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ABSTRACT. - Periodicities in daily food intake, growth, and ammonia concen-
tration of water were estimated and compared for two size classes of brook trout 
(~ 5 g and > 30 g) held at two températures (10 and 15 °C) under laboratory 
conditions. Periodicities in ammonia concentration of water were also estimated 
for a basin containing 37,000 juvénile brook trout of 3-6 g at 8 °C under farming 
conditions and compared to those of the laboratory setting. A multi-frequential 
periodogram analysis identified short-to-intermediate periodicities in daily food 
intake, growth, and ammonia concentration under laboratory conditions. The pré-
dominant periods in daily food intake ranged from 7 to 12 d (R2 = 82-95 %). 
Prevailing periodicities in the temporal trajectory of mean fish weight (7 and 10 
d ; R2 = 82-93 %) coincided with those estimated for daily food intake. Ammonia 
concentration in the expérimental tanks had prédominant periods of 7-8, and 12 
d (R2 = 86-99 %), coinciding with both the daily food intake and the trajectory 
of mean fish weight. Periods were similar at both températures for both size 
classes, illustrating the absence of an effect of body size and température on 
periodicities in daily food intake, growth, and ammonia concentration. In the fish 
farm, periodic components of the ammonia concentration in basin jointly explained 
96 % of the total variation of the data. The prédominant period was 7-8 d, 
supporting the results obtained in laboratory. 

RÉSUMÉ. - Les périodicités dans l'ingestion journalière, la croissance, et la 
concentration en ammoniaque de l'eau ont été estimées et comparées pour deux 
classes de taille de Truites mouchetées (~ 5 g et > 30 g), à deux températures (de 
10 et 15 °C). De plus, les périodicités dans la concentration en ammoniaque de 
l'eau d'un bassin de pisciculture contenant 37 000 Truites mouchetées de 3 à 6 g 
à 8 °C ont été estimées et comparées à celles du laboratoire. Les résultats de 
l'analyse du périodogramme multi-fréquentiel ont confirmé la présence de pério-
dicités courtes à intermédiaires dans l'ingestion, la croissance, et la concentration 
en ammoniaque. Les périodicités prédominantes dans les séries d'ingestion varient 
de 7 à 12 jours (R2 = 82-95 %). Les périodicités de 7 et 10 jours, prévalant dans 
les séries de poids moyen (R2 = 82-93 %), coïncident avec celles d'ingestion. Les 
séries de la concentration en ammoniaque montrent des périodicités prédominantes 
de 7-8 et 12 jours (R2 = 86-99 %), coïncidant avec les séries d'ingestion et de 
poids moyen. Les périodes sont similaires aux deux températures dans les deux 
classes de taille, illustrant l'absence d'un effet de taille et de température sur les 
périodicités dans l'ingestion journalière, la croissance, et l'excrétion en ammonia-
que. Les composantes périodiques dans la série d'excrétion en ammoniaque à la 
pisciculture expliquent conjointement 96 % de la variation totale de la série, et la 
périodicité prédominante est de 7-8 jours, confortant ainsi les résultats obtenus en 
laboratoire. 
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INTRODUCTION 

The présence of rhythms in fishes has long 
been established (see Ali 1992 for historical 
account), and circannual rhythms of growth have 
often been reported (Brown 1946, Swift 1955, 
Eriksson & Lundqvist 1982, Griffiths & Kirkwood 
1995, Jensen & Berg 1995, Saether et al. 1996). 
Circasemilunar and circalunar rhythms in fish 
growth have also been characterized (Brown 1946, 
Panella 1971, Campana 1984, Wagner & 
McKeown 1985, Farbridge & Leatherland 
1987a,b). The analysis of calcareous deposits on 
otoliths has also demonstrated the présence of 
circadian growth rhythms in fish (Panella 1971, 
Taubert & Coble 1977, Campana & Neilson 
1982). Recently, Aboul-Hosn et al. 1997 elucida-
ted non circa rhythms in the growth rate of brook 
trout, Salvelinus fontinalis. Thus, it would appear 
that fish have the propensity to exhibit both circa 
and non circa growth rhythms. 

Since the growth rate of a fish under laboratory 
conditions is primarily determined by the rate at 
which food is consumed (Brett 1979), perio-
dicities in growth should coincide with perio-
dicities in food intake, as demonstrated by Brown 
1946, Campana 1984, Farbridge & Leatherland 
1987a, and Saether et al. 1996. Feeding practices 
used in fish farming contrast with the rhythmic 
nature of physiological processes in that the 
quantity of food distributed on a daily basis 
generally represents a constant proportion of fish 
biomass. The existence of rhythms suggests that 
fish will consume a large proportion of the feed 
allotted to them on some days, but on others, a 
fraction of the feed distributed may not be inges-
ted. This situation may lead to a net loss of feed 
investment for culturists. Self-feeders or interac-
tive feeding Systems may minimize this situation. 
However, thèse Systems are not always used in 
intensive farming and they may also be partly 
controlled by dominant fish (Tackett et al. 1988; 
see also Trudel & Boisclair 1993). The study of 
fish rhythms should not be perceived as a means 
to supplant demand-feeders, but more as a way 
to complément or guide their use. 

