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being surveyed by the same person throughout the entire study period to reduce 

observational bias (Hankin and Reeves 1988). Divers entered the water downstream of 

their sections and moved upstream to minimise fish disturbance. To avoid counting the 

same individual twice, snorkelers displaced fishes downstream as they continued their 

upstream survey. Juvenile Atlantic salmon holding position on or above the substrate 

were enumerated and fry (hereafter referred to as young-of-the-year, YOY) were 

distinguished from parr (hereafter referred to as post-young-of-the-year, PYOY) based on 

a visual estimation of their length. Juveniles smaller than 65 mm in total length were 

considered as YOY while those larger were classified as PYOY, according to Boudreau 

and Bourdages (2000) and Bourdages and Boudreau (2001). Underwater visibility was at 

aIl time more than 8 m on both rivers. 

Data analysis 

The extent to which juvenile salmon were nocturnal was expressed in terms of a nocturnal 

index (Ni): 

where En and Ed are the number of fish observed at night and day respectively (Fraser et 

al. 1993, 1995). Separate nocturnal indices were calculated for YOY and PYOY salmon. 

These indices were calculated at every site for each snorkelling survey. We used X2 

analysis with a two-dimensional contingency table to test the null hypothesis that the 

proportion of fish holding position above the substrate at night was the same for YOY 

and PYOY salmon for each sampling survey. We also employed X2 test for two by two 

comparisons of the proportion of fish holding position above the substrate at night 

between months for YOY and PYOY salmon. Spearman's rank correlation was used to 

test for the presence of a relationship between the nocturnal index and water temperature. 

Statistical analyses were performed using STATISTICA StatSoft, Inc. (1997). 
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5.5 Results 

Water temperature 

During the sampling period comprised between June-26 and October-29 2001, mean daily 

water temperature ranged from 0.5 to 15 oC (Figure 5.3). The majority of snorkelling 

surveys were performed at temperatures between 8 and 12 oC. Temporal variation of 

water tempe rature was comparable on both rivers although the Petite Cascapédia River 

was generally cooler than the Bonaventure River (Figure 5.3 and 5.4). In June, water 

temperature was similar on both streams, but from July to September, water temperature 

was consistently warmer on the Bonaventure River than on the Petite Cascapédia River 

(Figure 5.4). This difference was greater upstream where it reached as much as 5 oC in 

August for sites PC 1 and B3 located at approximately the same distance from their 

respective river mouth. As water temperature became cooler in September and October, 

the difference between the two rivers decreased. 

Snorkelling counts 

During the 105 hours ofunderwater search ofthis study, a total of 1393 juvenile Atlantic 

salmon (934 YOY and 459 PYOY salmon) were observed during the day while 4967 

individuals were observed at night (359 YOY and 4608 PYOY salmon). Observations 

made outside the surveyed sections confirmed that most of the active fish in the sites were 

located in the study sections. On the Petite Cascapédia River, total daily snorkelling 

counts of YOY salmon generally decreased from June to October (Figure 5.5a). On the 

Bonaventure River, counts ofYOY salmon were constant throughout summer but showed 

a marked peak in August at sites B2 and B4 (Figure 5.5c). Between August and October, 

snorkelling counts of YOY salmon decreased steadily at all sites. The total number of 

PYOY salmon observed on the Petite Cascapédia River generally decreased from June to 

October (Figure 5.5b). On the Bonaventure River, total counts ofPYOY salmon showed a 

peak in July at site B4 and in August at sites BI and B3, followed by a steady decrease 

until October (Figure 5.5d). Snorkelling counts of PYOY salmon varied only slightly 

throughout the study period at site B2. On both streams, total counts of both YOY and 
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PYOY salmon showed a steady increase in the downstream direction. Furtherrnore, total 

numbers ofYOY observed were constantly lower than those ofPYOY salmon. 

