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Abstract

The phylogenetic relationship between agnostids and trilobites is a subject of intense
scientific debate, and ontogenetic studies of both groups are thought to be the key to
resolve the issue. This study focuses on one slab containing 145 agnostid specimens from
the Wheeler Formation, Utah. Among them, 129 specimens are identified here as
Peronopsis interstricta. It serves as a stepping stone to understand fully the evolutionary
development of agnostids. This study shows that individuals of P. interstricta once lived,
molted, died and were buried in situ.

Measurements of cephalon length and width, glabella length, pygidium length and
width, and length of pygidial axial lobe were recorded and plotted. A total of nine instars,
including MO, M1a, M1b, Ha, Hb, Hc, Hd, He and Hf, can be distinguished based on the
bivariate plots of cephalon width versus length, cephalon with versus glabella length,
pygidial width versus length, and pygidial width versus length of pygidial axial lobe.
Although there are obvious size changes during instars, two morphologic changes are
noticed. First, during stages M0 & M1a, pygidial axial lobe are cone-shaped. Second,
since the onset of the stage M1b axial lobe in the pygidium becomes wider until stage Ha.
No morphologic change is noticed after stage Ha. Among complete specimens, some
specimens are partially disarticulated or preserved with dislocated thoracic segments. In
addition, a few disarticulated cephalons or pygidia are found with one or two intact
thoracic segments. These rare but valuable specimens provide clues about the molting
process of agnostids.

Two plausible molting behaviors are proposed here. Model one: molting suture
occurs along the connection region between pygidium and chephalon and then the

agnostid crawls upward and out of the exoskeleton. Model two: it can occur in any
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thoracic segments. Compared with previous studies, new contribution includes the
following: 1) description of the transformation of axial lobe in the pygidium of P.
interstricta from meraspid to holaspid stages; and 2) new observation on development of

postaxial median furrow during the MO stage.

Keywords: Cambrian; Trilobita; Agnostida; ontogeny; instars; Wheeler Formation
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Ptychangnostus Ptychangnostus Ptychangnostus Utagnostus

akanthodes hybridus richmondensis truspinulus
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Bl

61. Peronopsis interstricta > B %8 %% A61
62. Hypagnostus parvifrons > & %8 %%, A62
63. Peronopsis interstricta > 1 %8 %5 DC1
64. Peronopsis interstricta > % %8 %% DC2
65. Unidentified - & %4 %% DC3

66. Peronopsis interstricta > % %8 %%, DC4
67. Peronopsis interstricta > 1 %8 %% DC5
68. Hypagnostus parvifrons > 1 %8 %% DC6
69. Unidentified - T 8 % %. DC7

70. Peronopsis interstricta > % %8 %% DC8
71. Peronopsis segmenta > 1% %8 %% DC9
72. Peronopsis interstricta > 1 %8 % 5. DC10
73. Peronopsis interstricta > %8 ¥ %. DC11
74. Peronopsis segmenta > 1 %8 %n%. DC12
75. Unidentified - %4 %% DC13

76. Peronopsis interstricta > 1 %8 % 5. DC14
77. Peronopsis interstricta > % %8 %% DC15
78. Peronopsis interstricta > 1 %8 % 5. DC16
79. Peronopsis interstricta > & %8 % %. DC17

80. Peronopsis interstricta > % %8 %% DCI18
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BT

81. Peronopsis interstricta
82. Peronopsis interstricta
83. Peronopsis interstricta
84. Peronopsis interstricta
85. Peronopsis interstricta
86. Peronopsis interstricta
87. Peronopsis interstricta
88. Peronopsis interstricta

89. Peronopsis interstricta

-

-

-

-

-

-

-

-

-

® %8 %52 DC19
i %8 % %L DC20
® %8 %5 DC21
i %8 % 5L DC22
® %8 %5 DC23
i 48 %5 DC24
® %8 %5 DC25
i 48 %5 DC26

® %8 5L DC27

90. Unidentified > & %8 %% DC28

91. Unidentified - i %8 % %. DC29

92. Peronopsis interstricta > 1 %8 %% DC30

93. Peronopsis interstricta
94. Peronopsis interstricta
95. Peronopsis interstricta
96. Peronopsis interstricta
97. Peronopsis interstricta
98. Peronopsis interstricta

99. Peronopsis interstricta

’

