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This study describes a new spider with the most numerous specimens (c. two-thirds) known from the Middle Jurassic
Jiulongshan Formation of Daohugou, China, as Zhizhu daohugouensis gen. et sp. nov, together with a related form from
the Early Cretaceous Yixian Formation of Huangbanjigou, Zhizhu jeholensis sp. nov., and another, unnamed, specimen
known only from an immature female from Daohugou. These spiders are all placed in the stem-Deinopoidea. Two recent
studies of the phylogeny of spiders using phylogenomics have shown that deinopoids may be closer to non-orb-weaving
cribellates than to ecribellate orbicularians, and that if the evolution of the orb web is a unique event, then it occurred
deeper in time, perhaps among early Mesozoic cribellates such as these. The new spiders described here contribute to
knowledge of the biodiversity and palaeoecology of the forested lake margins of the North China Block in mid-Mesozoic
times.
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Introduction

Just over a quarter of a century ago, the first two Mesozoic
spiders were described by Eskov (1984, 1987) from Juras-
sic localities in central Asia. Since then, many more spi-
ders have turned up in Cretaceous strata (Dunlop et al.
2014), but there are still relatively few from rocks of
Jurassic age. The only known specimen from the Lower
Jurassic (Lias), from Grimmen, Germany, has been identi-
fied as a palpimanoid (Selden & Dunlop 2014). A possible
uloborid was described from the Jurassic Talbragar Fish
Bed, Australia, by Selden & Beattie (2013). In recent
years, several hundred specimens have become available
for study from the Middle Jurassic Jiulongshan Formation
at Daohugou, Nincheng County, Inner Mongolia, China.
So far, the palpimanoids (Selden et al. 2008), a plectreurid
(Selden & Huang 2010), and a spectacular species of giant
male and female spiders, Mongolarachne Selden, Shih &
Ren, 2013, have been described, though the arachnofauna
includes other families, as yet unpublished. Here, we
describe the most abundant fossil spiders from the Daohu-
gou beds (at the last count, 521 specimens out of a total of
770 seen by one of us (PAS), i.e. about two-thirds of the
total), a cribellate in the new genus and species Zhizhu
daohuguensis gen. et sp. nov. In addition, a remarkably
well-preserved specimen apparently belonging to the

same genus has been found in the Early Cretaceous rocks
at Huangbanjigou, Beipiao City, Liaoning Province,
China, which is described here as Zhizhu jeholensis sp.
nov. Also, an immature female spider from the Daohugou
locality, possibly related to Mongolarachne, is described
but not named.

A specimen belonging to the new genus Zhizhu
described here has been illustrated previously as Deino-
poidea (probably Uloboridae) (Huang et al. 2006). It is
also possible that a specimen from the Jiulongshan
Formation in Hebei Province described as a new species
of araneoid by Hong (1984) belongs in this genus; unfor-
tunately, this specimen is lost. Spiders have also been
described from the Yixian Formation (Cheng et al. 2008,
2009; Kim & Nam 2012) and, in particular, the Early Cre-
taceous Huangbanjigou locality (Chang 2009), but in all
of these papers, the descriptions and illustrations are poor,
and their systematic placements (in modern genera) are
almost certainly incorrect.

The new specimens described here are placed in the
stem-Deinopoidea. Two recent studies on the phylogeny
of spiders using phylogenomics (Bond et al. 2014;
Fern!andez et al. 2014) have shown that deinopoids may
be closer to non-orb-weaving cribellates than orbicular-
ians, and that if the evolution of the orb web is a unique
event, then it occurred deeper in time, perhaps among
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early Mesozoic cribellates such as these. The new spiders
described here contribute to knowledge of the biodiversity
and palaeoecology of the forested lake margins of the North
China Block in mid-Mesozoic times (Ren et al. 2010).

Geological setting and preservation

The Jurassic specimens come from a finely laminated, pale
grey tuff near Daohugou Village, Wuhua Township, Ning-
cheng County, Inner Mongolia, China (41! 190 3200 N,
119! 140 3500 E) (see locality map in Selden et al. 2008).
The Daohugou deposits (see Ren et al. 2010 for details)
consist of grey tuff, tuffaceous siltstones and mudstones,
indicative of lacustrine conditions in a volcanic region, and
have also yielded plants, insects, conchostracans, anostra-
cans, arachnids (Selden et al. 2008; Huang et al. 2009;
Selden & Huang 2010; Giribet et al. 2011), salamanders,
theropod dinosaurs, pterosaurs and mammals. The geologi-
cal age of the Daohugou fossil-bearing beds formerly was
considered as mid-Middle Jurassic (c. 165 Ma: Ren et al.
2002; Gao & Ren 2006). Because of new calibrations for
the Jurassic system and downward movement of the
Middle Jurassic"Late Jurassic boundary to 164 Ma ago
(Walker et al. 2013), this site now should be considered as
latest Middle Jurassic (late Callovian).

The Cretaceous specimen comes from the Early Creta-
ceous (Aptian/Barremian boundary, c. 125 Ma; Yang et al.
2007) Yixian Formation at Huangbanjigou, Beipiao City,
Liaoning Province, China (41! 600 4400 N, 120! 490 4800 E).
The rock matrix is grey to dark-grey finely laminated silt-
stone, silty mudstone or mudstone, representing lacustrine
sediments composed primarily of volcanic ash (Jiang &
Sha 2007). The Yixian Formation preserves the so-called
Jehol biota of terrestrial and freshwater fauna and flora,
including angiosperms, insects, dinosaurs, pterosaurs, birds
and mammals (Chang et al. 2003). Another specimen, an
immature male, has been found at the Longfengshan Sec-
tion, Fengning County, Hebei Province (41! 540 3200 N,
116! 310 2100 E), in grey, tuffaceous shales of the Qiaotou
member of the Huajiying Formation (courtesy of B. Deline,
University of West Georgia). This section correlates with
the Yixian Formation. It is not described here.

Thus, both the Jurassic and Cretaceous specimens come
from volcanic ash deposits in lacustrine sediments. The
fine-grained nature of these sediments has enabled preser-
vation of the finest morphological features, such as tricho-
bothria, with high fidelity. Considerable flattening has
occurred on all specimens, so that only in certain cases
(e.g. the palps of the Cretaceous spider) does the applica-
tion of low-angle illumination on the dry specimen show
any detail not visible in even light under alcohol. How-
ever, while most parts of each specimen are visible as
flakes of organic material (cuticle patches, setae etc.;
Fig. 1A), there is some external moulding of the

morphology visible on the matrix, seen especially well
using scanning electron microscopy (SEM) (Fig. 1B"E).

Of particular interest is the application of SEM to
understanding the microstructure of the setae and macro-
setae. This technique was first utilized by (Selden et al.
2013) on Daohugou spiders of the new family Mongolar-
achnidae, and showed that, in this family, the setal struc-
ture was plumose (see Methods for setal definitions).
Here, we present additional information on the preserva-
tion of the setae and macrosetae in a Daohugou spider
(Fig. 1). The setae and macrosetae are preserved as exter-
nal moulds, which show the impression of tiny projections
arranged in elongate whorls along the length of the shaft,
together with internal material which also shows impres-
sions of projections, and which obscures the external
moulds, where present. These features are best seen on
macrosetae, which appear to be flattened (Fig. 1B"E). An
additional study was made on one macroseta, using an
energy-dispersive X-ray (EDX) detector, which mapped
the occurrence of relevant elements (Al, C, K, O, Si)
(Fig. 1F, G). It can be seen from the distributions of these
elements that the rock matrix, including the moulded parts
of the macroseta where the internal fill is absent, is abun-
dant in Al, K, O and Si but not C, whereas the internal fill
of the macroseta is poor in these elements but rich in C.
This suggests that the internal fill is organic in nature, and
represents the remains of the macroseta itself (albeit prob-
ably repolymerized to kerogen: Stankiewicz et al. 2000).

