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A B S T R A C T

Conservation resources are unevenly distributed among species and this can hamper conservation efforts. Pre
vious research indicates that species popularity can be strongly associated with conservation funding allocation, 
suggesting conservation outcomes can be partly influenced by subjective human perceptions. We assessed the 
allocation of European Union LIFE projects targeting species conservation among European birds (548 species) 
and how it associates with species' conservation priorities, scientific knowledge availability, distribution, 
popularity and visual aesthetic attractiveness. We modelled how these factors relate to the probability that a 
species has received EU LIFE funding, and how many projects have targeted it. As expected given LIFE funding 
regulations, species listed in the EU Birds Directive Annex I are more likely to receive funding than non-listed 
species, and receive more projects. We also found that knowledge availability, presence in more EU member 
countries with access to LIFE funding, and higher conservation priority in Europe are positively associated with 
the probability of receiving funding, and the number of projects received. More popular species are less likely to 
receive conservation funding, but tend to receive more projects when allocated funding. Visual attractiveness 
was not associated with funding. These results suggest that pragmatic factors dominate funding allocation, but 
subjective factors still play a minor role. Our analysis also emphasises the need to consider non-funded species 
when assessing conservation funding allocation. Our findings underscore a need for targeted research on poorly- 
known species and opportunities for allocating conservation resources to underfunded species that need con
servation action, are well-studied, and relatively popular.

1. Introduction

Taxonomic biases permeate conservation science and practice. From 
research effort (Adamo et al., 2021; Buechley et al., 2019; Clark and 
May, 2002; dos Santos et al., 2020; Silva et al., 2020) to funding allo
cation (Adamo et al., 2022; Davies et al., 2018; Mammides, 2019; 
Mammola et al., 2020), there is ample evidence that some taxa receive 
more conservation attention than others. Given the need to prioritize 
conservation action in the face of limited available resources, these 
biases can negatively impact the effectiveness of conservation 

programmes aiming to halt further biodiversity loss. It is therefore 
essential to understand the factors associated with the tendency to 
favour certain species over others as a basis to address taxonomic biases 
in conservation (Langlois et al., 2022; Mammola et al., 2023a; Miralles 
et al., 2019; Santangeli et al., 2023).

Various factors have been put forward to justify why some species 
receive more conservation attention and resources than others. These 
factors include species characteristics such as body size, anthropomor
phic and neotenic characters, or colourful phenotypes (Adamo et al., 
2022; Chan, 2012; Langlois et al., 2022; Stokes, 2007), which make 
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them particularly attractive to humans. Some species may also receive 
more conservation attention because they are perceived as popular 
(Brambilla et al., 2013; Davies et al., 2018; Mammola et al., 2020), often 
as a result of their histories of cultural use and interactions with humans 
(Ladle et al., 2019). Ideally, however, species should receive more 
conservation attention and support because research efforts have high
lighted their conservation need and provide the evidence-base needed to 
develop targeted conservation efforts (Sitas et al., 2009). The role of 
each of the above factors in driving the allocation of conservation 
funding will inevitably depend on the funding model and institutions 
involved (Martín-López et al., 2009). For example, non-governmental 
organisations may be more likely to allocate funding to specific spe
cies based on donations or perceived support (Davies et al., 2018). In 
other instances, funding may be allocated to targeted conservation plans 
based on the conservation needs of species and the likelihood of project 
success in addressing them (Santangeli and Sutherland, 2017). Suc
cessful conservation actions require knowledge about the most effective 
interventions (Sutherland et al., 2004), so such funding decisions may at 
least be partly driven by existing research effort.

