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ABSTRACT. Given the present rate of global change and species extinctions, the task of assessing
global biodiversity requires that we estimate and extrapolate biological inventory data. Global
spider family richness is estimated with existing extrapolative techniques in a novel manner, using
data based on the number of described spider families over time in years, which are considered as
incremental knowledge units. A novel technique combining palaeontological and neontological
data is employed to obtain another, independent estimate. Lower bound estimates of global spider
family richness from the existing techniques range from 110-112. An upper bound estimate from
the new technique is 124. The actual value probably falls between these ranges and closer to the
lesser values. The similarity of these estimates to the observed global extant spider family richness
(110) is justification for using spiders in ecological studies, because it can be argued that Araneae
are very well known at this taxonomic level on a global scale.

PE3IOME. Ilpu ycnoBuu COXpaHEHHUS CKOPOCTH TII00ANbHBIX U3MEHCHHUN M BBIMHPAHHS BUIOB,
3aj1a4a 1o oleHKe TI00aIbHOro OMopa3Ho00pasust Hy)KAaeTCs B IPAaBUIILHOM aHAIIM3€ U OKCTPAIIo-
JALMU JAHHBIX MHBEHTapu3anuii. ['obanbHoe 60raTcTBO CeMEHCTB ITayKOB OLEHEHO HOBBIM CIO-
co0OM IIpH MOMOIIHU CYIIECTBYIOMIUX METOAO0B SKCTPANOJISINHI U UCTIONb3Ys JaHHBIE 110 KOIHuYe-
CTBY OIMCAHHBIX CEMEHCTB MayKOB IO TOJaM, YTO TPAKTyeTCs KaK IPHPACTAIONINE CIMHUIIBI
3HaHMH. /715 He3aBUCHMOIT OIIEHKH, OBUI IPIMEHEH HOBEHIINH 110/1X0/], 00000IaronHii TaJIeoHTO-
JIOTMYECKHe M HEOHTOJIOTHYeCKUe NaHHble. VcXoas U3 CyIecTBYIOMHNX METOI0B, CaMble HH3KHE
00001ICHHbIE OLIEHKH IJI00AILHOTO OOoraTcTBa CEMEHCTB MayKoB BapbupyroT Mexay 110-112.
Bricmee 0600menHoe 3HaueHue paBHseTcs 124. PeanbHoe 4nciio, BEpPOSTHO, HAXOAUTCS TAE-TO
MEXIy STHMH 3HAUCHUSIMH M ONbKe K HIKHEMY n3 HHX. CXOJACTBO 3THX OLEHOK C peanbHO
HaOJIF0TaeMBIM TI100aTEHBIM OOTaTCTBOM COBPEMEHHBIX ceMeNCTB naykos (110) sBiseTcs ocHOBaHH-
€M IS NCTIOB30BaHMS TTAYKOB B 3KOJIOTHUECKUX HCCIIEJOBAHUAX, TIOCKOJIBKY MOXHO yTBEPIK/IATh,
YTO Araneae 04eHb XOPOILO H3yYEeHBI Ha 9TOM TAKCOHOMHYECKOM YPOBHE B III00AIBHOM MacIITaoe.

KEY WORDS: Araneae, fossils, extrapolative techniques, biodiversity, palacontology.
KJIIOYEBLIE CJIOBA: Araneae, MCKOmaeMble, METOIBI JKCTPANOJIALNNU, OHopazHooOpasue,
MMaJeOHTOIOTHS.

Introduction extinctions means it is likely that many taxa will
disappear before they have been scientifically

The present rate of global climate change, described. In fact, Briggs [1991] likened the
habitat destruction through anthropogenic and current episode of species demise to a present
other factors, and the subsequent rate of species  day mass extinction event. He suggested that
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the rate of species loss is greater and more
significant than the end-Cretaceous extinction
that wiped out the dinosaurs and many other
groups. To assess the consequences of this glo-
bal change it is necessary to inventory as much
of the global biota as possible, before compo-
nents of it disappear forever. However, inven-
tories of hyperdiverse taxa, such as spiders,
from poorly studied and very diverse regions
(such as tropical rainforests) can be problemat-
ic because of undersampling bias. Even inten-
sive inventories of spiders from poorly studied
regions are typically composed of a large num-
ber of singletons (species represented by only
one specimen). Extrapolative estimates of total
species richness from such data typically indi-
cate that a large number of species have been
missed. Colwell & Coddington [1994] reviewed
the methods available for estimating terrestrial
biodiversity through extrapolation.