Material and methods

All types are deposited in the Key Lab of Insect Evolution
and Environmental Changes at the college of College of
Life Sciences, Capital Normal University, Beijing (CNU).

Preparation was carried out using a sharp knife. The
specimens were studied, drawn and photographed using
Wild M7S, Leica M205C, MZ16, and MZ APO stereomi-
croscopes (Leica Microsystems, Wetzlar, Germany). Pen-
cil drawings were made using camera lucida attachments
to the microscopes. Photographs were taken with Nikon
D1 (Nikon Corporation, Tokyo, Japan) and Canon EOS
5D Mark II and Mark III (Canon, Tokyo, Japan) digital
cameras attached to the microscopes and manipulated
with Adobe Photoshop (www.adobe.com) on Apple
MacBook Pro computers (www.apple.com). Except where
stated, photographs were taken under 70% ethanol; when
dry, cross-polarized illumination was used. In most cases,
sharper focus was achieved by merging a stack of images
using Photoshop and, sometimes, it was beneficial to view
part and counterpart of the specimen superimposed using
this software. Drawings were made from the photographs
and pencil drawings using the vector illustration pro-
gramme iDraw (http://www.indeeo.com/idraw).

SEM studies were undertaken at the University of Kan-
sas with a Versa 3D dual-beam SEM/Focused Ion Beam

2 P. A. Selden et al.
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Figure 1. Zhizhu daohugouensis gen. et sp. nov. A"C, holotype male part CNU-SPI-NN2002030-P; A, left leg 4 distal metatarsus and
tarsus, showing setae, macrosetae (whorl at mt"ta joint), and tarsal claws; B, SEM detail of leg setae; C, SEM detail of leg macroseta.
D"G, paratype female CNU-SPI-NN2013002; D, SEM detail of leg seta and macroseta; E, higher magnification of same seta and mac-
roseta as in D, showing microstructure seen on external mould and internal fill; F, EDX elemental mapping of leg macroseta showing
distribution of Si, Al, O, K and C; G, distributions of separate elements across same area as in F; note the concentration of C along mac-
roseta, other elements in matrix, shown by F and G.
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(FEI, Hillsboro, OR, USA), and a silicon-drift EDX detector
(Oxford Instruments, X-Max, Oxford, UK) was used to mea-
sure the surface morphology and elemental composition. All
of the SEM data were made in low vacuum conditions at an
acceleration voltage of 15 kV, and the images were collected
with a low vacuum secondary electron detector (LVSED).
The elemental mapping and energy spectra were acquired
with Aztec Tools (Oxford Instruments).

All measurements were made from the drawings using
analysis tools in iDraw. Measurements of paired organs
are averages of left and right of part and counterpart, i.e.
maximally four measurements if all are preserved. Meas-
urements were made only of complete podomeres; meas-
urements of coxae and trochanters, though presented
occasionally, are rather imprecise and uninformative.
Length/width ratios are provided for carapace, opistho-
soma, sternum, labium (if preserved) and cribellum (if
present), and also for femora in males. Leg lengths are
given for femur"tarsus. Leg formula (e.g. 1423) indicates
the length of each leg relative to the others, longest to
shortest; where not all these podomeres are preserved, leg
formula is calculated from femur lengths.

Definitions of cuticular hair types follow Lehtinen
(1967, figs 8"10), Griswold et al. (2005, figs 147, 148),
and Ram!ırez (2013), contra Comstock (1912), Green
(1970) and Ubick et al. (2005). A seta is “An articulate
cuticular outgrowth, often inervated [sic] to conform a
mechanical or chemical sensillium [sic]” (Ram!ırez 2013,
id: SPD:0000359); setae are the general covering of spider
cuticle that give the animal its hairiness, and are more or
less synonymous with tactile hairs (Foelix 2011; Ram!ırez
2013). A macroseta is “A large articulate seta, with thick
and long shaft and robust socket. Macrosetae are inervated
[sic] by three neurons and become erected when the
hemolymph pressure increases. Nerve impulses are gener-
ated only during the erection phase. They occur mainly on
appendages, but sometimes similar setae occur on the
opisthosoma as well” (Ram!ırez 2013, id: SPD:0000315);
macrosetae commonly thicken slightly immediately out-
side the follicle from which they emerge, before tapering
gently to the tip. Like setae, they are often sculptured (e.g.
Murphy & Roberts 2015, fig. 5) and movable. The glos-
sary in Ubick et al. (2005) is somewhat confusing with
regard to macrosetae, which they call spines, and also
refer (correctly) to spines, which are simple, acute, unar-
ticulated outgrowths of the cuticle (and hence are not
homologous). It is sometimes useful to distinguish bris-
tles, which are between setae and macrosetae in size and
generally rather stiff, e.g. those which form the calamis-
trum in cribellates; and the peg teeth of palpimanoids and
mimetids, which are smaller than macrosetae but rather
thicker and stiffer than most bristles. Plumose setae are
normal body setae which bear abundant fine projections,
generally in lines or whorls, over their entire surface; in

some spiders these are coarse and visibly different from
simple setae with the naked eye (e.g. Dictynidae) (plu-
mose in Murphy & Roberts 2015, fig. 5); while in others,
the fine projections are visible only under very high mag-
nification (e.g. SEM) (setose aculeate in Murphy & Rob-
erts 2015, fig. 5). Feathery setae are dendritic, with lateral
branches resembling the veins in a leaf, which normally
lie flat on the cuticle surface (e.g. Agelenidae: Bolzern
et al. 2013, fig. 2a); these were called brachiate by Mur-
phy & Roberts (2015, fig. 5). Simple and serrate setae are
found in Araneoidea; the former are smooth while the lat-
ter bear sparse, minute projections (Griswold et al. 2005;
aculeate in Murphy & Roberts 2015, fig. 5). Plumose, but
not feathery, simple or serrate, setae are found in the fos-
sils described here (Fig. 1).

Abbreviations

ALS: anterior lateral spinneret; AT: anal tubercle; C:
cymbium; cal: calamistrum; car: carapace; ch: chelicera;
crib: cribellum; cx: coxa; E: embolus; ef: epigastric fur-
row; ep: epigyne; f: fovea; fe: femur; L: length; lb:
labium; m: maxilla; mt: metatarsus; op: opisthosoma; pa:
patella; Pd: pedipalp; PLS: posterior lateral spinneret; sp:
spiracle; sps: spinnerets; ST: subtegulum; st: sternum; T:
tegulum; ta: tarsus; ti: tibia; tr: trochanter; trich: tricho-
bothrium;W: width.

Systematic palaeontology

Order Araneae Clerck, 1757

Suborder Opisthothelae Pocock, 1892

clade Entelegynae Simon, 1893

Remarks. The new genus is referred to this clade on
account of the complex male pedipalp.

stem-Superfamily Denopoidea Koch, 1851

Remarks. These spiders are referred to this group on
account of the following combination of characters: plu-
mose setae and macrosetae; curved dorsal edge to the
fourth metatarsus bearing the calamistrum (a uloborid fea-
ture); uniseriate calamistrum running from base of fourth
metatarsus to about two-thirds the podomere length; entire
cribellum; conispiral or planispiral palpal embolus; and
lack of distinctive features of other superfamilies, e.g.
four book lungs in Hypochiloidea and Austrochiloidea,
simple and serrate setae and paracymbium in Araneoidea,
cheliceral peg-teeth and leg scopulae in Palpimanoidea,
no tibial apophysis in the RTA-clade (including Dictynoi-
dea). See Discussion for further remarks.

4 P. A. Selden et al.
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Family incertae sedis

Remarks. The new genus differs from Uloboridae in
lacking the row of distinctive, short macrosetae on the
fourth tarsus and lack of femoral trichobothria, and from
Deinopidae in lacking the row of distinctive, long macro-
setae with a curved tip on the fourth tarsus. It differs from
Mongolarachnidae by its smaller size, shorter legs and
pedipalps, and lacking the distinctive cluster of tibial tri-
chobothria. Preferring not to proliferate monotypic fami-
lies, especially of fossils, we place this genus in the stem-
Deinopoidea, until greater resolution among Mesozoic
cribellate spiders is achieved.

