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ARTICLE INFO ABSTRACT

Keywords: Understanding species population trends is key for assessing their conservation status and proposing measures to
Abundance ensure their future persistence amid recent biodiversity loss. However, studies are reporting contrasting biodi-
Amphibia

versity trends over time. These discrepancies can be partly attributed to biases in global datasets, which might

gﬁ:ﬁ::semsysmms not capture the representativeness of local processes. Here, we aimed to address this gap of knowledge by
Conservation status complementing data included in the Living Planet Database (LPD), one of the largest repositories of population
Demography time-series, with locally sourced data from the Iberian Peninsula. The study aim: (i) to assess the state of wildlife
Density Iberian vertebrates using population time-series across taxonomic groups and (ii) to determine differences be-
Population dynamics tween locally sourced data and LPD (evaluating also the differences between data sources). To supplement LPD,

we conducted a review, analysing over 6000 peer-reviewed manuscripts and grey literature documents. We
obtained 999 population time-series for 294 vertebrate species compiled in an Iberian Vertebrate (IbeV) data-
base, two times the number of populations as the LPD includes. Our results indicate contrasting population trends
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across taxonomic groups, with freshwater amphibians and bony fishes showing steep declines. Moreover, the
LPD shows a positive trend and IbeV indicates no net change over time. Threatened species did not exhibit net
changes in population trends, while non-threatened species showed positive trends. We showed that local da-
tabases can provide distinct population trends compared to global databases. This approach highlights the need
to bridge the gap between global and local datasets, to support context-specific management and conservation

programmes.

1. Introduction

The Anthropocene is unfolding a change in biodiversity at a global
scale (Diaz et al., 2019). According to the latest Living Planet Report, the
relative abundance of wildlife populations has declined by 69 % on
average since 1970 (WWF, 2022), and global estimates predict that
approximately one million species will become extinct in the coming
decades (Barnosky et al., 2011; IUCN, 2022). Because species play key
ecological roles in Earth’s varied ecosystems, their loss is expected to
cause dramatic consequences for the functioning and the resilience of
ecosystems worldwide (Barnosky et al., 2012; Carmona et al., 2021;
Capdevila et al., 2022). Therefore, wildlife monitoring has become a key
priority for understanding and anticipating the magnitude of the
anthropogenic impacts on biodiversity.

Despite the decline of biodiversity, some studies have counter-
argued this general assumption, reporting positive or no net changes
in populations or species abundance over time (Dornelas et al., 2019;
Daskalova et al., 2020b; Leung et al., 2020). Some of the reasons that
have been put forward for these discrepancies are related to the inherent
biases within the datasets (Gonzalez et al., 2016; Dornelas et al., 2019;
Murali et al., 2022). Many datasets also come from collections of peer-
reviewed manuscripts, which tend to report declining trends (Donald-
son et al., 2016). Another reason for these negative trends is the biases of
human interest of different taxonomic groups and systems (Bowler et al.,
2015; Khaliq et al., 2015; Daskalova et al., 2020b). For example, am-
phibians show the most pronounced declines (Hoffmann et al., 2010;
Leung et al., 2017); however, they are often poorly represented in global
population datasets (Daskalova et al., 2020b; WWF, 2022). Further-
more, positive trends can be found when population time-series come
from protected areas, which may undermine the real loss of wildlife
populations (Murali et al., 2022).

Despite the utility of global datasets to reveal net population trends,
the global trends can mask contrasting responses at finer spatial scales
(McGill et al., 2015; Daskalova et al., 2020b). Identifying where local
declines occur is key to develop conservation measures, particularly
because global conservation assessments do not necessarily reflect the
status of species at local scales (Martin-Lopez et al., 2011; Gamelon
et al., 2017). Although these local trends are crucial to design appro-
priate management and conservation policies by local and regional au-
thorities, “in situ” comparisons of population trends across spatial scales
are yet to be conducted for most taxa and regions (Gonzalez et al., 2016).
In addition, global databases cannot cover all the information available
in each region due to the limited accessibility of some datasets (e.g., due
to linguistic or peer-review/public available information) or the lack of
capacity (data searcher are limited to specific funded projects). This lack
of capacity can be the case of data time-series collected from monitoring
plans established by environmental regulations with specific objectives.
For example monitoring programs aiming to identify possible impacts of
effluents from different industries (e.g. desalination or sewage treatment
plants) on marine environment, and therefore to detect whether local
populations remain stable over time (Stewart-Oaten et al., 1986; Sola
et al., 2020). Thus, in-depth local studies can provide crucial knowledge
regarding the processes driving population changes at the local scale
(van Strien et al., 2016).

