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Abstract
Spiders (Araneae) are one of the most species-rich orders on Earth today, and also have one of the longest
geological records of any terrestrial animal groups, as demonstrated by their extensive fossil record. There
are currently around 1150 described fossil spider species, representing 2.6% of all described spiders (i.e.
extinct and extant). Data for numbers of fossil and living spider taxa described annually (and various other
metrics for the fossil taxa) were compiled from current taxonomic catalogues. Data for extant taxa showed
a steady linear increase of approximately 500 new species per year over the last decade, reflecting a rather
constant research activity in this area by a large number of scientists, which can be expected to continue.
The results for fossil species were very different, with peaks of new species descriptions followed by long
troughs, indicating minimal new published research activity for most years. This pattern is indicative of
short bursts of research by a limited number of authors. Given the frequent discovery of new fossil deposits containing spiders, a wealth of new material coming to light from previously worked deposits, and the
application of new imaging techniques in palaeoarachnology that allow us to extract additional data from
historical specimens, e.g. X-ray computed tomography, it is important not only to ensure a sustained research activity on fossil spiders (and other arachnids) through training and enthusing the next generation
of palaeoarachnologists, but preferably to promote increased research and expertise in this field.
Keywords
Arachnida, Araneae, palaeontology

Copyright David Penney et al. This is an open access article distributed under the terms of the Creative Commons Attribution License 3.0
(CC-BY), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

2

David Penney et al. / ZooKeys 192: 1–13 (2012)

Introduction
With 42,751 currently recognized extant species (Dunlop and Penney 2011; Platnick 2012), spiders (Araneae) are one of the most species-rich orders on Earth today
and also have one of the longest geological records of any terrestrial animal groups as
demonstrated by their extensive fossil record (Selden and Penney 2010; Penney and
Selden 2011). They have the best documented fossil record of all arachnids (Dunlop
and Penney 2012; Dunlop et al. 2012) with approximately 1150 described fossil
spider species, representing around 2.6% of all described spiders (fossil and extant).
Fossil spiders are most commonly found as inclusions in amber, where they usually
represent 1.0–5.9% (3.2 ± 1.25) (Penney and Selden 2011: Table 6) of all inclusions,
and in this mode of preservation they are usually autocthonous. Penney (2002) demonstrated that Dominican amber is biased towards preserving active spiders that
lived on or around the amber producing tree, and Penney and Langan (2006) concluded that different ambers derived from resins that acted as a trap for spiders in
the same way. However, fossil spiders also occur in sediments that would have accumulated in an aquatic setting, and in this case the vast majority are allocthonous,
and accordingly they are much rarer than fossil spiders in amber. Spiders preserved
in sediments are likely to have lived in close proximity to, or in webs suspended over
the water body. Spiders appear to have been as diverse in the Eocene (e.g. Wunderlich 2004) as they are today and data are amassing to suggest a high diversity in
the Cretaceous too. Evidence supporting this supposition derives not only from the
fossils themselves, but also from the predicted range extensions of their related taxa
based on their phylogenetic relationships (Figure 1).
One of the most valuable contributions that fossils can make towards modern
studies of spider evolution is dating when groups or families first appeared. Fossils
provide a minimum age for any given family (Figure 1) or genus and they have been
used to calibrate molecular phylogenies (e.g. Dimitrov et al. 2011). However, molecular clock dates often predict splits between groups much further back than the
evidence shown in the fossil record (e.g. Ayoub and Hayashi 2009). Of course older
specimens may be discovered, but one of the most exciting recent developments has
been the use of fossil data by molecular biologists to calibrate their molecular trees in
attempts to determine when the major groups appeared and how the fossils fit into
wider patterns of relationships.
New, significant amber deposits containing fossil spiders are being discovered
frequently (e.g. Hand et al. 2010 – the first for Australia [an earlier record by Hickman 1957 actually refers to sub-fossilized copal]; Rust et al. 2010 – the first for
India; Schmidt et al. 2010 – the first for Africa), and a wealth of significant new
material from previously studied localities continues to be described (e.g. Penney
2009; Selden 2010; Selden and Huang 2010; Selden et al. 2011; Pérez-de la Fuente
et al. in press; Dalla Vecchia and Selden in press). The application of synchrotron
scanning (Saupe et al. 2012) and X-ray computed tomography (Penney et al. 2007,
2011; Bosselaers et al. 2010; McNeil et al. 2010) to fossil spiders has recently
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Figure 1. The evolutionary tree of spiders (updated from Penney and Selden 2011: data table 4) showing
known ranges of spider families based on described fossils and predicted ranges of sister taxa based on their
phylogenetic relationships (strictly fossil families inserted in approximate positions as per hypothesized
relationships proposed in the literature, but not based on any cladistic analysis). Note that this is a highly
dynamic figure, with known ranges and predicted ranges changing frequently as a result of new fossil
discoveries, changes in phylogenetic hypotheses, revised dating of various deposits and even potentially
through revised dating of geological periods and epochs. Researchers should check Dunlop et al. (currently
2012 and updated every six months) for the most recent data on the oldest fossils of each family and genus.
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been used to extract new and additional morphological data from historical specimens too (Dunlop et al. 2011). This means that we can now revisit palaeospecies
described more than 150 years ago in order to clarify their taxonomy within the
present framework of spider systematics, using much closer taxonomic practices
to those applied for extant taxa. These minimal preparation and non-destructive
techniques also mean we can now visualize specimens in totally opaque amber
(Perrichot et al. 2010) and because we can rotate and digitally dissect the 3D reconstructions (Penney et al. 2007, 2011; Dunlop et al. 2011; Saupe et al. 2012),
specimens preserved in such a manner that the diagnostic features are obscured no
longer hinder their taxonomic study. Previously, such specimens would have been
set aside as impossible to work with. Here, we investigate some summary statistics
relating to the history of fossil spider taxonomy and consider the implications of
these for future research in this field.

