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Annual variation in size-selective mortality of
Atlantic salmon (Salmo salar) fry?

S.P. Good, J.J. Dodson, M.G. Meekan, and D.A.J. Ryan

Abstract: We investigated the size-selective mortality of Atlantic salmBalo salay fry during two consecutive

summers that differed markedly in weather conditions. We sampled fry shortly after emergence in June and at the end
of August to compare the distributions of back-calculated body size at hatching by examining otolith microstructure.
Size-selective mortality was observed in both summers; however, the direction and strength of mortality differed. Dur
ing the drought conditions of 1995, selective mortality was relatively weak and directed towards the smaller fry in the
population. During the flood conditions of 1996, selective mortality was relatively strong and directed towards the
larger fry of the same population. Interannual variability in size-selective mortality contributed to significant differences
in the mean size of fry at the end of their first summer of life. Size-selective mortality rates estimated from the shifts
in fish length at hatching observed during the first summer of life were comparable with published estimates of total
mortality of Atlantic salmon fry, indicating that early mortality may be largely size selective. Mortality associated with
hydroclimatic events can select against either small or large fish and is a key determinant of mean size attained by the
end of the first summer of life.

Résumé: Nous avons étudié la mortalité sélective, en fonction de la taille corporelle, des alevins du saumon de
I’Atlantique (Salmo salay durant deux étés consécutifs dont les conditions météorologiques ont été trés différentes.

Nous avons échantillonnés des alevins apres leur émergence au mois de juin et a la fin du mois d’aodt afin de compa-
rer la distribution de leur taille corporelle a I'éclosion, retrocalculée apres examen de la microstructure de leurs otoli-
thes. Lintensité et la direction de la mortalité sélective selon la taille ont été différentes pour les deux années. Pendant
les conditions de sécheresse en 1995, la mortalité sélective a été relativement faible et a affecté surtout les plus petits
alevins de la population. Pendant les conditions de crue en 1996, la mortalité sélective a été plus forte et dirigée contre
les alevins de plus grand taille de la méme population. La variabilité inter-annuelle de la mortalité sélective a contribué
aux différences significatives de la taille moyenne des alevins observée a la fin de leur premier été de vie. Les taux de
mortalité sélective selon la taille, estimés a partir des changements de taille corporelle a I'éclosion entre juin et ao(t,
sont comparables aux estimations de la mortalité totale des alevins du saumon de I'Atlantique déja publiées. Ceci sug-
gére que la mortalité subie t6t dans la vie pourrait étre sélective surtout en fonction de la taille. La mortalité associée
aux événements hydroclimatiques peut étre dirigée contre les petits ou les grands alevins et détermine la taille moyenne
gue les jeunes saumons peuvent atteindre a la fin de leur premier été de vie.

Introduction ble prey (Parker 1971; Juanes 1994). On the other hand,
predators may preferentially choose larger juveniles, possi
It is generally thought that larger and faster growing juve bly due to the higher visibility and larger net energy gains
nile fish are more likely to survive, with mortality being-di associated with consuming larger prey (Pepin and Shears
rected towards smaller, slower growing fish. Smaller fish arel995; Gleason and Bengtson 1996 99@).
more susceptible to starvation and predation. Due to their In the first few weeks after hatching and emergence from
lower social status and smaller size, they are often unable tde redd, young salmonids undergo size-selective mortality.
successfully compete for food or shelter from predatorsEvidence for this process is derived from two sources:
(Miller et al. 1988). Predators of young fish are thought tofirstly, studies that have followed the fate of marked or
preferentially seek out and consume smaller, more vuinersknown individuals (e.g., Elliott 1990), and secondly, growth
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histories that have been back-calculated from otoliths of fisindependent estimates of total mortality among salmon fry.
where a single population or cohort has been repeatedlfgstimates of size-selective mortality rate comparable with in
sampled through time (e.g., West and Larkin 1987). In alldependent estimates of total mortality rate would indicate that
cases, the selection documented by these studies has bewnrtality was largely size selective. Such a demonstration
unidirectional, so that salmonids that were relatively small atvould also refute the notion that shifts in the distribution of
hatching have undergone higher mortality than those thagize at hatching between samples taken on two separate occa
were large at hatching. sions may occur as a result of selection based on traits other
Behavioural studies of growth and size-selective mortalitythan size (Mosegaard 1990; Metcalfe et al. 1992; but see
in salmonids have focused on the role of dominance statulleekan et al. (1998 199&) for an alternative view).
and competitive ability. Larger, faster growing fish occupy
and defend the most profitable territories in the stream
while slower growing fish are forced into less suitable habi
tats and may eventually die (Elliott 1989198%). This pro Study site and sample collection