In this study, we explored the population trends of marine, terres-
trial, and freshwater vertebrates across the Iberian Peninsula at the local
scale. We focused on the Iberian Peninsula due to its importance as a

biodiversity hotspot (Gomez and Lunt, 2007), and because of its growing
exposure to global change threats (Martins et al., 2014; Barredo et al.,
2016; Garrabou et al., 2022). Moreover, the presence of several lan-
guages in the territory means that it is difficult to include regional and
local databases in global biodiversity studies (Amano and Sutherland,
2013; Chowdhury et al., 2022). For these reasons, comparing the
available information from global databases with the information ob-
tained from local sources in the Iberian Peninsula can provide useful and
novel insights about vertebrate population trends and their conservation
status. Our study introduces a novel approach for comparing databases,
potentially setting a precedent for aligning general trends with local
diagnoses, which is crucial for effective conservation measures.

Therefore, this study aims to provide key information about the state
of wildlife species in the Iberian Peninsula. Specifically, we: i) describe
vertebrate population trends in the Iberian Peninsula based on local
information and detect data gaps related to taxonomic groups and
habitat systems; and ii) evaluate the differences in population trends
obtained from global and local datasets. We expected to find a variety of
population trends across the Iberian Peninsula with a mismatch between
the population trends derived from global and local datasets (hypothesis
1; H1), primarily due to the under-representation of non-charismatic or
less abundant species in global datasets (Martin-Lopez et al., 2009;
Martin-Forés et al., 2013). We also hypothesized that population time-
series from peer-reviewed manuscripts would show stronger declines
than those from grey literature (H2), given the inherent bias in the
publishing system, mostly reporting declines (Donaldson et al., 2016).
Finally, we expected to find data gaps for some taxa, especially am-
phibians and reptiles (H3), which are generally the least studied verte-
brate groups (Conde et al., 2019).

2. Methods
2.1. Systematic review

To obtain the time-series of vertebrate populations across the Iberian
Peninsula, we conducted a systematic literature review of peer-reviewed
scientific publications (hereafter, peer-review) and grey literature. We
limited the search to vertebrate groups given the large number of
existing long-term population monitoring programs, and because these
are the taxonomic groups primarily covered by the Living Planet Data-
base (LPD) (Loh et al., 2005; Collen et al., 2009). Our review included
three habitat systems (terrestrial, marine, and freshwater). We followed
the guidelines for systematic reviews by Pullin and Knight (2009), which
involved implementing a rigorous protocol for conducting article
searches and establishing inclusion criteria to promote transparency and
mitigate potential bias. We used the Scopus database to search for peer-
reviewed scientific literature. We created a search string that combined
different terms related to vertebrate groups, geographical area of study
(Iberian Peninsula) and population trends (see Appendices S1 and S2 for
the full search string).