A commonly used technique for estimating
the number of taxa in a region is to extrapolate
from species accumulation curves. A species ac-
cumulation curve (or collector’s curve) is a plot of
the cumulative number of species discovered,
within a defined area, as a function of some mea-
sure of the effort expended to find them [Colwell
& Coddington, 1994]. The prediction is based on
the assumption that a finite number of taxa exists
in the unit being studied, and that as sampling
proceeds and the number of taxa found increas-
es, the number of new taxa found will decrease
[Caprariis et al., 1981]. Thus, the cumulative
species curve has a limiting value, i.e., the total
richness, which it approaches asymptotically. If
the values in the equation are inverted, a linear
relationship between the inverses of the vari-
ables can be used to determine the total expect-
ed richness value based on the equation for a
rectangular hyperbola [Caprariis et al., 1981].

Palaeontologists face an additional problem
in that the fossil record at species level can be
very poor. Many species cannot be counted
because they have not been fossilized. Higher
taxa (e.g., families) are more likely to be pre-
served since there is more likelihood that one of
their component species will be fossilized. How-
ever, analyses based on supraspecific taxa may
produce erroneous results because of the lower
degree of taxonomic resolution [see Penney,
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2002a]. There are data for a range of organisms
which demonstrate that family- and (in particu-
lar) genus-level diversities are good indicators
of underlying species diversity [Lee, 1997].
Labandeira & Sepkoski [1993] justified the use
of family data for fossil insects, on the follow-
ing grounds: (1) this taxonomic rank appeared
to correlate well with underlying species diver-
sity in other studies of fossil diversity; (2) fam-
ilies are less prone to irregular and biased sam-
pling than are fossil species and genera; (3)
extant insect families are reasonably well estab-
lished through consensus among taxonomists
but this is often untrue for fossil species and
genera; (4) insect families possess discrete, of-
ten highly stereotyped life habits, which can be
informative in numerous palaecontological in-
vestigations. In this paper I make the assump-
tion that the same is true for spiders.

Palaeontological and neontological data can
be combined in the form of an evolutionary or
phylogenetic tree. These trees are constructed
by superimposing well-supported and accepted
cladograms of hypothesized phylogenetic rela-
tionships, derived from work on extant taxa,
over stratigraphic data from the fossil record
[Smith, 1994]. Three assumptions are made
when constructing these trees: (1) the cladogram
is robust and provides the best available evi-
dence for phylogenetic relationships of the taxa;
(2) demonstrably monophyletic taxa have not
given rise to other taxa; (3) stratigraphic range
extensions should be kept to a minimum.

The known ranges provided by the fossil
taxa, and the subsequent range extensions (the
extra stratigraphic range added to the observed
range of a taxon to make the evolutionary tree
concordant with the phylogenetic hypotheses)
of sister taxa and ghost lineages (a hypothetical
branch of an evolutionary tree with no fossil
data) and proposed ancestral lineages (which
result from the addition of fossil metataxa [fos-
sil taxa that are diagnosable, but which lack
apomorphies], show the evolutionary history of
a group over geological time. This technique,
fully explained by Smith [1994] provides min-
imum dates for the hypothesized sister taxa
dichotomies, and provides a graphical repre-
sentation of the origination, extinction and di-
vergence events of taxa through geological time.
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In this paper, I employ the traditional cumu-
lative species curve technique as a ‘growth of
knowledge curve’ to estimate the total global
number of extant spider families. This is com-
pared with a novel technique, which provides a
quantitative estimation based on Recent phylo-
genetic and palaeontological data in the form of
an evolutionary tree.