Based on the established occurrence of rhythms 
in growth and food intake in fish, it can be 
inferred that rhythms in excrétion may also exist. 
Ammonia, the prédominant end-product of protein 
metabolism in fish (Fromm 1963), is excreted 
passively through the gills and can account for 
over 80 % of the nitrogenous wastes in freshwater 
fish (Jobling 1994). Ammonia excrétion is most 
affected by the daily rate of protein intake (Bea-
mish & Thomas 1984) and increases substantially 
after feeding (Brett & Zala 1975, Kaushik 1980, 
Lied & Braaten 1984). It is therefore conceivable 
that ammonia excrétion rhythms exist and coin-

cide with rhythms in food intake and/or growth. 
Indeed, if ammonia excrétion rhythms exist and 
coincide with rhythms in food intake and/or 
growth, a culturist could use variations in ammo-
nia concentrations in rearing facilities as an ef-
fective tool to détermine what phase of a food 
intake and/or growth rhythm fish are situated. 
Culturists could adjust feeding stratégies accor-
dingly and increase production by allotting more 
food in periods of increased food intake and/or 
growth rates and allotting less food in periods of 
decreased food intake and/or growth rates. Thus, 
a chronobiological approach to aquaculture could 
be used to increase the efficiency in the produc-
tion of fish (Spieler 1977, Parker 1984). 

It was the purpose of this study to estimate and 
compare short-to-intermediate periodicities in the 
daily food intake and growth of brook trout and 
ammonia concentration in the water and détermine 
the effect of body size (weight) and température 
on thèse periodicities. Periodicities in ammonia 
concentration estimated for a large group of brook 
trout at a fish farm were compared to those 
obtained in a laboratory setting. 

2. METHODS AND MATERIALS 

We compared short-to-intermediate periodicities in 
daily food intake, growth and ammonia concentration, 
and determined the effects of body size (weight) and 
température on thèse periodicities by monitoring daily 
food intake, mean weight, and ammonia concentration 
in the water for two size classes of brook trout for 
approximately one month in a laboratory setting. Ail 
experiments were replicated. The duration of our expe-
riments was selected to correspond to the average time 
between two successive opérations of sorting by size 
as practiced in fish farms (in fish farms, brook trout 
are sorted by size catégories and restocked in différent 
basin on a monthly basis). The length of our experi-
ments was also selected to insure that rhythms with 
short to intermediate periodicities observed in previous 
studies (periodicities of 5 to 10 days; Aboul-Hosn et 
al. 1997) could be adequately discriminated in our 
work. Fish were fed once each day. Daily food intake 
of trout and ammonia concentration was estimated e-
very two days on odd days of experiments (day 1, 3, 
5, ...). Fish weight was estimated every two days on 
even days of experiments (day 2, 4, 6, ...) few hours 
before feeding. This strategy was adopted to avoid 
handling fish on days when feeding and ammonia con-
centration were estimated and to minimize the quantity 
of food from previous meal in the digestive tract of 
fish when estimating fish weight (maximum of 0.5 % 
of fish wet weight 24 h after a meal). In the fish farm, 
fish were also fed on a daily basis but only ammonia 
concentrations in the basin could be estimated over 19 
days and compared to variations observed in the labo-
ratory. Periodicities were assessed using time séries 
analysis. 
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Table I. - Mean weight and weight range of replicates used in Séries I & II. Comparison of the mean weights 
between replicates was performed using ?-tests (n = 46 for each replicate). 

Séries I (15°C) Séries Ii(10°C) 
Size 
Class 

Replicate Mean 
Weight (g) 

Range(g) f-test Mean 
Weight (g) 