cess may not only influence mortality rates, but also the life " Ayantic salmon fry were sampled in the Ste-Marguerite River
history patterns of surviving fish. Individuals that are supe system in eastern Québec, Canada, during the summers of 1995
rior competitors and thus grow fastest may migrate to sea abind 1996 (Fig. 1). Fry were collected from spawning/nursery
ter only 1 year in freshwater, while slower growing fish grounds shortly after emergence and at the end of the summer.
delay migration, remaining in freshwater for at least a-secSpawning ground substrate was composed primarily of small
ond year (Thorpe 1977, 1989; Wright et al. 1990). gravel particles (diameter ranging from 20 to 30 mm) and of dis

It is unlikely, however, that behavioural traits are the solePersed small boulders located mainly at the tails of pools and near
factors influencing mortality, as the environment experi the beginning of riffles. They are characterized by shallow (10—

. : : 40 cm deep) and moderately fast running (50 ci-water (re
aned_ by young fish may be an.|mportant determln:_:mt of th(?/iewed in Stanley and Trial 1995). Nursery grounds are located in
intensity and nature of mortality. Numerous studies hav

. - Slower running water (end of riffles) where food is abundant and
shown that meteorological and hydrological events can creye| distributed in the water column. Sampling was conducted at
ate environments that are unfavourable to early life historythree spawning/nursery sites in 1995 and five such sites in 1996,
stages, so that only certain size-classes of fish survive. Fawo of which corresponded to sampling locations in 1995. In 1995,
example, Uphoff (1989) found that rainfall during the early the three sites were located on the northeast branch at kilometre 6
postlarval stage of striped badddrone saxatili} increased (NE 06) just below a migratory fish ladder and on the principal
mortality among smaller individuals. Similarly, Logan branch at kilometre 35 (PR 35) and kilometre 58 (PR 58). In 1996,
(1985) found that increased flow and decreased water tenfites NE 06 and PR 58 were resampled. The spawning/nursery site

peratures in the Hudson River negatively affected the growtfiPcated at PR 35 was abandoned in 1996, as stocking of fry pro-
c’uced in an in situ incubator may have confounded comparisons of

of Iarva_l striped ba_ss. Fish that had not y_e_t reached a Cm.lcq‘sh length distributions at hatching calculated for fry sampled at
body size for s_urV|vaI under these cond_ltlons suffered h'ghemergence and again at the end of the summer. We thus sampled
levels of mortality. In contrast, Angermeier and Karr (1984) gownstream at the next spawning/nursery area located at kilometre
and Pearsons et al. (1992) suggested that during floog7 (PR 27). New sites were added on the northeast branch at
events, size-selective mortality of stream fishes might be dikilometre 28 (NE 28) just below the upstream limit of salmon mi
rected towards larger members of a cohort, as they may bgration and on the principal branch at kilometre 81 (PR 81). At
unable to occupy habitats that provide physical barriers t@ach site, 20 fry were collected shortly after emergence at the end
high water velocity. of June and then again at the end of August by electrofishing a
At present, few studies have examined the importance cf0 19T (0 * 50 1 Wl BALOer e SEATIGITSE SN
enw_ronmental Condltllons In d(_atermlnlng the_ extent and. di second 100-rhgrid was laid out. In the laboratory, fish were mea
rection o_f size-selective mortality during the. first year of life sured using a dissecting microscope and image analysis system.
of Atlantic salmon Salmo sala)y. Here, we investigate the
size-selective mortality of salmon fry during two consecutive
summers that differed markedly in weather conditions. i or Left and right sagittal otoliths were removed from fish under a

der to detect selective mortality, we back-calculated fish Siz@jissecting microscope equipped with a polarized light source. Oto
at hatching from the otoliths of salmon cohorts samplediths were cleaned and glued to glass slides with Super Glue
shortly after emergence at the end of June and again in la®nce dry, they were ground on lapping film to the plane of the core
August during the summers of 1995 and 1996. Shifts in disand viewed using a compound microscope linked to an image anal
tribution of size at hatching between June and August-sanysis system (OPTIMAS). Growth increments were counted and
ples were used as evidence that the cohort had undergomeeasured along a constant axis from the centre to the edge of the

selective mortality (e.g., West and Larkin 1987; Meekan etotolith. The area within the hatch mark and the total area of the
al. 1998, 199%). otolith were also measured.

