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16 Abstract

17 The description of a new species is a key step in cataloguing the World’s flora. However, 

18 this is only a preliminary stage in a long process of understanding what that species represents. 

19 We investigated how long the species discovery process takes by focussing on three key stages: 

20 1, the collection of the first specimen; 2, the publication of the species name; and 3, the date 

21 when a minimum number of fifteen accurately named specimens are available. We quantified 

22 the time lags associated with these stages for several groups of plants with different number of 

23 species and from different regions, including the 20 most species-rich Angiosperm families. 

24 Our analyses reveal that it takes decades to accumulate a minimum number of specimens to 

25 allow subsequent studies of any kind. The time lag between stages 1 and 3 is consistently over 

26 70 years, with groups such as the tropical genus Aframomum reflecting an average time lag of 

27 over 100 years. In light of our results, we suggest that species discovery is most accurately 

28 characterized as a lengthy process of knowledge accumulation, often spanning decades, rather 

29 than a one-off event.

30

31 Key words: Global plant inventory, herbaria, species discovery, specimen, taxonomy, tropical 

32 biodiversity.

33

34 Introduction

35 Knowledge of species and their characteristics is intertwined with almost every aspect of 

36 human activity. Maintenance of planetary health (Steffen et al., 2015), human welfare (Kraft 

37 et al., 2017), food security (Castañeda-Álvarez et al., 2016) and biodiversity conservation 

38 (Mace, 2004) all depend to some degree on our understanding of the characteristics of 

39 individual species. However, our knowledge of many plant species, especially in the tropics, is 

40 at best provisional, curtailing our capacity to achieve policy initiatives emanating from the 
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41 Convention on Biological Diversity (CBD, 2010). Even for a supposedly well-known group of 

42 organisms such as flowering plants, it has been estimated that more than half of all specimens 

43 in the world’s herbaria do not have an accurate name (Goodwin et al., 2015), reflecting the 

44 limited knowledge we have (Enquist et al., 2019; Nic Lughadha et al., 2019; Raven, 2007).

45 The global inventory of species is often considered to have two components: species that 

46 have already been named and those that remain to be named (Costello et al., 2013). However, 

47 it is becoming clear that the discovery of animal and plant species is a dynamic process drawn 

48 out over time with, on average, 21 - 39 years between collecting the first specimen to its 

49 publication as a new species (Bebber et al., 2010; Fontaine et al., 2012). In the case of flowering 

50 plants, it has been shown that only 14% of new species are published within 5 years of the first 

51 specimen being collected (Bebber et al., 2010). In addition, at the time of publication, many 

52 new species are based on only a handful of specimens that offer minimal knowledge of their 

53 distribution, frequency and ecology. In other words, species knowledge is probably best 

54 thought of as a continuum from the unknown to well-known with many intermediate stages.

55 In this paper, we seek to quantify and measure the time lags associated with different 

56 stages of the species discovery process. For this exercise, we recognise three key stages in the 

57 early process of accumulating knowledge (Fig. 1): 1, the collection of the first specimen; 2, the 

58 publication of the species name; and 3, the date when fifteen accurately named specimens are 

59 available. Our choice of 15 accurately determined specimens to represent the third stage is 

60 somewhat arbitrary but guided by consideration that this is a minimum level of knowledge 

61 necessary for any reasonable level of understanding of the geographical distribution of a 

62 species, with the exception of very restricted endemic species. The two time-intervals 

63 associated with the three stages of species discovery that we recognise are referred to as time 

64 lag 1 (from first specimen collected to publication of the new species) and time lag 2 (from 

65 first specimen collected to 15 correctly determined specimens) (Fig. 1).
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66 Materials and methods

67 Specimens cited at the time of publication

68 To explore how the number of specimens of a species accumulate over time, we first 

69 used the journal Kew Bulletin to calculate the number of specimens cited in the protologue 

70 when new species are published. We chose Kew Bulletin due to the large number of species 

71 described therein and because a lengthy period of publication was available. We studied all 

72 issues of the journal from 40 years (1970 - 2010), from which we extracted the number of 

73 specimens cited in every protologue of all newly published species of seed plants (Dataset 1).