Methods
Data for numbers of fossil spider species (excluding subfossils in copal, peat cores
and extant species collected from archaeological sites) were taken from Dunlop et al.
(2012). Data for numbers of described extant spider species described for each year
from 2001–2012 were taken from the ‘counts’ pages of Platnick’s online World Spider
Catalogs. Only data for species currently considered to be valid were used. Data were
plotted and examined qualitatively, although a best fit line was generated for the extant
taxa. Various other metrics we considered may be informative with regard to the history of the description of new fossil spider species were also investigated. For comparable approaches using discovery accumulation curves for fossil arthropods – in this case
trilobite genera – see e.g. Tarver et al. (2007). A similar curve for fossil scorpion species
was also recently published by Legg et al. (2012: fig. 1).

Results
Data for numbers of fossil spider species (excluding subfossils) are plotted in Figure 2 and data for extant species are plotted in Figure 3. The line of best fit (not
illustrated) for the extant species data has a formula of y = 482.81x + 36738 (R2 =
0.992), suggesting an annual increment in the number of described extant species of
approximately 480; based on a calculated mean of the actual data the value is 496 ±
162. The plot of the palaeontological data does not show a linear increase, but rather
sporadic peaks interspersed with periods of little activity. The classification of fossil
species within families is shown in Figure 4 and the numbers of fossil spider species
per geological time period are shown in Figure 5.
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Figure 2. The numbers of described fossil spider species by year. Note that data for the 126 years
where no fossil spider species were described are not included. Hence, the actual lull periods between
peaks of activity are artificially shortened in this graph. For example, the period between the first
described fossil spider in 1822 and the next data plot is actually 32 years. Squares = newly described
fossil spider species, triangles = cumulative number of described fossil spider species. Data derived
from Dunlop et al. (2012).

Figure 3. The cumulative number of newly described extant spider species this century. Data from Platnick (2001–2012). Total number of described extant species = 42,751 (Platnick 2012).
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Figure 4. Number of fossil spider species per family (as currently assigned).
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Figure 5. Number of fossil spider species described by different arachnologists. Only first authorship
data are considered, so in reality some authors will have described more species than the value indicated.

