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Introduction: Data synthesis/analysis:
Quentin Wheeler Sara Pennak



Extant Species at-a-Glance
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% of
Taxa 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 TOTAL Grand Total
Insecta (insects) 8241 7,775 8723 8844 9127 8485 8994 09651 09020 9738 85598 50.3%
Plantae (vascular plants, including flowering) 2574 2041 2654 2568 2105 2,000 2169 2208 2112 2184 23604 13.4%
Arachnids (spiders, mites, etc) 1428 1,347 986 1,382 1,126 1,105 1,305 1,240 1,345 1487 12,751 7.2%
Fungi (yeasts, molds, mushrooms, etc) 1,108 1,219 1,070 1,746 1,408 934 1,091 1363 1284 1,360 11,984 6.8%
Crustacea (crabs, shrimp, krill, etc) 549 579 584 628 737 599 760 695 1,034 705 7.070 4.0%
Mollusca (snails, slugs, bivalves, etc) 476 616 736 554 AT0 447 502 675 852 E26 5,049 3,49
Prokaryotes (Bacteria, Archaea) 231 304 309 334 393 503 552 593 578 822 4,417 2.5%
Fishes 292 382 278 282 367 379 378 408 508 314 3,587 2.0%
Protoctista (Protozoa, nucleated algae, etc) 249 234 350 172 170 253 229 204 257 349 2,467 1.4%
Platyhelminthes (flat worms) 147 208 179 201 221 241 300 263 260 217 2,246 1.3%
Nematoda (round worms) 204 223 226 174 217 198 276 222 211 252 2,203 1.2%
Annelida (segmented worms) 391 196 134 168 189 127 125 148 134 212 1,824 1.0%
Cnidaria (coral, jellyfish, etc) 213 73 63 173 98 128 87 108 133 124 1,200 0.7%
Amphibia (frogs, salamanders, etc) 104 g5 68 o8 106 144 105 183 138 148 1,194 0.7%
Reptilia (snakes, lizards, etc) 75 86 77 85 87 100 103 156 130 120 felsTs] 0.6%
Entognatha 114 87 77 48 47 65 127 81 90 103 839 0.5%
Chromista (diatoms, kelps, etc) 164 75 138 137 48 39 25 26 41 136 29 0.5%
Diplopoda 54 46 61 76 63 118 50 47 50 190 764 0.4%
Porifera (sponges and Archaeocyatha) 72 51 a7 41 45 67 61 86 57 50 617 0.3%
Algae (of Plantae) 73 35 44 57 67 41 42 63 33 36 491 0.3%
Bryozoa 21 96 29 20 a5 42 112 42 38 50 485 0.3%
Ascidiacea (tunicates, sea squirts, etc) 7 180 28 9% 51 24 39 18 48 a 431 0.2%,
Mammalia (mammals) 34 22 30 23 25 42 50 50 42 41 359 0.2%
Echinodermata (sea urchins, starfish, etc) a7 31 16 28 78 a1 69 27 34 78 317 0.2%
Tardigrades 7 5 14 17 23 28 31 24 16 23 188 0.1%
Chllnpuda 15 18 & I 17 & 13 12 10 1 116 0.1%
Aves (birds) 8 g a8 <] 7 7 8 8 7 7 73 < 0.1%
Rotifera (incl Gnathifera) 8 g 4 T 2 4 11 8 5 4 &1 < (1%
Other Chordates 1 5 2 0 4 5 1 2 3 1 24 <0.1%
Other new species animals 1 0 0 1 0 1 0 0 1 3 7 < 0.1%
Other Invertebrates 58 87 58 58 48 71 42 77 55 83 617 0.3%

GRAND TOTAL 47,045 17,003 16,990 17,357 17,381 16424 17,659 18,689 18,531 19,232 176,311
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As former U.5. Secretary of Defense Donald Rumsfeld famously said, we do not know what we don’t know. And so it is with species diver-
sity. Recent macrogenomic surveys of DNA from terrestrial and marine environments have revealed enormous and previously unsus-
pected levels of genetic diversity that corresponds in some not-yet-understood way to species diversity. It has been speculated, for exam-
ple, that marine microbial species alone could number 20 million!

Taxonomists continue to make steady progress in discovering species — documenting nearly twice as many species in a typical year than
were known in total during the lifetime of Linnaeus who initiated our formal species description, classification, and naming practices in the
1750s. As the unseen majority of species are slowly revealed, we face a parallel challenge that is more immediately manageable.

