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INTRODUCTION

The majority of Mesozoic aquatic insect assem-
blages of China are of lacustrine origin; they typically
contain nymphs of Ephemeroptera, larval Odonata, lar-
val and adult Heteroptera (within Hemiptera), larval
and adult Coleoptera, and larval and pupal Diptera.
Thousands of specimens of aquatic insects have been
collected by Chinese researchers from the Jurassic and
Lower Cretaceous fossil sites in China. Among them,
the mayflies are rather rare, and only a few remnants of
nymphs have been described from the Shiti, Jiulongs-
han, Haifanggou, Sanjianfang, and Yixian formations,
respectively (Lin, 1986; Lin and Huang, 2001; Hong,
1983; Hong et al., 1995; Wang, 1980, 1987). Contrary
to this, a large number of nymph specimens have
recently been discovered in the Daohugou Formation.
Only some of them have so far been described taxo-
nomically, although some specimens are assigned to
species known from Russia, i.e., 

 

Mesoneta antiqua

 

Brauer, Redtenbacher et Ganglbauer, 1889 and 

 

Meso-
baetis sibirica

 

 Brauer, Redtenbacher et Ganglbauer,
1889 (Ren et al., 2002). Unfortunately, the placements
of all these taxa may be incorrect (Kluge and Sinitshen-
kova, 2002; Kluge, 2004).

Four new species of four known genera are estab-
lished and depicted in this paper: 

 

Furvoneta relicta 

 

sp.
nov.;

 

 Clavineta eximia

 

 sp. nov., which was previously
placed in 

 

Mesoneta antiqua

 

 sensu auct., Hong, 1983
(non Brauer, Redtenbacher et Ganglbauer, 1889);

 

Mesobaetis latifilamentacea

 

 sp. nov.; and 

 

Stackelber-
gisca cylindrata 

 

sp. nov.; they come respectively from
the Haifanggou, Jiulongshan, and Daohugou forma-
tions of the Liaoning and Hebei provinces, and Inner
Mongolia. Each species is described based on a single
nymph.

It is difficult to classify fossil mayfly nymphs based
only on the outline characters preserved, because they
are not the main features used in the modern phyloge-
netic classification of Recent Ephemeroptera. For this
reason, the erection of some extinct genera and families
may be insufficient, and their taxonomic positions are
debatable. Thus, the four new species described herein
may be temporarily placed in known genera within
known extinct or extant families, although their attribu-
tion needs to be further studied. This is also true of
many fossil taxa established based on mayfly nymphs.

The age of the nymph-bearing strata mentioned
above has been the focus of much discussion among
geologists and paleontologists, and is estimated in a
range from the early Middle Jurassic to the Early Cre-
taceous (Hong, 1983; Wang et al., 2000, 2002; Wang
2000, 2004; Lin and Huang, 2001; Ji and Yuan, 2002;
Ren et al., 2002; Gao and Shubin, 2003; Shen et al.,
2003; Chen et al., 2004; Rasnitsyn and Zhang, 2004a,
2004b). According to new biostratigraphical data and
isotope dating, the entomofaunas from the Daohugou,
Haifanggou, and Karabastau formations (Karatau,
Kazakhstan) can be correlated and, consequently, are
contemporaneous or almost contemporaneous, being
Callovian or Oxfordian of the latest Middle Jurassic-
earliest Late Jurassic. The Jiulongshan Formation
(especially at the fossil site of the village of Zhouyingzi
in Luanping, Hebei, China) is older than the Daohugou
or Haifanggou formations and is dated Middle Jurassic
(Zhang and Zhang, 2003; Zhang, 2004).

