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Abstract

A new fossil stonefly, Perspicuusoperla lata gen. et sp. nov., is described and illustrated based on a well-preserved female adult 
and its eggs in mid-Cretaceous Burmese amber. The new taxon exhibits a combination of diagnostic morphologies, such as two 
crossveins between anterior radius (RA) and posterior radius (RP), broad subgenital plate exceeding abdomen tip, and entirely 
membranous eggs that cannot be incorporated into any known stonefly families. Perspicuusoperlidae, fam. nov. is established based 
on Perspicuusoperla gen. nov. and its systematic position is preliminarily discussed based on morphological comparison with oth-
er stoneflies. Palaeobiological implications are inferred from the egg morphology. This study represents the earliest known and 
best-preserved fossil record of extinct stonefly eggs.
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1. Introduction

Plecoptera, also called stoneflies, are a basal, aquatic insect 
order distributed on all continents and most major islands 
except Antarctica (Steward 2009). Stoneflies are hemime-
tabolous, with egg, nymph, and adult life stages. They are 
typically associated with running water and waterside mi-
crohabitats. Plecoptera is supported as a monophyletic or-
der according to a series of anatomical characters and also 
molecular evidence (Zwick 2000; Terry and Whiting 2005). 
There are more than 4100 species recorded in Plecoptera, 
including over 300 fossil species (DeWalt et al. 2021). 
The current classification system of Plecoptera comprises 
16 extant families under two suborders (Zwick 2000). The 
suborder Arctoperlaria is largely distributed in the Northern 
Hemisphere except the family Notonemouridae, which oc-
curs in the Southern Hemisphere. Arctoperlaria is further di-
vided into two groups/infraorders, Euholognatha (including 
six families: Capniidae, Leuctridae, Nemouridae, Taeniop-
terygidae, Scopuridae and Notonemouridae) and Systellog-
natha (including six families Pteronarcyidae, Peltoperlidae, 

Styloperlidae, Perlidae, Perlodidae and Chloroperlidae). 
The other suborder Antarctoperlaria is exclusively restrict-
ed to the Southern Hemisphere, containing four families: 
Austroperlidae, Diamphipnoidae, Eustheniidae, and Gri-
popterygidae. The 16 extant families of Plecoptera can be 
readily divided by their unique morphology concerning 
mouthparts, gills, wings, tarsi, genitalia, cerci, and other 
characters (Stewart and Stark 2008; Chen and Du 2018).

Plecoptera comprises relatively rich fossil record, with 
the oldest Pennsylvanian representative Gulou carpenteri 
Béthoux et al. (2011) from the Tupo Formation of China 
(Béthoux et al. 2011). Numerous younger fossils have been 
described with ages ranging from Permian to Pliocene (Liu 
and Ren 2006). In recent years, mid-Cretaceous Kachin am-
ber is attracting lots of interest from the researchers. Three 
families of stoneflies are known from Kachin amber, includ-
ing Perlidae, extinct family Petroperlidae, and Peltoperlidae 
(Latreille 1802; Claassen 1931; Sroka et al. 2018; Chen and 
Xu 2020). These extinct stoneflies have exhibited a series 
pf specially modified external structures which are probably 
associated with mating behavior (Chen and Xu 2021).
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Egg morphology of Plecoptera is very informative from 
species level to subordinal level delimitation and has ob-
vious oviposition-related biological implications (Hynes 
1976; Zwick 2000; Mtow and Machida 2018; Mtow et al. 
2021). However, eggs are rarely reported from fossil ma-
terials, merely with simple egg description from Tertiary 
Dominican amber (Stark and Lentz 1992). In this study, 
a new stonefly that represents a new extinct family is de-
scribed based on a well-preserved female specimen from the 
mid-Cretaceous Kachin amber. The description and analysis 
are provided for the female and its well-preserved egg mass.

2. Materials and methods

The Burmese amber studied in this study was obtained from 
Kachin, Hukawng Valley (26°20'N, 96°36'E) of northern 
Myanmar (precise locality in Kania et al. 2015: fig. 1). The 
age was dated and widely accepted as the earliest Ceno-
manian (98.79 ± 0.62 Ma) of mid-Cretaceous (Shi et al. 
2012; Yu et al. 2019). The amber is deposited in the Insect 
Collection of Jiangsu University of Science and Technology 
(ICJUST, No. CZT-PLE-MA11), Jiangsu Province, Chi-
na. Examination and measurements were conducted with a 
SDPTOP SZM45 stereomicroscope. Photographs were tak-
en by a Canon EOS 6D digital camera equipped with a Can-
on MP-E 65 mm 5× macro lens. Photographs and line draw-
ings were adjusted and optimized with Adobe Photoshop 
CS6. Wing venation nomenclature follows Béthoux (2005).

