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1. Material and methods

Fish care and feeding regime

Fish were from wild-origin parents of the River Tweet, Scotland. They were hatched
overwinter in the laboratory and fed to satiation while kept in stock tanks in an indoor
temperature-controlled (10°C) facility at the University of Glasgow. They were then
transferred to individual compartments in a stream tank system located in that same facility
[see 1 for details] where they were fed commercial trout pellets (5.4 cal/mg, EWQOS, West
Lothian, UK) on a ration that corresponded to roughly 80% of their sustained maximum
intake [2]. Specifically, daily caloric intake was computed as a function of body mass (W, g)
and temperature (T, °C): 14W°% "% %17T The body mass of each fish was measured every 2-3
weeks while under a mild anaesthetic (benzocaine 40mg/L), and their rations were then
adjusted for changes in body size. Once daily, fish were fed and their faecal matter was
siphoned from the stream tanks to maintain water quality. Fish were given 8 weeks to
acclimate to the food level and stream system before the metabolic and feeding trials began.

Metabolic rate measurements

Fish were fasted for 48 hours prior to their standard metabolic rate (SMR)
measurements to ensure that the additional metabolic costs of digestion did not inflate
estimates of their SMR [3-5]. Fish were then placed in individual glass respirometers (400
mL) for 24 hours, with the flow rate set to 2.10 L h™* to allow detection of oxygen
consumption rates but not allow oxygen levels to drop below 80% saturation. The oxygen
concentration of the water flowing out of the chambers (mg L) was recorded every 1 min by
multichannel oxygen meters and attached sensors (FireStingO2, PyroScience GmbH, Aachen,
Germany). An additional fish-free chamber served as a control measure of background
respiration rates. Standard metabolic rate (mg O2 h™) was calculated for each fish using the
equation:

Moz = Vw X (Cwozcontrol - Cwo2fish)
where V,, is the flow rate of water through the respirometry chamber (L h™), and Cwozcontrol
and Cwozrish are the concentrations of oxygen (mg L) in the outflow of the chambers lacking
and containing fish, respectively [6]. SMR for each fish was calculated by taking the mean of
the lowest 10" percentile of oxygen consumption measurements, and then excluding outliers,
i.e. those measurements below 2 standard deviations from this mean [1].

The maximum metabolic rate of each fish was then estimated using an exhaustive chase
protocol followed immediately by measurement of excess post-exercise oxygen consumption
(EPOC) using intermittent flow-through respirometry [1]. We chose to elicit MMR using
exhaustive chase protocols, rather than other methods such as critical swimming speed, in our
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study species for several reasons. Similar to other small fishes [7], we found that juvenile
brown trout are unwilling to swim against a water current in a swim tunnel. However, they
are very responsive when chased manually, undergoing many short bursts of very high
activity before becoming exhausted. Their willingness or ability to undergo short bursts of
activity but not sustained swimming is likely a result of their developmental stage and
associated ecology: while older, larger individuals are able to maintain position and drift feed
in the open current, juvenile salmonids typically adopt a sit and wait foraging mode,
sheltering behind cobbles and only darting out briefly into the current to capture prey [8, 9].
As such, exhaustive chase protocols are more likely to elicit MMR and are therefore a more
physiologically appropriate and ecologically relevant measurement in our study species.

Briefly, each was fish was chased to exhaustion (< 2 min) against a circular current
(600 L h'Y) in a bucket. Exhaustion was determined when a fish could no longer swim and
was unresponsive when picked up by hand. It was then transferred immediately (<10 sec) to a
glass respirometry chamber in a closed system were water moved (7.35 L h™t) by way of a
peristaltic pump through the chamber and then round a circuit of oxygen-impermeable tubing
past an oxygen sensing electrode before being returned to the chamber. Each fish was kept in
the chamber for 2 minutes, and the decline in water oxygen levels was measured every 2
seconds over that time period using the same type of oxygen meter, sensor, and software as
described above. The respirometry chamber was emptied and the system refilled with
oxygenated water before measurement of the next fish commenced. Maximum metabolic rate
(mg Oz ht) was calculated for each fish using the equation:

Moz = (Vr — Vs) x ACwo2/At

where V is the volume of the respirometry system (0.120 L), Vs is the volume of the fish (L)
assuming 1 g of fish is equivalent to 1 ml of water, and ACwo2/At s the rate at which the
oxygen concentration decreased over the 2 minute time period (mg Oz L h?).

2. Results

Table S1. Parameters (+ 1SE) from regression analyses of metabolic rates (mg Oz h't) as
a function of body mass (M, g) in juvenile brown trout (Salmo trutta) at 10 °C.

M df t P
Standard metabolic rate Intercept 0.33£0.06 28 521 0.001
Mass 0.05+0.01 28 6.15 <0.001
Maximum metabolic rate Intercept 064+0.18 28 3.64 0.001
Mass 056+003 28 2132 <0.001
Aerobic scope Intercept 0.30£0.20 28 1.48 0.15

Mass 052+0.03 28 17.14 <0.001




Figure S1 Standard metabolic rate (SMR), maximum metabolic rate (MMR) and
aerobic scope (AS = MMR - SMR), measured as the hourly rate of oxygen consumption
as a function of body mass in juvenile brown trout (Salmo trutta) at 10 °C.
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Similar results were obtained when using MMR as a predictor of average meal size instead of
AS, with significant positive effects of body mass (F1,251 = 126.4, p <0.001) and mass-
independent MMR (F1, 250 = 8.8, p = 0.007), but no additional effect of mass-independent
SMR (F1,250 = 0.05, p = 0.83).
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4. Data used in analyses relating average daily food intake to metabolic rates of juvenile
brown trout (Salmo trutta).

Fish Mass (g) - Standard Maximum Mass (g) - Average daily
ID Metabolism trial metabolic rate  metabolic rate  Feeding trial ~ food intake (mQ)
(mg Oz h) (mg Oz h™)

1 6.00 .62 4.23 6.848 119.46
2 5.00 .70 3.36 5.944 80.52
3 5.66 .69 3.83 6.584 69.30
4 4.97 .68 3.14 5.631 57.42
5 5.35 .65 3.34 6.473 87.12
6 6.25 .64 4.36 6.970 77.22
7 7.29 .66 5.20 8.480 128.04
8 5.61 .53 3.77 6.646 74.58
9 7.34 73 4.98 8.155 114.84
10 4.55 57 3.14 5.172 54.78
11 5.38 .82 3.54 6.427 98.34
12 10.56 1.02 6.43 11.821 138.60
13 7.62 .76 4.72 8.520 99.66
14 6.38 .65 4.65 7.350 97.68
15 4.47 .50 3.29 5.438 91.74
16 10.66 e 7.05 11.793 186.78
17 5.78 .65 3.79 6.584 97.02
18 4.07 42 3.00 4.782 73.92
19 4.58 .57 2.59 5.468 85.80
20 5.10 .63 3.50 5.936 83.16
21 4.66 47 3.39 5.313 67.32
22 5.59 5l 3.98 6.418 90.42
23 7.28 .64 5.16 8.286 136.62
24 6.97 .63 4.21 7.831 99.00
25 10.85 A7 6.42 12.175 157.08
26 5.30 45 3.59 6.146 99.66
27 9.09 .82 5.95 10.261 168.30
28 5.53 .56 3.82 6.252 111.54
29 9.48 .90 5.53 10.525 132.00

30 4.28 .68 3.35 4.968 80.52




