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1 Preface 
 
This document describes the availability of training data for image and sound recognition 
models of European animals focussing on species groups for which a EU Red list is available, 
on species groups included in the EU pollinator initiative and Alien invasive species of Union 
concern. It compares the availability of training data with the goals set by ourselves at the 
start of the MAMBO project, analyses gaps and discusses possible ways to address these gaps 
in the next few years.  
 

2 Summary  
 
MAMBO aims at providing image and sound recognition tools allowing citizen scientists to 
identify European animals in the field. In order to make these models, training data is needed 
which is (a) open access, (b) has been validated by experts and (c) is based on field 
observations. For image recognition at least ten records with images are needed to include a 
species in a model and again for sound recognition at least five recordings are needed for 
inclusion, depending on the complexity of the entity that is being recognized. This report gives 
insight in the taxonomic and geographic coverage of the available training data focussing on 
species groups for which a EU Red List is in place, species groups included in the EU pollinator 
initiative and species listed as Alien invasive species of Union concern (14 groups for image 
recognition, 4 groups for sound recognition). To estimate differences in geographic coverage 
we look at four European regions (Iberia, Italy & Malta, SE Europe and N & C Europe).  
A consortium of European biodiversity portals has been built of portals uploading their data 
to GBIF (www.gbif.org) from where the data and images are available. Based on this 
consortium we are currently able to build an image recognition model based on 47 million 
images of 45.000 taxa. The taxonomic and geographical coverage of this model is such that it 
is already a useful tool for identification of animals throughout the whole of Europe. An 
overview is given of the coverage (percentage of species occurring in an area included in the 
model) of training data for four regions and this is compared to the aims we set ourselves at 
the start of the MAMBO project. For most of the species group and region combinations, the 
availability of training data is such that the aims set by ourselves are matched or will likely be 
matched within the duration of MAMBO. Gaps in the availability of training data are mainly 
present in the Mediterranean (especially SE Europe) and are especially severe for bees and 
molluscs.  
For training data for sound recognition we closely cooperate with Xeno-canto (xeno-
canto.org), currently the largest open access source of sound recordings of animals. For birds, 
enough training data is available to include nearly all European breeding birds with the ones 
not included either being very rare or largely mute. Through the combined effort of MAMBO 
and Xeno-canto and with the support of the grasshopper community we uploaded over 
20.000 recordings of European grasshoppers to Xeno-canto. Due to this, it is possible to make 
sound recognition models that include over 50 percent of the 720 sound producing European 
grasshopper species, including all common and widespread species. For bats and amphibians 
we are still in the process of data collection but already enough training data is available to 
make models which include the majority of species recognizable based on sound.  
Several dedicated actions will be undertaken in 2024 and 2025 in order to further increase 
the availability of training data of image and sound recognition.  

http://www.gbif.org/
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3 List of abbreviations  
 

EU European Union 
  

 

4 Introduction 
 
In the past decades the contribution of amateur specialists to European biodiversity data has 
steadily grown. Part of the data collected by amateur specialists and citizen scientists refers 
to standardised counts, often transect counts, which are used to monitor species of policy 
concern. In addition, large amounts of non-standardised data are collected by amateur 
specialists. This data is used to establish distribution patterns of species and often serves as 
an early warning system for new invasive species. Although this data is not standardised, the 
large amounts of data and improvements of methods such as species distribution modelling 
and occupancy modelling, make that this data is increasingly used for policy and scientific 
studies. Quality control of this data source has always been an issue. In the past two decades 
it has become easier for citizen scientists to attach an image to an observation making it 
possible for others to check the identification. Given the amount of records, this is, however, 
a time consuming task. Also the contribution of citizen scientists has traditionally been 
restricted to those groups that are relatively easy to identify and for which field guides are 
available. 
Active citizen scientists are not evenly distributed across Europe with the north and 
northwest of Europe having a far larger community of active citizen scientists than eastern or 
southern Europe. This is partly due to the more difficult access to identification literature in 
southern Europe where far more species occur and identification is generally more difficult. 
In the past five years, image recognition has had a major impact on nature study by citizen 
scientists. Image recognition basically makes it possible for anyone to identify any species. 
Due to this, experience and access to identification literature has become less important. This 
resulted in a wider set of people to become active as citizen scientists with these people 
studying a broader selection of biodiversity. MAMBO is a key project in the further 
development of image and sound recognition for European citizen scientists and aims to 
improve the quality of the AI image and sound recognition and improve the access of 
European citizen scientists to image and sound recognition. It does so by (a) working on 
technical improvements (basically more accurate algorithms), (b) working on linking 
European biodiversity portals to image and sound recognition and (c) by increasing the 
geographical and taxonomic coverage of the models. The latter ensures that the models work 
for a wide set of taxonomic groups and can be used throughout all European countries. In 
order to increase the geographical and taxonomic coverage the number of species included 
in the models needs to increase and to do so more training data is needed. This report gives 
an overview of the work done on increasing the amount of training data, describes the current 
available training data and the main gaps and describes future action to address these gaps.  
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5 Training data: requirements  
 
