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Abstract 
It is virtually impossible to compile a complete list of species and map their distributions 

in any protected area; nevertheless, a near complete inventory is vital for an adequate 

management plan. We use Retezat National Park (Romania) as a case study to assess 

the bias in faunistic inventories over the past 70 years. Retezat National Park is one of 

the most studied in Eastern Europe since it shelters some of the last patches of virgin 

old-growth forest in Europe. We reviewed the scientific literature published since the early 

1900s dealing with faunistic surveys and retrieved the occurrence records available on 

GBIF for the study area. We identified a total of 4374 animal species belonging to 2113 

genera, 494 families, 99 orders, 23 classes, and nine phyla. The number of publications 

started to accumulate after 1979, when the park became a Biosphere Reserve, reached 

a peak in the early 2000 and severely decreased during the last decade, highlighting a 

decline in the researchers’ interest in faunistic surveys and, possibly, a delay between 

data collection and their publication. GBIF-mediated data made a small contribution, most 

records (60%) being collected in 2019. The bias analyses included only the distribution 

records available in the scientific literature, since they were already validated through 

peer-review. The number of publications and background of experts involved influenced 

the taxonomic coverage and inventory completeness. We found a strong spatial bias in 

terms of inventory coverage, with diversity hotspots located near roads and research facil-

ities. Our study provides a roadmap for cost-effective future faunistic studies by prioritizing 

conservation efforts towards the most understudied areas and taxa within the park.

Introduction
Biodiversity loss is one of the main challenges of our time, as species and habitats are van-
ishing at an unprecedented rate, on a trajectory towards a Sixth Mass Extinction [1]. As 
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concerns over biodiversity declines are growing, the amount, complexity, and rate at which 
new environmental and ecological data are generated have also increased exponentially. This 
surge in data availability fuels the research and discovery engine driving biodiversity conser-
vation efforts [2] and has advanced our knowledge of biodiversity sensitivity to environmental 
changes. It also helps support the implementation of evidence-based policies and practices 
that can help mitigate the worst outcomes.

Despite the tremendous development of biodiversity informatics [e.g., 3,4], much pub-
lished data remains unused and is not easily available to decision-makers and the research 
community. While biodiversity assessments play a crucial role in successful conservation 
planning, many protected areas still lack comprehensive biodiversity inventories, particularly 
for important species‐rich taxa (e.g., invertebrates) that deliver essential ecosystem services 
(e.g., pollination, nutrient cycling) and serve as valuable biological indicators [5]. Species 
inventories and mapping of species occurrences are the first step in achieving consistent, inte-
grated conservation policies [6].

Biodiversity is unevenly distributed around the world, and is often highly concentrated in 
relatively few small areas, usually at the Tropics. Because of this distribution pattern, conser-
vation efforts have to be directed towards the regions/taxa/ecosystems where they are most 
needed. A variety of methods have been proposed to support prioritization in biodiversity 
conservation, from simple richness ranking [7] to identifying hotspots [8], and designating 
Important Biodiversity Areas [9] or Key Biodiversity Areas [10]. Such methods rely on data 
obtained through species inventories. This is why incomplete and biased inventories pose 
a real problem, often leading to unsuccessful conservation measures and wasted resources. 
Biases and gaps in biodiversity surveys have been shown to reduce the management efficiency 
in protected areas despite large territories being designated as protected in the last decade 
[11–13].

Mountains cover a large part of Earth’s terrestrial surface and host a higher proportion of 
biodiversity than expected by area [14], representing an estimated one-third of terrestrial spe-
cies diversity [15]. Mountain ecosystems are exposed to multiple threats, from climate change 
to direct habitat degradation by human activity. These have drastic biological consequences 
in the most vulnerable mountain ecosystems, posing a direct threat to human well-being and 
health, and ultimately to the global life-support systems [16]. To properly mitigate and man-
age these threats, adequate, unbiased biodiversity inventories and surveys are required.