-

-

-

-

-

-

» %8 %5 DC31
® %8 S5 DC32
» %8 5. DC33
%8 %5 DC34
» %8 %% DC35
® %8 S5 DC36

# %8 %5 DP1

100. Peronopsis interstricta > 1 %8 %% DP2
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Bl s> P

101. Peronopsis interstricta > % %8 3% DP3

102. Unidentified > i %8 % %. DP4

103. Peronopsis interstricta > % %8 ¥ 5. DP5

104. Peronopsis interstricta
105. Peronopsis interstricta
106. Peronopsis interstricta
107. Peronopsis interstricta
108. Peronopsis interstricta
109. Peronopsis interstricta
110. Peronopsis interstricta
111. Peronopsis interstricta
112. Peronopsis interstricta
113. Peronopsis interstricta
114. Peronopsis interstricta
115. Peronopsis interstricta

116. Peronopsis interstricta

K

-

-

-

-

-

-

-

-

-

-

-

b

# %8 %% DP6
B %8 %55 DP7
1 %8 %55 DPS8
B %8 %55 DP9
%4 %% DP10
%8 %% DP11
% %8 %% DP12
i %8 5. DP13
® %8 %% DP14
% %8 %% DP15
% %8 %% DP16
% %8 5. DP17

i 18 %5 DP18

117. Unidentified > i %8 % %. DP19

118. Unidentified > 1 % % %. DP20

119. Peronopsis interstricta > 1 %8 %% DP21

120. Peronopsis interstricta > 1 %8 3% DP22
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o=

121. Peronopsis interstricta > ¥ %8 3 %5. DP23

122. Unidentified > i %8 % %. DP24

123. Peronopsis interstricta > % %8 5. DP25

124. Peronopsis interstricta
125. Peronopsis interstricta
126. Peronopsis interstricta
127. Peronopsis interstricta
128. Peronopsis interstricta
129. Peronopsis interstricta
130. Peronopsis interstricta
131. Peronopsis interstricta
132. Peronopsis interstricta
133. Peronopsis interstricta
134. Peronopsis interstricta
135. Peronopsis interstricta
136. Peronopsis interstricta
137. Peronopsis interstricta
138. Peronopsis interstricta
139. Peronopsis interstricta

140. Peronopsis interstricta

K

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

i 48 %55 DP26
B 48 %55 DP27
B 18 %5 DP28
5 48 %55 DP29
i 48 455 DP30
5 48 %55 DP31
i 48 455 DP32
5 48 %55 DP33
B £ %55 DP34
B 48 %55 DP35
5 48 %55 DP36
3 48 %55 DP37
5 48 %55 DP38
3 48 %55 DP39
5 48 %55 DP40
B 48 %55 DP41