One such example is the European Union (EU)’s LIFE programme for 
environment and climate action. Starting in 1992, the programme is 
currently on its sixth iteration and has already funded over 5500 projects 
implementing specific actions towards addressing climate change and 
biodiversity loss (European Commission, 2024). Its current iteration, 
LIFE 2021–2027, comprises a total budget of 5.45B€ (an increase of 
nearly 2B€ compared to the previous iteration) to be distributed across 
four sub-programmes (European Commission, 2018). Approximately 40 
% of the total budget is allocated to the LIFE Nature and Biodiversity 
sub-programme, which focuses on funding projects that contribute 
specifically to the implementation of the Birds (79/409/EEC) and 
Habitats (92/43/EEC) Directives, the Natura 2000 network, and the EU's 
goal of halting biodiversity loss (e.g., through the Biodiversity Strategy 
for 2030). LIFE programme funding is allocated based on a competitive 
selection of the projects submitted each year and reviewed by a 
specialist committee. Its regulations state that the selection of projects 
for funding should prioritize both the conservation urgency (e.g. based 
on Red List status) and existing policy priorities (e.g. species and habi
tats listed in the annexes of the Birds and Habitats Directives). Some 
earlier analyses of the LIFE programme have suggested that the alloca
tion of funding for species conservation has disproportionally targeted 
species from some taxonomic groups, namely vertebrates, among those 
prioritised in EU legislation, thus omitting many other species of con
servation concern (Mammides, 2019). Others have also suggested 
funding decisions may be associated to some extent with subjective 
human preferences for certain species and habitats (Adamo et al., 2022; 
Mammola et al., 2020). A better understanding of these different factors 
contribute to conservation funding allocation can help identify ways to 
address existing funding gaps.

One important aspect is that some of the earlier analyses incorpo
rated only species which have been granted funding and may thus suffer 
from a form of survivor bias. Survivor bias (also referred to as survi
vorship bias) is a term used to describe the logical fallacy of concen
trating our attention exclusively towards entities that passed a selection 
process and overlooking those that did not (Lockwood, 2021). Failing to 
consider species that were never considered for funding or those that 
may have been proposed for funding but did not succeed in securing it 
can potentially bias inferences about what factors drive funding de
cisions. Many earlier analyses have also neglected to account for the 
scientific evidence-base available to support the development of con
servation projects, such as estimations about the effectiveness of target 
conservation measures or information on the life history and autecology 
of the target species. A more detailed assessment of a wider set of species 
that are considered a priority for funding allocation can help disentangle 
and assess the relative importance of multiple factors acting at various 
stages of conservation funding allocation.

In this study, we aim to investigate the factors associated with 

conservation funding allocation using European bird species as a case 
study. We focus on European bird species for three key reasons: i) the EU 
Birds Directive provides a clear mandate for the conservation of Euro
pean bird species, including through the allocation of funds within the 
context of the EU LIFE Programme; ii) birds are a diverse taxonomic 
group, and while they are generally considered popular and attractive, 
these aspects vary greatly between species (Ladle et al., 2019; Santangeli 
et al., 2023); iii) earlier research suggests the allocation of conservation 
research effort (Ducatez and Lefebvre, 2014; Fischer et al., 2023) and 
funding (Garnett et al., 2003; Leonard, 2008) for birds varies greatly 
between species – a pattern also common to other taxonomic groups. We 
explore how different factors (i.e., conservation status, scientific 
knowledge availability, distribution, popularity and visual aesthetic 
attractiveness) associate with the number of LIFE projects allocated to 
each European bird species. In doing so, we account for survivorship 
bias and recognize that the absence of funding may originate from 
different processes. Specifically, we asked whether i) species of conser
vation priority (i.e., those included in the EU Birds Directive and 
considered of conservation concern in Europe) receive more funding 
than non-priority species, ii) more studied species receive more funding 
than less studied species, iii) species occurring in more EU member 
states receive more funding than less widespread ones, iv) more popular 
species receive more funding than species which receive poor attention 
on the web, and v) visually attractive species receive more funding than 
less attractive ones.

2. Methods

2.1. Data sources

2.1.1. LIFE funding data
We collected LIFE funding information from the European Climate, 

Infrastructure and Environment Executive Agency (CINEA), which 
maintains the online LIFE Project Database (https://webgate.ec.europa. 
eu/life/publicWebsite/search, accessed July 2022). This database con
tains data in a standardised format on all LIFE projects funded since the 
programme started in 1992. From the online LIFE Project Database, we 
collected the following information: i) the LIFE project reference num
ber, ii) start and end year of the project (expected dates), and iii) the 
species targeted by the LIFE project. Using these data, we then computed 
the number of unique LIFE projects that targeted each bird species. We 
used this latter metric as an indicator of how much funding is allocated 
to each species through the EU LIFE programme, because number of 
unique LIFE projects is correlated to the total amount of funding allo
cated to each species (Adamo et al., 2022; Mammola et al., 2020). The 
average funding allocated per project and per species was 1.1 million 
euros (std. dev. = 1.8 million euros).