These new nymph species, like other Mesozoic Chi-
nese nymphs, are limnic rather than fluvial. Sinitshenk-
ova (1984, 1999) discussed in detail the habitats of
Mesozoic mayflies. She believes that all Jurassic and
Early Cretaceous mayfly nymphs are lacustrine rather
than rheophilous (Sinitshenkova, 1984), while the
insects that can be connected with flowing water are
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almost exclusively represented by flying adults (Sinit-
shenkova, 1999). This deduction seems correct. The
nymphs recorded in China, including 

 

Ephemeropsis
trisetalis

 

 Eichwald, 1864, 

 

Mesoneta antiqua

 

 sensu
auct. (Hong, 1983; Ren et al., 2002) (non Brauer,
Redtenbacher et Ganglbauer, 1889), and 

 

Mesobaetis
sibirica

 

 sensu auct. (Hong et al., 1995; Ren et al., 2002)
(non Brauer, Redtenbacher et Ganglbauer, 1889), are
limnic rather than fluvial, although Ren et al. (1996)
was of the opinion that all the above-mentioned species
inhabited streams.

The material examined is housed at the Nanjing
Institute of Geology and Palaeontology of the Chinese
Academy of Sciences (NIGPAS).

SYSTEMATIC PALEONTOLOGY

 

Family Mesonetidae Tshernova, 1969
Genus 

 

Furvoneta

 

 Sinitshenkova, 1990

 

Furvoneta relicta

 

 sp. nov.

 

Plate 15, figs. 1–3

 

E t y m o l o g y. From the Latin 

 

relictus

 

 (relict).
H o l o t y p e. NIGPAS, no. DHG 0515-a, DHG

05015-b, part and counterpart, impression of a well-
preserved nymph, nearly dorsoventral aspect; China,
Liaoning Province, Beipiao City, Haifeng Township,
Yushudonggou locality; uppermost Middle Jurassic–
lowermost Upper Jurassic, Haifanggou Formation.

D e s c r i p t i o n  (Fig. 1a). Nymph. The head is
oval, slightly longer than wide. The clypeus is trans-
versely rectangular. The mandibles are obscure. The
eyes are poorly preserved, seemingly oval. The head
and thorax are long, while the abdomen (excluding cau-
dalii = tail filaments, caudal filaments) is about
1.7 times as long as the head and thorax (excluding
wing buds = wing sheaths, wing pads) combined. The
pronotum has straight anterior and posterior margins,
3.8 times wider than long. The anterior pair of wing
buds are large, bladelike, and reach the posterior mar-
gin of the second abdominal segment; the posterior pair
of wing buds are completely covered by anterior buds.
The legs are short and thick, with the femora longer
than the tibiae and tarsi combined, the tarsi are longer
than the tibiae; the claws are well developed. The abdo-
men is approximately 2.5 times longer than wide, with
the basal abdominal segments being the widest, each
tergum of the basal abdominal segment is about four
times wider than long, the remaining terga taper gradu-
ally terminally. The tenth is clearly shorter and nar-

rower than the ninth; the posterolateral projections on
abdominal segments 1–8 are long and sharp; on the
ninth, the posterolateral projections become very long
and sharp, and are nearly as long as the tenth abdominal
tergum. Tergalii (= gills) are well developed on abdom-
inal segments 1–7; all tergalii are single, comparatively
small (about half as long as the width of the abdominal
terga at the middle) and elongated oval (with their tops
more or less sharp), with sclerotized anal costae
(= inner ribs) and costae (= fore costae, outer ribs) are
weakly developed. The caudalii are comparatively thin
and short (about half as long as the abdomen, and less
than one-third of the body length). The paracercus and
inner margins of the cerci are covered with hairs.

M e a s u r e m e n t s, mm. Length of nymph
(including caudalii) 14.1 (head length, 1.5; pronotum
length, 1.0; pterothorax length,1.7; abdomen length,
6.7; paracercus length, 3.2; cercus length, 3.2); the
width (at the basal abdominal segments), 2.7; middle
leg length, 3.0 (femur length, 1.6; tibia length, 0.5; tar-
sus length, 0.9).