The search was applied to titles, abstracts, and keywords of peer-
reviewed articles (i.e., excluding book chapters and conference pa-
pers) in English, Portuguese, Spanish, Catalan, Valencian, and Galician
(the main languages in the region and understood by the authors) from
2000 to 2019, yielding 6968 articles. To identify relevant studies, we
conducted a two-step review process among the selected articles (Ap-
pendix S3: Fig. S1), where we first conducted an initial screening based
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on the information available in the title and abstract, and then a full-text
screening of the article. After the screening process, we applied seven
inclusion criteria. Specifically, we selected articles written in previously
mentioned languages (criterion 1) that empirically (criterion 2) inves-
tigated population trends of one or more wild vertebrate species,
excluding invasive or exotic species (criterion 3) in the Iberian Peninsula
and/or Balearic Islands (criterion 4), for at least five years (criterion 5),
with consistent sampling efforts (criterion 6), while excluding historical
studies such as paleogeographic studies (criterion 7) (see Appendix S4
for details of inclusion criteria). The two-stage review process was
conducted by all co-authors (double-checked, meaning that data
collected by one author was checked by a second one) to ensure
comprehensive identification of potentially eligible studies. After the
initial title and abstract screening, 696 articles were identified for full-
text screening, of which 137 met the criteria and were therefore
selected for in-depth analysis.

Using a systematic approach, we developed a coding scheme to
structure the database, focusing on six sets of variables (see Appendix S5
for the full list): (i) general description (e.g., creation date, data source
type, etc.), (ii) taxonomic information, (iii) location data, (iv) system
(marines, terrestrial and freshwater), (v) trends data, and (vi) conser-
vation status.

To obtain abundance data over time from the scientific papers, we
used the raw data provided within the manuscript. When articles did not
have supplementary or archived data, we contacted the authors directly.
When none of the above was available but we have the figure in the
manuscript with the time-series, we used the metaDigitise R package
(Pick et al., 2019) using the scale of the figure and to digitise each value
of the time-series by hand in R v4.0.0 (R Core Team, 2020). These
criteria resulted in our Iberian database of local population trends
(hereafter, Iberian Vertebrates ‘IbeV’), consisting of a total of 558 time-
series of vertebrate populations extracted from 124 articles (see Ap-
pendix S6).

2.2. Final dataset

We complemented the dataset obtained in our literature search with
data from the LPD (www.livingplanetindex.org) (Loh et al., 2005; Collen
et al., 2009) and grey literature. The LPD was used because it is one of
the largest vertebrate population time-series databases, containing
38,000 time-series of population abundances of 5000 vertebrate species
worldwide. We selected LPD time-series for the Iberian Peninsula and
the Balearic Islands (in addition to the restrictions applied to the sys-
tematic review), which resulted in 544 more time-series. Finally, we
searched for grey literature data by contacting different national orga-
nisations which develop long-term monitoring and public administra-
tions in Spain and Portugal, where biodiversity monitoring programmes
were held, which provided 441 additional local time-series that matched
our selection criteria (see Appendix S4 for details of inclusion criteria).

Once all data were gathered and assembled, we removed duplicated
time-series across the three independent datasets (literature search, LPD
and grey literature). We defined duplicate time-series as those targeting
the same species and location from the same study (e.g., population
trend of the spur-thighed tortoise, Testudo graeca, in Murcia is available
in the LPD and the IbeV database with the same reference: Rodriguez-
Caro et al. (2016)). To gauge the net contribution of our literature search
to global databases (in this case the LPD), we removed duplicate records
from our newly assembled dataset. When replicates (same species and
location from different studies) were detected among the studies that we
found in the literature search, or between our literature search and the
grey literature, we kept those with the longest time span to better
represent population trends. For example, the population of white
storks, Ciconia ciconia, in Donana National Park was reported in Ramo
etal. (2013) for 26 years and in Rendon et al. (2008) for 27, we therefore
used the latter time-series. Overall, our final dataset contained 1543
time-series for 430 vertebrate species.
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2.3. Ancillary data

First, we standardised the taxonomic information for the species in
the dataset using “gnr resolve” function from the taxize R package
(Chamberlain and Szocs, 2013) resolving for the Global Biodiversity
Information Facility Backbone Taxonomy. In order to classify the species
according to the system (terrestrial, marine, or freshwater) they inhabit,
we used the information contained in the IUCN (IUCN, 2022) database
using the function “rl search” from the redlist R package (Chamberlain,
2020). When a given species was found in more than one system (e.g.,
amphibians use both freshwater and terrestrial systems), a combination
of the inhabited systems were included (e.g., Terrestrial/Freshwater).

