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A B S T R A C T

The uncertain threat status of species inevitably influences their focus on conservation. Just as in extinction risk,
the non-randomness phenomenon related to uncertainty (also referred to as selectivity), which is a certain
character cluster in some groupings, also exists in data deficiency of species' knowledge. In order to illustrate this
kind of non-random phenomenon and explain the uncertainties it caused, we performed a hypergeometric test
on taxonomic and geographic groupings of China's spermatophyte species and quantified two factors— frequency
of collections and spatial accessibility— to indicate the primary causes of spatial knowledge deficiencies. We found
that selectivity in data deficiency exists both taxonomically and geographically. Fifteen of the families were
more deficient than expected, which included 30.0% of species and 56.3% ranked data deficient (DD). Among
these, eight families were statistically highly significant with p < 0.001 and included 25.2% of species and
50.0% ranked DD. Forty-six families were less deficient than expected. With respect to floristic division, four of
29 floristic regions and subregions were more deficient than expected, and seven were less deficient than ex-
pected. Spatial autocorrelation analysis on DD species suggested an aggregated pattern of data deficiency in
China (Moran's I=0.58, z-score=27.0, p < 0.001), and these areas that contained the highest numbers of DD
species also contained the highest number of species (Spearman's R2= 0.879, p < 0.001). However, the largest
DD ratio had a low correlation with the richest DD spatial diversity. Moreover, we found the larger the DD ratio
was, the lower the frequency of collections and the poorer the spatial accessibility would be. In the research, we
showed that the uncertainties associated with DD species would alter the non-randomness in the selectivity of
data deficiency and further affect the focus of conservation. Only with a full understanding of the process and
mechanisms of data deficiency can we determine where and what kind of actions are necessary to improve the
knowledge of plant diversity.

1. Introduction

Effective conservation measures are needed urgently because of the
unprecedented biodiversity loss today (Barnosky et al., 2011). Spatial
assessments involving the identification of key areas or species that
require conservation represent the first step in adequate conservation
planning and implementation (Mittermeier et al., 1998; Knight et al.,
2007; Langhammer et al., 2017). Furthermore, limited funding

demands prioritization of those areas or species to ensure the efficient
use of resources and effective conservation actions (Cowling et al.,
2004; Wilson et al., 2007; Knight et al., 2008). In Target 11 of the Aichi
biodiversity targets of the Convention on Biological Diversity (CBD
2010–2020) “by 2020, at least 17 percent of terrestrial and inland
water, and 10 percent of coastal and marine areas are conserved
through systems of protected areas….” As for conservation of en-
dangered species, Target 12 of Aichi describes “By 2020 the extinction
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of known threatened species has been prevented and their conservation
status, particularly of those most in decline…”, and Target 2 of GSPC
targets demanding “an assessment of the conservation status of all
known plants as far as possible, to guide conservation action.” There is
a consensus that stopping declines in biodiversity is a critically im-
portant step in achieving more ambitious conservation goals.

The extinction risk assessment and its value of the threatened spe-
cies in the IUCN Red List has been widely recognized (Gärdenfors et al.,
2001; IUCN, 2001; Rodrigues et al., 2006; Hayward, 2009; Juslen et al.,
2013; Saiz et al., 2015; Bennun et al., 2017). In the global assessment,
all species on the Red List are listed according to 9 categories, 7 of
which can indicate the extinction risk (except for Data Deficient (DD)
and Not Evaluated (NE)). Avoiding species extinction can be seen as the
fundamental goal of biodiversity conservation. The five quantitative
Red List criteria explicitly defined as estimating extinction risk. Criti-
cally Endangered (CR), Endangered (EN), and Vulnerable (VU) are
threatened categories and generally will be considered for prioritization
(IUCN, 2016). However, data deficiencies of species in certain taxo-
nomic groups and spatial regions may prevent them from being con-
sidered for protection. In IUCN Red List, the category DD highlights
taxa for which information is insufficient to make a sound status as-
sessment. Although the criteria are highly quantitative and defined, one
can use projections, assumptions and inferences in order to place a
taxon in the appropriate category. DD species introduce high un-
certainty into the extinction risk assessment in the groups level due to
their unknown risk status (Good et al., 2006; Butchart and Bird, 2010;
Hoffmann et al., 2010; Sousa-Baena et al., 2014; IUCN, 2011; Jarić
et al., 2016; Roberts et al., 2016; Bland et al., 2017). Although they are
not classified within the threat categories, DD species may still face
high extinction risks as those judged to be threatened (Howard et al.,
2014; Bland et al., 2015; Jetz and Freckleton, 2015; Jarić et al., 2016;
Roberts et al., 2016).