C o m p a r i s o n. The new species is similar to

 

F. lucida 

 

Sinitshenkova, 2002 from the Middle–Upper
Jurassic of the Shar-Teeg (= Shara-Teeg) locality,
Adzh-Bogdo Mountain Ridge, south of Shar-Teeg
Mountain, Gobi-Altai Aimak, Mongolia, from which it
differs in the larger head, which is longer than wide and
in the longer posterolateral projections on abdominal
segments 1–8. This nymph is distinguished from

 

F. sobria 

 

Sinitshenkova, 2002 (for locality, see under

 

F. lucida

 

) by the shape of its smaller tergalii, in which
the anal costae are sclerotized and the costae become
weak.

However, the Shar-Teeg locality, which yielded

 

F. lucida 

 

and 

 

F. sobria

 

, is a series of outcrops of Meso-
zoic, most probably Upper Jurassic, lacustrine sedi-
ments (Gubin and Sinitza, 1996; Sinitshenkova, 2002).

M a t e r i a l. Holotype.

 

Genus 

 

Clavineta

 

 Sinitshenkova, 1991

 

Clavineta eximia

 

 sp. nov.

 

Plate 15, fig. 4

 

Mesoneta antiqua

 

: Hong, 1983, pl. I, figs. 6–8; fig. 7 (non
Brauer et al., 1889).

 

E t y m o l o g y. From the Latin 

 

eximius

 

 (eximious,
select, excellent).

H o l o t y p e. NIGPAS, no. DHG 0516, impression
of a well-preserved nymph, dorsoventral aspect; China,

 

E x p l a n a t i o n  o f  P l a t e  15

 

Figs. 1–3. 

 

Furvoneta relicta

 

 sp. nov., nymph, holotype: (1) part, NIGPAS, no. DHG 0515-a; (2) The same as 1 but wet with glycerol;
and (3) counterpart, fragment, NIGPAS, no. DHG 0515-b.

 

Fig. 4. 

 

Clavineta eximia

 

 sp. nov., nymph, holotype NIGPAS, no. DHG 0516.

 

Fig. 5. 

 

Mesobaetis latifilamentacea

 

 sp. nov., nymph, holotype NIGPAS, no. DHG 0517.

 

Fig. 6.

 

 Stackelbergisca cylindrata

 

 Zhang, sp. nov., nymph, holotype NIGPAS, no. DHG 0518.
Scale bars, 1 mm.
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Hebei Province, Luanping County, Zhouyingzi local-
ity; Middle Jurassic, Jiulongshan Formation.

D e s c r i p t i o n  (Fig. 1b). Nymph. The head is
small, obviously wider than long. The eyes are rela-

tively small, oval. The head and thorax are short, and
the abdomen (excluding caudalii) is about 3.5 times
longer than the head and thorax (excluding wing buds)
combined. The pronotum is nearly transversely rectan-
gular, and has straight anterior and posterior margins,
nearly four times wider than long. The wing buds are
triangular, with the anterior pair of wing buds reaching
the posterior margin of the pterothorax, and the poste-
rior pair of wing buds reaching the middle of the first
abdominal segment. The foreleg is thin and long, the
tibia and tarsus are extended forward; the femur is club-
shaped, its inner margin is covered with short hairs. The
tibia is cylindrical, slightly shorter than the femur, its
inner margin has long hairs. The tarsus is slightly
shorter than and as wide as the tibia. The claw is small,
simple, about one-fifth of the length of the tarsus. The
abdomen is almost 3.6 times longer than wide, with the
basal abdominal segments being the widest. Each ter-
gum of the basal abdominal segment is less than three
times wider than long, with the W-shaped anterior mar-
gin, the posterior margins are straight. Subsequent seg-
ments gradually become smaller, the posterior margin
of the tenth tergum is more or less rounded. The poste-
rolateral projections on abdominal segments 1–7 are
prominent but not extended posterolaterally, while the
posterolateral projections on abdominal segments 8 and
9 are long and sharp and clearly extended backward.
The tergalii are well developed on abdominal segments
1–7; all tergalii are single, foliaceous (with weak and
rounded ends), and comparatively large (at least two-
thirds, or more, as long as the width of the abdominal
terga); the sixth and seventh pairs of tergalii are nearly
as large as the others. The cadalii are comparatively
thin; the paracercus and the inner margins of the cerci
are covered with long and dense hairs.