Analysis of the nocturnal index indicate that YOY salmon were predominantly diurnal in 

summer and became increasingly nocturnal in late summer, while PYOY salmon were 

almost exc1usively nocturnal at aIl times (Table 5.2; Figure 5.6). The proportion ofPYOY 

salmon out at night was consistently larger than that of YOY salmon at aIl sites in June 

and July, except for PCI in June (Table 5.2). From August to October, the disparity 

between nocturnal index ofYOY and PYOY salmon decreased, as YOY salmon switched 

to nocturnal activity (Table 5.2; Figure 5.6). However, on the Petite Cascapédia River, the 

transition to nocturnal activity occurred in July-August at the upstream sites (PCI and 

PC2) while it occurred from August to October farther downstream (PC3 and PC4) 

(Table 5.2; Figure 5.6a). A similar trend was observed at site B3 where YOY salmon 

became increasingly nocturnal one month earlier than at the other sites of the 

Bonaventure River (Table 5.2; Figure 5.6c). For site PCl, fluctuations of the nocturnal 

index are probably due to the low numbers of fish observations from which the index was 

calculated (Figure 5.5, 5.6a).The nocturnal index ofPYOY salmon was always comprised 

between 71.4 % and 100 %. On the Petite Cascapédia River, PYOY salmon were slightly 

less nocturnal in June than in July (Figure 5.6a). On the Bonaventure River, PYOY 

salmon were generaIly less nocturnal in July and August than in June and September 

(Figure 5.6b). A marked difference is observed at site B3 where the nocturnal index 

increased steadily throughout summer (Figure 5.6b). 

For YOY salmon, the switch from diurnal to nocturnal activity occurred at temperatures 

ranging from 7 to 13 oC (Figure 5.7a). Below 7 oC, YOY salmon were completely 

nocturnal while they were predominantly diurnal above 13 oc. Between 7 to 13 oC, a 

duality in the response to temperature is observed. For similar temperatures, YOY salmon 

were almost exc1usively diurnal in early summer (June and July) while they became 

predominantly nocturnal in late summer (August and September) (Figure 5.7a). PYOY 

salmon did not show a strong response to temperature, for the range of water temperature 

documented in this study (Figure 5.7b). However, Spearrnan's rank correlation between 
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the nocturnal index and water temperature at the beginning of the survey was significant 

both for daytime (rs = -0.58, P < 0.01, n = 40) and nighttime temperatures (rs = -0.49, p < 

0.01, n = 40). On the Bonaventure River, PYOY salmon became slightly less nocturnal 

than on the Petite Cascapédia when temperature increased above 10°C (Figure 5.7b). 

5.6 Discussion 

In this study, we observed the diel activity patterns of YOY and PYOY salmon in two 

rivers with summer water temperatures generally ranging from 8 to 12°C, corresponding 

to the threshold temperatures below which diurnal activity has been shown to be 

suppressed (Rimmer et al. 1983; Cunjak 1988; Fraser et al. 1993, 1995; Valdimarsson et 

al. 1997). Our results indicate that YOY salmon were diurnal in summer and switched to 

nocturnal activity in late summer-early fall whereas PYOY salmon were predominantly 

nocturnal throughout the entire study period. Gries et al. (1997) also noted similar 

differences between YOY and PYOY salmon activity patterns in late summer at higher 

water temperature (13 to 23 OC). Diurnal and nocturnal snorkelling counts of other 

salmonids (Salvelinus fontinalis, Oncorhynchus mykiss, Oncorhynchus tshawytscha) and 

a non-salmonid (Catostomus commersoni) revealed similar differences between YOY and 

PYOY activity patterns (Gries et al. 1997; Bradford and Higgins 2001). 

For YOY salmon, a duality in response to temperature is observed between 7 and 13°C. 

At these temperatures, YOY salmon were predominantly diurnal in early summer and 

nocturnal in late summer. Previously, it has been suggested that low water temperatures 

rather than an inherent annual rhythm trigger nocturnal activity (Fraser et al. 1995). 

However, in late summer, Gries et al. (1997) noticed that diel counts of YOY salmon 

were skewed towards nocturnal activity even at water temperatures weIl above 15°C. 