3. Systematic palaeontology
Order Plecoptera Burmeister, 1839
Suborder Arctoperlaria Zwick, 1973

Perspicuusoperlidae, fam. nov.
http://zoobank.org/3B3C915F-BB52-4A6B-BAF0-BAB42239D696

Type genus. Perspicuusoperla gen. nov.
Etymology. The first part of the compound noun refers 

to the transparent egg and is derived from Latin ‘perspic-
uus’; the second part ‘perlidae’ refers to the stonefly fam-
ily Perlidae Latreille, 1802.

Diagnosis. Triocellate; maxillary palp slender, apical 
segment unmodified; labial palp short, apical segment 
slightly shortened; cervical gills invisible. Legs with two 
giant apical tibial spurs; first two tarsal segments short-
est, with developed euplantulae; arolium without setae. 
In forewings, ScP joining into RA after ra-rp; h stout and 
with regular obliquity; RA not reaching wing apex; RP 
originating at basal ⅓ of RA and with three branches; two 
crossveins present between RA and RP; CuA with four 
branches, two posterior branches fused basally; CuP and 
AA1 simple; AA2 appears unforked and abruptly curved 
backwards at apical half; hind wings with extremely broad 
and multifolded anal area. Abdominal segments unmodi-
fied; paraprocts sclerotized and thumb-shaped; subgenital 

plate broad, exceeding posterior margin of tergum 10. 
Cerci slender, membranous and with multiple segments. 
Egg mass with dozens of uniformly oriented cylindrical 
eggs; each egg with very short collar, membranous and 
transparent chorion, without anchor and pedicel.

Perspicuusoperla gen. nov.
http://zoobank.org/D44F3A06-90E9-49FC-A85C-5F35D2C36C2D

Type species. Perspicuusoperla lata gen. et sp. nov.
Etymology. The genus name is a combination of the 

words Perspicuuso and perla; the first word is derived 
from Latin ‘perspicuus’, meaning ‘transparent’ and re-
fers to the transparent egg; the second word refers to the 
stonefly genus Perla Geoffroy, 1762.

Diagnosis. By monotypy, as for the type species.

Perspicuusoperla lata sp. nov.
http://zoobank.org/D6B8C72C-2175-49E4-9B03-56C4DDDA509A
Figs 1–5

Etymology. The specific epithet means ‘broad’ and is de-
rived from Latin ‘lata’, refers to the broad female subge-
nital plate.

Type material. Holotype male (No. CZT-PLE-MA11), 
deposited in the Insect Collection of Jiangsu University of 
Science and Technology (ICJUST). The specimen is well 
preserved, but its hindwings are covered by forewings.

Type locality. Hukawng Valley, southwest Maingkhwan, 
Kachin State (26°20N, 96°36E), Myanmar, uppermost Al-
bian-lowermost Cenomanian (mid-Cretaceous).

Description. Macropterous (Fig. 1A–C); body long 
and stout, length (excluding antennae and cerci) ca. 
7.5 mm, generally brown.

Head (Figs 1, 2A–C) short and wide, width three times 
longer than length, mostly dark brown, anterolateral and 
posterior margins pale. Triocellate, anterior ocellus large 
and elevated. Compound eye large, oval and strongly 
protruded laterad. Antenna brown and filiform, with 25 
segments preserved, basal segments much shorter than 
wide, each antennal segment covered with dense short 
hairs. Maxillary palp slender, with five segments, apical 
segment unmodified. Labial palp short, length near 2/3 of 
maxillary palp, three-segmented, apical segment slightly 
shorter than second segment. Cervical gills invisible.

Pronotum (Figs 1A–B, 2A–B) slightly narrower than 
head, transversely kidney-shaped, anterior margin longer 
than posterior margin, surface densely pubescent, with 
thick rugosity. Meso- and metanota mostly sclerotized, 
nearly as wide as pronotum. Legs mostly dark brown, fe-
mur longer and thicker than tibia (Fig. 1); two giant tibial 
spurs present ventrally; first two tarsal segments shortest 
(Fig. 2D–F), euplantulae developed; third tarsal segment 
apically with long bristles; arolium without setae.

Wings (Figs 1, 3) hyaline, veins dark brown. Fore-
wings length ca. 10.0 mm. In right forewing (Fig. 3), ScP 

http://zoobank.org/3B3C915F-BB52-4A6B-BAF0-BAB42239D696
http://zoobank.org/D44F3A06-90E9-49FC-A85C-5F35D2C36C2D
http://zoobank.org/D6B8C72C-2175-49E4-9B03-56C4DDDA509A
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Figure 1. Perspicuusoperla lata gen. et sp. nov., holotype female (CZT-PLE-MA11): A. Habitus photo, dorsal view; B. Drawing of 
habitus, dorsal view; C. Habitus photo, ventral view. Scale bars: 1.0 mm.