74 To answer the question ‘how many specimens are cited when a species name is 

75 published?’, we calculated the mean number and standard deviation of specimens cited per 

76 species in the Kew Bulletin data from 1970 to 2010.

77 Time lags of species discovery

78 Time lags in Aframomum

79 We subsequently calculated the time lags described in the introduction for different 

80 groups of plants. We first calculated these time lags for the species in the genus Aframomum 

81 K.Schum., a tropical genus of herbaceous plants recently monographed (Harris & Wortley, 

82 2018). We used all species protologues together with label information from all specimens 

83 studied by Harris and Wortley between 1998 and 2015 at the Royal Botanic Garden Edinburgh. 

84 This dataset (Dataset 2) includes all Aframomum species protologues and specimen label data 

85 and determination slip information from all 3,176 herbarium collections (4,550 including 

86 duplicates) from 40 herbaria in 21 countries.

87 We classified the names of all determinations as either ‘correct’, ‘synonym’, 

88 ‘indeterminate’ or ‘other’ relative to the determination in the monograph (Harris & Wortley, 

89 2018). We treated basionyms of the correct name based on Aframomum as the correct name. 

90 We filtered the specimen and determination data to include only specimens for which both the 
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91 year of collection and the year of every determination are recorded (1,492 collections, 1,779 

92 specimen duplicates). We excluded A. angustifolium (Sonn.) K.Schum. and A. citratum 

93 (J.Pereira) K.Schum. from all analyses because the date of collection for the first specimen of 

94 these two species is not accurately known. For every specimen, we recorded how long it took 

95 to collect 15 specimens (including misidentifications) and how long it took to accumulate 15 

96 correctly determined specimens.

97 Also, when counting the time lags associated with each species from first collection to 

98 the various subsequent stages, we wanted to investigate whether there were different patterns 

99 for widespread, medium and restricted species sensu (Hawthorne & Marshall, 2016) as well as 

100 species with many specimens compared to species with few available specimens. We therefore 

101 calculated the mean of each time lag for geographically widespread, medium or restricted 

102 Aframomum species which occupy >24, 24 - 9 and 9 degree squares respectively. 

103 In addition, when counting the period of time between the collection of the first and the 

104 15th specimen of a species, we considered in our calculations the fact that, when a specimen is 

105 collected, there is usually a delay until the specimen is correctly identified and determined. To 

106 document this delay, we calculated time lag 2 in two complementary ways for each species 

107 recognised by Harris & Wortley (2018). First, we calculated the time lag between the first 

108 collection and the date of collection of the 15th specimen of a given species, irrespective of 

109 whether the specimens had the correct name at the time of collection, which was seldom the 

110 case. Secondly, we calculated the time lag between the first collection and the correct 

111 determination of the 15th specimen of that species. In other words, we calculated the time it 

112 took to obtain 15 correctly identified specimens belonging to the same species.

113 In summary, the methods described above allowed us to measure two time lags (Fig 1):

114  Initial discovery, time lag 1. The time lag between the first specimen collected of a 

115 species and the publication of the species name, calculated for all Aframomum species. 
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116 We also calculated the mean time lag (+SD) for Aframomum and for geographically 

117 widespread, medium or restricted species in this genus.

118  Extended discovery, time lag 2. The time lag between the date the first specimen was 

119 collected and the year in which 15 specimens were collected and correctly determined, 

120 calculated for each species. We also calculated the mean time lag (+SD) for all available 

121 Aframomum species and for geographically widespread, medium or restricted 

122 Aframomum species.

123 Time lags in other groups of plants

124 In addition, we wanted to measure the time lags for groups of plants with different life-

125 history traits, distribution patterns and different numbers of species from those in Aframomum 

126 to allow comparison. We thus obtained data for conifers, which are mainly temperate (Dataset 

127 3); for the tree genus Leucaena Benth. (Dataset 4); and for the family Acanthaceae Juss., which 

128 mainly has a tropical distribution but contains many more species than Aframomum (Dataset 

129 5). The conifer dataset includes all species recorded by the authors of An atlas of the world’s 

130 conifers (Farjon & Filer, 2013), who cited specimens that were useful for generating an 

131 accurate map for each species and therefore representative of their geographical distribution. 