They suggested that within certain seasonal periods and water temperature ranges, factors 

other than water temperature might interact to determine diel patterns of activity. Our 

observations, made over a broader seasonal period, support this point of view. Feeding 

motivation might be involved since it has been shown to de cline steadily from July to 

September regardless of temperature, food supply and competition (Metcalfe et al. 1986; 

Metcalfe and Thorpe 1992). Fish might minimise the costs of obtaining a maintenance 
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ration in late summer, whereas earlier in the summer their strategy may have been one of 

maximizing net intake rate (Metcalfe et al. 1986). The need for growth might overcome 

anti-predation behaviour in early summer even at cool water temperatures while in late 

summer and fall, concern for predation risk increased. 

The diel activity pattern of PYOY salmon was skewed towards nocturnal activity during 

summer and fall on both rivers. Several studies have already reported persistent nocturnal 

activity and feeding for PYOY Atlantic salmon in warm (Gries et al. 1997), glacial and 

subarctic streams (Fraser et al. 1995; Amundsen et al. 1999, 2000) and for other 

salmonids as well (Hillman et al. 1992; Bradford and Higgins 2001). Our results extend a 

growing body of evidence that PYOY salmon display nocturnal activity under a wide 

range of conditions, not only during winter at low water temperature. Although PYOY 

salmon were constantly nocturnal, sorne fluctuations in the nocturnal index were 

observed. The lowest nocturnal index was found in June on the Petite Cascapédia River 

and in July-August on the Bonaventure River. Seasonal fluctuations in nutritional state of 

fishes might account for these results. It has been shown that appetite of age 1 PYOY 

salmon is higher in May, corresponding to the first month in which temperature rose 

above the lower cri tic al level for diurnal activity (Simpson et al. 1996). Fish can become 

hyperphagic to restore fat lost during the course of winter (Higgins and Talbot 1985; 

Cunjak 1988; Bull et al. 1996; Simpson et al. 1996). This could explain why PYOY 

salmon were more diurnal in June on the Petite Cascapédia River, since diurnal feeding 

bouts may allow them to maximize feeding. However, on the Bonaventure River, PYOY 

salmon were even more diurnal later in the summer. Difference in water temperatures 

between the two streams may be sufficiently high to cause a distinction in trends of 

activity patterns. In fact, PYOY salmon of both rivers may maximize feeding in June and 

then, while they adopt a safer feeding strategy on the Petite Cascapédia River, PYOY 

salmon of the Bonaventure River may have to adopt a different strategy due to higher 

metabolic rates. 

The disparity in diel activity patterns displayed by YOY and PYOY salmon can be 

viewed in terms of a trade-off between growth and predation risk. Since the scope for 
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growth declines with increasing body size (Brett and Groves 1979) and predation risk 

may be higher for larger individuals (Cerri 1983), nocturnal feeding activity may offer an 

optimal trade-off for larger fish. Conversely, diurnal feeding activity may be more 

profitable for smaller individuals with higher metabolic rates and lower predation risk. 

The asset protection principle (Clark 1994) predicts that there should be a threshold size 

below which small individuals should adopt a riskier diurnal strategy in order to increase 

their "as set" (i.e., body mass) whereas individuals larger than the threshold size should 

adopt a nocturnal strategy to protect their accumulated "as set" and, hence, future fitness. 

Since we did not measure the size of active fish seen during snorkelling observations, our 

results provide only an indirect support to Clark's principle (1994). Bradford and Higgins 

(2001) measured steelhead trout ( Oncorhynchus mykiss) and chinook salmon 

(Oncorhynchus tshawytscha) juveniles that were out during the day and the night and 

found only weak support for the asset protection principle. They suggested that decision­

making about diel activity patterns might be related to size-independent factors such as 

recent foraging success, exposure to predators and social interactions. However, 

verification of Clark's (1994) asset protection principle by Bradford and Higgins (2001) 

was made by catching only age 0 fishes. Capturing a wider range of age and, hence, size 

could possib1y have led to different conclusions. 

