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Hékne Violkoff In fish models, seasonal change in feeding is under the influence of water temperature.

Memorial University of Newfoundland,  However, the effects of temperature on appetite control can vary among fish species and
“e4 " the mechanisms involved h been fully ch ized. Using goldfish (Carassi

Lingqing Zeng, e mMechanisms involved have not been fully characterized. Using goldfish (Carassius

Chongging Normal University, China  guratus) as a model, seasonal changes in feeding behavior and food intake were

*Correspondence: examined in cyprinid species. In our study, foraging activity and food consumption in

Anderson O. L. Wong : . - . .
ohwong@hku. bk goldfish were found to be reduced with positive correlation to the gradual drop in water
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FIGURE 1 | Profile of temperature change during the short-term acclimation of
goldfish from summer temperature (28°C) to winter temperature (15°C).
Goldfish were maintained in 28°C water for 4 weeks during the summer
(Jun—July, 2017) prior to the activation of the cooling system linked to the
water tank to gradualy reduce the water temperature to 15°C (as indicated by
the inverted triangle). The cooling system could allow for a gradual drop in
water temperature from 28 to 157G within 6 h without the need of transferring
the fish during the experiment. Without activating the cooling systam (as
shown in upper panel), water temperature was maintained at 28°C without
noticeable change over a 24-h period.



Cumulative feeding count over a 2-hr observing period
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FIGURE 2 Seasonal changes of feeding behaviors and
food intake in goldfish during the transition from
summer to winter. (A) Seasonal changes of complete
feeding/surface foraging, incomplete feeding/food
spitting and bottom feeding/bottom foraging during
the transition from the summer (Jul-Aug, 2016),
autumn(Sep—Oct, 2016), early-mid phase of the winter
(Nov—Dec, 2016) to the peak phase of the winter (Jan—
Feb, 2017). (B) Seasonal change of food consumption
related to the temperature drop in the environment
during the same period. (C) Positive correlation of the
gradual decline in food intake observed during the
transition from summer to winter months as shown in
(B) with the parallel drop in water temperature as
revealed by Pearson product-moment regression
analysis.  REENHERS, BAITHEE
N, BEESEEEEIEEX.
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Cumulative feeding count over a 2-hr observing period
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FIGURE 3 | Long-term acclimation to the summer temperature (28°C) and
winter temperature (15°C) on feeding behaviors and food consumption in
goldfish. Goldfish acclimated to 20°C during the autumn months (Sep—Oct,
2017) were maintained for 4 weeks in 28 and 15°C water tanks respectively
prior to the measurement of (A) feeding behaviors and (B) food consumption.
In this experiment, the feeding counts for the three types of feeding behaviors,

namely complete feeding, incomplete feeding and bottom feeding, as well as
FIGURE 3 | the food intake occurred during the same period were compared
between the two groups using Student’s t-test. Data presented are expressed
as mean £+ SEM (nh = 12) and the difference between the two groups was
considered as significant atp < 0.05 (*p < 0.05 and ***p < 0.001).
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FIGURE 4 | Transcript expression of orexigenic and anorexigenic factors in the liver and brain areas involved in feeding control in goldfish during the summer and
for RNA isolation. RT samples were then prepared and used for real-time PCR for the respective gene targets. In this experiment, parallel measurement of § actin and
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winter months. To avoid the variability of daily fluctuation in water temperature, goldfish were maintained for 4 weeks at 28°C during the summer (July-Aug, 2016) and
at 15°C during the winter (Jan—Feb, 2017). After that, the liver and brain areas, including the telencephalon, hypothalamus and optic tectum, were harvested and used
EF-la mBNA expression were also conducted to serve as the internal control. Data presented (mean &= SEM, n = 12) were compared with Student’s t-test and the
difference between the two groups was considered as significant at p < 0.05 (*p < 0.05, *p < 0.01 and **p < 0.001).
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FIGURE 5 | Short-term acclimation to the summer temperature (28°C) and
winter temperature (15°C) on feeding behaviors and food consumption in
goldfish. Goldfish acclimated to 20°C during the autumn months (Sep—Oct,
2017) were maintained for 4 weeks in 28 and 15°C water tanks, respectively.
After that, the fish acclimated to 28°C were transferred to water tanks at 15°C
for 24 h. In reciprocal experiment, the fish acclimated to 15°C were transferred
to water tanks at 28°C during the same period. As control treatment, parallel
experiments without transfermring the fish or with parallel transfer into water
tanks with the same acclimation temperature (i.e., from 28 to 28°C/from 15 to
FIGURE 5 | 15°C) were also conducted. Following the short-term exposure to
temperature change, measurement of different types of feeding behaviors (A)
and food intake (B) were performed according to the standard protocols. The
data obtained (mean + SEM, n = 10-12) were analyzed with one-way ANOVA
followed by Tukey post-hoc test. Difference between groups was considered
as significant at p < 0.056 (***p < 0.001).
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FIGURE 6 Transcript expression of
orexigenic and anorexigenic factors
within the telencephalon of goldfish
with short-term exposure to winter
temperature (15°C).Water temperature
for goldfish acclimated at 28°C was
gradually reduced to 15°C over a 24-h
period using a cooling system linked
with the water tank. The telencephalon
was harvested from individual fish at
different time points before and after
the activation of the cooling system (as
Indicated by gray triangle).
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FIGURES Transcript expression of
orexigenic and anorexigenic factors
within the optic tectum of goldfish
with short-term exposure to winter
temperature (15°C).Water temperature
for goldfish acclimated at 28°C was
gradually reduced to 15°C over a 24-h
period using a cooling system linked
with the water tank. The optic tectum
was harvested from individual fish at
different time points before and after
the activation of the cooling system (as
Indicated by gray triangle)
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FIGUREY Transcript expression of orexigenic and anorexigenic factors within the liver of
goldfish with short-term exposure to winter temperature (15°C).Water temperature for goldfish
acclimated at 28°C was gradually reduced to 15°C over a 24-h period using a cooling system
linked with the water tank. The liver was harvested from individual fish at different time points
before and after the activation of the cooling system (as indicated by gray triangle)
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