® %8 S5 DP42
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Bl 4% ~ P

141. Peronopsis interstricta >
142. Peronopsis interstricta
143. Peronopsis interstricta
144. Homagnostus incertus >

145. Peronopsis interstricta >

® %8 5. DP43
& 18 S 5. DP44

® %8 %5 DP45

® %8 5. DP46

# %8 5L DP47
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SR S S

KoL 4 YR | FYE | gmen L s EE | ERE | AR | AT E (BT EEL | LT hE R
Al Peronopsis interstricta 2.54 2.231 0.635 0.988 0.804 2.559 1.943 1.38 0.886
A2 Peronopsis interstricta 2.162 1.896 0.562 0.861 0.825 2.091 1.661 1.31 0.712
A3 Peronopsis interstricta 1.997 1.829 0.48 0.732 0.677 2.11 1.815 1.327 0.561
A4 Peronopsis interstricta 2.938 2.49 0.573 1.077 0.905 2.906 2.234 1.797 0.833
A5 Peronopsis interstricta 1.87 1.632 0.42 0.701 0.621 1.883 1.517 1.1 0.556
A6 Peronopsis interstricta 3.125 2.923 0.646 1.379 0.982 3.545 2.811 2.258 1.253
A7 Peronopsis interstricta 3.404 2.898 0.814 1.382 1.12 3.39 2.729 2.087 1.031
A8 Peronopsis interstricta 3.07 2.669 0.683 1.069 0.819 2.981 2.4 1.908 0.926
A9 Peronopsis interstricta 0.909 0.805|N/A N/A N/A 0.843 0.683|N/A N/A
Al10 |Peronopsis interstricta 3.977 3.367 0.876 1.484 1.146 4 3.123 2.475 1.415
All  |Peronopsis interstricta 3.567 3.157 0.724 1.486 1.12 3.592 2.699 2.242 1.183
Al2  |Peronopsis interstricta 4.126 3.536 1.1 1.648 1.247 4.578 3.232 2.902 1.334
Al3  |Peronopsis interstricta 3.451 2.918 0.863 1.266 0.949 3.42 2.709 1.987 0.954
Al4  |Peronopsis interstricta 1.398 1.263 0.375 0.538 0.424 1.488 1.168 0.883 0.402
Al15  |Peronopsis interstricta 2.248 1.929 0.621 0.798 0.81 2.236 1.683 1.158 0.606
Al16  |Peronopsis interstricta 4.317 3.628 0.927 1.806 1.429 4.381 3.461 2.734 1.41
Al7  |Peronopsis interstricta 3.454 3.043 0.889 1.272 1.304 3.618 2.809 2.167 1.197
Al18  |Peronopsis interstricta 4.291 3.559 1.074 1.509 1.471 4.326 3.137 2.75 1.305
A19  |Peronopsis interstricta 4.254 3.468 0.934 1.521 1.349 3.838 3.174 2.561 1.405
A20  |Peronopsis interstricta 3.202 2.576 0.582 1.119 1.036 3.129 2.247 1.826 0.852
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S5 4 YR | YR | EL (BPISER | ERKE | AT R | AT R | EUEEL | LT ES
A21  |Peronopsis interstricta 2.519 2.072 0.439 0.902 0.807 2.301 1.85 1.511 0.719
A22  |Peronopsis interstricta 1.882 1.736 0.484 0.703 0.645 1.838 1.582 1.279 0.58
A23  |Peronopsis interstricta 3.224 2.616 0.748 1.082 1.091 3.228 2.584 1.964 0.987
A24  |Peronopsis interstricta 1.419 1.276 0.303 0.578 0.469 1.385 1.164 0.841 0.415
A25  |Peronopsis interstricta 3.037 2.467 0.7 1.02 0.975 3.052 2.537 1.788 0.921
A26  |Peronopsis interstricta 4.092 3.571 0.978 1.634 1.226 4.04 3.316 2.712 1.254
A27  |Peronopsis interstricta 2.474 2.021 0.632 0.964 0.768 2.519 2.102 1.424 0.688
A28  |Peronopsis interstricta 3.188 2.695 0.73 1.259 0.984 3.128 2.527 1.962 1.071
A29  |Peronopsis interstricta 4.248 3.505 0.972 1.486 1.32 4.353 3.127 2.667 1.588
A30  |Peronopsis interstricta 2.073 1.742 0.476 0.781 0.567 2.048 1.469 1.101 0.688
A31  |Peronopsis interstricta 4.003 3.227 0.856 1.511 1.291 3.997 3.098 2.542 1.311
A32  |Peronopsis interstricta 1.058 0.919 0.328 0.343 0.393 1.13 0.959 0.597 0.253
A33  |Peronopsis interstricta 2.993 2.413 0.565 1.102 0.729 2.788 2.276 1.712 0.898
A34  |Peronopsis interstricta 1.558 1.426 0.327 0.733 0.573 1.591 1.325 0.985 0.46
A35  |Peronopsis interstricta 2.188 1.847 0.507 0.927 0.787 2.224 1.674 1.458 0.692
A36  |Peronopsis interstricta 2.481 2.055 0.58 0.949 0.772 2.557 1.826 1.444 0.782
A37  |Peronopsis interstricta 3.926 3.388 0.76 1.771 1.294 4.104 3.19 2.635 1.536
