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The Guanshan Biota (Cambrian Series 2, Stage 4) is a typical Burgess Shale-type biota and is one of the most significant Cambrian Konservat-Lagerstätten from China. Tuzoia is a relatively common non-biomineralized bivalved arthropod from the Guanshan Biota and, stratigraphically, ranges from Cambrian Series 2 through the Miaolingian Series. Based on new specimens from the Longbaoshan Section of the Wulongqing Formation, this study distinguished and described in detail the Tuzoia in the Guanshan Biota. Supplemental details about the larval stage of Tuzoia tylodesa were obtained, and the ontogenetic pattern of T. tylodesa was revised. The confirmation of the presence of Tuzoia retifera and the first report of Tuzoia cf. canadensis in the Guanshan biota, as well as the confirmation of the presence of T. retifera and the first report of T. cf. canadensis out of Laurentia (in Gondwana), indicated that species communication between paleogeographic plates is possible.
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INTRODUCTION
Tuzoia (Walcott, 1912) was one of the largest known Cambrian bivalved arthropods, occurring widely in the Burgess Shale-type Lagerstätten, ranging from the Cambrian Series 2 to the Miaolingian Series (Vannier et al., 2007; Robison et al., 2015; Ma et al., 2021), with remains in many parts of North America, Europe, Asia, and Australia (Figures 1, 2). According to Yuan and Zhao (1999), Vannier et al. (2007), and Wen et al. (2015), Tuzoia was a swimming animal as it occurred in continental shelf environments and deeper slope environments; it is possible that Tuzoia was benthic or nektobenthic. The stratigraphic range of Tuzoia was rather limited (Cambrian Stage 3 to Droudman Stage), but it was geographically widespread and played a minor role in the correlation of intercontinental biostratigraphy. The known biogeographic distribution of Tuzoia is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Paleogeographical distribution of Tuzoia. Paleogeographical reconstruction in earlier and middle Cambrian modified from Ma et al. (2021). Numbers 1 and 15 are reported for the first time in Gondwana.
[image: Figure 2]FIGURE 2 | Stratigraphical distribution of Tuzoia; numbers match those in Figure 1. Numbers 1 and 15 are reported for the first time in the Guanshan Biota.
Since Walcott first described Tuzoia in 1912, more than 20 species of Tuzoia have been recorded prior to this study (Vannier et al., 2007; Wen et al., 2019; Ma et al., 2021) (Figure 2). The first record of Tuzoia was a single specimen collected from the Burgess Shale (Miaolingian Series, Wuliuan Stage) in British Columbia, Canada, named T. retifera by Walcott in 1912. The stratigraphy of this specimen was likely equivalent to that of the Raymond Quarry Shale Member (Fletcher and Collins, 1998). Resser (1929) redescribed T. retifera using additional material and established three new species from the Burgess Shale: Tuzoia canadensis, Tuzoia burgessensis, and Tuzoia polleni. These and other species were later studied by Vannier et al. (2007). Following Walcott (1912) and Resser (1929), Tuzoia was discovered in many localities in North America (Resser and Howell, 1938; Briggs, 1977; Robison and Richards, 1981; Lieberman, 2003; Vannier et al., 2007; Moore and Lieberman, 2009; Robison et al., 2015), Europe (Czech Republic) (Chlupac and Kordule, 2002; Fatka and Herynk, 2016), Siberia (Ivantsov et al., 2005), China (Endo and Resser, 1937; P’an, 1957; Shu, 1990; Luo et al., 1999; Yuan and Zhao, 1999; Chen et al., 2005; Peng et al., 2007; Yao et al., 2009; He et al., 2012; Wen et al., 2015, 2019; Chen et al., 2017; Du et al., 2020), and Australia (Glaessner, 1979; Nedin, 1995; Paterson et al., 2008; Garcıa-Bellido et al., 2009).