Methods

The growth of knowledge curve

The cumulative number (cum N) of known
spider families was plotted against date of de-
scription (obtained from Platnick [2002]; see
also Marusik & Lehtinen [2003]) for the 110
currently accepted spider families (Appendix).
The authorship year data were converted to
‘incremental knowledge’ units ranging from
one (for the date of the first spider family de-
scription, i.e., 1833) to 169 (for the most recent
year that a spider family was described, i.e.,
2001). Inverse cum N was plotted against in-
verse incremental knowledge unit and a least
squares regression applied. To eliminate any
abnormality of curve shape due to accumula-
tion order [e.g., Colwell & Coddington, 1994]
an additional analysis using Colwell [1997],
which employs various estimators (for a list see
Table 1), was computed with 100 randomiza-
tions of the data. The input data file spreadsheet
consisted of 34 803 cells and was entered as
species, sample, abundance triplicates [see Col-
well, 1997].

The evolutionary tree

The cladograms used here to produce the
phylogenetic tree for spiders are based on Cod-
dington & Levi [1991], with amendments, e.g.,
Griswold [1993], Scharff & Coddington [1997]
and Griswold et al. [1998, 1999]. The minor
changes to this phylogeny, suggested by Schiitt
[2000] are not included here. The cladograms
were superimposed over geological time and
calibrated using fossil data. The known ranges
of spider families are based on the oldest de-
scribed fossils (see figure legends for referenc-
es). For detailed information on the construc-
tion of evolutionary trees see Smith [1994]. The

227

number of spider families known from described
fossils over geological time were counted. These
figures were compared against expected family
palaeodiversity predicted from the presence of
sister taxa at the point in geological time at
which a particular family appears according to
the proposed cladogram. Both observed and
predicted family palaeodiversity data were plot-
ted over geological time, subjected to regres-
sion analysis and the slopes and intercepts com-
pared using ANCOVA.

Results and discussion

Supraspecific ranking is arbitrary and for
any of the extrapolations presented to hold, the
‘mindset’ or social conventions among arach-
nological taxonomists would have to continue
unchanged. However, they have been changing
and will continue to do so. The number of
spider families has increased dramatically since
Simon, mostly because of ranking, not recogni-
tion. In addition, many family names have been
proposed and are now in synonymy, even though
some no doubt apply to monophyletic groups.
Therefore, a background assumption of arach-
nological taxonomic ‘social stasis’ is essential
for the accuracy of the predictions presented
below to hold true in the future. As stated
above, this will not happen and what is present-
ed are predictions based on our current con-
cepts of classification at this particular point in
time.

The growth of knowledge curve esti-

mates

Fig. 1 shows the ‘growth of knowledge’
curve for the description of extant spider fami-
lies over time and Fig. 2, a least squares regres-
sion on the inverses of these values. The esti-
mated value for extant spider richness, based on
these data is 44.25. Fig. 3 shows the growth of
knowledge curve using 100 randomizations of
the data. Total family richness estimates based
on these data range from 110112 (Table 1).

The curve for cumulative number of spider
families described over time (Fig. 1) does not
fit the expected pattern for a standard cumula-
tive species curve. In fact, the curve seems to



228 EurorPEAN ArRACcHNOLOGY 2003

120

100
@
2

= 80
£
&
e
S

a") 60
O
£
2
o

—‘a 40
S
=

20

Q

1820 1840 1880 1880 1900 1320 1340 1980 1980 2000 202¢C
Publication year
0.4
y = 0.3344x + 0.0226
035 R? = 0.7857
*
1 2
I/x

120

o, 100
2
]
S

5 80
=t
a
&
S
S

5 60
ES
5]
=1
=
o

z
s
=
g
=

O 2

[

1 7 13 18 25 31 37 43 49 55 61 67 73 79 85 91 97 103 109 115 121 127 133 139 145 151 157 163 169
Incremental knowledge unit (time in years)

Figs 1-3. Spider family date description analyses: 1 — cumulative number of described extant spider families
plotted over year of authorship; 2 — least squares regression on the inverses of the dependent and independent variables
from Fig. 1; 3 — cumulative number of described extant spider families plotted over incremental knowledge units (time
in years) after 100 randomizations of the data.

Puc. 1-3. AHanu3 faHHBIX [0 OMHMCAHHIO CEMEHCTB MayKOB: | — 00Iee KOJIHYECTBO OMHMCAHHBIX COBPEMEHHBIX
CEeMEHCTB MTayKOB IPOTHB IO/I0B UX OIyOIMKOBaHUs; 2 — JIMHEHHAS perpeccus (B CMbIC/IC HANMCHBIICTO KBAaAPATHY-
HOT'O OTKJIOHEHHsT) 0OpaTHBIX BEIMYMH STHX 3HAUYCHHIA, B3IThIX U3 Puc. 1; 3 — kpuBast pocra 3HaHHMiT (BpeMs B rojax),
ucnob3yomas Beioopky u3 100 ciydaliHbIX 3HAYCHUH STHX JaHHbIX.
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Table 1.