132 Dataset 4 includes all records associated with the publication of a monograph of Leucaena 

133 (Hughes, 1998). Finally, Dataset 5 includes all GBIF occurrence records for the tropical family 

134 Acanthaceae with a collection date and associated with preserved specimens (2,492 names in 

135 total).

136 Finally, in a later stage we wanted to determine whether our results for Aframomum, 

137 conifers, Leucaena and Acanthaceae can be generalized to more plant taxa. We specifically 

138 used GBIF data to measure the time lag associated with obtaining the first 15 specimens of all 

139 species in the 20 largest families of angiosperms according to the World Checklist of Selected 

140 Plant Families —all of them with a large numer of species with a tropical distribution (Royal 
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141 Botanic Gardens, Kew, 2019). This dataset (Dataset 6) includes all GBIF records with a 

142 collection date and associated with preserved specimens: 164,598 species names associated 

143 with 22,272,833 records.

144 For datasets 3 to 6, we extracted the earliest collection date, the date of the 15th specimen 

145 and the total number of specimens for all taxa. For Leucaena, Acanthaceae and conifers 

146 (Datasets 3, 4 and 5 respectively), we calculated the average time lag between the first and the 

147 15th specimen for 586, 28 and 2492 taxa respectively. For the largest families of flowering 

148 plants (Dataset 6), we calculated the average time lag between the first and the 15th specimen 

149 for the 82,974 taxa in the twenty families that met this requirement. In all cases, we only 

150 included records associated with preserved specimens —for example observation records were 

151 excluded.

152 Additional time lag measurements

153 We extracted some additional information from Acanthaceae and the largest flowering 

154 plant families for subsequent comparisons. First, we also measured how many names had their 

155 first specimen collected after 1950 (roughly the last 70 years) and how many of these have 

156 subsequently accumulated 15 or more specimens (Table 1). This allowed us to estimate the 

157 impact of the previously reported increase in herbarium collections in the last decades 

158 (Goodwin et al., 2015). Secondly, we calculated how long it took to collect as little as the first 

159 three specimens for all taxa in these two datasets. This allowed us to compare our results with 

160 IUCN conservation assessment guidelines (IUCN, 2016) and with a recent study on species 

161 rarity (Enquist et al., 2019).

162 Results

163 Specimens cited at the time of publication

164 A total of 3,305 new seed plant species were published between 1970 and 2010 in Kew 

165 Bulletin. The number of specimens cited per species in the protologue range from 1 to 155 with 

Page 7 of 30

URL: http://mc.manuscriptcentral.com/tsab

Systematics and Biodiversity

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



8

166 a mean of 4.9 (+ 7.06 SD). This distribution is a power law or hollow curve (Dial & Marzluff, 

167 1989; Willis, 1922) (Fig 2A) in that 89% of protologues cite fewer than 10 specimens. In 

168 addition, only 6.2% of protologues cite 15 or more specimens (Fig 2B).

169 Time lags in Aframomum

170 The average time between the first specimen collection and the year of publication (time 

171 lag 1) for all Aframomum species is 40.8 years (+ 40.1, N = 59; Fig 1 and Table S4). 

172 Geographically widespread Aframomum species have a shorter lag (36.7 + 55.6, N = 9) than 

173 those with medium (46.2 + 40.5, N = 14) or restricted (39.9 + 35.2, N = 36) distributions.

174 The time lag between the collection of the first specimen and the collection of the first 

175 15 specimens is 65.0 years (+ 33.8; Figs 1 and 3 and Table S5). However, the average time 

176 between the collection of the first specimen and the correct determination of 15 specimens is 

177 100.8 years (+ 38.8, N = 29; Figs 1 and 3). In other words, the time taken to obtain 15 correctly 

178 identified specimens added an additional 35.8 years to the collection of 15 specimens (Fig 3).