Discussion
Our research has focused on species as this tends to be the most informative unit of
bio/palaeodiversity data; families are too few to allow any informative analysis on a
broad scale, and genera are too idiosyncratically defined. Nonetheless, it is interesting to note that 70 (= 63%) extant spider families (including Comaromidae sensu
Wunderlich 2011) have now been documented in the fossil record and there are an
additional 18 strictly fossil families, the most recent described by Penney (2011).
However, many of these extinct families are based on very few poorly preserved
and/or juvenile specimens and require taxonomic scrutiny in order to confirm their
validity (Penney and Selden 2006, 2011). Our data for the numbers of species
described per year are actually under-representations because they do not include
junior synonyms, nomina nuda, etc., a constraint applicable to both the fossil and
extant data; nor do they include sub-fossils. However, such taxa are relatively few in
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the fossil record (Dunlop et al. 2012) so their exclusion will not have created any
unrealistic trends.
It is evident from Figure 4 that some families are much more common as fossils
than others, for example Theridiidae, Salticidae, Linyphiidae and Araneidae, and it is
noteworthy that these represent four of the five most diverse spider families on the planet
today. The fifth family is Lycosidae, which are ground dwellers and so are unlikely to be
preserved in amber and most probably only evolved in the Miocene (Jocqué and Alderweireldt 2005). The reason for the high palaeodiversity in the aforementioned families is
because they occur in various different deposits, whereas those with few described fossil
species are often restricted to a single deposit. Penney and Langan (2006) compared the
spider faunas of Baltic and Dominican ambers (which account for approximately 71%
of described fossil spider species to date). There were more families (29) shared between
the deposits than those that occurred in just one of the deposits (24 families restricted to
Baltic, 15 families restricted to Dominican). Of further interest is that the shared families
tended to be more diverse in each of the two deposits than the non-shared families. For
example the average number of species per family for Baltic only families was 5.88, but for
those families that also occurred in Dominican amber the average number of species was
12.44 for the Baltic fauna. Similarly, the average number of species for families specific to
Dominican amber was 1.27 species per family whereas for those shared with Baltic amber
the number of species was 5.17 for Dominican amber. In summary, 76% of all species
belonged to families that were shared between both deposits and this value is most likely
to rise, rather than fall, as a result of new fossil spider descriptions (e.g. Penney 2009; Penney et al. 2011, in press; Saupe et al. 2010; Wunderlich 2008, 2011). These data are based
on relatively young Tertiary fossils, so their similarity to the extant fauna should not be a
great surprise. If we had a similar number of fossil spider species described from the Mesozoic then we could expect a rather different pattern, particularly as two of the families that
are most diverse in the Tertiary (Salticidae and Theridiidae) are currently unknown from
the Mesozoic and probably evolved (or at least underwent their major diversification) following the end-Cretaceous extinction event. It must also be remembered that the spider
fossil record is heavily biased towards amber, so the observed palaeodiversity is an artefact
of sampling and so is not truly representative of what existed in the past.
New extant spider species are described every year, but this is not so for fossils. In
our palaeodata there are 126 years in which no fossil spider species were described. These
are omitted from the graphs, so the actual lull periods between peaks of activity are artificially shortened in Figure 3. For example, the period between the first described fossil
spider by Presl (1822) and the next data point (Koch and Berendt 1854) is 32 years.
Since 1822 we have 64 data points for years with described fossil species, equating to
approximately 33% of years with newly described fossils. There is no linear pattern to
the increment of new fossil spider species. The peaks in Figure 3 represent the publication of monographs that focus on particular deposits (e.g. Koch and Berendt 1854;
Petrunkevitch 1942, 1958; Wunderlich 1988, 2004, 2008, 2011) and most of these,
and consequently the authorship of described fossil spider species, can be assigned to a
limited number of authors (Figure 5). In total, 44 researchers have described valid fos-
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sil spider species, with 54% of the names assigned to a single author (J. Wunderlich),
who is still publishing on the topic. These data refer only to the first authorship of a
published taxon, so in reality there are actually more species attributed to individual
authors than Figure 5 suggests (as a result of co-authored taxa). It also means there is a
descriptive bias to particularly productive deposits and hence geological periods (Figure 6) (see also Saupe and Selden 2011). Indeed, 652 fossil spider species have been
described to date from the Baltic amber deposits, representing approximately 57% of
all named fossil spider species. This is followed by Dominican amber with 164 named
species, representing approximately 14%. Other than the Eocene Florissant Formation
and Miocene Bitterfeld amber, both of which have 46 described fossil spider species,
all other fossil deposits currently have 25 or fewer described fossil spider species, and in
most the number of described taxa rarely exceeds five (Dunlop et al. 2012). However,
work on Baltic amber spiders has spanned almost two centuries, whereas the first spider
from Dominican amber was not described until 1981 (Penney 2008).
It should be noted that the holotypes of many of the older species names – e.g. the
Florissant specimens described by Scudder (1890) and Petrunkevitch (1922) – require
taxonomic revision in order to confirm their status. Many of the early Baltic amber
taxa (e.g. those of Koch and Berendt 1854) were treated in the recent monographs by
Wunderlich (2004, 2008).
Data for extant taxa showed a steady linear increase of approximately 500 new
taxa per year over the last decade, reflecting a rather constant research activity in extant