Genus Zhizhu gen. nov.

Derivation of name. From the Chinese蜘蛛, a spider.

Diagnosis. Cribellate spider lacking deinopoid tarsal
comb but with distal macrosetae on leg 4 tarsus; lacking
femoral trichobothria; many long, fine setae ventrally on
leg femora; calamistrum in depression in proximal two-
thirds of leg 4 metatarsus; cribellum entire; male palp
with conispiral or planispiral embolus.

Type species. Zhizhu daohugouensis sp. nov., from pale
grey tuff of the Jiulongshan Formation, near Daohugou
Village, Wuhua Township, Ningcheng County, Inner
Mongolia, China (41! 190 3200 N, 119! 140 3500 E).

Zhizhu daohugouensis sp. nov.

(Figs 1"12)

2006 Deinopoidea (probably Uloboridae) Huang et al.:
310, fig. 1e.

Derivation of name. After the village of Daohugou,
where all the specimens come from.

Material. Holotype: CNU-SPI-NN2002030-P & CNU-
SPI-NN2002030-C (part and counterpart), adult male.
Allotype: CNU-SPI-NN2002021 (part only), adult female.
Paratypes: CNU-SPI-NN2002001 (part only) and CNU-
SPI-NN2010021 (part only), adult males; CNU-SPI-
NN2013002 (part only), adult female. Additional
described material: CNU-SPI-NN2002009-P & CNU-
SPI-NN2002009-C (part and counterpart), immature
male; CNU-SPI-NN2002006-P & CNU-SPI-NN2002006-
C (part and counterpart), immature female; CNU-SPI-
NN2002001-P & CNU-SPI-NN2002001-C (part and
counterpart), CNU-SPI-NN2010015-P & CNU-SPI-
NN2010015-C (part and counterpart), immatures. All
from pale grey tuff near Daohugou Village, Wuhua Town-
ship, Ningcheng County, Inner Mongolia, China (41! 190

3200 N, 119! 140 3500 E).

Diagnosis. Medium-sized (male) to large (female) spider
with characters of the genus. The adult male can be

distinguished from Z. jeholensis primarily by the morphol-
ogy of the pedipalp, which is longer than leg 1 femur, and
bears a conispiral embolus rather than a planispiral one.

Remarks. Both part and counterpart (where present)
show dorsal and ventral morphology respectively, but
superimposed to some extent. In the holotype, for exam-
ple, the carapace outline is seen best on the part, and ven-
tral features of the body on the counterpart; on the
counterpart, the femora bear fine setae, which are pre-
sumed to be ventral, and few macrosetae, while on the
part the femora bear macrosetae and metatarsus 4 shows
the vestigial calamistrum, which are presumably dorsal;
however, the opisthosoma of the counterpart shows the
ventral spinnerets superimposed on dorsal features such
as the sigilla. Two supposed mature female specimens are
present in the type series: allotype CNU-SPI-NN2013002
(part only) and paratype CNU-SPI-NN2002021 (part and
counterpart). They are considered to be mature because of
their size " they are among the largest specimens of this
species ever found (among more than 100 specimens) "
and their generally more robust nature, with thicker cuticle.
As measured, CNU-SPI-NN2013002 is somewhat smaller
(body length 10.81 mm) than CNU-SPI-NN2002021 (body
length 13.91 mm). Four immatures are figured because
they show some morphological features better than the
mature specimens, due to their thinner, more diaphanous
cuticle, e.g. the outline of the carapace, details of the
calamistrum, cribellum and spinnerets, and trichobothria.

Description

Adult male. Medium-sized spider (body L 5.5"7.5 mm,
n D 2); legs relatively short. Setae and macrosetae of plu-
mose type, no feathery setae (Fig. 1A"C). Carapace
broadly pyriform in outline, with slight narrowing of
cephalic region, slightly longer than broad, cephalic
region subcircular, defined by posterior procurved line
(Fig. 6A, B), bearing line of thin, curved bristles medially
(Fig. 2A); carapace cuticle smooth. Pair of eye-like struc-
tures (?AME) in midline near anterior border of carapace
of part (Fig. 2A, B); on counterpart (Fig. 2E, F) pair of
eye-like structures (?posterior eyes) apparently on
tubercles. Chelicera short, with short, curved fang and
long setae extending from retromarginal furrow along
paturon (Fig. 2E, F). Leg formula 1243; legs 1 and 2 sub-
equal in length. Femur (especially) to tibia of legs 1 and,
to a lesser extent, 2 enlarged and thickened (see measure-
ments); posterior femora to tibiae not so enlarged. Numer-
ous macrosetae on femora in two irregular rows on dorsal
surface, especially prominent distally; femur 2 bears
prominent macroseta on posterior side adjacent to distal
joint (Fig. 2A, B); ventral surface of femora bear long,
fine setae, especially in row along mid-ventral (Fig. 2C,
D). Patellae with c. 4 macrosetae. Tibiae and metatarsi

Mesozoic cribellate spiders from China 5
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Figure 2. Zhizhu daohugouensis gen. et sp. nov. A, B, holotype male part CNU-SPI-NN2002030-P; A, habitus; B, explanatory drawing
for A. C"F, counterpart CNU-SPI-NN2002030-C; C, habitus; D, explanatory drawing for C; E, detail of anterior carapace and chelic-
erae; F, explanatory drawing for E.

6 P. A. Selden et al.
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Figure 3. Zhizhu daohugouensis gen. et sp. nov. A, B, D, holotype male part CNU-SPI-NN2002030-P; A, detail of pedipalp tarsi; B,
right leg 4 tibia, showing trichobothria; D, left leg 3 tibia, showing trichobothria. C, counterpart CNU-SPI-NN2002030-C, left leg 4
tibia, showing trichobothria;

Mesozoic cribellate spiders from China 7
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highly macrosetose on all surfaces, especially dorsally and
distally; metatarsus with row of straight macrosetae ven-
trally (Fig. 2C, D), distal metatarsus joint fringed with
macrosetae (Figs 4A"C, 6C, D). Metatarsus narrows
noticeably distally; dorsal surface of metatarsus 4 con-
cave, with line of aligned bristles representing vestigial
calamistrum running just inside dorsal curvature from
base to c. two-thirds of length of podomere (Fig. 6C, D).
Tarsus equally narrow as distal metatarsus; claws three,
no scopulae, paired claws pectinate, macroseta adjacent to
paired claws, 4 macrosetae adjacent to median claw
(accessory claws) (Figs 1A, 4A"C). No femoral

trichobothria; few trichobothria on proximal dorsal sur-
face of tibiae 3 and 4 (Fig. 3B"D). Opisthosoma subcir-
cular, about as long as broad, setose, bearing
medial"subterminal spinnerets and wide anal tubercle
(Figs 2C, D, 5A, B). Four pairs of sigilla arranged in par-
allel lines either side of midline (Fig. 2C, D).

Male pedipalp as long as leg 1 femur C one-third of
tibia; femur with numerous (! 7) short, gently curved
macrosetae distally (Fig. 6A, B, E); patella with c. 5 simi-
lar macrosetae; tibia with long setae and a few long,
curved macrosetae on anterior surface and shorter,
curved macrosetae distally; tarsus (cymbium) short,

Figure 4. Zhizhu daohugouensis gen. et sp. nov. A, B, holotype male part CNU-SPI-NN2002030-P; A, left leg 4 metatarsus and tarsus,
showing curved dorsal surface of metatarsus with vestigial calamistrum, wide angle of movement of ti"mt joint (see Fig. 1A for detail
of tarsus); B, left leg 3 metatarsus and tarsus, lacking curved dorsal surface of metatarsus, wide angle of movement of ti"mt joint, and
tarsal claws. C, counterpart CNU-SPI-NN2002030-C, left leg 4 metatarsus and tarsus, showing curved dorsal surface of metatarsus
(note: vestigial calamistrum seen only on part, i.e. dorsal surface), wide angle of movement of ti"mt joint, and tarsal claws.