Range(g) Mest 

I 1 4.4 3.5-5.2 p = 0.83 5.3 4.0-7.4 p = 0.94 

2 4.3 3.5-5.1 5.3 4.1-7.6 

II 1 39.2 34.1-44.8 p = 0.84 31.3 26.6-37.5 p = 0.96 

2 39.3 34.1-45.2 31.3 26.7-37.5 

2.1. Expérimental tanks and opération : Two expéri-
mental environments were required to provide two dif-
férent water températures. Experiments conducted at 
15 °C (± 0.5 °C) were performed at the Département de 
sciences biologiques of Université de Montréal and will 
be referred to as Séries I. For Séries I, trout were 
housed in 510-L flow through tanks (0.91 x 0.91 x 
0.66 m). Tap water was dechlorinated using a Momen-
tum CA1248 carbon filter before entering the tanks. 
Observations at 10 °C (± 0.5 °C) were performed at the 
Station de Biologie des Laurentides of Université de 
Montréal and will be referred to as Séries II. The trout 
used in Séries II were housed in 510-L flow through 
tanks (2.2 x 0.5 x 0.5 m). In this case, water from a 
nearby lake was pumped and filtered. For Séries I and 
II, observations were made on four tanks (2 size classes 
x 2 replicates). A third time séries, limited to the survey 
of ammonia concentrations in one basin of brook trout 
held at 8.1 °C (± 0.1 °C), was conducted at Pisciculture 
Simdar (Saint-Alexis-des-Monts, Québec), and will be 
referred to as Séries III. 

The rate of flow of water into ail tanks of Séries I 
and II was set at 2 L-min-1 using adjustable valves on 
the inlets of the tanks. Thus, the entire volume of water 
within the tanks was replaced about every 4 hours. Ail 
tanks were 100 % saturated with oxygen. The photope-
riod was held constant for ail experiments and consisted 
of 8-h light and 16-h dark (fluorescent light, -45 lx 
at water surface). Fish were acclimated to the expéri-
mental conditions for two weeks. For Séries III, fish 
were housed in a concrète raceway (3 m wide x 1 m 
deep x 20 m). The rate of water flow into the raceway 
was 660 L-.s"1. The basin was 75 % saturated with 
oxygen, and the photoperiod was 9-h light and 15-h 
dark. 

2.2 Expérimental animais : For Séries I and II, brook 
trout were obtained from genetically homogeneous 
stocks (Pisciculture Mont-Tremblant) to minimize the 
potential effect of génotype on ammonia excrétion 
(Kaushik et al. 1984). Each expérimental tank was 
stocked with 46 brook trout (Table I). Each group of 
fish was normally distributed with respect to body 
weight, and there was no significant différence between 
the mean weight of groups of fish used as replicates 
(Mest ; p > 0.9). For Séries III, the basin contained 
approximately 37,100 juvéniles aged 0+ (mass : 3-6 g 
wet). 

2.3. Feeding and food composition : For Séries I and 
II, the amount of food fed to the trout was dépendent 
on water température and fish biomass. Food was al-
ways given in excess to insure that the variability of 
the daily food intake of the fish was independent of 
the food given to the fish. Allotted rations for both size 
classes ranged from 4.0 to 7.0 % body weight per day 
of Martin Starter Pellets. Replicates were always allot-
ted the same amount of feed on any given day. Fish 
were fed once a day at 0930 and were given 30 minutes 
to ingest the given amount (fish would stop eating 
approximately 20 min after being fed). Feeding régime 
(1 meal per day) was selected to correspond to that 
frequently employed by fish farmers for brook trout of 
the sizes used in our study at the expérimental tempe-
ratures. Excess food was then retrieved with a fine-
meshed fish net and dried in an oven at 60 °C for 24 
h. Preliminary experiments showed that the mass of the 
dried excess obtained in this manner should be multi-
plied by a correction factor of 1.3 to obtain the wet 
weight (i.e. the weight of the food when taken out of 
the feed bag). Thus, the daily food intake (wet g-day"1) 
by any group of fish was defined as the amount given 
subtracted by the amount leftover after 30 min (after 
drying and corrections). Daily food intake is presented 
as a two-day average by combining the intake the day 
prior to and the intake of the day of ammonia déter-
minations. Daily food intake was calculated in this 
fashion because parallel experiments demonstrated that 
food intake on the day prior to an ammonia détermi-
nation had a significant effect on the ammonia concen-
tration in the water the following day (Harper 1997). 
The brook trout of Séries III were fed Moore Clark 
feed provided at uneven intervais for eight hours each 
day by an automatic feeder (1.5 % of fish biomass). 