This study reported on Tuzoia from the Guanshan Biota (Wulongqing Formation, Cambrian Series 2, Stage 4), a representative Burgess Shale-type biota from southwestern China that included several categories of soft-bodied metazoans (Luo et al., 2005; Li et al., 2006; Luo et al., 2006; Hu et al., 2007; Luo et al., 2007; Yang et al., 2008.; Hu et al., 2010a; Hu et al., 2010b; Liu et al., 2012; Hu et al., 2013; Liu et al., 2015; Liu et al., 2016; Li et al., 2017; Yang et al., 2018; Wu and Liu. 2019; Chen et al., 2020; Zhao et al., 2020). More than 60 taxa have been described from this biota, belonging to more than ten animal groups and algae, including arthropods, brachiopods, vetulicolians, lobopodians, sponges, eocrinoid echinoderms, hyolithids, polychaetes, priapulids, chancelloriids, eldonoids, and problematic fossils (Luo et al., 2005; Li et al., 2006; Luo et al., 2006; Hu et al., 2007; Luo et al., 2007; Yang et al., 2008.; Hu et al., 2010a; Hu et al., 2010b; Liu et al., 2012; Hu et al., 2013; Liu et al., 2015; Liu et al., 2016; Li et al., 2017; Yang et al., 2018; Zhao et al., 2018; Wu and Liu. 2019; Chen et al., 2020; Zhao et al., 2020). Among the large bivalved arthropods from the Wulongqing Formation, Tuzoia ranked second, after Isoxys.
The materials were collected from the Longbaoshan and Xinglongcun sections. Five species were identified, two of which were reported for the first time from South China. In addition, two comparative species of this genus were illustrated from the Burgess Shale Formation of British Columbia, Canada (Cambrian Wuliuan Stage) (Vannier et al., 2007).
MATERIALS AND METHODS
All new specimens discussed here were excavated from the Longbaoshan Section (Luo et al., 2008) between 2015 and 2021. Specimens were observed and prepared with fine needles under a microscope’s high magnification. Fossils were photographed with a Canon EOS 5D Mark II digital camera. Figures were prepared using Adobe Photoshop CS6 and CorelDraw X4.
All specimens were deposited in the Shaanxi Key Laboratory of Early Life and Environments, Northwest University (NWU), Xi’an, China.
The morphological terminology used in this study follows that of Scott (1961), Briggs (1978), Robison and Richards (1981), Lieberman (2003), Vannier et al. (2007), and Wen et al. (2015). A list of relevant abbreviations is presented in Table 1.
TABLE 1 | List of abbreviations.
[image: Table 1]SYSTEMATIC PALEONTOLOGY

Phylum Arthropoda Siebold and Stannius, 1845 (total group).
Class Uncertain
Order Tuzoiida Simonetta and Delle, 1975
Family Tuzoiidae Raymond, 1935
Genus Tuzoia Walcott, 1912
Type Species
Tuzoia retifera Walcott, 1912, Middle Cambrian Burgess Shale (Middle Cambrian: Miaolingian Series, Wuliuan Stage), British Columbia, Canada.
Additional Species
Tuzoia australis Glaessner, 1979; T. bispinosa Yuan and Zhao, 1999; T. burgessensis Resser, 1929; T. canadensis Resser, 1929; T. cf. canadensis Vannier et al., 2007; T. guntheri Robison and Richards, 1981; T. jianheensis Chen and Zhao in Chen et al., 2017; T. lazizhaiensis Wen et al., 2019. T. manchuriensis Endo and Resser, 1937; T. multispinos Zhao, 2015; T. polleni Resser, 1929; T. sinensis P’an, 1957; T. tylodesa Luo and Hu in Luo et al., 2006; T. praemorsa Resser, 1929; Tuzoia sp. Chlupáč and Kordule, 2002; Tuzoia sp. Ivantsov et al., 2005; Tuzoia sp. Vannier et al., 2007; Tuzoia sp. Du et al., 2020; Duplapex anima Ma et al., 2021; and questionably T.? parva Walcott 1912; T.? peterseni Robison and Richards, 1981.
Emended Diagnosis
Large carapace bivalved arthropod, non-biomineralized, or weakly biomineralized. Valve hemispherical, folded dorsally (no true articulated hinge), surface showing reticulate ornament. Dorsal margin straight or slightly convex, with or without spines. Anterior and posterior cardinal processes (ACP and PCP, respectively) along the dorsal margin. The ventral margin spinose typically had a mid-posterior spine (MPS) and posteroventral spine (PVS). The lateral ridge spinose extended medially along the entire length of the valves. Paired stalked eyes protruded anteriorly through the notch; eye stalks annulated. Gut with possible digestive glands.