8 P. A. Selden et al.
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subtriangular, thickly clothed with long setae and long,
curved macrosetae; bulb short, with conically spiral
embolus (Figs 3A, 6A, B).

Measurements of holotype, CNU-SPI-NN2002030:
body L (inc. ch & sps) 7.43 mm; car L 3.26 mm, W
2.66 mm, L/W 1.22; op L 3.93 mm, W 3.63 mm, L/W
1.08. Podomere lengths: Pd fe 1.90 mm, pa 0.79 mm, ti
1.30 mm, ta 1.12 mm, total fe"ti 6.84 mm, fe"ta
5.08 mm; leg 1 fe L 3.37 mm (W 1.20 mm, L/W 2.81), pa
1.17 mm, ti 2.30 mm, mt 1.89 mm, ta 0.92 mm, total
fe"ta 9.66 mm; leg 2 fe L 2.96 mm (W 0.96 mm, L/W
3.09), pa 1.08 mm, ti 2.13 mm, mt 2.52 mm, ta 1.19 mm,
total fe"ti 6.18 mm, fe"ta 9.96 mm; leg 3 fe L 2.13 mm
(W 0.71 mm, L/W 3.01), pa 0.75 mm, ti 1.20 mm, mt
1.69 mm, ta 0.88 mm, total fe"ti 4.08 mm, fe"ta
6.48 mm; leg 4 fe L 2.47 mm (W 0.70 mm, L/W 3.54), pa
0.87 mm, ti 1.45 mm, mt 2.15 mm, ta 0.86 mm, total fe"ti
4.79 mm, fe"ta 7.78 mm.

Measurements of CNU-SPI-NN2002001: body L (inc.
ch & sps) 5.48 mm; car L 3.15 mm, W 3.01 mm, L/W
1.05; op L 2.80 mm, op W 3.17 mm, L/W 0.88. Podomere
lengths: Pd fe 1.47 mm, pa 0.52 mm, ti 1.13 mm, ta
0.88 mm; leg 1 fe 2.74 mm (W 1.26 mm, L/W 2.29), pa
1.13 mm, ti 2.29 mm, mt 2.93 mm, ta 1.43 mm, total fe"ti
6.16 mm, fe"ta 10.52 mm; leg 2 fe L 2.60 mm (W

0.97 mm, L/W 2.86), pa 1.17 mm, ti 2.05 mm, mt
2.28 mm, ta ! 0.92 mm, total fe"ti 5.82 mm, fe"ta
!9.02 mm; leg 3 fe L 2.31 mm (W 0.68 mm, L/W 3.08),
pa 0.83 mm, ti 1.16 mm, total fe"ti 4.30 mm; leg 4 fe L
2.39 mm (W 0.64 mm, L/W 3.45), pa 0.86 mm, ti
1.42 mm, mt 1.58 mm, ta 1.02 mm, total fe"ti 4.67 mm,
fe"ta 7.27 mm.

Measurements of CNU-SPI-NN2010021: car L
3.55 mm, W 2.99 mm, L/W 1.19. Podomere lengths: Pd
fe 1.32 mm, pa 0.60 mm, ti 1.04 mm, ta 1.10 mm, total
4.06 mm; leg 1 fe L 3.24 mm (W 1.06 mm, L/W 3.04), pa
1.22 mm, ti 2.14 mm, mt 3.10 mm, ta 1.04 mm, total fe"ti
10.74 mm, fe"ta 6.60 mm; leg 2 fe L 2.85 mm (W
1.00 mm, L/W 2.85), pa 0.88 mm, ti 1.73 mm, mt
2.17 mm, total fe"ti 5.46 mm; leg 3 fe L 1.83 mm (W
0.65 mm, L/W 2.79), pa 0.75 mm, ti 1.12 mm, mt
1.12 mm, ta 0.69 mm, total fe"ti 3.69 mm, fe"ta
5.50 mm; leg 4 fe L 2.12 mm (W 0.70 mm, L/W 3.04), pa
0.91 mm, ti 1.23 mm, mt 1.86 mm, ta 0.69 mm, total fe"ti
2.99 mm, fe"ta 6.81 mm, vestigial cal L 1.18 mm.

Adult female. Large spider (body L 10.8"13.9 mm, nD 2);
carapace as long as wide, straight or gently recurved pos-
terior margin, straight anterior margin, laterally gently
outwardly curved, widest just posterior to midlength, at

Figure 5. Zhizhu daohugouensis gen. et sp. nov., paratype CNU-SPI-NN2002001; A, habitus; B, explanatory drawing for A.
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Figure 6. Zhizhu daohugouensis gen. et sp. nov. A, paratype male CNU-SPI-NN2002001, anterior carapace and pedipalps. B"E, para-
type male CNU-SPI-NN2010021; B, habitus; C, legs 4 tibiae"tarsi; D, explanatory drawing for C; E, explanatory drawing for B.

10 P. A. Selden et al.
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Figure 7. Zhizhu daohugouensis gen. et sp. nov., allotype female CNU-SPI-NN2002021; A, habitus; B, explanatory drawing for A; C,
left femora 3 and 4, showing ventral long, fine setae; D, pedipalps and chelicerae; E, right leg 2 tarsus.

Mesozoic cribellate spiders from China 11
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Figure 8. Zhizhu daohugouensis gen. et sp. nov., paratype female CNU-SPI-NN2013002; A, habitus; B, explanatory drawing for A; C,
base of left leg femur 3, showing ventral long, fine setae; D, right leg 1 tibia"metatarsus joint; E, left leg 4 metatarsus, with calamistrum.

12 P. A. Selden et al.
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level of transverse fovea (Fig. 7A, B); gently outwardly
curved furrows run from lateral ends of fovea to anterolat-
eral corners of carapace, outlining cephalic region
(Fig. 8A, B). Setae and macrosetae of plumose type, no
feathery setae (Fig. 1D, E). Chelicera (Fig. 7D) of

medium size, without setae except at base of fang, along
furrow, and ventral surface; promargin of furrow with ! 7
triangular teeth; fang short, curved. Pedipalp (Fig. 7A, C)
thickly clothed with setae, macrosetae on tibia and tarsus.
Leg formula 1243; legs robust. Macrosetae on

Figure 9. Zhizhu daohugouensis gen. et sp. nov. A, B, paratype immature male part CNU-SPI-NN2002009-C; A, dorsal habitus; B,
explanatory drawing for A. C, D, paratype immature male counterpart CNU-SPI-NN2002009-P; C, ventral habitus; D, explanatory
drawing for C.

Mesozoic cribellate spiders from China 13
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Figure 10. Zhizhu daohugouensis gen. et sp. nov. A, B, paratype immature female part CNU-SPI-NN2002006-P; A, dorsal habitus; B,
explanatory drawing for A. C, D, paratype immature female counterpart CNU-SPI-NN2002006-C; C, ventral habitus; D, explanatory
drawing for C. E, detail of right leg 4 tibia"tarsus, with calamistrum and curved dorsal surface of metatarsus.

14 P. A. Selden et al.
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Figure 11. Zhizhu daohugouensis gen. et sp. nov. A, B, paratype immature part CNU-SPI-NN2010015-P; A, dorsal habitus; B, explana-
tory drawing for A. C, D, paratype immature counterpart CNU-SPI-NN2010015-C; C, ventral habitus; D, explanatory drawing for C.