Extant spider family richness estimates derived from Fig. 3 using Colwell [1997].

Tabnuua 1.

BoraTtctBO COBPEMEHHbIX cemencTts NnaykoB MO OLUEeHKe JaHHbIX U3 Puc. 3, ncnonb3y4qa

Colwell [1997].

Statistical estimation model (see Colwell [1997] for details and references) Estimate
Abundance-based coverage estimator of species richness 111.09
Incidence-based coverage estimator of species richness 110.93
Chao 1 richness estimator 110.5
Chao 2 richness estimator 110.5
First-order Jackknife richness estimator 110.99
Second-order Jackknife richness estimator 111.98
Bootstrap richness estimator 110.37
Michaelis-Menten richness estimator (over randomizations) 109.94
Michaelis-Menten richness estimator (computed once over mean curve) 110.2

represent two different functions that intersect
at around the year 1889. I consider this an
artefact caused by the rules set out for naming
animal taxa in the ICZN [1999]. Article 36
states that a name established for a taxon at any
rank in the family group has the same author-
ship and date at every rank. This means that
although a number of taxa were given family
status during the twentieth century they are
attributed to authors in the nineteenth, who had
previously established them as subfamilies. This
would make these samples artificially richer
than they actually are. For example, the family
Periegopidae was elevated to family rank by
Forster [1995] but is still attributed to Simon
[1893], more than a century earlier. When rich
samples are added earlier they tend to cause a
more pronounced shoulder and earlier asymp-
tote in the accumulation curve [Coddington et
al., 1996], which is certainly the case here (Fig.
1) and explains the low value for predicted
spider family richness.

The curve obtained after randomizing the
data 100 times (Fig. 3) conforms to the expect-
ed pattern for the standard cumulative species
curve and is therefore, considered more accu-
rate. For completeness, all richness estimates
produced using [Colwell, 1997] are given in
Table 1. The extrapolated values for global
spider family richness using these different
models range from 110 to 112. By its very
nature, extrapolation multiplies bias as well as
case-to-case random error and different models
may prove to be more effective for different
animal groups or datasets [Colwell & Codding-
ton, 1994]. However, these estimators have been

little used in the ecological literature and it would
be premature to make firm recommendations as
to their use [Colwell, 1997].

The evolutionary tree estimates

Figs 4 and 5 show the evolutionary history
of Araneae over time. These provided the data
(Table 2) for construction of the spindle dia-
grams of observed and expected spider family
diversity through geological time (Fig. 6). Re-
gression analyses and ANCOVA on the ob-
served and predicted data (Fig. 7) demonstrate
no significant difference between the slopes of
the lines (r = —0.8942, df = 39, P > 0.1), but
show a highly significant difference between
the intercepts of the lines (¢ =—-7.4469, df = 40,
P <0.0001). The observed data predicts a total
expected extant family richness of 54, whereas
the predicted data proposes 124 families.

The increase of ataxon’s diversity over time
is essentially a Markovian process, i.e., the
newly evolved taxa are dependent on the pres-
ence of the ancestral taxa. Thus, the number of
new taxa at any time is dependent, in part, upon
the number of existing taxa. Therefore, the null
model for the diversification process of a radi-
ating group is a sigmoid curve with exponential
increase, and the logarithm of its diversity plot
during the incremental phase will form a straight-
line regression function of geological time [Sep-
koski, 1979]. This is seen in both observed and
predicted spider family palaeodiversities (Fig.
7) and the similarity of the slopes indicates that
the rate of change is the same in both cases.
However, as noted earlier there is a highly
significant difference between the intercepts of



230

w
<
=l
4
o
=
=
-
[
Q
o
]
=

MICROSTIGMATIDAE

HEXATHELIDAE
PARATROPIDIDAE
THERAPHOSIDAE

Age (M)
16

[NEOGENE

+ 23—t

CENOZOIC

PALEOGENE

1

I

t
o
&

95

CRETACEQUS

—135

152

MESOZOIC

JURASSIC

180

205

TRIASSIC

230
240
250
260

MYGALOMORPHAE

ARANEOMORPHAE
Fig. 5

|
|

PERMIAN

290

[ OPISTHOTRELAE ~

300 .