Figure 2. Perspicuusoperla lata gen. et sp. nov., holotype female (CZT-PLE-MA11): A. Head and thorax, dorsal view; B. Head and 
thorax, ventral view; C. Head, ventral view; D. Tarsi of left foreleg, ventral view; E. Tarsi of left midleg, ventral view; F. Tarsi of 
left hindleg, ventral view. Scale bars: 0.5 mm (A, B), 0.1 mm (D–F).
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reaching RA after ra-rp; h stout and with regular obliquity, 
another 12 crossveins present between Sc and the anterior 
margin; one extra crossvein present beyond ScP; RA not 
reaching wing apex; RP originating at basal ⅓ of RA and 
with three branches; two crossveins present between RA 
and RP; M forked at near half of wing length; at least six 
crossveins present between M and CuA; other longitudi-
nal veins invisible. In left forewing (Fig. 3), RA, RP and M 
similar to right forewing; two crossveins present between 
RA and RP; single crossvein present between RP and M; 
area between M and CuA with seven crossveins; CuA with 
four branches, two posterior branches fused basally; three 
crossveins present between CuA and CuP; CuP and AA1 
simple; AA2 seems unforked and abruptly curved back-
wards at apical half. Hind wings length ca. 9.0 mm, veins 
invisible; anal area extremely broad, with multiple folds.

Abdomen (Figs 1, 4) length ca. 4.5 mm, stout, gener-
ally brown. Abdominal terga unmodified; posterior margin 
of tergum 10 near truncate (Fig. 1A–B). Paraproct strongly 
sclerotized, thumb-shaped, two times longer than wide, apex 
blunt and curved (Fig. 4A–C). Subgenital plate originating 

Figure 3. Perspicuusoperla lata gen. et sp. nov., holotype fe-
male (CZT-PLE-MA11): drawing of forewings, dorsal view. 
Abbreviations: RFW, right forewing; LFW, left forewing; h, hu-
mera; ScP, posterior subcosta; RA, anterior radius; RP, posterior 
radius; M, media; CuA, anterior cubitus; CuP, posterior cubitus; 
AA1, first anterior analis; AA2, second anterior analis; ra-rp, 
crossvein between RA and RP. Scale bar: 1.0 mm.

Figure 4. Perspicuusoperla lata gen. et sp. nov., holotype female (CZT-PLE-MA11): A. Photo of abdomen and egg mass, ventral 
view; B. Photo of terminalia, ventral view; C. Drawing of terminalia, ventral view. Scale bars: 0.5 mm (A), 0.1 mm (B, C).
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from sternum 8, broad and rounded, lateral margins near 
parallel at anterior half; posterior margin of subgenital 
plate extended beyond posterior margin of tergum 10 (Fig. 
4A–C). Cerci (Fig. 4A) membranous and dark brown, with 
12 segments preserved; each segment covered with dense, 
moderately long bristles; boundaries of segments clear.

Egg mass (Figs 1, 4A, 5A–B) composed of dozens of 
cylindrical eggs, diameter ca. 1.2 mm; posterior poles of 
all eggs stuck together in the center of egg mass, whereas 
collars of anterior poles pointing outward. Egg length ca. 
0.75 mm, slender, slightly enlarged at middle (Fig. 5A–E). 
Chorion entirely membranous, transparent and smooth. 
Collar very short, narrow, simple and weakly sclerotized, 
boundary with chorion inconspicuous, inner area circular 
and medially depressed, forming a funnelform median 
channel (Fig. 5C–E). Anchor and pedicel absent.

4. Discussion
4.1. Systematic position

The monophyly of Arctoperlaria is supported by drumming 
behavior and related male abdominal structures such as ven-
tral lobe, hammer, vesicle or hair brush (Zwick 2000). How-
ever, the female holotype does not allow a convenient sub-
ordinal assignment by drumming related male structures.

Antarctoperlaria: Egg structure and wing venation of 
Perspicuusoperlidae apparently distinguish from those 
of the four antarctoperlarian families. The completely 
membranous egg chorion of Perspicuusoperlidae differs 
from the sclerotized chorion in most Antarctoperlaria ex-
cept for Austroperlidae (Hynes 1974; Zwick 2000; Mtow 
et al. 2021). The absence of net-like venation, namely 

Figure 5. Perspicuusoperla lata gen. et sp. nov., holotype female (CZT-PLE-MA11): A. Photo of egg mass, dorsal view; B. Photo of 
egg mass, ventral view; C. Drawing of single egg, lateral view; D. Drawing of single egg, anteriolateral view; E. Drawing of single 
egg, anterior view. Scale bars: 0.2 mm (A, B), 0.1 mm (C–E).
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multiple crossveins in apical half of forewings excludes 
its assignment to Austroperlidae, Diamphipnoidae and 
Eustheniidae (Illies 1960, 1969; Riek 1973; Zwick 1979; 
McLellan 2001; Béthoux 2005). ScP joining into RA in-
stead of running free from RA until reaching the anterior 
wing margin excludes its assignment in Gripopterygidae 
(McLellan 1977; Béthoux 2005; McLellan et al. 2007).