Occurrence
Cambrian Stage 3 to the Drumian Stage of North America (Canada, United States), North and South China, Australia, Russia, and the Czech Republic.
Remarks
Tuzoia was a diverse genus widely distributed across Laurentia, Bohemia, Siberia, and Gondwana. With at least 14 valid species, it ranks among the most diverse non-biomineralized or lightly biomineralized genera of arthropods known from the Cambrian. Tuzoia was first described in Laurentia and, subsequently, elsewhere. Among the described species, six distinctive forms (T. bispinosa Yuan and Zhao, 1999, T. Sinensis P’an, 1957, T. tylodesa Luo and Hu in Luo et al., 2006, T. multispinos Zhao, 2015, T. lazizhaiensis Wen et al., 2019, and Duplapex anima Ma et al., 2021), were all reported from North and South China. In this study, two additional distinctive species from South China were added to the list.
Tuzoia sinensis P’an, 1957 Figure 3, 7C; 1957 Tuzoia sinensis P’an, pp. 523–526, pl. 1 figs 1–2, pl. 2 figs 1–2; 1999 Tuzoia sinensis P’an; Luo et al., pp. 67–68, pl. 32 figs 4–5; 2005 Tuzoia kunmingensis Chen et al., pp. 152–154, fig. 1, pl. 2 figs 1–4; 2006 Tuzoia sinensis P’an; Luo et al., pp. 460–472, pl. 2 figs 1–3. 2007 Tuzoia sinensis P’an; Vannier et al., pp. 445–471, fig. 26; 2008 Tuzoia sinensis P’an; Luo et al., pp. 86, pl. 25 figs 1–6. 2012 Tuzoia sinensis P’an; He et al., pp. 10–13, pl. 1 figs 1–5; 2013 Tuzoia sinensis P’an; Hu et al., pp. 122–123, figs 158–161; 2019 Tuzoia sinensis P’an; Wen et al., pp. 719–742, pl. 4–5, pl. 12 figs E–F.
New Material
Forty-nine specimens were collected from the Wulongqing Formation (Cambrian Stage 4) in the Longbaoshan and Xinglongcun sections of Yunnan, China.
Remarks
The original diagnoses (Luo et al., 2006; Hu et al., 2013) are followed here. A carapace with an ovoid, slightly postplete outline was observed. T. sinensis had a relatively short and straight dorsal margin bearing numerous spines, which occurred along the ventral and posterior margins. The ACP was small, pointing slightly upward. The PCP was broad-based and subtriangular. The lateral ridge was oblique to the dorsal margin. A reticulate ornament was present over the entire lateral surface (Figure 3A–D, Figure 7).
[image: Figure 3]FIGURE 3 | Tuzoia sinensis P’an, 1957 from the Wulongqing Formation in the Longbaoshan Section, Yunnan, China. (A,B) Lateral aspect views of specimen CG0901A. (C,D) Lateral aspect views of specimen CG0901B, showing the T. sinensis from Longbaoshan Section. ACP is small, PCP is broad-based, and sub-triangular, numerous spines occur along the ventral and the dorsal margins. (E,F) Lateral aspect views of specimen ELI-LBST-0024, showing the eye of T. sinensis, with the dorsal spines and ventral spines, with few tumor-like protrusions on the surface. The scale bars are 10 mm. For abbreviations, see Table 1.
The specimens from the Wulongqing Formation of Kunming described herein showed morphology similar to the original material of T. sinensis from the Balang Formation of Guizhou (Wen et al., 2019). The specimens described in this study range in length from 35 to 61 mm and showed the lateral ridge sub-parallel to the dorsal margin, similar to specimens from the Balang Biota.
One specimen of T. sinensis bore a stalked eye protruding from the notch below the anterior cardinal process. The eye was large, oval-shaped, and approximately 2 mm in diameter, extending from a stalk (Figures 3E,F, 7).
Occurrence
Wulongqing Formation (Cambrian Stage 4) of Yunnan Province, South China, and Balang Formation (Cambrian Stage 4) of Guizhou Province, South China.
Tuzoia tylodesa Luo et Hu et al., 2006 Figure 4, 7D; 2006 Tuzoia tylodesa Luo et Hu, pp. 460–472, pl. 1 figs 3–5, pl. 2 figs 4–6; 2015 Tuzoia tylodesa Luo et Hu, Zhao et al., pp. 1–62, pl. 1 figs. 3–7; 2019 Tuzoia tylodesa Luo et Hu, Wen et al., pp. 719–742, pl. 12 figs A–D.