The Romanian Carpathians are considered a biodiversity hotspot in Europe, with limited 
human development, large and compact virgin forests, and biodiversity-rich grasslands [17]. 
They are better managed compared to other regions in Romania, with over 60% of the South-
ern Carpathians included in protected areas; 22 out of the 27 national and nature parks are 
located in the Carpathians [11,18]. Despite their protected status, few studies have attempted 
to provide a synthesis of species richness and distribution, and even fewer have discussed the 
changes in biodiversity patterns and causal factors, such as land-use changes or human devel-
opment. Furthermore, limited data on Carpathians’ biodiversity contribute to legally-binding 
management plans that fail to include evidence-based conservation actions, thus further 
limiting the efficacy of protected areas [12,17].

Perhaps the most studied protected area in the Romanian Carpathians is Retezat National 
Park (RNP), the first national park designated as such in 1935. The area within the park 
boundaries has been subjected to multiple management practices over time as a consequence 
of changes in property type and legislation. Historically, it faced various human activities, 
such as lumber exploitation, hunting, fish introductions, pastoralism/grazing, and tourism; 
some of these practices continue to the current date [19]. The Romanian Academy facilitated 
research conducted in this national park through the establishment of two research stations 
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(i.e., Gura Zlata and Gemenele) nearby and within Gemenele Scientific Reserve (GSR). The 
high conservation value and rich biodiversity of this reserve have triggered multiple, large-
scale, targeted studies. As such, the first two monographs regarding the diversity and distribu-
tion of plants [20] and caddisflies [21] were published in the 1950s. Five years after the  
inclusion of the park in the World Network of Biosphere Reserves through UNESCO’s Man 
and Biosphere Program, a monograph covering various aspects of the fauna and flora of 
RNP was published [22]. Two other monographs were published in the 1990s, dealing with 
ecological aspects [23] and the insect fauna [24] of RNP. A monograph concerning the geo-
morphological diversity of the park was published in 2000 [25]. The most recent monograph, 
published in 2022, concerns the vascular plant communities in RNP [26]. Apart from these, 
there are hundreds of scientific papers devoted to species diversity and distribution in various 
ecosystems of the park. Still, a large proportion of this information is difficult to access.

We analyze the biases and completeness of faunistic surveys in RNP based on research 
published over the past 70 years as a case study to highlight the risks and vulnerabilities faced 
by conservation managers in biodiversity-rich mountain protected areas. More specifically, we 
(i) provide a unitary and updated inventory of the animal species richness in RNP, (ii) identify 
gaps in knowledge, taxonomic and spatial biases, and finally (iii) provide guidelines to support 
future conservation and management activities.

Materials and methods

Study area
Retezat National Park is located in the Retezat Mountains, part of the Southern Carpathians, 
in Romania (Fig 1). It covers a total area of 38047 ha, of which 4350 ha was designated in 1955 

Fig 1.  Overview of Retezat National Park location in Romania. The inset image shows the park’s location (in red) 
in Romania and the Southern Carpathians. The red border corresponds to Retezat National Park. This figure was 
created using the basemap World Topographic Map [27].

https://doi.org/10.1371/journal.pone.0319871.g001

https://doi.org/10.1371/journal.pone.0319871.g001
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as a strictly protected area (Gemenele Scientific Reserve) with restricted public access [26]. 
The altitude in RNP ranges from 600 m to 2509 m. The lower parts of the park shelter deep, 
narrow valleys, while the higher parts consist of glacial plateaus. The main geological features 
consist of Danubian metamorphic rocks dominated by slightly metamorphosed crystalline 
schists; the glacial relief allows lakes to form in the deeper parts of the moraines [28]. Fifty- 
eight permanent glacial lakes and an almost equal number of temporary lakes are recorded 
at altitudes between 1700 m and 2300 m [29]. Runoff varies with altitude, from 14.3 L/s/km2 
between 600 and 800 m to 28 L/s/km2 between 1600 to 1800 m, and up to 36.6 L/s/km2 at 
altitudes higher than 2200 m. The highest monthly runoff is typically recorded in May [28]. 
The climate is continental, moderately cold and humid (ET and Dfc according to Köppen 
classification [30]), with yearly average temperatures between 6°C in the valleys and −2°C in 
the alpine areas; the annual rainfall varies between 900 to 1300 mm, reaching higher values 
below the tree line [31]. Plant diversity is high, with 1152 plant species reported, representing 
about one third of the total for Romania [26]. The park shelters 19 endemic species of insects 
(nine Lepidoptera, six Plecoptera, four Trichoptera) and 57 endemic plant species and sub-
species [26]. The largest single area of pristine mixed forest in Europe can be found within the 
lower-altitude parts of the scientific reserve [32]. The park was included in the Natura 2000 
network of protected areas in 2007; it was withdrawn from the World Network of Biosphere 
Reserves in 2021.

