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The evolution of Zoraptera
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Abstract. ZEH7FJ;H7 ?I ED; E< Jh; CEIJ ;D?=C7J?9 7D: B;7IJ KD:;HIJEE: EH:;HI
?D ?DI;9JI. B7I;: ED 7 w?:; J7xED I7CFB?D= <HEC 7BB 9EDJ?D;DJI wh;H; Jh; =HEKF
?I kDEwD, w; 7FFB?;: 7 FhOBE=;D;J?9 7FFHE79h KI?D= CKBJ?FB; DNA I;GK;D9;I JE
;BK9?:7J; IF;9?;I-B;v;B H;B7J?EDIh?FI. Th; H;IKBJ?D= FhOBE=;DO IhEwI Jh7J ZEH7FJ;H7 ?I
:?v?:;: ?DJE JhH;; C7@EH 9B7:;I, 7D: Jh7J JwE 9ECFH?I; IF;9?;I :?IJH?8KJ;: ED :?<<;H;DJ
9EDJ?D;DJI. Th; CEDEFhOBO E< Jh;I; 9B7:;I ?I 7J B;7IJ F7HJBO IKFFEHJ;: 8O Ih7H;: :;H?v;:
CEHFhEBE=?97B <;7JKH;I. Th; :?v;H=;D9; 7=; ;IJ?C7J?ED 7D: 7D9;IJH7B :?IJH?8KJ?ED 7H;7
H;9EDIJHK9J?ED IK==;IJ 7D 7D9?;DJ EH?=?D 7D: ;7HBO H7:?7J?ED ?D?J?7J;: ?D Jh; P;HC?7D.
PB7J; J;9JED?9I Jh;EHO IK==;IJI Jh7J Jh; FH;I;DJ :?IJH?8KJ?ED E< ZEH7FJ;H7 w7I C7?DBO
;IJ78B?Ih;: 8O v?97H?7D9;, H7Jh;H Jh7D :?IF;HI7B. Th; JhH;; C7@EH 9B7:;I FHE878BO
EH?=?D7J;: ED Jh; P7D=7;7 IKF;H9EDJ?D;DJ, EH 7BJ;HD7J?v;BO ED Jh; B?Dk;: GED:w7D7 7D:
L7KH7I?7 IKF;H9EDJ?D;DJI. Th;?H 7D9?;DJ EH?=?D ;xFB7?DI FH;v?EKIBO <EKD: 9EDIF?9KEKI
?DJ;HIF;9?f9 v7H?7J?ED E< Jh; =;D?J7B 7FF7H7JKI, IF;HC IJHK9JKH; 7D: C7J?D= 8;h7v?EKH, ?D
IJH?k?D= 9EDJH7IJ JE 7 h?=hBO 9EDI;Hv;: =;D;H7B 8E:O CEHFhEBE=O. W; 9ECF?B;: :7J7 E<
7v7?B78B; H;FHE:K9J?v; <;7JKH;I 7D: H;9EDIJHK9J;: Jh; 9h7H79J;H ;vEBKJ?ED. OKH 7D7BOI;I
H;v;7B;: H;F;7J;: 79GK?I?J?EDI 7D:/EH BEII;I E< 7 hOF;H;BED=7J;: ?DJHEC?JJ;DJ EH=7D,
C7J?D= hEEkI 7D: J;H=7B FHEJK8;H7D9;I.

Introduction

ZEH7FJ;H7 ?I Jh; Jh?H: IC7BB;IJ EH:;H ?D IDI;9J7 7<J;H M7DJEFh7I-
C7JE:;7 7D: GHOBBE8B7JJE:;7. Th; =HEKF ?I C7?DBO :?IJH?8KJ;:
?D IK8JHEF?97B 7D: JHEF?97B H;=?EDI (GH?C7B:? & ED=;B, 2005;

CEHH;IFED:;D9;: YEkE M7JIKCKH7, EDJECEBE=O GHEKF, IDIJ?JKJ
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J?ED7B MEHFhEBE=O 7D: B?EC;9h7D?9I, ZEEBE=?97B IDIJ?JKJ;, K?;B
UD?v;HI?JO, 7C BEJ7D?I9h;D G7HJ;D 1–9, 24118, K?;B, G;HC7DO.
E-C7?B: OEkE.C7JKCKH7.h7CKF;D?@=C7?B.9EC; REB< G. B;KJ;B,
EDJECEBE=O GHEKF, IDIJ?JKJ <üH ZEEBE=?; KD: EvEBKJ?EDI<EHI9hKD=,
FH?;:H?9h S9h?BB;H UD?v;HI?JO J;D7, EH8;HJIJH. 1, 07743 J;D7, G;HC7DO.
E-C7?B: HEB<.8;KJ;B@KD?-@;D7.:;; JEIé A. R7<7;B, IDIJ?JKJE N79?ED7B :;
P;IGK?I7I :7 AC7zED?7, C7?x7 PEIJ7B 2223, 69067-375 M7D7KI, AM,
BH7z?B. E-C7?B: @7H7<7;B@?DF7.=Ev.8H; K7zKDEH? YEIh?z7w7, SOIJ;C7J?9
EDJECEBE=O, S9hEEB E< A=H?9KBJKH;, HEkk7?:E UD?v;HI?JO, 060-8589
S7FFEHE, J7F7D. E-C7?B: FIE9?:@H;I.7=H.hEkK:7?.79.@F

∗Th;I; 7KJhEHI 9EDJH?8KJ;: ;GK7BBO JE Jh?I wEHk.

B;KJ;B et al., 2014; M7Ih?CE et al., 20149; ChE;, 2018). IJI
FhOBE=;D;J?9 FEI?J?ED h7I 8;;D 9EDJHEv;HI?7B (H;v?;w;: ?D
M7Ih?CE et al., 20149; K@;H et al., 2016; B;KJ;B et al., 2017),
w?Jh 9EDI;DIKI 7FF7H;DJBO H;79h;: H;9;DJBO w?Jh ZEH7FJ;H7
8;?D= FB79;: ?D 7 CEDEFhOB;J?9 PEBOD;EFJ;H7 87I;: ED :?<<;H-
;DJ IEKH9;I E< ;v?:;D9; (YEIh?z7w7, 2011; M?IE< et al., 2014;
W?Ff;H & P7II, 2014; M7Ih?CE et al., 20147, 2015; M7JIKCKH7
et al., 2015; W?Ff;H et al., 2019). R;9;DJBO, W?Ff;H et al.
(2019) H;9EDIJHK9J;: Jh; CEHFhEBE=O E< Jh; 9ECCED 7D9;I-
JEH E< PEBOD;EFJ;H7 7D: IK8I;GK;DJ ;vEBKJ?ED7HO :;v;BEFC;DJI,
87I;: ED 7 HE8KIJ FhOBE=;D;J?9 hOFEJh;I?I 9ED=HK;DJ w?Jh M?IE<
et al. (2014). Th;O H;9Ev;H;: ZEH7FJ;H7 7I Jh; I?IJ;H =HEKF E<
D;HC7FJ;H7, 7D: 8EJh EH:;HI w;H; FB79;: 7I I?IJ;H JE Jh; H;IJ E<
Jh; FEBOD;EFJ;H7D EH:;HI. Th;O 7BIE FEIJKB7J;: Jh7J Jh; B7IJ 9EC-
CED 7D9;IJEH E< PEBOD;EFJ;H7 w7I ‘7 =HEKD:-:w;BB?D= ?DI;9J
w?Jh 7 B7H=;BO KDCE:?f;: 8E:O H;B7J?v; JE Jh; B7IJ 9ECCED
7D9;IJEH E< w?D=;: ?DI;9JI’ (W?Ff;H et al., 2019). CEDI?:;H?D=
Jh; w?D=;: CEHFhI E< ZEH7FJ;H7 (;.=. FH?;:H?9h & B;KJ;B, 2008;
M7Ih?CE et al., 20149; M7JIKCKH7 et al., 2015), ?J ?I H;7IED78B;
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JE FEIJKB7J; Jh7J ;xJ7DJ IF;9?;I 7H; H;B7J?v;BO I?C?B7H ?D Jh;?HCEH-
FhEBE=O JE Jh; 7<EH;C;DJ?ED;: ‘7D9;IJH7B’ FEBOD;EFJ;H7D. Th;
9EC8?D7J?ED E< CEIJBO FB;I?ECEHFh?9 CEHFhEBE=?97B <;7JKH;I
w?Jh <;w 7KJ7FECEHFh?;I F7HJBO ;xFB7?DI Jh; :?<f9KBJO E< FB79?D=
Jh?I EH:;H ?D 7 FhOBE=;D;J?9 9EDJ;xJ (M7Ih?CE et al., 20149).
ID 9EDJH7IJ JE Jh; IF;9?;I :?v;HI?JO <EKD: ?D C7@EH FEBO-
D;EFJ;H7D EH:;HI (;.=. Ph7IC7JE:;7, M7DJE:;7, BB7JJE:;7,
OHJhEFJ;H7), JE :7J; EDBO 44 ;xJ7DJ IF;9?;I 7D: 16 ;xJ?D9J
IF;9?;I 7H; :;I9H?8;: ?D ZEH7FJ;H7 (M7Ih?CE et al., 2018, 2019;
Ch;D & SK, 2019). KKk7BEvá-P;9k & P;9k (1993) FHEFEI;: I?x
=;D;H7 w?Jh?D ZEH7FJ;H7 87I;: ED Jh; w?D= v;D7J?ED. HEw;v;H,
Jh?I 9h7H79J;H 9ECFB;x ?I kDEwD JE v7HO ;v;D w?Jh?D 7 IF;9?;I
(ChE;, 1989). CEDI;GK;DJBO, Jh;I; =;D;H7 w;H; IODEDOC?z;:
w?Jh Zorotypus 8O ED=;B (2000) whE 9EDI?:;H;: ‘Jh;?H hECEBE-
=?;I J;DKEKI 7D: Jh;?H IOIJ;C KDIJ78B;’. L?k;w?I;, 7 =;DKI
:;I9H?8;: 8O Ch7E & Ch;D (2000) w7I IODEDOC?z;: w?Jh
Zorotypus (ED=;B, 2000). S?D9; Jh;D, ED=;B’I CEDE=;D;H?9
9B7II?f97J?ED h7I 8;;D w?:;BO 799;FJ;: (R7<7;B & ED=;B,
2006; T;HHO & Wh?J?D=, 2012; M7Ih?CE et al., 2013; Y?D
et al., 2015; W7D= et al., 2016; ChE;, 2018). Th; :;I9H?8;:
IF;9?;I E< Zorotypus 7H; H;B7J?v;BO IC7BB, JOF?97BBO < 3CC,
7D: B?v; 9HOFJ?97BBO, C7?DBO ?D HEJJ;D JH;;I. Th;O B79k 7DO
9EDIF?9KEKI <;7JKH;I w?Jh Jh; ;x9;FJ?EDI E< 7 v;HO :?IJ?D9J
:?CEHFh?IC (7FJ;HEKI 7D: 7B7J; CEHFhI) 7D: ;xJH;C;BO v7HO?D=
=;D?J7B?7 (M7Ih?CE et al., 20149; ChE;, 2018). CEDI?:;H?D=
Jh; 7IIKC;: H;9EDIJHK9J;: 9ECCED 7D9;IJEH E< PEBOD;EFJ;H7
(W?Ff;H et al., 2019), ZEH7FJ;H7 h7v; 7FF7H;DJBO 79GK?H;: 7
B?<;IJOB; 9h7H79J;H?z;: 8O 9HOFJ?9 h78?J7JI, =H;=7H?EKI 8;h7v?EKH
7D: C?D?7JKH?z7J?ED. HEw;v;H, Jh;?H ;vEBKJ?ED7HO EH?=?D 7D:
CEHFhEBE=?97B JH7DI<EHC7J?EDI Ev;H J?C; 7H; IJ?BB B7H=;BO
E8I9KH;.
Th; IJH?k?D= :?v;HI?JO E< =;D?J7B IJHK9JKH;I ?I ?D IJHED= 9ED-
JH7IJ JE Jh; ;xJ;HD7B hECE=;D;?JO 7CED= IF;9?;I. Th; h?=hBO
:?v;HI?f;: C7B; =;D?J7B?7 h7v; 8;;D ?Dv;IJ?=7J;: ?DJ;DI?v;BO,
w?Jh :;J7?B;: 7D7JEC?97B H;9EDIJHK9J?EDI (HüD;<;B:, 2007; M7J-
IKCKH7 et al., 2014), 8KJ 7BIE ?D Jh; <H7C;wEHk E< J7xEDEC?9
IJK:?;I (;.=. GKHD;O, 1938). ID IEC; IF;9?;I, 7 IF?H7B-Ih7F;:
;BED=7J;: C7B; =;D?J7B IJHK9JKH; w7I H;FEHJ;: (;.=. GKHD;O,
1938; N;w, 1978, 2000; M7Ih?CE et al., 2013). TE EKH 8;IJ
kDEwB;:=;, Jh?I ?I 7 KD?GK; 9h7H79J;H IJ7J; ?D PEBOD;EFJ;H7.
D?<<;H;DJ JOF;I E< ;BED=7J?ED E< Jh; ?DJHEC?JJ;DJ EH=7DI 7H; 7BIE
kDEwD w?Jh?D ZEH7FJ;H7, BEEF;:, <EH ?DIJ7D9;, ?D Z. zimmermani
(GKHD;O, 1939) 7D: IJH7?=hJ ?D Z. barberi (GKHD;O, 1938).
SEC; IF;9?;I FEII;II 7IOCC;JH?97B =;D?J7B?7 (GKHD;O, 1938;
P7KB?7D, 1949, 1951; Hw7D=, 1974, 1976; R7<7;B & ED=;B,
2006; HüD;<;B:, 2007; R7<7;B et al., 2008; M7Ih?CE et al.,
2013, 2018; W7D= et al., 2016; KE9̌áH;k et al., 2017; Y?D & L?,
2017), ?D IEC; IF;9?;I H;C7Hk78BO :?<<;H?D= ?D Jh;?H IF;9?f9
<;7JKH;I. ADEJh;H 9EDIF?9KEKIBO :?v;HI?f;: 9h7H79J;H IOIJ;C ?I
Jh; IJHK9JKH; E< ;B;C;DJI E< Jh; J;HC?D7B 78:EC?D7B I;=C;DJ, Jh;
FH;I;D9; EH 78I;D9; 7D: I?z; E< IF?D;I 7D: C7J?D= hEEkI (;.=.
GKHD;O, 1938). Th?I v7H?7J?ED C7O 8; H;B7J;: JE Jh; C7J?D= FEI-
JKH; JE IEC; ;xJ;DJ. M7B;I 7H; FHE878BO 9EDD;9J;: JE <;C7B;I
8O Jh;I; J;HC?D7B IJHK9JKH;I, B7O?D= ?D 7D KFI?:;-:EwD FEI?J?ED
?D Jh; C7@EH?JO E< Jh; IF;9?;I ?D wh?9h Jh; C7J?D= FEIJKH;
?I kDEwD (Sh;JB7H, 1978; ChE;, 1994, 1995; M7Ih?CE et al.,
2011; D7BB7? et al., 2013). Th; :?IF7H?JO 8;Jw;;D 7 <7H-H;79h?D=