2.1.2. Bird conservation status data
We collected information on the distribution and conservation status 

of birds in Europe (n = 548 species) from the fourth assessment of 
Species of European Conservation Concern (BiE4; Burfield et al., 2023). 
Specifically, we collected information for each species on i) its status as a 
Species of European Conservation Concern (‘SPEC’ or ‘Non-SPEC’), and 
ii) its inclusion or not in Annex I of the EU Birds Directive (‘Yes’ or ‘No’). 
Annex I of the EU Birds Directive includes a list of bird species and 
subspecies which are the subject of special conservation measures as a 
means to ensure their survival and reproduction in their area of distri
bution. We considered a species listed in the EU Birds Directive Annex I 
if it was listed at either the species or subspecies level. We also collected 
information on the number of current and past EU member states (i.e. 
including the UK, which had access to the LIFE Programme before Brexit 
occurred in early 2020) where each species is considered to be extant 
and native from the IUCN Red List API v4 (IUCN, 2024).
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2.1.3. Research publications
We obtained a measure of scientific research dedicated to each 

species by sampling the number of scientific articles indexed in the Web 
of Science that refer to that species. This approach has been widely used 
in previous publications as an estimate of research effort towards indi
vidual species (e.g., Adamo et al., 2022, 2021; dos Santos et al., 2020; 
Mammola et al., 2023a; Tam et al., 2022; Wilson et al., 2007). To collect 
these data, we used the R package ‘wosr’ version 0.3.0 (Baker, 2018) to 
query the Web of Science's Core Collection database. We implemented 
topic searches (‘TS’) with the species' currently accepted scientific name 
and any known synonyms as the search terms, and recorded the total 
number of references published between 1945 and the date of sampling 
returned by each query. We selected this approach because we aimed to 
obtain an estimate of research dedicated to a specific species, and arti
cles mentioning the scientific name on either the title, abstract or key
words are likely focused on that particular species. Furthermore, the use 
of scientific names returns similar results to searches using vernacular 
names (Correia et al., 2017; Jarić et al., 2016) but avoids problems 
associated with the latter, such as some names having multiple mean
ings (homonyms). However, we did include any known scientific name 
synonyms as omitting these can limit estimates of available information 
due to nomenclature changes (Correia et al., 2018). We log-transformed 
(log10 + 1) data on the number of research articles recorded for each 
species prior to inclusion in the models based on the visual inspection of 
the data.

2.1.4. Online interest in birds
We characterised the popularity of each bird species using a measure 

of the volume of internet searches performed on Google's search engine 
(Correia et al., 2021). These data were obtained from the Google Trends 
API using R package gtrendsAPI (Correia, 2024). Specifically, we 
implemented topic searches for each bird species and collected data on 
the average monthly relative search volume recorded between January 
2004, when data is first available, and December 2022. The data ob
tained from Google Trends represent a metric of relative search volume 
because they are scaled in relation to the highest proportion of total 
searches observed during any given month of the sampled period. The 
highest observed proportion of searches is assigned the value of 100, and 
all other values are scaled in relation to it.

Before implementing the searches, we identified and validated 
species-specific topics (Correia, 2019) using R package ‘gkgraphR’ 
(Correia, 2021). Using the identified topics, we ran searches combining 
multiple species and each search after the first always included one 
species common to previous searches to allow a recalculation of relative 
search values that are comparable between searches. As in previous 
studies (Adamo et al., 2022; Mammola et al., 2020), we used the values 
returned for the species with repeated searches to estimate a scaling 
factor between searches using the coefficient of a linear regression be
tween the monthly values of either search. The species included in each 
search as a reference were selected iteratively to ensure the scaling 
factor was calculated as accurately as possible based on i) the highest 
number of non-zero values between searches and ii) a coefficient of 
determination (R-squared) value above 0.95. We then rescaled the 
monthly values of search interest for each species using this coefficient 
so that search volume estimates were comparable between species and 
averaged across the sampling period (i.e., 216 months of search volume 
data). We log-transformed (log10 + 1) the values representing relative 
search volume to homogenise data distribution based on the visual 
inspection.