2.4. Weight détermination : For Séries I and II, trout 
were weighed prior to the commencement of a séries 
and after the completion of a séries. Estimâtes of the 
mean weights of the replicates were obtained every two 
days within a séries by sampling 20 fish from each 
tank. Estimâtes were obtained on days opposite to those 
where ammonia concentrations were determined. Every 
sixth weighing period within a séries, ail the fish of a 
given size class were weighed, providing the mean 
weight of each replicate. A computer simulation indi-
cated that sampling 20 of the 46 fish would be sufficient 
to attain a mean weight for a given group that is within 
1 SD of the "real" mean about 80 % of the time. The 
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average intial weight of the brook trout of Séries III 
was approximately 3 g and the average final weight 
was 6 g. 
2.5. Ammonia détermination : To establish an appro-
priate sampling time to estimate ammonia concentra-
tion, we performed 24-h experiments where ammonia 
concentrations were sampled every hour subséquent to 
feeding in order to elucidate a possible peak in ammo-
nia concentration. Peak ammonia concentrations were 
recorded approximately 6 hours after feeding at 15 °C 
and approximately 8 h after feeding at 8-10 °C. Sam-
pling at the time of a peak in ammonia concentration 
within a tank ensures consistency in relating ammonia 
to food intake from tank to tank. Every two days within 
Séries I and II, four 500 ml water samples were remo-
ved from each aquarium at 1600 for Séries I and at 
1800 for Séries II. For Séries III, six 500 ml water 
samples were removed daily from the basin at 1800. 
One 50 ml subsample from each 500 ml sample was 
then analyzed for ammonia using the phenol-hypochlo-
rite method (Soloranzo 1969). For ail séries, a prelimi-
nary experiment was performed to test intra-tank 
variation in ammonia concentrations ; ten water samples 
per rearing facility were removed at the appropriate 
sampling time and analyzed for ammonia. The results 
demonstrated that four water samples per tank in Séries 
I and II and six water samples for the basin of Séries 
III would be sufficient to account for the intra-tank 
variation of ammonia concentrations (CV of 3.0 %). 
Moreover, water samples were obtained from différent 
parts of the tanks to account for potential intra-tank 
variation. 
2.6. Statistical analysis : Dutilleul's multi-frequential 
periodogram and the related stepwise procédure (Du-
tilleul 1990, Legendre & Dutilleul 1992, Dutilleul 1998, 
Legendre & Legendre 1998) were used to detect the 
number and value of periodicities in daily food intake, 
mean weight, and ammonia concentration. The multi-
frequential periodogram analysis can reveal several pe-
riods in a given trajectory ; however, thèse periods may 
not correspond to distinct rhythms. In fact, several 
periodic components may compose one true rhythm. 
For example, if periods of 6, 8, and 12 d are revealed 
for the replicate 1 séries of a given variable in a given 
size class, the periods of 8 and 12 d will be interpreted 
as the true periods, and the 6 d period will be inter-
preted as a component of the 12-d period (Fig. 6a in 
the appendix). Moreover, if periods of 10.78 d and 
13.54 d are revealed for the replicate 2 séries of the 
same variable in the same size class, they will be 
interpreted as a pseudo-periodic signal with an approxi-
mate 12-d period because of the prédominant 12-d 
period of replicate 1 (Fig. 6b in the appendix). 

3. RESULTS 

3.1. Séries I 

The daily food intake, mean weight, and am-
monia concentration trajectories of the replicates 
of Size Class I ail displayed rhythmic patterns 
(Fig. 1). The multi-frequential periodogram ana-
lysis revealed a range of periodicities in daily 

food intake, from 4 to 13 d, and, on average, the 
frequency components in daily food intake of the 
replicates of Size Class I jointly explained 83 % 
of the total dispersion of the time séries (Table 
II). The prédominant period for both replicates 
was about 12 d. 

A range in periodicities of about 4 to 10 d was 
observed for the mean weight séries of Size Class 
I (Table II). The frequency components, on ave-
rage, jointly explained 86 % of the total variation 
in the time séries. The prédominant periods that 
emerged from the mean weight rhythms of the 
replicates were about 9 and 10 d, slightly shorter 
periodicities than the 12 d period observed for the 
daily food intake séries. The average daily growth 
rate for the replicates of Size Class I was 4.6 % 
per day. Although the rhythmicity in the mean 
weight séries is not particularly évident in Fig. 1, 
peak growth rates were, on average, 4 times those 
observed in the trough of a cycle. 

A range in periodicities of about of about 6 to 
13 d was observed in the ammonia concentration 
séries (Table II). The frequency components in 
ammonia concentration jointly explained 99 % of 
the total variation of the time séries for both 
replicates. Periods 8 and 12 d were prévalent in 
the ammonia concentration séries. 

The mean weight and ammonia concentration 
trajectories of the replicates of Size Class II dis-
played rhythmic patterns. However, the daily food 
intake trajectory did not exhibit a rhythmic pattern 
(Fig. 2). Mean weight displayed a range in peri-
odicities of about 4 to 14 d, and, on average, the 
frequency components in mean mass of the repli-
cates of Size Class II jointly explained 86 % of 
the total dispersion of the time séries (Table II). 
The prédominant period for both replicates was 
about 9-10 d. A longer periodicity of 14 d emer-
ged in the mean weight séries of replicate 2. The 
average daily growth rate for the replicates of Size 
Class II was 2.5 % per day. Peaks in growth rates 
for the replicates were, on average, 3.6 times those 
recorded in troughs. 

