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Abstract. There are various ways and corresponding tools that the marine biologist 

community uses for identifying one species. Species identification is essentially a 

decision making process comprising steps in which the user makes a selection of 

characters, figures or photographs, or provides an input that restricts other choices, 

and so on, until reaching one species. In many cases such decisions should have a 

specific order, as in the textual dichotomous identification keys. Consequently, if a 

wrong decision is made at the beginning of the process, it could exclude a big list 

of options. To make this process more flexible (i.e. independent of the order of se-

lections) and less vulnerable to wrong decisions, in this paper we investigate how 

an exploratory search process, specifically a Preference-enriched Faceted Search 

(PFS) process, can be used to aid the identification of species. We show how the 

proposed process covers and advances the existing methods. Finally, we report our 

experience from applying this process over data taken from FishBase, the most 

popular source for marine resources. The proposed approach can be applied over 

any kind of objects described by a number of attributes. 

1 Introduction 

Correct identification of fish species is important in the fisheries domain for a sus-

tainable management of stocks, balancing exploitation and conservation of biodiversi-

ty [10]. Species identification is actually a decision making process comprising steps 

in which the user makes a selection that restricts subsequent choices. The decisions 

are actually selections of characters, figures or photographs. The European Project 

Key2Nature1 (2007-2010) reviewed a number of identification systems used in biodi-

                                                           
1 Key2Nature website http://www.keytonature.eu 



versity works and education, and published proceedings of a conference on the state 

of the art in collaboration with two other projects, EDIT and STERNA [1]. Up to the 

development of informatics, the steps in the classic textual dichotomous identification 

keys were constrained by a fixed order. Consequently, if a wrong decision is made at 

the beginning of the identification process, the final identification is wrong. 

Here we investigate how a particular exploratory search process, specifically the 

Preference-enriched Faceted Search (for short PFS) introduced in [6] and imple-

mented by the system Hippalus [3], can be used for supporting the identification pro-

cess in a way that is more flexible and less prone to errors. We show how the pro-

posed process, which is based on methodologies and tools developed for exploratory 

search, covers and advances the existing methods for species identification (including 

the current computer-aided identification systems). The main idea is that species are 

modeled as objects characterized by a number of attributes. The user explores the 

information space by issuing two main kinds of actions: (a) the classical left-clicks of 

faceted search that change the focus (i.e. change the viewed set of objects), and (b) 

right-clicks that express preference which rank the focus. The order by which users 

issue such actions does not affect the outcome, enabling in this way the user to decide 

what is more convenient to him/her at each step during the interaction. We demon-

strate how we have applied this approach over the data of FishBase2. However, the 

approach is generic, i.e. it can be applied over any kind of objects described by a 

number of attributes (or metadata), and it could be exploited for identifying a phe-

nomenon in general; identification tasks are important in many domains, e.g. in patent 

search (for investigating whether an idea is already covered by existing patents) [3], 

for identifying a rare disease [7], for diagnostics of car breakdowns, and others.  

2 Related Work and Background 

Section 2.1 describes in brief the current species identification methods, Section 

2.2 introduces the basics of Preference-enriched Faceted Search, and Section 2.3 in-

troduces the system Hippalus. 

2.1 Species Identification 

There are various ways for identifying one species. According to [8, 10] the fol-

lowing four methods3 can be identified (see [9] for a more detailed overview): 

1. ‘Eye-balling’ drawings and key features by decreasing taxonomic level from class 

downward; 

2. Display of all pictures available for a given geographic area and/or a given family 

with possible restriction on fin ray meristics; 

3. Dichotomous keys; these keys can be classically implemented as in printed textual 

documents; however, computer-aided identification systems such as XPER4, Lu-

                                                           
2 FishBase website http://www.fishbase.org 
3 excluding DNA barcode identification  
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cId5 and others allow users to select steps in the order they prefer, which is a first 

step for the process we describe below; and 

4. Polythetic keys, such as simple morphometric ratios measured on the body of indi-

viduals (e.g., fishes), or biochemistry results as in bacteria identification. 

In the identification through outlines (corresponding to category 1 above) the user 

restricts the search space gradually by selecting drawings in each step. Figure 1 shows 

the first step, where the user can select 1 out of 6 highly distinctive outlines represent-

ing different classes of fishes. After his first selection, he continues in the same man-

ner, by selecting another figure from a set of figures with more refined groupings 

(decreasing taxonomic level), and so on. 

 

 

Fig. 1. Example of the ‘Eye-balling’ drawings by decreasing taxonomic level from class 

downwards. 