KD?<EHC?JO E< Jh; =;D;H7B CEHFhEBE=O 7D: 7D ;xJH;C; :?v;HI?JO
E< =;D?J7B <;7JKH;I ?I E8v?EKIBO 7 <7I9?D7J?D= Fh;DEC;DED 7D:
7 9h7BB;D=?D= JEF?9 ?D ;vEBKJ?ED7HO 8?EBE=O. HEw;v;H, 7 H;B?78B;
;v7BK7J?ED h7I DEJ 8;;D FEII?8B; IE <7H :K; JE Jh; B79k E< <EHC7B
FhOBE=;D;J?9 7D7BOI;I ED Jh; IF;9?;I B;v;B (I;; ED=;B, 2003).
Th; FH?C7HO 7?C E< EKH IJK:O ?I JE H;9EDIJHK9J Jh; FhO-
BE=;DO w?Jh?D ZEH7FJ;H7 KI?D= CEB;9KB7H :7J7. Th; J7xED
I7CFB?D= 9Ev;HI IF;9?;I <HEC 7BB 9EDJ?D;DJI. Th; ;vEBKJ?ED-
7HO h?IJEHO ?I ;v7BK7J;: 8O C;7DI E< :?v;H=;DJ J?C; ;IJ?-
C7J?ED 7D: 87I;: ED Jh; FB7J; J;9JED?9I Jh;EHO (I;; S;JED
et al., 2012). Th; 9h7H79J;H ;vEBKJ?ED w?Jh 7 IF;9?7B <E9KI
ED H;FHE:K9J?v; IJHK9JKH;I w7I H;9EDIJHK9J;: 87I;: ED Jh;
FhOBE=;D;J?9 JH;;I.

Materials and methods

MEIJ E< Jh; IF;9?C;DI w;H; 9EBB;9J;: <EH Jh?I IJK:O 7D: fx;:
w?Jh 80–99.5% ;Jh7DEB (F?=. 1). TOF; IF;9?C;DI E< Zoroty-
pus novobritannicus w;H; 8EHHEw;: <HEC Jh; AHJhHEFE: CEB-
B;9J?ED, BH?=h7C YEKD= UD?v;HI?JO, PHEvE, UT, U.S.A. ID JEJ7B,
31 ?D:?v?:K7BI 8;BED=?D= JE 21–22 IF;9?;I w;H; ?D9BK:;:
(F?=. 2). W; <7?B;: JE JH79; Jh; ?:;DJ?JO E< I7CFB; YK16-10
9EBB;9J;: <HEC E9K7:EH 7D: D7C;: ?J Z. IF. 6. W; 9EBB;9J;:
EDBO Z. huxleyi 7D: Z. hamiltoni <HEC Jh; I7C; BE97B?JO 7J
Jh; I7C; J?C;, 7D: Z. IF. 6 FHE878BO 8;BED=I JE Jh; B7JJ;H
IF;9?;I. OKJ=HEKFI w;H; I;B;9J;: <HEC 7BB FEBOD;EFJ;H7D EH:;HI
7D: IEC; IF;9?;I <HEC PIE9E:;7, H;C?FJ;H7, EFh;C;HEFJ;H7,
O:ED7J7, ZO=;DJEC7 7D: AH9h7;E=D7Jh7. Th; JH;; w7I HEEJ;:
w?Jh AH9h7;E=D7Jh7. Th; I;GK;D9;I E< Jh; EKJ=HEKF J7x7 w;H;
E8J7?D;: <HEC G;DB7Dk (C;J7:7J7 E< Jh; I7CFB;I 7H; B?IJ;: ?D
T78B;I S1, S2).

DNA extractions, amplifcations, sequences and alignment

P7HJ?7B I;GK;D9;I E< Jh; <EBBEw?D= =;D;I w;H; KI;:: DK9B;7H
18S HRNA 7D: H?IJED; 3, C?JE9hED:H?7B 16S HRNA 7D: 12S
HRNA. Th; FH?C;HI ?D 8H79k;JI w;H; KI;: <EH 7CFB?<O?D= 18S
(18S-ZEH7-<: 3′-ATT AAG CCA TGC AAG TGT CAG-5′;
18S-ZEH7-H: 3′-TTA RYA TAT GCT ATT GGW GCT GG-5′),
H?IJED; 3 (H?I3-EC8?E-<: 3′-AAR GCY CCW MGM AAR
CAR CT-5′; H?I3-EC8?E-H: 3′-TGR ATR GCR CAV AGR TTR
GTR TCY TC-5′), 16S (16S8H: 3′-CCG GTC TGA ACT CAG
ATC ACG T-5′; 16S7H-LE9KIJ: 3′-CGC CTG TTT ATC AAA
AAC AT-5′) 7D: 12S (12S-ZEH7-<: 3′-TGG CGG YRW DWW
RWT YTW TYR GRG G-5′; 12S-ZEH7-H: 3′-TTA CTM TYA
AAT CCA CCT TC-5′). M;JhE:I <EH DNA ;xJH79J?ED, PCR
7CFB?f97J?ED 7D: I;GK;D9?D= <EBBEw;: YEIh?z7w7 & JEhDIED
(2008). SEC; <7?DJBO 7CFB?f;: =;D; <H7=C;DJI w;H; 9BED;:
8;<EH; I;GK;D9?D= KI?D= Jh; FG;C-T E7IO V;9JEH IOIJ;C
(PHEC;=7, M7::?IED, WI, U.S.A.) <EBBEw?D= C7DK<79JKH;H FHE-
JE9EBI. AB?=DC;DJ E< FHEJ;?D-9E:?D= =;D;I w7I IJH7?=hJ<EHw7H:
7I DE =7F w7I ?:;DJ?f;: ?D Jh; I;GK;D9;I. R?8EIEC7B RNAI
w;H; 7B?=D;: KI?D= maiit 6.5 (K7JEh & SJ7D:B;O, 2013) w?Jh
Jh; Q-INS-? EFJ?ED, ?D wh?9h I;9ED:7HO IJHK9JKH; ?D<EHC7J?ED
E< RNA ?I 9EDI?:;H;:. AFF7H;DJ C?I7B?=DC;DJI w;H; 9EHH;9J;:
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Fig. 1. ZEH7FJ;H7D IF;9?;I. (A) Z. IF. <HEC CEIJ7 R?97; (B) Z. asymmetristernum <HEC K;DO7; (C–F) Z. caudelli <HEC M7B7OI?7. PhEJE=H7FhI 9EKHJ;IO
E< T. K7D7E (A) 7D: T. KEC7JIK (B–F). [CEBEKH f=KH; 97D 8; v?;w;: 7J w?B;OEDB?D;B?8H7HO.9EC].

C7DK7BBO, 7D: FEEHBO 7B?=D;: H;=?EDI w;H; ;x9BK:;: <HEC Jh;
7D7BOI;I.

Model selection and phylogenetic estimation

Th; 8;IJ IK8IJ?JKJ?ED CE:;BI 7D: F7HJ?J?ED I9h;C;I w;H;
;IJ?C7J;: KI?D= partitioniinder 2.3.3 (L7D<;7H et al., 2017),
w?Jh Jh; =H;;:O 7B=EH?JhC. Th; 9E:ED FEI?J?EDI <EH H?IJED; 3
(JhH;; F7HJ?J?EDI) 7D: HRNA (JhH;; F7HJ?J?EDI) w;H; FH;:;fD;:
<EH Jh; partitioniinder 7D7BOI;I. Th; 8;IJ-fJ F7HJ?J?ED I9h;C;

7D: CE:;BI w;H; :;I9H?8;: ?D Jh; D;xKI <EHC7JJ;: :7J7 C7JH?x
(F?B; S1).
PH;v?EKI IJK:?;I IhEw;: Jh7J Jh; FhOBE=;D;J?9 H;B7J?EDIh?FI
E< FEBOD;EFJ;H7D EH:;HI 97DDEJ 8; ;IJ?C7J;: 799KH7J;BO KI?D= 7
B?C?J;: DKC8;H E< =;D; I;GK;D9;I (;.=. K@;H, 2004;YEIh?z7w7&
JEhDIED, 2005; IIh?w7J7 et al., 2011; M?IE< et al., 2014; W?Ff;H
et al., 2019). Th;H;<EH;, w; 9EDIJH7?D;: Jh; FhOBE=;D;J?9 H;B7-
J?EDIh?FI 7CED= EH:;HI 799EH:?D= JE M?IE< et al., (2014) 7D:
W?Ff;H et al., (2019) <EH Jh; <EBBEw?D= FhOBE=;D;J?9 7D7BOI;I.
ID 7::?J?ED, KD9EDIJH7?DJ 7D7BOI;I w;H; 7BIE F;H<EHC;: JE J;IJ
Jh; CEDEFhOBO E< ZEH7FJ;H7 (I;; F?B; S1).
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Fig. 2. CEBB;9J?D= I?J;I E< Jh; IF;9?;I KI;: ?D EKH CEB;9KB7H FhOBE=;DO. D;J7?B;: BE97J?ED E< BH7z?B?7D I7CFB;I 7H; IhEwD ED Jh; ?DI;J C7F.