Figure 6. Number of fossil spider species described from each geological period. The Paleogene Period
has been broken down into its various Epochs (Paleocene, Eocene and Oligocene) in order to show the
spread of data; the Neogene Period is represented only by the Miocene Epoch because Pleistocene subfossils have not been included.
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spider taxonomy by a large number of scientists, which can be expected to continue.
The results for the description of fossil species were very different, with peaks of new
species descriptions followed by long troughs indicating short bursts of research by
only a few authors, often with a long hiatus in between. Were these data to represent
patterns within natural populations, one would consider the latter to be at considerable risk of extinction. Given the frequent discovery of new fossil deposits containing
spiders, a wealth of new material coming to light from previously worked deposits,
and the application of new imaging techniques in palaeoarachnology that allow us to
extract additional data from historical specimens, e.g. X-ray computed tomography, it
is important not only to ensure a sustained research activity on fossil spiders (and other
arachnids) through training and enthusing the next generation of palaeoarachnologists, but preferably to promote increased research and expertise in this field.

Acknowledgements
DP acknowledges financial support from Siri Scientific Press, YMMs contribution to
this work was supported in part by the Russian Foundation for Basic Research (grant
№ 11–0401716).

References
Ayoub NA, Hayashi C (2009) Spiders (Araneae). In: Hedges SB, Kumar S (Eds.) The timetree
of life. Oxford University Press, Oxford: 255–259.
Bosselaers J, Dierick M, Cnudde V, Masschaele B, Van Hoorebeke L, Jacobs P (2010) High
resolution X-ray computed tomography of an extant new Donuea (Araneae: Liocranidae)
species in Madagascan copal. Zootaxa 2427: 25–35.
Dalla Vecchia F, Selden PA (in press) A Triassic spider from Italy. Acta Palaeontologica Polonica.
Dimitrov D, Lopardo L, Giribet G, Arnedo MA, Alvarez-Padilla F, Hormiga G (2011) Tangled in
a sparse spider web: single origin of orb weavers and their spinning work unravelled by denser
taxonomic sampling. Proceedings of the Royal Society B doi: 10.1098/rspb.2011.2011
Dunlop JA, Penney D (2011) Order Araneae Clerck, 1757. In: Zhang Z-Q (Ed) Animal biodiversity: An outline of higher-level classification and survey of taxonomic richness. Zootaxa
3148: 149–153.
Dunlop JA, Penney D (2012) Fossil Arachnids. Monograph Series, Volume 2. Siri Scientific
Press, Manchester, 192 pp.
Dunlop JA, Penney D, Daluge N, Jäger P, McNeil A, Bradley R, Whithers PJ, Preziosi RF
(2011) Computed tomography recovers data from historical amber: an example from
huntsman spiders. Naturwissenschaften 98: 519–527. doi: 10.1007/s00114-011-0796-x
Dunlop JA, Penney D, Jekel D (2012) A summary list of fossil spiders and their relatives. In:
Platnick NI (2012) The World Spider Catalog, version 12.5. American Museum of Natural
History, online at http://research.amnh.org/entomology/spiders/catalog/index.html