Literature review
We performed an exhaustive literature search dealing with faunistic studies in RNP, informal 
searches of papers collected over the years, and contacts with experts in the field. A significant 
proportion of species lists was compiled from “Fauna of Romania”, the national scientific 
series dedicated to specific animal taxa, first published in 1951, with 307 volumes to date. For 
recent publications, we carried out an extensive literature search on the Web of Science and 
Google Scholar. We used “Retezat” as a keyword, and then we manually selected the publica-
tions of interest. The reference sections of these publications were further screened for other 
potentially relevant articles that were not identified during the initial search. We considered 
only the scientific publications from 1948 onward since older publications lack precision in 
geographic location and provide outdated taxonomic classifications. Furthermore, valid data 
from older references are most often included in subsequent publications. We made an excep-
tion regarding the time limit for Lepidoptera by considering the work of Diószeghy [33,34], 
which already included 1091 out of the 1372 species inventoried to the present (79.5%).

Inconsistencies and errors in naming the surveyed taxa and taxonomic classification were 
the most challenging when collecting data from old sources. Typographic errors were rela-
tively common, especially in older publications. Since some authors have published repeatedly 
on a particular taxon using different species names, we followed the taxonomic classification 
of the most recent publications, including, when appropriate, species that were omitted in 
a later publication. The taxonomy was checked and updated according to GBIF Backbone 
Taxonomy [4], and when higher taxa classification was not available, we also referred to the 
Catalogue of Life (COL) [3]. The number of species in higher taxa categories for selected 
invertebrate taxa was also retrieved from COL. The sampling methods used in the analyzed 
papers varied depending on the target taxa and the type of habitat, but most publications did 
not provide this information; therefore, we considered that most of the data were obtained 
opportunistically. For comparison purposes, we also retrieved the animal species records for 
Retezat National Park from GBIF [35] (a link to the query conditions and dataset is provided 
with the reference). We excluded the entries where the “Species” column was empty (i.e., 110 
entries out of 3015 retrieved by the query).
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Data analysis
While we recognize the value of public online databases, we included only data records from 
the scientific literature in the following analyses since experts have validated these through a 
peer-review process. We used EstimateS v. 9.1 [36] to compute species accumulation curves 
(SACs) to assess inventory completeness for the taxonomic groups where sufficient data were 
available. A SAC is a plot of the cumulative number of species inventories within a particular 
area as a function of some measure of the effort required to find them [37]. We constructed 
SACs for the best-studied groups using the number of publications per decade as a measure of 
the sampling effort. Since the data extracted from the different publications was not homoge-
nous, we could not apply any extrapolation methods, especially estimators of species richness. 
We assessed the completeness of faunistic inventories by visual inspection of the SACs. Thus, 
a SAC that is near a plateau indicates that most species have been inventoried; when still 
increasing, a SAC shows that more species await discovery, and therefore, additional surveys 
are necessary.

Whenever the precise geographical location was provided, this was recorded for further 
analyses. However, not all occurrences reported from RNP have known locations associated. 
Some papers provide only a list of species, sometimes mentioning the sampling sites but 
without providing details of species encountered at each site, referring to broad locations (e.g., 
Râul Mare Valley) or simply referring to general toponyms like “Retezat mountains”. After 
excluding records without precise locations, we obtained a dataset of 6124 occurrence records 
within the perimeter of RNP (S1 Database).

