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244 Age et longueur a maturité

Pendant le retrait massif du meunier noir, des diminutions significatives de 1’age a
maturité ont été observées chez les deux espéces et dans tous les lacs, sauf pour 1’omble
de fontaine au lac Des fles. La diminution de I’4ge 4 maturité chez les deux espéces est
en lien avec leur augmentation de croissance pendant le retrait massif du meunier noir.
La maturité sexuelle est reliée a 1’atteinte d’une taille particuliere plus qu’a I’atteinte
d’un age spécifique (Tallman et al. 1996). Par conséquent, la diminution de 1’dge moyen
a maturité est reliée a des augmentations au niveau de la croissance et donc, a une
diminution du temps requis pour atteindre la taille minimale pour la reproduction.
Rochet (1998) a également démontré que des taux de croissance plus élevés sont
associés a des dges & maturité plus bas. Au lac Des fles, le fait qu’il n’y a pas eu de
changement significatif au niveau de 1’dge a maturité de ’omble de fontaine pendant le
retrait massif peut étre expliqué par une proportion plus grande des individus plus vieux
dans nos échantillons. Puisque que la taille des échantillons était trop faible pour I’omble
de fontaine dans ce lac, nous n’avons pas été en mesure de déterminer s’il existait des
différences au niveau de la croissance de ces individus pendant le retrait massif du

meunier noir,

Des changements significatifs au niveau de 1’dge moyen a maturité ont été
observés aprés 1’arrét du retrait massif du meunier noir au lac Claudette seulement: cette
variable a diminué chez le meunier noir et a augmenté chez ’omble de fontaine. Au lac
Claudette, ou I’intensité du retrait massif a été le plus intense, aucun changement n’a été
observé au niveau de la croissance du meunier noir aprés 1’arrét du retrait massif. Cela
suggere ’existence d’un délai dans la réponse du meunier noir (au niveau de la
croissance et de 1’3ge a maturité) face aux changements dans la compétition
intraspécifique. L’augmentation de 1’4ge moyen a maturité chez I’omble de fontaine au
lac Claudette pourrait aussi étre expliquée par la proportion plus grande des individus
plus 4gés dans notre échantillon apreés 1’arrét du retrait massif du meunier noir, comme le
suggére la diminution du recrutement de I’omble de fontaine dans ce lac aprés cette

période.
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Dans la plupart des cas, la longueur & maturité n’a pas changé au cours de la
biomanipulation, supportant que la maturité sexuelle est reliée a I’atteinte d’une taille
particuliére plus qu’a I’atteinte d’un 4ge spécifique (Tallman et al. 1996). Cependant,
puisque nous avons utilisé la longueur moyenne de tous les individus matures, plutét que
la longueur moyenne des individus au moment ou ils atteignent la maturité, les
variations observées peuvent avoir été causées par la méthode utilisée. Les variations
observées pendant le retrait massif du meunier noir dans les lacs Claudette et Des Iles
pourraient étre attribuées & une augmentation du recrutement. Une augmentation du
recrutement induit une augmentation de la proportion des individus matures de petite
taille, qui a sont tour engendre le calcul d’une longueur moyenne 4 maturité plus petite.
Aprés I’arrét du retrait massif du meunier noir, I’augmentation de la longueur moyenne 2
maturité chez 1’omble de fontaine au lac Claudette pourrait étre expliquée par

I’augmentation de la croissance chez les individus plus agés.
2.4.5 Investissement reproducteur de ’omble de fontaine

Pendant le retrait massif du meunier noir, ’omble de fontaine a produit un plus
grand nombre d’ceufs, mais de plus petite taille, comparé a la période avant le début de
la biomanipulation. Le contraire s’est produit apres 1’arrét du retrait massif (I’omble de
fontaine a produit un plus petit nombre d’ceufs mais de plus grande taille). Puisque des
juvéniles plus gros proviennent d’ceufs plus gros, et que les juvéniles de plus grande
taille ont de meilleures chances de survie aprés 1’éclosion que les juvéniles de plus petite
taille (Hutchings 1991), ces observations suggérent que pour I’omble de fontaine, des
augmentations au niveau de la compétition interspécifique sélectionnent pour la
production d’un plus petit nombre d’ceufs mais de plus grande taille. Les effets de la
disponibilité de la nourriture et de la taille des ceufs sur la survie des ombles de fontaine
juvéniles entrainent des différences au niveau de la taille optimale des ceufs pour des
environnements qui différent au niveau de ’abondance des ressources alimentaires
(Hutchings 1991). Dans une étude sur le saumon atlantique, il a été suggéré que les
femelles démontraient une plasticité phénotypique en réponse aux opportunités