Euholognatha of Arctoperlaria: Although the soft egg 
chorion is considered apomorphic in the infraorder Euho-
lognatha (Zwick 2000), the assignment of Perspicuusop-
erlidae to Euholognatha is easily excluded by the presence 
of euplantulae on first two tarsal segments and the multi-
ple branches of CuA in forewings (Nelson 2009; Cui et al. 
2014). The presence of well-developed wings and absence 
of thoracic notal projections exclude Perspicuusoperlidae 
from the apterous family Scopuridae (Jin and Bae 2005). 
The two shortest basal tarsomeres and absence of setiform 
basipulvilli on pretarsus exclude Perspicuusoperlidae 
from superfamily Nemouroidea (Zwick 2000; Nelson 
2009). The presence of more than one crossvein in the 
distal half of RA–RP area in forewings also denied the 
assignment of Perspicuusoperlidae to most Nemouroidea 
except some Taeniopterygidae (Chen 2021).

Systellognatha of Arctoperlaria: The absence of setae 
on the arolium, the completely membranous egg cho-
rion, and the basal crossvein of the costal field equal in 
size to the remaining crossveins and with normal regular 
obliquity all together excluded Perspicuusoperlidae from 
the infraorder Systellognatha (Zwick 2000; Nelson 2009; 
Cui et al. 2014). Specifically, Perspicuusoperlidae differs 
from Pteronarcyidae by absence of numerous crossveins 
in wings and absence of gill remnants on abdominal seg-
ments (Nelson 1988; Chen and Du 2018); from Peltoperli-
dae by the presence of two crossveins between RA and RP 
(Chen and Xu 2020); from Styloperlidae by the presence 
of three well-developed ocelli, giant tibial spurs, and ab-
sence of numerous crossveins between RA and M (Uchida 
and Isobe 1989); from Perlidae by absence of thoracic gill 
remnants (Zwick 2000) and presence of sclerotized para-
procts in female; from the three recognized tribes (Arcy-
nopterygini, Diploperlini, Perlodini) of perlodid subfamily 
Perlodinae by the apparently different shape and structure 
of eggs (Stark and Szczytko 1984), from another perlo-
did subfamily Isoperlinae by the extremely large female 
subgenital plate exceeding end of sternum 10 in combi-
nation with the three-branched RP in forewing (Zwick 
and Surenkhorloo 2005; Szczytko and Kondratieff 2015a, 
2015b); from Chloroperlidae by the stout body, broad anal 
region in forewing and unmodified apical maxillary palpal 
segment (Zwick 2000, 2006); from the recently proposed 
Kathroperlidae by absence of strongly elongated head, and 
by two crossveins between RA and RP (South et al. 2021).

The wing venation, especially the presence of 
two crossveins between RA and RP in forewings of 
Perspicuusoperlidae apparently differs from all other ex-
tinct stoneflies described from mid-Cretaceous Kachin 
amber, but is reminiscent of the Late Permian fossil fam-
ily Palaeoperlidae (Sinitshenkova 1987, 2013). However, 
the combination of wing characters, including ScP reach-

ing RA after ra-rp, RP with three branches and CuA with 
four branches can separate Perspicuusoperlidae from Pa-
laeoperlidae (Sinitshenkova 1987, 2013).

As a result, it’s currently difficult to conclude the ex-
act systematic position of Perspicuusoperlidae in lack of 
male characters. Perspicuusoperlidae is confidently ex-
cluded from suborder Antarctoperlaria by exhibiting no 
resemblance concerning body pattern and shape to any 
of the four extant families; the completely membranous 
egg chorion further suggests that Perspicuusoperlidae is 
not an antarctoperlarian group. Similarly, in Arctoperlar-
ia, Perspicuusoperlidae cannot be reliably placed in any 
of the two infraorders (Euholognatha and Systellognatha) 
nor any of the families according to the characters dis-
cussed above. The general body characters (body shape, 
color, wing venation, tarsal structures, etc.) of Perspicuu-
soperlidae resemble those of Systellognatha, whereas the 
soft egg chorion is more close related to Euholognatha. 
Zwick (2000) suggested that sclerotized hard egg chori-
on is a groundplan character of Plecoptera whereas the 
soft chorion is probably apomorphy for Euholognatha. 
Perspicuusoperlidae is herein proposed as the stem group 
of Euholognatha + Systellognatha based on the follow-
ing characters: soft egg chorion (apomorphy of Euho-
lognatha); absence of anchor plate in eggs (opposed to 
the apomorphy of Systellognatha); presence of collar in 
eggs (apomorphy of Systellognatha), although not well 
defined; short first tarsomere (apomorphy of Systellog-
natha); presence of euplantulae on basal two tarsomeres 
(plesiomorphy of Systellognatha); absence of setae on 
arolium (opposed to the apomorphy of Systellognatha); 
forewing with numerous crossveins in costal field (plesi-
omorphy of Systellognatha); basal crossvein in the costal 
field of forewing similar to the remaining crossveins (op-
posed to the apomorphy of Systellognatha).

