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Aquafeeds

Feeding simulation developed using
�sh-schooling behavior
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By Dr. Yuki Takahashi  and Dr. Kazuyoshi Komeyama

Di�erent feeding methods modeled resulted in individual
di�erences in �sh body mass
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In aquaculture production, competition for feed leads to individual differences in the growth of the
animals cultured, and these differences can increase the variability, predictability, and e�cient
management of their production. Rearing experiments can be conducted to determine the optimum
feeding operation, and there are several studies in the literature generally concluding that the feeding
method used can affect the �nal growth of �sh.

We hypothesized that the growth difference from feeding in a spatial distribution was determined by
the spatial behavior of individual �sh in the tank. To understand the growth difference caused by
feeding with a particular spatial distribution, the growth history of each individual should be
quantitatively evaluated. However, growth is generally evaluated by the mean body mass of reared �sh,
and the growth of an individual �sh is di�cult to track. Also, it is costly and time-consuming to conduct
an actual rearing experiment with live animals, so a comparison of various feeding methods is di�cult.

This article – summarized from the original publication
(https://doi.org/10.1371/journal.pone.0280017) (Takahashi, Y. and K. Komeyama. 2023. Development
of a feeding simulation to evaluate how feeding distribution in aquaculture affects individual
differences in growth based on the �sh schooling behavioral model. PLoS ONE 18(2): e0280017) –
reports on the development of a feeding simulation method based on a �sh schooling model to clarify
the relationship between individual �sh behavior and growth.

Study setup
This study involved the development of a feeding simulation using a �sh schooling behavior model to
evaluate growth differences from the feeding spatial distribution. Rainbow trout (Oncorhynchus
mykiss) were used in the study, and their feeding behavior was modeled using the �sh schooling model

This study developed a feeding simulation method based on rainbow
trout (Oncorhynchus mykiss) �sh schooling to establish a relationship
between individual �sh behavior and growth. Results showed that
growth differences according to feeding spatial distribution were
determined by individual �sh behavior under the simulated conditions.

https://doi.org/10.1371/journal.pone.0280017
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to simulate the amount of feed consumed by each individual. Then, body mass growth was calculated
based on the amount of feed consumed. We used three feeding methods to evaluate how feeding
distribution affected growth: Feeding A, B, and C. The feed was distributed in a square pattern with one
side length of 1.5, 1.0 or 0.5 meters for Feeding A, B and C groups, respectively. Additional details are
available in the original publication.

(https://events.globalseafood.org/responsible-seafood-summit)

Results and discussion
From the simulation results, the growth variability of feeding group C, which was the narrow-area
feeding group, was larger than for feeding group A, which was the wide-area feeding group. This
tendency was also reported by other researchers. We demonstrated that the growth difference was
determined by individual �sh behavior under the simulated feeding conditions. The relevance of our
results is that the growth of the �sh can be explained and tracked by individual �sh behavior.

A signi�cant difference was observed between the variance of the body mass of each distribution on
day 90 of the experiment. Additionally, the skewness of narrow-area feeding was larger than that of
wide-area feeding. These results suggest that the feeding distribution had an impact on the variability

Effects of a commercial, phenol-rich fulvic
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Evaluation of a commercial fulvic acid additive as an immunostimulant
via gills shows improved overall health and stress resistance in rainbow
trout.
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in growth, but not the mean body mass. We visualized the body mass growth and feeding history of the
maximum and minimum individuals in feeding group C.

Regarding the suitability of our simulation model for aquaculture management, feeding cost is critical
when managing an aquaculture farm, so many studies have focused on the optimum feeding amount
or methods for �sh growth. In the past, an actual rearing test was the only way to determine the
optimum feeding amount or method; however, this approach is costly and time-consuming. In contrast,
our simulation model con�rmed growth before actual rearing. Therefore, the optimum feeding method
and amount can be determined readily on a personal computer.

Another advantage of our proposed simulation method is that detailed information on the reared
individuals can be easily obtained and visualized. Exceptionally large or small individuals always
appear during the culture period. However, the reasons for this were not clearly understood because it is
di�cult to obtain an individual growth history. Therefore, we visualized the maximum and minimum
body mass growth of individuals and their feeding history and explored the reasons for growth in detail
(Fig. 2).

Fig. 1: Body mass growth of all 100 trout using the three feeding
methods, with randomization performed every day. Adapted from the
original.
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Exceptionally large or small individuals have a negative effect on the management of an aquaculture
farm, because their selling price is very variable, and so these animals should be excluded from the
simulation. A �sh farmer can more easily develop a management plan if individual growth history can
be predicted. This simulation model will be useful for preliminary planning and future management
without the need for an empirical method and will aid aqua farmers in their decision-making for feed
management and other factors.

One limitation of this study was that some parameters, such as the �eld of view and excess feeding
ratio, were determined by trial and error. For an accurate simulation, these parameters should be based
on experimental results. The behavioral parameters and �eld of view affected the schooling behavior
directly. For example, a school will disperse when a certain model value is large and gather when that
value is small. A recent study proposed a method to measure 3D �sh behavior using multi-stereo
imaging. In the future, 3D movement paths, including behavior according to feed presence, should be
measured to understand interference by each individual of the cultured species. We believe that our
qualitative results are not dependent on these parameters. However, in the future, these parameters
should be determined from 3D movement paths for each species in laboratory experiments for more
accurate simulations.

Fig. 2: Evolution of the body mass and feeding by Feeding C group. (a)
Growth history of mean weight, the maximum weight of an individual
and the minimum weight of an individual. (b), (c) Feed intake for each
day and accumulated feed intake for the maximum-weight individual
and the minimum-weight individual, respectively. Adapted from the
original.
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Perspectives
We demonstrated that growth differences according to feeding spatial distribution were determined by
individual �sh behavior under the simulated conditions. Feeding cost is a critical problem when
managing an aquaculture farm. Many rearing studies have been performed to understand the optimum
feeding amount, but these conventional rearing tests are costly and time-consuming. As a result, the
operation of the actual aquaculture farm often relies signi�cantly on the farmer’s experience.

We conducted an easy rearing simulation test within a short time using the proposed simulation
method, and different methods were evaluated.  The results demonstrated that optimal feed
management can be determined without using an empirical method. This simulation is applicable only
to rainbow trout under the speci�c conditions we tested in our study. In the future, this proposed
simulation method can be used as a decision-making tool in aquaculture and can signi�cantly
contribute to more e�cient management of aquaculture farms.
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