A range of periodicities in the ammonia con-
centration séries of about 4 to 12 d was observed 
(Table II). On average, the frequency components 
in the ammonia concentration séries of the repli-
cates jointly explained 88 % of the total variation 
of the time séries. Periods of about 8 and 12 d 
once again emerged for the ammonia concentra-
tion rhythms. 

Comparing the periodic components in the 
mean weight and the ammonia concentration sé-
ries of Size Class I and Size Class II, it is évident 
that their respective rhythms are similar, sugges-
ting that body size did not have an effect on the 
rhythmic behaviour of the variables. For instance, 
the mean weight séries of both size classes de-
monstrated a period of about 9-10 d. Moreover, 
periods of about 7-8 and 12 d were found for the 
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Table II. - Periodic components estimated at the end of the stepwise procédure involving the analysis of Dutilleul's 
(1990) multi-frequential periodogram for the daily food intake, mean weight, and ammonia concentration séries of 
two size classes of brook trout. AR2 in parenthèses. Water température was 15 °C. 

Size class Variable Replicate 
1 

Step 
2 3 

R* Range of 
periodicities 

I Daily food 1 12.46 36.19 N S-'t 4.91 NS 0.85 
intake (0.64) (0.13) (0.08) 

4-13 
2 13.41 10.06 N-s-* 33.22 0.82 

(0.46) (0.21) (0.15) 

Mean 
weight 

10.55 
(0.40) 

4.75 
(0.58) 

4.26 
(0.24) 

8.91 
(0.20) 

19.29 N S *t 
(0.15) 

27.06 t 
(0.14) 

0.79 

0.92 
4-10 

Ammonia 1 8.37 6.19 12.08 0.99 
concentration (0.66) (0.22) (0.11) 

6-13 
2t 10.88 13.64 6.36 0.99 

(0.47) (0.29) (0.23) 

Daily food 1 19.801 3.34 N s 2.00N s 0.76 . 
intake (0.45) (0.19) (0.12) 

2-5 
2 15.02 * 5.09N S * 4.33 0.89 

(0.44) (0.24) (0.21) 

Mean 1 9.67 5.51 4.34 0.91 
weight (0.50) (0.31) (0.10) 

4-14 
2 10.12 14.35 - 0.81 

(0.50) (0.31) 

II Ammonia 1 7.25 9.42 N S * 28.45 N S-*Î 0.91 
concentration (0.69) (0.15) (0.07) 

2 7.96 4.48 N S-* 12.58 0.86 
(0.44) (0.21) (0.21) 

N s Non significant periods 
N S ' Significance probability 0.05 < P < 0.15 
t Fourth significant period not shown 
t Frequency components corresponding to autocorrélation rather than rhythms 

ammonia concentration séries of both size classes. 
While the daily food intake trajectory of Size 
Class I displayed a rhythmic pattern with a period 
of about 12 d, the daily food intake séries of Size 
Class II was not rhythmic. Séries I, in particular 
Size Class I, illustrâtes that periods in the daily 
food intake, mean weight, and ammonia concen-
tration séries do, indeed, coincide. 

3.2. Séries II 

The daily food intake, mean weight, and am-
monia concentration trajectories of the replicates 
of Size Class I ail displayed rhythmic patterns 
(Fig. 3). A range of periodicities in daily food 
intake of about 5 to 10 d was recorded (Table III). 
On average, the frequency components in daily 

food intake of the replicates of size class I jointly 
explained approximately 91 % of the total disper-
sion of the time séries. The prévalent period for 
both replicates was about 7-8 d, but a period of 
about 10 d emerged in the séries of replicate 2. 

A range in periodicities of about 4 to 10 d was 
observed for the mean weight séries of Size Class 
I. On average, the frequency components jointly 
explained about 81 % of the total variation in the 
time séries. The prédominant periods found from 
the mean weight rhythms of the replicates were 
about 7 and 10 d, similar to the periodicities 
observed for the daily food intake séries. The 
average daily growth rate for the replicates of Size 
Class I was 3.3 % per day. Maximum growth rates 
for the replicates were, on average, 10 times 
greater than the minimum growth rates recorded. 
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Fig. 1. - Profiles of Size class I (mean weight = 4.4 g) of Séries I : daily food intake (top), mean weight 
(middle), and ammonia concentration (bottom). 

