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Abstract: We evaluated the effects of handling and stocking density (3 vs. 6 fish/150 L) on the growth-rate rhythms of
brook trout,Salvelinus fontinalis. The length of nonhandled fish was estimated with a stereo-video technique and the
length and mass of handled fish was measured directly. The main effects of handling and stocking density and their in-
teractions on growth rates were not statistically significant, whereas the main effects of time were significant, as shown
by repeated measure analysis. Multifrequential periodogram analysis indicated significant infradian rhythm components
of about 8 d in the relative growth rate in length and of about 5 and 11 d in the relative growth rate in mass, regard-
less of the treatment applied. The characteristics (period, amplitude, and phase) of the rhythms found were not altered,
either by handling or by stocking density.

Résumé: Nous avons évalué les effets des manipulations et de la densité dans les élevages (3 vs. 6 poissons/150 L)
sur le taux de croissance de l’Omble de fontaine,Salvelinus fontinalis. La longueur des poissons non manipulés a été
estimée au moyen d’une technique stéréo-vidéo alors que la longueur et la masse des poissons manipulés ont été mesu-
rées directement. Les principaux effets de la manipulation et de la densité, de même que de leurs interactions sur les
taux de croissance, n’étaient pas statistiquement significatifs, alors que les principaux effets du temps l’étaient, comme
l’a démontré l’analyse des mesures répétées. Les résultats d’une analyse harmonique à plusieurs fréquences semblent
indiquer l’existence d’un rythme infradien d’environ 8 jours pour le taux de croissance relative en longueur et
d’environ 5 et 11 jours pour le taux de croissance relative de la masse, indépendamment du traitement administré. Les
caractéristiques (période, amplitude, phase) des rythmes sont demeurés inchangés et n’ont été affectés ni par les mani-
pulations, ni par la densité dans les élevages.
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Fish exhibit rhythmic patterns of growth at several tempo-
ral scales (Planes 1993). Circadian (Pannella 1971; Campana
and Neilson 1982) and seasonal (Brown 1946; Fonds 1979;
Wang and Houde 1994), as well as lunar or semilunar rhythms
(Campana 1984; Wagner and McKeown 1985; Farbridge and
Leatherland 1987), have been reported in the literature.

Using advanced statistical techniques that have not been
used in previous studies on growth rhythms in fish, Aboul
Hosn et al. (1997) demonstrated the existence and repeat-
ability of rhythms of 5 and 10 d in the growth in mass and
of 4 to 6 d in the growth inlength of brook trout,Salvelinus
fontinalis. The detection of such periodicities (i.e., 4 d) re-
quired a short sampling time interval (i.e., 2 d). In addition,
the test for repeatability of rhythms required the collection
of replicated time series (i.e., growth-rate records of individ-
ual fish), which are necessary for the relevant analyses in the
frequency domain. Therefore, marking and frequent handling,

such as dip-netting, anaesthetizing, weighing, and length mea-
surement, were necessary in the experimental procedures
undertaken in these studies.

Handling and crowding have been shown to cause stress
in fish, handling as an acute stressor (Eddy 1981) and crowding
as a chronic stressor (Vijayan et al. 1990; Vijayan and Moon
1992). Stessors in general have been shown to elicit stress
responses in fish, such as elevations in plasma-cortisol and
plasma-glucose levels (Mazeaud and Mazeaud 1981; Leather-
land and Sonstegard 1984). Elevated cortisol mobilizes energy,
and hence enables the fish to respond to immediate threat
(Schreck 1981). This increased energy demand, however, is
thought to be met at the expense of anabolic processes,
which might subsequently impair the performance and growth
of fish (Pickering 1990; Vijayan et al. 1990; Barton and
Iwama 1991). Behavioural changes induced by stressors may
also reduce feeding rate (Brown et al. 1987).