M e a s u r e m e n t s, mm. Length of nymph
(including caudalii), 15.3 (with the head length, 0.7;
pronotum length, 0.4; pterothorax length, 1.5; abdomen
length, 9.2; paracercus length, as preserved, 2.9; cer-
cus length, as preserved, 3.5); the width (at basal
abdominal segments), 2.7; foreleg length, 5.9 (femur
length, ca. 2.2, tibia length, 1.9, tarsus length, 1.5,
claw length, 0.3).

C o m p a r i s o n. The new species is most similar to

 

C. cantabilis

 

 Sinitshenkova, 1991 from the Upper
Jurassic–Lower Cretaceous of the Shar-Teeg locality,
Adzh-Bogdo Mountain Ridge, south of Shar-Teeg
Mountain, Gobi-Altai Aimak, Mongolia (Sinitshenk-
ova, 1991), but differs in the basal abdominal segments
being narrower and longer, and in the larger body. It dif-
fers from 

 

C. transbaikalica

 

 Sinitshenkova, 2000,
another species from the Upper Jurassic of Chernovskie
Kopi (Chita Region, Chita District, Chita–Ingoda
Depression, left bank of the Ingoda River, 18–20 km
southwest of Chita, Tranbaikalia, Russia), in the shorter
and thicker tibia of the foreleg which is nearly as long
as the femur, and in the smaller and transverse head.

 

(a)
(b)

(c)

(d)

 

Fig. 1.

 

 Mayfly nymphs of the families (a, b) Mesonetidae,
(c) Siphlonuridae, and (d) Siphluriscidae: (a) 

 

Furvoneta
relicta

 

 sp. nov., holotype NIGPAS, no. DHG 0515-a,
nymph; (b) 

 

Clavineta eximia

 

 sp. nov., holotype NIGPAS,
no. DHG 0516, nymph; (c) 

 

Mesobaetis latifilamentacea

 

 sp.
nov., holotype NIGPAS, no. DHG 0517, nymph; and
(d) 

 

Stackelbergisca cylindrata

 

 sp. nov., holotype NIGPAS,
no. DHG 0518, nymph. All scale bars, 1 mm.
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R e m a r k s. Hong (1983) described three nymph
specimens from the Jiulongshan Formation at the vil-
lage of Zhouyingzi and assigned them to 

 

Mesoneta
antiqua

 

, a species known from the Lower Jurassic
Cheremkhovo Formation in Ust’-Bailey, Siberia, Rus-
sia (Tshernova, 1962; Kluge and Sinitshenkova, 2002).
In 1980, I collected a single nymph impression from the
same locality and the same horizon in the vicinity of the
village of Zhouyingzi. This specimen shows the same
characters as the nymphs provided by Hong (1983,
pl. I, figs. 6–8) and can thus be assigned to the same
species (

 

Clavineta eximia

 

 sp. nov. described herein).
These nymphs differ sharply from 

 

Mesoneta antiqua

 

 in
the structure of foreleg, the body outline (more slender,
and not widened at the middle of the abdomen), and in
the shape of tergalii.

M a t e r i a l. Holotype.

 

Family Siphlonuridae Ulmer, 1920
Genus 

 

Mesobaetis

 

 Brauer, Redtenbacher 
et Ganglbauer, 1889

 

Mesobaetis latifilamentacea

 

 Zhang, sp. nov.

 

Plate 15, fig. 5

 

E t y m o l o g y. From the Latin

 

 latus

 

 (broad) and

 

filum 

 

(a thread).
H o l o t y p e. NIGPAS, no. DHG 0517, impression

of a single nymph, almost dorsoventral aspect; China,
Hebei Province, Chengde City, Xiabancheng Town-
ship, Xiaofanzhangzi locality; Middle Jurassic, Jiu-
longshan Formation.