However, there are contrasting attitudes about treating DD when
setting conservation priorities. Some authors have suggested that DD
species should be regarded as potentially threatened and deserve equal
conservation as truly threatened, at least until there is more evidence
that the DD rating can be designated clearly as “potentially threatened”
(Mace et al., 2008; IUCN, 2011; Morais et al., 2013). Even these con-
servation measures may not work immediately, but they can reduce the
speed of population decline in the near future. Conversely, others be-
lieve that if DD species are protected equally and unquestioningly, this
will affect the utilization of protected resources for threatened species
(Joaquim et al., 2012). Therefore, to solve such conflicts, additional
methods and concepts directed to DD species are required to classify
them into a more reliable extinction level. For example, many studies
have shown that there is usually a significant tendency for extinction
risk to be concentrated within certain large families or specific spatial
areas, which is referred to as the selectivity of threat level (Bielby et al.,
2006; Hoffmann et al., 2010; Böhm et al., 2013; Vaira et al., 2017).
However, a similar phenomenon of selectivity also exists in data defi-
ciency in that DD species often are taxonomically and spatially biased
as well (Bielby et al., 2006; Fritz and Purvis, 2010; Hoffmann et al.,
2010; Bland et al., 2012; Böhm et al., 2013; Vaira et al., 2017).

In recent years, China has paid more and more attention to research
on biodiversity and conservation (Huang et al., 2011; Qin et al., 2017a,
2017b; Zhao et al., 2016). As one of the megadiversity countries in the
world, China contains four of the 25 global biodiversity hotspots (Myers
et al., 2000). China is rich in species diversity and endemic species
diversity. There are about 30,000 spermatophyte species in China,
which account for> 80% of all higher plants. China is also on a high
threat level of biodiversity after decades of socio-economic develop-
ment. Currently,> 10% of species are threatened. However, there are
still few studies on biodiversity conservation related to the whole
spermatophyte species in China, let alone studies on DD species. To fill
this knowledge gap, we analyzed the selectivity of data deficiency at the
taxonomic and geographic levels and used two quantifiable factors to

explain the primary causes of spatial knowledge deficiency. Finally, we
make recommendations for setting conservation priorities based on our
results.

2. Materials and methods

2.1. IUCN Red List categories of spermatophytes in China

We divided non-extinct species into three types: threatened (CR, EN,
and VU), Data Deficient (DD) and non-threatened (LC and NT). There
are 30,319 spermatophyte species in China's Higher Plants Red List
(RLCHP), of which 3511 are categorised as Threatened, and 3011 are
categorised as DD. If DD species are included, the percentage of
threatened species is 11.58% (3511/30319), whereas if DD species are
omitted from the calculation, 12.86% are threatened (3511/27301).
Two tags, DDP and DDT, were assigned to DD species by the RLCHP.
DDP was defined as those with insufficient information on population
size, trends, distribution and/or threats, while DDT was those with
uncertain taxonomic status (IUCN, 2011). As DDT species have un-
certainty in their taxonomy (IUCN, 2011), we excluded them from our
spatial analysis in this paper.