In the identification through pictures the user selects a taxonomic group (from 

class down to genus), and/or a geographic area, and eye-balls the corresponding dis-

played pictures on one web page. Other criteria like the number of dorsal and anal 

spines can be used to restrict choices. In the identification through dichotomous keys 

(corresponding to category 3 above), the user answers successive questions like in a 

decision-tree, usually about the morphology of the species. The principle, established 

at the end of the 17th century [11], but popularized only 100 years later, is the follow-

ing: (a) the user has to answer a first question that has 2 possible answers (hence the 

qualification of dichotomous), and (b) each of the possible two answers leads via a 

number either to a new question, or to a species, which then finishes the identifica-

tion. An example of a dichotomous key implemented in simple HTML in FishBase is 

given in [http://www.fishbase.org/keys/description.php?keycode=2] [12]. 

Finally, in the identification through morphometric ratios (e.g. the Morphometrics 

Tool of FishBase) ratios are computed from body measurements provided by the user, 

e.g. Total Length (TL), Head Length (HL), Eye Diameter (ED), Body Depth (BD), 

etc., and other information about the area and family for reducing the number or pos-

sible species. Figure 2 shows the form for identification through morphometric ratios. 

 

                                                                                                                                           
4  XPER website http://www.xper3.fr/ 
5  LucId website http://www.lucidcentral.com 



 

Fig. 2. Form for identification through morphometric ratios in FishBase. 

http://www.fishbase.org/Identification/Morphometrics/centimeters/Index.php 

2.2 The Preference-enriched Faceted Search (PFS) 

A highly prevalent model for exploratory search is the interaction of Faceted and 

Dynamic Taxonomies (FDT) [5], usually called Faceted Search, which allows the 

user to get an overview of the information space (e.g. search results) and offers him 

various groupings of the results (based on their attributes, metadata, or other dynami-

cally mined information). These groupings enable the user to restrict his focus gradu-

ally and in a simple way (through clicks, i.e. without having to formulate queries), 

enabling him to locate resources that would be difficult to locate otherwise (especially 

the low ranked ones). This model is currently the de facto standard in various do-

mains: e-commerce (e.g. eBay), booking applications (e.g. booking.com), library and 

bibliographic portals (e.g. ACM Digital Library), museum portals (e.g. Europeana), 

mobile phone browsers, and many others. 

The enrichment of search mechanisms with preferences, hereafter Preference-

enriched Faceted Search [6, 4], for short PFS, has been proven useful for recall-

oriented information needs, because such needs involve decision making that can 

benefit from the gradual interaction and expression of preferences [5]. The distinctive 

features of PFS is the ability to express preferences over attributes whose values can 

be hierarchically organized, and/or multi-valued, while scope-based rules resolve 

automatically the conflicts. As a result the user is able to restrict his current focus by 

using the faceted interaction scheme (hard restrictions) that lead to non-empty results, 

and rank according to preference the objects of his focus. 

A relevant work to the suggested approach is discussed in [13]. This work ranks 

the results based on a probabilistic framework that does not consider explicit users’ 

preferences and assumes a data model that on contrast to our approach, does not ex-

ploit hierarchically organized and/or set-valued attributes. 
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2.3 The Hippalus System 

Hippalus [3] is a publicly accessible web system that implements the PFS interac-

tion model [6]. It offers actions that allow the user to order facets, values, and objects 

using best, worst, prefer to actions (i.e. relative preferences), around to actions (over 

a specific value), or actions that order them lexicographically, or based on their values 

or count values. Furthermore, the user is able to compose object related preference 

actions, using Priority, Pareto, Pareto Optimal (i.e. skyline) and other. 

The information base that feeds Hippalus is represented in RDF/S6 (using a schema 

adequate for representing objects described according to dimensions with hierarchi-

cally organized values). For loading and querying such information, Hippalus uses 

Jena7, a Java framework for building Semantic Web applications. Hippalus offers a 

web interface for Faceted Search enriched with preference actions. The latter are of-

fered through HTML 5 context menus8
. The performed actions are internally translat-

ed to statements of the preference language described in [6], and are then sent to the 

server through HTTP requests. The server analyzes them, using the language’s parser, 

and checks their validity. If valid, they are passed to the appropriate preference algo-

rithm. Finally, the respective preference bucket order is computed and the ranked list 

of objects according to preference, is sent to the user’s browser. 

Hippalus displays the preference ranked list of objects in the central part of the 

screen, while the right part is occupied by information that relates to the information 

thinning (object restrictions), preference actions history and preference composition. 