PENN,

310

325

PALEOZOIC
miss. |

]

355

375

Aftercopus

DEVONIAN

ARANE,

L Lo

Fig. 4. Evolutionary tree of the spider suborders Me-
sothelae and Mygalomorphae (for key see Fig. 5). Refer-
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Puc. 4. DBOIIOLMOHHOE AEPEBO OTPSIOB IayKoB Me-
sothelae m Mygalomorphae (k104 HaPuc. 5). Ceputkm: 1 —
Selden et al. [1991]; 2 — Selden [1996]; 3 — Selden &
Gall [1992]; 4 — Selden [2002]; 5 — Eskov & Zonstein
[1990]; 6 — Seldenet al. [2002]; 7— Wunderlich [2000];
8 — Wunderlich [1988].
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the lines. The predicted value of 124 extant
families is much closer to the actual value (110)
[e.g., Platnick, 2002; see Marusik & Lehtinen,
2003 for an additional family] than that pro-
duced by the regressions on the observed data
(54). Itis entirely feasible that ten or so families
remain to be discovered or newly erected, which
would more closely approximate the predicted
value. However, this value was obtained by
extending the exponential regression line from
20 Ma (the most Recent data point; Dominican
Republic amber) until present. This pattern of
diversification, if left unconstrained would tend
towards infinity [Sepkoski, 1979], which is clear-
ly absurd. The line will reach an asymptote
once the maximum spider family diversity sus-
tainable by the constraints of the biosphere has
been reached. Although this is a relatively short
extension of the line, the predicted value can be
expected to be slightly lower in reality.

Ideally, we would have a complete knowl-
edge of global spider family richness and a
complete fossil record. In the latter case, the
observed and predicted regression lines in Fig.
7 would merge into a single line. In addition,
some function of these data would intercept the
y axis at a value equal to, or extremely close to
the actual number of families observed at 0 Ma,
i.e., the extant global spider family richness.
For both observed and predicted slopes, the
presence of extinct families late in the fossil
record may elevate the y intercept to a value
slightly above the actual value of extant fami-
lies. Extinct families early in the fossil record
may lower the intercept. These limitations need
to be considered when combining these data for
this purpose. At present there is a significant
difference in the intercepts of the observed and
predicted lines. As our knowledge of the fossil
record increases, the intercept of the observed
line can be expected to increase at a much
quicker rate than the predicted. It is also possi-
ble for the predicted line to fall slightly if the
structure of the cladogram changes. Future dis-
coveries of families in the Palacozoic and Meso-
zoic might reduce the slope of the observed and
predicted lines. Under these circumstances, the
y intercept of the predicted line would be lower
than at present and thus closer to the lower
bound estimates provided by the growth of
knowledge curve analysis.