Mesozoic cribellate spiders from China 15
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Figure 12. Zhizhu daohugouensis gen. et sp. nov. A, B, paratype immature part CNU-SPI-NN2001001-P; A, dorsal habitus; B, explana-
tory drawing for A. C, D, paratype immature counterpart CNU-SPI-NN2001001-C; C, ventral habitus; D, explanatory drawing for C.

16 P. A. Selden et al.
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femora"metatarsi, particularly numerous on tibiae, at
least metatarsi 3 and 4 with distal joint fringed with mac-
rosetae. Ventral femora with long, sinuous setae (Figs 7C,
8C). Metatarsus 4 bearing curved calamistrum situated in
dorsal embayment of metatarsus, running from near base
to c. two-thirds length of podomere (Fig. 8E). Tarsi with
three claws, no scopulae (Fig. 7E). No femoral trichoboth-
ria; tibial trichobothria not seen clearly. Opisthosoma sub-
oval; spinnerets situated slightly posterior to midlength;
cribellum entire.

Measurements of CNU-SPI-NN2013002: body L (inc.
ch & sps) 10.81 mm; car L 3.34 mm, W 3.34 mm, L/W
1.00; op L 6.72 mm, W 5.15 mm, L/W 1.31. Podomere
lengths: Pd fe 1.12 mm, pa 0.67 mm, ti 0.93 mm, ta >

1.21 mm, total > 3.93 mm; leg 1 fe 4.02 mm (W
1.05 mm, L/W 3.84), ti 3.82 mm, mt 3.58 mm; leg 2 fe
3.38 mm (W 0.99 mm, L/W 3.43); leg 3 fe 2.58 mm (W
0.82 mm, L/W 3.14), pa 1.01 mm, ti 1.28 mm, mt
1.32 mm, ta 0.97 mm, total fe"ta 7.17 mm; leg 4 fe
2.63 mm (W 0.83 mm, L/W 3.17), pa 1.17 mm, ti
1.37 mm, mt 2.36 mm, ta 0.91 mm, total fe"ta 8.43 mm,
cal L 1.35 mm.

Measurements of CNU-SPI-NN2002021: body L (inc. ch
& sps) 13.91 mm; car L 5.69 mm, W 5.00 mm, L/W 1.14;
op L 6.52 mm, W 6.07 mm, L/W 1.07; st L 3.02 mm, W
2.30 mm, L/W 1.31; ch L 2.61 mm. Podomere lengths: Pd
fe 1.82 mm, pa 0.89 mm, ti 1.17 mm, ta 2.28 mm, total
fe"ta 6.16 mm; leg 1 cx 1.67 mm, tr 0.65 mm, fe 6.63 mm
(W 2.09 mm, L/W 3.16), pa 2.34 mm, ti 5.97 mm; leg 2 cx
1.61 mm, tr 0.68 mm, fe 5.82 mm (W 2.22 mm, L/W 2.62),
pa 2.59 mm, ti 4.27 mm, mt 4.77 mm, ta 2.10 mm, total
fe"ta 19.54 mm; leg 3 cx 1.59 mm, tr 0.59 mm, fe
4.41 mm (W 1.42 mm, L/W 3.10), pa 1.86 mm, ti 2.93 mm,
mt 3.30 mm; leg 4 cx 1.47 mm, tr 0.81 mm, fe 5.15 mm (W
1.31 mm, L/W 3.94).

Immature male. Submature male showing inflated but
unerupted pedipalp tarsus, and functional cribellum and
calamistrum. Medium-sized spider (body L 6.56 mm);
carapace about one-quarter longer than wide, laterally
gently outwardly curved, narrowing to c. one-third of total
width anteriorly, less so posteriorly, widest just posterior
to midlength; cephalic region outlined by gently out-
wardly curved furrows running from lateral ends of foveal
region to anterolateral corners of carapace (Fig. 9A, B).
Chelicera (Fig. 9C, D) of medium size; fang curved. Pedi-
palp with few, short macrosetae; tarsus somewhat swol-
len. Leg formula 1243; legs fairly robust but femora to
tibiae not swollen as in mature males. Macrosetae on fem-
ora"metatarsi, particularly numerous on tibiae, at least
metatarsus 4 with distal joint fringed with macrosetae.
Metatarsus 4 bearing curved calamistrum situated in dor-
sal embayment of metatarsus, running from near base to
c. two-thirds length of podomere (Fig. 9A"D). No femo-
ral trichobothria; tibial trichobothria not seen clearly.

Opisthosoma subcircular, as wide as long, hirsute, dor-
sally darkened (i.e. more sclerotized); spinnerets situated
slightly posterior to midlength, with cribellum slightly in
advance (Fig. 9C, D).

Measurements of CNU-SPI-NN2002009: body L (inc.
ch & sps) 6.56 mm; car L 2.73 mm, W 2.16 mm, L/W
1.26; op L 3.78 mm, W 3.60 mm, L/W 1.05; ch L
0.90 mm. Podomere lengths: Pd pa 0.51 mm, ti 0.89 mm,
ta 1.01 mm; leg 1 tr 0.26 mm, fe 2.72 mm, pa 0.90 mm, ti
2.09 mm, mt 2.24 mm, ta 1.19 mm, total fe"ta 9.14 mm;
leg 2 tr 0.17 mm, fe 2.48 mm, pa 0.81 mm, ti 1.60 mm, mt
1.44 mm, ta 0.89 mm, total fe"ta 7.22 mm; leg 3 fe
1.81 mm, pa 0.57 mm, ti 0.95 mm, mt 1.21 mm, ta
0.67 mm, total L fe"ta 5.35 mm; leg 4 tr 0.30 mm, fe
1.98 mm, pa 0.58 mm, ti 1.16 mm, mt 1.52 mm, ta
0.68 mm, total L fe"ta 5.82 mm, cal L 0.85 mm. Crib L
0.45 mm, W 0.75 mm, L/W 0.60.

Immature female. CNU-SPI-NN2002006 is considered
to be an immature female because of its approximately
equal size (body L 5.72 mm) compared to the submature
male CNU-SPI-NN2002009, but with the pedipalp tarsus
not swollen. Medium-sized spider; carapace suboval in
outline, slightly longer than wide, laterally gently out-
wardly curved, with slightly straighter anterior margin,
narrowed to c. one-third total carapace width, widest at
about midlength; cephalic region outlined by gently out-
wardly curved furrows running from lateral ends of fovea
to anterolateral corners of carapace; transverse fovea situ-
ated two-thirds of length of carapace from anterior
(Fig. 10A, B). Chelicera (Fig. 10C, D) of medium size.
Pedipalp with numerous macrosetae on tibia and tarsus.
Leg formula 1243; legs approximately comparable to
those of immature male. Macrosetae on femo-
ra"metatarsi, particularly numerous on tibiae, at least
metatarsi 3 and 4 with distal joint fringed with macrose-
tae. Metatarsus 4 bearing curved calamistrum situated in
dorsal embayment of metatarsus, running from near base
to c. two-thirds length of podomere (Fig. 10E). No femo-
ral trichobothria; few tibial trichobothria faintly visible on
legs 3 and 4. Opisthosoma subcircular, as wide as long,
hirsute; spinnerets and cribellum (undivided, anterior bor-
der recurved, posterior border obtusely V-shaped) situated
subterminal on opisthosoma (Fig. 10A"D).