d’alimentation probables qu’allaient rencontrer leur progéniture (Jonsson et al. 1996).
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Par conséquent, dans des environnements o la nourriture est facilement accessible, la
taille des ceufs a tendance a étre plus petite alors que le contraire se produit dans des
environnements ou la nourriture est moins disponible. En plus de la disponibilité de la
nourriture, plusieurs études ont démontré I’influence du taux de croissance sur la
fécondité des poissons. La production d’un plus grand nombre d’ceufs a généralement
été jugée avantageuse 13 ou, a cause d’une abondance plus élevée de nourriture, les taux
de croissance des juvéniles étaient plus élevés, tandis que des ceufs plus gros étaient
favorisés 1a ou les taux de croissances étaient plus faibles (Bagenal 1969; Ware 1975;
Thorpe et al. 1984; Jonsson et al. 1996, Lobon-Cervia et al. 1997). Ces résultats
suggerent que pour I’omble de fontaine, les variations au niveau de la compétition intra-
et interspécifique au cours de la biomanipulation du meunier noir, de méme que les
changements au niveau de la disponibilité de la nourriture et des taux de croissance,

étaient responsables des compromis observés entre la taille et le nombre d’ceufs.

Le poids moyen des gonades a diminué dans les lacs Mastigou et Claudette aprés 3
ans de retrait massif du meunier noir. Hutchings (1991) a montré que de faibles
abondances de nourriture représentent un facteur sélectif favorisant ’attribution d’une
plus grande proportion de tissus corporels aux gonades en sélectionnant pour des ceufs
plus gros. Ces résultats suggérent que les diminutions initiales au niveau du poids des
gonades des ombles de fontaine pourraient étre liées a 1’augmentation de la disponibilité
de nourriture résultant de la diminution de la compétition intra- et interspécifique aprés 3
ans de retrait massif du meunier noir, et donc, des diminutions au niveau de la taille des
ceufs de I’omble de fontaine. Aprés 6 ans de retrait massif, une augmentation du poids
des gonades de I’omble de fontaine a été observée au lac Claudette. Tandis qu’une
augmentation significative du nombre d’ceufs d’omble de fontaine a été observée dans
ce lac, aucun changement significatif de la taille des ceufs n’a été noté. Cette
augmentation au niveau du poids des gonades pourrait étre liée au surplus d’énergie relié
a la diminution de la compétition interspécifique par le meunier noir et I’augmentation
simultanée de la disponibilité de la nourriture et de la croissance. 11 a été démontré que la
croissance des poissons est réduite en présence d’espéces compétitrices. Mittelbach

(1988) et Osenberg et al. (1992) ont observé que la croissance des crapets-soleil
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juvéniles était réduite en présence de crapets arlequins, Fox (1994) a montré que ces
diminutions de croissance étaient associées a une maturité retardée et un effort
reproducteur plus faible. Ces résultats suggérent que pour ’omble de fontaine, les
diminutions au niveau de la compétition interspécifique aprés 6 ans de retrait massif du
meunier noir, de méme que les augméntations de croissance qui en découlent, sont
responsables de la maturité précoce et des augmentations du poids des gonades.
Cependant, aucun changement significatif dans le poids des gonades n’a été observé
aprés I’arrét du retrait massif du meunier noir. Cela pourrait étre relié au délai dans la
réponse de ’omble de fontaine a I’augmentation de la compétiton interspécifique.
Tandis que de légeéres diminutions ont été observées au niveau de la croissance de
I’omble de fontaine aprés I’arrét du retrait massif du meunier noir, ces petits
changements, combinés a I’augmentation lente de la compétition interspécifique,
peuvent ne pas avoir été suffisants pour induire une réponse significative au niveau du

poids des gonades d’omble de fontaine.