Materials and methods

Otolith preparation

Total mortality is composed of size-selective mortality )
and random mortality. Random mortality is the process ofPata analysis
removing fish from the population that is not related to size.g, . calculation and size-selective mortality
Few studies have attempted to evaluate_the relative impor The standard lengths of young salmon at hatching and yolk sac
tance of these two sources of mortality in salmon popula gpsorption were back-calculated from fish collected in June and
tions. We estimated the levels of size-selective mortalityaugust of 1995 and 1996 using the biological intercept technique
required to produce the shifts in the distribution of size atCampana and Jones 1992). The assumptions of the back-
hatching documented in our study and compared them witlkalculation technique (daily increment formation and proportional
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Fig. 1. Location of the Ste-Marguerite River, Québec, Canada, identifying the sites sampled in the summers of 1995 and 1996.
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ity between the otolith and somatic growth) have previously beerwherer; is the probability of a fish occurring in thigh size-class
validated for Atlantic salmon fry in the weeks immediately follow- at hatching j( = 1,...,k), k is the number of size-classes in thh

ing hatching by Meekan et al. (1988 They also demonstrated time period ( = O, prior to the period of interest, or= 1, after the
that distinctive checks are laid down on the otoliths of youngperiod of interest)p; is the total number of fish captured in tith
salmon at hatching and then again at yolk-sac absorption, allowingeriod, andy; is the number of fish captured in tfith time period
the timing of these events to be determined. In young Atlanticthat were in size-clasp at hatching. Since the same cohort was
salmon approaching the end of their first summer of life, daily in- sampled in both time periods, the probability of a fish originating
crement formation and proportionality between otolith and somatidrom hatch size-clasgat time 1 must be related to the probability
growth were validated by Wright et al. (1990). However, they alsoof a fish originating from hatch size-clagat time 0 and the proba-
found that otolith and somatic growth might not be proportional in bility of a fish surviving. The relationships between these variables
fish undergoing smoltification. In the Ste-Marguerite River system,were modelled as

no young salmon undergo smoltification at the age of 1+.

A two-factor analysis of variance (ANOVA) was used to evalu Ty = mo S R
ate changes in size-selective mortality between years. Site was in ! Zk 15:S R
cluded as a blocking effect, allowing for consistent differences in j=0 o

size at hatching between sites. Year (1995 or 1996), sampling pe . .

riod (June or August), and the interaction between year and sampl¥h€reS represents the probability that a fish of hatch sizr
period were included to test for changes in the size at hatching duélves all size-selective mortality ani represents the probability
to the main effects of year, sampling period, and, most importantlyt_hat a fish survives all nonselective (random relative to the size of
the interaction between year and sampling period. The interactiofish at hatching) mortality that occurs during the period of observa

is the most important term because it tests for changes in selecti¢n- For the purposes of this stud§}, was modelled as a mono
mortality between years adjusted for differences between sitedOniC sigmoid curve:

Comparisons of the means were carried out using the pairtvise e‘“ﬁxi
tests at the 5% level of significance, only if the overall comparison SJ. = B
of the interaction or main effects were significant at the 5% level 1+ %P

(Steel and Torrie 1981). A residual analysis was carried out to en
sure that there was no evidence that the assumptions of ANOVAvhere the parametecsandf3 corresponded to the level and rate of
were violated. change of the curve, respectively. In this case, a large positive
value off indicates a severe positive size-selective process, while a
Generation of survivorship curves and mortality estimates zero value of3 indicates that mortality is not size selective.
Frequency distributions of size at hatching of fish collected in N this model, only the product d§R can be estimated, since