2.2. Spatial information and spatial processing

Detailed spatial distribution information was important in our
analysis. Some was taken from the RLCHP to which almost 300 experts
contributed, while others were derived from large-scale specimen in-
formation platforms, such as the China Virtual Herbarium (CVH,
http://www.cvh.ac.cn/en) and the National Science & Technology in-
frastructure (NSII, http://www.nsii.org.cn/2017/home-en.php). Some
shortcomings are inevitable in our geographic distributions, such as
duplication of records, invalid locations, erroneous coordinates, etc. We
try to avoid these issues in the spatial pre-processing. First, we com-
bined data from CVH and NSII into one database and then did some
data pre-processing. In this process, we needed to confirm that one
species had only one record in one collection locality. Then, we re-
moved specimens with clearly invalid locations (i.e., outside the
boundaries of China), specimens missing with georeferenced location
data and erroneous coordinates, and specimens that were duplicates
from the same collection date. Finally, 25% (5,002,566 original re-
cords, 1,252,047 retained) of the initial specimens were left for further
analysis. Approximately one quarter of spermatophytes lack detailed
distribution information, which limited the scale of the study. All of
different forms of the datasets, except the layer of floristic regions, were
unified to be spatial gridded layers with a resolution of one degree
(∼110×110 km at the equator). Some values of grid layers were
normalized in the range of 0 to 100 (Chen, 2011).

We analyzed the spatial patterns of data deficiency species' se-
lectivity after removing the protected areas in which DD species are
distributed. Furthermore, we also analyzed the primary causes of spa-
tial knowledge deficiency as in previous studies (Kier et al., 2005). Two
quantifiable factors were used to explain the causes of spatial knowl-
edge deficiency. We counted frequency of collections events based on the
CVH to indicate the extent of scientific exploration. We used spatial
accessibility to indicate the difficulty of reaching the research destina-
tion. We chose three density indices to synthesize a definition of spatial
accessibility: length of river, of railway, and of road in each grid.
Moreover, it should be noted that deviations might exist in some results
in the Taiwan region as it lacks some suitable layers during the calcu-
lation of spatial accessibility. More details of spatial layers are showed
in Table S1 of Appendix A. In addition, Wu (1979) also divided China
floristically and partitioned the country into floristic regions based on
the distributions of typical taxonomic groups and dominant vegetation.
The details are presented in Fig. 1a.

In the spatial analysis, we used Moran's I as a measure of spatial
autocorrelation on three layers: layers of DD Species distribution, layers
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of frequency of collections, layers of spatial accessibility. The values of
Moran's I range from −1 (indicating a perfect dispersion) to 1 (in-
dicating a perfect correlation). A Moran's I ∈(0,1), indicates a positive
spatial autocorrelation; I ∈(−1,0) indicates a negative spatial

autocorrelation, and I=0 indicates a random spatial pattern (Li et al.,
2007). We also utilized Spearman's rank correlations (Spearman's R2)
and spatial coverage ratio (SCR) to explain the correlation between two
primary causes of spatial knowledge deficiency (frequency of

Fig. 1. Species diversity pattern and floristic divisions of China. The spatial patterns of species diversity and 29 floristic regions (a), DD species diversity (b), DD ratio
(c). Wu (1979)'s floristic hierarchical divisions are marked with codes, where the leading roman numeral represents kingdom, the following upper-case roman letter
represents subkingdoms, the arabic numeral represents region, and the possible lower-case roman letter at the end represents subregion. I. Holarctic Kingdom; II.
Paleotropic Kingdom. A. Eurasia Forest Subkingdom; B. Central Asia Desert Subkingdom; C. Eurasia Grassland Subkingdom; D. Qinghai-Tibet Plateau Subkingdom; E.
Sino-Japan Forest Subkingdom; F. Sino-Himalaya Forest Subkingdom; G. Southeast Asia Subtropics Subkingdom. 1. Altay Region; 2. Daxing'anling Region; 3.
Tianshan Region; 4. West Central Asia Region (a. Tacheng-Yili Subregion; b. Dzungaria Subregion); 5. East Central Asia Region (a. Kashgar Subregion; b. West-South
Mongolia Subregion); 6. Mongolian Grassland Region (a. East Mongolia Subregion; b. Northeast China Plain Subregion); 7. Tangut Region; 8. Pamir-Kunlun-Tibet
Region (a. Ü-Tsang Subregion; b. Changtang Subregion; c. Pamir-Kunlun Subregion); 9. West Himalaya Region; 10. Northeast China Region; 11. North China Region
(a. Liaodong Peninsula - Shandong Penisula Subregion; b. North China Plain and Montane Subregion; c. Loess Plateau Subregion); 12. East China Region; 13. Central
China Region; 14. South China Region; 15. Yunnan-Guizhou-Guangxi Region; 16. Yunnan Plateau Region; 17. Hengduan Mountain Region; 18. East Himalaya
Region; 19. Taiwan Region; 20. South China Sea Region; 21. Tonkin Gulf Region; 22. Yunnan-Myanmar-Thailand Region (Wu, 1979).