The preference related actions are offered through right-click activated pop-up menus 

(through HTML5 context menus). The interaction is demonstrated in the next section. 

3 A PFS-based Approach for Species Identification 

Section 3.1 describes the PFS-based fish identification process through an exam-

ple. Section 3.2 provides details about the final dataset, while Section 3.3 compares 

the identification approaches. 

3.1 The Interaction By Example 

We shall describe the PFS-based fish identification process through an example. 

We use the dataset of the pilot phase containing only 720 species (mainly coming 

from Greece) where each species is described by six (6) attributes: Body Shape, 

Country, Genus, Length, Maximum Depth, and Weight. We used the Hippalus Data 

Translator (HDT) tool for transforming the original FishBase data to the correspond-

ing RDFS multi-dimensional schema that is supported by Hippalus. This resulted to 

3,254 RDF triples. The system with those 720 species is Web accessible9. 

                                                           
6  http://www.w3.org/TR/rdf-schema/ 
7  http://jena.apache.org/ 
8  Available only to firefox 8 and up. 
9  http://www.ics.forth.gr/isl/Hippalus/examples  (requires Firefox version 8 or higher) 

http://www.ics.forth.gr/isl/Hippalus/examples


Scenario: Suppose that someone catches a fish while fishing in a boat close to a coach 

of Cephalonia (a Greek island in the Ionian Sea). The caught fish is a rather flattened 

fish of around 3 kilograms and its length is between 60-65 cm. The fish looks like the 

one in Figure 3. Below we discuss how that fisherman could use the system Hippalus 

for the identification of that particular fish. 

 

Fig. 3. The caught fish. 

The first screen of Hippalus is shown in Figure 4. The left frame shows the facets 

and the middle frame shows the list of species names that the system is aware of. The 

right frames show the history of user in terms of focus restriction actions, preference 

expression actions, and also allows the user to prioritize his/her preferences. 

 

Fig. 4. The first screen of Hippalus. 

Since the caught fish is a rather flattened fish, the user expands the facet Body 
Shape and on the value flattened he selects through right-click the value Best. 
We can see (in Figure 5) that now the list of species has been divided into two blocks: 

the first contains the flattened fishes, while the second those having a different shape. 
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Fig. 5. After the preference action Best(BodyShape:Flattened). 

Since the weight of the fish is around 3 kilograms the user expands the facet 
Weight and on the value 3000g he selects through right-click the value Around. 
We can see (in Figure 6) that now the two blocks have been refined and a series or 

smaller blocks are shown. The first block contains a single species, namely Torpedo 
marmorata, meaning that this is the more probable one. 

 

Fig. 6. After the preference action Around(Weight:3000) 

The user now expands the facet Country and since Greece is close to Italy, and 

therefore it could be a species native in either Greece or Italy, or both, he selects 
Spain and through right-click he selects the value Worst, for expressing that Spain 

is the worst option, i.e. the less probable. We observe (in Figure 7) that the first block 

did not change. 



 

Fig. 7. After the preference action Worst(Country:Spain). 

At that point the user questions himself whether the fish is indeed flattened or 

compressed, because he is not sure about the semantics of this terminology. For this 

reason he goes again to the facet Body Shape he finds the value compressed and 
through right-click he selects the value Best. Now the first block contains two species 

(Figure 8): Torpedo marmorata and Solea solea (the former due to its 

past Best action on flattened, the latter due to the current Best action on compressed).  

 

Fig. 8. After the preference action Best(BodyShape:Compressed) 

The user now expands the facet Length and selects the value Around over the 

value 63. Now the first block contains 3 species, namely Solea solea, Scomb-
er colias, and Carassius carassius (Figure 9). 
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Fig. 9. After the preference action Around(Length:63). 

Since the user is more certain about the body shape of the fish, in comparison to 

weight and length, he decides to express, through the Priorities frame (middle right of 

the screen), that his preferences on Body Shape should have more priority than his 

preferences over the other facets. Figure 10 shows the new result. The first block 

contains one species, Scomber colias. This is probably the right species. To 

confirm, the user should check the species account in FishBase10, and compare the 

various characteristics he can observe on the individual with those reported in 

FishBase. 

 

Fig. 10. After prioritizing first the preferences about Body Shape. 