Measurements of CNU-SPI-NN2002006: body L (inc. ch
& sps) 5.72 mm; car L 2.44 mm, W 2.06 mm, L/W 1.18;
op L 3.75 mm, W 3.92 mm, L/W 0.96; st L 1.16 mm,
W 0.99 mm, L/W 1.16; lab L 0.45 mm, W 0.46 mm,
L/W 0.99; mx L; ch L 0.98 mm. Podomere lengths: Pd
fe 0.98 mm, pa 0.34 mm, ti 0.48 mm, ta 0.90 mm, total
fe"ta 2.69 mm; leg 1 cx 0.77 mm, fe 2.29 mm, pa 0.79 mm,
ti 2.02 mm, mt 2.00 mm, ta 1.15 mm, total fe"ta 8.33 mm;
leg 2 cx 0.93 mm, fe 1.68 mm, pa 0.78 mm, ti 1.45 mm, mt
1.51 mm, ta 0.90 mm, total fe"ta 6.31 mm; leg 3
cx 0.70 mm, fe 1.54 mm, pa 0.55 mm, ti 0.81 mm,

Mesozoic cribellate spiders from China 17
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mt 1.11 mm, ta 0.65 mm, total L fe"ta 4.60 mm; leg 4
cx 0.77 mm, fe 1.63 mm, pa 0.63 mm, ti 1.07 mm,
mt 1.39 mm, ta 0.70 mm, total L fe"ta 5.39 mm, cal
L 0.88 mm. Crib L 0.49 mm, W 0.87 mm, L/W 0.56.

Other immatures. CNU-SPI-NN2001001-P & CNU-
SPI-NN2001001-C and CNU-SPI-NN2020015 are the
smallest immatures (body L 2.65"3.78 mm, n D 2), and it
is not possible to determine their sex. Carapace suboval in
outline, slightly longer than wide (Fig. 12C, D), laterally
gently outwardly curved, with slightly straighter anterior
margin, widest just posterior to midlength, at level of
transverse fovea, situated two-thirds of length of carapace
from anterior (Figs 11A, B, 12A, B); cephalic region out-
lined by gently outwardly curved furrows running from
lateral ends of fovea to anterolateral corners of carapace.
Chelicera (Fig. 12C, D) of medium size; fang curved. Ped-
ipalp with macrosetae on tibia and tarsus. Leg formula
1243; legs 1 and 2 somewhat elongated compared to
larger immatures and adults. Macrosetae on femo-
ra"metatarsi, particularly numerous on tibiae, at least
metatarsi 3 and 4 with distal joint fringed with macrose-
tae. Metatarsus 4 with curved calamistrum situated in dor-
sal embayment of metatarsus, running from near base to
c. two-thirds length of podomere (Figs 11C, D, 12A, B).
Opisthosoma suboval, slightly longer than wide; spinner-
ets and cribellum situated slightly posterior to midlength
(Fig. 11C, D) to subterminal (Fig. 12A"D).

Measurements of CNU-SPI-NN2001001-P & CNU-
SPI-NN2001001-C: body L (inc. ch & sps) 2.65 mm; car
L 0.91 mm, car W 0.81 mm, L/W 1.13; op L 1.35 mm, op
W 1.15 mm, L/W 1.17; ch L 0.44 mm. Podomere lengths:
Pd ta 0.57 mm; leg 1 fe 1.26 mm, pa 0.40 mm, ti
1.05 mm; leg 2 fe 0.97 mm, pa 0.28 mm, ti 0.73 mm; leg
3 fe 0.69 mm, pa 0.26 mm, ti 0.32 mm, mt 0.53 mm, ta
0.38 mm, total fe"ta 2.19 mm; leg 4 fe 0.82 mm, pa
0.29 mm, ti 0.53 mm, mt 0.71 mm, ta 0.40 mm, total
fe"ta, cal L 0.38 mm.

Measurements of CNU-SPI-NN2020015: body L (inc.
ch & sps) 3.78 mm; op L 2.03 mm, W 1.97 mm, L/W
1.03. Podomere lengths: Pd pa 0.24 mm, ti 0.36 mm, ta
0.40 mm; leg 1 fe 1.36 mm, pa 0.45 mm, ti 1.13 mm, mt
1.30 mm, ta 0.83 mm, total fe"ta 5.11 mm; leg 2 fe
1.14 mm, pa 0.41 mm, ti 0.81 mm, mt 0.78 mm, ta
0.59 mm, total fe"ta 3.85 mm; leg 3 fe 0.94 mm, pa
0.32 mm, ti 0.53 mm, mt 0.60 mm, ta 0.48 mm, total
fe"ta 2.86 mm; leg 4 fe 1.13 mm, pa 0.38 mm, pa
0.62 mm, mt 0.87 mm, ta 0.51 mm, total fe"ta 3.51 mm,
cal L 0.51 mm.

Zhizhu jeholensis sp. nov.

(Figs 13"15)

Derivation of name. After the Early Cretaceous Jehol
Biota, where this species occurs.

Material. Holotype: CNU-SPI-LB2013001-P (part) and
CNU-SPI-LB2013001-C (counterpart), adult male. Early
Cretaceous Yixian Formation at Huangbanjigou, Beipiao
City, Liaoning Province, China (41! 600 4400 N, 120! 490

4800 E).

Diagnosis. The adult male spider can be distinguished
from Z. daohugouensis primarily by the morphology of
the pedipalp, which is shorter (as long as leg 1 femur),
and bears a planispiral embolus rather than a conispiral
one.

Description of adult male. Medium-sized spider (body
L 7.65 mm); carapace suboval in outline, slightly longer
than wide, laterally gently outwardly curved, with slightly
straighter anterior margin, narrowed to c. one-third total
carapace width, widest at about midlength (Fig. 13A, B).
Leg formula 1243; anterior legs (1, 2) noticeably longer
than posterior legs, leg 1 distinctly longest. Femur (espe-
cially) to tibia of legs 1 and, to a lesser extent, 2 enlarged
and thickened (see measurements); posterior femora to
tibiae not so enlarged; leg 3 and 4 femora rather short (so
L/W ratios appear high). Tibia"metatarsus joint with
wide angle of movement (Fig. 13E, F). Numerous macro-
setae on femur to tibia on all legs; distal metatarsus joint
fringed with macrosetae (Fig. 13C, D). Tarsus with paired
claws pectinate and few distal macrosetae (Fig. 13G). No
femoral trichobothria; few trichobothria on proximal dor-
sal surface of at least tibia 3 and 4 (Fig. 15B). Opistho-
soma suboval, slightly longer than broad, bearing terminal
spinnerets, anal tubercle, and vestigial cribellum (undi-
vided, anterior border strongly recurved, posterior border
slightly biconcave) (Figs 13A"D, 15A). Pattern of setae
indicates locations of epigastric furrow in anterior half of
ventral surface and spiracle anterior to vestigial cribellum
(Fig. 13D).

Male pedipalp as long as leg 1 femur; pedipalp patella
with prominent distal macroseta (Fig. 13A, B); tibia with
numerous short, curved macrosetae on anterior surface;
tarsus (cymbium) short, subtriangular, thickly clothed
with long setae and long, curved macrosetae
(Figs 13A"D, 14A, B); bulb short, with ?subtegulum, ?
tegulum, and planispirally coiled embolus with 2"3 turns
(Fig. 14A, B).

Measurements of CNU-SPI-LB2013001: body L (inc.
ch & sps) 7.65 mm; car L 3.46 mm, W 3.08 mm, L/W
1.12; op L 5.01 mm, W 4.16 mm, L/W 1.21; st L
1.55 mm, W 0.97 mm, L/W 1.60; lab L 0.65 mm, W
0.77 mm, L/W 0.84; mx L 0.69 mm. Podomere lengths:
Pd fe 1.54 mm, pa 0.58 mm, ti 0.99 mm, ta 0.95 mm, total
fe"ta 4.07 mm; Leg 1 fe 4.04 mm (W 1.26 mm, L/W
3.21), pa 1.29 mm, ti 2.87 mm, mt 3.34 mm, ta 1.66 mm,
total fe"ta 13.22 mm; Leg 2 fe 3.11 mm (W 1.27 mm,
L/W 2.46), pa 1.28 mm, ti 2.23 mm, mt 2.38 mm, ta
1.32 mm, total fe"ta 10.33 mm; Leg 3 fe 2.29 mm (W
0.89 mm, L/W 2.58), pa 0.96 mm, ti 1.49 mm, mt
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Figure 13. Zhizhu jeholensis gen. et sp. nov. A, B, G, holotype male part CNU-SPI-LB2013001-P; A, dorsal habitus, dry; B, explana-
tory drawing for A;G, left leg 1 tarsus, showing pectinate paired claw and two distal macrosetae (broken). C"F, holotype male counter-
part CNU-SPI-LB2013001-C. C, ventral habitus, dry; D, explanatory drawing for C; E, right leg 1 tibia"metatarsus joint; F, left leg 2
tibia"metatarsus joint.
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1.82 mm; Leg 4 fe 2.32 mm (W 0.81 mm, L/W 2.87), pa
0.89 mm, ti 2.05 mm, mt 2.29 mm. Vestigial crib L
0.40 mm, W 0.87 mm, L/W 0.46.