179 Geographically restricted Aframomum species have a shorter lag to the correct 

180 determination of 15 specimens (75.8 + 44.1, N = 4) than species with medium (148.3 + 61.4, 

181 N = 14) or widespread (145.0 + 61.4, N = 9) distributions, although the sample size is too small 

182 to be statistically significant.

183 Time lags in other groups of plants

184 The average time between the collection of the first specimen and the collection of the 

185 15th specimen (time lag 2) is 68.6 years (± 35.8, N = 28) in Leucaena, 87.4 years (± 49.0, N = 

186 586) in conifers and 71.1 years (± 43.9, N = 2,492) in Acanthaceae (Fig 4A and Table 1). 

187 Average time in the twenty largest families of flowering plants ranges from 58.6 ± 41.9 years 

188 in Arecaceae to 74.3 ± 52.9 in Lamiaceae (Fig 4B and Table 1).

189 Time lags to collect three specimens
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190 The average time lag for the collection of only three specimens in the different groups is 

191 notably lower but still significant: 35.72 (±35.03, N = 58) in Aframomum and 33.76 (± 34.20, 

192 N = 4,203) in Acanthaceae (Fig 5). Similar values are seen in the largest families of 

193 Angiosperms, from 27.84 ± 28.42 years in Arecaceae to 34.60 ± 40.49 in Amaryllidaceae (Fig 

194 6 and Data File 6).

195 Discussion

196 Even a basic understanding of species takes a long time to accumulate. We measured 

197 three key stages (Fig 1) and quantified the two time lags associated with accumulating 

198 knowledge of species of the recently-monographed genus Aframomum and other diverse 

199 groups of plants. First, the description of new species in Aframomum took on average four 

200 decades from the collection of their first specimen (time lag 1 in Fig 1). Furthermore, additional 

201 specimens up to the minimum threshold of 15 were collected over 25 years after the formal 

202 publication of the species name, but it took over six decades after publication to obtain 15 

203 correctly identified specimens (time lag 2 in Fig 1). In summary, it took an average of one 

204 hundred years to gather a basic understanding of the species in Aframomum.

205 In line with our results for Aframomum, barely 5% of the 3,305 new species published 

206 over a 40-year period in Kew Bulletin cited 15 or more specimens (Fig 2B). On the contrary, 

207 new descriptions cited on average 4.9 specimens per species, far less than the 15 we consider 

208 reasonable for a minimum knowledge. It is therefore likely that the period of Extended 

209 discovery of these species, time lag 2, also extended for several decades after their formal 

210 publication.

211 Nevertheless, the extensive time lags we found for Aframomum led us to consider 

212 whether these were atypically long given that Aframomum is difficult to collect and identify. 

213 Subsequently, we examined a number of other data sets to determine whether they showed a 

214 different discovery timeframe. Our datasets include data with varying degrees of accuracy and 
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215 completeness. At one extreme, in the Aframomum dataset, the entire determination history is 

216 known for every specimen studied. At the other extreme, the uprocessed data from GBIF likely 

217 includes synonyms and misidentified specimens. Our reasoning was that because the time lags 

218 we found in Aframomum were so long, a similar signal may be likely to be found even for 

219 taxonomically unprocessed datasets such as these. The additional datasets are also less 

220 comprehensive than the Aframomum dataset, since we had no exact dates for the correct 

221 determination of each specimen. For this reason, in the analysis of these datasets we were only 

222 able to compare the time lags for the collection of 3 and 15 specimens. In addition, the datasets 

223 using GBIF data (datasets 5 and 6), albeit informative, are likely to be incomplete as not all 

224 herbarium specimens of these taxa have been made available through the GBIF portal. Finally, 

225 another caveat is that the dataset with the twenty largest families of plants includes many 

226 species from temperate regions. The inclusion of these species in our analyses—in principle 

227 better known and more frequently collected— likely results in mean estimates lower than those 

228 obtained for tropical taxa. In summary, results obtained from analysing these additional 

229 datasets should be carefully interpreted, taking into account their limitations and potential 

230 biases. Nevertheless, these datasets provide additional independent evidence that the patterns 

231 in Aframomum apply to other groups of plants.