June and August were modelled as the product of two multinomialVithout knowledge of the process causing the death of an individ
distributions: ual fish, § and R cannot be estimated. However, if it is assumed

thatR = 1.0 (i.e., that the cohort undergoes only size-selective mor
L(r T T Tq) tality), then the maximum amount of selective mortality that can
O+ 200 BAL e T K occur for a given size-classSf) can be estimated.
( No ] v v ( n J y y Survivorship curves and estimates of size-selective mortality
= Tof - T T{i'...T*  were modelled for the data sets from each site in both years of the
You--- Yok Yii--+s Y study as well as for data sets pooled within years. From each of
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Table 1. Average monthly precipitation, river discharge, and air temperature for the Ste-Marguerite River.

Average precipitation (mm) Average discharge®{sm) Average temperature (°C)

1974-1994 1995 1996 1974-1994 1995 1996 1974-1994 1995 1996
Jan. 78.9 107.0 74.0 7.56 11.81 85.31 -10.9 -8.4 -12.4
Feb. 62.5 89.0 126.0 6.11 8.43 75.40 -8.4 -10.2 -9.7
Mar. 56.7 99.0 10.0 5.94 5.90 67.24 -5.4 -5.7 -5.0
Apr. 71.4 102.0 142.4 4471 23.96 102.16 7.6 5.7 7.4
May 103.2 115.2 89.8 111.59 134.72 135.26 154 15.2 16.1
June 105.5 43.0 91.6 42.13 41.01 na 20.8 24.9 23.4
July 131.8 83.0 303.7 29.02 12.17 148.82 23.2 26.2 22.9
Aug. 1125 160.0 29.6 22.44 6.04 29.08 21.8 25.1 24.7
Sept. 117.7 113.3 149.2 22.17 8.85 36.03 15.6 16.1 18.2
Oct. 105.9 99.7 135.0 32.95 33.54 na 8.8 12.3 9.0
Nov. 93.8 62.0 131.4 25.12 50.17 na 4.0 4.2 5.8
Dec. 99.2 43.0 114.0 14.12 87.11 na —-7.5 7.4 -4.9

Note: May—August represent summer values. na, not available.

Fig. 2. Correlation between standard length of Atlantic salmon Estimates were calculated for each of the 1000 bootstrap samples
fry and otolith radius for 1995 and 1996. and the median, 5th, and 95th percentiles then calculated for each
site and for each year averaged among sites.

60
y=0.074x +9.834; r2=0.85
55 Results
1 L]
50 Environmental conditions
fé 45; Weather patterns during the summers of 1995 and 1996
= ] were among the most distinct ever recorded in the Saguenay —
= 404 Lac St. Jean region of Québec (Table 1). Drought-like condi-
< ] tions occurred during much of the spring and summer of
2D 35 1995. Air temperatures in June through August were several
2 1 degrees higher than the average for the previous 20 years
= 304 (1974-1994). Average monthly precipitation was low, espe-
S 25; cially during June and July, resulting in a severe reduction in
= ] river flow from mid-June until the end of September. In con-
A 20 o trast, the largest flood event in Québec’s recorded history oc-
] curred on July 20, 1996. In 1996, rainfall for the month of
151 June was more than double that of June 1995, and July’s rain
. fall was almost four times that of July 1995 and twice that of
10 ey SRR AR RS R the previous 20-year average. As a result, river discharges for

150200 250 300 350 400 450 500 550 600 July and August 1996 were 12 times and five times more than
in July and August 1995, respectively (Table 1).
Total otolith radius (um)
Otolith and somatic growth
There was a strong correlation between otolith radius and
these data sets, 1000 bootstrap samples were generated and §@ndard length of young salmon in both years of sampling.
size-selective survivorship curve estimated using a grid searcAs an analysis of covariance found no significant differences
(Draper and Smith 1981) for the parameterandp. The parame  between regression lines calculated for each ypar .35),
tersm; were not included in this process, as this would have re data sets were pooled and a single regression calculated
quireof a grid search of 14 parameters, which was beyond ther? = 0.85,n = 316) (Fig. 2).
computational resources available to the study. While alternative
techniques of maximizing likelihoods were examined, (e.g., gradig

. : riability in size-selective mortality
gzterggmgtcéss)., these were rejected because they failed to conver gStandard lengths at hatching were back-calculated for fish