4.2. Palaeobiological implications

The eggs of Plecoptera are too small to be noticed and can 
hardly be preserved in fossil impressions, leaving the mere-
ly available description for Dominiperla antigua Stark & 
Lentz, 1992 (Plecoptera: Perlidae) from Tertiary Domini-
can amber (Stark and Lentz 1992). The eggs of D. antigua 
were bullet-shaped with one pole sharp and another pole 
enlarged. Herein, we reported the oldest stonefly’s eggs, 
which perfectly preserved details for the extinct Plecoptera.

Several interesting characters are found in these eggs 
of Perspicuusoperlidae. Firstly, the egg mass comprises 
only dozens of eggs. The number of stonefly eggs in a 
mass is highly variable, ranged from only a few hundred 
in large species to over 1400 in small winter species (Jew-
ett 1959). The egg masses immediately disintegrate very 
quickly under water (Hynes 1976). In Perspicuusoperl-
idae, the egg mass is considerably small, with no more 
than 100 eggs. According to the study of Taeniopteryx 
nebulosa (Linnaeus, 1758) in Brittain (1977), the low 
number of eggs per egg mass might suggest a low wa-
ter temperature (lower than 10 ℃) in the habitat area. 
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Whereas in the biological study of Nemoura cinerea 
(Retzius, 1783), the number of eggs per mass has no 
significant relationship with temperature (Ebrittain and 
Lillehammer 1987). A fixed level of available natural re-
source could lead to a tradeoff between egg size and egg 
number (Smith and Fretwell 1974), the apparently large 
individual eggs of Perspicuusoperlidae might result in the 
less number in the mass (Berrigan 1991). Another plausi-
ble hypothesis proposed by the author is that, the ancient 
Burmese forest streams were small in size, slow-flowing 
or even fragmented, which could not bear a high-density 
population as big rivers or streams and partially contrib-
uted to the low number of eggs in Perspicuusoperlidae.

Secondly, the eggs of Perspicuusoperlidae are com-
pletely membranous in lack of complicated external 
structures, and the egg mass is composed of uniformly ar-
ranged individual eggs. Eggs of stoneflies are highly vari-
able in size, shape, and chorionic modification. Several 
main types of eggs are introduced by Hynes (1976): eggs 
with an anchor plate to adhere firmly to substrates under 
water (as in some Systellognatha); eggs with sticky mem-
branous or gelatinous surface coverings that swell rapidly 
in water and stick to substrates (as in Euholognatha and 
some Systellognatha); eggs with filament-like projections 
with hooked tips (as in Perlesta Banks, 1906); eggs not 
sticky and simply fall into interstices of stream bed (as 
in most Antarctoperlaria). However, the eggs of Perspic-
uusoperlidae have no anchor plates, sticky membranous 
or gelatinous surface, or any filament-like projections. 
Dissolution of these structures during the fossil forma-
tion is less possible since the surface and outline of all 
visible eggs are uniformly clearly recognized without any 
remnants of above mentioned structures. Two potential 
strategies might be used by eggs of Perspicuusoperlidae: 
simply fall and scatter in water; or use the multiple con-
cave collar areas arranged outside the egg mass as suck-
ing discs to adhere to substrates. The latter assumption 
seems more reasonable since the egg masses of extant 
stoneflies usually stick together with random orientation 
for each egg, whereas the eggs of Perspicuusoperlidae 
uniformly project the collar areas outward. Such ordered 
arrangement of eggs should be functional.

Data availability

All material included in this paper is deposited in the 
Insect Collection of Jiangsu University of Science and 
Technology, Jiangsu Province, China.

Author contributions

ZTC produced the photos and prepared the paper.

Competing interests

The authors declare that they have no conflict of interest.

Acknowledgements
The author thanks the editor and reviewers for helpful 
comments. This work is funded by the Natural Science 
Foundation of Jiangsu Province (No. BK20201009), 
Start-up Funding of Jiangsu University of Science and 
Technology (No. 1182931901), and the support of the 
Museum für Naturkunde Berlin.

References

Berrigan D (1991) The allometry of egg size and number in insects. 
Oikos 60(3): 313–321. https://doi.org/10.2307/3545073

Burmeister H (1839) Zweite Halfte. Neuroptera. Handbuch der Ento-
mologie. Reimer, Berlin, 863 pp.

Brittain JL (1977) The effect of temperature on the egg incubation pe-
riod of Taeniopteryx nebulosa (Plecoptera). Oikos 29(2): 302–305. 
https://doi.org/10.2307/3543618

Banks N (1906) Notes on the Classification of the Perlidae. Canadian 
Entomologist 38: 221–224. https://doi.org/10.4039/Ent38221-7

Béthoux O (2005) Wing venation pattern of Plecoptera (Neoptera). 
Illiesia 1: 52–81.

Béthoux O, Cui YY, Kondratieff B, Stark B, Ren D (2011) At last, a 
Pennsylvanian stem-stonefly (Plecoptera) discovered. BMC Evolu-
tionary Biology 11: e248. https://doi.org/10.1186/1471-2148-11-248

Claassen PW (1931) Plecoptera nymphs of American (north of Mexi-
co). The Thomas Say Foundation 3: 1–199.