2.1.5. Bird attractiveness data
We considered the perceived visual aesthetic attractiveness of indi

vidual bird species as a potential additional driver of funding allocation. 
For this, we used a dataset of the perceived visual aesthetic attractive
ness of bird species to humans (Haukka et al., 2023). These data were 
collected using an internet application available in 21 languages. This 

application engaged over 6000 users from 78 countries, including many 
users from countries within the EU, in the scoring of bird photographs. 
This process produced a dataset comprising over 400,000 scores for 
>11,000 bird taxonomic units, encompassing both species and subspe
cies. Succinctly, users were shown an image representing a single bird 
species and prompted to score the visual aesthetic attractiveness of the 
bird depicted using a scale ranging from 1 to 10, reflecting an increasing 
preference for a species' appearance (Haukka et al., 2023). Only highly- 
quality photos were used for the survey and, where possible, multiple 
images were used per species to mitigate the influence of individual 
photos (e.g., varying photo quality). All bird photos were sourced, with 
permission, from the Cornell Lab of Ornithology's Macaulay Library (htt 
ps://media.ebird.org/catalog).

The raw attractiveness scores were subsequently employed to predict 
the visual aesthetic attractiveness of each bird species. To derive the 
attractiveness values, a regression model was applied to the data, 
seeking to predict a consensus attractiveness score for each bird species 
while correcting for a number of confounding factors. Specifically, two 
confounding covariates were incorporated into the model: (1) variation 
in photograph quality (rated on a scale of 1–5), and (2) user language as 
a proxy for culture (Haukka et al., 2023). Furthermore, to address 
concerns of pseudo-replication due to multiple assessments of the same 
photograph or species and consider phylogenetic relationships, random 
factors such as photo identity, species, and family were integrated into 
the model creating the average attractiveness score per bird species. In 
this study, we used these predicted scores as the visual aesthetic 
attractiveness value of the birds to humans.

2.2. Data analysis

We adopted a regression analysis approach to explore the relation
ship between the number of funded projects for each bird species and 
variables related to the conservation status, research effort, public in
terest and perceived visual attractiveness of each species. We carried out 
all analyses in R version 4.3.3 (R Core Team, 2024), using package 
‘glmmTMB’ version 1.1.8 (Brooks et al., 2017) for regression modelling, 
and packages ‘ggplot2’ version 3.4.4 (Wickham, 2016) and ‘sjPlot’ 
version 2.8.15 (Lüdecke, 2023) for data visualization. For the analysis, 
we followed a series of standard steps that included data exploration, 
model fitting, and validation (Zuur and Ieno, 2016). We started the 
analysis by calculating summary statistics from the complete dataset and 
visually inspecting the distribution of each variable, the presence of 
outliers in the data, and collinearity among the continuous predictors 
using pairwise Pearson's correlations (Zuur et al., 2010). We identified a 
strong correlation (Pearson's r = 0.78) between the number of scientific 
articles recorded for each species and online interest, but we retained 
both variables for the modelling procedure because both contributed 
importantly to the model's explanatory power and a subsequent analysis 
of variance inflation factors (VIF) did not reveal any issues (VIF scores 
<3).