D. Penney. Global spider family diversity 231

w
u 4
2
& g ¢ 2 w £
w = 9
" u g ¥ - Z yu R
wy < a =] Wwz @ o I
<< 3 ¢E = & w 2ILE Q. w 5 w w 83 T =3
wdo Sy " ituw E Juw ¥,55% Qu w S ww ¥ w w ad w e <
<55 OF < zZ =g Sox w Sw 2 >uw 8 LwE « w = < = z
S2ZuuwS A W, uEls, , ¥Yuy & wOAYOIOL 0w soYul wziatewyw? 23203 wi, way, BIy £%,.03Y §
S5 lp s a8 0N Y08 8wo Yl E0750552350252052%50535583880 29550882, 558YE58,225325,0
SR E A EEEE EE R R TR L ER S L L S E R HE R LTS I S E L R
COE! 5g0Cau ML >0 F RS0G50 nYs SR P TZEloon o s UiEoRr ST UE05803585006209R 4805 brae2tn
0 eEERZo0DR Il s s orwa s 0608 800202088852 04 0 uanisrinlnscans >0k s
>tz:::zdzmo>mx‘2£uﬁm9ommmmz§<‘£§:E:Qoéwxog»—z«xBEz&'CI’FQEEQS:QE‘QEEO‘L’&S#Ex&’omgéimz§§§$%¥>§§
Age (Ma) TOILOrO00D0NAOAEOIFAGOOTWSEE S Ini It 52050000 4P r0OZFrR0Zh <04 rNAIFrSAON00NODCUrSaOnZrrSsn
w . N B . ' i
wle H H H h
ub . H '
@ ‘ B H
o : ! H
g : ; : :
o2} 23 . sl |8 ‘a 8 H 7
o3 ' i H I H H
w : : :
gﬁ H H 15 H
a4 : : :
B 10} | | g : : 1
| eii— Epu B G 4 Pl R AT T 19 ; T
& : g H LS - iy H : T
: H : — L : T
65 : : - ; : —
- : : : : : H : :
g . | ; ” il : A , P
al 95 = - | : H : : ms 5 : H
2 — H H H 2 H H H L H B
4 ! H : L ! = H H
& | : ; : — : '
4 : — = : |
7o H
- JM=-
13 T T T T H H T
o : H ' : H : '
S B B H H 2] ' |
[~ v . . H H '
8] | 152 : H ' H : - H
Q H H H H ' h H |
H H ! : : ; w
4 : : H H : H
=2 H H H . Py : I
: : : e m— | bt
g : H H : z
3 : i b
3| 180 PR
3
T
=205 1 | | <——— range extension based on
| |
w
o) S 1 p KEY | [l = ranoe based on puslished record of described specimens)
& for Figs.
2 g iassaranaws g 1 | W4 = reserence to punished record (see legenc)
2 230 3 ,l Argyrosachne 4and5 1T | ooesised celationships
= gin H I +~=l— ghost lineage based on phylogenetic relationship
240 o — |~ ——— possible ancestral relationship
g
=

Fig. 5. Evolutionary tree of the spider suborder Arancomorphae. Other gnaphosoids include: Gallieniellidae,
Ammoxenidae, Cithaeronidae, Trochanteriidae and Lamponidae; other dionychans include: Zoridae, Selenopidae,
Sparassidae and Philodromidae [see Coddington & Levi, 1991]; unplaced entelegynes include: Cryptothelidae,
Cybaeidae, Cycloctenidae, Hahniidae, Halidae, Homalonychidae, Miturgidae and Zodariidae [see Griswoldez al., 1999]
and Chummidae [Jocqué, 2001]. References: 1 — Selden et al. [1999]; 2 — Eskov [1987]; 3 — Eskov [1984]; 4 —
Penney [2002b]; 5— Rayner & Dippenaar-Schoeman [1995]; 6 — Selden & Penney [2003], Selden [1990]; 7— Penney
& Selden [2002]; 8 — Wunderlich [1988]; 9 — Gourret [1888]; 10 — Menge [1869]; 11 — Wunderlich [1991]; 12 —
Wunderlich [1993a]; 13 — Petrunkevitch [1958]; 14 — Petrunkevitch [1942]; 15 — Petrunkevitch [1922]; 16 —
Petrunkevitch [1946]; 17 — Penney [2001]; 18 — Wunderlich [1986]; 19 — Petrunkevitch [1950]; 20 — Wunderlich
[1993b] (see also Griswold [2001]); 21 — Eskov & Marusik [1992]; 22 — Penney [2003]; 23 — Penney [2004]. A
complete review of the spider fossil record which will plot all known fossil occurrences of fossil spiders on the
evolutionary tree is in preparation.