Fig. 2. The matrix of Spearman's R2s between the two primary causes of spatial knowledge deficiency (frequency of collections and spatial accessibility) and three
biodiversity measures (species, DD species, and DD Ratio).
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collections and spatial accessibility) and three biodiversity measures
(species richness, DD species richness, and DD ratio). In this paper, the
DD ratio was defined as the proportion of DD species to total species
and SCR was defined as the degree of overlap between the top 10% of
the grids of two primary causes of spatial knowledge deficiency and
three biodiversity measures.

2.3. Examine and quantify taxonomic and geographic selectivity of data
deficiency

In order to minimize the effect of families with few species and
balance the conflicting aims of obtaining a reasonable number of data
sets and obtaining reasonable statistical power within each, we selected
suitable families that contained>30 species. Families with an in-
sufficient number of species were excluded. Chi-square test was used to
determine the non-randomness in data deficiency of all the families.
Then, we focused on the remaining taxa. We followed Bielby et al.'s
(2006) null hypothesis that threatened species are distributed randomly
within and without a certain subset. We shuffled the threat labels across
subsets by a random permutation without changing the number of
times the threatened and non-threatened labels occur, and then counted
the threatened labels in a certain subset, what was the probability that
the real number would reoccur? To answer this question, we have to
know the distribution function of the number of threatened labels after
such a random shuffling of that particular subset. Bielby et al. (2006)
preferred to estimate the distribution function empirically by repeating
the random shuffling process 10,000 times. As in other Monte Carlo
methods, such simulation experiments suffer from high time complexity
and low accuracy. In fact, the statistic X, defined as the number of
threatened labels in a subset, obeys a hypergeometric distribution, the
probability density function of which can be expressed explicitly:

= = =f k n N M P X k n N M C C
C

( ; , , ) ( | , , ) ,k
M

n k
N M

n
N

where N is the total number of both threatened and non-threatened
labels; M is the number of threatened labels; n is the size of the subset;
Ca

b denotes the binomial coefficient, defined as b!/a!(a-b)!; and k=0,
1, 2, …, max that runs through all probable numbers of threatened
labels in the subset. Given a significance level α, we reject the null
hypothesis if the actual number of threatened labels falls into either α
tail of the hypergeometric distribution. We refer to such a procedure as
a hypergeometric test (on selectivity) hereinafter. In the DD related sec-
tion, we used the same hypergeometric test to test the randomization of
DD species in each subset.

3. Results

3.1. Spatial patterns of DD species

Spatial autocorrelation analysis on relative species richness in grid
cells suggests an aggregated biodiversity pattern in China (Moran's
I=0.61, z-score= 28.0; p < 0.001). In general, species' richness in-
creases from north to south along latitude, as shown in Fig. 1a. DD
species in China were distributed unevenly (Moran's I=0.58, z-
score= 27.0; p < 0.001). Fig. 1b shows only a few centers of plant
diversity in which there were relatively many DD species (Spearman's
R2= 0.879 in Fig. 2). These concentrations of DD species that generally
were disproportionately high occurred in the Hengduan Mountain Re-
gion (IF17), East Himalaya Region (IF18), and were scattered in a
minority of certain regions (IA2, IE13, IE16, IE25, and G22). Fig. 1c
shows that the DD ratio was distributed primarily in Northwestern
China. Larger clusters of areas were located largely in Northwest China

Table 1
Taxonomic selectivity of data deficiency and extinction risk of spermatophytes with different treatments of DD (DD excluded, DD considered non-threatened, and DD
considered threatened).

