Appendix 7: Swiss biogeographic regions (.pdf sheet present in general documents of both 

keys) 
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Appendix 8: River stream partitioning (.pdf sheet present in general documents of both keys) 
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Appendix 9: Glossary (.pdf sheet present in general documents of both keys) 
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Appendix 10: Bibliography (.pdf sheet present in general documents of both keys) 
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