Ammonia concentration demonstrated peri-
odicities of about 4 to 13 d (Table III), and, on 
average, the frequency components in the ammo-
nia concentration séries of the replicates of size 
class I jointly explained 88 % of the total variation 
of the time séries. A period of 5 d emerged for 
both replicates. Periods of about 8 d and 13 d 
were also observed. 

The daily food intake, mean weight, and am-
monia concentration trajectories of the replicates 
of Size Class II ail displayed rhythmic patterns 
(Fig. 4). Periods of about 7 and 10 d emerged in 
the daily food intake rhythms of replicates 1 and 
2 (Table III). The periodic components accounted 
for about 86 % of the variation of the time séries, 
and ranged from about 4 to 10 d. The frequency 
components of the daily food intake séries were 
similar to those of Size Class I for the same 
variable. 

Mean weight displayed a range in periodicities 
of about 5 to 10 d, similar to the daily food intake 
séries, and, on average, the frequency components 
in mean mass of the replicates of Size Class II 
jointly explained 91 % of the total dispersion of 
the time séries. The prédominant periods were 
about 7-8 and 10 d. The average daily growth rate 
for the replicates of Size Class II was 1.9 % per 
day. Maximum growth rates for the replicates 
were, on average, 3.8 times greater than the 
minimum growth rates recorded. 

Finally, a range of periodicities in the ammonia 
concentration séries of about 6 to 12 d was 
recorded (Table III). The frequency components 
of the ammonia concentration rhythms of the 
replicates 1 and 2 explained, on average, 90 % of 
the total variation in the time séries. Periods of 
about 8 and 12 d were once again prévalent in 
the ammonia concentration séries. 
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Fig. 2. - Profiles of Size class II (mean weight = 39.0 g) of Séries I : daily food intake (top), mean weight 
(middle), and ammonia concentration (bottom). 

It did not appear that body size had a signifi-
cant effect on the rhythmic behaviour of the 
variables. For both size classes, periods of 7 and 
10 d emerged in both the daily food intake and 
mean mass séries and periods of 7-8 and 12 d 
emerged in the ammonia concentration séries. The 
results of Séries II confirm the results of Séries 
I; periodicities in the daily food intake, mean 
weight, and ammonia concentration séries coin-
cide. 

3.3. A comparison of températures 

Similar periodicities in daily food intake, mean 
weight, and ammonia concentration emerged at 
both températures. Periodicities of 7 and 10 d 
were common in the daily food intake and mean 
mass séries at both températures, and in most 
cases, periodicities of about 8 and 12 d in the 
ammonia concentration séries emerged at both 

températures. Thèse results suggest that tempéra-
ture did not affect the rhythms of daily food 
intake, growth, and ammonia concentration. 

3.4. Comparison with a fish farm 

Periodicities in the ammonia concentration sé-
ries observed at a fish farm (Pisciculture SIM-
DAR; Séries III) ranged from about 2 to 8 d 
(Fig. 5). The périodicités were 7.50, 3.67, and 
2.48 d, and accounted for 96 % of the variation 
in the séries. The first periodicity of 7-8 d 
accounted for 70 % of the variation in the séries. 
The other two periodicities can be considered as 
components of the 7-8 d period. The results of 
the fish farm experiment support the laboratory 
experiments as similar 7-8 d periods were obser-
ved in the ammonia concentration séries of Séries 
I and Séries II. Furthermore, the fact that Séries 
I, II and III were conducted at températures of 
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Fig. 3. - Profiles of Size class I (mean weight = 5.3 g) of Séries II : daily food intake (top), mean weight 
(middle), and ammonia concentration (bottom). 

approximately 8, 10, and 15 °C, respectively, and 
that similar periods were observed further sup-
ports the notion that température did not affect 
the periodicities in the ammonia concentration 
séries of the brook trout. 

4. DISCUSSION 

The purpose of our study was to estimate 
short-to-intermediate periodicities in the daily 
food intake, growth, and ammonia concentration 
in the water, and to détermine the effect of body 
size and température on thèse periodicities. Our 
work demonstrates that short-to-intermediate pe-
riodicities in daily food intake, growth, and am-
monia concentration exist, that they coincide with 
each other, and that variations in body size and 

température do not appear to affect the peri-
odicities of the measured variables. 