Puc. 5. DBomoONMOHHOE JIEPeBO MOAOTPsI0B TaykoB Araneomorphae. [[pyrue raado3zonas Bkitogator: Gallieniel-
lidae, Ammoxenidae, Cithaeronidae, Trochanteriidae u Lamponidae; npyrue nuonuxa Bkmouvaror: Zoridae, Selenopi-
dae, Sparassidae u Philodromidae [cm. Coddington & Levi, 1991]; otnensrocrosiue sutenerunsl: Cryptothelidae,
Cybaceidae, Cycloctenidae, Hahniidae, Halidae, Homalonychidae, Miturgidae u Zodariidae [cm. Griswold et al., 1999]
u Chummidae [Jocqué, 2001]. I — Selden ez al. [1999]; 2 — Eskov [1987]; 3 — Eskov [1984]; 4 — Penney [2002b];
5— Rayner & Dippenaar-Schoeman [1995]; 6 — Selden & Penney [2003], Selden [1990]; 7— Penney & Selden [2002];
8 — Wunderlich [1988]; 9 — Gourret [1888]; 10 — Menge [1869]; 11 — Wunderlich [1991]; 12 — Wunderlich
[1993a]; 13 — Petrunkevitch [1958]; 14 — Petrunkevitch [1942]; 15 — Petrunkevitch [1922]; 16 — Petrunkevitch
[1946]; 17 — Penney [2001]; 18 — Wunderlich [1986]; 19 — Petrunkevitch [1950]; 20 — Wunderlich [1993b] (cm.
tatoke Griswold [2001]); 21 — Eskov & Marusik [1992]; 22 — Penney [2003]; 23 — Penney [2004]. ITonuslii 0630p
HCKOIIaeMbIX HaXO0JIOK I1ayKOB, KOTOPBIH OyJeT BKIOYATh BCE M3BECTHHIC HAXOJKH HMCKONAEMbIX IAYKOB IO
9BOJIFOL[IOHHOMY JICPEBY, TOTOBHUTCSI.

Conclusions broader interest. For example, the predicted
spider family palaeodiversity based on the evo-

This research was initiated primarily as a lutionary tree data is considered more accurate
strictly academic exercise driven by my own than the observed, because of its close similar-
curiosity. However, certain outcomes are of ity at(0 Ma to the actual number of extant spider
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Table 2.

Spider family palaeodiversity data derived from the evolutionary tree. Ma = age in millions of years,

Obs = observed, Pre = predicted.

Tabnuua 2.

I'IaneopasHOOGpaawe CeMeNncTB NaykoB UCXOAS U3 AaHHbIX MO 3BOSMOLMOHHOMY AEPEBY. Ma = BO3pacT
B MunnuoHax net, Obs = Habnogaemoe, Pre = npegnonaraemoe.

Ma 375 300 240 230 220 180 154 135 130 125 120 101 95 94 86 53 44

Obs1 1 2 4 2 3 3 5 6 7
Pre 2 2 6 7 6 14
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Figs 6-—7. Data and analyses derived from the evolu-
tionary tree: 6 — spindle diagrams of observed and pre-
dicted spider family paleodiversity based on data derived
from the evolutionary tree and presented in Table 2; 7 —
linear regression plots of observed and predicted spider
family richness over geological time. Triangle = predicted,
diamond = observed.

Puc. 6-7. JlanHble U aHAIU3 UCXOJS M3 SBOJIIOUOH-
HOT'O JiepeBa: 6 — BEepeTeHO0Opa3HbIC JUarpaMMbl H3BEC-
THOTO M HPEACKA3aHHOTO MaJle0pa3sHoo0pasys ceMeicTB
[IayKOB, HA OCHOBE JIaHHBIX 3BOJIIOLIMOHHOIO JepeBa H
JIAHHBIX Ta0auubl 2; 7 — IUIOT JIMHEHHOW perpeccuu
M3BECTHOTO M TIPEJICKa3aHHOr0 6OraTcTBa CEMEHCTB may-
KOB I10 XOJly T€0JIOTHYECKOro BpeMeHHU. TpeyronbHuKn =
peICKa3aHo, pOMOBI = H3BECTHO.

families. This highlights the importance of com-
bining neontological and palacontological data
in a phylogenetic context in such investiga-
tions. Italso demonstrates that our current palae-
oarachnological knowledge is limited and calls
for further research in this subject area. The
upper bound estimate is only 12.7% over the

observed and this figure should drop as new
extant spider families are identified and as our
palaeoarachnological dataset increases.
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Appendix.

Spider families and authorships, listed chronologically by year of publication (from Platnick
[2002], except for Synaphridae, see Marusik & Lehtinen [2003]). The individual references are
not provided in the reference list unless they occur in the main body of the text.