Training data consist of images or sound recordings of the species to be recognised by the 
model. The models made as part of MAMBO are aimed at recognition of animals in the field 
by citizen scientists and do not focus on recognition of images from collections or from fixed 
cameras. In order to be used as training data the image or recording needs to match three 
criteria: 

a) Available, open access 
b) Identification confirmed by a (amateur)specialist 
c) Image refers to a field observation 

 
In order to match criterion ‘A’ we only use images as training data of biodiversity portals that 
upload their data to GBIF. For sound, we restrict ourselves largely to sound recordings of the 
website Xeno-canto where nearly all recordings are published open access. For some species 
data is restricted by the biodiversity portals or by Xeno-canto. This happens for species of 
which the data is sensitive (e.g. orchids or wolves) or, in the case of Xeno-canto, for species 
in which the sound recording might be mis-used for bird trapping. In order to match criterion 
‘B’ we only use data from well known biodiversity portals and we use only data where the 
quality control was done manually (so not with the use of AI). The largest source of training 
data, the biodiversity portal Observation.org, has a network of experts checking the 
identification of images. Due to this, the data is reliable also for the more difficult species or 
species groups.  
Criterion ‘C’ means that no training data is used that is strongly different from images or 
recordings made in the field by citizen scientists. This means that images from specimens in 
collections or images from books cannot be used. This criterion is matched by restricting 
ourselves to images from European biodiversity portals.  
      
In addition to the three criteria mentioned above, there are also minimum requirements on 
the number of images or recordings needed to include a species in a model. For images the 
minimum requirement is that there need to be ten or more records with images available. 
For sound the minimum requirement is set on five recordings. Of course training with more 
images is better and as much images as possible are included in the training. For 
computational reasons we, however, use a cut off level of 5000 images per species.   
  
For image recognition, we include as many species as possible covering the three major 
Kingdoms: animals, plants and fungi. For MAMBO the focus is on animals. Although we want 
to facilitate identification of as many species as possible, the species of policy concern are the 
main targets. In describing the taxonomic coverage of the training data we therefore focus 
on groups included in the EU Pollinator Initiative or for which the EU drafted Red lists (Cálix 
et al 2018, Cox et al. 2009, Freyhof & Brooks 2011, Hochkirch et al 2016, Kalkman et al. 2010, 
Nieto & Alexander 2010, Temple & Cox 2009, van Swaay et al 2010). In addition, we focus on 
invasive alien species of Union concern (European Union, 2022). For sound recognition the 
project focuses on European breeding birds, bats, amphibians and grasshoppers.  
 
Different biodiversity portals use different taxonomies. This is partly due to different views 
on taxonomy and partly because of differences in informal taxonomy. With the latter, we 
refer to the use of names for groups of species that cannot be identified to species-level in 
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the field. This however varies between regions, for instance when a sibling species occurs in 
one area but is absent in another. These differences in taxonomy are a problem in two ways: 
it makes it more difficult to combine training data from different portals and it makes it more 
difficult to make a model that results in identification that matches the taxonomy in use by 
the receiving portal. The image and sound recognition should be a service to the biodiversity 
portals and we do not want to force the participating portals to use a certain taxonomy. The 
models are therefore built in such a way that different taxonomies can be accommodated. 
For this the Information and Communication Technology (ICT) team of Naturalis developed a 
software tool (TaxonMap) which allows users to compare and align taxonomies.  
Image and sound recognition are great tools resulting in a strong increase in the quality and 
quantity of data collected by citizen scientists. This report focuses on the availability of 
training data. It is good to be aware that the availability of training data and the inclusion of 
a species in a model does not necessarily mean that a species is always correctly identified.  
 

