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The taxonomic value of the epipharynx in the Aphodiinae
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Abstract [Objectives] To construct a new morphological index system for the Aphodiinae (Coleoptera: Scarabaeidae), the
adults of which are very similar in external morphology complicate accurate classification into genera and tribes. Previous
studies have shown that the morphology of the epipharynx can effectively distinguish some species, but it was not known
whether the same criteria could be used to identify higher taxa. [Methods] 818 species belonging to 276 genera were used as
research samples, including 799 species, 259 genera and 7 tribes of the Aphodiinae, and 19 species and 17 genera as outgroup

samples (13 genera and 14 species of the Scarabaeinae, 4 genera and 5 species of the Aegialiinae). Morphological information

*PE 135 F Supported projects: E % HARM ST E IR (MK ) A1ERFFIHH (31961143002) ; P EBFEREERAMER “—iH—
P& WUH ; VRS RIS T T IR AR H SR (465 B21HJ0102)

** 5 —AE#& First author, E-mail: dp17853729252@126.com

*** B I/E# Corresponding author, E-mail: baim@ioz.ac.cn

Wk H 1) Received: 2021-12-10; %3 H Y Accepted: 2022-02-10



21

FEFEREAE: IR TERE S R T 20 B AR 73 KA - 359 -

on the epipharynx was quantified by means of geometric morphometrics. The ability of this information to classify species to
the generic and tribal levels was then evaluated, and the morphology of the ancestors of the Aphodiinae was reconstructed
using cladistic methods based on epipharyngeal morphology. [Results] Based on Principal Component Analysis, the total
morphological variation at the genus and at tribal levels was estimated to be 0.032 131 27 and 0.03 291 463, respectively. The
degree of epipharyngeal variation among genera and tribes was small (about 3%), which reveals that epipharyngeal
morphology has remained basically stable in the higher-level taxa. In order to determine whether the epipharynx is more
similar among higher taxa, we also performed a discriminant function analysis. The results showed that 98.49% of genera and
98.41% of tribes can be correctly identified on the basis of epipharyngeal differences, which suggests that, although epipharyngeal
differences are slightly better at discriminating genera than tribes, they are generally suitable for the discrimination and
classification of the higher taxa of the Aphodiinae. Combined with a phylogenetic tree, the reconstructed ancestral shape of the
epipharynx suggests that it has six variable morphological features, including the base, the lateral margin of the epitorma, the
corypha and the shape of the epipharyngeal marginal. [Conclusion] The results validate the previous use of some
epipharyngeal features to resolve the taxonomy of the Aphodiinae, and also has identified some new morphological indexes.
The epipharyngeal features are suitable for the classification of Aphodiinae into genera and tribes using quantitative

morphology, and this approach has provided a new paradigm for resolving the taxonomy of groups with a high degree of

external morphological convergence.

Key words high-level taxon; evolution; morphological difference; phylogeny; geometric morphometrics
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Fig. 1 Thebasic structure of epipharynx and the selected three curves of outline aswell as fifteen marks of character
A. HEw74:f Aphodius elegans Allibert, 1847 NJBRYEEAE M ; B. JUMIE &AM KX 3 2541 15 MR SnE
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A. The basic structure of epipharynx of Aphodius elegans Allibert, 1847; B. Description of the three curves of outline and
fifteen marks involved in the geometric morphometric analysis, taking the epipharynx of Aphodius elegans for example. They
are: Dexiotorma (Landmark 1, L1) and laeotorma (L 6); The intersection between proplegmatium and margin of epipharynx (L2 and

L5); The starting position in apical part of chaetopariae (L3 and L4); The apex of crepis (L7); The terminating point in the

basal part of chaetopariae (L8 and L13); The intersection between chaetopariae and proplegmatium (L9 and L12); The
crossover point of proplegmatium and epitorma (L 10 and L11); The sockets of the coryphal celtesin both sides (L14 and L 15).

Dexiotorma Laeotorma
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Fig.2 ThePrincipal Component Analysis of higher taxa in Aphodiinae and the defor mation diagrams of observed extremes
A RS T WBHT, AT 240 F TSy 2k B0 Rt STy 56.987%; B. BRA ORIV,
B 2 A 00 1 BT DTk A 44.959%. P Hh 5t s R s Ak (45 4 5K IR D i G T 43 BIAE SE Ry 1R
TG 2 FHRAESRIEAZ L, S35 fers T SO (s B EA R B S22 1k
A. The analysis of genuslevel with the cumulative contribution of the first two PCs occupied with 56.987% of total variation;
B. The analysis of tribal level with the cumulative contribution of the first two PCs occupied with 44.959% of total variation.

The 4 plots at the origin and endpoint in figures are the deformation diagrams of observed extremes under principal component 1
and principa component 2 of higher taxa, showing the morphological changes from negative extreme points to positive extreme point.
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Fig. 3 Thefirst three CVs of shape variation based on the Canonical Variate Analysis
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D. MRS i 1 555 3,
A. The CV1and CV2 for genera of Aphodiinae; B. The CV1 and CV 3 for genera of Aphodiinae; C. The CV1 and
CV 2 for tribes of Aphodiinae; D. The CV1 and CV 3 for tribes of Aphodiinae.
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S BRUCLISE, g PEYY/NT 0.05, HipEE
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B4 BeaTHSKRIEENERSE (RAZBREKE Forshage, 2002)
Fig. 4 Thereconstructed epipharynx morphology of Aphodiinae’s ancestorsin tribe level
(Phylogenetic treerevised from Forshag, 2002)