We proceeded to model the relationship between the number of 
projects funded per species and variables representing i) SPEC status, ii) 
inclusion in the Annex I of the EU Birds Directive, iii) species occurrence 
in Europe only, iv) research effort, v) online interest, and vi) attrac
tiveness. Seven species were missing values for one or more variables 
considered and were removed from the analysis, so the final sample used 
for modelling contained data from 541 species. We scaled all continuous 
variables to a mean of zero and a standard deviation of 1 to facilitate the 
comparison of effect sizes (Schielzeth, 2010). For the regression models, 
we included a zero-inflation component due to the large number of 
species for which no project funding has been allocated (315 out of 548 
species; see Results section). We consider that some species that have not 
received funding emerge because they were considered for funding but 
not selected (i.e., they can be considered ‘random’ zeros), whereas 
others may have never been considered for funding for example due to 
lack of scientific information to develop a conservation plan (i.e., they 
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can be considered ‘structural’ zeros emerging from a different process) 
(Blasco-Moreno et al., 2019). The selected modelling approach allowed 
us also to estimate the effect of each explanatory variable on the 
‘structural’ zeros. We then explored the use of zero-inflated Poisson and 
Negative Binomial distributions with linear (‘nbinom1’ family in 
glmmTMB) and quadratic (‘nbinom2’ family in glmmTMB) parametri
zation for regression models containing all the mentioned response 
variables. We used the suite of functions available in package ‘perfor
mance’ version 0.10.5 (Lüdecke et al., 2021) to assess model fit based on 
a visual inspection of residuals, and to evaluate overdispersion and 
multicollinearity in the final model. An analysis of the outcomes of each 
model suggested the Poisson distribution model showed issues related 
with overdispersion, so this distribution was rejected. Both Negative 
Binomial distributions showed no issues with multicollinearity, but the 
one using quadratic parametrization returned a lower Akaike informa
tion criterion (AIC) score and was thus selected for further analysis. We 
used the results of this model to visualise the relationship between the 
various explanatory variables and the number of projects funded per 
species, and to calculate the number of predicted funded projects per 
species based on these relationships as a means to identify underfunded 
species. We report summary model statistics (see Appendix Table S1) 
but for interpreting and discussing model results, we adopted an 
evidence-based approach by emphasising effect sizes and directions of 
effects (Muff et al., 2022; Wasserstein et al., 2019).

3. Results

We identified a total of 620 EU LIFE projects targeting 233 European 
bird species. The vast majority (609 out of 620, 98 %) of the LIFE pro
jects targeting bird species included at least one species listed in the 
Annex I of the EU Birds Directive (156 species in total). Furthermore, 56 
of these projects also included at least one species that is not listed in 
Annex I (75 species in total). The remaining 11 projects were allocated 
to 9 bird species that do not feature in Annex I of the EU Birds Directive. 

On the other hand, we found no record of funded EU LIFE projects for 
315 bird species (approximately 58 % of the species in our sample; N =
548 species), including 33 species listed in Annex I of the EU Birds 
Directive. The allocation of funding through the EU LIFE Programme 
therefore varies greatly between species (Fig. 1); most species received 
no funding, some funding from only a few projects, and only 18 species 
were targeted by 30 or more projects. The species targeted by most 
projects was the Eurasian Bittern (Botaurus stellaris), featuring in 86 
projects.

Our models suggest that whether or not a species is listed in Annex I 
of the EU Birds directive is a major factor associated with EU LIFE 
funding allocation (Fig. 2). Species listed in Annex I are more likely to 
receive funding as these species were negatively associated with zero- 
inflation (Zero-inflation estimate = − 2.87, conf. int. = − 3.86 to 
− 1.89). Species listed in Annex I also tend to be funded more often than 
species that are not listed (Count estimate = 2.49, conf. int = 2.10–2.89; 
Appendix Table S1). Similarly, the models also suggest that species 
considered of European conservation concern are somewhat more likely 
to receive funding (Zero-inflation estimate = − 0.51, conf. Int. =
− 1.30–0.28) and tend to be funded more often (Count estimate = 0.25, 
conf. Int. = − 0.03–0.23), but this effect was weaker than that of being 
listed in EU Birds Directive Annex I.