Cui YY, Béthoux O, Kondratieff B, Liu YS, Ren D (2014) Sinoshara-
perla zhaoi (Insecta: Plecoptera; Early Cretaceous), a Gondwanian 
element in the northern hemisphere, or just a misplaced species? 
Systematic Palaeontology 13: 883–889. https://doi.org/10.1080/14
772019.2014.960903

Chen ZT (2021) Discovery of Mesyatsia karakorum (Šámal, 1935) 
(Plecoptera: Taeniopterygidae) in Yunnan Province of China. Aquatic 
Insects: 1–10. https://doi.org/10.1080/01650424.2021.1967401

Chen ZT, Du YZ (2018) A checklist and adult key to the Chinese 
stonefly (Plecoptera) genera. Zootaxa 4375(1): 59–74. https://doi.
org/10.11646/zootaxa.4375.1.2

Chen ZT, Xu CP (2020) First Peltoperlidae (Insecta: Plecoptera) from 
mid-Cretaceous Burmese amber. Cretaceous Research 114: 104506. 
https://doi.org/10.1016/j.cretres.2020.104506

Chen ZT, Xu CP (2021) New perlid stonefly (Insecta: Plecoptera) from 
mid-Cretaceous Burmese amber. Cretaceous Research 127: 104954. 
https://doi.org/10.1016/j.cretres.2021.104954 

DeWalt RE, Maehr MD, Hopkins H, Neu-Becker U, Stueber G (2021) 
Plecoptera Species File Online. http://Plecoptera.SpeciesFile.org

Ebrittain J, Lillehammer A (1987) Variability in the rate of egg devel-
opment of the stonefly, Nemoura cinerea (Plecoptera). Freshwater 
Biology 17: 565–568. https://doi.org/10.1111/j.1365-2427.1987.
tb01077.x

Geoffroy EL (1762) Histoire abrégée des insectes qui se trouvent aux 
environs de Paris; dans laquelle ces animaux sont rangés suivant 
un órdre méthodique, Vol. 2. Durand, Paris, 690 pp. https://doi.
org/10.5962/bhl.title.154842

Hynes HBN (1974) Observations on the adults and eggs of Australian 
Plecoptera. Australian Journal of Zoology, Supplement 29: 37–52.

Hynes HBN (1976) Biology of Plecoptera. Annual Review of Entomology 
21(1): 135–153. https://doi.org/10.1146/annurev.en.21.010176.001031

https://doi.org/10.2307/3545073
https://doi.org/10.2307/3543618
https://doi.org/10.4039/Ent38221-7
https://doi.org/10.1186/1471-2148-11-248
https://doi.org/10.1080/14772019.2014.960903
https://doi.org/10.1080/14772019.2014.960903
https://doi.org/10.1080/01650424.2021.1967401
https://doi.org/10.11646/zootaxa.4375.1.2
https://doi.org/10.11646/zootaxa.4375.1.2
https://doi.org/10.1016/j.cretres.2020.104506
https://doi.org/10.1016/j.cretres.2021.104954
http://Plecoptera.SpeciesFile.org
https://doi.org/10.1111/j.1365-2427.1987.tb01077.x
https://doi.org/10.1111/j.1365-2427.1987.tb01077.x
https://doi.org/10.5962/bhl.title.154842
https://doi.org/10.5962/bhl.title.154842
https://doi.org/10.1146/annurev.en.21.010176.001031


fr.pensoft.net

Zhi-Teng Chen: A new mid-Cretaceous family of  Plecoptera82

Illies J (1960) Archiperlaria, eine neue Unterordnung der Plecopteren. 
Beiträge zur Entomologie 10(7–8): 661–697.

Illies J (1969) Revision der Plecopteren familie Austroperlidae. Ento-
mologisk Tidskrift 90(1–2): 19–51.

Jewett SG (1959) The Stoneflies (Plecoptera) of the Pacific Northwest. 
Oregon State College, Corvallis, 95 pp.

Jin YH, Bae YJ (2005) The wingless stonefly family Scopuridae 
(Plecoptera) in Korea. Aquatic Insects 27(1): 21–34. https://doi.
org/10.1080/01650420400021417

Kania I, Wang B, Szwedo J (2015) Dicranoptycha Osten Sacken, 1860 
(Diptera, Limoniidae) from the earliest Cenomanian Burmese am-
ber. Cretaceous Research 52: 522–530. https://doi.org/10.1016/j.
cretres.2014.03.002

Linnaeus C (1758) Systema natura per regna tria naturae secundum 
classes, ordines, genera, species, cum characteribus, differentiis, 
synonymis, locis, 10th edn., Vol. 1. Laurentii Salvii, Holmiae, 824 pp. 
https://doi.org/10.5962/bhl.title.542

Latreille PA (1802) Histoire naturelle, générale et particulière des crustacés 
et des insectes: ouvrage faisant suite aux oeuvres de Leclerc de Buffon, 
et partie du cours complet d’histoire naturelle rédigé 3. De L’imprim-
erie de Crapelet, Paris, 467 pp. https://doi.org/10.5962/bhl.title.15764

Liu YS, Ren D (2006) Progress in the study of Plecoptera fossils. Acta 
Zootaxonomica Sinica 31(4): 758–768.

