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Fig. 1

Paleogeographic characteristics and lithology histogram of the study area

(a) Middle Triassic paleogeography of South China (Ma et al., 2022); (b) field real scene; (¢) comprehensive lithology histogram of Middle Triassic
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Fig. 2 Elements of the Rhizocorallium submarine system of the Middle Triassic Guanling Formation in the study area

(a) morphological characteristics of the U-shaped burrows of Rhizocorallium; (b) schematic illustration corresponding to (a); (¢) curved U-shaped feeding traces; (d) schematic
illustration corresponding to (c); (e) coexistence of large and small morphotypes of Rhizocorallium; (f) densely developed Rhizocorallium on a horizontal plane; (g) magnified view
of the area shown in (f); (h) schematic illustration corresponding to (g); (i) further magnified view of the area shown in (f); (j) schematic illustration corresponding to (i); (k) U-
shaped burrows of Rhizocorallium; (1) magnified view of the area in (k); (m) U-shaped burrows of Rhizocorallium exhibiting web-like structures in a vertical section; (n) schematic
illustration corresponding to (m); (o) Rhizocorallium oriented parallel to the bedding planes; (p) Rhizocorallium oriented perpendicular to the bedding planes; (q) densely devel-

oped Rhizocorallium
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Fig. 3 Histogram of the frequency distribution of U-shaped burrow parameters of Rhizocorallium from the Middle Triassic Guanling

Formation in the study area

(a) histogram of diameter length frequency of vestige tube; (b) frequency histogram of the distance hetween the two wing tubes; (c) correlation analysis of the diameter of the relic

tube and the distance between the two wing tubes
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Fig. 4 Trace fossils and solid fossils of the Middle Triassic Guanling Formation in the study area

(a) cross- sectional view of Rhizocorallium trace fossils in the vertical orientation; (b) magnified detail of the area in (a); (c) coexistence of Rhizocorallium with bivalve fossils;

(d) coexistence of Rhizocorallium with gastropod fossils; (e) bivalve fossils; (f, g) vertebrate skeletal fossils; (h) Rhizocorallium exhibiting steep penetration angle into sedimen-
tary layer; (i) Planolites overlying Rhizocorallium; (j) coexistence of Thalassinoides and Rhizocorallium; (k) Palaeophycus; (1) horizontal bedding structures; (m) bird’ s eye

structures; (n) mud crack features



1724 A

S

5444

R1 EWHEHZEZLSH 2 (Taylor and Goldring,1993)
Table 1 Classification of bioturbation grade (Taylor and Goldring, 1993)
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Table 2 Fossil development characteristics of relics in the lower member
of the Middle Triassic Guanling Formation in the study area
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Fig. 5 Microscopic structural characteristics of Rhizocorallium from the Triassic Guanling Formation in the study area
(a) interface of interior and exterior of the trace fossil tube characterized by indistinct boundaries; (b) central region within the trace fossil tube; (c) bivalve shells in the
rock surrounding the trace fossil tube; (d) algal aggregates; (e) foraminifera; (f, g) pyrite associated with web-like structures; (h) interface of interior and exterior of the

trace fossil tube filled with secondary calcite; (i) micritic limestone; (j) bioclastic limestone

F3 R commune F3% 135 E T FA 2105 25 Fh B T A8 S5 M4 (iE 5 ISR Ml oz 4825
Table 3 Morphological structure characteristics and environmental response patterns

of the subspecies and varieties of R. commune
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Fig. 6 Comparative statistical analyses of the proportion distribution of tube diameter dimensions of Rhizocorallium trace

fossils in the upper and lower members of the Middle Triassic Guanling Formation in the study area