232 The average number of years to collect 15 specimens is 87 for conifers, 68 for Leucaena 

233 and 71 for Acanthaceae, broadly similar to the 65 for Aframomum (Fig 4A and Table 1). 

234 Nevertheless, the fact that the time lags for the different taxa are broadly in agreement provides 

235 confidence that the reported results for Aframomum are applicable to other groups of plants. 

236 Furthermore, the same patterns are observed when the largest flowering plant families are 

237 analysed (Fig 4B). Species in these families required on average 68 years to acquire 15 

238 specimens, and no less than three decades to acquire only 3 (Fig 6 and Data File 6). Considering 
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239 that many species in these families have a temperate distribution, which makes them likely to 

240 be better collected, it is possible that the time lags for tropical species in this families are longer.

241 The validity of our results is corroborated by results in other publications. The time lag 

242 from collection until first publication of the species name (time lag 1), for example, is 40 years 

243 for Aframomum as determined in this study, compared to a mean value of 38.8 years for species 

244 in various flowering plant monographs and 32.4 for all species published in the Kew Bulletin 

245 over a 40-year period (Bebber et al., 2010). Consequently, we see no compelling reason why 

246 time lag 2 would not have similar temporal dynamics and show similar trends in other genera 

247 and families. In addition, the fact that very few plant protologues cite more than five specimens 

248 means that time lag 2 for all species must almost always be longer than lag 1. We have also 

249 shown previously that extensive mis-identifications are found in other tropical plant taxa as 

250 well as Aframomum when measured in a number of different ways (Goodwin et al., 2015). 

251 Thus, although we assume the exact duration of time lag 2 —100.8 years in Aframomum— 

252 will vary in other taxa, and for some particularly well-known groups will be shorter, we 

253 consider that our results clearly show that the time lag from the first specimen of a species 

254 being collected to obtaining 15 correctly identified specimens of that species is a surprisingly 

255 long one.

256 Finally, we also measured the extent that time lags 1 and 2 differ between species which 

257 are restricted and widespread in distribution. The differences were relatively modest 

258 (Supplementary information 1) but we note that widespread Aframomum species have 

259 relatively shorter time lags as they were collected more quickly than restricted species. Similar 

260 patterns have been observed in other groups of organisms (Blackburn & Gaston, 1995; Gaston 

261 et al., 1995; Gaston & Blackburn, 1994).

262 One caveat with the Aframomum data used in this analysis is that it is a subset 

263 (approximately 50%) of all Aframomum herbarium specimens; only 1,779 specimens had a 
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264 complete set of dates for every determination. Of this subset, only species with a minimum of 

265 15 specimens in the analysed subset could be investigated for lag 2. The main consequence of 

266 this is that the dates for the collection and correct determination of 15 specimens represents the 

267 latest possible dates that these key stages were completed. However, the subset of species with 

268 a minimum of 15 specimens analysed have a time lag 1 comparable to that of all Aframomum 

269 species (Table S4), suggesting other time lags will also be similar. Additionally, the lags 

270 between the collection of the first specimen and the collection of 15 specimens for the complete 

271 datasets 3–6 are remarkably similar to that of Aframomum.

272 How long does it take to know a species?

273 “Knowing” a species is an ongoing process, from the first collection to an indepth 

274 understanding of its frequency and geographical distribution pattern, alongside other aspects 

275 such as its ecology or breeding behaviour. In this sense, the choice to use 15 accurately 

276 determined specimens to calculate our lag periods is arbitrary yet serves as a useful heuristic 

277 proxy in demonstrating the long time lags associated with the discovery of new species. We 

278 consider that our results are broadly compatible with three distinct phases of knowing a species 

279 and we suggest that this is a useful framework with which to understand species discovery (Fig 

280 1). This framework begins with the initial discovery phase (time lag 1), which runs from the 