Family Total species Threatened species DD species DD ratio Family Total species Threatened species DD species DD ratio

Schisandraceae⁎⁎⁎ 31 2 12 38.7 Moraceae†† 160 28 7 4.4
Ericaceae⁎⁎⁎ 1012 142 291 28.8 Euphorbiaceae††† 356 26 14 3.9
Piperaceae⁎⁎⁎ 66 5 18 27.2 Theaceae††† 346 91 13 3.8
Elaeagnaceae⁎⁎⁎ 70 8 18 25.7 Hamamelidaceae† 77 38 3 3.8
Asteraceae⁎⁎⁎ 2139 20 507 23.7 Asclepiadaceae††† 272 19 10 3.7
Lardizabalaceae⁎ 38 3 8 21.0 Urticaceae††† 388 13 14 3.6
Berberidaceae⁎⁎⁎ 308 48 61 19.8 Aristolochiaceae† 82 40 3 3.6
Celastraceae⁎⁎ 178 34 30 16.9 Lamiaceae††† 864 42 27 3.1
Poaceae⁎⁎⁎ 1881 53 308 16.4 Styracaceae† 65 22 2 3.1
Boraginaceae⁎⁎⁎ 291 9 47 16.1 Rhamnaceae††† 171 11 5 3.0
Caryophyllaceae⁎⁎⁎ 364 10 56 15.4 Clusiaceae†† 100 18 3 3.0
Zingiberaceae⁎ 202 22 29 14.3 Polygonaceae††† 223 13 6 2.7
Rosaceae⁎⁎⁎ 1206 62 158 13.1 Cucurbitaceae††† 157 28 4 2.6
Papaveraceae⁎ 451 19 59 13.1 Primulaceae††† 571 45 15 2.6
Gesneriaceae⁎ 496 73 62 12.5 Lauraceae††† 465 99 12 2.6
Ranunculaceae† 1081 87 91 8.5 Tiliaceae† 79 11 2 2.6
Fabaceae†† 1463 126 114 7.8 Vitaceae††† 175 19 4 2.2
Orchidaceae††† 1502 653 102 6.8 Melastomataceae††† 135 10 3 2.2
Rubiaceae†† 713 48 48 6.8 Commelinaceae† 47 1 1 2.2
Liliaceae††† 760 103 50 6.5 Apocynaceae††† 114 17 2 1.8
Brassicaceae†† 432 16 28 6.5 Aceraceae††† 130 47 2 1.5
Gentianaceae†† 449 15 26 5.8 Caprifoliaceae††† 115 9 1 0.9
Crassulaceae† 255 57 15 5.8 Thymelaeaceae††† 123 15 1 0.8
Oleaceae† 162 15 9 5.5 Juncaceae††† 88 0 0 0
Acanthaceae†† 298 0 16 5.4 Anacardiaceae††† 71 12 0 0
Saxifragaceae††† 638 9 33 5.2 Menispermaceae††† 81 23 0 0
Rutaceae† 139 17 7 5.1 Onagraceae†† 53 4 0 0
Araceae† 181 44 9 5.0 Capparaceae† 42 9 0 0
Salicaceae††† 443 45 22 4.9 Cornaceae† 35 2 0 0
Myrsinaceae† 122 5 6 4.9 Bignoniaceae† 35 8 0 0
Apiaceae††† 614 33 28 4.5

Number of species described is based on Qin et al. (2017a, 2017b). Superscripts of families denote the significance level of the selectivity of data deficiency.
Significantly more deficient than expected: ⁎⁎⁎ p < 0.001; ⁎⁎ p < 0.01; ⁎ p < 0.05. Significantly less deficient than expected: ††† p < 0.001; †† p < 0.01; †

p < 0.05. Only the families with significant difference in data deficiency are listed in this table. See Table S2 in Appendix A for full list of families.
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(IA 1, IB4, north IB5a, north IB 5b, IF18, and the junction of ID8b, ID8c,
and ID9) and some grid cells were scattered in other regions. We
marked the areas with the largest DD ratio, which resulted in a selection
of 105 cells (9.3% of the study area in which the DD ratio was<3.8%).
A high DD ratio had a low correlation with the DD species richness
(compare Fig. 1b and c: Spearman's rank correlation R2= 0.11).