6 Training data for image recognition 
 
6.1 Coverage 
Image recognition models for European species built prior to MAMBO were based on training 
data of Waarneming.nl. As part of MAMBO, we built a consortium of European biodiversity 
portals which includes in addition to Waarneming.nl also Observation.org,  
Waarnemingen.be, irecord.org.uk, arter.dk, artdatabanken.se and artsdatabanken.no. This 
resulted in a strong increase in the available training data and the model being built in 2024 
is based on 47 million images of 45,000 taxa.  
 
In MAMBO, the focus is on those species groups that are of policy concern and for this 
reason the taxonomic and geographic coverage of the training data is tested based on the 
species groups for which an EU Red list is available, species groups included in the EU 
pollinator initiative and Alien invasive species of Union concern (Cálix et al 2018, Cox et al. 
2009, European Union, 2022, Freyhof & Brooks 2011, Hochkirch et al 2016, Kalkman et al. 
2010, Nieto & Alexander 2010, Temple & Cox 2009, van Swaay et al 2010). For moths, a EU 
red list is currently being prepared and an up-to-date checklist will be published later in 
2024. For this reason the moths could not yet be included in the overview presented below.  
Table 1 shows for each group the coverage, the number of species occurring in Europe and 
the percentage of coverage for four regions in Europe. This includes the whole of Europe with 
the exception of Russia. The four regions are: Iberian peninsula (Spain, Portugal), Italian 
peninsula (Italy, Malta), Balkan Peninsula (Albania, Bulgaria, Croatia, Cyprus, Greece, 
Macedonia and Bosnia-Herzegovina, Montenegro Serbia, Slovenia, European Turkey) and 
north & central Europe. The column coverage indicates the minimal percentage of species we 
aim to have included in the European model, an aim we set ourselves at the start of the 
MAMBO project. The regions, where the coverage already matches our original aim, are 
shown in green, the regions shown in red are the ones where it seems unlikely that we match 
our original aim before the end of the MAMBO project. The region with the most gaps in 
coverage is the Balkan. The groups with the poorest coverage are bees, terrestrial molluscs 
and freshwater molluscs. For the interpretation of Table 1 it is important to realise that the a 
coverage in number of species of 25% for bees in N & C Europe might seem very low but that 
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this 25% does include all the common species and in reality probably over 90% of the images 
made by citizen scientists are of  species included in this 25%. 
 
Table  1. Coverage of training data for groups for which a EU red list is available and 
species groups included in the EU pollinator initiative. The column Coverage indicates the 
aim we set at the start of the MAMBO project. The green indicates the species groups and 
regions where we already match the aim set at the start of the project. The red indicates 
the species groups and regions for which we probably will not match the aim set by 
ourselves by the end of the MAMBO project.  

 
 

Table 2 provides an overview of the coverage of Alien invasive species of Union concern. For 
52 (59%) of the 88 species included on the EU list (47 animals, 41 plants) ten or more images 
from the European biodiversity portals are available allowing the inclusion of these species in 
the model. The species for which not enough training data is available are all still very rare 
within Europe and/or are rarely observed by citizen scientists. For all species for which not 
enough training is available, we checked if non-European training data is present on GBIF. If 
this data source would be included all but one Alien invasive species of Union concern can be 
included in the image recognition model.  
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Table  2. Availability of training data for Alien invasive species of Union concern with the 
third column indicating the percentage of species included based on data of the European 
biodiversity portals and the fourth column indicating the percentage of species included 
when also GBIF data would be taken into account 

 Total number of 
species 

Enough training 
data available 
from European 
biodiversity 
portals 

Enough training 
data available 
when also 
including GBIF 
data 

Not enough 
training data 

Plants 41 24 (59%) 40 (98%) 1 (2%) 

Animals 47 28 (60%) 47 (100%) 0 

Combined 88 52 (59%) 87 (99%) 1 (1%) 

 
 