W; ;IJ?C7J;: 7 C7x?CKC B?k;B?hEE: JH;; KI?D= iq-tree 1.6.3
(N=KO;D et al., 2015), w?Jh 10 000 H;FB?97J;I E< 7D KBJH7<7IJ B?k;-
B?hEE: 8EEJIJH7F w?Jh -8DD? EFJ?ED (HE7D= et al., 2018) JE E8J7?D
8EEJIJH7F 8H7D9h IKFFEHJ v7BK;I. TE I;; Jh; IJ78?B?JO E< H;IKBJI,
J;D ?D:;F;D:;DJ iq-tree 7D7BOI;I w;H; F;H<EHC;:. ABB Jh; 7D7B-
OI;I H;IKBJ;: ?D 7 9ED9EH:7DJ H;IKBJ, 7D: w; I;B;9J;: Jh; JH;;
E8J7?D;: <HEC Jh; B7IJ HKD <EH F?=. 3. A B7O;I?7D 7D7BOI?I w7I
F;H<EHC;: KI?D= mrbayes (REDGK?IJ &HK;BI;D8;9k, 2003). W;
F;H<EHC;: JwE HKDI ;79h w?Jh <EKH 9h7?DI <EH 1 000 000 =;D-
;H7J?EDI, 7D: JH;;I w;H; I7CFB;: ;v;HO 1000 =;D;H7J?EDI. Th;
fHIJ 10% E< I7CFB;: JH;;I w7I ;x9BK:;: 7I 8KHD-?D, 7D: 7 50%
C7@EH?JO-9EDI;DIKI JH;; w7I 9ECFKJ;: JE ;IJ?C7J; FEIJ;H?EH
FHE878?B?J?;I. tracer ?D Jh; beast IE<Jw7H; F79k7=; (BEK9k-
7;HJ et al., 2014) w7I KI;: JE 9h;9k Jh7J Jh;M7HkEv 9h7?DMEDJ;
C7HBE (MCMC) HKDI H;79h;: 7 IJ7J; E< 9EDv;H=;D9;.

Divergence time estimation

FEH :?v;H=;D9; :7J; ;IJ?C7J?ED, 7 B7O;I?7D C;JhE: w7I
7:EFJ;: KI?D= Jh; IE<Jw7H; mcmctree ?D Jh; paml 4.8 IE<Jw7H;
F79k7=; (Y7D=, 2007) 7D: beast 2.6 (BEK9k7;HJ et al., 2014).
Th; <EBBEw?D= <EII?B 7=;I w;H; KI;: 7I IE<J C?D?CKC 8EKD:I
799EH:?D= JE M?IE< et al. (2014) 7D: TED= et al. (2015): 160
M7 <EH Jh; :;;F;IJ :?v;H=;D9; E< PB;9EFJ;H7; 130 M7 <EH Jh;
:;;F;IJ :?v;H=;D9; E< IIEFJ;H7; 7D: 99 M7 <EH Jh; :;;F;IJ

:?v;H=;D9; E< EC8?EFJ;H7 (T78B; 1). FEH 7BB <EII?B 97B?8H7J?EDI,
Jh; 7=; E< RhOD?; 9h;HJ (412 M7) w7I KI;: 7I Jh; h7H:
C7x?CKC 8EKD: 799EH:?D= JE Ev7D=;B?IJ7 et al. (2019). ID
7::?J?ED, Jh; h7H: C7x?CKC 8EKD: 450M7w7I 7BIE 7:EFJ;: <EH
ZO=;DJEC7-PJ;HO=EJ7 :?v;H=;D9; 7=; 799EH:?D= JE M?IE< et al.
(2014) 7D: TED= et al. (2015).
FEH Jh; mcmctree 7D7BOI?I, w; fHIJ ;IJ?C7J;: Jh; IK8IJ?-
JKJ?ED H7J; FH?EH KI?D= Jh; :?v;H=;D9; :7J; 419 M7 <EH Jh;
PEBOD;EFJ;H7–P7H7D;EFJ;H7 8H7D9h?D= 799EH:?D= JE TED= et al.
(2015). B7I;: ED Jh; H;IKBJ, 7 =7CC7 FH?EH <EH Jh; IK8IJ?JKJ?ED
H7J; w7I ;IJ?C7J;: KI?D= baseml ?D Jh; paml IE<Jw7H; F79k7=;.
Th; GTR+G CE:;B w7I 7:EFJ;: w?Jh   = 0.5, wh?9h w7I 7
9BEI; 7FFHEx?C7J?ED E< Jh; 8;IJ IK8IJ?JKJ?ED CE:;B ;IJ?C7J;: 8O
jmodeltest (PEI7:7, 2008) <EH Jh; ;DJ?H; :7J7I;J. W; F;H<EHC;:
7 HKD <EH 1 000 000 =;D;H7J?EDI, 7D: Jh; v7BK;I w;H; I7CFB;:
;v;HO 50 =;D;H7J?EDI. Th; fHIJ 10% E< Jh; E8J7?D;: v7BK;I w;H;
;x9BK:;: <EH 8KHD-?D. W; H7D JwE ?D:;F;D:;DJ 7D7BOI;I JE 9h;9k
Jh7J Jh; MCMC HKDI H;79h;: 7 IJ7J; E< 9EDv;H=;D9; (:EI R;?I
et al., 2017).
FEH Jh; beast 7D7BOI?I, w; KI;: Jh; clade ages F79k7=;
(M7JI9h?D;H et al., 2017). Th; <EBBEw?D= EFJ?EDI w;H; I;B;9J;::
BEASTME:;B T;IJ <EH Jh; I?J; CE:;B, H;B7x;: 9BE9k BE= DEHC7B
<EH Jh; 9BE9k CE:;B, 7D: 8?HJh-:;7Jh CE:;B <EH Jh; FH?EHI. W;
F;H<EHC;: 7 HKD <EH 20C?BB?ED =;D;H7J?EDI, 7D: Jh; fHIJ 10% E<
Jh; E8J7?D;: v7BK;I w;H; ;x9BK:;: <EH 8KHD-?D. tracer ?D Jh;
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Fig. 3. CEDIJH7?D;: C7x?CKC B?k;B?hEE: JH;; ;IJ?C7J;: 8O iq-tree. NED-FEBOD;EFJ;H7 EH:;HI w;H; EC?JJ;:. AIJ;H?IkI ED DE:;I ?D:?97J; Jh7J
Jh;O w;H; 9EDIJH7?D;:. M7@EH 9B7:;I ?D ZEH7FJ;H7 7H; h?=hB?=hJ;: ?D 9EBEKH;: H;9J7D=B;I (I;; J;xJ <EH :;J7?BI). [CEBEKH f=KH; 97D 8; v?;w;: 7J
w?B;OEDB?D;B?8H7HO.9EC].

Table 1. A B?IJ E< 97B?8H7J?ED <EII?BI KI;:, ?D9BK:?D= 7=;I

FEII?B J7xED C7B?8H7J;: =HEKFI A=; (M7)

Pronemoura angustithorax PB;9EFJ;H7 161.0–160.5
Sorellembia estherae EC8?EFJ;H7 99.9
Valditermes brennenae IIEFJ;H7 136.4–130.0

beast IE<Jw7H; F79k7=; (BEK9k7;HJ et al., 2014) w7I KI;: JE
9h;9k Jh7J Jh; MCMC HKDI H;79h;: 7 IJ7J; E< 9EDv;H=;D9;.

Biogeographical analysis

AD9;IJH7B 7H;7 H;9EDIJHK9J?ED w7I F;H<EHC;: KI?D= Jh;
:7J;: JH;; E8J7?D;: <HEC Jh; mcmctree 7D7BOI?I. OKJ=HEKF
I7CFB;I w;H; ;x9BK:;: <HEC Jh; 7D7BOI?I. W; KI;: 7

:?IF;HI7B-;xJ?D9J?ED-9B7:E=;D;I?I (DEC) CE:;B (<HEC
L7=H7D=;; R;; & SC?Jh, 2008) 7I ?CFB;C;DJ;: ?D Jh; IE<J-
w7H; rasp 3.2 (YK et al., 2015). D?IF;HI7B-v?97H?7D9; 7D7BOI?I
(DIVA; REDGK?IJ, 1997) w7I 7 FEJ;DJ?7B 7BJ;HD7J?v; JE Jh;
DEC CE:;B. HEw;v;H, 7 FH;v?EKI IJK:O IhEw;: Jh7J DIVA
wHED=BO ?:;DJ?f;I 7D9;IJH7B 7H;7I w?Jh 9ECFB;x F7JJ;HDI E<
:?IF;HI7BI 7D: w?Jh?D-7H;7 IF;9?7J?ED ;v;DJI (KE:7D:7H7C7?7h,
2010). F?v; =;E=H7Fh?97B H;7BCI w;H; :;fD;:: A<HEJHEF?97B
(AF), ID:EC7B7OI?7D (IM), N;7H9J?9 (NA), N;EJHEF?97B (NT)
7D: AKIJH7B7I?7D. Th; C7x?CKC DKC8;H E< 7H;7I 7BBEw;: <EH
7D9;IJH7B :?IJH?8KJ?EDI 7J ;79h DE:; w7I I;J JE JwE, 7D: :?IF;HI7B
8;Jw;;D 7BB F7?HI E< :?IJH?8KJ?ED7B 7H;7I w7I ;GK7BBO w;?=hJ;:.
FEH ;xJ7DJ IF;9?;I, Jh;H; 7H; DE IF;9?;I :?IJH?8KJ;: ?D JwE EH
CEH; 8?E=;E=H7Fh?97B H;=?EDI. Th; 8?E=;E=H7Fh?97B H;=?ED
9E:?D= E< ;79h I7CFB; w7I 87I;: ED Jh; kDEwD :?IJH?8KJ?ED7B
H7D=; E< Jh; IF;9?;I.
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Character evolution

W; <E9KI;: ED Jh; <EBBEw?D= ;?=hJ <;7JKH;I: (?) 78I;D9; EH
FH;I;D9; E< 7D ;BED=7J;: ?DJHEC?JJ;DJ EH=7D; (??) IOCC;JHO E<
=;D?J7B?7; (???) 78I;D9; EH FH;I;D9; E< 87I7B FB7J;; (?v) 78I;D9;
EH FH;I;D9; 7D: I?z; E< C7J?D= hEEk; (v) 78I;D9; EH FH;I;D9;
E< H;9EH:I E< C7B;I; (v?) 78I;D9; EH FH;I;D9; 7D: I?z; E< FHE-
JK8;H7D9;I ED 78:EC?D7B J;H=?J;I 9–11; (v??) CE:?f97J?EDI E<
IK8=;D?J7B FB7J;; 7D: (v???) 78I;D9; EH FH;I;D9; E< h7?HO F7J9h ED
v;HJ;x (‘<EDJ7D;BB; =B7D:’ ?D Jh; B?J;H7JKH;). Th; H;B;v7DJ :7J7 7H;
FHEv?:;: ?D C7DO J7xEDEC?9 IJK:?;I, 7D: CEIJ E< Jh; ?D<EHC7-
J?ED w7I E8J7?D;: <HEC Jh; B?J;H7JKH;. I< D;9;II7HO, w; ;x7C?D;:
IF;9?C;DI KD:;H 7 IJ;H;EC?9HEI9EF; OBOCFKI SZX12 (OBOC-
FKI CEHFEH7J?ED, TEkOE, J7F7D) JE E8J7?D 7::?J?ED7B ?D<EHC7-
J?ED. FEH 7D Ev;Hv?;w E< Jh; :?v;HI?JO <E9KI IJ79k?D= ?C7=;I
E< Jh; 97K:7B v?;w w;H; J7k;D KI?D= 7 IJ;H;EC?9HEI9EF; L;?97
M205 A ;GK?FF;:w?Jh 7 L;?97DFC420 97C;H7 7D: Jh; IE<Jw7H;
las 3.8 (L;?97 M?9HEI9EFO GC8H,W;JzB7H, G;HC7DO). R;B;v7DJ
?D<EHC7J?ED <EH Jh; EKJ=HEKFI w7I E8J7?D;: <HEC Jh; <EBBEw-
?D= IJK:?;I: TKx;D (1970), H;BC et al. (2011) 7D: KB7II et al.
(2003). Ch7H79J;H ;vEBKJ?ED w7I H;9EDIJHK9J;: w?Jh Jh; IE<Jw7H;
mesquite 3.6 (M7::?IED & M7::?IED, 2018).