From August to October, we observed a steady decrease in total daily snorkelling counts 

of both VOY and PYOY salmon at all sites. This general decrease in total counts may 

indicate a reduction in the overall activity of juvenile salmon. Riehle and Griffith (1993) 

have also monitored a similar de cline in daytime and nighttime relative densities for 

juvenile rainbow trout (Oncorhynchus mykiss) at decreasing temperatures in fall and early 

winter. They suggested that sorne fish might be sheltering both at night and at day, 

although emigration or mortality may partially account for the diminuti?~ of fish 

numbers. We also noticed that daily total counts of both VOY and PYOY salmon 

increased in the downstream direction. This might be related to stream water temperature 

since temperatures gradually increase from upstream to downstream sites. Higher water 

temperatures may offer better conditions for growth and survival of juvenile salmon. 
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The fact that total counts of VOY salmon were constantly lower than those of PYOY 

salmon, may reflect the lower accuracy of underwater counts for VOY salmon. VOY 

salmon generally tend to select stations in shallow water where snorkelers have difficulty 

to access. This can lead to a constant underestimation of fish numbers (Cunjak et al. 

1988; Hillman et al. 1992). Moreover, VOY salmon might be harder than PYOY to locate 

due to their small size, especially in coarse substrate habitats (Cunjak et al. 1988). 

Another explanation for the low numbers of VOY salmon observed could be that a larger 

proportion of them were constantly sheltering compared to PYOY salmon, which has 

been previously observed by Gries and Juanes (1998). They suggested that intraspecific 

competition for food and space may have caused VOY salmon to occupy refuges to a 

greater extend than PYOY. Bince we did not search for sheltering salmon by overturning 

substrate stones, this hypothesis cannot be confirmed. 

Conclusion 

This study has extended the range of summer temperatures where activity patterns of 

juvenile salmon has been assessed in natural conditions. Our results, in accordance with 

those of other studies (Gries et al. 1997; Valdimarsson et al. 1997; Bradford and Higgins 

2001), show that the relation between temperature and diel activity patterns displayed by 

juvenile salmon is not c1ear-cut and varies with life-stage and season. Within water 

temperatures near the temperature-dependent switch to nocturnal activity, fish must make 

a trade-off according to the relative importance of feeding, growth and predation on 

survival. For VOY salmon, growth appeared to be a major concern in early summer but in 

late summer, they seemed to minimise predation risk by becoming nocturnal. This trade­

off is quite different for PYOY salmon, since avoiding predation seemed to be of greater 

importance than growth. While salmonids are known to defend feeding territories during 

the day in summer (Grant and Kramer 1990) but not during the night in winter nor in 

summer (Fraser et al. 1993; Heggenes et al. 1993; Gries et al. 1997), further investigation 

is needed to understand implications of this behaviour on population dynamics. In 

summer, competition for feeding territories may be a major concern for VOY salmon 

while in winter and, in sorne cases, for the remainder of their in-stream life, competition 

for interstitial refuges may control survival and, hence, the carrying capacity of streams 
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(Annstrong and Griffith 2001). This highlights the fact that suitable substrate composed 

of large and unembedded stones (Rimmer et al. 1983; Cunjak 1988; Gries and Juanes 

1998) is as important in summer than in winter (Gries and Juanes 1998). Thus, carrying 

capacity of streams may be more related to general habitat characteristics and to 

availability of shelters than to feeding territory size (Gries et al. 1997; Bradford and 

Higgins 2001; Annstrong and Griffith 2001). 
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Table 5.1 Physical characteristics of the study sites on the Petite Cascapédia and 

Bonaventure rivers as measured in September 2000. 