The maximum mortality (MM) undergone by a cohort was-esti collected in June and August for both 1995 and 1996. Back-
mated from the following equation: calculation results revealed significant shifts in standard
length and otolith radius at hatching between the June and

August samples for both years of sampling (Fig. 3). In 1995,

k
Z Sj'moj mean otolith radius at hatching of fish sampled in June was

MM, = 1=t 93.26um (SE = 1.7um), while August fish had a larger mean
! k otolith radius at hatching of 99.64m (SE = 1.7um). During
ZTCOj the following summer, this pattern was reversed, with the
j=1 otolith radius at hatching of fish collected in June averaging
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Fig. 3. Comparisons between the size distributionsaf(db) standard length anct @ndd) otolith radii at hatching for Atlantic salmon
fry sampled in June (thin lineg) = 57 in 1995 anch = 99 in 1996) and August (thick linesy = 63 in 1995 anch = 97 in 1996).
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100.9um (SE = 1.2um) and of those collected in August-av within each year (Table 2; Fig. 5). The slope of survivorship
eraging 82.3um (SE = 1.2um) at hatching. Corresponding curves tended to be more gentle in 1995 than in 1996; indi
shifts were also recorded in average standard length at-hatcbating that the gradient in survivorship between large and
ing between these months (Fig. 3). The two-factor ANOVAsmall individuals (i.e., size selectivity) was relatively weak
revealed significant changes in back-calculated otolith radiug 1995. When size-selective mortality is weak, a smalkpro
and fish length due to the interaction between year and sanportion of the bootstrapped estimates of size-selective- mor
pling period ¢ < 0.0001). There were thus significant tality rates may be close to zero. As a result, the distribution
changes in selective mortality between years adjusted for difof mortality estimates in 1995 was strongly bimodal for PR
ferences between sites. Mean size (otolith radius and standa8® and weakly so for NE 06, the first mode being close to
length) at hatching for fish collected in June and August werezero. As a result, large error estimates for survivorship
significantly different in both yearsp(< 0.001). curves and mortality rates were estimated in 1995 (Table 2;
The change in the direction of size-selective mortality ofFig. 5). Therefore, although mortality rates estimated from
salmon fry from 1995 to 1996 contributed to large differ combining all sites sampled in 1995 revealed that fry- suf
ences in the size distributions of fry at the end of the sumfered a median mortality rate of 58% between June and Au
mer (Fig. 4). The 1995 cohort attained a significantly greategust (Table 2), the 5th and 95th percentile limits indicated
mean size by the end of their first growing season than didhat size-selective mortality rates between 26 and 78% could

the 1996 cohort (ANOVAp < 0.0001). have been responsible for the observed shifts in otolith size
at hatching between June and August.
Survivorship curves and mortality rates In contrast, the slope of survivorship curves tended to be

Patterns in survivorship were consistent among sitesnore pronounced in 1996 than in 1995, indicating that size-
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Fig. 4. Percent frequency of occurrence for Atlantic salmon
(a) standard lengths andb) otolith radii observed at the end of

the summer (August) for both 1995 and 1996 sampling periods.

The thin lines represent 1995 € 63) and the thick lines repre
sent 1996 1t = 97).

Can. J. Fish. Aquat. Sci. Vol.

58, 2001

Table 2. Estimated summer mortality rates (median,
5th, and 95th percentiles) of Atlantic salmon fry

sampled at three sites in 1995 and five sites
and overall estimates within years in the Ste-
Marguerite River.

in 1996

% Frequency of occurrence

40

a 1996 Mean >
36 37.50

1995 Mean

329 41.86
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16

0T T
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T T
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Observed standard length at
the end of the summer (mm)

36
2| b)

28

1996 Mean

36487 T~

1995 Mean
433.95

!