Data accessibility

ABB IKFFEHJ?D= :7J7 7H; 7v7?B78B; ;B;9JHED?97BBO ?D F?B; S1.

Results

Phylogeny, dating and biogeography

Th; 7B?=D;: I;GK;D9;I 9EDI?IJ;: E< 1753 8F (E< wh?9h 75 8F
w;H; ;x9BK:;: <HEC Jh; 7D7BOI;I), 7D: Jh; E8J7?D;: C7x?CKC
B?k;B?hEE: (ML) 7D: B7O;I?7D JH;;I (F?=I 3, S1–S3) w;H; 9ED-
=HK;DJ ;x9;FJ <EH ED; w;7kBO IKFFEHJ;: 8H7D9h. N;?Jh;H 7D7B-
OI?I, w?Jh 7D: w?JhEKJ 9EDIJH7?D?D= FhOBE=;D;J?9 H;B7J?EDIh?F
7CED= EKJ=HEKF EH:;HI (M?IE< et al., 2014;W?Ff;H et al., 2019),
O?;B:;: :?<<;H;DJ FhOBE=;D;J?9 H;B7J?EDIh?FI w?Jh?D ZEH7FJ;H7
(F?=I 3, S1–S3). Th;H;<EH;, Jh; ?DfK;D9; E< Jh; 7D7BOJ?97B C;Jh-
E:I ED Jh; ;vEBKJ?ED7HO h?IJEHO :?I9KII?ED ?I D;=B?=?8B;, 7D: w;
<E9KI;: ED Jh; ML JH;; Jh;H;7<J;H.
Th; CEDEFhOBO E< Jh; EH:;H ZEH7FJ;H7 w7I IJHED=BO IKFFEHJ;:
[100% 8EEJIJH7F (BS), FEIJ;H?EH FHE878?B?JO (PP) = 1) (F?=I S1,
S3) 7D: ?J 97D 8; :?v?:;: ?DJE JhH;; C7@EH 9B7:;I (F?=. 3). CB7:;
1 9ECFH?I;I fv; IF;9?;I <HEC :?<<;H;DJ 9EDJ?D;DJI: Z. hubbardi
(N;7H9J?9: NA), Z. impolitus (ID:EC7B7OI?7: IM), Z. shan-
noni (N;EJHEF?9: NT), Z. asymmetristernum (A<HEJHEF?9: AF),
7D: Z. IF. 1 (AF) (F?=. 3). Th; 7D9;IJH7B :?IJH?8KJ?ED 7H;7I E<
ZEH7FJ;H7 7D: 9B7:; 1 w;H; DEJ 9EDv?D9?D=BO ;IJ?C7J;: (F?=. 4).
CB7:; 1 ?I ;IJ?C7J;: JE h7v; IFB?J 7HEKD: 270 M7 (210–385
M7) <HEC Jh; H;IJ 7D: :?v;H=;: 7HEKD: 224 M7 (163–285 M7)
(F?=. 4). W?Jh?D 9B7:; 1, Z. hubbardi (NA) 7D: Z. impolitus (IM)
I;F7H7J;: 155 M7 (89–225 M7) (F?=. 4), 7D: Jh; 7D9;IJH7B 7H;7
H;C7?DI KD9;HJ7?D (F?=. 4) 7I ?D Jh; FH;v?EKI 97I;I. Zorotypus
shannoni (NT) :;H?v;: 85 M7 (42–143 M7) <HEC 7 9ECCED

7D9;IJEH w?Jh Z. asymmetristernum (AF). Th; 7D9;IJH7B :?IJH?8K-
J?ED E< Jh; 9B7:; ?D9BK:?D= Z. IF.1 (AF) w7I FH;IKC;: 7I ;?Jh;H
A<HEJHEF?9 + N;EJHEF?9 (77.15%) EH EDBO A<HEJHEF?9 (22.85%)
(F?=. 4).
CB7:;I 2 7D: 3 w;H; ;IJ?C7J;: JE h7v; :?v;H=;: 7HEKD: 236
M7 (179–295 M7) (F?=. 4), FH;IKC78BO ?D 7D 7H;7 9EHH;IFED:-
?D= JE Jh; 9EDJ;CFEH7HO N;EJHEF?9 H;=?ED (100%). CB7:; 3
?D9BK:;I EDBO Z. barberi (NT) 7CED= Jh; ?D9BK:;: IF;9?;I,
wh?B; 9B7:; 2 9ECFH?I;I Jh; C7@EH?JO E< IF;9?;I ;v7BK7J;: ?D EKH
IJK:O (F?=. 3). CB7:; 2 :?v;HI?f;: 7HEKD: 183 M7 (134–238
M7) (F?=. 4). Th; 7D9;IJH7B :?IJH?8KJ?ED w7I ;IJ?C7J;: 7I ;?Jh;H
N;EJHEF?97B (74.47%) EH Jh; ID:EC7B7OI?7 + N;EJHEF?9 H;=?EDI
(25.53%) (F?=. 4). CB7:; 2 9ECFH?I;I JhH;; C7@EH B?D;7=;I
(F?=. 3). Th; fHIJ ;C;H=?D= 9B7:; 29 9ECFH?I;I Z. weidneri
(NT), Z. brasiliensis (NT) 7D: Z. huxleyi (NT) (F?=. 3), w?Jh
7 IK89B7:; E< Z. weidneri 7D: Z. brasiliensis. Th;I; IF;9?;I
w;H; ;IJ?C7J;: JE h7v; :?v;H=;: 7HEKD: 128 M7 (86–180 M7)
(F?=. 4) ?D Jh; N;EJHEF?97B H;=?ED (F?=. 4). Th; H;IJ E< 9B7:; 2
w7I ;IJ?C7J;: JE h7v; IFB?J 161 M7 (114–214 M7). OD; IK8-
=HEKF (9B7:; 27) :?v;H=;: ?D Jh;N;EJHEF?97B H;=?ED 7D: Jh; EJh;H
(9B7:; 28) ?D 9EDJ?D;DJI 9EHH;IFED:?D= JE Jh; 9KHH;DJ ID:EC7-
B7OI?7D H;=?ED + AKIJH7B7I?7 (35.33%), ID:EC7B7OI?7 (33.21%),
ID:EC7B7OI?7 + N;EJHEF?97B H;=?ED (26.23%), EH EDBO Jh;
N;EJHEF?97B H;=?ED (5.24%) (F?=I 3,4). Th; N;EJHEF?97B 9B7:;
(927) :?v;H=;: 7HEKD: 103 M7 (64–155 M7), 7D: Z. mexicanus
(NA) 7HEI; 30 M7 (14–56 M7) (F?=. 4). Th; EH?=?D E< Z. mex-
icanus w7I ;IJ?C7J;: 7I Jh; N;7H9J?9 + N;EJHEF?97B H;=?EDI.
Zorotypus novobritannicus (AKIJH7B7I?7D) w7I FB79;: 7I I?IJ;H
JE Jh; ID:EC7B7OI?7D =HEKF, 7D: Jh;?H :?v;H=;D9; :7J; w7I
;IJ?C7J;: 7I 138 M7 (94–190 M7). Th; H;IJ :?v;H=;: 7HEKD:
104 M7 (64–155 M7) ?D Jh; ID:EC7B7OI?7D H;=?ED (F?=. 4).
Th; :?v;H=;D9; 7=; ;IJ?C7J?ED 87I;: ED 7 beast CE:;B
(F?=. S4) IhEw;: v;HO I?C?B7H H;IKBJI. Th; :?v;H=;D9; 7=;I E<
;79h DE:; w;H; ;IJ?C7J;: 7I IB?=hJBO EB:;H Jh7D JhEI; E8J7?D;:
<HEC 7 mcmctree 7D7BOI?I, wh?B; Jh; ;IJ?C7J;: :?v;H=;D9; 7=;I
E< 9B7:; 1 w;H; OEKD=;H. HEw;v;H, ?D 7BB 97I;I Jh;O B7H=;BO
Ev;HB7FF;:.

Evolution o( reproductive character states

B7I;: ED EKH EH?=?D7B E8I;Hv7J?EDI 7D: 7 B?J;H7JKH; IKHv;O,
C7?DBO <HEC J7xEDEC?9 IJK:?;I, ?D<EHC7J?ED ED Jh; ;?=hJ 9h7H-
79J;HI :;I9H?8;: ;7HB?;H H;B7J;: JE H;FHE:K9J?ED w7I 7v7?B78B;
<EH Jh; C7@EH?JO E< Jh; :;I9H?8;: IF;9?;I 7D: ?I IKCC7H?z;: ?D
T78B; S3. CEDI;DIKI ED IJHK9JKH7B hECEBE=?z7J?ED ?D zEH7FJ;H7D
=;D?J7B?7 w7I DEJ ;v?:;DJ, 7D: H;I;7H9h;HI KI;: :?<<;H;DJ J;HC?-
DEBE=?;I 87I;: ED v7HO?D= ?DJ;HFH;J7J?EDI ?D Jh; B?J;H7JKH;. A
H;B?78B; 7II;IIC;DJ E< hECEBE=?;I ?I IJ?BB F;D:?D=, 7 FE?DJ 7BIE
;CFh7I?z;: ?D BEK:?DEJ’I (2018) fHIJ 9ECFH;h;DI?v; IODJh;I?I
E< ?DI;9J C7B; =;D?J7B?7. AI Jh?I JKHD;: EKJ JE 8; JEE 7C8?=KEKI
<EH 9h7H79J;HI (3) 7D: (6), Jh;O w;H; DEJ I9EH;: <EH J;HC?D7BI
EKJI?:; E< ZEH7FJ;H7.
Th; ML H;9EDIJHK9J?ED w7I F;H<EHC;: JE ;IJ?C7J; ;vEBK-
J?ED7HO h?IJEH?;I E< Jh; ;?=hJ <;7JKH;I (F?=. 5). HOF;H;BED=7-
J?ED E< Jh; ?DJHEC?JJ;DJ EH=7D E99KHH;: 7J B;7IJ Jw?9;, FEII?8BO
;v;D JhH;; J?C;I (F?=. 5A). AI 9B7:; 27 ?D9BK:;I C7DO IF;9?;I
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Fig. 4. AD9;IJH7B H7D=; H;9EDIJHK9J?ED IhEwD ?D 7 J?C;-97B?8H7J;: FhOBE=;DO E< ZEH7FJ;H7 87I;: ED Jh; :?IF;HI7B-;xJ?D9J?ED-9B7:E=;D;I?I (DEC)CE:;B.
TEFEBE=O 87I;: ED C7x?CKC B?k;B?hEE: 7D7BOI?I. P?; 9h7HJI ED ;79h DE:; ?D:?97J; Jh; B?k;B?hEE: E< Jh; ;IJ?C7J;: 7D9;IJH7B 7H;7. D;J7?B;: IJ7J?IJ?9I E<
Jh; ;IJ?C7J;: 7D9;IJH7B :?IJH?8KJ?ED 7H; 7v7?B78B; ?D F?=. S5 (ES9). [CEBEKH f=KH; 97D 8; v?;w;: 7J w?B;OEDB?D;B?8H7HO.9EC].

w?Jh KDkDEwD 9h7H79J;H IJ7J;I, Jh; ?D:;F;D:;DJ E99KHH;D9; E<
Jh; IF?H7B ?D 9B7:;I 27 7D: 28 ?I DEJ 9ED9BKI?v;. AD 7IOC-
C;JH?9 9EDf=KH7J?ED E< Jh; =;D?J7B?7 ?I 7 9ECCEDBO E8I;Hv;:
<;7JKH; ?D PEBOD;EFJ;H7 (HK8;H et al., 2007), 8KJ 7 IOCC;JH?-
97B 9ED:?J?ED ?I 9EDI?:;H;: 7I 7D9;IJH7B <EH Jh; =HEKF (H;BC
et al., 2011; BEK:?DEJ, 2018). Th; 7D9;IJH7B IJ7J; E< ZEH7FJ;H7
w7I FHE878BO IOCC;JH?9 799EH:?D= JE EKH ;IJ?C7J; (F?=. 5B).