McLellan ID (1977) New alpine and southern Plecoptera from New 
Zealand, and a new classification of the Gripopterygidae. New Zea-
land Journal of Zoology 4(2): 119–147. https://doi.org/10.1080/030
14223.1977.9517945

McLellan ID (2001) A revision of South American Austroperlidae (Ple-
coptera). Aquatic Insects 23(3): 233–251. https://doi.org/10.1076/
aqin.23.3.233.4891

McLellan ID, Zwick P (2018) New species of and keys to South Ameri-
can Gripopterygidae (Plecoptera). Illiesia 3(4): 20–42.

Mtow S, Machida R (2018) Egg structure and embryonic development 
of arctoperlarian stoneflies: a comparative embryo-logical study 
(Plecoptera). Arthropod Systematics & Phylogeny 76(1): 65–86.

Mtow S, Smith BJ, Machida R (2021) Egg structure of five antarctoperlarian 
stoneflies (Insecta: Plecoptera, Antarctoperlaria). Arthropod Structure 
& Development 60: 101011. https://doi.org/10.1016/j.asd.2020.101011

Nelson CH (1988) Note on the phylogenetic systematics of the fami-
ly Pteronarcyidae (Plecoptera), with a description of the eggs and 
nymphs of the Asian species. Annals of the Entomological Society 
of America 81(4): 560–576. https://doi.org/10.1093/aesa/81.4.560

Nelson CH (2009) Surface ultrastructure and evolution of tarsal attachment 
structures in Plecoptera (Arthropoda: Hexapoda). Aquatic Insects 
31(sup1): 523–545. https://doi.org/10.1080/01650420802598210

Retzius AJ (1783) Caroli Lib. Bar. De Geer, genera et species insecto-
rum e generosissimi auctoris scriptis extaxit, digessit, latine quoad 
partem reddidit, et terminologiam insectorum Linneanam addidit. 
Siegfried Lebrecht Crusium, Lipsiae, 220 pp.

Riek EF (1973) The genera of Australian Austroperlidae (Insecta: Ple-
coptera). Australian Journal of Entomology 12(4): 289–295. https://
doi.org/10.1111/j.1440-6055.1973.tb01675.x

Stark BP, Lentz DL (1992) Dominiperla antigua (Plecoptera: Perlidae), 
the first stonefly from Dominican amber. Journal of the Kansas En-
tomological Society 65(1): 93–96.

Stark BP, Szczytko SW (1984) Egg morphology and classification 
of Perlodinae (Plecoptera: Perlodidae). Annales de Limnologie 
20(1–2): 99–103. https://doi.org/10.1051/limn/1984029

Smith CC, Fretwell SD (1974) The optimal balance between size and 
number of offspring. The American Naturalist 108(962): 499–506. 
https://doi.org/10.1086/282929

South EJ, Skinner RK, DeWalt RE, Davis MA, Johnson KP, Teslenko 
VA, Lee JJ, Malison RL, Hwang JM, Bae YJ, Myers LW (2021) 
A new family of stoneflies (Insecta: Plecoptera), Kathroperlidae, 
fam. n., with a phylogenomic analysis of the Paraperlinae (Plecop-
tera: Chloroperlidae). Insect Systematics and Diversity 5(4): 1–27. 
https://doi.org/10.1093/isd/ixab014

Shi G, Grimaldi DA, Harlow GE, Wang J, Wang J, Wang M, Lei W, Li 
Q, Li X (2012) Age constraint on Burmese amber based on U-Pb 
dating of zircons. Cretaceous Research 37: 155–163. https://doi.
org/10.1016/j.cretres.2012.03.014

Stewart KW (2009) Plecoptera: stoneflies. In: Resh VH, Cardé RT (Eds) 
Encyclopedia of Insects. Academic Press, San Diego, 810–813. 
https://doi.org/10.1016/B978-0-12-374144-8.00214-9

Stewart KW, Stark BP (2008) Plecoptera. In: Merritt RW, Cummins KW, 
Berg MB (Eds) An introduction to the aquatic insects of North Amer-
ica, 4th edn. Kendall/Hunt Publishing Company, Dubuque, 311–384.

Sinitshenkova ND (1987) Istopicheskoe razvitie vesiyanok. Akademiya 
Nauk SSSR. Trudy Paleontologicheskogo Instituta 221: 1–142.