Summary statistics for fossil spider species taxonomy

11

Hand S, Archer M, Bickel D, Creaser P, Dettmann M, Godthelp H, Jones A, Norris B, Wicks
D (2010) Australian Cape York amber. In: Penney D (Ed.) Biodiversity of fossils in amber
from the major world deposits. Siri Scientific Press, Manchester: 69–79.
Hickman VV (1957) A fossil spider from Tertiary retinite at Allendale, Victoria. Proceedings of
the Royal Society of Victoria, new series 69, 25–27.
Jocqué R, Alderweireldt M (2005) Lycosidae: the grassland spiders. Acta Zoologica Bulgarica,
Supplement 1: 125–130.
Koch CL, Berendt GC (1854) Die im Bernstein befindlichen Crustaceen, Myriapoden, Arachniden und Apteren der Vorwelt. In: Berendt GC (Ed.) Die im Bernstein befindlichen organischen Reste der Vorwelt. Vol. 1, part II. Nicholaischen Buchhandlung, Berlin.
Legg DA, Garwood RJ, Dunlop JA, Sutton MD (2012) A taxonomic revision of orthosternous
scorpions from the English Coal Measures aided by x-ray micro-tomography (XMT). Palaeontologia Electronica 15(1): 16 pp.
McNeil A, Bradley RS, Withers PJ, Penney D (2010) Imaging fossilised spiders in amber using
lab-based phase contrast X-ray tomography. In: Stock SR (Ed.) Developments in X-Ray
Tomography VII. Proc. SPIE, San Diego 7804: 78041Q1–7.
Penney D (2002) Paleoecology of Dominican amber preservation—spider (Araneae) inclusions demonstrate a bias for active, trunk-dwelling faunas. Paleobiology 28: 389–398. doi:
10.1666/0094-8373(2002)028<0389:PODAPS>2.0.CO;2
Penney D (2008) Dominican Amber Spiders: a comparative palaeontological-neontological
approach to identification, faunistics, ecology and biogeography, Siri Scientific Press,
Manchester, 178 pp.
Penney D (2009) A new spider family record for Hispaniola—a new species of Plectreurys (Araneae: Plectreuridae) in Miocene Dominican amber. Zootaxa 2144: 65–68.
Penney D (2011) Grandoculidae: a new fossil spider family from the Upper Cretaceous of
Canada. Bulletin of the British Arachnological Society 15: 179–180.
Penney D, Langan AM (2006) Comparing amber fossils across the Cenozoic. Biology Letters
2: 266–270. doi: 10.1098/rsbl.2006.0442
Penney D, Selden PA (2006) Assembling the Tree of Life—Phylogeny of Spiders: a review of
the strictly fossil spider families. Acta Zoologica Bulgarica supplement 1: 25–39.
Penney D, Selden PA (2011) Fossil Spiders: the evolutionary history of a mega-diverse order,
Monograph Series, Volume 1. Siri Scientific Press, Manchester, 128 pp.
Penney D, Dierick M, Cnudde V, Masschaele B, Vlasssenbroeck J, Van Hoorebeke L, Jacobs P
(2007) First fossil Micropholcommatidae (Araneae), imaged in Eocene Paris amber using
X-Ray computed tomography. Zootaxa 1623: 47–53.
Penney D, Green DI, McNeil A, Bradley R, Marusik YM, Withers PJ, Preziosi RF (2011) A
new species of anapid spider (Arthropoda: Araneae, Anapidae) in Eocene Baltic amber,
imaged using X-ray computed tomography. Zootaxa 2742: 61–68.
Penney D, Green DI, McNeil A, Bradley R, Marusik Y, Whithers PJ, Preziosi RF (in press) A
new species of Craspedisia (Araneae: Theridiidae) in Miocene Dominican amber, imaged
using X-ray computed tomography. Paleontological Journal.

12

David Penney et al. / ZooKeys 192: 1–13 (2012)

