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Ancient pinnate leaf mimesis in Mesozoic lacewings
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Abstract Mimicry, the means by which an animal resembles another animal or object in order to mislead its natural
enemies, is one of the most important and effective defensive strategies. The Neuroptera are an order of holometabolous
insects with a diverse range of wing marking patterns in their over 270 million year history. Bellinympha Wang, Ren, Liu,
Shih & Engel, 2010 is an extinct genus assigned to the Saucrosmylinae (Neuroptera, Osmylidae). Fossils of this genus
date from the Middle Jurassic Jiulongshan Formation in China. This genus represents the most ancient pinnate leaf mimesis
so far discovered and the only documented example of insects mimicking the leaves of gymnosperm plants. We here review

progress in research on the Neuroptera and summarize the diverse wing markings of Mesozoic lacewings. Bellinympha is

reviewed and the biological significance of pinnate leaf mimesis is discussed.
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Jik 3 H ot 58 4 A A& K B i B SRR ) — A
e BB A 2%, R R IA, BT S
K 537 B B T, S Tl RS 7R S 2 Ak o e
&y SR H 3 A A S A R F L e R B
(A7 ) % 38 H ) &)y dURD B DL O i 4, 2 R
R TEL HOSHE,  T s  B OR B RS
S FL AT B2 2 X (New, 1989) o H a4 5 &
AP AR K H R L 20 2R}, 3 6 000 Fh (Oswald,

2012) .
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Permithonidae K3 T4 2. 75 (L FEH S hi/k 2
20 1 s ey W] DR T O B e AR U T
JEARZE AL R (29 2.8 fL4E & 2.6 L AF)
(Ponomarenko, 2002 ; Yang et al. , 2010) . Jik# H
E A S8 4 A0 A A s, AE A AN BT DD S I I
AR HEG, At A KOE H A4 C R iE 600 4
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BEARKR I 17 R 142 Ff (EDNA %045 2, hup: //
edna. palass-hosting. org/, 4 it H #] 2012.4.12) .
o AR ACR kO H OB e — A S AR A ),
ik H B dOmit 9 B A R ON R IS G 18 AR R 2R B
TCIE AR BRI 43 A b % I ) Kk B R i
1 72w B DL K g3 e B R ok ok B ek G e i T, e I
TR E P AR o e R
Kalligrammatidae 2§ 1% £} Grammolingiidae . 5 I 1%
%} Atheogrammatidae. # ¥ 1% B} Mesochrysopidae
S0 T HA K 2 BOHLAE SRR OT 46 H B, iR A
Bl Osmylidae. i #% £} Mantispidae. 41 ¥ F}
Nymphidae. ¥ 1% %} Myrmeleontidae. 2 1% %}
Polystoechotidae  #} 1% %} Coniopterygidae FlI 4% £}
Chrysopidae 2% (Grimaldi and Engel, 2005) . K i,
W AR AR K B R HUE A B 9T 1% 2 R T R R
WAL B AT I E .
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FEX

L5 A PR 5 T B0 R B E 1) R AR R A 2K
BB A AT 0 B F o B AR BE A R b i
Pt 2 B 0 A7 B 4 SR S T A AT A
P S R85 2 M7 e b S (mimiery)
BT b A2 AL g — ol 2 A A B e ) A
ML B 5 A4 A R BLS, J — Fp AR 2 H
W R 20 77 = (Gullan and Cranston, 2005) .

((ESE N = S iR E = R R TR /A LR ID RS
FRARS D 9% AL ) A 2 TG 2 A7 A B P AN AT
et AN AT 2R A R 0 AR AR R KO H R
TR A R BLIE A T AR A IR T B B
T A SEAE A B R T, L B R RO B e
€, L5 Ja) [ PR B3 T i — vl g B A AU 5 463 08 7P 1K) I
% 48 45 W% Drepanepteryx phalaenoides Linnaeus,
1758 i @Bt 8 2 L5 i1 A 0 O RS i A O, 38
B TR 1 1 B i R (Aspock and Aspock, 2007) o
T Ibk S HE H v 5 4 R A 1 2 i e R B Hox o e
(IR AEL 5 2 — SRS DL G ZS (Opler, 1981) o