A38  |Peronopsis interstricta 3.35 2.608 0.773 1.199 1.138 3.404 2.836 2.093 1.05
A39  |Peronopsis interstricta 1.882 1.533 0.415 0.638 0.61 1.819 1.372 1.086 0.489
A40  |Hypagnostus parvifrons 2.608 2.155|N/A N/A N/A 2.529 1.929 1.501 0.874
A41  |Peronopsis interstricta 2.717 2.248 0.565 1.018 0.996 2.845 2.204 1.746 0.805
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S5 4 YR | YR | EL (BPISER | ERKE | AT R | AT R | EUEEL | LT ES
A42  |Peronopsis interstricta 1.395 1.078 0.315 0.438 0.427 1.67 1.185 0.932 0.454
A43  |Peronopsis interstricta 1.419 1.407 0.498 0.793 0.708 1.568 1.155 1.087 0.633
A44  |Peronopsis interstricta 3.317 2.652 0.717 1.225 1.056 3.22 2.466 1.974 1.061
A45  |Peronopsis interstricta 1.853 1.703 0.459 0.669 0.595 2.035 1.804 1.218 0.594
A46  |Peronopsis interstricta 2.236 1.81 0.445 0.849 0.714 2.084 1.771 1.41 0.634
A47  |Peronopsis interstricta 3.241 3.012 0.647 1.335 1.169 3.249 2.552 2.246 1.335
A48  |Peronopsis interstricta 2.559 2.326|N/A N/A N/A 2.952 2.273|N/A N/A
A49  |Peronopsis interstricta 2.852 2.404|N/A N/A N/A 2.572 2.099 1.522 0.973
A50  |Peronopsis interstricta 0.763 0.655 0.191 0.368 0.281 0.753 0.689 0.492 0.2
A51  |Peronopsis interstricta 0.94 0.76 0.197 0.323 0.282 0.937 0.795 0.473 0.234
A52  |Peronopsis interstricta |N/A N/A N/A N/A N/A 3.85 2.842|N/A N/A
A53  |Peronopsis interstricta 1.043 1.022 0.263 0.451 0.345 0.944 0.927 0.662 0.347
A54  |Peronopsis interstricta 2.404 1.959|N/A N/A N/A 2.212 1.895 1.312 0.715
A55  |Peronopsis interstricta 2.706 2.026 0.518 1.095 0.796 2.6 2.048 1.53 0.799
A56  |Peronopsis interstricta 2.38 1.911 0.564 0.828 0.688 2.583 1.8 1.609 0.803
AS57  |Peronopsis interstricta 0.658 0.611 0.165 0.277 0.261 0.776 0.68 0.436 0.211
A58  |Peronopsis interstricta 0.777 0.694|N/A N/A N/A 0.797 0.704|N/A N/A
A59  |Unidentified 0.722 0.662|N/A N/A N/A 0.803 0.758|N/A N/A
A60  |Peronopsis interstricta 2.133 1.707 0.479 0.692 0.659 2.043 1.514 1.179 0.523
A61  |Peronopsis interstricta 2.217 2.021 0.534 0.841 0.646 2.265 1.735 1.386 0.629
A62  |Hypagnostus parvifrons [N/A N/A N/A N/A N/A 1.716 1.231|N/A N/A
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KoL 4 YR | FYE | oL s EE | ERE | AR | AT E (BT EEL | LT hEE
DC1 |Peronopsis interstricta 2.548 2.068 0.492 0.903 0.773
DC2  |Peronopsis interstricta 2.007 1.663 0.446 0.693 0.596
DC3  |Unidentified 3.259 2.953|N/A N/A N/A
DC4  |Peronopsis interstricta 2.525 2.267 0.537 0.998 0.732
DC5  |Peronopsis interstricta 2.819 2.397 0.724 1.108 0.873
DC6 |Hypagnostus parvifrons 2.263 1.912 0.576 0.906 0.752
DC7  |Unidentified N/A N/A N/A N/A N/A
DC8 |Peronopsis interstricta 1.801 1.747 0.432 0.754 0.561
DC9 |Peronopsis segmenta 2.607 2.288|N/A N/A N/A
DC10 [Peronopsis interstricta 1.838 1.922 0.455 0.711 0.587
DC11 [Peronopsis interstricta 2.019 1.823 0.482 0.794 0.686
DC12 |Peronopsis segmenta 3.452 3.123|N/A N/A N/A
DC13 |Unidentified N/A N/A N/A N/A N/A
DC14 |Peronopsis interstricta 1.316 1.219 0.345 0.502 0.454
DC15 |Peronopsis interstricta 2.245 1.879|N/A N/A N/A
DC16 |Peronopsis interstricta 1.547 1.504 0.467 0.683 0.574
DC17 |Peronopsis interstricta 1.699 1.568 0.342 0.733 0.54
DC18 |Peronopsis interstricta 2.033 1.742 0.484 0.643 0.562
DC19 |Peronopsis interstricta 1.87 1.524 0.449 0.653 0.644
DC20 |Peronopsis interstricta 2.35 1.843 0.479 0.933 0.687
DC21 |Peronopsis interstricta 1.909 1.662 0.411 0.749 0.62
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S5 4 YR | YR | EL (BPISER | ERKE | AT R | AT R | EUEEL | LT ES
DC22 |Peronopsis interstricta 1.437 1.159 0.306 0.557 0.402
