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Extended results and discussion

VAB of Tinaja cavefish was higher than that of Los Sabinos cavefish, contradicting results reported
previously.

In Figure 1C, Tinaja cavefish are shown to have a similar VAB level to that of Pachdn cavefish, both in
terms of NOA (Pachén vs. Tinaja: P = 0.620) and DIR (Pachdn vs. Tinaja: P = 0.232) (also see
Supplementary Table 1). Contrastingly, the VAB level of Los Sabinos cavefish (both NOA and DIR)
was indistinguishable from that of surface fish (surface fish vs. Los Sabinos: NOA, P = 0.054; DIR, P =
0.795; Figure 1C and Supplementary Table 1). In a previous study, Los Sabinos cavefish showed a
higher VAB level than that of Tinaja cavefish (1). Thus, VAB may be plastic in Tinaja and Los Sabinos
cavefish. Indeed, we detected a plastic change in VAB in Tinaja cavefish according to food availability
and age (see the main text). Interestingly, Tinaja and Los Sabinos caves are close geographically and
thought to be connected (2).

Increase in NOA after SN ablation in Pachon cavefish

In Pachoén cavefish, ablation of the left SNs (but not right SNs or left and right SNS) induced an
increase in NOA (Supplementary Figure 1). The increase in NOA after SN ablation contradicted the
findings of previous studies in which SN ablation (both left and right SNs) reduced NOA (3,4). These
discrepant results may be due to the following: (i) the selection of Pachdn cavefish individuals with
high VAB levels (NOA = 6; see Materials and Methods) for ablation in the present study, potentially
including individuals with high appetite/internal motivation by default; (ii) the use of an SN ablation
area in the 103 area that was not sufficiently large at this stage in the fish (i.e., a larger SN ablation
area in the trunk reduces NOA (3); (iii) an inflammatory reaction after injury that enhanced sensitivity
(5,6); and (iv) individual Pachén cavefish with fewer left SNs showing plasticity in NOA (increased
NOA) in response to fasting (Figure 4C). In the current study, we did not test any of these
possibilities; however, considering that one or more of these explanations is accurate, the tested fish
might express a higher response to the vibration stimulus even with the loss of SNs. These
possibilities should be investigated further in subsequent research.

Laterality in Tinaja cavefish according to age

In the lab, 1-year-old Tinaja cavefish showed a right-side bias in DIR before and after starvation
(Supplementary Figure 4A). Thus, 1-year-old Tinaja cavefish with right-side bias showed plasticity in
DIR in response to food availability. In addition, the degrees of L-R bias in NOA and DIR were also
plastic and became symmetrical after starvation (Figure 5A, B; Supplementary Figure 4).
Interestingly, the right-side bias found in 1-year-old Tinaja cavefish was not detected in 2—3-year-old
Tinaja cavefish. Notably, the overall VAB level (NOA and DIR) observed in 1-year-old Tinaja cavefish
was lower than that in 2—3-year-old Tinaja cavefish (Supplementary Figure 3; and Supplementary
Figure 4). Previous studies have shown that VAB level depends on age in Pachén cavefish (3,4) and
varies among pools within the same cave (Pachén, Tinaja, and Molino caves) (7). Considering these
findings, L—-R bias in NOA and DIR and the overall levels of NOA and DIR could depend on
environmental conditions and developmental stage. However, given standardized conditions, these L—
R biases and VAB levels are consistent in the same individuals’ ((3); also see the main text).

In summary, the L—R bias in VAB and overall VAB levels can vary even within the same cave
population. Among the four populations tested here, Tinaja cavefish were the most plastic in terms of
VAB level and L-R bias.



Relevance of sensory and behavior laterality in terms of calorie gain and consumption
1. Sensory laterality
We hypothesized that sensory laterality is beneficial in a food-limited environment in terms of the
tradeoff between calorie gain and calorie consumption at the population level.
The change in the total amount of calories held in a population per unit time can be described as
follows:
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where E is total calories (energy), tis time, E; is the calorie gain due to food uptake, and E_ is the
calorie consumption per population due to food capturing (foraging). Compared with the typical
swimming motion, food capturing motions are assumed to consume more calories because they
involve quick turns toward the food item (personal observation of how the studied fish acquire food

aggressively). When % > 0, the population can survive in a given environment; when Z—f <0, the
number of individuals in a population will decline.
We expect that sensory laterality is a key property affecting the tradeoff between %9 and
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To deliver dditg and %, we assume the following conditions:
Assumption Description
1 A small cell area is defined as the range area in which the fish can sense food (Supplemental
Figure 5A). The whole area is defined as A, i.e., the number of cell areas in the whole area.

The amount of food supplied in a unit of time in a field (denoted as F) is constant, and in the

2 next time step the food is gone, i.e., the number of food items in a field is always same.

- Food items are randomly dispersed in a field; however, for simplicity, food items are always in
the top left corner in a cell area.

4 Fish exist in random positions and directions in an entire field. For simplicity, fish are positioned
at the center of the cell area.
The number of food items captured by a fish is set as 1 (constant) when the food is in the same

5 cell area. Even if there are two food items in the same cell area, the fish can only acquire one

food item at a time.