6.2 Images available, validation lacking 
In paragraph 6.1 it was concluded that the main issues regarding the training data for image 
recognition are with (a) bees and mollusc and (b) for species in the Mediterranean area with 
emphasis on the Balkan. There are two basic reasons why species are lacking, either there 
are no records with images available or there are records with images but these have not 
been validated by an (amateur)expert. Species for which no records are available are of 
limited concern – the fact that no records are available show that they are very rarely 
observed so that their absence in the model will have a limited impact on the performance 
of the model. Species for which records with images are available but for which the images 
have not been validated are more of a concern. These species are observed but the model 
will not be able to predict them correctly as the species is not included in the model 
training. The reason that the images of these species are not validated by experts is a 
combination of the recognition from an image being difficult and the general lack of experts 
active with validation. In the last year, several initiatives were taken to recruit and train new 
validators. New validators became active for instance due to the cooperation of the Spanish 
Biodiversidad with Observation.org, due to training of bee and hoverfly experts as  
part of the EU Horizon project SPRING and due to a training workshop in validation given on 
MALTA (as part of MAMBO). Although the number of validators is increasing further effort is 
needed for some difficult species groups and for some regions (mainly SE Europe).  
 
6.3 Bees and molluscs 
 
The percentage of species for which sufficient training data is available is low for both bees 
and molluscs. These groups have in common that they are very species rich, that most species 
are found in the Mediterranean, that many species have small ranges and that most species 
cannot be reliably identified in the field. The latter means that for an image to become 
available for the training an observer needs to make an image in the field, then collect the 
specimen, identify the species and then insert the image on a biodiversity portal. This not only 
means a high time investment of the observer but also means that the validator can only 
validate the record when it is uploaded with images showing the needed details, which often 
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means images made through a microscope. Due to this, the number of available training 
images for some groups of bees and molluscs is only increasing very slowly. In addition, there 
is the fact that specialists of these groups are traditionally more focused on collections and 
many of them feel no connection to field observation of citizen scientists or are downright 
negative about such a source of information. For both species groups specific action will be 
taken to speed up the collection of training data (see chapter 9) but even so it is likely that it 
will take several years before over fifty percent of the European species can be included in 
the recognition models. 
 

7 Training data for sound recognition 
 
The website Xeno-canto is used as the main source of training data for training sound 
recognition models. Xeno-canto is run by the Xeno-canto foundation (or officially Stichting 
Xeno-canto voor natuurgeluiden), a charity (Dutch "ANBI") from the Netherlands and is aimed 
at sharing recordings of wildlife sounds from all across the world. It is currently the largest 
open access library of wildlife sounds covering birds, bats, grasshoppers and amphibians.  
 
7.1  Birds 
Xeno-canto holds over 800.000 recordings of over 10.000 bird species. Not all of these 
recordings are of high quality and for that reason we decided to include only those in the 
training data that have quality a, b, or c (see website for details). The European Breeding 
Bird Atlas lists 635 (556 regular breeding birds and a further 69 extremely rare and often 
introduced species) as breeding in Europe. Of these over 196,000 recordings of 584 species 
are available. For 39 species too few recordings are available to include them. These are 
however all species that are either exceedingly rare (occurring only on the outskirts of 
Europa such as Pallass reed bunting), do not occur in the EU (Desert Wheatear, Caucasian 
Grouse) or hardly produce sound (Cinereous Vulture, Marbled Duck, White-headed Duck). 
Due to this basically all breeding birds that one normally can expect to hear in the field are 
included in the models.  
  
7.2  Bats 
Europe is home to 52 species of bats. The sounds that bats produce are ultrasonic, meaning 
that most of the sounds can not be heard by people. Bats produce their sounds mainly for 
navigation while birds make sounds for communication. Due to this the sounds bats 
produce are often very similar between species belonging to the same genus. Also, the 
sounds of bats change depending on the habitat (dense or open habitats). All this makes 
identification of bats difficult and there is still discussion among experts to what extent 
different species can reliably be identified. This also impacts the collection of training data 
as it is difficult to know which recordings can be trusted. Another issue with the training 
data of bats is that most larger databases with recordings are owned by companies with 
commercial interest and are hence not available to others. In the last year a modest number 
of recordings of bats have been made accessible on Xeno-canto and at present a total of 
1500 recordings are available for 26 out of the 52 European species of bats. At present this 
is enough to make a model for the genus level (11 of the 14 genera included) or a model for 
the common species in North-western Europe. MAMBO is currently closely cooperating with 
Xeno-canto in facilitating the bulk upload of additional recordings of bats. For this we are in 
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the process of contacting both organisations and amateur specialists who own a larger 
number of recordings. During winter 2024/2025 we hope to have access to enough training 
data to produce a sound recognition model that not only facilitates identification to the 
genus level but also to the species level of the majority of species 
 