The taxonomic group of each species was assigned according to the
most updated taxonomy available. We grouped Actinopterygii and
Sarcopterygii under the category of “bony fishes”. Each time-series was
assigned to a database (either LPD or IbeV). Based on the data source
within each database, we also differentiated between grey literature or
peer-review publications. In some cases, within the LPD, the data source
could not be identified, so it was classified as “unknown”.

Finally, we used the conservation status of the species according to
the IUCN Red List criteria (IUCN, 2022). To simplify the conservation
status categorisation, we pooled the categories Least Concerned and
Near Threat as “non-threatened” and Vulnerable, Endangered and
Critically Endangered as “threatened”. We categorised species classified
as Data Deficient or Not Evaluated as “unknown”.

Additionally, to ensure that our data was not being biased by the
benefits of protected areas we classified population time-series accord-
ing to whether they were inside or outside protected areas. We consid-
ered protected areas those areas included in the Natura 2000 network
for terrestrial and freshwater species, and areas with restricted fishing
activities for marine species. When we were unable to identify the exact
location, we categorised the location as “unknown”.

For each time-series, we categorised the information related to (i)
system (i.e., freshwater, freshwater/terrestrial, marine, marine/fresh-
water, marine/freshwater/terrestrial, marine/terrestrial, terrestrial),
(ii) taxonomic group (i.e., Amphibia, Aves, Bony fishes, Elasmobranchii,
Mammalia, Reptilia), (iii) database (i.e., IbeV, LPD), (iv) data source (i.
e., grey literature, peer-review, unknown), (v) conservation status (i.e.,
non-threatened, threatened, unknown), and (vi) area protected or not,
to further explore the influence of these factors on the reported popu-
lation trends.

2.4. Quantifying population trends

To estimate the population trends from the different time-series, we
used a discrete-time, exponential growth state-space model (Dennis
et al., 2006; Humbert et al., 2009). State-space models allow to estimate
population trends (¢) while accounting for the variance in the trends
caused by process error (02) and observation or measurement error (12)
(Dennis et al., 2006, Humbert et al., 2009). Where u here represents the
annual population rate of increase. Instead of using the raw abundance
at a given time to fit the models, we used the natural logarithm of the
abundance at a given time plus the 1 % of the maximum abundance of
the time-series (because estimates for the state-space models cannot be
below one) (Dennis et al., 2006):

Ln( Abundance + M , (¢}
100
Our state-space models took the general form given by:
X, =X 1 +u+E, @

where X, represents the observed abundance (Eq. (1)) at time t, X, ; is
the observed abundance (Eq. (1)) from the previous year (t — 1), and E;
is the process noise with a Gaussian distribution, E; ~ Nor'mal(O7 62). To
estimate the true abundance value, observation errors were added to
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each X;:
Yt = Xt +Ft~, (3)

where Y; is the estimate of the true abundance value, and F; is the
measurement error with a Gaussian distribution, F, ~ Normal(0,7?).

Following (Daskalova et al., 2020a, 2020b), we substituted Y; value
into Eq. (2):

Y =X, 1 +u+E+F +F_,, 4

Eq. (4) is a linear, autoregressive time-series model of order 1 [ARMA
(1,1) process] (Dennis et al., 2006, Humbert et al., 2009), and we used a
restricted maximum likelihood (REML) approach to estimate the pa-
rameters of process error (02), observation or measurement error (1-2),
and the population trends (u), for each of the time-series.

2.5. Statistical analyses

To quantify the effects of system, taxonomic group, database, data
source, and conservation status on population trends, we used a set of
multilevel Bayesian models. Multilevel models were used because they
can accommodate complex data with a hierarchical structure with both
fixed and random effects. In our case, (i) system was a fixed factor with
seven levels: freshwater, marine, terrestrial, freshwater/marine, fresh-
water/terrestrial, marine/terrestrial and freshwater/marine/terrestrial;
(ii) taxonomic group was a fixed factor with six levels: amphibians,
birds, bony fishes, Elasmobranchii, mammals or reptiles; (iii) database
was a fixed factor with two levels: IbeV and LPD; (iv) data source was a
fixed factor with three levels: peer-review, grey literature and unknown;
(v) protection level of the area was a fixed factor with three levels:
protected, unprotected and unknown; and (vi) conservation status was a
fixed factor with three levels: threatened, non-threatened and unknown.
To account for the non-independence of repeated time-series for each
species, we included species name as a random intercept.