New Material
Twenty-seven specimens, most of which were preserved in the lateral aspect on the surface of the bedding planes, were all from the Wulongqing Formation (Cambrian Stage 4) in the Longbaoshan Section, Yunnan, China.
Emended Diagnosis
Carapace bivalved arthropod, thin and non-biomineralized, with an ovoid outline, truncated dorsally by a straight convex hinge, apparently without accurate articulation. The valve length ranged from 8 to 60 mm; the valve length was two times the height. The dorsal margin was straight, with 6–10 small subtriangular marginal spines extending along the dorsal margin length. ACP and PCP were along the dorsal margin, straight or slightly upward; ACP was usually more prominent than PCP and with an underlying notch.
The anterior margin was inflated more prominently than the ACP; the PCP was more prominent than the posterior margin. The posterior margin was relatively straight and extended beyond the anterior margin. There were at least 20 subtriangular marginal spines, more than three of which were located at the anterior margin. Dorsal margin spines were the strongest, while anterior margin spines were the weakest. The surface was covered with a tumor-like protrusion, 0.4–1.2 mm in diameter and numbering 43–100. The lateral ridge was relatively distinct and protruded, extending downward and backward. The lateral ridge was decorated with tiny protrusions, similar to the margin spines.
Remarks
The present study argues that the morphological stage of Tuzoia was distinguished primarily based on its size and characteristics. The larval stage of T. tylodesa, which was less than 2 cm in length, had no spines on the dorsal and ventral margins. New larvae specimens can be classified into two categories: early larval stage and late larval stage. The early larval stage specimens (Figures 4A,B) had a tiny ovoid outline, with a length less than 1 cm, ACP and PCP along the straight dorsal margin, and three spines between the ACP and PCP, closer to the PCP. The ventral margin had no spine. The lateral ridge was slightly (Figures 4C,D) oblique to the dorsal margin. A few tumor-like protrusions were present over the entire lateral surface. The late larval stage was bigger than the early stage; the length was 1–2 cm, ACP and PCP were along the straight dorsal margin, and three spines occurred between the ACP and PCP, closer to the PCP. The ventral margin had a few tiny spines. The lateral ridge was slightly oblique to the dorsal margin. A few tumor-like protrusions were present over the entire lateral surface. Based on these details, the ontogenetic patterns of T. tylodesa were supplemented and revised (Figure 4E).
[image: Figure 4]FIGURE 4 | Tuzoia tylodesa Luo et Hu et al., 2007 from the Wulongqing Formation in the Longbaoshan Section, Yunnan, China. (A,B) Lateral aspect views of specimen ELI-LBST-0079A, showing the early larval stage of T. tylodesa, with three dorsal spines, no ventral spines, with few tumor-like protrusions on the surface; (C,D) Lateral aspect views of specimen ELI-LBST-0012A, showing the later larval stage of T. tylodesa, with three dorsal spines, some tiny spines among the ventral margin, with more tumor-like protrusions in the surface; (E) Two categories of T. tylodesa: Early larval stage and late larval stage. The scale bar is 10 mm. For abbreviations, see Table 1.
Occurrence
Longbaoshan Section, Wulongqing Formation (Cambrian Stage 4) of Yunnan Province, South China.
Tuzoia multispinosa Zhao, MS. 2015 Figure 7B; 2015 Tuzoia multispinosa Zhao, pp. 1–62, pl. 1 figs. 1–7, pl. 2 figs 1–6.
Description
Large bivalved arthropod, valve outline, carapace thin, non-mineralized, folded dorsally (no true articulated hinge) into two hemispherical valves (L: H approximately 1.68). ACP and PCP along the straight dorsal margin. The ACP was small, pointing straight forward. The PCP was also small, pointing slightly upward. The angle formed between the dorsal margin and the posterior ventral margin was 23.6°. The posterior margin was inflated and more prominent than the PCP; the lateral ridge was at mid-distance between the dorsal and ventral margins and slightly oblique to the dorsal margin. The lateral ridge was armed with at least 31 small spines, all of which were aligned compactness and indented; the dorsal margin had ten spines equally distributed along the length of the dorsal margin. The ventral margin bore, at most, 25 minuscule subtriangular marginal spines, two of which were located at the anterior margin. The ventral marginal spines showed the form of many small spines between the two large spines primarily. There were fewer spines along the posterior margins, typically with an MPS and PVS, and the PVS was slightly longer than the MPS (Figure 7B).