Factors other than conservation status also seem to be positively 
associated with EU LIFE funding allocation to different bird species 
(Fig. 2). The number of scientific publications focusing on a given spe
cies contributes positively to the likelihood of receiving a project (Zero- 
inflation estimate = − 0.77, conf. int. = − 1.45 to − 0.10), and species 
with more publications also tend to receive more projects (Count esti
mate = 0.47, conf. int. = 0.20–0.74; Appendix Table S1). Similarly, 
species that occur in more EU member states are also more likely to 
receive funding (Zero-inflation estimate = − 0.87, conf. int. = − 1.42 to 
− 0.32) and be funded more often (Count estimate = 0.61, conf. int. =
0.40–0.82; Appendix Table S1). While both research and presence in 
member states are positively associated with funding allocation, these 

Fig. 1. Frequency distribution of European Union (EU)'s LIFE projects allocated per species (N = 541). Bars are binned in intervals of five projects, with the exception 
of the first bar which represents species that have not been targeted by any project. The number of species included in the Annex I of the EU Birds Directive is marked 
in red, and those not included are marked in grey. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of 
this article.)
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relationships are stronger for species included in the EU Birds Directive 
Annex I when compared to those that are not (Fig. 3).

On the other hand, species that generate more online interest are less 
likely to receive funding (Zero-inflation estimate = 1.28, conf. int. =
0.38–2.18). Yet, among the species that have received funding, popular 
species tend to receive more funding than less popular ones (Count es
timate = 0.24, conf. int. = − 0.04–0.52; Appendix Table S1). Species 
perceived visual attractiveness had a relatively small association with 
the likelihood of receiving funding (Zero-inflation estimate = − 0.06, 
conf. int. = − 0.40–0.31), and the number of projects funded (Count 
estimate = − 0.10, conf. int. = − 0.25 to − 0.04).

Some species showed considerable differences when comparing the 
funding received with the number of projects predicted to have been 
funded by the model. We used differences in the number of predicted 
and funded projects to identify a set of species that can be considered 
underfunded based on their characteristics and could be prioritised for 
future projects. Specifically, we identified ten species listed in Annex I of 
the EU Birds Directive and considered of highest conservation concern in 

Europe (SPEC 1) that have received at least 4 fewer projects than ex
pected (Fig. 4). The species with a wider gap between funded and pre
dicted projects include the Bar-tailed godwit (Limosa lapponica; 6 
projects funded, 20 predicted), Horned grebe (Podiceps auritus; 4 pro
jects funded, 16 predicted), Pallid harrier (Circus macrourus; 1 project 
funded, 9 predicted), and Leach's Storm-petrel (Hydrobates leucorhous; 
0 projects funded, 8 predicted).

4. Discussion

Our results suggest that conservation status, scientific knowledge, 
presence in EU member states and species popularity are positively 
associated with EU LIFE funding allocation for bird species conserva
tion. While not all EU LIFE funding has been allocated to bird species of 
conservation priority, and many priority species have not yet received 
support, EU conservation priorities do seem to be the most important 
factor driving EU LIFE funding allocation. Indeed, most bird species that 
have received funding from the EU LIFE programme are listed in Annex I 

Fig. 2. Parameter estimates of the relationship between species-level variables and the number of projects allocated through the European Union's LIFE programme 
based on a zero-inflated negative binomial model. The zero-inflated component of the model (top) refers to the effects of each variable on likelihood that a species has 
not been considered for funding (e.g., because no projects have been submitted for consideration). The count component of the model (bottom) represents the effects 
of each variable on the number of projects per species selected for funding. ‘SPEC’ indicates European bird species of conservation concern. ‘Annex I’ refers to 
whether or not a species is included in the first appendix of the EU Birds Directive. ‘Attractiveness’, ‘Online interest’, and ‘Publications’ represent, respectively, 
estimates of species' attractiveness to humans, species' relative search volume online, and the number of recorded scientific publications featuring a species. ‘EU 
countries’ represents the number of EU member states where a species is considered native and extant. Dots represent the parameters estimates and horizontal lines 
their respective 95 % confidence intervals. Asterisks mark significant effects according to the estimated p-value (* ≤ 0.05; ** ≤ 0.01; ** ≤ 0.001). Estimated 
regression parameters are provided in Supplementary Table 1.
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of the EU Birds Directive and are thus subjected to specific conservation 
provisions within Europe. Species considered of conservation concern in 
Europe were somewhat also more likely to receive funding, and to be 
targeted by more projects. Species that occur in more EU member states 
were also more likely to receive funding and secured more projects. 
These results are to be expected given that EU LIFE programme regu
lations mandate that species of conservation concern and listed in con
servation policy such as the EU Birds and Habitats Directives should be 
prioritised, and presence in more EU member states may allow more 
people and institutions to develop conservation efforts and secure 
funding for them. Still, they do provide a somewhat more positive 
outlook than earlier studies that have found little relationship between 
conservation status and EU LIFE funding allocation (e.g., Adamo et al., 
2022; Mammola et al., 2020). There are a few possible explanations for 
the contrasting results. One is the different taxonomic coverage of the 
various studies. The fact that our study was restricted to bird species, 
which have specific conservation legislation in Europe and are already 
favoured in conservation funding allocation when compared to other 
taxa (Mammides, 2019), could help explain why funding allocation and 