Thus, total calorie consumption in a population per unit time, %, is given as follows:
dE,
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where a is the coefficient of the average calorie consumption per fish to reach the food in a cell, A is the
number of cells in the whole field, py is the probability that food exists in a cell area, and N, is the

number of fish engaging in food capturing in a cell area. Additionally, p; is calculated as follows:
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N, is calculated as follows:
NC = pd X Z, (4)



where p, is the probability of sensing the food when the food exists in a cell area. Depending on
whether VAB is regulated by the unilateral or bilateral sensory input, the value of p; is defined as
shown in Supplemental Figure 5B.
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Note that the N, for unilateral sensing is half that for bilateral sensing. When only one food item in the
cell area is available but two fish exist in the same cell area, the following apply: (i) in case of bilateral
sensing, the two fish compete for one food item, resulting in one fish losing calories by failing to capture
the food; (ii) for unilateral sensing, only one fish senses the food and acquires it, whereas the other fish
does not evoke VAB and loses no calories.

As shown in eq. (2), % is a linear function of N, (Supplemental Figure 5C). Because the N, for bilateral

sensing is twice that for unilateral sensing, the %for bilateral sensing is also twice as high as that for

unilateral sensing. Again, when multiple fish compete for limited food, we expect that the unilateral
sensing population will save relatively more calories; therefore, such sensing can be considered

. . . . dE,
adaptive to the environment because of reduced calorie consumption (d—tc).

Total calorie gain in a population by food uptake per unit time, %‘], is defined as follows:

dE,
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where b is the coefficient of the efficacy of calorie gain from a food item and F; is the number of food
items consumed in a cell area. F, is a function of N.. If there are sufficient food items, F. increases
linearly depending on how many fish are in a cell area. When food is limited, F_ is saturated to the
upper limit of food items in a cell. Thus, F. can be expressed using the following equations based on
the assumption (Assumption 5) stated above (the number of food items a fish can consume per unit
time dt is 1):
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In egs. (6) and (7), ‘%‘] is expressed as a function of N, in Supplemental Figure 5D. As shown in

Supplemental Figure 5D, %‘] can differ depending on the food supply in an area. If the number of food

items is large, %" has a linear relationship with N, even if the value of N, is large, but if the number of
food items is small, E, is saturated to the upper limit.

Finally, % in eq. (1) can be rewritten with egs. (2) and (6) as a function of N, as follows:
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where the parameters a, b, 4, and F have the following condition:



bxF >axA. 9

Thus, eq. (8) must output a positive value at a certain domain, otherwise —= & ( O

and the population size decreases.

is negative for every N,

Equation (8) can be examined by overlaying the graphs shown in Supplemental Figure 5C and D, as

shown in Supplemental Figure 5E and F. dE; <) differs depending on whether the fish are in a food-rich

or - Iimited environment Under food-rich conditions, the bilateral sensing population is optimized

because ——= ( ) is larger than that in the lateral sensing population (Supplemental Figure 5E). Under
food- I|m|ted condltlons however, unilateral sensing is optimized because ; is positive, whereas
that for bilateral sensing is negative (Supplemental Figure 5F). In the Pachén cave, food is known to be
limited (c.f., ref (8)); therefore, lateral sensing is expected to be optimal in the Pachdn environment.

2. Laterality in approaches (behavior laterality)

Behavior laterality is defined as foraging approaches made dominantly from one side (left or right) after
VAB is triggered in the fish. From video observations, fish were found to make sharp turns toward the
vibrating rod when approaching in the vicinity of the rod (within 1.3 cm). We predict that sharp turning
consumes more calories than typical swimming. We also assume that fish that show unilateral
approaches turn with steeper angles compared with fish approaching the food from both sides. This
assumption is based on the notion that the position of the fish relative to the food is stochastic
(Supplemental Figure 5G).

Here, the larger energy loss in the biased approaches is expressed as < in eq. (1). Specifically, the

difference between the unilateral or balanced approaches is expressed by the parameter a, the
coefficient of the average calorie consumption per fish. Accordingly, a has a higher value in fish that
make unilateral approaches relative to those that make balanced approaches. These scenarios are
shown in Supplemental Figure 5H and 5I.

The value of 2£&%<) C) differs dependlng on whether conditions are food-rich or -limited. As shown in

Supplemental Flgure 5H 2EWe) g positive for fish that make unilateral and balanced approaches under
food-rich conditions; thus, both populations will galn energy In contrast, under food-limited conditions,
making balanced approaches is optimal because £8) has a positive value (Supplemental Figure 5I).

Our fasting experiment showed that Tinaja cavefish shlfted their approach from unilateral to balanced;
therefore, these cavefish are able to adjust their foraging behavior depending on food availability. The
sensory-foraging behavior of Pachén cavefish is further optimized to food-limited conditions in terms of
both sensing food (sensory unilaterality) and foraging behavior (balanced approach) because both
unilateral sensing and balanced approaches can reduce wasting energy.
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