Remarks
T. multispinosa was first described by Zhao in 2015, based on only three specimens. This study obtained no additional material. More specimens should be collected for further studies.
Occurrence
Longbaoshan Section, Wulongqing Formation (Cambrian Stage 4) of Yunnan Province, South China.
Tuzoia retifera Walcott, 1912 Figure 5, 7A; 1912 Tuzoia retifera Walcott, pp. 187, pl. 33 fig. 2; 1929 Tuzoia retifera Walcott; Resser, pp. 7–8, pl. 1 fig. 2; 1975 Tuzoia retifera Walcott; Simonetta and Delle Cave, p. 8, pl. 47 fig. 2; 2003 Tuzoia retifera Walcott; Lieberman, pp. 679; 2007 Tuzoia retifera Walcott; Vannier et al., pp. 445–471, fig. 26.
New Material
Thirteen specimens were preserved in lateral aspect on the surface of the bedding planes, all from the Wulongqing Formation (Cambrian Stage 4) in the Longbaoshan Section, Yunnan, China.
Description
This specimen had an ovoid, slightly postplete/replete outline (L = 95 mm, H = 65 mm, L:H approximately 1.46). The dorsal margin was slightly convex. The ACP was broad-based, very short, and directed slightly downward, overhanging a well-developed anterior notch. The PCP was blunt and very small in size. No dorsal spines. MPS and PVS were present but were very short. There were additional marginal spines between the MPS and the PVS. Low-relief lateral ridge ran almost parallel to the dorsal margin (H:A approximately 2.0), underlined by a narrow frill with very small crenulation. The reticulate pattern was dense, uniform, and small along the anterior, posterior, and dorsal margins (Figures 5A,D, 7A).
[image: Figure 5]FIGURE 5 | Tuzoia retifera Walcott, 1912 from the Wulongqing Formation in the Longbaoshan Section, Yunnan, China. (A,D) Lateral aspect views of specimen ELI-LBST-0045A, showing a mature stage, no dorsal spines. MPS and PVS are present but very short, with additional marginal spines between MPS and PVS. (B,E) Enlarged plot of (A,C,D,F) Enlarged plot of (B,E) showing the antenna of the T. sinensis. The scale bars of (A,B,D,E) are 10 mm, and the scale bars of (C,F) are 1 mm. For abbreviations, see Table 1.
Remarks
T. cf. retifera was described by Hu et al. in 2013. Because the size of their specimens was too small and there was only one spine at the ventral margin, the specimen could not be considered as T. retifera. The details of the new specimen described herein (Figures 5A,D) were identical to those of T. retifera. The study inferred that T. cf. retifera (Hu et al., 2013) might be the juvenile stage of T. retifera. This is not only the first time that T. retifera has been confirmed in Guanshan Biota (Series 2, Stage 4) but also the first time that T. retifera was reported out of Laurentia (in Gondwana). This report indicated that the communication of species between paleogeographic plates was possible, providing new evidence for the study of the communication of species between paleogeographic plates.
A small, segmented structure under the notch was interpreted as a fragment of the antenna (Figures 5B,C,E,F, 7A). The fragment was extremely short, multi-segmented, and composed of several articles. As this fragment was too small to be a specimen, confirmation from more specimens with well-preserved antennae remains a goal.
Occurrence
Burgess Shale Formation in British Columbia, Canada; Wulongqing Formation (Cambrian Stage 4) in Yunnan Province, South China.
Tuzoia cf. canadensis Resser, 1929 Figure 6, 7E.
New Material
Three specimens were preserved in lateral aspect in shale, one of which was well-preserved. The other two specimens were preserved as fragments from the Wulongqing Formation (Cambrian Stage 4) Longbaoshan Section, Yunnan, China.