281 collection of the first specimen until the publication of the species as new to science. The 

282 extension discovery phase (time lag 2) follows the initial discovery phase and includes the 

283 collection of enough correctly determined specimens to provide the ground for any subsequent 

284 study. After the initial and extension discovery phases, comes the consolidation phase where 

285 a species is known in greater detail. This is not to say that a “eureka” moment does not exist; 

286 there is definitely a moment when a botanist realises that they are looking at a new, undescribed 

287 species, which leads to the publication of a new species name (time lag 1). However, we argue 

288 that this recognition of a new taxa is not the same as knowing the new taxa. In fact, the majority 
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289 of tropical species remain somewhere in the initial and extension discovery phases. The current 

290 immature consolidation phase for tropical species contrasts sharply with that of nearly all 

291 temperate floras and it is difficult to imagine that anything other than increased capacity in 

292 taxonomic botany can realistically address this shortfall in our knowledge of tropical plants. 

293 Conclusion

294 Species of flowering plants have been named at a relatively uniform rate of 

295 approximately 1,500 - 2,000 species per year since at least 1970, with approximately 100,000 

296 species described over the last five decades (Bebber et al., 2014). Given the results reported 

297 here, we must assume that many of these species are still in a relatively early stage of being 

298 known at a sufficient level to infer a reasonable distribution map. In line with this, the analysis 

299 of Dataset 6 in this study —GBIF data for all species in the twenty largest flowering plant 

300 families— shows that only 50% of species (82,974 out of 164,958) have accumulated at least 

301 15 records, and that only 18.5% of species first collected after 1950 have 15 or more specimens. 

302 Even proceeding with caution due to the fragmentary nature of these data, our results suggest 

303 that the doubling of herbarium specimens in the world’s herbaria in the last sixty years 

304 (Goodwin et al., 2015) has not necessarily led to an uniform increase in specimens for all 

305 species.

306 The significance of the long period required to obtain an adequate account of a newly 

307 discovered species is particularly apparent when considered in its stark contrast to the rates of 

308 predicted and already-documented change negatively impacting global biodiversity. Our 

309 analyses provide a timeframe with implications for other activities that utilize herbarium data 

310 such as monitoring global biodiversity, making informed conservation assessments, 

311 constructing accurate distribution maps and measuring extinction rates.
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320 Data availability

321 All processed datasets and scripts used in this study are available as supplementary 

322 material. Unprocessed Aframomum, Leucaena and conifer data are also available as 

323 supplementary material, whereas unprocessed GBIF datasets are available at the following 

324 DOI: Acanthaceae (https://doi.org/10.15468/dl.j1755h), Amaryllidaceae 

325 (https://doi.org/10.15468/dl.1r6zcf), Apocynaceae (https://doi.org/10.15468/dl.un40hk), 

326 Araceae (https://doi.org/10.15468/dl.lfyybz), Arecaceae (https://doi.org/10.15468/dl.qvbenq), 

327 Asparagaceae (https://doi.org/10.15468/dl.xw1xqq), Asteraceae 

328 (https://doi.org/10.15468/dl.ptcozj), Begoniaceae (https://doi.org/10.15468/dl.sl4czw), 

329 Bromeliaceae (https://doi.org/10.15468/dl.igfnvd), Campanulaceae 

330 (https://doi.org/10.15468/dl.nwfzmi), Convolvulaceae (https://doi.org/10.15468/dl.d5pvuc), 

331 Cyperaceae (https://doi.org/10.15468/dl.bos5tn), Euphorbiaceae 

332 (https://doi.org/10.15468/dl.connvt), Fabaceae (https://doi.org/10.15468/dl.9wnxau), 

333 Iridaceae (https://doi.org/10.15468/dl.mixagg) Lamiaceae (https://doi.org/10.15468/dl.jcjfct), 

334 Myrtaceae (https://doi.org/10.15468/dl.ftwvex), Orchidaceae 

335 (https://doi.org/10.15468/dl.ytdnab), Phyllanthaceae (https://doi.org/10.15468/dl.avfmhi), 