The possible growth reduction caused by stressors might
have implications for the estimation of fish growth rates and
the detection of periodicities in time-series data developed to
describe fish physiological rhythms (Aboul Hosn et al. 1997).
Consequently, we conceived the present experiment, to as-
sess the effects of handling and stocking density on the
growth rates and growth rhythms of fish.

Materials and methods

Experimental design
Young-of-the-year brook trout (21.05 ± 0.75 (SE) g wet mass;

13.11 ± 0.17 cm total length) were kept in 700-L aquaria under
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constant water temperature (12°C ± 0.5) and photoperiod (12 h
light : 12 h dark). They were fed to satiation once daily.

Eighteen fish were randomly allocated to each of four groups,
according to a 2 × 2 factorial repeated measures design. Fish were
individually marked using 0.02 mm diameter platinum wires in-
serted at different positions in the fins or tail. After an acclimation
period of 2 weeks, the experiment was started on 3 November
1994 and lasted 41 d. Two treatments with two levels each were
applied: (1) ‘handling (H) for weighing and length measurement
every 2 d versus no handling (NH) and filming with a stereo-video
technique and (2) stocking densities of three (D3) versus six (D6)
fish per 150 L. Densities higher than six were avoided, because of
increased difficulties in identifying individual fish with the video
cameras.

Measurement techniques
Fish in the handled groups were individually weighed (±0.01 g

wet) and measured (±0.05 cm total length) every 2 d, after being
lightly anaesthetized by immersion in a 1 mg/L solution of MS222
(tricaine methane sulfonate) for about 30 s. The nonhandled groups
were filmed with stereo-video cameras (setup as developed by
Ménard (1991)) at 2-d intervals for 10 min each time, to obtain re-
cords of fish length in three-dimensional space. We adapted, for
our purpose, the program developed to estimate the swimming
speed of fish from coordinatesx, y, andz of the head and the tail
(Boisclair 1992). Each fish was digitized in positions perpendicular
to the axes of the camera. Coordinates of the head and tail in each
position were used to estimate fish length. The average of the three
lengths was retained for further analysis.

The accuracy of the stereo-video technique in relation to the
variability of the growth rate in length over time was assessed by
measuring six marked fish (13.05 ± 0.64 cm (mean ± SE) total
body length) with a ruler. The same fish were filmed with stereo-
video cameras. Direct length measurements and length estimates
derived from image analysis were compared. They did not differ
significantly on the basis of relative errors (pairedt test,p > 0.05);
the difference between actual and estimated fish length (mean +
SE) was 0.050 + 0.313 cm, which represents an error of 0.38% rel-
ative to the mean total body length of the six fish. These accuracy
estimates are comparable with those reported in Ménard (1991).

We calculated fish length by image analysis at 4-d intervals. The
sensitivity analysis of the video images would not allow the detec-
tion of differences in length at 2-d intervals (Aboul Hosn 1997).
The resulting time series of growth rates in length obtained by im-

age analysis were composed of 20 observations (10 observations
on nine nonhandled fish and 10 observations on nine handled fish).

Computations
The relative growth rate (RGR) in length was expressed as the

mean rate of change in length (% body length (BL)/d). It was cal-
culated using the following equation from Ricker (1979):

[1] RGR in length =
L
T t l

–
–

1 100×

where l and L represent, respectively, the initial and final length
(cm) during the time interval of lengthT – t of 4 d. The RGR in
mass was calculated in a similar way for the handled groups. Stan-
dardized RGRs (SRGRs) were obtained by centring each individ-
ual series of RGRs around the mean of the series and dividing the
result by the standard deviation of the series.