To assess survey bias at the national park scale, we used the Getis-Ord Gi * spatial statistic 
for counts of occurrences aggregated at 1 km2 grid cells. This allowed us to identify clusters of 
occurrence records (i.e., grid cells with values higher than expected by random chance within 
a specified searching distance) [38]. The distance threshold for the aggregation patterns was 
set to 3625.7 m, to include the neighboring eight grid cells of each cell of interest [39]. For 
every grid cell, the Getis Ord Gi * test returns a Z-score describing spatial clusters of high 
(hotspots)/ low (coldspot) sampling effort or non-significant aggregation. All spatial analyses 
were performed using ArcGIS Pro 3.1.0 [39].

Results

General overview
The literature review included 256 publications (S2 File), mostly scientific papers (73%) and 
books/ book chapters (27%). Except for two papers published in 1930 and 1935, all other stud-
ies were published between 1948 and 2023. We observed a peak in the number of publications 
between 1990 and 1995, followed by a rapid decrease during the last two decades (Fig 2).

Overall, the number of scientific publications was significantly correlated to the number of 
species (Spearman’s rho =  0.633, P <  0.001; SigmaPlot 11.0 [40]) recorded in RNP. The arthro-
pods were the most studied taxa from RNP (Fig 3), the scientific studies being focused on four 
insect orders: Diptera (20%, 51 publications), Coleoptera (10%, 25 publications), Lepidoptera 
(8%, 21 publications), and Hymenoptera (6%, 16 publications). Vertebrates were the second 
most studied group, but the data available was mostly limited to species lists for each class, 
and did not allow for additional analyses.

The scientific literature contributed with records of 4301 species and 6124 georeferenced 
occurrences, while GBIF contributed with 334 species and 2905 georeferenced occurrences 
(between 1929 and 2023). GBIF occurrence records were biased towards birds (69%), with 
most of the data collected in 2019. GBIF added 73 species not previously recorded in the 
scientific literature for RNP (59% insects, 11% other invertebrates, 30% birds). Based on both 
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sources combined, the current animal species richness for RNP sums up to 4374 species, 
grouped in nine phyla, the highest proportion corresponding to insects, with 3211 species 
(73%) (S3 Table, S4 Database).

Fig 2.  Dynamics of the scientific publications regarding the fauna of Retezat National Park. The number of scien-
tific papers published between 1948 and 2023 reporting faunistic occurrences from RNP.

https://doi.org/10.1371/journal.pone.0319871.g002

Fig 3.  Animal species richness reported by the scientific literature for Retezat National Park, and the corre-
sponding number of published papers. The number of animal species recorded in RNP closely follows the number 
of published scientific papers. Values are presented as a percentage of the total number of publications and total 
number of species, respectively.

https://doi.org/10.1371/journal.pone.0319871.g003

https://doi.org/10.1371/journal.pone.0319871.g002
https://doi.org/10.1371/journal.pone.0319871.g003
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Sampling bias
We were able to compute SACs for five of the most studied invertebrate taxa: Arachnida and 
Insecta - Coleoptera, Diptera, Hymenoptera, Lepidoptera). SACs indicated that the inven-
tory is almost complete in four of these (i.e., Arachnida and Insecta – Diptera, Hymenoptera, 
Lepidoptera), but most species are yet to be recorded for Coleoptera (Fig 4a). The number of 
invertebrate species inventoried by specialists showed a steep increase in the 1980s and 1990s 
and reached a plateau during the last decade (Fig 4b), reflecting the publishing pattern. This 
is consistent with the positive relationship between the number of publications and species 
richness at multiple taxonomic levels (Fig 5).

The spatial analysis revealed a biased sampling in RNP (Fig 6a), with only 58 out of 460 1 
km2 grid cells overlapping RNP having more than one occurrence record (12.6%). The mean 
number of occurrences was 12.8 per grid cell (SD =  64.44), while the maximum number of 
occurrences per grid cell was recorded at Casa Laborator Gemenele (885 occurrences) and 
Gura Zlata (864 occurrences). A number of 356 grid cells (77%) had no occurrences. The 
hotspots are located near camping and accommodation facilities like Zănoaga, Gemenele, 
Bucura, and Gura Zlata. In contrast, the grid cells that were not significantly sampled are 
located in the western, southern, and eastern parts of RNP (Fig 6b). The distribution of species 
occurrences across altitude revealed two peaks corresponding to the research facilities: Gura 
Zlata (850 m) and Casa Laborator Gemenele (1770 m) (Fig 7).

