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Figure S3. Lateral and dorsal curvature. Several snapshots of the standing scrub python for different values of vertical
distance L, namely (a) L = 0.60 m, (b) L = 0.63 m, (c) L = 0.67 m, (d) L = 0.71 m. The top row of snapshots show the lateral
view while the bottom row show the dorsal view. In the bottom row we highlighted with a red circle the region of largest
curvature. While the lateral shape is very similar for all four snapshots, the dorsal shape is not.

Figure S4. Averages and standard deviations of curvature. We show in (a) the averages (solid line) as well as the
associated the standard deviation (shaded area) of the curvature (s) for three values of l for the scrub python. The average
curves are the same as the ones shown in Fig. 1 for the corresponding values of l. In (b) we present the same data for the
brown tree snake, cf. Fig. S2.

corresponds to the length l. Thus we pick the frame that is closest to this value. This results in an error in the length
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l associated with the different curves in Figs. 1, S1, S4. However, we find that this error is small (the largest relative
length difference we found was ⇡ 0.02) and thus it is not relevant. For completeness we report the errors in Tab. S2.

Scrub python 29± 0.2 cm 39± 0.2 cm 49± 0.1 cm 59± 0.3 cm 69± 0.4 cm
Brown tree snake 48± 1.1 cm 60± 0.4 cm 66± 0.7 cm 73± 0.6 cm 79± 0.5 cm

Table S2. Error of l. The error associated with l when averaging over four experiments for the scrub python (Fig. 1) and the
brown tree snake (Fig. S2), respectively.

S4. POSTURE WITH LOCAL FEEDBACK

Figure S5. Lift-up and stand-up with proportional feedback. (a) We model the lift-up behavior by numerically solving
Eq. (4), keeping G = 1 constant here but for different values of ✓(s = l) = ✓fin. (b) Results for the stand-up phase, that is the
same data as in Fig. 2(a) in the main text but with all curves now normalized to be of length l = 1.

While the lift-up phase is seen to not be as universal as the stand-up phase, we nevertheless can model a simple,
idealized version of this dynamics. Namely, we change the angle ✓(s = l) = ✓fin near the head while keeping G
constant, i.e., assuming that the length of the body that is in the air is approximately constant during the lift-up
phase. The resulting solutions for some values of ✓fin are shown in Fig. S5(a). The final value of ✓fin is the one that
is kept constant in the standing-up phase in the main text. To illustrate the change of geometry during this phase
more clearly, we present in Fig. S5(b) the same data as in Fig. 2(a) in the main text, but with all curves now having
the same length l = 1. This highlights especially the change in shape for small values of G.

As we have mentioned in the main text, there exists a boundary layer in the shape of snake close to the branch at
s̃ = 0 and the equilibrium equation governing the shape of the snake is,

✓00(s̃)� (1� s̃)G cos ✓(s̃) = 0. (S5)

This reduces to ✓00(s̃) ⇡ G cos ✓(s̃) near the branch i.e. s̃ ! 0, which needs to be solved with boundary conditions
✓(0) = ⇡ to ✓(1) = ⇡/2 in order to capture its shape. We can see that upon scaling ŝ ! s̃

p
G, we get ✓00(ŝ) = cos ✓(ŝ).

This system is analogous to the shape of hair near the scalp as discussed in Ref. [3] and has the solution,

✓(ŝ) = ⇡/2� 4 arctan


tanh

✓
ŝ+ ŝ0

2

◆�
, (S6)

with ŝ0 = 2 artanh[tan(⇡/8)]. From this solution we can find the curvature (ŝ) to be

(ŝ) = � 2 sech[(s+ ŝ0)/2]2

1 + tanh[(s+ ŝ0)/2]2
. (S7)
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Note that since (ŝ = 0) is constant, we immediately find from rescaling s̃ ! ŝ/
p
G that |(s = 0)| /

p
G. In

Fig. S6 we show a comparison of the analytical result Eq. (S7) with simulation results.

Figure S6. Comparison of results from simulation and analytics. The blue, solid lines shown here are the curvature
curves found from the simulations assuming local feedback for different values of G, i.e., similar to Fig 2 in the main text. The
black, dashed lines are the analytical results for the same values of G from Eq. (S7).
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S5. OPTIMAL CONTROL THEORY

Figure S7. Posture from optimal control theory for different parameters. We solve the optimal control problem
Eq. (5) in the main text for different values of ↵ and |u|. All other parameters are the same as in the main text. In panel (a)
↵ = 0, |u| < 100 and in (b) ↵ = 200, |u| < 200.