3.2. Taxonomic and geographic selectivity of data deficiency

Of the 259 families in the data set, 108 had enough species to depart

significantly from the overall average extinction risk prevalence. The
Chi-squared test showed that data deficiency was distributed non-ran-
domly among families (χ2107= 1232.75, p < 0.001). 15 of the families
remaining were more deficient than expected, which included 30.0% of
species and 56.3% of DD species. Among these, 8 families were statis-
tically highly significant at p < 0.001 (Schisandraceae, Ericaceae,
Piperaceae, Elaeagnaceae, Asteraceae, Berberidaceae, Poaceae,
Rosaceae), which included 25.2% of species and 50.0% of DD species.
46 families were less deficient than expected and included 50.8% of
species, 25.7% of DD species (Table 1).

Data deficiency also was distributed non-randomly among floristic
regions (χ228= 148.55, p < 0.001). 4 floristic regions were more de-
ficient than expected, among which 3 were statistically highly sig-
nificant at p < 0.001 (Ü-Tsang Subregion (ID8a), Hengduan Mountain
Region (IF17), East Himalaya Region (IF18)). 7 floristic regions were
less deficient than expected. The Pamir-Kunlun Subregion (code ID8a)
in the Pamir-Kunlun-Tibet Region (ID8) had the largest ratio (6.4%) in
data deficiency (Table 2).

3.3. Conservation prioritization based on data deficiency selectivity

Fig. 3 showed the new overly-deficient areas were significantly
larger after some DD species were removed (Fig. 3b, c) and many were
statistically highly significant (p < 0.001). Spatially, these new overly-
deficient areas were clustered largely in IA1, IA3, IB4a, IB4b, IB5a,
IB5b, and the juncture of ID8b, ID8c, and ID9. Many were located in the
hotspots of China (Fig. 3a, c) (Myers et al., 2000; Mittermeier et al.,
2005). In addition, differences also existed before and after analysis of
less deficient areas (Fig. 3c). Most of the new under-deficient areas were
distributed around protected areas in the ID7 region except for a small
number of grids that are scattered in E12, E13, and other areas (Fig. 3c).

3.4. Primary causes of spatial knowledge deficiency

Spatial aggregations were found in both frequency of collections
and spatial accessibility. However, the two causes were in low corre-
lation (Spearman's R2= 0.035). They show significantly different in
patterns. Fig. 2 shows the matrix of Spearman's rank correlations be-
tween the two primary causes of spatial knowledge deficiency and the
three biodiversity measures. Fig. 4a shows that the frequency of col-
lections was distributed unevenly in China (Moran's I=0.47, z-
score= 48.70; p < 0.001), and was concentrated primarily in South-
west China (IE13, IE15, IF16, IF17, IF18, IIG22) that are rich in plant
diversity (R2 between Figs. 4a and 1a =0.88, p < 0.001) and DD
species (R2 between Figs. 4a and 1b =0.83, p < 0.001). However, the
frequency of collections was correlated very weakly with the DD ratio
(R2= 0.23, p < 0.001), and the spatial coverage ratio was low

Table 2
Geographic selectivity of data deficiency and extinction risk of spermatophytes
under different treatments of DD (DD excluded, DD considered non-threatened,
and DD considered threatened).