Statistical analyses

Repeated-measures ANOVA
Handling, stocking-density, and time effects on growth rates,

and their interactions, were assessed by repeated-measures ANOVA.
Normality was assessed atα = 0.05. The ANOVA model used for
the analysis of the time series of SRGR in length was

[2] Yijtk = m + ai + bj + ct + Indk|(i ,j) + (ab)ij + (ac)it

+ (bc)jt + (abc)ijt + eijtk

(i = 1, 2; j = 1, 2; t = 1, …, 10; k = 6

if j = 1 and 3 if j = 2)

whereYijtk is the SRGR in length at timet for fish k from treatment
combinationi,j; m is the overall mean of the growth rate;ai is the
main effect of handlingi; bj is the main effect of stocking densityj;
ct is the main effect of timet; Indk|(i,j) is the effect of fishk from
treatment combinationi,j; (ab)ij is the handling × stocking density
interaction; (bc)jt is the handling × time interaction; (ac)it is the
stocking density × time interaction; (abc)ijt is the three-factor inter-
action; andeijtk is the random experimental error. Time was crossed
with each treatment factor and all three factors were considered
fixed; replicates were provided by the individual fish nested within
each treatment combination.

Frequency-domain analysis
Multifrequential-periodogram analysis (Dutilleul 1990) was used

to detect periodicities in the group-mean series of the SRGRs in
length and mass. Periodicities corresponding to significant frequen-
cies were calculated by multiplying the number of observations
(n = 10 observations) by the sampling interval (nt = 4 d) and then
dividing the product by the frequency considered.

The analysis of variance of the finite Fourier transform of repli-
cated time series (Brillinger 1973; Dutilleul 1990) was used to as-
sess the differences in the frequency domain among the levels of
each treatment factor (main effects) and their combinations (inter-
actions). This method allows testing of whether the rhythm charac-
teristics in amplitude and phase at the Fourier frequencies of the
SRGR time series are different among the levels of the factors con-
sidered (Schelstraete et al. 1992; Dutilleul 1997).

Results

Treatment and time effects on growth rates
Across the four groups, the mean (±SE) RGR in length

was 0.26 ± 0.07% BL/d (n = 180). For the two handled
groups, the mean (±SE) RGR in mass was 0.51 ± 0.32%
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Fig. 1. Mean (±SE) relative growth rate (RGR) in length for the
four experimental groups: H, handled; NH, nonhandled; D3, a
stocking density of three fish; D6, a stocking density of six fish;
BL, total body length; *,p < 0.05 (group NH-D6 versus group
H-D6 by Student’st test).

J:\cjz\cjz78\cjz-06\Z00-041.vp
Monday, June 12, 2000 9:35:23 AM

Color profile: Disabled
Composite  Default screen



body mass/d (n = 90). The overall mean level of RGR in
length throughout the experiment for nonhandled fish was
about twofold higher than that for handled fish (Fig. 1). Al-
though substantial in magnitude, this difference was not sta-
tistically significant at the 0.05 level (p = 0.06), as shown in
the repeated measures analysis results (Table 1). However,
since thep value was close to significance, and the full
model (eq. 2) included a highly nonsignificant handling ×
stocking density interaction (Table 1), we ran a Student’st
test, which showed that fish stocked at density six grew sig-
nificantly faster when not handled than when handled (Fig. 1).

Stocking-density effects were not significant. The time
factor, on the other hand, significantly affected growth rates

(Table 1; Fig. 2), but the interactions between treatment and
time were not significant.

Periodicities in growth rates
Growth trajectories suggested the existence of a rhythm of

about a 8-d periodicity in the RGR in length (Fig. 2; Ta-
ble 2). The multifrequential-periodogram analysis showed
that, on average, a predominant periodicity of about 8 d
(4.72 cycles) was shared by the four groups in their SRGR
in length. A second periodicity of 17 d (2.32 cycles) was
also shared by the four groups but was found to be signifi-
cant only for groups H-D3 and NH-D3 (Table 2).