?stem-Superfamily Deinopoidea Koch, 1851

(Figs 16, 17)

Remarks. Specimen CNU-SPI-NN2002031 can be dis-
tinguished from the new genus Zhizhu by the distinct
cluster of tibial trichobothria on at least legs 3 and 4,
the presence of more numerous macrosetae on the ped-
ipalp and legs, its larger size (it appears to be imma-
ture but is as large as an adult female Zhizhu), and
more unequal leg lengths in comparison with

immatures of Zhizhu. The setae covering the body and
appendages are also coarser than in Zhizhu (Fig. 16A).
The cluster of tibial trichobothria is found in (the
monotypic) Mongolarachne jurassica (Selden, Shih &
Ren, 2011) (Selden et al. 2013), known from an adult
male and an adult female from the Daohugou locality.
However, numerous characters separate it from this
species: the setae are coarser and more numerous, the
legs are much shorter, and the calamistrum extends
almost the whole length of metatarsus 4.

The spider appears to be an immature female, based on
the pedipalp tarsus not being swollen, and the absence of
any visible epigynal structure. We hesitate to erect a new
genus for an apparently immature spider.

Figure 14. Zhizhu jeholensis gen. et sp. nov. holotype male counterpart CNU-SPI-LB2013001-C; A, pedipalps under alcohol; B, pedi-
palps dry, under low-angle illumination.
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Description of immature female. Large spider (body L
11.50 mm). Whole body (including legs) thickly clothed
in coarse setae. Carapace suboval in outline, slightly lon-
ger than wide, laterally gently outwardly curved, with
curved anterior margin, posterior margin slightly recurved
(Fig. 16A, B); cephalic region outlined by gently out-
wardly curved furrows running from lateral ends of fovea
to anterolateral corners of carapace; transverse fovea situ-
ated two-thirds of length of carapace from anterior
(Fig. 16A, B); hirsute, with rows of setae running for-
wards on midline, and at lateral edges, of cephalic region,
few macrosetae at front of carapace overhanging chelic-
erae. Chelicerae (Fig. 16A, B) prominent, robust, with
curved fang distally, row of teeth on cheliceral ?retromar-
gin extend two-thirds of length of paturon. Pedipalp
thickly clothed with macrosetae on femur"tarsus, densest
on tibia and tarsus. Leg formula 1243; leg lengths
unequal, with anterior (especially leg 1) distinctly longer
than posterior. Macrosetae on femora"metatarsi, particu-
larly numerous on dorsal femora and all surfaces of tibiae
and metatarsi; metatarsi 3 and 4 distal joints fringed with
macrosetae. Tarsus 4 with few ventral macrosetae (of nor-
mal length, not arranged in a pattern) (Fig. 17B). Metatar-
sus 4 with calamistrum, running almost whole length of
podomere (Figs 16A, B, 17A). No femoral trichobothria;
cluster of tibial trichobothria on at least legs 3 and 4
(Fig. 16C). Opisthosoma subcircular, about as wide as
long; spinnerets and cribellum situated in posterior half of
ventral surface of opisthosoma; cribellum undivided,
nearly twice as wide as long, anterior border strongly
recurved, posterior border biconcave (Fig. 16D, E).

Measurements of CNU-SPI-NN2002031: body L (inc.
ch & sps) 11.50 mm; car L 4.19 mm, W 3.75 mm, L/W
1.12; op L 5.83 mm, W 5.54 mm, L/W 1.05; ch L
1.65 mm. Podomere lengths: Pd fe 1.28 mm, pa 0.55 mm,
ti 1.13 mm, ta 1.50 mm, total fe"ta 4.46 mm; leg 1 fe

4.40 mm, pa 1.36 mm, ti 3.82 mm, mt 3.70 mm, ta
1.79 mm, total fe"ta 15.07 mm; leg 2 fe 3.37 mm, pa
1.31 mm, ti 2.73 mm, mt 2.77 mm, ta 1.34 mm, total
fe"ta 11.48 mm; leg 3 fe 2.26 mm, pa 0.95 mm, ti
1.68 mm, mt 1.80 mm; leg 4 fe 2.61 mm, pa 1.03 mm, ti
1.93 mm, mt 2.62 mm, ta 1.18 mm, total fe"ta 9.32 mm.
Crib L 0.62 mm, W 1.19 mm, L/W 0.52.

Discussion

The spiders described here appear to be closest in mor-
phology to the Deinopoidea. They can be excluded from
the hypochiloids and austrochiloids by the lack of poste-
rior book lungs; in addition, the calamistrum in hypochil-
ids is biseriate, a synapomorphy for Austrochiloidea is a
clypeal hood (not seen in the fossils), austrochiloids have
feathery setae, and the fossils show macrosetae on the tar-
sus of leg 4 which are not found in either of these extant
groups. The undivided cribellum rules out most cribellate
families and the RTA clade (which is also excluded
because the fossils lack a tibial apophysis). The fossils
cannot be included in the Palpimanoidea, which are rather
common in the Mesozoic (Wood et al. 2013), because
these spiders are ecribellate and bear distinctive cheliceral
peg teeth and leg scopulae. Araneoidea can be ruled out
because the fossils lack simple and serrate setae and a par-
acymbium on the male palp.

Extant Deinopoidea include two families: Deinopidae
and Uloboridae, and the superfamily is characterized by a
distinctive row of macrosetae on the fourth leg tarsus (the
deinopoid tarsal comb, Griswold et al. 1998, 2005), a fea-
ture not seen in the fossils. Other characteristics of the
superfamily include an undivided cribellum, a uniseriate
calamistrum on metatarsus 4, and plumose setae; all char-
acters seen in the fossils. However, deinopoids also bear

Figure 15. Zhizhu jeholensis gen. et sp. nov. holotype male. A, counterpart CNU-SPI-LB2013001-C, spinnerets. B, part CNU-SPI-
LB2013001-P, right leg 3 basal tibia, showing possible trichobothria.
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Figure 16. Immature female ?deinopoid. A, B, part CNU-SPI-NN2002031-P; A, dorsal habitus; B, explanatory drawing for A. C"E,
counterpart CNU-SPI-NN2002031-C; C, left leg 4 base of tibia, showing cluster of trichobothria; D, ventral habitus; E, explanatory
drawing for C.

22 P. A. Selden et al.

D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f K

an
sa

s L
ib

ra
rie

s]
, [

Pa
ul

 S
el

de
n]

 a
t 0

7:
36

 2
7 

Ja
nu

ar
y 

20
15

 



feathery setae, which do not occur in the fossils. There are
differences between the two extant deinopoid families: in
uloborids, the tarsal comb consists of short, stubby macro-
setae, whilst in deinopids these macrosetae are normal
sized, with slightly hooked tips, and similar in shape to
the araneoid sustentaculum (see Griswold et al. 2005);
also, uloborids lack venom glands, their cuticle shows
simple setae (aculeate sensu Murphy & Roberts 2015; a
character common with araneoids) in addition to plumose
(sensu lato; according to Murphy & Roberts 2015, this

type of seta is setose aculeate in Deinopidae, whilst Ulo-
boridae show both plumose and setose aculeate setae),
most genera have femoral trichobothria, the uloborid
calamistrum is situated within a depression on metatarsus
4, and the male palps differ in a number of ways (e.g. the
embolus is planispiral in deinopids).