7.3  Grasshoppers 
Of the 1086 species of grasshoppers and crickets known to occur in Europe 720 produce 
sound of use for identification and monitoring. Before 2023 the availability of recordings of 
grasshoppers was limited and mostly restricted to commercially published CD’s. In 2022 
Xeno-canto opened up to recordings of grasshoppers. In the second half of 2023, a boost to 
the upload of recordings was given partly based on MAMBO and partly based on additional 
funding from NLBIF resulting in the upload of over 20,000 grasshopper recordings from all 
over Europe. This was made possible due to the cooperation of several experts who 
generously made their recordings, often collected over the course of a lifetime, available. At 
present for over half of the European species enough training data is available for inclusion 
in a sound recognition model (Table 3). This includes all the common and widespread 
species due to which a model based on this training data will likely allow identification of 
the vast majority of the grasshopper sounds encountered in the field. In 2024 a checklist of 
European grasshoppers will be published in which the availability of recordings is indicated 
(Odé et al. 2024). This will likely stimulate orthopterists to upload recordings of missing 
species or even to dedicate field work to collect recordings. As part of the EU Horizon 
project TETTRIs, four workshops will be organised in the Mediterranean aimed at training 
amateur specialists in collecting sound recording of grasshoppers.   
 
Table 3: Availability of training data for European grasshoppers. 

 Europe N&C 
Europe 

Iberia Italy Balkan 

Species 1045 374 404 243 531 
Species making sound 696 263 251 158 362 
Species >5 recording 484 216 174 113 296 
% sound producing species in model 70 82 69 72 82 

 
 
7.4 Amphibians 
Europe is home to 45 species of frog and toads that produce sound. Some of these, such as 
tree frogs (Rana) and green frogs (Pelophylax), have loud voices while others have soft 
voices or even produce sound underwater. Xeno-canto opened up to recordings of frogs 
only in March this year and the number of recordings is limited but steadily growing. For 
amphibians we will, in addition to the recordings of Xeno canto, also use recordings 
available on Observation.org. By combining recordings from Xeno-canto and 
Observation.org and making use of species with similar sounds with non-overlapping ranges 
the available training data allows to include 30 of the 45 species. Table 4 provides an 
overview of the coverage of the sound recognition model based on the currently available 
training data. The gaps in available training data are restricted to three genera. The genus 
Discoglossus is restricted to the Mediterranean and the four species of this group seldom 
make sound explaining why training data is missing. The other two genera are Rana (‘brown 
frogs’) and Pelophylax (‘green frogs’). The species for which training data is absent are 
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mostly range restricted and/or found in running water (making sound recording difficult). 
An overview of the availability of sound recordings will be distributed on social media asking 
amphibian enthusiasts to collect and upload recordings of species still missing. 
 
Table 4: Availability of training data for European sound producing amphibians (data from 
August 2024). 

 Europe N&C 
Europe 

Iberia Italy Balkan 

Species making sound 45 30 22 18 19 
Species >5 recording 30 24 18 13 4 
% sound producing species in model 67% 80% 82% 72% 74% 

 
 

8 Further work  
 
8.1 Image recognition 
Most of the existing larger European biodiversity portals are involved in the consortium 
which was constructed as part of MAMBO. Further increasing the amount of training data 
by connecting new consortium members is therefore not possible. The increasing amount of 
records and images uploaded to the different biodiversity portals (currently over 15 million 
new images are uploaded annually) makes that the amount of available training data and 
also the number of species covered by the training data is expected to steadily increase over 
the next few years. In order to speed up the increase of taxonomic and geographical 
coverage of training data two initiatives are taken: 

● For some species groups it might be possible to use images from collections to train 
models. These models might allow people to identify species after they have been 
collected but it is even possible that they might allow identification in the field. 
Currently this is being tested for mollusc as part of the EU Horizon project TETTRIs. If 
successful these collection models can be incorporated in the larger European 
models for field recognition. The advantage of molluscs is that the shells remain 
identical after being collected and that, to a certain extent, also their colour does not 
change. It is also a group for which the availability of training data based on field 
images is poor and is only slowly increasing. 