D e s c r i p t i o n. (Fig. 1c). Nymph. The head is rel-
atively large, nearly semicircular, markedly wider than
long. The eyes are moderately large, suboval. The head
and thorax are relatively long, and the abdomen
(excluding caudalii) is about 1.8 times longer than the
head and thorax (excluding wing buds) combined. The
pronotum is 4.4 times wider than long, has a slightly
concave anterior margin and a slightly convex posterior
margin. The anterior pair of wing buds is large but thin,
bladelike, and reach the posterior margin of the second
abdominal segment. The posterior pair of buds are
completely covered by anterior buds. The abdomen is
relatively short and thick, almost 2.8 times longer than
wide, with the basal abdominal segments being the
widest. Each tergum of the basal abdominal segment is
almost 4.5 times wider than long, the other terga grad-
ually narrow terminally. The first tergum is darkish
brown in color, the tenth tergum is relatively large,
nearly as wide as the posterior margin of the ninth; the
posterolateral projections on the abdominal segments
are prominent but not extended backward. The tergalii
are single, overlapping, comparatively large and elon-
gated foliaceous (with rounded tops) The caudalii are
quite thick, the paracercus and inner margins of the
cerci are covered with hairs.

M e a s u r e m e n t s, mm. Length of nymph (includ-
ing caudalii), 18.9 (head length, 1.9; pronotum length, 0.6;
pterothorax length, 1.9; abdomen length, 7.9; paracercus

length, as preserved, 2.0; cercus length, as preserved,
6.6), width (at basal abdominal segments) 2.8.

C o m p a r i s o n. Ponomarenko and Schultz (1988)
designated a lectotype of 

 

Mesobaetis sibirica, 

 

which is
housed in the Naturhistorischen Museum in Vienna.
Judging from the photograph (Ponomarenko and
Schultz, 1988, fig. 2), this specimen is a young nymph
about 9 mm long (instead of 14.4 mm in the original
description), with an especially large head (as wide as
the thorax) and very short caudalii (about one-quarter
of the body length). These characters differ strongly
from those of specimens that have previously been
assigned to 

 

M. sibirica.

 

 The new species is distinct
from the lectotype of 

 

M. sibirica

 

 in having stouter and
longer caudalii.

On the other hand, in the presence of the elongated
foliaceous tergalii and narrow anterior pair of wing
buds by which the posterior pair of wing buds is com-
pletely covered, 

 

Mesobaetis latifilamentacea

 

 sp. nov. is
similar to nymphs of 

 

M. sibirica

 

, which was
redescribed by Sinitshenkova (1985) from the Lower
Jurassic Cheremkhovo, Zhalgalant, and Ichetuy forma-
tions in Siberia and to 

 

M. allata

 

 Sinitshenkova, 1985
from the Cheremkhovo Formation in the Ust’-Bailey
locality, Siberia, Russia. It may be easily distinguished
from them in having the first abdominal segment dark-
ish brown, that is, obviously darker in color than the
other abdominal segments, and very thick caudalii.

R e m a r k s. Three species from the Jurassic of
China have been assigned to 

 

Mesobaetis: M. sibirica

 

sensu auct. (Hong et al., 1995; Ren et al., 2002; non
Brauer, Redtenbacher et Ganglbauer, 1889); 

 

M. macu-
lata

 

 Hong, Liang et Hu, 1995; and 

 

M. sanjianfangensis

 

Hong, Liang et Hu, 1995 [originally 

 

Mesobaetis sibir-
ica 

 

sensu Hong, 1983 (non Brauer, Redtenbacher et
Ganglbauer, 1889)] based mainly on the absence of
hairs on the caudalii. However, the diagnosis for 

 

Meso-
baetis

 

 used by the Chinese researchers is questionable.
The placements of the three Chinese species are incor-
rect. Sinitshenkova (1985) developed the diagnosis of
the genus in detail, based on new material (735
nymphs) and showed with confidence the presence of
long and dense hairs on the caudalii (Sinitshenkova,
1985, p. 13, fig. 1e). In those specimens without hairs
on the caudalii, they are most likely secondarily miss-
ing, e.g., due to poor preservation. Nevertheless, until
those Chinese specimens are reinvestigated, their
generic placement is uncertain, although they do not
belong to 

 

Mesobaetis.

