1.0 — Sustainable Swimming

0.9 r NIFL?SdCIG
0.8 r
0.7 +
0.6
0.5
0.4
0.3
0.2 |

0.1 1

0.0 1 ! 1 L 1 1 ! ! ! L 1 L

1.0
0.9 r
0.8
0.7

Escape Response

White
Muscle

Relative Isometric Force Generation

0.6 -
0.5 r
0.4
0.3
0.2 +
0.1

“Red Muscle

L ! H L ! L | L ! I 1 !

.0 :
1.2 1.4 1.6 1.8 20 22 24 26 2.8 3.0 3.2 3.4 3.

Sarcomere Length (um)

Fig. 4. Design constraint 1-Myofilament overlap. During all move-
ments, muscle is used at nearly optimal myofilament overlap. During
steady swimming (A), carp use red muscle over a SL of 1.91-2.23
um, where no less than 96% maximal tension is generated. If the red
muscle had to power the more extreme escape response (B), it would
have to shorten to 1.4 xm where it generates little tension and can be
damaged. Instead the white muscle which has a 4 x greater gear ratio
is used. In the posterior region of the fish, the white muscle shortens
to only 1.75 um, where at least 85% maximal tension is generated. In
the rest of the fish the excursion is smaller (average 1.82 ym) and the
force higher (average 92%). Reproduced from [26].