The general structure of the models was:

Possj ~ Normal (Prrug.j, Pseis), 5)
Prygij ~ Normal (ui o a), 6)
Hi; = Bo;Species + pFactor, 7)
Po;Species ~ Normal(0,1), (€]
pFactor ~ Normal(0, 1), (©)]
o ~ Exponential(1), 10)

where Pogs;j represents the distribution of the observed population
trends for the time-series i and the species j, which is given by a Normal
distribution with mean Przyg;; and variance Pgg; ;. Prrug,;j represents the
true population trend, which is given by a Normal distribution with
mean y;; and variance o. f, jSpecies represents the intercepts for species,
and g the slope. Factor represents the system, taxonomic class, database,
data source, and conservation status. Also, Factor represents the inter-
action among system and taxa, and the interaction among system, taxa,
and data source (to check for the full formulas of the models please
check https://github.com/PolCap/iberian_verts). Eq. (7) represents the
linear terms of the model. Note that to account for the measurement
error derived from the state-space models, we assumed that our data
followed a Normal distribution with a mean y (mean trend from the
state-space models) and a variance of ¢ (the process error from the
state-space models).

To check the validity of our multilevel Bayesian models we ran a set
of diagnostics. First, we inspected model convergence by visually
examining trace plots and using R-hat values (the ratio of the effective
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sample size to the overall number of iterations, with values close to one
indicating convergence; Gelman and Rubin, 1992). Then, we evaluated
the model fit by exploring the distribution of the residuals, their vari-
ance, and posterior predictive checks (Appendix S7: Figs. S2-S4). In a
well-fitted model, the residuals should follow a normal distribution and
constant variance (Kruschke, 2014; McElreath, 2020), as shown in our
models (Appendix S7: Figs. S2-S3). In addition, the posterior predictive
checks compare the distribution of the data with the predictions from
the model, so if the model is well-fitted, the predictions should overlap
the data, as shown in our models (Appendix S7: Fig. S4).

All models were fitted using the brms package v2.1.0 (Biirkner, 2018)
in R v4.0.0 (R Core Team, 2020). Models were run for 10,000 iterations,
with a warmup of 1000 iterations.

3. Results
3.1. Database description and biases

Our final dataset, including both data from our literature review
(IbeV) and data from the Living Planet Database (LDP), resulted in a
total of 1543 time-series for 430 vertebrate species, spanning a period
from 1927 to 2020. The LDP has 544 time-series of 238 species in the
Iberian Peninsula, compared to the 999 time-series of 294 species
included in IbeV, with only 102 shared species between the two datasets
(Fig. 1a). Therefore, our study contributes to an increase of 183.5713 %
in the existing time-series in the LPD. The LPD time-series are dominated
by bird (86.6 %) species, with a low proportion of mammals (7.3 %),
bony fishes (4.4 %), reptiles (0.7 %) and amphibians (0.4 %; Fig. 1b).
The IbeV has a better representation of bony fishes (46.8 %), amphibians
(4.5 %), and reptiles (1.2 %), while still having a bias towards mammals
(10.4 %) and birds (35.5 %; Fig. 1b). While the LPD is biased towards
marine/freshwater/terrestrial (39.5 %), terrestrial (27.2 %), and
terrestrial/freshwater (23.3 %) species, the IbeV has a larger represen-
tation of marine species (43.5 %; Fig. 1c).While most of the data in the
LPD in the Iberian Peninsula comes from grey literature (79.6 %), the
information in IbeV includes a relatively balanced share of peer
reviewed articles (55.5 %) and grey literature (44.5 %, Fig. 1d). When
considering the conservation status of the species included in the data-
bases, both are biased towards non-threatened species (Fig. le). This
bias is larger for the LPD, with almost 91.7 % of the species being non-
threatened, while this value is 71.1 % for the IbeV. Taken together, both
datasets cover a large proportion of the Iberian Peninsula, with central
areas of Spain and Portugal showing a lower representation (Fig. 2).