Possible Mesozoic deinopoids are known from the
Jurassic of Australia (Talbragaraneus Selden & Beattie,
2013); and the Lower Cretaceous of Spain (Palaeoulobo-
rus Selden, 1989; Selden 1990; Selden & Penney 2003),
the Lebanon (Palaeomicromenneus Penney, 2003), Myan-
mar (Burmuloborus Wunderlich, 2008b, Ocululoborus
Wunderlich, 2008b, Palaeomiagrammopes Wunderlich,
2008b and Paramiagrammopes Wunderlich, 2008b), and
New Jersey (Jerseyuloborus Wunderlich, 2011; Wunder-
lich 2012). When they are visible, plumose setae are pres-
ent in Mesozoic deinopoids; feathery setae, on the other
hand, have only been reported from Palaeomicromenneus.
Among Mesozoic deinopoid-like spiders, the deinopid-
type comb of normal-sized tarsal macrosetae is known
from only Mongolarachne; the uloborid-type comb of
stubby macrosetae is not known from any Mesozoic dein-
opoids. In other Mesozoic ?deinopoids, tarsal 4 ventral
macrosetae are present, but unordered, in Zhizhu, the
immature ?deinopoid described in this paper, Palaeomi-
cromenneus, Palaeomiagrammopes, Paramiagrammopes
and Jerseyuloborus, but are not known from Palaeoulobo-
rus or Burmuloborus. The uloborid character of femoral
trichobothria has only been recorded in Palaeouloborus,
Palaeomiagrammopes, Paramiagrammopes and Jerseyu-
loborus. The curved metatarsus 4, typical of Uloboridae
but not Deinopidae, is known from all Mesozoic fossils
ascribed to Deinopoidea except for Mongolarachne and,
strangely, Paramiagrammopes sp. indet. (Wunderlich
2008a); odd, too, is that part of the calamistrum lies in a
slight depression in Palaeomicromenneus (Penney 2003),
which was placed in Deinopidae.

So, unlike later, Cenozoic and Recent deinopoids, there
are no Mesozoic spiders allied to the deinopoids which
show all of the supposed synapomorphies of the super-
family. It is possible that these disparate genera each rep-
resent separate losses of the deinopoid characters which
they lack. More likely, however, is that these characters
were accumulated one at a time during the Mesozoic.

Other fossils which should be discussed here include
Juraraneus Eskov, 1984, Cretaraneus Selden, 1990, and
Macryphantes Selden, 1990. Macryphantes was described
from an adult male from the Cretaceous El Montsec Fos-
sil-Lagerst€atte, Spain, and an additional, but poorly pre-
served, specimen belonging to this genus was described
from the Cretaceous of the Las Hoyas Fossil-Lagerst€atte,
Spain (Selden & Penney 2003). Macryphantes was as
placed in Tetragnathidae on account of the presence of
femoral trichobothria (at least on leg 1), the presence of
serrate setae, and absence of plumose and feathery setae

Figure 17. Immature female ?deinopoid. A, part CNU-SPI-
NN2002031-P, right leg 4 metatarsus and tarsus, showing calam-
istrum and tarsal claws. B, counterpart CNU-SPI-NN2002031-C,
right leg 4 metatarsus (dorsal edge missing) and tarsus, showing
macrosetae and tarsal claws.

Figure 18. Macrosetae of Cretaceous ?deinopoids from the El
Montsec Fossil-Lagerst€atte, Spain. A, Macryphantes cowdeni
Selden, 1990, holotype, macroseta at the base of leg 1 tibia
showing characteristic spiral ornament. B, Cretaraneus lacasae
Selden, 1990, holotype, macroseta at the base of leg 1 tibia
showing distinctive striated ornament (from Selden 1990, text-
fig. 4b).
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(Selden 1990) (the lack of a cribellum and calamistrum is
not a factor because the specimen is an adult male). How-
ever, looking again at photographs of the setae, it is clear
that the macrosetae show a spiral ornament typical of plu-
mose setae (Lehtinen 1967; compare Figs 1B"E and
18A). There was also a suggestion (Selden 1990, p. 280)
that the line of curved setae dorsally on the fourth metatar-
sus ofMacryphantes (Selden 1990, pl. 4, fig. 6) could rep-
resent a vestigial calamistrum. Therefore, it is possible
that Macryphantes, rather than being a tetragnathid, is
actually another stem-deinopoid. Further, Cretaraneus,
from the same El Montsec Fossil-Lagerst€atte, shows dis-
tinctively striated macrosetae (Fig. 18B, reproduced from
Selden 1990, text-fig. 4b). This ornament is unlike that of
the plumose macrosetae but is the same as that seen in the
setae of Juraraneus, although not the macrosetae of this
genus which show a plumose, spiral ornament (Selden
et al. 2013, supplementary figure 1). Juraraneus was dem-
onstrated to have a calamistrum (Selden 2012), and there-
fore is not an araneoid. Cretaraneus, on the other hand,
has no calamistrum (though it is an adult male), and its
pedipalp is typical of that of a nephilid, in which family it
is currently placed. An explanation of the anomaly of an
apparently mature male spider showing a calamistrum is
that possibly Juraraneus is a subadult male whose pedi-
palp shows morphology but has yet to erupt at the final
moult (Selden et al. 2013). Macryphantes, Juraraneus
and Cretaraneus may, therefore, belong to the stem-
deinopoids, but further study is necessary to test this
hypothesis. A general conclusion to be drawn from this
survey is that SEM studies would be beneficial to eluci-
date the ultrastructures of the setae and macrosetae of
these previously described fossils and, perhaps more
importantly, a study of the different setal and macrosetal
types amongst living spiders would be beneficial to estab-
lish whether their distributions have any phylogenetic
significance.

The Deinopoidea, as presently constituted, consists of
two fairly closely related families, Uloboridae and Deino-
pidae. However, as shown here, there seems to have been
a stem assemblage of diverse taxa more related to the
deinopoids than any other extant superfamily. It is to be
expected that no crown group with more than a single syn-
apomorphy came into being with all characters in place;
rather, the diagnostic characters were accumulated
through a series of stem taxa, which are all now extinct.
So, Mongolarachne, for example, lacks feathery setae but
does possess a row of sustentaculum-like macrosetae on
the fourth tarsus. In this respect, it lies higher on the stem
to modern deinopoids than Zhizhu. Given the number of
Mesozoic deinopoid genera so far described, compared to
their generally lower disparity today, the modern families
Uloboridae and Deinopidae likely represent remnants of a
former greater diversity in the Mesozoic. Furthermore, if
it were to be demonstrated that other extant taxa emerged

from the deinopoid stem or crown group, it would render
the whole-group Deinopoidea paraphyletic.

Following the realization that the cribellate (deinopoid)
and ecribellate (araneoid) orb weavers may be sister
groups (Coddington 1986), forming the Orbiculariae,
much effort has gone into establishing the monophyly of
the orb weavers, despite which it has remained unresolved
(see a recent review by Hormiga & Griswold 2014). Most
recently, two phylogenomic studies (Bond et al. 2014;
Fern!andez et al. 2014) have independently placed the
Deinopoidea alongside the cribellate, non-orb weaver
family Oecobiidae (Bond et al. 2014 used Deinopis in
their analysis, whilst Fern!andez et al. 2014 used Ulobo-
rus). Their results removed Deinopoidea from their for-
mer inclusion in the Orbiculariae (as sister group to
Araneoidea), thus effectively reopening the ‘Cribellate
Problem’ (Baum 1970), thought to have been resolved by
Lehtinen (1967). However, an alternative to multiple evo-
lution of orb webs is a single origin but deeper in spider
phylogeny (see Bond et al. 2014, fig. 3), among Mesozoic,
or even older, cribellates.
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