Code of floristic
regions

Total
species

Threatened
species

DD species DD ratio

IA1 ns 304 11 14 4.6
IA2 ns 791 20 34 4.3
IA3 ns 996 30 55 5.5
IB4a ns 373 11 19 5.1
IB4b ns 1222 38 64 5.2
IB5a ns 829 25 41 5.o
IB5b ns 1397 37 64 4.6
IC6a ns 1465 49 61 4.2
IC6b ns 684 11 25 3.7
ID7 ns 2130 74 102 4.8
ID8a⁎⁎⁎ 1596 63 97 6.1
ID8b ns 815 18 45 5.5
ID8c⁎ 620 24 40 6.4
ID9 ns 529 16 26 4.9
IE10 ns 953 40 37 3.9
IE11a† 490 22 13 2.6
IE11b†† 2052 106 72 3.5
IE11c† 3155 153 122 3.9
IE12 ns 3522 252 166 4.7
IE13 ns 5776 475 290 5.o
IE14† 4053 338 160 4.0
IE15 ns 4989 479 219 4.4
IF16 ns 6864 630 333 4.8
IF17⁎⁎⁎ 9144 726 569 6.3
IF18⁎⁎⁎ 3088 219 175 5.7
IIG19††† 1408 103 32 2.3
IIG20††† 2663 291 71 2.7
IIG21†† 3006 303 109 3.6
IIG22 ns 5566 694 250 4.5

Codes of floristic regions and species diversity patterns of China. The details are
presented in Fig. 1a.
Significantly more deficient than expected: *** p < 0.001; ** p < 0.01; *
p < 0.05. Significantly less deficient than expected: ††† p < 0.001; ††

p < 0.01; † p < 0.05.

Fig. 3. Selectivity of data deficiency and conservation prioritization. a shows the nature reserves from WCPA (https://www.iucn.org/theme/protected-areas/wcpa)
and hotspots from CI (Myers et al., 2000; Mittermeier et al., 2005); b shows the spatial pattern of data deficiency selectivity when all DD species are considered and c
shows the spatial patterns of data deficiency after omitting the areas in which DD were under protected. More deficient than expected: *** p < 0.001; ** p < 0.01; *
p < 0.05; less deficient than expected: ††† p < 0.001; †† p < 0.01; † p < 0.05. (ns)–non-significant.
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(SCR=3.7%, Fig. 4). Spatial accessibility also was distributed non-
randomly (Moran's I=0.59, z-score= 60.1, p < 0.001, Fig. 4b) and
concentrated in central China and south China (IE11b, IE12, IE14,
IIG20, IIG21, and some other fragmented areas). The areas with best
accessibility were low in DD species diversity (Spearman's R2=−0.09,
p=0.005; SCR=~0%) and DD ratio (Spearman's R2=−0.37,
p < 0.001; SCR=0%). In addition, Fig. 4 showed the new overly-
deficient areas were correlated marginally both with the importance
(SCR=16.0%) and difficulty of scientific research (SCR=0%).

4. Discussion

As we know, conservation managers tend to prioritize those species
that are classified as threatened (Bland et al., 2015). Determining the
conservation status of DD species is essential to achieve an accurate
understanding of global biodiversity that provides adequate protection
for threatened species. The absence of a random distribution of data
deficiency suggests that there are biological or geographic drivers of
deficiency that can help focus conservation activity indirectly (Cardillo
and Meijaard, 2012). DD species, which constitute such a large pro-
portion of spermatophytes in China, are associated with different de-
grees of uncertainty in the estimates of the threat level both for taxo-
nomic groups known poorly and even those known well.

Our results show national patterns of geographical selectivity were
inconsistent with one another in given different treatments of DD spe-
cies. That was because the number of grids and the percentage of DD
species changed in the process of the randomization test, as did the
patterns. Moreover, the differentiations of endangerment also may be
exaggerated artificially by the subjectivity of the assessors. Based on
these uncertainties, we have reason to believe that there might be
significant differences in the selectivity of extinction risk when DD
species are included or omitted. Given the significant impact of DD
species on the understanding of different patterns, DD species should be
given high research priority to determine their true status. In addition,
when setting priority protection, DD species, especially DDP species,
should receive special attention rather than neglect. DDP species are
hotspot of scientific and conservation researches, as they represent an
identifiable gap in knowledge (i.e., a species is either DD or not).