3.2. Population trends

Our results show that Iberian vertebrate population trends over time
are system- and taxonomic-specific (Fig. 3; Appendix S8: Table S1). The
state-space models suggest that 57 % of the populations are increasing
over time (¢ > 0), whereas 42 % are decreasing (u < 0) and 1 % are
stable (4 = 0). While most mammals and some birds (concretely fresh-
water/terrestrial and marine/freshwater/terrestrial birds) show signs of
population increase (Fig. 3; Appendix S8: Table S1); freshwater and
marine/freshwater bony fishes, marine/terrestrial birds and amphibians
display negative population trends (Fig. 3; Table S1). These trends are
not affected by the length of the time-series, showing no net changes
(Appendix S8: Table S2; Fig. S5), nor by the decade of the study (Ap-
pendix S8: Table S3; Figs. S6-S7). Moreover, we do not find any dif-
ferences between populations in protected and unprotected areas
(Appendix S8: Fig. S8; Table S4).

Iberian population trends differ across the datasets, conservation
status, and data sources (Fig. 4). The two datasets show contrasting
overall trends of Iberian vertebrate populations, with the LPD showing a
positive trend and IbeV indicating no net change over time (Fig. 4a;
Appendix S8: Table S5). All non-threatened species combined show an
overall positive trend, while no net change is observed for threatened
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Fig. 2. Map indicating the different vertebrate population time-series included
in the compiled dataset. The colour filling each individual dot represents the
population trend (1), where red values indicate population decrease (u < 0),
white values indicate population close to stability (1 = 0), and blue values
indicate population increase (¢ > 0). (For interpretation of the references to
colour in this figure legend, the reader is referred to the web version of
this article.)

and unknown categories (Fig. 4b; Appendix S8: Table S5). Finally,
although both data sources types show positive trends, time-series
coming from the grey literature display more positive trends than
those from peer-review (Fig. 4c; Appendix S8: Table S5). However, data
from unknown sources shows a higher variety of estimates, including
both negative and positive trends.

3.3. Differences between IbeV and LPD

Population trends from IbeV differ from LPD ones for some taxo-
nomic groups and systems (Fig. 5). For instance, freshwater/terrestrial
and marine/freshwater/terrestrial birds display positive trend in the
LPD, while the IbeV displays slightly negative trends (Fig. 5; Appendix
S8: Table S6). Similarly, while amphibian and reptiles show slightly
positive trends in the LPD, their trends are slightly negative according to
the IbeV (Fig. 5; Appendix S8: Table S6). On the contrary, terrestrial
birds show negative trends in the LPD, while their trends are slightly
positive according to the IbeV (Fig. 5; Table S3). For some other taxo-
nomic groups, population trends are similar, such as in bony fishes,
elasmobranchs, or mammals (Fig. 5; Appendix S8: Table S6).

4. Discussion

In this study, we show the importance of including local-level data-
bases for quantifying and assessing temporal biodiversity trends through
the compilation of the largest vertebrate population time-series database
for the Iberian Peninsula, to date. Our extensive search across the Ibe-
rian Peninsula resulted in an almost threefold increase in the number of
vertebrate population time-series relative to the LPD. The LPD is one of
the largest database of vertebrate population time-series, and it is used
to assess the status of wildlife worldwide through the Living Planet
Index (LPI) (WWF, 2022). By complementing the LPD data with the
Iberian Vertebrates (IbeV) database, we showed that information on
population trends can be improved in terms of number of population
time-series, and taxonomic and spatio-temporal cover. Moreover,
through the compilation of local data, we demonstrate that a local
database can display contrasting population trends compared to global
databases, such as the LPD (Figs. 4 and 5). Our results, therefore,
highlight the relevance of locally-sourced datasets for detecting biodi-
versity change.