336 Poaceae (https://doi.org/10.15468/dl.grswvm), Rubiaceae 

337 (https://doi.org/10.15468/dl.oh9qab). The dataset by Harris and Wotley (2018) for their 
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338 monographic study of Aframomum is available at Dryad repository 

339 (https://doi.org/10.5061/dryad.03622).
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Table 1 Extended discovery time lags across plant groups. Average (mean) time in years 

between the collection of the first specimen and the collection of 15 specimens in Aframomum, 

conifers, Leucaena, Acanthaceae and the twenty largest families of flowering plants.

Group Number of species Average time in years (± SD) until 15 specimens 
are available

Aframomum 29 65.0 + 33.8

conifers 586 87.4 + 49.0

Leucaena 28 68.6 + 35.8

Acanthaceae 2,492 71.1 + 43.9

Asteraceae  c. 32,581* 67.4 ± 48.4

Orchidaceae 28,484* 70.3 ± 40.7

Fabaceae 20,856* 66.8 ± 45.9

Rubiaceae 13,765* 65.1 ± 43.7

Poaceae 11,467* 66.0 ± 43.1

Lamiaceae 7,587* 74.3 ± 52.9

Euphorbiaceae 6,462* 67.0 ± 45.5

Apocynaceae 6,314* 65.6 ± 42.2

Myrtaceae 6,019* 66.9 ± 49.0

Cyperaceae 5,539* 68.5 ± 42.3

Araceae 3,720* 62.9 ± 41.3

Bromeliaceae 3,465* 70.5 ± 41.9

Asparagaceae 3,102* 65.4 ± 44.8

Arecaceae 2,551* 58.6 ± 41.9

Iridaceae 2,481* 66.8 ± 40.2

Campanulaceae 2,419* 67.5 ± 46.7

Amaryllidaceae 2,140* 76.3 ± 54.3

Phyllanthaceae 2,050* 61.6 ± 41.6

Convolvulaceae 1,921* 73.3 ± 46.5

Begoniaceae  1,794† 70.9 ± 41.8

* WCSP Kew. † Begonia database.
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Fig 1. How long does it take to ‘know’ a species? The first herbarium specimen of the 

species is collected (key stage 1). It then takes, on average, several decades (time lag 1) for 

the new species to be formally described and published (key stage 2). Over time (time lag 2) 

fifteen specimens of the species are collected and determined correctly (key stage 3) 

allowing the production of a conservation assessment. Eventually these species are known 

in such a detail that monitoring would be possible. As an example, numbers on the bottom 

indicate the length of time lags 1 and 2 in Aframomum.

Fig 2. (A) Numbers of specimens cited per new species of seed plant published in Kew 

Bulletin, between 1970 and 2010 inclusive (N = 3,305). (B) Only 6.2% species had 15 or more 

specimens recorded at the time of publication, whereas 93.8% of them had less than 15 

specimen records at the time of species description.

Fig 3. Time lag between the 1st specimen collected, the 15th specimen collected and the 

moment when at least 15 specimens are correctly determined for Aframomum. Each line 

represents a different species in the genus. Average time lag to accumulate 15 collections of 

Aframomum species is 60.5 years, whereas it takes, on average, another four decades to 

accumulate 15 correctly identified ones.

Fig 4. Time lag between (A) the 1st and the 15th specimen collected for all species in 

Aframomum, Leucaena, conifers and Acanthaceae, and (B) between the 1st and the 15th 

specimen collected for all species from the 20 largest families of flowering plants. Values in 

the graph represent taxa for each taxonomic group, with dots indicating outliers. The × 

symbols indicate mean values for each family.

Fig 5 Time lags between the collection of the 1st and the 3rd and the 1st and the 15th specimens 

in Aframomum and Acanthaceae. Values in the graph represent taxa for each taxonomic 

group, with dots indicating outliers. The × symbols indicate mean values for each family.

