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cot, 1973; Fortey, 1989; Zhang et al., 2009; ( ,2004)
Finnegan et al. ,2012);

(Brenchley et al. ,
2001,2006 ; Sheehan, 2001 ; Hammarlund ez al. ,2012; 2
Harper et al. ,2014) ,

b

b . (
s R ( )
. ( , 19873 s
s 1990; ,1998;Rong et al. ,2003),
( ID
(Rong and Chen,1986;Chen and Rong,1991; 5.7 km (GPS. N 27°
Rong et al. ,2002), 46'38.5", E 107°23'25.6"),
( ,1964; ,1974; 3.5 km  (GPS: N 27°42'32. 4",
,1982), E 107°23'22.6"),
1 ( Huang et al. ,2013)

Location map of the studied sections in Meitan,northern Guizhou (after Huang et al. , 2013).

(1979) , ) s “ Paraki-
dograptus acuminatus ,
s : C. vesiculosus 7 ( . , 2004a) .
) ) 1 km,
,»  0.1—0.6 m; s 2.11 m,
) ( 2): N
., 0.15—0.2 m( N ,2004a) ; . . ;

Cystograptus vesiculosus — ( 0.8 m, ( 3):
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2

Lithologic column and stratigraphic ranges of trilobites of the basal Silurian at Yanping., Meitan, northern Guizhou.

3 - ( Wei and Zhan,2017)
Lithologic column and stratigraphic ranges of trilobites across the Ordovician and Silurian boundary at Gaojiang, Meitan,

northern Guizhou (modified from Wei and Zhan, 2017).
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N (2004b) , s Ni-
, ( uchangella s Mucronaspis (Songxites) . Eoleonaspis
,1964) . , Dicranopeltis,
, 38.5 m, ( ) ,
( R ,2004b) , s
Coronograptus cyphus — — ,
Demirastrites triangulatus ( N 3
, 2004b), 14 cm . ,
(MHY005) ( 2) N ( ,2014),
, C. cyphus .
( ). 6.6 m, 6 8 11 ( )
) 13 C 1 3 ) (N=522): ‘Encrinu-
( 3, , roides’ (Encrinuridae ) 54, 0% (N = 282),
, C. cyphus Meitanillaenus (Illaenidae )  16. 5% (N=86),
(Huang et al. ,2013; ,2014; Wei and Zhan, Aulacopleura (Paraaulacopleura) (Aulacopleuri-
2017), dae ) 13.4%(N=70),Gaotania (Odontopleu-
ridae ) 9.2%(N=48),Anacaenaspis (Odonto-
3 pleuridae ) 1. 9% (N = 10), Eoleonaspis
(Odontopleuridae ) 1. 1% (N=6), Hyrokybe
(Cheiruridae ) 1. 5% (N =8), Raphiophorus
, (Raphiophoridae ) 0. 6% (N=23), Scotoharpes
766 , 7 11 15 ( (Harpetidae ) 1. 0% (N = 5), Kosovopeltis
)17 ( 1 3 ) (Styginidae ) 0.6%(N=3),Youngia (Cheiru-
34 4 < ) ridae ) 0.2%(N=1)( 5,
4 C 1 ) (N = 244); Niuchangella Dicranopeltis ( .
(Brachymetopidae ) 92. 2% (N =225), Muc- ,2004b) , .
ronaspis (Songxites) (Dalmanitidae ) 6. 6% . ‘Encrinuroides’
(N =16), Dicranopeltis (Lichidae ) 0. 8% , Meitanillaenus Aulacopleura
(N=2), aulacopleurid ( Aulacopleuridae ) (Paraaulacopleura) s
0.4% (N=1) (N= Number, ) ( ,
4), 4 , (1964) Fo- , ‘ Encrinu-
leonaspis (Odontopleuridae ), roides’ ( ,2004 Encrinuroides
. )(Wei and Zhan, 2017),
Niuchangella , 14 em(MHYO005) 4 5 Gaota-
( ) Mucronaspis (Songxites) nia, * Encrinuroides’ , Aulacopleura (Paraaulaco-
, Niuchangella pleura) , Anacaenaspis Meitanillaenus ,
, (2004) Gaotania  ‘ Encrinuroides’ (Wei and
Niuchangella o Zhan, )6 ,
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4
Trilobites from the Wulipo Bed at Yanping and Gaojiang sections, Meitan, Guizhou.

1—4. Niuchangella meitanensis Zhang,1974,1. (dorsal shield) , AGI501,NIGP166382; 2. (cranidium) , MHY003a, NIGP166383; 3.

(pygidium) , MHY004 ,NIGP166384 ;4. (librigena and incomplete cranidium), MHY003a, NIGP166385, 5—7. Muc-

(eye) \MHY003a,NIGP166386;6. (cephalon) s MHY003b,NIGP165301;7.
(cranidium) , MHY004, NIGP166387;9.

ronaspis (Songxites) mucronata (Brongniart,1822),5.

(pygidium) ,MHY003b,NIGP165302, 8—10. Dicranopeltis pustulosus (Zhang,1974).8.