conservation needs align better for this group. However, another 
important factor may be that our study explored funding allocation 
among all European bird species, not just those that have received 
funding, thus potentially accounting for a survivorship-bias effect 
(Lockwood, 2021) in the analysis. Indeed, the contrast between species 
listed in the EU Birds Directive Annex I and those that are not listed 
seems to be clearer among the species that have not received any 
funding than among those that did (Fig. 1). This stresses the need for 
future studies exploring the factors associated with conservation fund
ing allocation to consider also species that have not been the recipients 
of any funding in order to account for survivor bias in the analysis.

The other factor that was positively related to conservation funding 
allocation was the volume of published scientific research focusing on a 
species. It may seem logical that existing scientific knowledge about the 
conservation needs of individual species and possible actions to address 
them may influence funding allocation given the need and importance of 
evidence based conservation (Sutherland et al., 2004). This factor was 
only seldom considered in earlier assessments of conservation funding 
allocation but our results align with the growing recognition that both 

Fig. 3. Predicted relationship between (a) the number of publications, (b) online search interest, (c) bird attractiveness, and (d) number of past and present EU 
member countries with access to LIFE funding (EU 27 + UK) on the number of LIFE funding projects awarded per species. In each plot, the shown relationships are 
those predicted by the model while holding the non-focal variables constant.

R.A. Correia et al.                                                                                                                                                                                                                              Biological Conservation 300 (2024) 110833 

6 



biological and cultural processes drive efforts to avoid species extinc
tions (Ladle et al., 2023; Ladle and Jepson, 2008) and help to emphasise 
the importance of conservation scientists in this context. This result also 
stresses the need to address the existing biodiversity knowledge gaps 
and biases that plague conservation research (Clark and May, 2002; 
Mammola et al., 2023b; Troudet et al., 2017). Research biases affect all 
branches of the tree of life, including well-studied or popular vertebrates 
such as birds (Ducatez and Lefebvre, 2014; Fischer et al., 2023), am
phibians (Silva et al., 2020) and mammals (dos Santos et al., 2020); 
however, knowledge gaps are particularly evident and troublesome for 
non-vertebrate groups such as plants (Adamo et al., 2021), invertebrates 
(Grodsky et al., 2015), and fungi (Gonçalves et al., 2021; Mueller et al., 
2022). Addressing taxonomic research gaps will therefore be an 
important first step towards ensuring a solid knowledge basis exists to 
ensure conservation support and action across the tree of life (Mammola 
et al., 2020).

Consideration of species that have not received any funding was also 
important to reveal a more nuanced picture of the role of species 
popularity in conservation funding (Adamo et al., 2022; Davies et al., 
2018; Mammola et al., 2020). Previous studies have shown a positive 
association between species popularity and funding allocation but our 
results show a more nuanced picture and somewhat contrasting effects 
on species that have never received funding when compared to those 
that did. In our study, popularity was negatively associated with the 
likelihood of species receiving funding, but was positively associated 
with the number of projects funded among species that had received 
funding. This was particularly true among the species listed in EU Birds 
Directive Annex I (Fig. 3). In other words, popularity alone does not 
seem to drive the allocation of conservation funding per se, but species 
that are of conservation concern and also happen to be popular may 
benefit from enhanced support Examples of such species include the 
Peregrine Falcon (Falco peregrinus), Golden Eagle (Aquila chrysaetus) and 
Western Capercaillie (Tetrao urogallus), which have been the target of 
several funded projects. In contrast, highly popular species present in 
our sample that have not received any EU LIFE funding include for 
example the Eurasian Blackbird (Turdus merula), European Goldfinch 
(Carduelis carduelis) and the Common Raven (Corvus corax). The latter 
species are widespread in Europe and not considered of conservation 