24
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16 -

12 4

T T T \
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Observed otolith radius at the
end of the summer (um)

Site Year Median 5% 95%

NE 06 1995 0.592 0.050 0.857
PR 58 1995 0.594 0.260 0.864
PR 35 1995 0.740 0.000 0.894
Overall 1995 0.581 0.266 0.789
NE 06 1996 0.732 0.470 0.906
PR 58 1996 0.814 0.608 0.948
PR 27 1996 0.979 0.951 0.994
PR 81 1996 0.818 0.629 0.954
NE 28 1996 0.802 0.395 0.949
Overall 1996 0.818 0.729 0.884

Discussion

High levels of size-selective mortality occurred among the
fry of Atlantic salmon sampled in the Ste-Marguerite River
during the summers of 1995 and 1996. However, the direc-
tion of size-selective mortality reversed over the two years of
the study. In 1995, salmon fry sampled in August were sig-
nificantly larger at hatching than those sampled in June, in-
dicating that mortality rates were greater for the smaller
individuals in the population. This observation conforms to
the widely held view that large size is more advantageous to
survival of young fish than small size (e.g., the bigger-is-
better hypothesis; Miller et al. 1988). It is also consistent
with the observation that mortality rates were greater for the
smaller individuals of a cohort of sockeye salmddngo-
rhynchus nerkp (West and Larkin 1987; Meekan et al.
1998%). However, the bigger-is-better hypothesis was not
supported by results from the summer of 1996. In that year,
fish collected in August were significantly smaller at hatch
ing than those collected in June, implying that there was rel
atively strong selection against larger individuals over the
summer of 1996.

Gleason and Bengston (1996provided additional evi
dence that bigger is not necessarily better for the survival of
young fishes. These workers found that size-selective preda
tion by juvenile bluefish Pomatomus saltatrixwas consis
tently directed towards the larger individuals of a population
of inland silverside lenidia berylling. Their results imply
that the outcomes of size-selective mortality may vary due to
the identity of the prey and the foraging tactics of the preda

selective mortality was relatively stronger in 1996. The-dis tor. The results of our study are novel, however, in that they
tributions of bootstrapped estimates of size-selective mortaldemonstrate that the direction of size-selective mortality can
ity rates for individual and combined sites were unimodalalso differ between years for the same population.

and error estimates were narrower for survivorship curves As patterns of survivorship were consistent among sites
and mortality rates calculated from sites sampled in 199@vithin years, the contrasting patterns of size-selective-mor
(Table 2; Fig. 5). Overall estimated mortality rate in 1996tality documented between 1995 and 1996 occurred at the
revealed that the cohort suffered a median size-selectivecale of the entire river. For this reason, it seems likely that
mortality rate of 82% between June and August (Table 2)the major changes in weather and river flows that occurred
The 5th and 95th percentile limits indicated that size-between the two years were responsible for the different
selective mortality rates between 72 and 88% could havenortality patterns. Numerous studies have demonstrated that
been responsible for the observed shifts in otolith size ativer flow is an important factor directly influencing the sur
hatching between June and August 1996.

vival of the early life history stages of fluvial fishes. Crecco
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Fig. 5. Estimated survivorship curves of Atlantic salmon fry sampled from the Ste. Marguerite River in 1995 and &)99E. (6;
(b) PR 35; €) PR 58); ) NE 06; €) PR 27; § PR 58; @) NE 28; () PR 81. Dotted lines represent the 5th and 95th percentiles.

(a) 1995 (d) 1996

14 16 18 20 (2)
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and Savoy (1987) showed that temporal changes in rivefry survival and year-class strength (Frenette et al. 1984;
flow and temperature coincident with early larval develop Gibson and Myers 1988; Jensen and Johnsen 1999).

ment regulated the feeding success of American shiasé It is possible that the unusually dry conditions of 1995
sapidissima They found that 80-87% of the annual vari may have accentuated mortality among the smallest salmon
ability in recruitment over a 14-year period was explainedfry. Tremblay et al. (1993) studied habitat use by Atlantic
by variability in May and June River flows and monthly salmon fry in the Trinité River on Québec’s North Shore.
rainfall. In the case of Atlantic salmon, river discharge-dur They found that habitat preferences were strongly size de
ing the weeks and months following emergence influencependent. Small salmon fry (30-40 mm) occupied shallow
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riffle areas, while larger fry (40-50 mm) occupied the rable with independent estimates of total mortality rate. Di
deeper channels. In the Ste-Marguerite River, low-flowrect estimates of total mortality of salmon fry are available
conditions in 1995 caused riffles to become shallower tharior fry that have been stocked as part of restoration and en
normal, or even completely exposed. The smaller fry thahancement programs for Atlantic salmon. In a tributary
occupied these areas may have been forced into deepstream of the Connecticut River, fry measuring between 25
channels with the larger fry. More intense competition be and 32 mm released in May at densities of between 100 and
tween salmon in these habitats may have increased the mat50 fry-100 m? experienced summer mortalities of 65% in
tality rate of smaller, competitively inferior fish. 1982, 98% in 1983, 82% in 1984, and 72% in 1985 (Orciari