( pygidium), MHY003a, NIGP165303; 10. ( hypostome ), MHY003a, NIGP166388, 11. aulacopleurid sp. : ( cranidium ) ,
MHY003a,NIGP166389., 2 mm(Scale bars equal 2 mm),
s (  Raphio- NN ,
phorus,Youngia  Anacaenaspis) s s
L ¢ Encrinuroides’, Aulacopleura ,
( ,2004)

(Paraaulacopleura)  Scotoharpes],
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5
Trilobites from the Niuchang Formation at Yanping and Gaojiang sections, Meitan, Guizhou.
1,2, 4. ° Encrinuroides’ zhenxiongensis ( Sheng, 1964), 1. (cranidium) , MHG004, NIGP166390; 2. ( pygidium), MHGO006 ,
NIGP166391;4. (hypostome) . MHGO006, NIGP166392, 3. ‘Encrinuroides’ meitanensis (Zhang,1974), (dorsal shield) , MHY005,
NIGP166393, 5—8. Meitanillaenus binodosus Zhang,1974,5. ,MHGO007,NIGP166394;6. (hypostome) , MHG004,NIGP166395;
7. (cranidium) , MHGO005,NIGP166396 ;8. ,MHGO005,NIGP166397, 9. Aulacopleura (Paraaulacopleura) pijiazhaiensis (Zhang,
1974), (cranidium) , MHGO004 ,NIGP166398, 10. Scotoharpes meitanensis Yin and Li,1978, (incomplete cephalon) , MHG007,
NIGP166399, 11. Raphiophorus guizhouensis Zhang, 1974, (cranidium) , MHGO004, NIGP166400, 12. Kosovopeltis niuchangensis

(Zhang,1974), (cranidium) , MHG004 ,NIGP166401, 13. Gaotania ovata Zhang,1974, (dorsal shield) , MHY005,NIGP166402, 14.
Hyrokybe gaotanensis (Zhang,1974), (cranidium) , MHGO005,NIGP166403, 15. Youngia sp. , (cranidium) , MHGO007, NIGP166404
16.,17. Eoleonaspis pusillus (Zhang,1974),16. (cranidium) , MHGO007, NIGP166405; 17. (librigena) , MHGO003, NIGP166406,
18,19. Anacaenaspis yanpingensis Wei and Zhan, (in press), 18. (cephalon), MHY005, NIGP166409; 19. (pygidium) ,
MHY005,NIGP166410, 2 mm(Scale bars equal 2 mm)
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4
” ( ,1996),
, (
Kauffman and Harries,1996; ,1996;
N ,1999,2006; N ,2004; ,
2008) , , s
, (
6) b b
4.1 (Declining survivors)
. . ( .
,2006) , Raphiophorus,
Niuchangella  Dicranopeltis o
Raphiophorus
, (Darriwil-

ian) (Horny and Bastl,1970),
(Vanéek, 1995) . ( Angelin, 1854)
(Price and Magor,1984) ;

( ) s
(Temple, 1965; Owen. 1986),  Hirnantia s

o

( N ) s Raphiophorus
( ,1974; ,1989)
( ,1981) (Edge-
combe and Sherwin, 2001)
(Wenlock)— (Pridoli),
(Thomas, 1978) . (Holloway,
1980) . ( Thomas,1978) .,
(Sandford,2000) | (Alberti, 1980) .
(Alberti, 1970) (Ktiz and Serpa-

gli, 1993) o
Niuchangella s

(Sandbi-
an) — (Katian) (Pereira et al. ,
2015), » Niuchangella
( ,2016) (Owens and Hammann,
1990) . (Thadeu, 1947 ; Pereira et al. ,2015)
(Kolobova, 1978),
( ,2000),
( ,2003),  Mucronaspis (Songxites)
Niuchangella (
. ,Owens and Thomas,1975)
( , Adrain and Tetreault, 2005)
, Niuchangella-Cornuproetus
( Thomas, 1979, Radnoria-Cornuproetus
) (Ludlow) Niuchangella
(Sun, 1990),
Dicranopeltis (
,2016), (
,1984) | — ( . .1984) |
— ( . ,1982) . (Owen,
1981) (Owens, 1973) (Dean, 1974) .,
( Apollonov, 1974) (Owens
and Hammann, 1990) . ( )
, ( .1974)
(  Owen,1986) 0
N N (
Thomas and Holloway,1988), o
4.2 (Increasing survivors)
( N .2006), Foleonas-
pis o
FEoleonaspis
(Snajdr,1984),
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(  Ramskéld and Chatterton, 1991),

( ) Eoleonaspis
( ,1974) . — ( ,1986)
(Reed, 1915) . (Apollonov et al. ,

6

1980) . (Cocks and Price, 1975) | (Tro-
edson,1918) . (Cocks and Cooper, 2004)
(Halpern et al. ,2014),
( )
( Ramskold and Chatterton,1991)

Macroevolutionary types of trilobites across the Ordovician-Silurian boundary.