Theridiidae Sundevall, 1833; Lycosidae Sundevall, 1833; Thomisidae Sundevall, 1833; Dysderidae
C.L. Koch, 1837; Agelenidae C.L. Koch, 1837; Salticidac Blackwall, 1841; Deinopidae C.L. Koch, 1850;
Pholcidae C.L. Koch, 1851; Eresidae C.L. Koch, 1851; Archaeidae C.L. Koch et Berendt 1854; Linyphi-
idae Blackwall, 1859; Oecobiidae Blackwall, 1862; Scytodidae Blackwall, 1862; Tetragnathidac Menge,
1866; Filistatidae Ausserer, 1867; Liphistiidae Thorell, 1869; Uloboridae Thorell, 1869; Atypidae Thorell,
1870; Theraphosidae Thorell, 1870; Palpimanidae Thorell, 1870; Hersiliidae Thorell, 1870; Oxyopidae
Thorell, 1870; Amaurobiidae Thorell, 1870; Philodromidae Thorell, 1870; Dictynidae O. Pickard-Cam-
bridge, 1871; Cryptothelidae L. Koch, 1872; Sparassidaec Bertkau, 1872; Tetrablemmidae O. Pickard-
Cambridge, 1873; Stenochilidae Thorell, 1873; Ctenidac Keyserling, 1877; Hahniidae Bertkau, 1878;
Anyphaenidae Bertkau, 1878; Trochanteriidaec Karsch, 1879; Sicariidae Keyserling, 1880; Corinnidae
Karsch, 1880; Mimetidae Simon, 1881; Theridiosomatidae Simon, 1881; Zodariidae Thorell, 1881;
Mecicobothriidae Holmberg, 1882; Zoropsidae Bertkau, 1882; Prodidomidae Simon, 1884; Miturgidae
Simon, 1885; Ctenizidae Thorell, 1887; Clubionidae Wagner, 1887; Hypochilidae Marx, 1888; Dipluridae
Simon, 1889; Barychelidae Simon, 1889; Paratropididac Simon, 1889; Leptonetidae Simon, 1890; Capo-
niidae Simon, 1890; Oonopidaec Simon, 1890; Trechaleidae Simon, 1890; Pisauridaec Simon, 1890;
Senoculidae Simon, 1890; Psechridae Simon, 1890; Hexathelidae Simon, 1892; Cyrtaucheniidae Simon,
1892; Idiopidae Simon, 1892; Actinopodidac Simon, 1892; Migidae Simon, 1892; Nemesiidae Simon,
1892; Cybaeidae Banks, 1892; Periegopidae Simon, 1893; Drymusidae Simon, 1893; Plectreuridae Simon,
1893; Segestriidae Simon, 1893; Huttoniidae Simon, 1893; Homalonychidae Simon, 1893; Ammoxenidae
Simon, 1893; Cithaeronidae Simon, 1893; Lamponidae Simon, 1893; Zoridae F.O. Pickard-Cambridge,
1893; Cyatholipidae Simon, 1894; Synotaxidae Simon, 1894; Nesticidae Simon, 1894; Mecysmaucheni-
idae Simon, 1895; Anapidae Simon, 1895; Araneidae Simon, 1895; Desidac Pocock, 1895; Liocranidae
Simon, 1897; Selenopidae Simon, 1897; Cycloctenidae Simon, 1898; Nicodamidae Simon, 1898; Gna-
phosidae Pocock, 1898; Diguetidae F.O. Pickard-Cambridge, 1899; Tengellidae Dahl, 1908; Ochyrocer-
atidae Fage, 1912; Telemidae Fage, 1912; Zorocratidae Dahl, 1913; Stiphidiidae Dalmas, 1917; Mys-
menidae Petrunkevitch, 1928; Symphytognathidae Hickmann, 1931; Antrodiaetidae Gertsch, 1940; Mi-
crostigmatidae Roewer, 1942; Micropholcommatidae Hickman 1943; Gallieniellidae Millot, 1947; Austro-
chilidae Zapfe, 1955; Gradungulidae Forster, 1955; Orsolobidac Cooke, 1965; Phyxelididac Lehtinen,
1967; Titanoecidae Lehtinen, 1967; Neolanidae Forster et Wilton, 1973; Amphinectidae Forster et Wilton,
1973; Malkaridae Davies, 1980; Pararchaeidae Forster and Platnick, 1984; Holarchaecidae Forster and
Platnick, 1984; Pimoidae Wunderlich, 1986; Synaphridac Wunderlich, 1986 [see Marusik & Lehtinen
2003]; Halidae Jocqué, 1994; Chummidae Jocqué, 2001.