Discussion
Our study highlights that although Retezat National Park is the best-studied mountain pro-
tected area in Romania, based on the number of publications, the knowledge of animal species 
richness is still biased, both in terms of taxonomic and spatial coverage. We showed that vast 

Fig 4.  Assessment of inventory completeness in five of the most studied taxa from Retezat National Park. (a) The cumulative 
number of invertebrate species of the most abundant five higher taxa: Class Arachnida (dark red, continuous line) and Class Insecta 
with the Orders Lepidoptera (blue interrupted line), Diptera (yellow interrupted line), Hymenoptera (green interrupted line) and 
Coleoptera (orange dotted line). As an exception, we added occurrences since 1930 only for Lepidoptera since these were available in 
the seminal papers by Diószeghy [33,34]. (b) The total cumulative number of invertebrate species for the most abundant five higher 
taxa.

https://doi.org/10.1371/journal.pone.0319871.g004

https://doi.org/10.1371/journal.pone.0319871.g004
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areas of the park remain understudied (i.e., the western, southern, and eastern parts of RNP), 
and only a few areas were properly sampled (see Fig 6). Even under these circumstances, we 
found a high faunistic richness when compared to other similar national parks in Romania, 
confirming its high conservation value. This is valid even if most taxonomic groups are under-
sampled and the sampling during the over 70 years was strongly biased towards the iconic 
research infrastructure of the Romanian Academy (i.e., Casa Laborator Gemenele and Gura 
Zlata).

Fig 5.  The relationship between the number of publications and taxa richness in Retezat National Park. The 
positive linear relationship between the number of publications and taxa richness is presented at three taxonomic 
levels: species (red line, red dots; R2 =  0.51), genera (black line, black dots; R2 =  0.45), and families (green line, green 
triangles; R2 =  0.43). The graph was created based on the data from the S3 Table.

https://doi.org/10.1371/journal.pone.0319871.g005

Fig 6.  Spatial bias in faunistic surveys in Retezat National Park. (a) Sampling locations of the faunistic studies within Retezat National Park corresponding to a grid 
of 1 km2 cells. (b) Hotspots of sampling at 1 km2 cells; the red to orange gradient corresponds to Getis Ord Gi * Z-scores estimated with different confidence thresholds 
(i.e., light orange =  90%, dark orange =  95%, and red =  99% confidence). This figure was created using the basemap World Topographic Map [27].

https://doi.org/10.1371/journal.pone.0319871.g006

https://doi.org/10.1371/journal.pone.0319871.g005
https://doi.org/10.1371/journal.pone.0319871.g006
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The spatial and taxonomic biases in faunistic surveys from RNP are important but similar 
to most historical inventories [41]. For example, the spatial bias observed in our study is partly 
explained by the distance to the nearest infrastructure (e.g., road, shelter) (Fig 8) and thus by 
difficulties in access and lack of accommodation facilities. This situation is consistent with 
results obtained in other parts of the world. For example, Ferreira et al. [42] showed that the 
availability of accommodations for researchers was the only variable influencing the likeli-
hood of conducting arthropod inventories in a protected area from Brazil. Falcón-Brindis et 
al. [43] found similar patterns of sampling bias for moths (Insecta, Erebidae) in the Chiapas 
region of Mexico, highlighting the gap between the process of designating protected areas, 
their efficiency, and the basic and representative knowledge of what is/ needs to be protected. 