5 AHALH H AN (Mayr, 2005) , fEgikil s
124 ( Souza and Begossi, 2007 ) , WRWF kRiHy
e B R A 4 T B SR R A ) 42 A R IE 28
AEARLTT ¥ A28 591 ( Yalden, 1966; Mynhardt et al.,
2019) &5 Sl AR AN G L o A A AR AL
P 0 KE AT DL e 5 4 ) R 28 8 )
( Behura, 2006; Frézal and Raphaél, 2008;
Patwardhan et al., 2014 ) , J53& K4t A E ok
WAFAT I3 T E G A 7 2 DL R R G R B R UL
W FEETFBL (Trautweinetal., 2012) . 4R,
g FBR s A TEAR Z B (Will and
Rubinoff, 2004) , LU FAPERSAR
1M ELIFEE T A B BEET AT LLARAS 4 58 Fh i) o
TEAE, UL T A KR A 1 2 LA B
W, DLRTCERRBGE R A b AT &,
P RE AR K MO T LB A2

WE 4 A —ZRANERIE S [l A 2, TR
X} [ R BN TIX J3 o B0 0% 4 L I R AIE 7 156 K

ZAE MGG L BIE A, Schmidt (1922) Xt
& I S 7 L TS AN MRS AR OB AR | Hi
RN LB AR RRAE, TR A  BAREL T AN
AR, AHE> T AR AE R AE T 5 Paulian(1942)
1 N B SN MR S H R AE I 3 Y & A
JRFIAR , 456 R TH A SRR A R DR — 5 43 WS
PFHEE , AT = mried X L SR 4k
F4; Dellacasa % (2001 ) 7@ Fftfa] 3= 2507 A T 4
JRAHMEIEAR . LR . BT X TP R X2
HHEMENBMIESRE, KEetbE T
B A& 5 T A 22 57 SR I SERfF 5T i = 4%
NNEH ARG TERE R L, L5 RN ARS
RERZRMTE R

AR UGS, WAL 8T T8
RRGERIER 2257 X B, BAE T WISTESME
ERRTZMss AL . WIBATIX . EINBRMZ . £
P II S5 AT RE X 38 SNBSS 22 R, SRt
( Schmidt, 1922; Paulian, 1942; Dellacasaet al.,
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4 o R o6 A S 0] Sy i 7 4 f JERAR KA
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SEMAEE R B 22 5 FEE RPN R BN
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R W B AT B AN R B
PSR, BB SR, NSRRI
BERfbE 2= THk (Dellacasa et al., 2010) .
EIEMZE MR R 2B e S fa e, —2
SF-IF  F EFN VR G LT , TR — S A R 17 B B
( Stebnicka, 2001 ) ; V-4 faji% ( Woodruff and
Cartwright, 1967; Wojcik et al., 1977; Stebnicka,
1999b, 1999c ) Hl i #5458, % ( Stebnicka, 1999b )
HERULER R T SRR R PR R L RO A R

b ZE T E IR, TR A TR B B s A
A A 2 6] (Vardal and Froshage, 2010) ;
75 I 4 PR IDE RN TA A S % 4 T RN T W 4 R IR 1Y
i37% ( Gordon and Skelley, 2007 ) ; 1A IF4: ik
HEWRFE R AT ((Stebnickaand Galante, 2007 ) .
KPR SN KRR E s, 588
PR, WIBRIERIL AR AN F R4
BN EIE A 22 7 ] RE 2% AR BB A8 1

BB ARG AT L, 4 A e A HICE
U [ A R R I (B A A, I H2S
PR IR T2 & M5 Bai et al., 2015 )., Palestrini
%5 (2000) 4R T NBX AN ERRHIE ST T &
JEat AR, AZFN 5 AR I RS A [R] B 28
Ho N T IEN A FHASE FIPFh e 4, B4 fa e
I BB 2 R 24, INITE A 2R NS
Shth . X ETEAS 10y 25 5 0T e 5 YR oAk AH
K, DA K N PR I 52 BIPAR R R 1 LA SO ]
AL

33 HEMEEKHL

ERGEREN, e ST e TR
WU B A T S B R T RE R SR R R
T, SPEEE T A B R AR S Vb B U
S e < H R M AT P < #0 R S AT S S [ B 07
SRKERERESORMEERE LT LRRK
T, AR AT

B TE 25 9 TE B[R] i 52 3 3R 858 I R AR 2t
KA. e RBEKTR, BRIFSAKE N
JEAR 25 HE ARG 58, B F i F W IC L 45 4
- e <5 F G Rt U IR PR R T v T T
Hb, HARIE ST SIS 2RI AR 10 ]
o WIE R XA, B L NIRRT
K, B IS e 2058 5 Z )5 g k2]
WA X B B AR KB i, WIESNEIEAR
WA RHSER R o FERMEERE Lok, X
TS AL TS 1) AT RE R R GER T 155 10 BB

BT NIR SR IE T R T 7 HTRT,
AT B H AR i —if oy, 252 25 W R Y52
Wi, R 2 R B SRR E ( Dellacasaet al.,
2010), WK RRIEF ARG K T b,
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PR I S 3 R T Wi 3 R 8 A 1 R BIR A A R
BT AR T2 A A 2 2 A AR A
PO HARL S A I A PRSI AS DA SOZ A B
HURTR 32 B Z AR PR IR

4 Zig

FEENIRER TIEA R R LSL, i &
JE BRI BT, b n] T RIS
JEEACR R R MR G R T HLH], A BT
HHOES 2R S B OCR . IEe SR It
oy a] DUA T A S R AR BEA T LA IE 25
FIRE P FLAL, AT T SN IE A R 26 e
BT B AR I S A, X Bt
AFIE R e AT BT S S 2R E R W)
MR S22 5 I, s 1R R o7 S fE
AR A, $em A B Uk i n]
FAIPE, SCBLT YRR e W R 2

Briff . ROHE e A PR David Krédl 24 BT
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