Fig 6 Time lag between (a) the 1st and the 3rd specimen collected for all species in the 20 

largest families of flowering plants. Values in the graph represent taxa for each taxonomic 

group, with dots indicating outliers. The × symbols indicate mean values for each family.

Page 18 of 30

URL: http://mc.manuscriptcentral.com/tsab

Systematics and Biodiversity

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 

Fig 1. How long does it take to ‘know’ a species? The first herbarium specimen of the species is collected 
(key stage 1). It then takes, on average, several decades (time lag 1) for the new species to be formally 

described and published (key stage 2). Over time (time lag 2) fifteen specimens of the species are collected 
and determined correctly (key stage 3) allowing the production of a conservation assessment. Eventually 

these species are known in such a detail that monitoring would be possible. As an example, numbers on the 
bottom indicate the length of time lags 1 and 2 in Aframomum. 
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Fig 2. (A) Numbers of specimens cited per new species of seed plant published in Kew Bulletin, between 
1970 and 2010 inclusive (N = 3,305). (B) Only 6.2% species had 15 or more specimens recorded at the 
time of publication, whereas 93.8% of them had less than 15 specimen records at the time of species 

description. 
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Fig. 3. Time lag between the 1st specimen collected, the 15th specimen collected and the moment when at 
least 15 specimens are correctly determined for Aframomum. Each line represents a different species in the 

genus. Average time lag to accumulate 15  of Aframomum species is 60.5 years, whereas it takes, on 
average, another four decades to accumulate 15 correctly identified ones. 
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Fig 4. Time lag between (A) the 1st and the 15th specimen collected for all species in Aframomum, 
Leucaena, conifers and Acanthaceae, and (B) between the 1st and the 15th specimen collected for all 
species from the 20 largest families of flowering plants. Values in the graph represent taxa for each 
taxonomic group, with dots indicating outliers. The × symbols indicate mean values for each family. 
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Fig 5 Time lags between the collection of the 1st and the 3rd and the 1st and the 15th specimens in 
Aframomum and Acanthaceae. Values in the graph represent taxa for each taxonomic group, with dots 

indicating outliers. The × symbols indicate mean values for each family. 
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Fig 6 Time lag between (a) the 1st and the 3rd specimen collected for all species in the 20 largest families of 
flowering plants. Values in the graph represent taxa for each taxonomic group, with dots indicating outliers. 

The × symbols indicate mean values for each family. 
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Fig 1. How long does it take to ‘know’ a species? The first herbarium specimen of the species is collected 
(key stage 1). It then takes, on average, several decades (time lag 1) for the new species to be formally 

described and published (key stage 2). Over time (time lag 2) fifteen specimens of the species are collected 
and determined correctly (key stage 3) allowing the production of a conservation assessment. Eventually 

these species are known in such a detail that monitoring would be possible. As an example, numbers on the 
bottom indicate the length of time lags 1 and 2 in Aframomum. 
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Fig 2. (A) Numbers of specimens cited per new species of seed plant published in Kew Bulletin, between 
1970 and 2010 inclusive (N = 3,305). (B) Only 6.2% species had 15 or more specimens recorded at the 
time of publication, whereas 93.8% of them had less than 15 specimen records at the time of species 

description. 
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Fig 4. Time lag between (A) the 1st and the 15th specimen collected for all species in Aframomum, 
Leucaena, conifers and Acanthaceae, and (B) between the 1st and the 15th specimen collected for all 
species from the 20 largest families of flowering plants. Values in the graph represent taxa for each 
taxonomic group, with dots indicating outliers. The × symbols indicate mean values for each family. 
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Fig 5 Time lags between the collection of the 1st and the 3rd and the 1st and the 15th specimens in 
Aframomum and Acanthaceae. Values in the graph represent taxa for each taxonomic group, with dots 

indicating outliers. The × symbols indicate mean values for each family. 
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Fig 6 Time lag between (a) the 1st and the 3rd specimen collected for all species in the 20 largest families of 
flowering plants. Values in the graph represent taxa for each taxonomic group, with dots indicating outliers. 

The × symbols indicate mean values for each family. 
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