Description
This form was represented by a single specimen with both valves preserved in a lateral position (NWU-LBS-0137). It had an ovoid outline (L = 45 mm, H=28 mm, L:H approximately 1.61) and well-developed cardinal processes, SMS, MPS, and PVS. The ACP pointed straight forward and overhung the notch. The PCP was longer than the ACP and was directed upward and backward. The ventral spines (at least eight) were slender, and their length increased toward the front. The dorsal margin had at least six long spines. The lateral ridge was at mid-distance between the dorsal and ventral margins and bore spines. The surface showed a reticulate pattern formed by polygons; most polygons had 4–5 sides and were 2–4 mm in diameter (Figures 6A–F, 7E).
[image: Figure 6]FIGURE 6 | Tuzoia cf. Canadensis Resser, 1929 from the Wulongqing Formation in the Longbaoshan Section, Yunnan, China. (A,B) Lateral aspect views of specimen ELI-LBST-0156A, a new species in the Guanshan biota, the T. cf. canadensis. The ventral spines (at least eight) are slender, and the dorsal margin has at least six long spines. The typical character of this species is the relatively longer and more prominent spines. (C,D) Lateral aspect views of specimen ELI-LBST-0032, also with longer and prominent spines. (E,F) Lateral aspect views of specimen ELI-LBST-0197A, also with longer and prominent spines. The scale bar is 10 mm. For abbreviations, see Table 1.
Remarks
These specimens were similar to T. canadensis and T. cf. canadensis (Vannier et al., 2007), both of which were from the Cambrian Wuliuan Stage. These specimens differ from T. canadensis in having more spines along the dorsal margin, in missing the secondary spines along their dorsal spines margins, in having a shorter ACP and PCP along the dorsal margin, and in having relatively longer and more prominent spines, especially in the ventral margin. Compared with T. cf. canadensis, except for the lack of awareness caused by the incomplete specimen, the two of them almost touched the same. These specimens differ from T. sinensis in having longer and more prominent spines, especially in the ventral margin. These specimens differ from T. tylodesa in having relatively longer and more prominent spines, especially in the dorsal-ventral margin, in the position of the lateral ridge, in the decoration on the surface, in the outline, and the outline angle formed between the dorsal margin and the posterior ventral margin. These specimens differ from T. multisinosa in having relatively longer and thinner spines, in the missing of the secondary spines between the dorsal/ventral spines and in the angle formed between the dorsal margin and the posterior ventral margin. These specimens differ from T. retifera in having relatively longer and more prominent spines in the dorsal and ventral margin (Figure 7).
The species broadly resembled T. canadensis in outline and was an additional material of T. cf. canadensis. It is possible that these specimens represented a new species. However, full confirmation requires the collection of complete material.
[image: Figure 7]FIGURE 7 | Reconstructions of the Tuzoia from Guanshan Biota, Yunnan, China. (A) Reconstruction of the Tuzoia retifera Walcott, 1912; (B) Reconstruction of the T. multispinosa Zhao, 2015; (C) Reconstruction of the T. sinensis P’an; (D) Reconstruction of the T. tylodesa Luo et Hu et al., 2007; (E) Reconstruction of the T. cf. canadensis Resser, 1929. The scale bar is 10 mm.
Occurrence
Longbaoshan Section, Wulongqing Formation, Kunming, Yunnan, China.Geographic and stratigraphic distribution. Longbaoshan Section in Kunming, Southwest China (Cambrian Series 2, Stage 3; local Wulongqing Formation).
CONCLUSION

1. This study distinguished and described the following species of Tuzoia from the Guanshan Biota in detail: 1. T. sinensis P’an, 1957; 2. T. tylodesa Luo et Hu et al., 2007; 3. T. multispinosa Zhao, 2015; 4. T. retifera Walcott, 1912; and 5. T. cf. canadensis Resser, 1929.
2. The specimens we described herein definitely represent that it is T. retifera. We inferred that T. cf. retifera is the juvenile stage of T. retifera, rather than the conformis species. It is the first time that T. retifera reported in the Guanshan Biota.
3. This study also described new material about T. cf. canadensis and provided supplementary details about this species. This was the first report of T. cf. canadensis in the Guanshan Biota.
4. The presence of T. retifera and T. cf. canadensis in the Guanshan Biota demonstrated communication of the species between paleogeographic plates, providing new evidence for the study of “species communication between paleogeographic plates.”
5. Finally, the study provided additional material related to T. tylodesa and supplemented and revised the ontogenetic pattern of T. tylodesa, shedding new light on the ontogenetic pattern of Tuzoia.
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