Site and Maximum Mean Mean Mean Water Distance to 
section water depth water depth width substrate velocity rIver 

(cm) (cm) (mt diameter classesc mouth 
(cmt {km} 

PC1 R 43 21 34 7.5 1 34 
L 83 44 7.5 2-3 

PC2 R 68 42 
30 

8.0 2-3 
25 

L 87 43 7.5 2 
PC3 R 42 27 

20 
9.0 1 

18 
L 42 26 5.0 1-2 

PC4 R 98 74 
20 

6.0 2 
12.5 

L 50 31 4.0 1 
BI R 68 30 

36 
8.0 1 

56 
L 51 40 10.0 2 

B2 R 63 25 
85 

6.0 1-2 
44 

L 40 27 7.0 1 
B3 R 34 16 

36 
9.0 1 

37 
L 132 47 >12.8 1 

B4 R NA NA 
32 

8.5 NA 
15 

L NA NA NA NA 

a Mean wetted width of the stream at this site 

b Yi suai estimation 

CYisual estimation ofmean water velocity, categorized in three classes: 1) < 10 cm S-I, 2) 

10-40 cm S-1 and 3) > 40 cm S-I. 
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Table 5.2 Noctumal index for VOY and PYOY salmon for each snorkelling survey. 

Asterisks indicate cases where there was a significant difference between the proportion 

ofYOY and PYOY salmon holding position above the substrate at night (Chi-square test 

with a two-dimensional contingency table, df= 1, * P < 0.05 and ** p < 0.01). 

June July August Se.Qtember October 
VOy PYOY VOy PYOY VOy PYOY VOy PYOY VOy PYOY 

PC1 50.0 86.7 16.7 93.8** 100 100 80.0 100** 100 100 
PC2 9.1 96.3** 15.0 100** 100 100 100 100 100 100 

PC3 0.0 91.5** 1.7 99.1** 36.4 100** 93.3 100* 100 100 
PC4 1.3 79.6** 6.8 96.3** 31.7 95.9** 85.7 99.2** 100 100 

BI 0.0 98.8** 0.0 88.3** 31.0 92.2** 75.0 97.7** 100 100 
B2 3.4 95.2** 6.8 83.6** 20.8 82.7** 41.3 88.8** 100 97.2 
B3 3.8 92.1** 31.0 94.1** 75.5 97.4** 82.2 99.1** 100 100 
B4 3.0 85.1** 13.1 72.8** 16.5 71.4** 63.9 98.6** 100 99.3 
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Figure 5.1 Location of study sites on the Petite Cascapédia and Bonaventure River 

(Québec, Canada). (Map was kindly provided by D. Bourdages and É. 

Boudreau, GRSQ) 

Figure 5.2 Schematic representation of surveyed sections (R = right bank and L = left 

bank). 

Figure 5.3 Mean daily water temperature at the upstream and downstream study sites of 

both rivers. (a) Sites PC1 and PC4 of the Petite Cascapédia River and, (b) 

sites BI and B4 of the Bonaventure River. Arrows indicate snorkelling 

surveys and broken horizontallines represent the 8 to 12 oC interval. 

Figure 5.4 Mean water temperature of all sites on (a) June 29, (b) July 22, (c) August 

29, (d) September 27 and (e) October 28 2001, according to their distance 

from river mouth. Water temperature of sites PC1, PC4, BI and B4 were 

taken from therrnographs. Water temperature of sites PC2, PC3, B2 and B3 

were ca1culated from significant re1ationships obtained between 

temperatures measured with a hand-held therrnometer at those sites and 

temperatures recorded by the closest therrnograph. 

Figure 5.5 Total number of (a) VOY and (b) PYOY salmon of the Petite Cascapédia 

River, (c) VOY and (d) PYOY salmon of the Bonaventure River observed at 

each snorkelling survey. 

Figure 5.6 Noctumal index for VOY salmon of (a) VOY and (b) PYOY salmon of the 

Petite Cascapédia River, (c) VOY and (d) PYOY salmon of the Bonaventure 

River at each snorkelling survey. 

Figure 5.7 Relationship between daytime water temperature and the noctumal index of 

(a) VOY and, (b) PYOY juvenile Atlantic salmon. n = 40 for both VOY and 

PYOY salmon. Solid points are corresponding to early summer observations 

(June-July), open points correspond to late summer (August and September) 

while asterisks are for faU (October) observations. 
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