● For some species groups training data is available but has not been validated by 
experts. This is especially the case in the Mediterranean partly because the higher 
diversity in this area makes identification and validation more difficult and partly due 
to the lower number of regional experts active with validation. In order to speed up 
the validation two actions will be taken. First, for both bees and molluscs, a checklist 
will be made of all European species indicating the availability of training data and an 
indication of their relative chance of being found by citizen scientists. Species with 
insufficient validated training data but a relatively high chance of being encountered 
in the field will become priority for collecting and validation. Second, for both 
species groups online training courses will be given in which people will receive 
training on the validation process and are being instructed regarding the priorities. 

● For Alien species of Union Concern an additional training dataset will be constructed 
based on data from GBIF. This will allow the inclusion of 87 of the 88 listed species.  
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8.2 Sound recognition 
Except for bird sounds no larger open access sound databases were available for European 
species prior to the start of MAMBO. In the past two years Xeno-canto opened up to sounds 
of bats, grasshoppers and amphibians and with the support of MAMBO and additional 
funding of NLBIF a large amount of recordings of use as training data have been made 
available in Xeno-canto in the past twelve months. This initiative seems to have the support 
of the wider audio-community and an increasing number of recordings are being uploaded. 
Due to this the taxonomic and geographic coverage of the available training data is 
expected to steadily increase over the next few years. In order to speed up the increase of 
taxonomic and geographical coverage of training data the following initiatives are taken: 

● For grasshoppers and amphibians overviews are being made indicating for which 
species sound recordings are available. For grasshoppers this takes the form of 
checklists in which it is also indicated where the species with missing data occur. 
These will be published and distributed through social media in order to engage 
volunteers in actively collecting sound recordings of missing species.  

● For bats we will engage with the bat community in a similar way as with the 
grasshopper and amphibian community. In addition, we are also talking with several 
larger bat monitoring initiatives in order to convince them to share their data open 
access. As reward for this we offer to help them to deploy the sound recognition 
model for bats in their projects. 

● Nearly all sound recordings contain in addition to the focal species sounds of other 
species in the background. This is confusing for the models being trained. It would be 
a strong advantage when part of the training data is annotated in a higher detail, so 
instead of a single list of species being connected to a recording of a minute having 
all sounds within that recording being annotated individually. The storage of this 
type of data was recently made possible by GBIF (AudioVisual Core). With input from 
MAMBO and funding from NLBIF the infrastructure of Xeno canto will be modified in 
order to allow for the upload of fully annotated data from 2025 onwards.  

 

9 Conclusions 
 
Over 50 million images (made available through GBIF by Observation.org, Waarneming.nl, 
Waarnemingen.be, irecord.org.uk, arter.dk, artdatabanken.se, artsdatabanken.no) and over 
200,000 sounds recordings (Xeno-canto) are available for training image and sound 
recognition models for European species. These have been brought together in the past 
decade by citizen scientists and have been validated by (amateur) specialists. Assuming that 
about 10 seconds are needed on average to validate a record compared to over 17,000 
working days that were invested by amateur specialists for the validation only. The amount 
of training data is such that meaningful image- and sound recognition models can be made 
for all groups of EU policy concern. However, the coverage in the Mediterranean part of 
Europe is lower than in the rest of Europe and the coverage of bees and molluscs is poor. 
With the additional action underway, some of these gaps in coverage will be dealt with within 
the period of MAMBO. The work of the European biodiversity portals, their (amateur) 
specialist and the citizen scientist is such that each year millions of new images and thousands 
of new sound recordings become available. Due to this each annual update of the models will 
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include more species. MAMBO aims to make tools that allow citizen scientists to identify 
nearly all animals of which they can make an image or sound recording in the field. This is 
something which seemed impossible just ten years ago but is now likely to be achieved within 
the next few years.   
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