 

M a t e r i a l. Holotype.

 

Family Siphluriscidae Zhou et Peters, 2003

Genus 

 

Stackelbergisca

 

 Tshernova, 1967

 

Stackelbergisca cylindrata

 

 Zhang, sp. nov.

 

Plate 15, fig. 6

 

E t y m o l o g y. From the Latin 

 

cylindricus

 

 (cylin-
drical).
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H o l o t y p e. NIGPAS, no. DHG 0518, impression
of a well-preserved nymph, dorsoventral aspect; China,
Inner Mongolia, Chifeng City, Ningcheng County,
Daohugou locality; uppermost Middle–lowermost
Upper Jurassic, Daohugou Formation.

D e s c r i p t i o n. (Fig. 1d). Nymph. The body is
slender, long, and cylindrical. The head is moderately
large, subcircular, somewhat wider than long. The eyes
are moderately large, oval. The head and thorax are rel-
atively long, and the abdomen (excluding caudalii) is
about 2.4 times longer than the head and thorax
(excluding wing buds) combined. The pronotum has a
slightly concave anterior margin and a slightly convex
posterior margin, nearly 3.8 times wider than long. The
wing buds are subtriangular, with the anterior pair of
wing buds overreaching the posterior margin of the
metathorax. The abdomen is almost 3.9 times longer
than wide, with the first abdominal tergum being the
shortest, three times wider than long. The other terga
are almost twice as wide as long, with their anterior and
posterior margins straight, except for the tenth tergum
in which the posterior margin becomes strongly convex
medially. The posterolateral projections on abdominal
segments 1–7 are not prominent. The tergalii are well
developed on abdominal segments 1–7; all tergalii are
single, foliaceous (with pointed ends). The costae is
seen in all tergalii, the “tracheae” are pigmented and
form a partially netlike structure. The caudalii are com-
paratively thin, pale in color; the paracercus and the
inner margins of the cerci are covered with long and
dense hairs.

M e a s u r e m e n t s, mm. Length of nymph
(including caudalii), 17.9 (head length, 1.0; pronotum
length, 0.6; pterothorax length, 2.1; abdomen length,
10.8; paracercus length, as preserved, 3.4; cercus
length, as preserved, 3.5); the width (at the basal
abdominal segments), 2.6.

C o m p a r i s o n. The new nymph closely resem-
bles in body structure that of

 

 S. shaburensis 

 

Sinitshen-
kova, 1991 from the Ichetuy Formation of Transbaika-
lia, Russia, but can be differentiated by its specialized
tergalii on which the “tracheae” are pigmented, and
form a netlike structure, the pale caudalii covered with
pale, long and dense hairs, and by the larger-sized body.

R e m a r k s. Zhou and Peters (2003) established a
new extant family Siphluriscidae (with the type genus

 

Siphluriscus 

 

Ulmer, 1920) and provisionally trans-
ferred 

 

Stackelbergisca

 

 into this new family. Kluge
(2004) believes that

 

 Stackelbergisca

 

 can be subdivided
into at least two different taxa and assigned to Anteri-
torna. The characters of the claw of this new nymph are
unknown since its legs are missing. Therefore, further
detailed comparison between 

 

S. cylindrata 

 

sp. nov.,

 

S. sibirica

 

 Tshernova, 1967, and 

 

S. shaburensis

 

 is diffi-
cult. Until new material can be gained, the new species
should be provisionally placed in the 

 

Stackelbergisca.

 

Meanwhile, the familial placement for 

 

Stackelbergisca

 

needs to be further studied.
M a t e r i a l. Holotype.
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