To torture the Rumsfeld quotation further, we can truthfully say that we also do not know what we do know. There is
not yet a comprehensive catalogue of all the species described and named. Such catalogues do exist for a few taxa such
as spiders; flowering plants; and fishes; but for life in aggregate , this data is yet to be gathered into electronic form.
Impressive progress has been, and continues to be made. Prominent examples are ITIS and Species2o00, but a frag-
mented and scattered literature combined with insufficient funding has protracted the process and the absence of a
catalogue is a major bottleneck to accelerated progress.

In the background of the pages of this Retro SOS are graphics derived from TaxaToy — interactive software developed
at the MarineBiological Laboratory in Woods Hole. Available at http://taxatoy.ubio.org, TaxaToy allows you to explore
the history of species discovery from kingdom to individual species . In aggregate, it is possible to see trends in discov-
ery — such as interruptions of war — and at less-inclusive levels, such as genus, to view the periodic spikes of activity
associated with taxonomic revisions and monographs. With the exception of the Fossils graph (page 19), all of the
Taxatoy watermarks show species discovery activity from 1750 to 2000.

This report is a first effort to capture and summarize recent data on species discovery. We synthesized a decade of discovery from 2000 to
2009, which marked an advance in decadal knowledge of 176,311 species. In his 2009 report, Numbers of Living 5pecies in Australia and the
World, 2nd Edition, Chapman estimated the total number of described species in the world to be 1,899,587 as of 2007. Assuming that
Chapman's estimate is approximately right and we were to continue to discover species at a rate of about 17,000 species per year, it would
take 588 years to name most “higher” kinds of living things. Because society faces a very uncertain environmental future — due to spe-
cies extinction, invasive species, climate change, habitat degradation and loss — a horizon measured in centuries is untenable if we are to
achieve a sustainable level of biodiversity and arm ourselves to adapt to environmental change.



There are increasing calls for a more aggressive and visionary approach to mapping the species of the biosphere. The adaptation of cyber-
infrastructure to eliminate bottlenecks in the practice of taxonomy has created an opportunity to vastly accelerate species exploration. A
2010 meeting in New York called “Sustain What?” created a bold vision for completing an inventory of 10 million additional speciesin so
years or less. Specific ideas for completing such a mission of species discovery will be reported elsewhere, but the most exciting aspect of
the meeting was the general agreement that such an audacious taxonomic enterprise is immediately achievable.

In the meanwhile, it is critical that we continue to capture and make openly accessible all that has been learned about plants since 1753 and
animals since 1758. Given that such a mission must start from where we are today, it is particularly instructive to understand the tempo
and patterns of discovery in recent years. This report provides such evidence. Given this data, it is interesting to ponder underlying causes
of trends. In some cases, such as birds and most families of mammals, it is clear that our knowledge is in an advanced state of completion.
That said, it is true that even for such well-known groups taxonomic revisions — the context in which species hypotheses are critically
tested in the light of new evidence — are infrequently completed. In other cases, such as insects, it is equally clear that no end of discovery
is yet in sight. Intheir 2005 book, Evolution of the Insects, Grimaldi and Engel suggested that the one million plus known insects represent
perhaps 25% of living species. For other mega-diverse taxa such as fungi, mites, or round worms, smaller annual numbers reflect a paucity
of experts more than anything biclogical.

The other obvious lesson from compiling this data is that all nomenclatural acts, including descriptions of new species, must be mandato-
rily registered from this point forward. In the animal world it takes about two years to mine the international literature for evidence of
newly named species. Were registration of new species with ZooBank required by the International Code of Zoological Nomenclature we
would have immediate access to the latest data to assist us in detecting gaps and opportunities in species exploration. The current lack of
registration requirements simply compounds the problem of an already massive backlog.

Flowering plants and insects combined account for more than 60% of the new species documented between 2000 and 2009. Thisis a good
thing to the extent that we get ever closer to comprehensive knowledge of the species and phylogenetic diversity for two of the most im-
portant terrestrial taxa. Itis also an indication that we continue to ignore many other species-rich lineages at our peril, perpetuating our
ignorance of the actual composition of the biosphere. The more we know, the more we can efficiently plan an inventory of life on our
planet and gather facts essential to successes in conservation and sustainability. We may not know what we don't know about the species
of the biosphere, but we are learning.
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