© 2000 NRC Canada
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Source of variation df F p >F

Adjustedp >F

Mean
square G–G H–F

Between fish
Handling 1 2.09 4.14 0.06
Stocking density 1 0.01 0.02 0.89
Handling × stocking density 1 <0.01 0.01 0.99
Error 14 0.51

Within fish
Time 9 0.9980 1.99 0.0459 0.0457 0.0459
Time × handling 9 0.1761 0.18 0.9962 0.9841 0.9962
Time × stocking density 9 0.3964 0.39 0.9359 0.8844 0.9359
Time × handling × stocking density 9 1.1010 1.01 0.4363 0.4257 0.4363
Error (time) 126 1.0050

Table 1. Repeated-measures ANOVA for between-fish effects, tested on the relative growth rate in length, and
within-fish effects, tested on the standardized growth rate in length.

Fig. 2. Temporal trajectories for the standardized relative growth rates (SRGRs) in length ± SE per level of each factor for handled
versus nonhandled fish (a) and stocking densities of three versus six fish (b).
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The analysis of the SRGR in mass showed a common pe-
riodicity of about 11 d in both handled groups, a second 6-d
periodicity in group H-D6, and a 5-d periodicity in group
H-D3 (Table 2).

Treatment effects on growth rate rhythm characteristics
Handled and nonhandled fish (Fig. 2a) and fish stocked at

density three versus density six (Fig. 2b) seemed to follow
similar patterns of growth in length. Although group H-D6
showed a slight shift in phase compared with the other groups,
fish growth rates were synchronized, reaching their highest
peaks and lowest troughs almost at the same time (Fig. 2).
Standardization of the RGR contributed to reducing inter-
individual differences. This was demonstrated by the ANOVA
of the finite Fourier transform, which showed that the rhyth-
mic characteristics of the growth rate in length were not sig-
nificantly modified by handling or stocking density (Table 3).

Discussion

The results of the present study show that handling re-
duces the sample mean growth rate in length overall, al-
though when considered on a time by time basis, the effects
of handling, stocking density, and the combination of these
factors on growth were not significant. This was probably
due to interindividual variability among fish. Although fish
of the same size were chosen at the beginning of the experi-
ment, the differences among fish became greater as the ex-
periment proceeded, owing to social hierarchies developed

in the aquaria. For instance, fish 3 in the group NH-D3 had a
mean RGR of 0.87 ± 0.303% BL/d, which was 8 times
higher than the slowest growing fish in that group.

Our results also showed that the growth rate of brook
trout fluctuated significantly over time. Analysis of these
fluctuations revealed rhythmic patterns characterized by
periodicities of 5 and 11 d in the SRGR in mass and 8 and
17 d in the SRGR in length. Besides the conventional season-
al, lunar, semilunar, and circadian rhythms, the present re-
sults confirmed the infradian growth rhythms in brook trout
demonstrated in Aboul Hosn et al. (1997). In Aboul Hosn et
al. (1997), the periodicities were very similar to the results
of the present study for growth rate in mass (5 and 10 d) but
were longer for growth rate in length (4 and 6 d). We do not
suspect that handling or stocking density are the cause of
such longer periodicities, since the same 8-d periodicity was
found in all groups regardless of the treatment applied. We
believe the short periodicity of 4 d wassimply not detected
in this experiment, not because it is absent from the growth
spectrum, but because the interval separating successive data
points used for the analysis was 4 d. Consequently the short-
est detectable period was 8 d.

Our main interest in this study was to test whether han-
dling or stocking density altered the characteristics of the
rhythms (amplitude, phase, and periodicity). Our results showed
that there was no evidence of handling effects, in combina-
tion with stocking density or not, on the rhythm characteris-
tics of growth. This finding was essential for the pursuit of
our study on rhythms in growth and feeding of brook trout

© 2000 NRC Canada

Aboul Hosn et al. 1029

Group

Step H-D3 H-D6 NH-D3 NH-D6

1 8.87** (11.17**) 8.57** (11.23**) 8.46** 8.02**
2a 34.48 (23.53) 37.38 (38.46) 34.48 38.46
3a 16.00 (4.93**) 16.95 (6.47**) 17.39 18.75
Value of periodogramb 7.19 8.89 8.95 8.76

aPeriods estimated at this step are likely to correspond to temporal autocorrelation rather than discrete
rhythmic components.

bThe value of the periodogram is reported at step 3. The total variance of each group-mean series is equal to
9.00 by standardization.