DC23 |Peronopsis interstricta 3.38 2.765 0.853 1.144 1.104
DC24 |Peronopsis interstricta 2.666 2.513 0.684 1.116 0.939
DC25 |Peronopsis interstricta 1.198 1.075 0.307 0.435 0.445
DC26 |Peronopsis interstricta 1.106 1.012 0.227 0.461 0.322
DC27 |Peronopsis interstricta 2.734 2.237|N/A N/A N/A
DC28 [Unidentified N/A N/A N/A N/A N/A
DC29 [Unidentified 2.459 1.954|N/A N/A N/A
DC30 |Peronopsis interstricta 2.188 1.98 0.54 0.867 0.543
DC31 [Peronopsis interstricta 2.095 1.725 0.5 0.825 0.644
DC32 |[Peronopsis interstricta 2.081 1.874 0.447 0.705 0.635
DC33 |[Peronopsis interstricta 1.962 1.706 0.457 0.803 0.737
DC34 |Peronopsis interstricta 2.47 2.036 0.58 0.981 0.813
DC35 [Peronopsis interstricta 2.559 2.187 0.574 1.002 0.703
DC36 |Peronopsis interstricta 4.12 3.461 0.901 1.585] N/A
DP1  |Peronopsis interstricta 3.49 2.789 2.448 1.231
DP2  |Peronopsis interstricta 2.139 1.915 1.337 0.657
DP3  |Peronopsis interstricta 2.443 1.947 1.55 0.815
DP4  [Unidentified 3.983 3.483 2.751 1.174
DP5  |Peronopsis interstricta 1.696 1.471 1.061 0.502
DP6  |Peronopsis interstricta 3.99 3.335 2.466 1.455
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5L 1 Ep W YL |FRExTEL | EEL EPE | BPE | AT EhEL| LT BhE R
DP7  |Peronopsis interstricta 1.928 1.664 1.163 0.531
DP8  [Peronopsis interstricta 2.227 1.787 1.347 0.684
DP9  [Peronopsis interstricta 3.077 2.496 1.839 0.919
DP10 |Peronopsis interstricta 3.528 2.896 2.352 1.076
DP11 |Peronopsis interstricta 2.788 2.267 1.69 0.801
DP12 |Peronopsis interstricta 3.49 2.986 2.368 1.181
DP13 |Peronopsis interstricta 0.886 0.831|N/A N/A
DP14 |Peronopsis interstricta 2.664 2.045|N/A N/A
DP15 |Peronopsis interstricta 3.248 2.548 1.928 0.961
DP16 |[Peronopsis interstricta 3.032 2.322 1.691 0.78
DP17 |Peronopsis interstricta 2.453 1.752 1.405 0.768
DP18 |Peronopsis interstricta 3.476 2.577 2.151 1.031
DP19 |Unidentified 3.169 2.714 2.182 1.33
DP20 |Unidentified N/A 3.415|N/A N/A
DP21 |Peronopsis interstricta 2.807 2.41 1.855 0.819
DP22 |Peronopsis interstricta 3.672 3.005 2.537 1.215
DP23 |Peronopsis interstricta 3.889 3.552 2.703 1.128
DP24 |Unidentified N/A N/A N/A N/A
DP25 |Peronopsis interstricta 2.481 2.158 1.525 0.797
DP26 |Peronopsis interstricta 2.702 2.352 1.714 0.802
DP27 |Peronopsis interstricta 2.868 2.535 1.7 0.671
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5L 1 Ep W YL |FRExTEL | EEL EPE | BPE | AT EhEL| LT BhE R
DP28 |Peronopsis interstricta 2.716 2.234 1.885 1.002
DP29 |Peronopsis interstricta 3.815 2.972 2.28 1.096
DP30 |[Peronopsis interstricta 2.597 2.234 1.505 0.683
DP31 |Peronopsis interstricta 2.624 2.051 1.612 0.857
DP32 |Peronopsis interstricta 3.052 2.177 1.598 0.79
DP33 |Peronopsis interstricta 3.565 2.995 2.174 1.118
DP34 |Peronopsis interstricta 2.169 1.811 1.338 0.637
DP35 |Peronopsis interstricta 2.035 1.574 1.149 0.662
DP36 |Peronopsis interstricta 2.472 2.149 1.595 0.713
DP37 |Peronopsis interstricta 2.286 1.895 1.473 0.59
DP38 [Peronopsis interstricta 2.772 2.164 1.76 0.734
DP39 [Peronopsis interstricta 3.524 2.79 2.292 1.054
DP40 [Peronopsis interstricta 3.698 3.048|N/A N/A
DP41 |Peronopsis interstricta 2.024 1.76|N/A N/A
DP42 |Peronopsis interstricta 2.935 2.397 1.735 0.84
DP43 |Peronopsis interstricta 2.555 2.028 1.463 0.722
DP44 |Peronopsis interstricta 1.323 1.048 0.755 0.32
DP45 |Peronopsis interstricta 2.995 2.491 1.919 0.852
DP46 |Homagnostus incertus 2.37 2.14 1.746 1.124
DP47 |Peronopsis interstricta 2.18 1.982 1.299 0.584
*N/A % 7 285 FI B RG22 Ea @208
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