In contrast, smaller fry had the advantage during the maet al. 1994). Excluding the very high mortality of 1983 asso
jor flood of 1996. During floods, fish may seek refuges thatciated with the stocking of fry from an Icelandic stock, the
provide barriers to high water velocity (Angermeier andmean summer mortality of stocked Penobscot-strain fry
Karr 1984; Pearsons et al. 1992; Lonzarich and Quinrmeasured over a period of 3 years was 73% (SD = 8.5%). In
1995). We know from trap net samples taken in the estuaryhe West River, Vermont, fry measuring 25-30 mm were re
that large numbers of 1+ and 2+ parr were swept out of thdeased during May in successive years at densities ranging
Ste-Marguerite River by the 1996 flood (J. Dodson, CIRSA,from approximately 50 to 150 fry-100 ¥ These cohorts
unpublished data). Large fry may have suffered a similaexperienced summer mortalities of 85% in 1984, 94% in
fate but were too small to be captured in our trap nets. AsL985, and 83% in 1986 (McMenemy 1995). Stocking at
small fry may have already been associated with the-shamuch lower densities (approximately 30 fry-1002nre-
lowest riffles, these fish may have been spared the strongestilted in a mean summer mortality of 58% (SD = 8.1%)
currents occurring in deeper channels. Alternatively, theyover a 5-year period. It is obvious that comparisons between
may have been able to exploit refuges from the current thathese measurements and our estimated mortality rates are con
were unavailable to larger fish due to their size. founded by various factors (e.g., differences in years of ebser

Irrespective of the mechanism involved, it is evident thatvation and environmental conditions, the use of hatchery-
selective mortality can influence the mean length attained byeared as opposed to naturally produced fry, and different
young salmon at the end of the summer and thus their redates of sampling and release). Nevertheless, in the absence
cruitment to later life history stages. There is evidence thadf more appropriate in situ measurements of fry mortality,
this process plays a similar role in other species. Cargnell$ize-selective mortality rates estimated from the shifts in
and Gross (1996) found that overwinter survival of large-otolith and fish size distributions at hatching documented in
bodied young-of-the-year bluegillLépomis macrochirys the present study were within the range of total mortalities
was 231% higher than for fish that were comparatively smalmeasured in the field. The approximate agreement between
at the end of their first summer of life. This survival trans- observed total mortalities and our estimates of maximum
lated into higher recruitment rates of large individuals to thesize-selective mortality indicates that total mortality rates of
population the following year. Similarly, Grifiths and salmon fry may be largely size selective.
Kirkwood (1995) found that overwinter survival of roach  Our results show that the prevailing view that size at age
(Rutilus rutilug and perch Rerca fluviatilig was highly de- in young salmon is largely controlled by competitive ability
pendent on size at age at the end of the summer. acting on growth rate is overly simplistic. Regardless of in

The apparent difference in growth rate that we observedierent superiority, mortality associated with hydroclimatic
between years was a reflection of the size-selective mortalitgvents may select against either small or large fish and is a
that was imposed each year. It appeared that fish sampled key determinant of mean size attained by the end of the first
1995 had higher growth rates than fish in 1996; however, sesummer of life and subsequent recruitment to the older life
lection was against smaller fish in 1995 and larger fish inhistory stages of Atlantic salmon.
1996. Therefore, growth rates were high in 1995 because
larger, faster growing fish survivgd, while in 1996,. growth Acknowledgements
rate was low because the small fish were the survivors. Al
though variables such as temperature and food availability The authors wish to acknowledge the assistance of Dany
influence growth, individual members of a cohort sampled aBussiére (CIRSA station manager and research coordinator)
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selective mortality imposed on the population at an earliefor field sampling. Funding of this project was provided by
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in part be related to the observation that survival advantages
accrue to either faster or slower growing fish depending o
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