Sinitshenkova ND (2013) A new stonefly assemblage (Insecta: Perli-
da = Plecoptera) from the Upper Permian deposits of northern Eu-
ropean Russia. Paleontological Journal 47: 766–782. https://doi.
org/10.1134/S0031030113020135

Sroka P, Staniczek AH, Kondratieff BC (2018) ‘Rolling’ stoneflies (Insec-
ta: Plecoptera) from mid-Cretaceous Burmese amber. PeerJ 6: e5354. 
https://doi.org/10.7717/peerj.5354

Szczytko SW, Kondratieff BC (2015a) Photographic atlas of the eastern 
Nearctic Isoperlinae (Plecoptera: Perlodidae) species. Monographs 
of Illiesia 2: 1–124.

Szczytko SW, Kondratieff BC (2015b) A review of the Eastern Nearctic 
Isoperlinae (Plecoptera: Perlodidae) with the description of twen-
ty-two new species. Monographs of Illiesia 1: 1–289.

Terry MD, Whiting MF (2005) Mantophasmatodea and phylogeny of 
the lower neopterous insects. Cladistics 21: 240–257. https://doi.
org/10.1111/j.1096-0031.2005.00062.x

Uchida S, Isobe Y (1989) Styloperlidae, stat. nov. and Microperlinae, 
subfam. nov. with a revised system of the family group Systellogna-
tha (Plecoptera). Spixiana 12(2): 145–182.

Yu T, Kelly R, Mu L, Ross A, Kennedy J, Broly P, Xia F, Zhang H, Wang 
B, Dilcher D (2019) An ammonite trapped in Burmese amber. Pro-
ceedings of the National Academy of Sciences of the United States of 
America 116: 11345–11350. https://doi.org/10.1073/pnas.1821292116

Zwick P (1973) Insecta: Plecoptera. Phylogenetisches system und kata-
log. Das Tierreich 94: 1–465.

Zwick P (1979) Revision of the stonefly family Eustheniidae (Plecop-
tera), with emphasis on the fauna of the Australian region. Aquatic 
Insects 1(1): 17–50. https://doi.org/10.1080/01650427909360975

Zwick P (2000) Phylogenetic system and zoogeography of the Ple-
coptera. Annual Review of Entomology 45: 709–746. https://doi.
org/10.1146/annurev.ento.45.1.709

Zwick P (2006) New family characters of larval Plecoptera, with an 
analysis of the Chloroperlidae: Paraperlinae. Aquatic Insects 28(1): 
13–22. https://doi.org/10.1080/01650420500400552

Zwick P, Surenkhorloo P (2005) The Mongolian species of Isoperlinae 
(Plecoptera: Perlodidae). Acta Zoologica Academiae Scientiarum 
Hungaricae 51(3): 253–276.

https://doi.org/10.1080/01650420400021417
https://doi.org/10.1080/01650420400021417
https://doi.org/10.1016/j.cretres.2014.03.002
https://doi.org/10.1016/j.cretres.2014.03.002
https://doi.org/10.5962/bhl.title.542
https://doi.org/10.5962/bhl.title.15764
https://doi.org/10.1080/03014223.1977.9517945
https://doi.org/10.1080/03014223.1977.9517945
https://doi.org/10.1076/aqin.23.3.233.4891
https://doi.org/10.1076/aqin.23.3.233.4891
https://doi.org/10.1016/j.asd.2020.101011
https://doi.org/10.1093/aesa/81.4.560
https://doi.org/10.1080/01650420802598210
https://doi.org/10.1111/j.1440-6055.1973.tb01675.x
https://doi.org/10.1111/j.1440-6055.1973.tb01675.x
https://doi.org/10.1051/limn/1984029
https://doi.org/10.1086/282929
https://doi.org/10.1093/isd/ixab014
https://doi.org/10.1016/j.cretres.2012.03.014
https://doi.org/10.1016/j.cretres.2012.03.014
https://doi.org/10.1016/B978-0-12-374144-8.00214-9
https://doi.org/10.1134/S0031030113020135
https://doi.org/10.1134/S0031030113020135
https://doi.org/10.7717/peerj.5354
https://doi.org/10.1111/j.1096-0031.2005.00062.x
https://doi.org/10.1111/j.1096-0031.2005.00062.x
https://doi.org/10.1073/pnas.1821292116
https://doi.org/10.1080/01650427909360975
https://doi.org/10.1146/annurev.ento.45.1.709
https://doi.org/10.1146/annurev.ento.45.1.709
https://doi.org/10.1080/01650420500400552

	Bizarre egg structure uncovers a new family of Plecoptera (Insecta) from mid-Cretaceous Burmese amber
	Abstract
	1. Introduction
	2. Materials and methods
	3. Systematic palaeontology
	Suborder Arctoperlaria Zwick, 1973
	Perspicuusoperlidae, fam. nov.
	Perspicuusoperla gen. nov.
	Perspicuusoperla lata sp. nov.

	4. Discussion
	4.1. Systematic position
	4.2. Palaeobiological implications

	Data availability
	Author contributions
	Competing interests
	Acknowledgements
	References