In this section we present results for the posture found using optimal control theory similar to the ones shown in
the main text, but first for different parameter values and second for different cost functions. In Fig. S7 we show the
shape, muscular actuation, curvature, and control that we find for solving the optimal control problem for different
values of ↵ = ⇢g/Bp and choosing different bounds for the control u. We furthermore stress again that, as in the
main text, the length l is undetermined and the optimal control problem has a solution not just for one value of l.
Therefore, we solve the problem for various different values of l (in this case 20 values in the region [1.01 y(l), 1.3 y(l)])
and pick as the presented solution the case for which the integrated muscular activation,

R
|ma| ds, is minimal. In

most cases this corresponds to picking the smallest value of l for which the problem is solvable. Note that in Fig. S7(a)
there are no gravitational forces, ↵ = 0, such that m̃a = � exactly. For larger values of ↵ the curves diverge from
this relationship, in particular near s = 0 and for large l when gravitational effects are the strongest.

To investigate the effect of the cost function j on the shape and control, we solved the optimal control problem for
one set of parameters for three different choices of j, namely j = u2, j = m2

a + ⇠u2, and j = �ma+ ⇠u2 (the same as
above and in the main text). As described in the main text, we add ⇠u2 as a regularization term for the second and
third cost function, with ⇠ a small value, here ⇠ = 0.001. The results are shown in Fig. S8 for two choices of y(s = l).
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Figure S8. Posture from optimal control theory for different cost functions. We solve the optimal control problem
Eq. (5) for the same parameter values as in the main text. However, we here solve the control problem for three different values
of the cost function j, namely j = u2, j = m2

a + ⇠u2, and j = �ma+ ⇠u2 (the same as above and in the main text). In (a) we
show the results for y(l) = 0.3 while in (b) we set y(l) = 1.0. Note that the blue (j = m2

a) and yellow (j = �ma) curves are
almost identical for small y(l) (where ma ⇠ ) while for larger y(l) they differ.

S6. NON-LOCAL FEEDBACK

Figure S9. Stability phase diagram for non-local feedback. We numerically solve the stability problem for the non-local
Gaussian kernel with standard deviation � as described in the main text. In (a) we set � = 0 and thus recover the local feedback
with the pink dashed line highlighting the passive case. In (b) � = 0.5 and we find that the boundary between stable and
unstable region is still approximately linear, but with a different slope and offset. In (c) we present three-dimensional stability
phase diagram for values of the parameters estimated from the experiments (see Sec. S1). A small but finite value of � is seen
to not significantly shift the boundary of stability.

For the non-local feedback investigated in the main text we can create two-dimensional bifurcation phase diagrams
that are essentially � = const. slices of the three-dimensional diagram presented in Fig. 4(c). We show two examples
in Fig. S9(a, b) to present the geometry of the phase-separating boundary more clearly.

Lastly, we consider the stability for values close to the values estimated from the experimental observations, see
Sec. S1. Namely, with lp ⇡ 0.36 m and Bmax

a /Bp ⇡ 10 we find the stability diagram shown in Fig. S9(c). We
estimated Bmax

a assuming purely local feedback. In Fig. S9(c) we shown how the stability is affected by a small value
of non-locality, � < 0.3lp. This non-locality could be due to, e.g., the finite size of the snake’s muscles.
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S7. MOVIE DESCRIPTIONS

Movie 1. The movie shows a scrub python from both the lateral and dorsal point-of-view while it is standing up,
with the gap size being L = 50 cm.
Movie 2. The movie shows a brown tree snake from both the lateral and dorsal point-of-view while it is standing
up, with the gap size being L = 50 cm.
Movie 3. The movie shows a scrub python from both the lateral and dorsal point-of-view while it is standing up,
with the gap size being L = 71 cm. Additionally, the lateral curvature (s)/0 along the snake at each time frame is
shown.
Movie 4. The movie shows a brown tree snake from both the lateral and dorsal point-of-view while it is standing up,
with the gap size being L = 86 cm. Additionally, the lateral curvature (s)/0 along the snake at each time frame is
shown.
Movie 5. The movie shows a scrub python from dorsal point-of-view while it is standing up, with the gap size being
L = 77.5 cm. Towards the end of the process, large oscillations can be observed. Furthermore, the snake visibly
relaxes once it comes in contact with the upper perch.
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