Th; 7IOCC;JH?9 IJ7J; w7I FHE878BO 79GK?H;: ?D Jh; 7D9;IJEH E<
9B7:; 1.
Th; B7IJ 9ECCED 7D9;IJEH E< ZEH7FJ;H7 h7: FHE878BO 79GK?H;:
7 C7J?D= hEEk, EH 7J B;7IJ 7 IC7BB C7J?D= hEEk w7I FH;I;DJ ?D
Jh; 9ECCED 7D9;IJEH E< 9B7:;I 2+ 3. IJI ;DB7H=;C;DJ 7D: CE:-
?f97J?EDI E99KHH;: ?D:;F;D:;DJBO ?D I;v;H7B B?D;7=;I (F?=. 5C).
ME:?f97J?EDI E< Jh; C7H=?D7B 7H;7 E< Jh; IK8=;D?J7B FB7J; 7H;
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Fig. 5. M7x?CKC B?k;B?hEE: 7D9;IJH7B IJ7J; H;9EDIJHK9J?EDI E< I;B;9J;: JH7?JI w?Jh 7 IF;9?7B <E9KI ED H;FHE:K9J?v; 9h7H79J;HI E< ZEH7FJ;H7. [CEBEKH
f=KH; 97D 8; v?;w;: 7J w?B;OEDB?D;B?8H7HO.9EC].
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Fig. 5. CEDJ?DK;:. [CEBEKH f=KH; 97D 8; v?;w;: 7J w?B;OEDB?D;B?8H7HO.9EC].

kDEwD ?D IEC; IF;9?;I Jh7J <EHC Jh; CEDEFhOB;J?9 IK8KD?J Z.
shannoni (NT)+ Z. asymmetristernum (AF)+ Z. IF. 1 (AF) E<
9B7:; 1 (F?=. 5D). IJ ?I B?k;BO Jh7J 7 8?<KH97J;: C7H=?D h7I ;vEBv;:
?D Jh; 9ECCED 7D9;IJEH, w?Jh IK8I;GK;DJ JH7DI<EHC7J?ED E< Jh;
IK8=;D?J7B FB7J; ?D Z. asymmetristernum.
Th; FH;I;D9; EH 78I;D9; E< 7 87I7B FB7J; ?D Jh; zEH7FJ;H7D
=HEKD:FB7D H;C7?DI ;GK?vE97B (F?=. 5E), 7I Jh; ?:;DJ?JO E< Jh;

87I7B FB7J; E8I;Hv;: ?D IF;9?;I E< 9B7:;I 2 7D: 3 ?I DEJ O;J
9EDfHC;:. HEw;v;H, ?J ?I 9B;7HBO IhEwD Jh7J Jh; 9h7H79J;H
IJ7J;I I;F7H7J; 9B7:;I 1 <HEC 2+ 3. Th?I ?CFB?;I Jh7J Jh?I
9h7H79J;H w7I ;?Jh;H BEIJ EH 9ECFB;J;BO CE:?f;: ?D 9B7:; 1,
EH 7BJ;HD7J?v;BO D;wBO :;v;BEF;: ?D 9B7:; 2+ 3. Th; h?=h
:?v;HI?JO 7CED= IF;9?;I ?I KIK7BBO v?I?8B; ?D 97K:7B v?;w E< Jh;
78:EC;D (F?=. 6). E7I?BO v?I?8B; :?<<;H;D9;I 7CED= IF;9?;I 7H;
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Jh; FH;I;D9; EH 78I;D9; E< FHEJK8;H7D9;I E< J;H=?J;I 9–11, 7D:
7BIE :?<<;H;DJ I?z;I E< Jh;I; IJHK9JKH;I. Th; hECEBE=O E< Jh;I;
FHEJK8;H7D9;I w7I 9ECFB;J;BO KD9B;7H, 7D: Jh; ;vEBKJ?ED7HO
h?IJEHO w7I H;9EDIJHK9J;: 87I;: ED :7J7 EDBO 79GK?H;: <HEC
ZEH7FJ;H7. V7HO?D= 9ED:?J?EDI E< Jh;I; IKH<79; IJHK9JKH;I w;H;
<EKD: ?D :?<<;H;DJ 9B7:;I, 7D: ?J I;;CI Jh7J H;F;7J;: 79GK?I?J?EDI
7D: BEII;I E99KHH;: ?D ZEH7FJ;H7 (F?=. 5F).
Th; B79k E< 7DO H;9EH:I E< C7B;I :E;I DEJ D;9;II7H?BO C;7D
Jh7J Jh; 9ED9;HD;: IF;9?;I 7H; F7HJh;DE=;D;J?9. HEw;v;H, ?J
?I 9EDfHC;: Jh7J <;C7B;I E< Z. brasiliensis (NT, 929) 7D:
Z. gurneyi (NT) 97D H;FHE:K9; F7HJh;DE=;D;J?97BBO (S?Bv;IJH?,
1947; ChE;, 1997). OKH H;IKBJI CKIJ 8; 9EDI?:;H;: 7I FH;B?C-
?D7HO. HEw;v;H, ?J 7FF;7HI Jh7J IF;9?;I w?Jh KDkDEwD C7B;I
7H; DEJ 9BEI;BO H;B7J;:, IK==;IJ?D= FEII?8B; ?D:;F;D:;DJ BEII;I
(F?=. 5G), w?Jh F7HJh;DE=;D;I?I ;vEBv?D= I;v;H7B J?C;I ?D:;F;D-
:;DJBO ?D ZEH7FJ;H7. CEKHJIh?F <;;:?D= JhHEK=h 7 h7?HO F7J9h
ED Jh; v;HJ;x ?I kDEwD ?D Z. barberi (NT, 93) (ChE;, 1995).
Th; I;J7B F7J9h;I 7H; kDEwD <HEC I;v;H7B 7::?J?ED7B IF;9?;I
(T78B; S3). ABJhEK=h Jh; FH;I;D9; E< 7 =B7D: ?I DEJ 9EDfHC;:,
w; C7FF;: Jh; ;xJ;HD7BBO v?I?8B; 9h7H79J;H IJ7J; ED Jh; FhO-
BE=;DO. Th; 7D9;IJH7B IJ7J; w7I FHE878BO 78I;DJ, 7D: ?J 7FF;7HI
B?k;BO Jh7J 79GK?I?J?EDI E99KHH;: H;F;7J;:BO (F?=. 5H).

Discussion

Th; FH;I;DJ IJK:O 9EDfHCI Jh; CEDEFhOBO E< ZEH7FJ;H7 8O
C;7DI E< <EHC7B FhOBE=;D;J?9 7D7BOI;I 87I;: ED 7 8HE7: I7C-
FB?D= E< zEH7FJ;H7D IF;9?;I, 7I FH;v?EKIBO IhEwD 8O YEIh?z7w7
& JEhDIED (2005). TH7:?J?ED7BBO, Jh; <EBBEw?D= <;7JKH;I ?D9BK:-
?D= H;:K9J?EDI w;H; 9EDI?:;H;: 7I FEJ;DJ?7B 7KJ7FECEHFh?;I E<
Jh; EH:;H ZEH7FJ;H7: (?) :?IJ?D9J :?CEHFh?IC (7FJ;HEKI 7D: 7B7J;
CEHFhI); (??) IJHED=BO I?CFB?f;: w?D= v;D7J?ED 7D: 7 97F78?B?JO
E< Ih;::?D= Jh; w?D=I; (???) JwE-I;=C;DJ;: J7HI? w?JhEKJ 7:h;-
I?v; IJHK9JKH;I; 7D: (?v) 9EHH;B7J?EDI E< FH;I;D9;/78I;D9; E< 9EC-
FEKD: ;O;I, E9;BB? 7D: :?IJ?D9J F?=C;DJ7J?ED (B;KJ;B & GEH8,
2001; B;KJ;B et al., 2014; M7Ih?CE et al., 20149). HEBE9;D-
JH?9 9hHECEIEC;I H;FEHJ;: <HEC Z. hubbardi (NA) (KKzD;JIEv7
et al., 2002) 9EKB: 8; 7D 7::?J?ED7B 7KJ7FECEHFhO E< ZEH7FJ;H7.
CECF7H?D= w?Jh Jh; H;9EDIJHK9J;: =HEKD:-:w;BB?D= 7D9;IJEH E<
PEBOD;EFJ;H7 (W?Ff;H et al., 2019), wh?9h ?DJK?J?v;BO H;I;C-
8B;I 7 =H7IIhEFF;H, :?IJ?D9J C?D?7JKH?z7J?ED 7D: F7HJ?7B IJHK9JKH7B
I?CFB?f97J?ED CKIJ h7v; E99KHH;: ?D Jh; 9ECCED 7D9;IJEH E<
ZEH7FJ;H7, FEII?8BO :K; JE Jh; h78?J7J IF;9?7B?z7J?ED, 7 FH;<;H-
;D9; <EH IK89EHJ?97B IF79;I (KD:;H 87Hk) E< <7BB;D JH;;I wh;H;
IF7J?7B I?z; ?I ;xJH;C;BO B?C?J;:. OKH CEB;9KB7H FhOBE=;D;J?9
7FFHE79h H;v;7B;: Jh; <KHJh;H ;vEBKJ?ED7HO h?IJEHO E< ZEH7FJ;H7.

Phylogeny, dating and biogeography

Th; H;IKBJI E< EKH 7D7BOI;I E< CEB;9KB7H :7J7 IK==;IJ Jh7J
;xJ7DJ ZEH7FJ;H7 <EHC JhH;; C7@EH 9B7:;I. Th; ;7HBO IFB?JI FH;-
IKC78BO E99KHH;: ?D Jh; ;7HBO P;HC?7D (F?=. 3) EH FEII?8BO Jh;
C7H8ED?<;HEKI (F?=. S5), wh;D Jh; 9EDJ?D;DJI w;H; KD?J;: 7I
P7D=7;7, EH 7J B;7IJ 7 9EDD;9J?ED ;x?IJ;: 8;Jw;;D Jh; IKF;H9ED-
J?D;DJI GED:w7D7 7D: L7KH7I?7 (SC?Jh et al., 2004). Th; h;J-
;HE=;D;EKI :?IJH?8KJ?ED H7D=;I <EKD: ?D 9B7:;I 1 7D: 2 C7O 8;

