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Introduction Kinematic features of the fish Results (continued)

+ Artiticial intelligences (Als) tend to have a fairly narrow area of tail during swimming Larval zebrafish demonstrate transfer learning

applicability and cannot continuously accumulate knowledge.

One way to address this shortcoming is to develop Als that can o0 Baseline Task Base Task Transfer Task

perform transfer learning. 40 Figure 5 The angle

20 between the fish’s
I | ] d JE— midline and the tip of its

tail (i.e., tail angle, blue) is
used to simulate turns
—40 3.82 1.67 -0.85 (by rotating the stimulus).

 Larval zebrafish (Danio rerio) readily adapt how strongly they
swim to translate by a fixed distance [1, 2]. However, it remains
unknown if fish can transfer their adapted state between tasks:
if trained on whole-field motion in one direction, will they
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transfer their swim vigor to a novel direction? -60g55 883 884 885  8se ag7 The 50-ms rolling window
- We found that 1) fish adapt how strongly they swim to match Time (secs) variance of the tail angle TG 0.04 0.16 0.04
the artificially set gain in any direction and that 2) fish transfer 0-48 036——6-53 (i.e., tail vigor, red) is ' ' '
the swim vigor they had learned for motion in one direction ~250 used to simulate forward RG 7 7 7
(e.g., forward) to a novel direction (e.qg., leftward). These results ft-zoo- movement (by moving . . . I
fsh brain performs > the stimulus backward). Figure .9 Tran§fer Iearnlng.paradllgm to test if fish can transfer Iearqed
set us up to study how the larval zebra P 5150 M The numbers indicate the translational vigor to rotational vigor. First, we measure their baseline
transfer learning. <100 | integral of tail angle (blue) rotational vigor in the Baseline Task. Then, we increase the translational
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M eth 0O d S - o J bout. forward swims, and should lead to translational gain adaptation (see Figure
382 883 884 885 886 887 7). Finally, we remeasure rotational vigor in the Transfer Task - if the fish
Time (secs) transferred its adapted state, it will turn less strongly. Note that rotational

Baseline Task | | Base Task Transfer Task

Assess baseline Learn something Previously learned info. ReSU |tS
performance on a task improves performance

gain (RG) is held constant.

Figure 1 Transfer learning requires an intelligence to learn something on Larval zebrafish demonstrate Transfer Control Figure 10 Fish transfer their

the Base Task, and trgnsfer this knowledge to a.diﬁerent, yet related, translational and rotational gain adaptation — < 1.4 1.4 adapted state during the
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Figure 2 Larval zebrafish are embedded in agarose and their tails are freed. 2 ' ’ RG
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by rotating and translating the stimulus. An experimenter-set rotational gain

(RG) controls how much the stimulus rotates; translational gain (TG) Figure 6 Motor learning paradigm. Fish first underwent a 12 minute-long
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