ERAARNKE H R, WA T RS2
(2 I YT AT (1 S BE S B, T 2 6 M B B
T A R bR A L B AL . JE b pR 2
(1 2k 0 BE AT e B (0 B 20 SR IR 4 8 B
A AT R AH ] 1 9108 45 IR BEgr (B 1), SRS

G AU B BOR P I £ 30 G4l WL E AR 1 mm /2
A1 A N [ BE S W 55 Kk 4 3 Leptolingia calonervis
Shi, Yang et Ren, 2011 (Shi et al. , 2011) o XFf
FRARE TR 38 SUIR A7 A1 B AT AT B A2 o Ja B B 58 11—
U Y O N E W DR %NS ol AN B2 B == 5
o, BBl 4 (Ren, 2002; Ren and Yin, 2003 Shi
et al. , 2011) .

TR % 28 R0 2 20 1 W e B B i bR Y B
TRESSIIREE (K 2) o HRBEEEY) b K& iE
VRN RIHPUN EEl Ve SR AT A K (RN R LD B R I R )
TSSO 50 ) 1 HR T DA R R, ik 32 B B R4 B A
o AR B BAT P B Uiy — b AR B 2 1 S ol 1 3
W s DR D o) 3o ME Sl ok U TR TR B 0 HE A AR i
BT H 2 AR IR B2 B R 2 g b
Ptz —, R B A B 1R R R L — AL
SBR WA 2 A2 75 3 8 B L
R TSR A7 A R HIR R ok ik Bk R H . AR 2R
B SCHLAS Bk DT % I L4 (Batesian mimicery) ; 5%
A 3% Al B G A TR B A R ok R A
i B B2 K 1R s PE LA (aggressive
mimicry) ( Makarkin et al., 2009; Fang et al. ,
2010) .

BEAN, LT b [ R e SO 2 ) A
K HR S Sophogramma lii Yang, Zhao et Ren, 2009
(Yang et al. , 2009) (W4SFF) , 4 )T 12 2 4k
LT 5 I 8 PR 1 IR R 45 80 TB R T B IRGIR
(B K (B 3) o 3l PG W g 2 — Bl R £, B2
gk H O A A, Bl R M B A i R
LR B s B IR A 5 B o B R H I R & (Yang
et al. , 2009) .

3 XEREHRAICE
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TE 21 R S R ) B SRS R . X AT AR T 2003
EARIE ) — AN B A 0 SRR, HLRRIE R I Ok &
Wi R & 5e i Rs 5 R K i @ & JF #1118 3
W& Rs B KB AR 20 X5 Rs X JH] 975K B &, B
% 4 % (Ren and Yin, 2003) . H §7, i% Wk}
CRF4JES B ¥R A8 b E RS AR X IR
77 3 b X 1L Sk 2 38 58 VA A B S 10 L L 4 H
J2 M TR AR T AR TP R B R R AR
T
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5% FLS Jem Mt Ry 0 T AP bR R B
MP X [a] € IR ALl 5 3 Ak 5 52 VR AR5 i
S 5 B DK ) bk S T 2 HERL S Rs X ) H
3 ~4 HEHE, S SR MP2 K S T B A
R Cud #5853 30 T EHTAR 20 525 CuP R
% oy s AL R AT, AL A2 AR 2
AR o A R B K AT A
L (Wang et al. , 2010) .

2 TR IE T2 A AT SR A B IE R
WX e 21, i gk ) 5 23 00 o4 1 1K 56 e
Bellinympha dancei Wang, Ren, Shih et Engel, 2010
(Wang et al., 2010) (& 4) Fnm & £ F ik
Bellinympha filicifolia Wang, Ren, Liu et Engel
2010 (Wang et al. , 2010) (& 5) .