Pérez-de la Fuente R, Saupe EE, Selden PA (in press) New lagonomegopid spiders (Araneae:
†Lagonomegopidae) from Early Cretaceous Spanish amber. Journal of Systematic Palaeontology.
Perrichot V, Néraudeau D, Tafforeau P (2010) Charentese amber. In: Penney D (Ed) Biodiversity of fossils in amber from the major world deposits. Siri Scientific Press, Manchester:
192–207.
Petrunkevitch AI (1922) Tertiary spiders and opilionids of North America. Transactions of the
Connecticut Academy of Arts and Sciences 25: 211–279.
Petrunkevitch AI (1942) A study of amber spiders. Transactions of the Connecticut Academy
of Arts and Sciences 34: 119–464.
Petrunkevitch AI (1958) Amber spiders in European collections. Transactions of the Connecticut Academy of Arts and Science 41: 97–400.
Platnick NI (2001–2012) The World Spider Catalog. American Museum of Natural History, online at http://research.amnh.org/entomology/spiders/catalog/index.html [accessed
March 2011]
Presl JS (1822) Additamenta ad faunam protogaeam, sistens descriptions aliquot animalium in
succino inclusorum. In: Presl JS, Presl CB (Eds). Deliciae Pragenses Historiam Naturalem
Spectantes. Tome I. Calvae, Pragae, viii + 244 pp.
Rust J, Singh H, Rana RS, McCann T, Singh L, Anderson K, Sarkar N, Nascimbene PC, Stebner F, Thomas JC, Solórzano Kraemer M, Williams JC, Engel MS, Sahni A, Grimaldi D
(2010) Biogeographic and evolutionary implications of a diverse paleobiota in amber from
the early Eocene of India. PNAS 107: 18360–18365. doi: 10.1073/pnas.1007407107
Saupe EE, Selden PA (2011) The study of fossil spider species. Comptes Rendus Palevol
10: 181–188. doi: 10.1016/j.crpv.2010.10.013
Saupe EE, Selden PA, Penney D (2010) First fossil Molinaranea (Araneae: Araneidae), from
Middle Miocene Dominican amber, with a phylogenic and paleobiogeographic analysis of
the genus. Zoological Journal of the Linnean Society 158: 711–725. doi: 10.1111/j.10963642.2009.00581.x
Saupe EE, Pérez de la Fuente R, Selden PA, Delclòs X, Tafforeau P, Soriano C (2012) New Orchestina Simon, 1882 (Araneae: Oonopidae) from Cretaceous ambers of Spain and France:
first spiders imaged using phase-contrast X-ray synchrotron microtomography. Palaeontology 55: 127–143. doi: 10.1111/j.1475-4983.2011.01123.x
Schmidt AR, Perrichot V, Svojtka M, Anderson KB, Belete KH, Bussert R, Dörfelt H, Jancke
S, Mohr B, Mohrmann E, Nascimbene PC, Nel A, Nel EP, Ragazzi E, Roghi G, Saupe EE,
Schmidt K, Schneider H, Selden PA, Vávra N (2010) Cretaceous African life captured in
amber. PNAS early ed. www.pnas.org/cgi/ doi: 10.1073/pnas.1000948107
Scudder SH (1890) The Tertiary insects of North America. Report of the United States Geological Survey 13, 734 pp.
Selden PA (2010) A theridiosomatid spider from the Early Cretaceous of Russia. Bulletin of the
British Arachnologoical Society 15: 61–69.
Selden PA, Huang D-Y (2010) The oldest haplogyne spider (Araneae: Plectreuridae), from the Middle Jurassic of China. Naturwissenschaften 97: 449–459. doi: 10.1007/s00114-010-0649-z

Summary statistics for fossil spider species taxonomy

13

Selden PA, Penney D (2010) Fossil spiders. Biological Reviews 85: 171–206. doi:
10.1111/j.1469-185X.2009.00099.x
Selden PA, Shih C-K, Ren D (2011) A golden orb-weaver spider (Araneae: Nephilidae: Nephila) from the Middle Jurassic of China. Biology Letters. doi: 10.1098/rsbl.2011.0228
Tarver JE, Braddy SJ, Benton MJ (2007) The effects of sampling bias on Paleozoic faunas
and implications for macroevolutionary studies. Palaeontology 50: 177–184. doi:
10.1111/j.1475-4983.2006.00618.x
Wunderlich J (1988) Die Fossilen Spinnen im Dominikanischem Bernstein. Beiträge zur
Araneologie 2: 1–378.
Wunderlich J (Ed.) (2004) Fossil spiders in amber and copal. Beiträge zur Araneologie
3: 1–1908.
Wunderlich J (Ed.) (2008) Fossil and extant spiders (Araneae). Beiträge zur Araneologie
5: 1–870.
Wunderlich J (Ed.) (2011) Extant and fossil spiders (Araneae). Beiträge zur Araneologie
6: 1–640.