C7?DBO :K; JE Jh;?H EB: EH?=?D 7D: IK8I;GK;DJ v?97H?7D9; 8;Jw;;D
Jh; 9EDJ;CFEH7HO 9EDJ?D;DJI.
MEIJ IF;9?;I E< 9B7:; 1, ?.;. Z. hubbardi (NA), Z. impolitus
(IM), Z. shannoni (NT), Z. IF.1 (AF) 7D: Z. asymmetristernum
(AF), FH;IKC78BO EH?=?D7J;: 8;<EH; Jh; 9EDJ?D;DJI H?<J;: 7HEKD:
80–100 M7 (S;JED et al., 2012). Th; IFB?J E< Z. hubbardi (NA)
7D: Z. impolitus (IM) E99KHH;: ?D Jh; ;7HBO JKH7II?9, wh;D
L7KH7I?7 IJ?BB ;x?IJ;: (S;JED et al., 2012). Th; H;IJ E< 9B7:; 1
:?v;H=;: ?D Jh; B7J; CH;J79;EKI, 7D: Jh; 7D9;IJH7B :?IJH?8KJ?ED
w7I ;IJ?C7J;: JE 8; A<HEJHEF?9 + N;EJHEF?9, wh?9h 9EHH;IFED:I
JE GED:w7D7 (S;JED et al., 2012). Th; 8H;7k-KF E< P7D=7;7
FHE878BO JEEk FB79; ?D Jh; JKH7II?9 7D: CH;J79;EKI (100–160
M7; S;JED et al., 2012), 7D: Jh?I C7O ;xFB7?D Jh; IFB?J E<
Jh; JwE B?D;7=;I E< 9B7:; 1. Th; IFB?J E< Z. shannoni (NT)
7D: Z. asymmetristernum (AF) (85 M7) ?I FEII?8BO 7BIE 7
H;IKBJ E< v?97H?7D9;. ABJhEK=h Jh; 9EDJ;CFEH7HON;EJHEF?97B 7D:
A<HEJHEF?97B H;=?EDI h7: FHE878BO H?<J;: c. 100 M7 (S;JED et al.,
2012), Jh; ;IJ?C7J;: :?v;H=;D9; 7=; 9EDJ7?DI 7D ;IJ?C7J?ED
;HHEH. HEw;v;H, ?J ?I 7BIE FEII?8B; Jh7J Jh; JwE IF;9?;I 7HEI; ?D
Jh; A<HEJHEF?97B H;=?ED 7D: Z. shannoni :?IF;HI;: 8O :H?<J?D=
JhHEK=h Jh; SEKJh AJB7DJ?9O9;7D, 7D: ?D:;;: Jh; :?v;H=;D9; 7=;
;IJ?C7J;: 8O 7 beast 7D7BOI?I w7I H;B7J?v;BO OEKD= (24 M7).
Th; IFB?J 8;Jw;;D 9B7:;I 2 7D: 3 w7I ;IJ?C7J;: 7J c. 236 M7,
7D: 9B7:; 2 :?v;H=;: c. 183M7. Th; fHIJ IFB?J FHE878BO E99KHH;:
?D Jh; H;=?EDI 9EHH;IFED:?D= JE Jh; 9EDJ;CFEH7HO N;EJHEF?97B
H;=?ED. Th?I h7FF;D;: 8;<EH; Jh; I;F7H7J?ED E< GED:w7D7 7D:
L7KH7I?7 (SC?Jh et al., 2004; S;JED et al., 2012). Th;H;<EH;, ?J
?I 9ED9;?v78B; Jh7J Jh; 7D9;IJH7B IF;9?;I w7I :?IJH?8KJ;: ?D Jh;
9EHH;IFED:?D= IEKJh;HD F7HJ E< P7D=7;7. CB7:; 2 ?D9BK:;I JhH;;
C7@EH B?D;7=;I (927, 928, 929), 7D: 9B7:; 28 9ECFH?I;I IEB;BO
ID:EC7B7OI?7D 7D: AKIJH7B7I?7D IF;9?;I. Th?I B?D;7=; FH;IKC-
78BO 7HEI; 161 M7 7D: :?v;H=;: 138 M7. DKH?D= Jh?I F;H?E:,
?J ?I 7IIKC;: Jh7J Jh; ID:?7D IK89EDJ?D;DJ + AKIJH7B7I?7 IJ7HJ;:
JE H?<J <HEC GED:w7D7, 7D: AKIJH7B7I?7 IJ7HJ;: JE I;F7H7J; <HEC
Jh; ID:?7D IK89EDJ?D;DJ 120M7 (S;JED et al., 2012). Th; J?C; E<
Jh; zEH7FJ;H7D H7:?7J?ED 7D: 9EDJ?D;DJ7B 8H;7k-KF ?I 7D ;IJ?C7-
J?ED 7D: FHED; JE ;HHEHI. OKH ;IJ?C7J?EDI :?: DEJ 7Bw7OI IK==;IJ
Jh7J IF;9?7J?ED 7D: B?D;7=; IFB?JI E99KHH;: 8;<EH; Jh; ;IJ?C7J;:
9EDJ?D;DJ7B 8H;7k-KF. HEw;v;H, 9EDI?:;H?D= Jh; 9ECFH;h;DI?v;
?D<EHC7J?ED C;DJ?ED;: ;7HB?;H, Jh; IF;9?;I :?IJH?8KJ?ED 97D 8;
;xFB7?D;: 8O v?97H?7D9; H7Jh;H Jh7D :?IF;HI7B. CEDI;GK;DJBO, ?J
97D 8; 7IIKC;: Jh7J Jh; IF;9?7J?ED C7?DBO E99KHH;: ED ?D:?v?:-
K7B 9EDJ?D;DJI. Th; EDBO ;x9;FJ?ED 7CED= Jh; IJK:?;: IF;9?;I ?I
Z. mexicanus (NA, 927), whEI; EH?=?D w7I :7J;: 7I 30 M7. Th;
<EHC7J?ED E< Jh; P7D7C7-CEIJ7 R?97 AH9 ?I ;IJ?C7J;: 7HEKD:
60–90 M7 (:?<<;H;DJ hOFEJh;I;I 7H; :?I9KII;: ?D S;JED et al.,
2012). Th?I IK==;IJI Jh7J Z. mexicanus (NA) ?I :;H?v;: <HEC Jh;
SEKJh AC;H?97D B?D;7=;, wh?9h ?Dv7:;: C;DJH7B AC;H?97 7<J;H
Jh; <EHC7J?ED E< Jh; AH9.
Th; ;7HBO P;HC?7D EH?=?D E< Jh; C7@EH zEH7FJ;H7D B?D;7=;I
;xFB7?DI Jh; ;DEHCEKI :?IF7H?JO E< Jh; C7J?D= 8;h7v?EKH (ChE;,
1994, 1995; D7BB7? et al., 2013) 7I w;BB 7I Jh; ?CFH;II?v;
v7H?7J?ED ?D Jh; =;D?J7B?7 7D: IF;HC CEHFhEBE=O 7CED= IF;9?;I
(D7BB7? et al., 2011, 2012, 20147,8,9). Th; H;9;DJBO E8I;Hv;:
;xJ;HD7B IF;HC JH7DI<;H E< Z. impolitus (IM, 91) (D7BB7? et al.,
2013) w7I Jh; fHIJ H;FEHJ <EH 7 FJ;HO=EJ; ?DI;9J. Th; ;x9;FJ?ED7B
:?v;H=;D9; E< 9h7H79J;HI B?Dk;: JE H;FHE:K9J?ED IJ7D:I ?D IJ7Hk
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Fig. 6. MEHFhEBE=?97B :?v;HI?JO E< Jh; 78:EC;D ?D 97K:7B v?;w. (A) Zorotypus hubbardi; (B) Z. IF. 1. C7C;HEED YK2; (C) Z. mexcanus; (D) Z.weidneri
BH7z?B; (E) Z. IF. 6 E9K7:EH 7BJ. 1000–1200C YK10, FEII?8BO Z. hamiltoni; (F) Z. huxleyi E9K7:EH; (G) Z. cervicornis; (H) Z. caudalli; (I) Z. IF. 2
V?;JD7C 7BJ. 1900C YK15; (J) Z. novobritannicus. S97B; 87HI, 200 μC. [CEBEKH f=KH; 97D 8; v?;w;: 7J w?B;OEDB?D;B?8H7HO.9EC].
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9EDJH7IJ JE 7 <7H-H;79h?D= KD?<EHC?JO ?D Jh; =;D;H7B 8E:O CEH-
FhEBE=O, wh?9h ?I FH;I;Hv;: I?D9; Jh; B7J; P7B7;EzE?9 <EH H;7IEDI
DEJ O;J KD:;HIJEE:. S?C?B7H Fh;DEC;D7 :?: DEJ ;vEBv; ?D EJh;H
=HEKFI w?Jh 7D EH?=?D ?D Jh; I7C; F;H?E:, ;.=. ?D Jh; FH;IKCFJ?v;
I?IJ;H J7xED D;HC7FJ;H7. SF;HC CEHFhEBE=O 97D 8; KI;<KB <EH
;IJ?C7J?D= FhOBE=;D;J?9 H;B7J?EDIh?FI ?D IEC; 97I;I (GEJJ7H:E
et al., 2016). D7BB7? et al. (20147,8) FHEFEI;: 7 hOFEJh;I?I <EH
IF;HC ;vEBKJ?ED ?D ZEH7FJ;H7, IK==;IJ?D= Jh7J: (?) JhEI; IF;9?;I
KI;: ?D D7BB7? et al. (2011, 2012, 20147,8) 7HEI; 8;<EH; Jh; <H7=-
C;DJ7J?ED E< GED:w7D7 ?D Jh; C?:-CH;J79;EKI F;H?E: (Jh; J?C;
w7I ;IJ?C7J;: :K; JE 7v7?B78B; <EII?B H;9EH:I, ;.=. PE?D7H JH,
1988; ED=;B & GH?C7B:?, 2002; K7::KC?, 2005); (??) Z. caudelli
(IM, 928), Z. magnicaudelli (IM, 928), Z. huxleyi (NT, 929) 7D:
Z. weidneri (NT, 929) <EHC 7 CEDEFhOB;J?9 KD?J; 7D: (???) Jh7J
Z. shannoni (NT, 91), Z. hubbardi (NT, 91) 7D: Z. impolitus
(IM, 91) :;fD?J;BO 8;BED= JE :?<<;H;DJ B?D;7=;I. M7Ih?CE et al.
(2015) 7BIE <EKD: 7 FEII?8B; IOD7FECEHFh?9 <;7JKH; E< ;==I E<
Z. impolitus (IM, 91) 7D: Z. hubbardi (NA, 91). Th;I; ?DJ;HFH;-
J7J?EDI 7H; 9ED=HK;DJ w?Jh EKH CEB;9KB7H FhOBE=;DO 7D: 9EHHE8-
EH7J; EKH ;vEBKJ?ED7HO hOFEJh;I;I.