Our results agree with H1 showing a disparity in population trends
across taxonomic groups and systems across the two databases. These
discrepancies are particularly evident for underrepresented groups in
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the global databases, such as amphibians and reptiles (Fig. 3). However,
both databases show similar trends for several taxonomic groups. For
example, bony fishes show population declines, while, in general,
mammals show positive trends in all environments. Similarly to other
regions worldwide, our results indicate that Iberian amphibians are the
taxonomic group experiencing the most pronounced declines (Hoffmann
et al., 2010; Leung et al., 2017). On the other hand, we found a positive
trend of birds, which contrasts with the negative patterns found in other
regions (e.g. Hallmann et al., 2014; Rosenberg et al., 2019; McMahon
et al., 2020; Morrison et al., 2021). Regarding systems, we identified
that freshwater environments show the greatest decline in population
size, in line with global trends (WWF, 2022). For instance, freshwater
systems are considered one of the most threatened ecosystems on Earth,
due to their prolonged exposure to multiple stressors and/or environ-
mental impacts (Reid et al., 2019). In recent a study, a bias has been
described when it comes to conservation efforts and Spanish policies
towards mammals and reptiles (Garcia-Macia et al., 2021). These biases
in conservation efforts are in line with the results obtained here, where
some taxonomic groups (such as mammals and birds) are more studied
compared to others (such as reptiles or amphibians). Our local-scale
results can be used to evaluate the effects of conservation measures on
threatened wildlife by analysing the variations in time-series data from
the creation of recovery and conservation plans. With this approach, we
can compare time series form species with conservation measures with
other species that do not yet have approved plan, because in Spain >80
% of threatened species do not have conservation measures (Garcia-
Macia et al., 2021).

We also hypothesized that studies from peer-reviewed articles would
show a bias towards reporting declines compared to other sources of

information (H2; Donaldson et al., 2016). Nevertheless, we found that
datasets coming from peer-reviewed and grey literature showed similar
positive population trends. The lack of negative trends in peer-reviewed
studies was in line with previous works suggesting no net change in
vertebrate population trends at a global scale (Daskalova et al., 2020b).
We do note, however, that trends from peer-reviewed manuscripts are
more uncertain than those from the grey literature. On the other hand,
most of the grey literature data belongs to monitoring programs of
vertebrate populations subject to conservation measures, which might
create a bias towards positive trends or no net changes. Moreover, the
limitations of the temporal spread of the data must also be considered.
Although we have not found an influence of the different decades on
population trends (Appendix S8: Fig. S6, Table S3), it is important to
highlight that most of the concentration of the data is in the decades
1990 and 2000 (Appendix S8: Fig. S9). To obtain diagnoses on a more
precise scale, it would be necessary to delve deeper into the effects of
temporality in time-series.

We also find that threatened species showed no net change in pop-
ulation trends, whereas non-threatened species have positive trends.
This pattern may be influenced by the fact that some IUCN assessments
are not up to date, so they do not reflect the population trends that have
been estimated based on subsequent studies. For example, the conser-
vation status of the Eurasian Carp, Cyprinus carpio, is considered
Vulnerable, but some populations show positive trends according to our
study. However, its conservation status was updated in the IJUCN Red
List in 2008 (Freyhof & Kottelat, 2008). In other cases, discrepancies are
caused by contrasting populations’ trends across regions. For example,
threatened species that are in decline across their distribution range, but
show no change or increases their Iberian populations. For example, the
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Mediterranean populations of the Dusky Grouper, Epinephelus margin-
atus, show positive trends, but the species is decreasing worldwide
(IUCN, 2022). In addition, threatened species featured in the studies
could be biased towards positive trends because of conservation mea-
sures aimed at species recovery. For example, the Iberian lynx, Lynx
pardinus, has shown positive trends in Spain after the application of
several conservation measures (Simon et al., 2012; Garrote et al., 2020).