(a, a") U-shaped potholes in the lower section of the Guanling Formation; (b, b) U-shaped potholes in the upper section of the Guanling Formation
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Morphological Analysis and Paleoenvironmental Significance of
Rhizocorallium from the Xingyi Area of the Middle Triassic Guanling
Formation
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Abstract: [Objective ] The Rhizocorallium trace fossils in this study are notably well-developed and well-preserved,
and therefore offer substantial research potential. The morphological composition and structural features of Rhizocoral-
lium burrows were analyzed to elucidate the formation mechanisms of the burrow system, and the behavioral patterns
of the trace-making organisms and their significance as indicators of paleosedimentary environments were clarified.
[Methods ] A total of 99 U-shaped burrows were measured to determine marginal tube diameters and burrow widths ,
and linear regression correlation analyses were performed to evaluate the relationship between the two variables.
Building upon existing ichnological literature, a comprehensive investigation was undertaken to describe the morphol-
ogy, formation mechanisms and behavior of the trace-making organisms responsible for Rhizocorallium burrows. Se-
condary structures such as linear crawling trails were also identified and their spatial and functional relationships with
the primary U-shaped foraging traces were evaluated. The bioturbation index (BI) was employed to quantify the ex-
tent of sediment disturbance caused by Rhizocorallium-making organisms, and lithological data was integrated with
trace fossil assemblages in the Guanling Formation to develop a detailed paleoenvironmental reconstruction of their
habitat preferences. Additionally, systematic paleontological analyses of trace fossil assemblages from the lower strati-

graphic member were undertaken alongside examinations of body fossils from the upper member to assess biological
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differentiation patterns and the complexity of trophic structures throughout the depositional sequence. [ Results]
(1) The fundamental architecture of Rhizocorallium consists of U-shaped and linear burrows. Most U-shaped burrows
feature a curved marginal tube enclosing spreiten lamellae and are interpreted as feeding traces generated during for-
aging activities, constituting the primary structural component. Linear burrows, occurring in both single and double
forms, are considered to be crawling trails formed during locomotion, and represent secondary structures. (2) Mar-
ginal tube diameters of U-shaped burrows range from 0.1 em to 2.6 cm, while burrow widths vary between 0.5 ¢m and
11.9 cm. These parameters exhibit a strong positive correlation (R?> = 0.926 88) , indicating that the behavioral pat-
terns of the trace-making organisms remained consistent throughout ontogenetic development from larval to adult stag-
es. This behavioral consistency aligns with an r-selected survival strategy typical of opportunistic species. Directional
foraging and burrowing behaviors are maintained as core survival strategies, with burrow systems expanding propor-
tionally with individual growth. Moreover, a subset of very small burrows is interpreted as juvenile forms of Rhizo-
corallium trace fossils. (3) The lower member of the Guanling Formation, primarily consisting of bioclastic limestone
and micritic limestone, exhibits abundant assemblages of Rhizocorallium trace fossils, including Planolites, Palaeo-
phycus and Thalassinoides , with bioturbation indices (BI) ranging from 3 to 5. These assemblages are associated with
low-diversity trace fossil communities, suggesting deposition within a low-energy, open platform environment. In con-
trast, the upper member, dominated by bioclastic limestone with sparse occurrences of Rhizocorallium (Bl = 1-3)
and a highly diverse assemblage of body fossils (e.g., bivalves, gastropods and vertebrate remains ) reflects a high-en-
ergy intertidal depositional setting. Systematic paleontological investigations have demonstrated an upward progres-
sion in biological differentiation throughout the sedimentary sequence, with the paleoecosystem’ s trophic structure
becoming increasingly complex and approaching a stable, balanced state.[ Conclusions ] The morphological charac-
terization and analysis of Rhizocorallium ichnofossils provide insights into the compositional features, formation mech-
anisms and behavioral stability across ontogenetic stages of the trace-making organisms, indicative of an r-selected re-
productive strategy. Furthermore, these traces reveal adaptive responses to environmental variability. Collectively,
these results affirm the efficacy of Rhizocorallium as a reliable ichnological proxy for reconstructing paleoecological
conditions and paleosedimentary environments.
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