Fig 7.  The cumulative number of species occurrences according to altitude in Retezat National Park. The number 
of occurrences peaks around two altitudes corresponding to the research stations (Gura Zlata and Casa Laborator 
Gemenele). The line represents the cumulative number of occurrences.

https://doi.org/10.1371/journal.pone.0319871.g007

Fig 8.  Relationship between the distance to the nearest road/lodge and cumulative number of species occurrence 
records in Retezat National Park. The line represents the cumulative number of species occurrences.

https://doi.org/10.1371/journal.pone.0319871.g008

https://doi.org/10.1371/journal.pone.0319871.g007
https://doi.org/10.1371/journal.pone.0319871.g008
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Our study contributes to the growing evidence pointing out that research must be expanded 
beyond the easily-accessible areas, close to roads or research stations. To make this possible, 
increased logistic support from protected areas administrators or other stakeholders (e.g., 
local authorities) is of paramount importance, especially in terms of providing accommoda-
tion facilities in remote and otherwise inaccessible areas.

We found a disproportionate importance that a small number of experts had in the spatial 
sampling of underrepresented taxa (e.g., Vladimir Brădescu for Syrphidae, Diptera, or László 
Diószeghy for Lepidoptera; S2 File). Thus, the higher proportion of known species in some 
groups is the result of the work of a few dedicated individuals. This shows that the data avail-
able is not necessarily representative of the actual biodiversity richness in RNP, but an indi-
cator of the researchers’ interest in certain taxa or study areas, the so-called “botanist effect” 
[44]. For example, Connor and Simberloff [45] showed that the number of field trips for 
conducting botanical surveys to each of the Galapagos islands was a better predictor of species 
number than any physical characteristics of the respective islands. Similarly, we show that the 
differences in species richness between the different higher-taxa categories in RNP are most 
likely a reflection of the uneven sampling effort. In RNP, the family Syrphidae (Insecta, Dip-
tera) was intensively studied by the same expert (i.e., Vladimir Brădescu) for three decades, 
an effort that produced 14 publications on this group (Fig 9, S2 File). A similar situation can 
be observed in butterflies and moths (Insecta, Lepidoptera), the best-studied group among 
all invertebrate categories, with 1390 species identified in RNP. This is due to the fact that 
Lepidoptera is one of the emblematic groups of insects and an attraction for both researchers 
and naturalists; besides, Retezat Mountains were less affected by grazing compared to the sur-
rounding massifs, thus providing extended areas of relatively well-conserved habitats for this 
group. The first exhaustive synthesis regarding the Lepidoptera of RNP was done by László 
Diószeghy, who published an annotated list of over 1000 species of micro- and macro- 
Lepidoptera in 1930 [33]. An updated synthesis was published much later, in 1997, by László 
Rákosy [24]. Despite their attractiveness, a coherent and sustained inventory and monitoring 
program for moths and butterflies was never established in RNP. This further increases the 

Fig 9.  Species richness of Syrphidae (order Diptera) from Retezat National Park. The figure depicts the cumula-
tive number of species of Syrphidae reported from RNP, based on the work of Vladimir Brădescu between 1971 and 
2000 (see S2 File for the complete list of publications). Before his studies started, only 31 species were known from the 
park, reaching 229 species by 2000.

https://doi.org/10.1371/journal.pone.0319871.g009

https://doi.org/10.1371/journal.pone.0319871.g009
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inventory bias among Lepidoptera groups, which is already influenced by size and charisma. 
The species richness of Lepidoptera currently known from RNP amounts to 34% of the total 
recorded by Rákosy and Goia [46] for the whole country (i.e., 4073 species). As expected, this 
proportion is biased towards butterflies (Rhopalocera; 64%), while Microlepidoptera, a less 
attractive group, is underrepresented (25%).