We show that local population time-series databases improve the
capacity to detect signals of population change. Some taxonomic groups,
such as some birds, amphibians and reptiles, changed from positive to
negative trends when our dataset was used. Such a change on the
detection of population trends’ signal has important implications for
biodiversity research and conservation. First, local databases may
contribute to capture clearer patterns of change in local biodiversity
than overall global trends. For example, local databases have been
instrumental in detecting declines in bird populations across North
America (Rosenberg et al., 2019) and shifts in plant diversity in Cali-
fornia grasslands (Harrison et al., 2015).

Local databases also allow us to bypass important accessibility bar-
riers to obtain biodiversity data, such as linguistic biases (Amano and
Sutherland, 2013; Amano et al., 2021). For instance, our study included
a literature search accounting for several official languages in the Ibe-
rian Peninsula. Additionally, neglecting locally-sourced data contributes
to maintaining existing geographical biases in biodiversity datasets,
with the tropics usually being less well represented than temperate areas
(Martin et al., 2012; Gonzalez et al., 2016). This perpetuation of biases
in biodiversity research has a strong impact in conservation science,
given that local and context-dependent evidence is required to inform
decision-making and policies (Gutzat and Dormann, 2020). Ignoring
these biases can lead to a lack of comprehensive understanding of the
actual status of animal populations and ultimately result in less effective
or even might mislead management actions (Konno et al., 2020). Ac-
counting for locally sourced data is, therefore, a crucial step to improve
our current understanding of biodiversity change.

Although the data obtained in this project almost triples the previous
information available, there are still information gaps and biases in
some taxonomic groups and systems (H3). Both the LPD and IbeV are
strongly biased towards birds, with amphibians, reptiles, and Elasmo-
branchii being the less studied taxonomic groups. Such biases are con-
cerning, given that these most underrepresented groups are also the
most threatened (IUCN, 2022). Although IbeV has a larger absolute
number of time-series from these taxonomic groups (e.g., reptiles and
amphibians), they still represent <10 % of the time-series in the data-
base. Our data also has important geographical biases within the Iberian
Peninsula, with most of the central and less populated areas showing
lower coverage. It should also be noted that our study only focused on a
small fraction of biodiversity (Bar-On et al., 2018), with other important
groups, such as insects or plants, not being considered in the present
study. To tackle biodiversity change, there is an urgent need to better
understand the trends of these underrepresented taxonomic groups in
order to develop effective conservation plans (Trimble and van Aarde,
2012; Troudet et al., 2017). We believe that locally sourced data offers
an opportunity to improve this knowledge gap (Troudet et al., 2017).

Amidst the accelerating rate of global change, it is crucial to un-
derstand the magnitude of biodiversity change accurately (Diaz et al.,
2019; WWEF, 2022). To achieve this, it is imperative to effectively
measure and track the trends in wild populations across multiple taxo-
nomic groups. However, there are multiple debates regarding the ade-
quacy of available data sets to provide an accurate picture of global
biodiversity trends (Gonzalez et al., 2016; Cardinale et al., 2018; Valdez
et al., 2023). Our study exemplifies that projects elaborated by local
researchers focused on specific regions can improve data coverage and
allow for a better understanding of trends. Although, understanding
global trends is cornerstone to define global goals for management and
environmental policies, the applicability of global datasets can be
limiting for understanding more local trends. Therefore, it is important
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to shift from global to local datasets when management and conserva-
tion policies are aimed for smaller spatial scales. Furthermore, global
databases can benefit from increased local-level information from local
working groups to provide more accurate global estimates. The results of
this study are only the first step in the exploration of Iberian faunal
trends. It is necessary to go deeper into the processes underlying these
patterns, such as the main threats faced by species at the local scale, the
differences between functional groups or even the effect of local (na-
tional and regional) species conservation policies on population trends.
Supplementary data to this article can be found online at https://doi.
org/10.1016/j.biocon.2024.110755.
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