Our study suggests the existence of prédomi-
nant short-to-intermediate periodicities of 7 and 
10 d in the growth of brook trout. Short-to-inter-
mediate periodicities in growth rate reported in 
other studies appear to correspond to the péri-
odicités in growth observed in our work. Farbrid-
ge & Leatherland (1987b) reported 10 and 13-14 
d periods in growth rate for the coho salmon. Yet, 
upon re-analysis of thèse published data using the 
multifrequential periodogram used in our study, 
Aboul-Hosn et al. (1997) further elucidated two 
superimposed périodicités of 8 and 10 d (R2 = 
0.70), similar to those found for brook trout in 
our work. We also observed short-to-intermediate 
périodicités in daily food intake, with prédominant 
periods ranging from about 7 to 12 d. Others 
studies have elucidated the existence of interme-
diate periodicities in feeding. For instance, Brown 
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Table III. - Periodic components estimated at the end of the stepwise procédure involving the analysis of Dutilleul's 
(1990) multi-frequential periodogram for the daily food intake, mean weight, and ammonia concentration séries of 
two size classes of brook trout. AR2 in parenthèses. Water température was 10 °C. 

Size class Variable Replicate 
1 

Step 
2 3 

«2 Range of 
periodicities 

I Daily food it 16.18 * 8.47 6.54 0.95 
intake (0.54) (0.28) (0.13) 

5 - 10 
2 5.62 7.64 10.68 0.86 

(0.44) (0.25) (0.17) 

Mean 
weight 

7.35 
(0.36) 

30.201 
(0.53) 

20.77 N S-*Î 
(0.19) 

4.72 N s * 
(0.15) 

10.17 
(0.24) 

6.13 NS* 
(0.14) 

0.79 

0.82 
4-10 

I Ammonia 1 17.15» 8.30 4.86 0.87 
concentration (0.49) (0.23) (0.15) 

2 5.00 13.45 21.65 t 0.89 
(0.63) (0.17) (0.09) 

Daily food 1 4.85 6.83 17.42 1 0.87 
intake 

4 -10 
0.84 

4.85 6.83 17.42* 
(0.42) (0.28) (0.17) 

4.23 15.72 î 10.06 
(0.36) (0.26) (0.22) 

Mean 
weight 

31.08 î 
(0.50) 

31.07* 
(0.44) 

10.76 
(0.28) 

8.38 
(0.29) 

4.63 
(0.14) 

6.99 
(0.20) 

0.92 

0.93 
5-10 

II Ammonia 1 7.82 6.00 12.23 0.89 
concentration (0.58) (0.21) (0.10) 

2 7.54 6.10 20.92 * 0.91 
(0.51) (0.26) (0.14) 

N s Non significant periods 
N S-* Significance probability 0.05 £ P < 0.15 
t Fourth significant period not shown 
* Frequency components corresponding to autocorrélation rather than rhythms 

(1946) reported biweekly patterns in the food 
intake of brown trout. Shorter periodicities of 
about 3.5 (circasemiseptan) to 7 (circaseptan) d 
in the food intake and growth of rats have been 
reported (Mercer et al. 1993, Temur'Yants et al. 
1995). However, our work is the first study, to 
our knowledge, that has reported periodicities of 
about one week in the food consumption of fish. 
The fact that periodicities in growth coincide with 
périodicités in feeding is not surprising since, 
under laboratory conditions, growth rate is prima-
rily determined by food intake (Brett 1979). 
Findings similar to ours regarding the coïncidence 
of growth and feeding rhythms were obtained by 
Farbridge & Leatherland (1987a). Prédominant 
short-to-intermediate periodicities of 7-8 and 12 

d in the ammonia concentration were also demons-
trated in this study. Thèse periodicities coincide 
with those of daily food intake and growth. 
Ammonia production is intrinsically related to 
nitrogen metabolism (Savitz 1971, Brett and Zala 
1975, Paulson 1980, Jobling 1981, Lied & Braaten 
1984, Tatrai 1986). While body weight and tem-
pérature can affect ammonia excrétion (Savitz 
1969, Guerin-Ancey 1976, Paulson 1980, Jobling 
1981, Cai & Summerfelt 1992, Forsberg & Sum-
merfelt 1992), sampling ammonia concentrations 
at the peak of ammonia concentration generally 
gives a good indication of the amount of nitrogen 
consumed within a 48 hour period (Harper 1997). 
This is confirmed by the coincidence of periods 
of daily food intake and ammonia concentration. 
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Fig. 4. - Profiles of Size class II (mean weight = 31.3 g) of Séries II : daily food intake (top), mean weight 
(middle), and ammonia concentration (bottom). 

