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Rey et al. [1] report that zebrafish captured with a net and held for 15 min at a

water temperature of 278C exhibited a subsequent preference to swim in water

temperatures of 28.75+0.278C and higher for the next 4 h, compared with con-

trol fish that were neither captured nor held in nets. They report that

approximately 25% more net-confined fish resided in areas with water tempera-

tures of 298C or higher (compared with controls; their fig. 2). Based on these

results, they conclude that: (i) net-confined fish exhibit hyperthermia; and

(ii) this hyperthermia is caused by psychological stress (e.g. anxiety) which

they refer to as ‘emotional fever’ [1, p. 1]. Rey et al. state that ‘ . . . lack of

emotional fever in fishes . . . ’ would reflect ‘ . . . a lack of consciousness . . . ’

[1, p. 1] and claim that the occurrence of emotional fever in zebrafish ‘ . . .

removes a key argument for lack of consciousness in fishes’ [1, p. 1]. Thus,

Rey et al. [1] are clearly inferring that their results are consistent with conscious-

ness in fishes. We contend that the methods, analysis and interpretation of their

data are flawed and that their conclusions are, therefore, unfounded.
1. Conclusion (i)
Rey et al.’s [1] conclusion that fish increased their core body temperature is

based on a purported shift of the population into warmer chambers following

net confinement. However, individual fish could not be identified, and the

numerical model used by Rey et al. [1] to simulate fish distribution appears

to be based on data collected during brief periods that amount to only
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Table 1. Predicted fish counts (based on modelling performed by Rey et al. [1] in their electronic supplementary material, fig. S2) in each chamber at time
60 min for control and experimental conditions. The column ‘difference in fish count’ represents the change in predicted fish counts in each chamber between
experimental and control conditions. Italicized rows are hyperthermic chambers. There is only a modest total increase in predicted fish count of 1.13 (out of a
total of approximately 12 fish) in the experimental compared to control hyperthermic chambers. We converted control and experimental fractional values to
integers and found no statistical difference between predicted counts in the hyperthermic chambers versus all other chambers (using Fisher’s exact test with
either one- or two-tailed p-values; p , 0.05). Hyperthermic chambers in the experimental condition would require a predicted fish count of eight (rather than
the current four) to reach statistical significance ( p , 0.05).

chamber temperature (88888C) control experimental difference in fish count

1 18 0.87 0.08 20.79

2 25 2.92 1.85 21.07

3 27 3.06 2.71 20.35

4 29 2.77 3.17 þ0.40

5 32 1.89 2.65 þ0.76

6 35 0.94 1.31 þ0.37

sum 12.45 11.77 20.68
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1.67% of the total observation time (fig. 1, electronic

supplementary material, fig. S2). We used electronic sup-

plementary material, fig. S2, to calculate predicted fish

counts in each chamber at time 60 min (table 1). Our analy-

sis suggests that there were only approximately 2 more fish

in hyperthermic chambers 5 and 6 compared with controls

at any particular moment during the first 4 h post-treatment.

These predicted changes in distribution are modest, not stat-

istically significant, and importantly, cannot distinguish

between the possibilities that the same fish entered and

remained in the hyperthermic chambers versus, for

example, whether all experimental fish (or a subset thereof)

moved into and out of the hyperthermic chambers. Thus,

the analysis presented by Rey et al. [1] does not support

the inferences made about a stable change in the core

body temperature of the fish, let alone their conclusions

about stress-induced hyperthermia.
2. Conclusion (ii)
Stress can be triggered by physical stimuli (e.g. injury, pyro-

gens) and/or psychological states (e.g. emotions).

Nonetheless, Rey et al. [1] build their case on the unsup-

ported premise that handling and net confinement cause

anxiety in zebrafish, which then leads to hyperthermia.

While it is not controversial that fish exhibit somatic and

physiological responses to stimuli such as net handling

[2,3], Rey et al. [1] provide no evidence that the purported

altered thermal preference by net-confined zebrafish is

driven by fish experiencing conscious anxious states. In

fact, the idea that stress-induced hyperthermia can be inter-

preted as an ‘emotional fever’ is highly contentious [4,5],

particularly in vertebrate poikilotherms [6,7]. Alternative

hypotheses that we contend are more biologically plausible

and parsimonious (see below) are not considered by Rey

et al. [1]. For example, handling of fish causes them to

release chemicals (pheromones) into the water that affect

cortisol levels in unhandled fish [8]. These pheromones
can be released by both very slightly damaged (alarm)

and undamaged skin (disturbance substance) during hand-

ling and confinement and possibly include factors such as

Schreckstoff, urinary ammonia or bile salts [9,10]. Impor-

tantly, zebrafish respond to pheromones by changing their

swimming behaviour (e.g. more erratic with zig-zagging

motions) and their vertical and horizontal position in

tanks [11]. Hence, by holding and replacing the net-treated

fish back into compartment 3, the release of pheromones

into that compartment could explain the purported sub-

sequent change in distribution of these fish. The reported

small distribution shift suggests that fish moved towards

their preferred normal rearing temperature in chamber 4

and occasionally explored chambers 5 and 6 while avoiding

chamber 3 (a behaviour consistent with both conditioned

place avoidance and social transfer) [12–14]. Thus, it is

just as plausible that Rey et al. [1] were measuring chamber

‘avoidance’ rather than chamber preference. In any case,

the data provided cannot differentiate between the two

alternative explanations.

Because of the incomplete description of methodology,

the weak and possibly inappropriate statistical analyses (in

particular, inappropriate pooling of dependent samples

over time and their analysis by a Mann–Whitney-U test for

independent samples in their fig. 2), and the high probability

that the observations were confounded by experimental arte-

facts (pheromones), it is impossible to know whether there

actually was a shift in the spatial distribution of confined

fish or a stable change in the core body temperature of

some of the fish, let alone what might have caused those

modest purported changes. What is clear is that these results

do not support the authors’ conclusion that ‘fish can show

emotional fever’ [1].
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