Similarly, the uncertainties attributable to DD species also might
alter the patterns of selectivity of extinction risk. These differentiations
in patterns indicated that taxonomists and conservationists have a de-
gree of knowledge deficiency about China's plant species. Although we
cannot avoid the uncertainties raised by DD, what we can do is address
the knowledge gap and develop an accurate picture of biodiversity of
China. This uncertainty affects not only the monitoring of progress to
achieve global biodiversity targets (i.e., CBD, 2012), but also con-
servation priorities that rely on threatened species lists, such as Key
Biodiversity Areas (IUCN, 2016), biodiversity hotspots (Myers et al.,
2000; Mittermeier et al., 2005), Areas of Zero Extinction (Ricketts et al.,
2005), and many others (Brooks et al., 2006). Therefore, the first thing

necessary to address the knowledge gap is to identify the primary
causes of spatial knowledge deficiency.

Based on this research, we found a high congruence between the
spatial distribution of DD species and species richness, which is con-
sistent with the results of previous studies (e.g., Zhao et al., 2016).
Possible causes may be that the richness, nature, and community as-
pects of mountainous Southwest China, and their geographic distribu-
tion patterns are controlled largely by the complex and diversified eco-
environment (Huang et al., 2011; Zhao et al., 2016). These complex and
highly heterogeneous regions can create certain microclimates that are
suited for narrow niche species, particularly endemic species. Another
possible explanation of the spatial clustering of the two causes may be
that researchers always focus on certain taxonomic groups or research
areas (Kier et al., 2005; Küper et al., 2006; Yang et al., 2014; Sofef et al.,
2017). Moreover, they may be prone to invest more effort in areas with
rich biodiversity where they can get what they need and observe what
they expect more easily and achieve more progress in a short time. A
full understanding of the causes of these data deficiencies can de-
termine where and what kind of actions are required to improve the
status of knowledge on plant diversity. However, when we constructed
the map of the spatial pattern of selectivity in data deficiency and then
plotted the layer of frequency of collections and spatial accessibility, we
found that the clustering centers of DD with ratios significantly larger
than expected are located in regions where there was less collections
and more difficult to reach (Figs. 2 and 4). This is also a challenge for
biodiversity conservation that generally has been given little attention.
The more deficient than expected areas (Fig. 4c), which are less ac-
cessible spatially, always have worse infrastructures that increase the
difficulty of scientific research and prevent further surveys from being
easy. Thus, for these areas, strategic field collections are required ur-
gently. In addition, because of the low spatial accessibility of these
areas, more research costs are required to conduct research activities.
We suggest that these regions should receive more financial support.

Therefore, a clearer understanding of the patterns of taxonomic
selectivity and geographical selectivity in DD is essential to developing
a more representative picture of biodiversity. These results help to al-
locate restricted conservation resources. Based on the above analysis,
we will have new thoughts and ideas when we set priority areas on
conservation or set priority objects on research. Selectivity, whether
that of extinction risk or of data deficiency, inevitably must be con-
sidered when establishing conservation and research priorities, while
comprehensive and definite conservation strategies also should be im-
plemented in some sensitive areas that are related to DD, such as the
DD-driven significantly more threatened than expected areas or parti-
cular significantly more deficient than expected areas that always have
fragile habitats or instable populations. Moreover, these areas should be
given the highest priority in conservation. Whereas the protection
measures for others with taxonomical uncertainty (named DDT) are
vigorously implemented before they can be distinguished into threa-
tened and non-threatened categories, it is likely to waste resources.

Fig. 4. The overlying effects of the two primary causes of spatial knowledge deficiency (a. frequency and collections; b. accessibility), and regions in which DD
species should be protected (c).
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DDT species should be emphasized in taxonomic and molecular iden-
tification studies and funding should be increased for taxonomists' work
(Callmander et al., 2005).
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