T8 56 JLAE ORAF T BN 58 B 1K 5 4 LL K e OF
FIX . A K 54.4 mm, %% 19.7 mm; J5# K
53.8 mm, 5§ 19.2 mm, S AN 2k 5L I S A9 R CIR
I AT e G A AR AR, P A —
Z U IR IO AT T ABL i A, A i [R] I AR
K3 RR 7 A 0 Bk 2 A 1) e Al R A LD (Wang
et al. , 2010) (|8 5,6) .

FEIGSE TS R AFIRE 5 B 3¢ 348 41 A
Bh, 72 4 RT3 B AT WY W N R T 4
PLo AU 69.8 mm, 58 12 mmo i3 AR KA
St Ay f&i 8 (Wang et al. , 2010) »
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5 FIG R X PR IR M BEAR AR T R U
() —Ffr R FL S S AR 2 e — R 1 B O LR
R EORIEAE DI Jr o HARILE (leaf mimicry) J&
B i — M oy A IR R B A . BRI B
PR R E MRS AR, Tl 5 #
H il H < %53 H 4% (Grimaldi and Engel, 2005) .
SR> 22 B AR B L MR S 5 8 7 i A K
BRI G 2 24 F Y. BT, Wedmann 5 A

5 WS JE Bellinympha
2
W 1 )@ Saucrosmylus
3
B # S J® Rudiosmylus
W RS 8 Laccosmylus

T 2007 FERIL T R A S E 22 25K 4 700 J7 AT
U Bt e 2 Bt 88 Eophyllium  messelensis
Wedmann, Bradler et Rust, 2007, [7] 34 ff) & &t —
B T2 0 B A R . bR A AR TR
A AT A T S R AL S 2 B M D0 HE T R R
ROR S TR G IE WY B HO0 4 0 1 IR 4 2 S U
I [) m RE 51 468 1.

I JE 56 B AT IR 5 308 1) I K Bt R
FUZS IO Py 50 1w JTHERE T 1.2 A2 4F . IX R R dinT e
AEVEAERE E ALY B I RS TR BT — R R
SRR A O R (B 7)o PHIRSE RIS 1 R I
) 2 ] 3 AR R 1 DR S B AT P R P g
T e XFP TR 2 5w I Tk Y
RS S DR, EA R & (TR
% LA, R AR B U S 2 R R
AR 25 B 5 S rp S HA IR 5 DAl s T LU Ay, 4
AN TS ) TR AR 5 ) I AR BR - R A e ) AH
Bho A7 0% b Z R E AR A KR AF RSB N 4
S JETTF, 55 OK Kol H e SR B Al A AR
RS 5o AE K B by K& 03 1 R B
BE R RME A RAFRE N 4 WIS T S 4k L7,
SRR AEBUE R K E BB orh s, 48R 2 BRI
fEfIERE N, Wk 4 W E EFRITE T S 4% L
J7» 3 UG JR X A mURE I DR AP RS A T e AR
FORRy 8047 0 5 30 ARBL T I8 B A b pk 2
(1) A2 A7 PR 858 v JURE AT DR N 1 o 56 BRI 1 K
RS HF AR 0 £ 4 DL B i b N 4 330 J T 1R R
AT A AN HAR 5 A B 08 B 0 M B i S TR AL —
F R A E i f (Wang et al. » 2010) .
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E1 EHRZ®

Fig.1 Grammolingia boi Ren, 2002

B2 SHRAZMKFER

Fig.2 Hindwing of Limnogramma hani Makarkin, Ren & Yang, 2009
3 FREK

Fig.3 Sophogramma lii Yang, Zhao et Ren, 2009

B4 AREER

Fig.4 Bellinympha dancei Wang, Ren, Shih et Engel, 2010

5.6 MEEHEK

Fig.5, 6 Bellinympha filicifolia Wang, Ren, Liu et Engel, 2010
B7 EHERRARERMMEY

Fig.7 Holozamites (Cycadales)
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B8 XBMAESHEERE (SELLLTLH)
Fig.8 [Illustration of Bellinympha Wang, Ren, Liu, Shih & Engel,

2010 and associated eco-system (art work by Ma Zhihua)
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