Ail studies that examine the interactions be-
tween growth and feeding rhythms are subjected 
to problems associated to the manipulation of fish 
that must be weighed on a regular basis. Our study 
is no exception. In addition, the sampling régime 
we adopted to weigh 50 % of the fish at two day 
intervais only exacerbâtes this situation, and fur-
ther increases the probability that the rhythms we 
observed have nothing to do with rhythms of fish 
that would not be manipulated. However, we 
speculate that the fact that the periodicities in 
ammonia concentration found in the laboratory 
are undistinguishable from those found in a fish 
farm (where fish were not handled during the 
experiment) suggests that the rhythms we obser-
ved may reflect those of fish unaffected by 
manipulations. Furthermore, similarities between 
the rhythms in ammonia concentration in the 
laboratory and the pisciculture setting suggest that 
short-term forecasting of rhythms in food intake 
and growth using ammonia concentrations as a 

surrogate descriptor may be possible for large 
groups of fish in a pisciculture setting. The 
détection of periodicities in groups of fish homo-
genous in body size, similar to those found at 
piscicultures, may be less complicated since rates 
of nitrogen consumption and utilization by the 
fish should then also be homogenous. In the 
présent study, groups of fish were normally dis-
tributed with respect to size to satisfy statistical 
analyses. However, the resulting range of body 
sizes may have confounded the measurements of 
the chosen variables since rates of ammonia 
excrétion, nitrogen consumption, and growth for 
the large fish in a given group would be différent 
from the smaller fish of the same group (Jobling 
1981). 

Our study was not designed to assess the ulti-
mate cause(s) of the rhythms we observed. While 
our study does not allow us to draw définitive 
conclusions in this respect, we can nevertheless 
make parallel between our results and published 
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Fig. 5. - Observed (dots) and predicted (curve) ammo-
nia concentrations in a brook trout basin in a fish farm 
(Pisciculture SIMDAR ; Séries III). 

studies on the origin of the rhythms we observed. 
For instance, short-to-intermediate periodicities in 
growth rate may be related to pineal gland acti-
vity. Circasemiseptan and circaseptan periodicities 
in pineal gland activity have been demonstrated 
in rats (Mercer et al. 1993) and, more recently, 
in pike (Cornélissen et al. 1995). The pineal organ 
may play a rôle in mediating the effects of pho-
toperiod which, in turn, may affect growth 
through variations in hormone sécrétions (Vodi-
cnik et al. 1978, Weatherley & Gill 1987). Thus, 
it appears that short-to-intermediate periodicities 
in growth rate may be a resuit of controlling 
factors such as the endocrine System. In addition, 
since the periodicities we observed were apparen-
tly unaffected by water température, fish mass, 
the origin of the water (lake or aqueduct), fish 
density (différence between laboratory and fish 
farm settings), and whether or not fish were ma-
nipulated, our results are compatible with hypo-
thèses suggesting that short to intermediate 
periodicities in growth and feeding may be driven 
by endogenous rather than exogenous factors. 
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Appendix 
Periodic Signal and Pseudo-Periodicity 

The objective of this appendix is to set up the 
guidelines that we followed in the interprétation and 
discussion of our results, by using two simulated 
examples inspired from results of Table II (ammonia 
concentration séries of Size Class I, Séries I). Thèse 
results were the detected periodic components with 
periods of 8, 6, and 12 days. The question that we 
address hereafter is whether such periodic components 
correspond to three distinct rhythms, or two rhythms, 
a "true" and a "false" one, or only one rhythm. In the 
first of our two examples, we show that several (i.e., 
we chose to work with four) periodic components may 
compose a periodic signal. In other words, there is one 
rhythm to be seen in Fig. 6A, but this rhythm has four 
components. This type of signal is "truly" periodic 
because the time interval separating successive main 
peaks is exactly 12. Of course, because of noise, the 
time interval separating peaks in the observations (whe-
re noise is superimposed to the signal) may vary, de-
pending on the signal-to-noise ratio. To generate the 
signal in Fig. 6A, we used the équation : 

St = cos(2t/12) + sin(2t/12) + cos(lt/6) + sin(2t/6) + 
cos(2t/4) + sin(2t/4) + cos(2t/3) + sin(2t/3) 

for t = 1,..., 50. 

The period of 12 is called the fundamental period 
and the periods of 12/2 (6 days), 12/3 (4 days), and 
12/4 (3 days) are the first, second and third harmonies, 
respectively. The components of a periodic signal thus 
correspond to periods of which the fundamental period 
is a multiple. 

For the second example (Fig. 6B), the équation used 
was : 

St = cos(2t/8) + sin(2t/8) + cos(lt/6) + sin(2t/6) 
for t = 1,..., 50. 

The objective here is to show that two cosine-sine 
waves with periods close to each other generate a 
pseudo-periodic signal. "Pseudo-periodic" because 1) 
the amplitude of the signal is not constant over time, 
the signal tending to disappear when the two cosine-
sine waves are out of phase, and 2) the time interval 
separating two successive peaks is not constant any 
more, but is about 7 on average in the example. Only 
the pseudo-periodic signal and the approximate 7 d 
period are biologically meaningful ; the periodic com-
ponents generating it are not, or at the least, much less. 