Classifcation

ABB ;xJ7DJ IF;9?;I E< ZEH7FJ;H7 7H; DEw 9B7II?f;: KD:;H Jh;
I?D=B; =;DKI, Zorotypus. Th; 7D9?;DJ EH?=?D, =;D;J?9 :?v;H=;D9;
7D: Jh; KDKIK7B :?v;HI?JO E< =;D?J7B?7 7D: IF;HC 7H=K78BO IK=-
=;IJ 7 :?v?I?ED ?DJE I;v;H7B IKFH7IF;9?f9 IK8KD?JI. AI C;DJ?ED;:
?D Jh; IDJHE:K9J?ED, KKk7BEvá-P;9k & P;9k (1993) ;IJ78B?Ih;:
I?x =;D;H7 87I;: ED Jh; w?D= v;D7J?ED 7D: 8?E=;E=H7Fh?9 :?I-
JH?8KJ?ED (OB: vI N;w WEHB:). HEw;v;H, EDBO ED; OB: WEHB:
zEH7FJ;H7D w7I ?D9BK:;: ?D Jh;?H IJK:O, 7D: FhOBE=;D;J?9 H;B7-
J?EDIh?FI 7CED= Jh; IJK:?;: IF;9?;I w7I DEJ H;9EDIJHK9J;: w?Jh
7 <EHC7B 7FFHE79h (KKk7BEvá-P;9k &P;9k, 1993). ID 7::?J?ED JE
Jh?I, Ch7E & Ch;D (2000) ;IJ78B?Ih;: 7DEJh;H OB: WEHB: =;DKI
<HEC T7?w7D :K; JE 7D KDKIK7B 7FF;7H7D9;. Th; J7xEDEC?9 JH;7J-
C;DJI E< KKk7BEvá-P;9k & P;9k (1993) 7D: Ch7E & Ch;D
(2000) :?: DEJ C;;J Jh; 9H?J;H?7 <EH Jh; ;H;9J?ED E< IKFH7IF;-
9?f9 J7x7 EKJB?D;: 8O KEC7H;k & B;KJ;B (2006), ;IF;9?7BBO Jh;
9B7?C Jh7J 7BB IKFH7IF;9?f9 KD?JI (DEJ EDBO Jh; D;wBO ;H;9J;:
ED;) IhEKB: 8; CEDEFhOB;J?9. OKH H;IKBJI 7BIE 9B;7HBO H;@;9J Jh;
?:;7 Jh7J Jh; 8?E=;E=H7Fh?9 :?IJH?8KJ?ED E< ZEH7FJ;H7 ?I KI;<KB
<EH Jh; 9B7II?f97J?ED E< Jh; EH:;H. N;v;HJh;B;II, Jh; 9ED9;FJ E<
KKk7BEvá-P;9k & P;9k (1993) 7FF;7HI 7J B;7IJ F7HJBO @KIJ?f;:.
FEKH E< Jh; I?x ?D9BK:;: IF;9?;I w;H; 7BIE 7D7BOI;: ?D EKH IJK:O,
?.;. Z. barberi (NT, 93), Z. brasiliensis (NT, 929), Z. caudelli
(IM, 928) 7D: Z. hubbardi (NA, 91), ;79h E< Jh;C :;I?=D7J;:
7I JOF; IF;9?;I E< 7 I;F7H7J; =;DKI ?D KKk7BEvá-P;9k & P;9k
(1993). Th;I; IF;9?;I w;H; ;79h H;9Ev;H;: ?D :?<<;H;DJ B?D;7=;I
?D EKH 7D7BOI;I, 7D: 9B7:; 1, ?D9BK:?D= Z. hubbardi (NA, 91),
IhEw;: IF;9?f9 JH;D:I E< 9h7H79J;H IJ7J; ;vEBKJ?ED 7I :?I9KII;:
?D :;J7?B ?D Jh; <EBBEw?D=. CB7:; 1 <;7JKH;I 7IOCC;JH?9 =;D?J7B?7,
w?JhEKJ 7 hOF;H;BED=7J;: ?DJHEC?JJ;DJ EH=7D 7D: w?JhEKJ 7 87I7B
FB7J;. Th; 7IOCC;JH?9 9ED:?J?ED E< Jh?I IK8KD?J ?I 7FF7H;DJBO 7D
7KJ7FECEHFhO, 7D: Jh; H;C7?D?D= IF;9?;I 7H; 7BIECEDEFhOB;J?9.
Th;H;<EH;, w; 9EDI?:;H ?J 7 FEJ;DJ?7B EFJ?ED JE H;IKHH;9J ED; E<
Jh; =;D;H7 FHEFEI;: 8O KKk7BEvá-P;9k & P;9k (1993).

FEH 7 <KHJh;H J7xEDEC?9 IJ;F, Jh; FEI?J?ED E< Jh; JOF; IF;9?;I
E< Jh; =;DKI Zorotypus, ?.;. Z. guineensis (AF, DEJ ?D9BK:;:
h;H;), wEKB: h7v; JE 8; 9B7H?f;:. Th; EH?=?D7B :;I9H?FJ?ED E<
S?Bv;IJH? (1913) ?I H;B7J?v;BO :;J7?B;:, 8KJ w; 9EKB: DEJ ;xJH79J
IK<f9?;DJ ?D<EHC7J?ED <HEC ?J. D7BB7? et al. (20148) H;-;v7BK7J;:
S?Bv;IJH?’I IJK:O 7D: Jh; EH?=?D7B h?IJEBE=?97B I7CFB;I. Th;O
9EDfHC;: Jh7J C7B;I B79k 7D ;BED=7J;: ?DJHEC?JJ;DJ EH=7D.
ABJhEK=h ?J ?I DEJ ;xFB?9?JBO C;DJ?ED;:, Jh; f=KH;I IhEw D;?Jh;H
7IOCC;JH?9 =;D?J7B I9B;H?J;I <EKD: ?D IF;9?;I E< 9B7:; 1 DEH
7DO 87I7B FB7J;-B?k; IJHK9JKH; JOF?97B E< IF;9?;I E< 9B7:; 2+ 3.
FKHJh;HCEH;, D7BB7? et al. (20148) :?I9KII;: Jh7J Jh; C7B;
H;FHE:K9J?v; IOIJ;C (:E9KC;DJ;: w?Jh h?IJEBE=?97B I;9J?EDI)
:?IFB7OI <;7JKH;I Jh7J 7H; FHE878BO I?C?B7H JE 9ED:?J?EDI <EKD: ?D
Z. magnicaudelli (IM, 928), Z. caudelli (IM, 928) 7D: Z. huxleyi
(NT, 929), H7Jh;H Jh7D ?D Z. hubbardi (NA, 91) 7D: Z. impolitus
(IM, 91). HEw;v;H, Jh;H; 7H; 7BIE <;7JKH;I H;I;C8B?D= JhEI; E<
IF;9?;I E< 9B7:; 1. FEH ?DIJ7D9;, <;7JKH;I E< Jh; h?D: <;CKH E< Z.
guineensis 7H; v;HO I?C?B7H JE JhEI; <EKD: ?D Z. shannoni (NT,
91) (I;; S?Bv;IJH?, 1913; GKHD;O, 1938), 7D: I?C?B7HBO Jh; h7?HO
7H;7 ED Jh; v;HJ;x. B7I;: ED Jh; ;v?:;D9; 7J h7D:, Z. guineensis
(AF) 9EKB: 8;BED= JE 7DO 9B7:; H;9E=D?z;: ?D EKH IJK:O.
Th;H;<EH;, w; H;<H7?D <HEC <KHJh;H J7xEDEC?9 IJ;FI ?D EKH IJK:O.

Morphological evolution

OKH 7D7BOI;I IK==;IJ ?D:;F;D:;DJ EH?=?DI E< hOF;H;BED=7J;:
?DJHEC?JJ;DJ EH=7DI, 7D: Jh7J Jh;I; :;H?v;: IJ7J;I EH?=?D7J;:
<HEC IOCC;JH?9 =;D?J7B?7. FHEC 7 CEHFhEBE=?97B FE?DJ E<
v?;w, Jh?I ?I 7BIE IKFFEHJ;: 8O E8v?EKI :?<<;H;D9;I 8;Jw;;D
Jh; IJH7?=hJ ;BED=7J;: ?DJHEC?JJ;DJ EH=7D E< Z. barberi (NT, 93)
(GKHD;O, 1938) 7D: Jh; IF?H7B-Ih7F;: ;BED=7J;: ED; <EKD: ?D
C7DO IF;9?;I E< ZEH7FJ;H7 (T78B; S3). HEw;v;H, 9EDI?:;H?D=
Jh; v;HO IF;9?f9 7D: 9ECFB;x 7D7JECO E< Jh; C7B; =;D?J7B
7FF7H7JKI E< Z. caudelli (IM, 928), IJK:?;: ?D :;J7?B 8O M7J-
IKCKH7 et al. (2014), ?J 7FF;7HI KDB?k;BO Jh7J Jh; JOF; w?Jh 7
9ECFB;x, IF?H7B-Ih7F;: ;B;C;DJ h7I ;vEBv;: I;v;H7B J?C;I ?D:;-
F;D:;DJBO. Th; ;DJ?H; 7FF7H7JKI ?I ;x9;FJ?ED7BBO 9ECFB?97J;:,
w?Jh IJHK9JKH;I E< KD9B;7H hECEBE=O [;.=. Z. hubbardi (NA, 91)]
(HüD;<;B:, 2007). MEH;Ev;H, ?J ?I h?=hBO KDB?k;BO Jh7J 9ECFB;x
IJHK9JKH;I w?Jh v;HO IF;9?f9 7D: 9ECFB?97J;: 9EDf=KH7J?EDI
h7v; H;F;7J;:BO ;vEBv;: ?D Jh; I7C; w7O ?D :?<<;H;DJ IF;9?;I.
Th; 7C8?=K?JO E< Jh; I9;D7H?E ?I ?D9H;7I;: 8O IF;9?;I E< 9B7:;I
27 7D: 28 w?Jh C7B;I DEJ kDEwD O;J. R;9;DJBO, R7<7;B et al.
(2017) H;FEHJ;: 7 =OD7D:HECEHFh E< Z. brasiliensis (NT, 929),
whEI; C7B;I w;H; FH;v?EKIBO KDkDEwD, 9EDJ7?D?D= 8EJh C7B;
7D: <;C7B; 9h7H79J;H?IJ?9I. Th;O :?I9KII;: FEII?8B; Jh;BOJEkEKI
F7HJh;DE=;D;I?I, w?Jh KD<;HJ?B?z;: ;==I O?;B:?D= <;C7B;I 8KJ
DEJ C7B;I. AI 7DEJh;H ;x7CFB;, Z. gurneyi FHE:K9;I C7B;I, 8KJ
F7HJh;DE=;D;J?97BBO H;FHE:K9?D= FEFKB7J?EDI 7BIE E99KH (ChE;,
1997). AI ChE; (2018) IJ7J;: ?D 7 H;9;DJ H;v?;w, :?v;H=;DJ
C7J?D= IOIJ;CI 7H; ;xh?8?J;: ;v;D 8;Jw;;D IOCF7JH?9 IF;9?;I.
Th;H;<EH;, ?J ?I IJ?BB :;87J78B; wh;Jh;H Jh; IF?H7B w7I FH;I;DJ EH
78I;DJ ?D Jh; =HEKD:FB7D E< 9B7:; 27+ 28. A::?J?ED7B B78EH7JEHO-
7D: f;B:-87I;: E8I;Hv7J?EDI E< H;FHE:K9J?v; CE:;I <HEC :?<-
<;H;DJ FEFKB7J?EDI 7H; D;9;II7HO, 7I FE?DJ;: EKJ 8O R7<7;B et al.
(2017).
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AIOCC;JH?9 =;D?J7B?7 7FF;7H JE h7v; ;vEBv;: ?D 9B7:; 1. Th;
hECEBE=O E< Jh; I9B;H?J;I 9ECFEI?D= Jh?I JOF; E< =;D?J7B?7 ?I DEJ
O;J 9B7H?f;:. HEw;v;H, KI?D= Jh; 7v7?B78B; B?J;H7JKH; (T78B; S3)
w; ?:;DJ?f;: 14 EKJ E< 28 IF;9?;I w?Jh 7D 7IOCC;JH?9 =;D?-
J7B 7FF7H7JKI. ID Jh; FH;I;DJ IJK:O w; JH;7J;: 7IOCC;JH?9 =;D-
?J7B?7 7I ED; 97J;=EHO, ;v;D JhEK=h IJHK9JKH7B :?<<;H;D9;I w;H;
H;FEHJ;: 8;Jw;;D Z. hubbardi (NA, 91) 7D: Z. shannoni (NT, 91)
(?BBKIJH7J;: ?D GKHD;O, 1938). D;J7?B;: CEHFhEBE=?97B :7J7 ED
C7B; =;D?J7B?7, ?D9BK:?D= CKI9KB7JKH; 7D: H;B7J;: C;C8H7D;I,
7H; 7v7?B78B; <EH EDBO JwE IF;9?;I, Z. hubbardi 7D: Z. caudelli
(HüD;<;B:, 2007; M7JIKCKH7 et al., 2014). ABJhEK=h zEH7FJ;H-
7DI 7H; H7Jh;H IC7BB, J;9hD?97B FHE8B;CI 97KI;: 8O I?z; H;:K9-
J?ED FB7O 7 C?DEH HEB; ?D IJ7J;-E<-Jh;-7HJ ?DI;9J 7D7JECO, ?< 7J
7BB (FH?;:H?9h et al., 2014). N;w :;J7?B;: 7D7JEC?97B IJK:?;I w?BB
FHE878BO h;BF JE 9B7H?<O hECEBE=O ?IIK;I, 7D: ?D 7 I;9ED: IJ;F
JE KDv;?B Jh; ;vEBKJ?ED E< Jh; =;D?J7B IJHK9JKH;I. Th?I 7BIE 7FFB?;I
JE IOCC;JH?9 =;D?J7B?7, JE 9B7H?<O DEJ EDBO Jh; EH?=?D E< Jh; ;BED-
=7J;: ?DJHEC?JJ;DJ EH=7DI, 8KJ 7BIE Jh; hECEBE=O E< Jh; 87I7B
FB7J;. Th?I ?IIK; ?I H;B7J;: JE Jh; 9h7BB;D=?D= ?DJ;HFH;J7J?ED E< Jh;
J;H=?J; DKC8;H?D= ?DZEH7FJ;H7, w?Jh :?IJ?D9JBO :?<<;H;DJ ?DJ;HFH;-
J7J?EDI IK==;IJ;: 8O v7H?EKI 7KJhEHI, 7I IhEwD ?D 9EBKCDI B 7D:
F E< T78B; S3. M7Ih?CE et al. (20147,8) ;B;=7DJBO ;IJ78B?Ih;:
Jh; J;H=?J; DKC8;H?D= <EH Z. caudelli (IM, 928). Th;H;<EH;, Jh?I
?IIK; IhEKB: 8; H;B7J?v;BO ;7IO JE IEBv; 8O 97H;<KBBO 9ECF7H?D=
78:EC?D7B I;=C;DJI <EH H;FH;I;DJ7J?v; IF;9?;I.
SJHK9JKH7B :?v;HI?JO 7I JOF?97BBO I;;D ?D 7 97K:7B v?;w E< Jh;
78:EC;D h7I I;;C?D=BO ;vEBv;: JhHEK=h H;F;7J;: :;v;BEFC;DJ,
H;JHE=H;II EH BEII E< Jh; C7J?D= hEEk 7D: FHEJK8;H7D9;I ED
J;H=?J;I 9–11. PH;I;D9; E< Jh; C7J?D= hEEk ?I ;IJ?C7J;: 7I
7 FEII?8B; FB;I?ECEHFh?9 IJ7J; ?D EKH 7D7BOI;I. ABJhEK=h ?JI
<KD9J?ED ?I DEJ O;J kDEwD, ?J C7O ?D:;;: wEHk 7I 7 hEEk :KH?D=
9EFKB7J?ED. Ex9;FJ <EH Jh; ;xJ;HD7B IF;HC JH7DI<;H E< Z. impolitus
(IM, 91), Jh; kDEwD C7J?D= FEIJKH; ?I Jh7J C7B;I 7H; 9EKFB;:
JE 7 <;C7B; JhHEK=h Jh; =;D?J7B?7 7D: B7O KFI?:; :EwD [Z.
hubbardi: NA, 91 (GKHD;O, 1938); Z. barberi: NT, 93 (ChE;,
1995); Z. gurnery: NT, DEJ ?D9BK:;: (ChE;, 1994); Z. huxleyi 7D:
Z. weidneri: NT, 929 (J.A. R7<7;B et al., F;HIED7B E8I;Hv7J?ED);
Z. caudelli: IM, 928 (M7Ih?CE et al., 2011); Z. magnicaudelli:
IM, 928 (D7BB7? et al., 2013)]. ADO 9B7IF?D= IJHK9JKH; EH hEEk
wEKB: FHE878BO 8; h;BF<KB <EH Jh?I JOF; E< C7J?D= FEIJKH;.
Th;H;<EH;, ?J ?I IKHFH?I?D= Jh7J Z. impolitus h7I ED; E< Jh; CEIJ
:;v;BEF;: C7J?D= hEEkI (M7Ih?CE et al., 2013), 7BJhEK=h Jh;O
7JJ79h IF;HC JE <;C7B;I ;xJ;HD7BBO (D7BB7? et al., 2013). Th;
C7J?D= hEEkI C?=hJ h7v; 7D 7::?J?ED7B <KD9J?ED, ;.=. EF;D?D=
Jh; <;C7B; =;D?J7B?7 <EH9;<KBBO JE :;FEI?J 7 IF;HC7JEFhEH; ?D
Jh; <;C7B; =;D?J7B JH79J. Th?I D;;:I v;H?f97J?ED 8O :;J7?B;:
E8I;Hv7J?EDI E< ?DJ;HJw?D?D= C7B; 7D: <;C7B; =;D?J7B?7. ID
7::?J?ED, 9h7H79J;H?IJ?9 C7J?D= 8;h7v?EKH ?I 7BIE H;FEHJ;: ?D
Apachyus chartaceus (D;HC7FJ;H7: AF79hO?:7;) (Sh?C?zK &
M79h?:7, 2011), 7D: ?J C7O FHEv; wEHJhwh?B; JE 9ECF7H; Jh;?H
=;D?J7B 9EKFB?D= w?Jh Jh7J E< zEH7FJ;H7DI.
A <KD9J?ED E< Jh; h7?HO F7J9h ED Jh; C7B; v;HJ;x ?D Z. barberi
(NT, 93) ?I I;9H;J?D= DKJH?J?EKI fK?: <EH Jh; <;C7B;I 7I 7 DKFJ?7B
=?<J (ChE;, 1995). SKF;Hf9?7BBO I?C?B7H IJHK9JKH;I w;H; E8I;Hv;:
?D IEC; IJK:?;: IF;9?;I, 7D: 7BIE ?D fv; EKJ E< 25 IF;9?;I w?Jh
?D<EHC7J?ED 7v7?B78B; ?D Jh; B?J;H7JKH; (T78B; S3). SJK:?;I KI?D=
h?IJEBE=?97B I;9J?EDI E< Jh; h;7: E< Jh; H;B;v7DJ IF;9?;I 7H;