A complete census of species in any given area is rarely feasible, except for highly visible, 
sessile, and well-studied taxa [47]. Biodiversity assessment is, therefore, usually based on 
samples, but the species count depends on sampling effort. We used SACs to overcome the 
challenge of comparing the heterogeneous datasets among inventories (i.e., based on differ-
ent sampling methodologies and efforts) [48]. These allowed us to estimate the completeness 
of species inventory in the higher taxa and provide an estimate of species richness for the 
curves that approached a plateau. The overall low number of studies for most taxa limited the 
applicability of SACs to five invertebrate higher taxa (i.e., Arachnida and Insecta – Coleoptera, 
Diptera, Hymenoptera, Lepidoptera). The knowledge gaps in terms of taxonomic and spatial 
coverage were high, with Coleoptera, the most abundant order of insects worldwide, being 
understudied. For example, the first inventory of invertebrates from the Retezat Mountains 
that we could identify was based on collections made during 1898-1899 by Szilády [49]. It 
reported 834 species of arthropods, mostly insects (90%), followed by Arachnida, Chilopoda, 
and Crustacea. Since the sampling was not focused on a specific group and the sampling 
methods were not presented, the proportion of the species richness of higher insect taxa dif-
fered from our checklist. A comparison of the species richness in selected insect taxa reported 
from Retezat National Park, according to the inventory done by Szilády [49], the present study 
(i.e., data from the scientific literature and GBIF), and at a global scale (Catalogue of Life) [3] 
reveals a high taxonomic bias in the faunistic surveys after 1900 (Table 1). The highest discrep-
ancies can be observed in Coleoptera, significantly understudied after 1948 (negative bias), 
and Lepidoptera, intensively studied, starting with the seminal papers of Diószeghy [33,34] 
(positive bias).

While our results are mostly centered around invertebrates, where the data available 
allowed for more complex analyses, we consider that the findings of this study can be extrap-
olated to other groups of taxa and regions, even in megadiverse regions, with high pro-
portions of endemisms and undescribed species. For example, a recent study [50] showed 
that sampling completeness in vertebrates decreases with higher species richness and lower 
country-level per capita GDP; thus, spatial sampling biases are more likely to occur in mega-
diverse regions because of difficult access imposed by the scarcity of resources (i.e., financial, 

Table 1.  Species richness in selected insect orders reported from Retezat National Park reveals strong taxonomic bias. Species richness in selected insect orders 
reported from Retezat National Park, according to the inventory done by Szilády [49], the present study (i.e., data from the scientific literature and GBIF), and at 
a global scale (Catalogue of Life) [3]. A strong negative bias can be observed in Coleoptera after 1906. Conversely, a strong positive bias can be observed towards 
Lepidoptera.

Order Szilády (1906) Present study Global
Number % Number % Number %

Orthoptera 29 4 50 2 28111 3
Coleoptera 299 41 300 10 316269 36
Lepidoptera 57 8 1390 46 149969 17
Diptera 112 15 666 22 165144 19
Hymenoptera 137 19 485 16 118145 14
Hemiptera 93 13 116 4 93749 11
Total 727 100 3007 100> 871387 100>

https://doi.org/10.1371/journal.pone.0319871.t001

https://doi.org/10.1371/journal.pone.0319871.t001
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equipment, knowledge/experts), infrastructure or harsh environment (natural and/or polit-
ical). Designing cost-effective inventories remains a challenging activity since funding is 
limited and the rate of species discovery declines rapidly as sampling effort or area increases 
[51]. While increasing the number and frequency of inventories and overall research effort 
is valuable for many reasons, this would probably lead to more surveys of already sampled 
areas, as the lack of accessibility and research infrastructure promotes close distances between 
new and existing sampling sites [52]. To sustain an acceptable level of cost-effectiveness, we 
recommend to (1) prioritize sampling efforts towards previously undersampled groups or 
areas, and (2) start using data from other approaches, such as occupancy [53], when making 
management decisions. These general recommendations are suitable for most study areas or 
taxa and address the major pitfalls in faunistic surveys identified in our study (i.e., spatial and 
taxonomic biases). We provide the foundation for designing effective faunistic surveys, by 
highlighting the undersampled taxa and areas within the park, as a case study, which should 
be of special interest to wildlife managers. One particular finding that arose from this study is 
related to the taxonomic bias and the critical contributions of few dedicated experts to specific 
groups of taxa. As such, investment in maintaining an adequate pool of research expertise 
should be a national priority for governments and education/research institutions, especially 
in the Anthropocene, the era marked by massive biodiversity loss. Acquiring high-quality data 
on biodiversity has never been more crucial; biases in data sampling lead to biased decisions 
and potentially catastrophic consequences.
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