priority, and popularity alone should obviously not be a factor to justify 
conservation funding allocation. Nevertheless, the factors that shape 
species popularity are complex and understanding them may provide 
important clues towards how they interplay with conservation funding 
allocation. For example, our results suggest that aesthetic attractiveness 
is unlikely to be a relevant driver of conservation funding allocation as 
visual attractiveness was only weakly associated with the likelihood and 
number of projects allocated. A more plausible explanation relates to the 
specific roles that certain species occupy in human culture (Schuetz and 
Johnston, 2019). Species that are widespread and occur in a broad range 
of habitats, including urban areas, tend to be highly visible and popular 
among humans (Correia et al., 2016; Mittermeier et al., 2021). However, 
popularity had a positive effect even when accounting for the number of 
EU member states a species occurs in, suggesting that chances for 
interacting with humans may not be the only factor at play. Some spe
cies are also highly popular because they possess certain traits that 
afford something unique to humans, such as large sizes or unique be
haviours, and are thus kept as pets, hunted for food, or broadly 
considered as charismatic (Ladle et al., 2019; Schuetz and Johnston, 
2019). Popular species in our sample that have received conservation 
funding seem to align more with the latter group and this suggests that 
more contextual and species-specific drivers of species popularity may 
contribute to funding allocation decisions, and this topic should be 
investigated further.

Unveiling gaps in funding allocation can also help to ensure a more 
balanced distribution of conservation resources across species given 
existing resource constraints. Among the bird species analysed, we 
identified a set of ten species that have received less conservation sup
port through the EU LIFE programme than expected based on their 
conservation status, distribution, availability of scientific knowledge 
and popularity (Fig. 4). Importantly, not only are these species included 
in the Annex I of the EU Birds Directive, they are also considered of 
highest conservation priority in Europe (SPEC 1) given their global 
threat status and Europe's responsibilities towards their conservation 
(Burfield et al., 2023). Three of the ten species identified have not 
received any targeted project through the EU LIFE programme and two 
others have been targeted by one project only. While it is not clear if 
these species lack conservation support due to the absence of funding 

Fig. 4. Differences between the number of European Union (EU)’s LIFE projects funded per species and the number of projects per species predicted by the model. 
The figures represent (a) the relationship between observed and predicted projects for all species, and (b) the top-10 species listed in the Annex I of the EU Birds 
Directive and considered of European conservation concern (SPEC 1) showing the highest difference between observed and predicted projects. The dashed line in 
figure (a) represents an equal number of funded and predicted projects; species falling above the line are predicted to have more funded projects than they have 
received, and species falling below the line have received more funded projects than predicted by the models. The dashed line in figure (b) represents the median 
number of projects funded (median = 7) for species listed in EU Birds Directive Annex I.
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requests (i.e., no projects submitted targeting them) or due to lack of 
selection (i.e., projects were submitted but not approved), they seem to 
gather some of the conditions required to develop successful projects 
towards securing funding to improve their conservation status. Some of 
these underfunded species, such as the Rock Partridge (Alectoris graeca) 
or Pallid Harrier, also have important populations in eastern Europe 
where many countries have received lower EU LIFE funding support in 
the past (Sánchez-Fernández et al., 2018). Targeting them may therefore 
help address both taxonomic and geographical biases in funding allo
cation. We also acknowledge that many of these species show certain 
characteristics, such as restricted distributions or nomadic habits, that 
may pose important challenges to their study and conservation, and may 
thus require more tailored efforts. Still, failing to allocate adequate re
sources to their conservation may risk the extinction of these species in 
Europe. A growing body of evidence suggests that the careful allocation 
of conservation resources to targeted and evidence-based conservation 
action can be effective in improving the conservation status of species 
(Bolam et al., 2021; Langhammer et al., 2024) and we hope our analysis 
can help to identify opportunities for further enhancing bird conserva
tion resource allocation and actions in Europe.
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