4.3 (Lazarus survivors)

(Rong et al. ,2006; . ,2006) ,
Youngia , Aulacopleura (Paraaulaco-
pleura) , Scotoharpes  ‘ Encrinuroides’

o

Youngia .
; L ;
Wei and Zhan.2017; (Telychian) ,
Lane, N . 1996 ], [
( Aeranian) , Howells, 1982; y
Lane,1971 ], ( ,Lane, 1979,
Holloway and Lane,2012) (
,Ramskold, 1994) | ( ,
Holloway,1994) ( , Chatterton
and Perry, 1984) ( , Lane,
1971); (Chatterton and

Perry,1984; Adrain, 1998); —

, ( Weber,1932;Ivanova
et al., 2009),
Youngia tuberculata (Warburg) (
Thomas er al. ,1984) , ,
Youngia , ( )
Youngia “ ”

(Owen, 1986 ; Robertson et al. ,1991),

sAulacopleura (Paraaula-

copleura) - ( ,1975)
(Pribyl,1947) ;
( ) ;
(Fortey,1979; Thomas and Lane, 1984),
(olenid)

(Fortey and Owens, 1975),

, » Aulacopleura

) Aulacopleura
) ( )



1 33
s , s Kosovopeltis ,
Aulacopleura , Eokosovopeltis (Pribyl
. and Vanék,1971), Kosovopeltis
Scotoharpes , K. niuchangensis,
, ( ) ( ,1974; ,1977)
R R “ , Kosovopeltis
” (Owen, 1986; Robertson et al. , , ( — R (
1991), Scotoharpes ,Curtis and Lane, 1997) ., (
s s , Holloway, 1994) . (
( ,2004) . ,Chatterton and Ludvigsen, 2004 ) ;
‘Encrinuroides’ . ( Holloway and
( ), ( s Lane,2012); —
1964 N ,1978; ,1984; . N ) N N
,2014), . ( ) (  Holloway and Lane,2012),
R — y Kosovopeltis R

b

(Zhang,1983; Edgecombe er al. ,1988),

4.4 (New arrivals)
( ) ( )
( ,1996), Ana-
caenaspis, Meitanillaenus, Kosovopeltis, H yrokybe
Gaotania . Meitanillaenus
Gaotania s Anacaenaspis,
Kosovopeltis  Hyrokybe
Meitanillaenus ,

sGaotania

( ) ,

(Holloway,1994) ,
Anacaenaspis
(Anticosti Island) (Chatter-
ton and Ludvigsen,2004) (Mackenzie
Mountains) ( Chatterton and Perry, 1983),
; (
,Wei and Zhan, ) (
, Holloway and Sandford, 1993) ;

o B

s Hyrokybe
( )
) o , (
) Hyrokybe
(  Lane and Ow-
ens, 1982; Ramskold, 1983 ; Chatterton and Perry.,
1984 ; Adrain,1998) ,

4.5 (Dead Clade Walking)
(Jablonski, 2002 ; ,2014),
Mucronaspis (Songxites)
Mucronaspis (Songxites)
. (Zhou et al. ,
2011),
( s Zhang et al., 2007), . Muc-
ronaspis (Songxites)

(Zhou and Dean, 1989

Dalmanitina)

4.6

(  Raphiophorus, Niuchan-
gella  Dicranopeltis)

1) N

(  Mucronaspis, Brong-
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niartell/Platycoryphe Eoleonaspis) o
”» , 5
“ ” . (
, ) ) (
(Rong et al. ,2006; . ,2006) , ) 7 11 15 «( )17«
1 3 )
) ) 5
(. Raphiophorus) 3 . (1
( Niuchangella Dicran- ) “4 . G D
opeltis) , a1 .,
. ( .
Raphiophorus  Niuchangella) . ’
( Eoleonas- ’ ’
pis), ’ °
; ( ’
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Abstract
The Rhuddanian ( Llandovery, Silurian )
includes the survival and recovery intervals

respectively after the end-Ordovician mass
extinction. The marine environment during the
earliest Silurian was dominated by deeper-water,
commonly anoxic conditions and sustained
transgression, so shelly facies of this time interval
are rarely known in the Gondwana and peri-
Gondwana regions. However, in the upper
Yangtze region of South China paleoplate, some
shelly facies are well-developed (e. g. the Wulipo
Bed and the Niuchang Formation). The trilobite
fauna documented in this paper provides a unique
window for investigating trilobite macroevolution
in South China during the Late Ordovician and

early Silurian. Trilobite fossils were collected from

the Wulipo Bed (middle Rhuddanian) and the
Niuchang Formation ( upper Rhuddanian ) at

Yanping and Gaojiang sections of Huangjiaba

town, Meitan County, northern Guizhou,
including 17 species of 15 genera (subgenera), 11
families and 7 orders, amongst which five

macroevolutionary types could be recognized, i. e.
the declining survivors, the increasing survivors,
the Lazarus survivors, the new arrivals and the
Dead Clade Walking (DCW). Different types of
trilobites have different kinds of survival strategies
facing the crisis. Declining survivors and Lazarus
survivors are major source of biological evolution
after the mass extinction, to a certain extent, they
influence the process of the biological evolution of
the entire ecosystem. New arrivals mark the
improvement of the environment after the mass
extinction and the beginning of the trilobite

recovery interval.