                                                           
10  http://www.fishbase.org/summary/Scomber-colias.html 



3.2 Larger and Richer Dataset  

Based on the pilot phase, we decided to create and use a larger and richer dataset 

that contains all species from FishBase and apart from the attributes described earlier, 

it also contains: (a) the “preferred picture” attribute of FishBase, (b) the family that 

each species belongs to, (c) more types of body shapes (e.g. “oval”), (d) the common 

names of each species, (e) dorsal fin attributes for each species (e.g. “continuous with 

caudal fin”), (f) forehead information (e.g. “clearly convex”), (g) absence or presence 

of horizontal stripes on body side, (h) absence or presence of vertical stripes on body 

side, (i) information about spots on body side, such as “one spot only” , (j) type of 

mouth (e.g. “clearly protrusible”), (k) position of mouth (e.g. “terminal”), (l) ab-

sence or presence of mandible (lower jaw) teeth, (m) absence or presence of maxilla 

(upper jaw) teeth, (n) absence or presence of teeth on tongue, (o) mandible teeth 

shape, (p) maxilla teeth shape, (q) type of eyes such as “eyes with fixed fatty (adipose) 

tissue/eyelids”, (r) type of scales (e.g. “ctenoid scales”), and (s) life zone (type of 

water) such as “saltwater”. In total, this dataset contains 23 facets. These data were 

extracted from a CSV file and were then transformed to RDF using the HDT tool. The 

resulting dataset contains 32,471 species described by 600,194 RDF triples.  

Various optimizations of Hippalus were developed (specifically those described in 

[6]) for offering efficient interaction over this dataset which is the biggest real dataset 

that Hippalus has ever loaded. In brief it takes 5.7 seconds to load the dataset, while 

actions that restrict the focus of the user are almost instant (e.g. restriction to species 

that belong to the Myctophidae family takes only 93ms). On the other hand the com-

putation of preference actions is more expensive, but can take advantage of the almost 

instant focus restriction actions. For example lexicographically ordering species ac-

cording to family (i.e. an expensive preference action due to the large number of pref-

erence relations), takes 17 seconds for 10,000 species, while it takes only 438ms in 

the restricted focus of 720 species. 

Moreover, and for supporting the identification through pictures, we have extended 

Hippalus with images, i.e. if one attribute value is a URL corresponding to an image, 

that image is displayed in the object list in the middle frame. A screenshot of the cur-

rent prototype is shown in Figure 11. 

 

 

Fig. 11.  Screenshot from the new (ongoing) version of Hippalus 
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3.3 Comparison of Species Identification Methods 

To summarize, Table 1 describes the current fish species identification methods 

and the proposed PFS one, according to various criteria. We should also mention that 

some other computer-aided information system, such as XPER311 and LucId12 among 

others, also offer the no predefined-order and they may also provide weighing about 

easiness of observation for each characters, or guide the process by attributing fre-

quency of occurrence in species in a given geographic area, but it has to be predefined 

by the creator of the knowledge database. Rather, PFS allows the user to express his 

confidence in his own decision, which is a noticeable progress. We conclude that PFS 

is a promising method for aiding species identification .Moreover the PFS method is a 

generic method that can be directly applied over any dataset expressed in CSV. 

Table 1. Features of each Identification Method 

                Identification   

                                           Method 

Features 

Morphometric 

Ratios 

Dichotomous  

Keys 

Eye Balling PFS-based 

method 

Support of images No No Yes Yes 

Existence of gradual Process No Yes Yes Yes 

Flexibility of the process (order inde-

pendent) 

Non applicable 

 (no process) 
No No Yes 

Soft Constraints / Preferences No No No Yes 

Hard Constraints / Restrictions Yes Yes Yes Yes 

4 Concluding Remarks 

We have investigated how a rather strict decision making process comprising a 

strictly ordered set of decisions, can be treated as a series of soft constraints (prefer-

ences) which can be expressed by simple clicks, without any predefined order. The 

interaction model, called PFS (Preference-enriched Faceted Search), not only offers 

processes that are more flexible (the user can start from the easy decisions, or whatev-

er decision seems easier) but also allows the decisions to be treated as preferences 

(i.e., not as hard constraints), therefore the outcome of the process is less vulnerable 

to errors. Moreover by selecting values from facets corresponding to physical dimen-

sions, the user can obtain what he could obtain with the Simple Morphometric Ratios-

based identification approach. The experimental investigation performed using data 

from FishBase has demonstrated the feasibility of the approach and allowed us to 

identify, and subsequently implement, useful extensions of the system Hippalus. In 

future we plan to release an operational version of the system (available to all) for 

further evaluation, and to investigate the usefulness of preference-aware exploration 

in other identification tasks. The current deployments are already web accessible9. 

                                                           
11 XPER website http://www.xper3.fr/ 
12 LucId website http://www.lucidcentral.com 
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