D;9;II7HO JE 9B7H?<O Jh; FH;I;D9; EH 78I;D9; E< =B7D: J?IIK; JE
9EDfHC ?JI <KD9J?ED ?D Jh; EJh;H IF;9?;I.
Th; kDEwB;:=; ED ZEH7FJ;H7 h7I ?D9H;7I;: H7F?:BO ?D Jh; B7IJ
:;97:;. HEw;v;H, JE <KHJh;H KD:;HIJ7D: Jh; ;vEBKJ?ED E< Jh;
=HEKF, 7::?J?ED7B ?Dv;IJ?=7J?EDI 7H; D;9;II7HO. FKJKH; IJK:?;I
IhEKB: h7v; 7 C7?D <E9KI ED Jh; :;J7?B;: CEHFhEBE=O E<
=;D?J7B EH=7DI, ?DJ;H79J?EDI E< Jh; C7B; 7D: <;C7B; =;D?J7B?7,
C7J?D= 8;h7v?EKH E< ;79h IF;9?;I, 7D: IF;HC CEHFhEBE=O E<
H;FH;I;DJ7J?v; IF;9?;I <HEC 7::?J?ED7B ;7HBO IFB?J 9B7:;I, 7BIE
?D9BK:?D= Jh; JOF; IF;9?;I Z. guineensis.
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Table S3. A B?IJ E< 9h7H79J;HI KI;: ?D Jh; IJK:O 7D: kDEwD
9h7H79J;H IJ7J;I <HEC ;xJ7DJ IF;9?;I. SF;9?;I ?D9BK:;: ?D Jh;
9KHH;DJ IJK:O 7H; h?=hB?=hJ;: ?D H;:.

Figure S1. UD9EDIJH7?D;: C7x?CKC B?k;B?hEE: JH;; ;IJ?-
C7J;: 8O iq-tree. M7@EH 9B7:;I ?D ZEH7FJ;H7 7H; h?=hB?=hJ;:
w?Jh 9EBEH;: H;9J7D=B;I (I;; Jh; J;xJ <EH :;J7?BI).

Figure S2. CEDIJH7?D;: B7O;I?7D JH;;. Th; FhOBE=;D;J?9
H;B7J?EDIh?FI 7CED= Jh; FEBOD;EFJ;H7D EH:;HI w7I 9ED-
IJH7?D;: <EBBEw?D= M?IE< et al. (2014) 7D: W?Ff;H et al.
(2019).

Figure S3. UD9EDIJH7?D;: B7O;I?7D JH;;. TwE DE:;I
;D9BEI;: w?Jh :7Ih;: B?D;I w;H; DEJ H;IEBv;: ?DJE
:?9hEJEC?;I.

Figure S4. A J?C;-97B?8H7J;: FhOBE=;DO E< ZEH7FJ;H7 ;IJ?-
C7J;: 8O beast 7D7BOI?I.

Figure S5. AD9;IJH7B H7D=; H;9EDIJHK9J?ED IhEwD ?D
7 J?C;-97B?8H7J;: FhOBE=;DO E< ZEH7FJ;H7 87I;: ED
:?IF;HI7B-;xJ?D9J?ED-9B7:E=;D;I?I (DEC) CE:;B; JEFEBE=O
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87I;: ED ML 7D7BOI?I. P?; 9h7HJI ED ;79h DE:; ?D:?97J; Jh;
B?k;B?hEE: E< Jh; ;IJ?C7J;: 7D9;IJH7B 7H;7. D;J7?B;: IJ7J?IJ?9I
E< Jh; ;IJ?C7J;: 7D9;IJH7B :?IJH?8KJ?ED 7H; B?IJ;:. Th; C7?D
=H7Fh?9 ?I 9ED=HK;DJ w?Jh F?=. 4.

File S1. N;xKI <EHC7JJ;: 9EC8?D;: fB; E< CEB;9KB7H :7J7
C7JH?x (<EKH =;D;I) KI;: ?D Jh?I IJK:O, E8J7?D;: C7x?CKC
B?k;B?hEE: (ML) 7D: B7O;I?7D JH;;I, 9h7H79J;H C7JH?x 7D: 7
ML JH;; KI;: <EH Jh; 9h7H79J;H ;vEBKJ?ED 7D7BOI;I. Ch7H79-
J;HI: (1) FH;I;D9; E< ;BED=7J;: ?DJHEC?JJ;DJ EH=7D; (2) IOC-
C;JHO E< =;D?J7B?7; (3) FH;I;D9; E< 87I7B FB7J;; (4) FH;I-
;D9; 7D: I?z; E< C7J?D= hEEk; (5) H;9EH:;: E99KHH;D9; (EH
78I;D9;) E< C7B;I; (6) FH;I;D9; 7D: I?z; E< FHEJK8;H7D9;I
ED J;H=?J;I 9–11; (7) IK8=;D?J7B FB7J;; 7D: (8) FH;I;D9; E<
h7?HO F7J9h ED v;HJ;x. FEH ;79h 9h7H79J;H IJ7J;, w; KI;:
Jh; <EBBEw?D= 9E:?D=: (1) KDkDEwD: ?, ;BED=7J;: (JOF; 1:
IJH7?=hJ): 1, ;BED=7J;: (JOF; 2: IF?H7B-Ih7F;:): 2, 78I;DJ: 0,
FEBOCEHFh?IC (;BED=7J;:: DED97J;=EH?z;: + 78I;DJ): 3; (2)
KDkDEwD: ?, IOCC;JH?97B: 1, 7IOCC;JH?9: 0, FEBOCEHFh?IC:
2; (3) KDkDEwD:?, FH;I;DJ: 1, 78I;DJ: 0; (4) KDkDEwD: ?,
IC7BB: 1, H;B7J?v;BO BED=: 2, JwE ;BED=7J; C7J?D= hEEkI: 3,
78I;DJ: 0, FEBOCEHFh?IC: 4; (5) KDkDEwD: ?, C7B;I kDEwD:
1, C7B;I KDkDEwD: 0, FEBOCEHFh?IC: 2, (6) KDkDEwD: ?,
KDCE:?f;: I;J7;: 1, Jh?9k I;J7;: 2, IF?D;I: 0; (7) KDkDEwD:
?, DE CE:?f97J?ED: 0, 8?<KH97J;:: 1, :;FH;II?ED: 2, FHE9;II;I:
3, FEBOCEHFh?IC (DED97J;=EH?z;: FHEJK8;H7D9;I + 78I;DJ):
4; (8) KDkDEwD: ?, FH;I;DJ: 1, 78I;DJ: 0.
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