** P < 0.01. The amplitude of the rhythmic component is highly significant.

Table 2. Periods estimated by the stepwise procedure of the multifrequential-periodogram analy-
sis performed for the group-mean series of SRGR in length and, in parentheses, for the group-
mean series of SRGR in mass (available only for handled groups).

Handling Stocking density
Handling × stocking
density

Fourier
frequency
(ωk) F(ωk) p >F(ωk) F(ωk) p >F(ωk) F(ωk) p >F(ωk)

1 0.07 0.93 0.02 0.98 1.71 0.22
2 0.09 0.92 0.06 0.94 0.03 0.97
3 0.06 0.94 0.78 0.48 1.25 0.32
4 <0.01 0.99 0.56 0.59 0.25 0.78
5 0.57 0.46 0.28 0.61 2.41 0.14

Table 3. Analysis of variance of the finite Fourier transform of replicated time series (1 fish = 1
replicate) of SRGR in length at Fourier frequenciesωk = 1, …, 5 (number of cycles over 40 d);
F(ωk) indicates the Fisher–SnedecorF statistic equivalent to Wilk’sλ.

J:\cjz\cjz78\cjz-06\Z00-041.vp
Monday, June 12, 2000 9:35:33 AM

Color profile: Disabled
Composite  Default screen



under different treatments (W. Aboul Hosn, P. Dutilleul, and
D. Boisclair, in preparation2).

In the present experiment, mild anaesthetic concentration
and low stocking-density levels might not have been strong
enough to trigger changes in growth rhythms. In fact, the use
of anaesthetics in general has been shown to reduce stress in
fish (Strange and Schreck 1978), and this specific anesthetic,
MS222, has been shown to clear rapidly from the blood of
brook trout upon their transfer to fresh water (Houston and
Woods 1972). In addition, we used a very dilute solution of
MS222 (1 vs. 100 mL/L) and a shorter exposure time (a few
seconds vs. 2 and 15 min) (Hunn 1970). Blood sample anal-
yses performed before and after exposure, showed no change
in the cortisol concentrations (M. Tang, unpublished obser-
vations). Reduced impacts of handling might also have re-
sulted from behavioral adaptations, such as fish becoming
accustomed to repetitive handling or being fed to satiation
and, therefore, being less sensitive to handling stress (Vijayan
and Moon 1992).

Growth rhythms, on the other hand, might be totally in-
trinsic and, therefore, their properties would not be changed
by external factors, such as handling, stocking density, or
other factors. Similar rhythms were found in three different
experiments; for instance, in this experiment, fish were fed
to satiation in the month of November, compared with a
2.5% ration in August–September (Aboul Hosn et al. 1997)
or a 1.2% ration in February–March (W. Aboul Hosn, P.
Dutilleul, and D. Boisclair, in preparation2). The constancy
in the characteristics of the rhythms suggests that rhythms
are probably inherited and unmodified by environmental fac-
tors.

The existence of intrinsic rhythms in growth has many
implications for physiological studies in fish. In assessing
treatment effects on growth or other related physiological
variables, researchers should take into account the variability
of fish growth, owing to intrinsic infradian rhythms. For in-
stance, a significant decrease in growth could be wrongly at-
tributed to a treatment, when in fact a fish is in the trough of
its growth cycle and vice versa. In addition, since the main
objective of our present study was to evaluate the effects of
handling and stocking density on the growth rhythms of
brook trout, we did not present models that describe growth
rhythms. The models we presented in Aboul Hosn et al.
(1997), and that include the short-term periodicities, pre-
dicted the growth rate of fish on a short-term basis very
well. Therefore, we believe that infradian rhythms in fish
need to be researched further, just like seasonal, circadian,
and lunar rhythms.
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