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Differentiation landscape of swimming ability of Tuzoia species from
Wauliuan, Cambrian revealed by computational fluid dynamics

GENG Xin-yu, LAN Tian
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Abstract Tuzoia is one of the most common and globally distributed Cambrian bivalved arthropods. However, the
morphology of their rarely and incompletely preserved soft-parts can hardly be utilized to evaluate their swimming
and migration abilities. Computational fluid dynamics (CFD) offers quantitative data for inferring the movement
patterns of fossilized animals based on the morphology of their often well-preserved exoskeletons. In this paper,
Tuzoia retifera and T. canadensis from the Burgess shale are simulated using CFD in benthic and pelagic environ-
ments. The differences in fluid performance and vertical flexibility of these two species are compared. Fluid simu-
lation results indicate that 7. retifera is subject to less drag force and greater lift force than 7. canadensis under
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the same speed. The results indicate that T. retifera potentially has a faster swimming speed and better vertical mi-

gration ability than T. canadensis does. Tuzoia canadensis is probably a benthic species, while T. retifera may oc-

cupy wider habitat and has a pelagic swimming lifestyle. We suggest that niche partititoning within a genus oc-

curred as early as the Wuliuan, Cambrian.

Key words Computational fluid dynamics, Cambrian, Wuliuan stage, 7uzoia, niche partitioning
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Fig. 1 Restoration models of Tuzoia
A, B, C. T. retiferati " Ji; D, E, F. T. canadensiti B4 & Fr; Frp A, DRymE 8 i = 48080 B, EXNIUALIE,; C, FAMALIE . Lhfl R 3595 mm.

A, B, C. Restoration models of 7. retifera; D, E, F. Restoration models of T. canadensis; A, D, oblique views; B, E lateral views; C, F, dorsal views. Scale

bar =5 mm.

A
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Fig. 2 Boundary conditions and discretization of the model
A, MR R TSR B AR R R ) RS

A. The model and computated domain; B. Conventional mesh used in the simulations for the model.
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Fig. 3 Statistical table of drag force and lift force for 7. retifera and T. canadensis at a stream velocity of 0.02 to 0.2 m/s
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Fig.4 Comparison of force coefficient and lift to drag force ratio in different species of Tuzoia during swimming
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A. Drag force coefficient and lift force coefficient of T. retifera and T. canadensis at a stream velocity of 0.02 to 0.2 m/s; B. Drag force coefficient and lift
force coefficient of T. retifera and T. canadensis at a stream velocity of 0.02 m/s at 0.1, 0.5 and one body length from benthos.
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Fig. 6 Three-dimensional plots with streamlines at three different angles of attacks for Tuzoia models
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A, B, C. Three-dimensional visualizations with streamlines at three different angles of attacks (—20°, 0, +20°) for 7. retifera; D, E, F. Three-dimensional
visualizations with streamlines at three different angles of attacks (—20°, 0°, +20°) for T. canadensis. The red line represents streamline, the inlet flow
direction is from left to right, the stream velocity is 0.05 m/s, and the stress field represents the pelagic environment.
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Fig. 7 Surface pressure diagrams of the models obtained by CFD simulations
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A7, JEHA 0.05 m/s, Wi EERE,
A, B, C. Model surface pressure diagrams at three different angles of attacks (—20°, 0°, +20°) for T. retifera; D, E, F. Model surface pressure diagrams at
three different angles of attacks (—20°, 0°, +20°) for T. canadensis. The inlet flow direction is from left to right, the flow rate is 0.05 m/s, and the stress
field represents the pelagic environment.
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