En conclusion, cette étude a montré que le meunier noir et 1’omble de fontaine
affichent des réponses compensatoires au niveau du recrutement, de la croissance, de
I’dge a maturité et de ’investissement reproducteur (omble de fontaine) suivant une
réduction de la compétition intra- et interspécifique. Nos résultats, obtenus a 1’aide d’un
gradient de retrait massif, tant au niveau du temps que de I’intensité, supportent que le
succeés d’une biomanipulation dépend principalement de ’intensité ‘du retrait massif
(Colby et al. 1987; Meronek et al. 1996; Brodeur et al. 2001). De plus, en produisant un
gradient positif, suivi d’'un gradient négatif, dans I’intensité du retrait massif du meunier
noir, nous avons été en mesure de tester les effets des variations au niveau de la
compétition intra- et interspécifiquewe sur différentes caractéristiques démographiques

de deux especes.
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3.1 ABSTRACT

The goal of this study was to quantify white sucker and brook trout responses to 6-
9 yr of white sucker mass removal in three lakes and to the cessation of this
biomanipulation in two 6f these lakes. There was a general decrease in the abundance
and biomass of white sucker, a general increase in the abundance and biomass of brook
trout, an increase in the recruitment and growth of white sucker and brook trout, and a
decrease in the age at maturity of both species during mass removal. After the end of
white sucker removal, the recruitment increased in white sucker and decreased in brook
trout, and the growth and age at maturity of both species decreased. Brook trout females
produced a larger number of eggs but of smaller size during mass removal and the
reverse occurred after the cessation of white sucker mass removal. This study, based on
a gradient of mass removal in time and intensity, enabled us to test the effects of intra-

and interspecific competition on the life-history traits of both species.
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3.2 INTRODUCTION

Originally developed by Shapiro et al. (1975), the concept of biomanipulation has
been used for water quality improvement (Jorgensen and de Bemardi 1998), to study
trophic interactions in freshwater lakes through fish removal or stocking (Carpenter et al.
1985; Elser et al. 1995) as well as to restore stunted fish populations (Langeland 1986;
Donald and Alger 1989; Amundsen et al. 1993). In recent years, it has been used
increasingly as a tool in the management of aquatic ecosystems (Mehner et al. 2002;
Angeler et al. 2003; Jacobsen et al. 2004). In particular, the mass removal of undesirable
species shows promising potential for the combined management of water quality and
sustainable fisheries (Lammens 1999; Mehner et al. 2001). Many studies have evaluated
the short-term impacts of mass removals on the fish community of different lakes
(Meronek et al. 1996; Brodeur et al. 2001) and the compensatory responses of the
species involved are relatively well documented. However, in spite of the power of this
approach to investigate the effect of both intra- and interspecific competitions, very few
studies investigated the long-term effects of biomanipulations on the whole fish
community as well as on the life history traits of populations. Furthermore, few studies

investigated the response of a species following the cessation of a biomanipulation.

White suckers, Catostomus commersoni, were introduced in many lakes of the
Canadian Shield by bait fishermen, between 1940 and 1960 (Magnan 1988; Tremblay
and Magnan 1991; Lacasse and Magnan 1992). Known to be a competitor of most
species with littoral alimentation (Johnson 1977; Magnan 1988; Chen and Harvey 1995),
the white sucker induces a shift in the diet of brook trout when living in sympatry with
this species (Magnan 1988; Tremblay and Magnan 1991; Lacasse and Magnan 1992).
Given the impacts of white sucker populations on brook trout sport fishing yields, a
mass removal program for the white sucker was implemented on five Québec lakes
between 1995 and 2004 by the Ministére des Ressources Naturelles et de la Faune
(MRNF) du Québec. This program provides a good opportunity to evaluate the fish
community response to variations in intra- and inter-specific competition, during and

three years after the cessation of white sucker mass removal, as well as the time required
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to respond to these changes. Although the short-term impacts of biomanipulations have
been evaluated in many studies, long-term surveys were rarely done (Sutherland et al.

2004).

The objective of the present study was to quantify the white sucker and brook trout
responses to 6-9 years of white sucker mass removal in three lakes and to the cessation
of this biomanipulation in two of these lakes. The species responses were determined by
comparing their abundance, biomass, growth and fecundity, before, during and after the
end of mass removals. A third lake, which was still undergoing mass removals at the
time of the study, had not shown strong decreases in white sucker abundances. This lake
was also the object of a comparison with previous results in order to determine if the
important decrease in white sucker abundance observed in recent years has lead to the

expected responses in the white sucker and brook trout populations.

3.3 MATERIALS AND METHODS
3.3.1 Study lakes

The biomanipulation experiment took place in 3 lakes located in the province of
Québec (Canada). Lakes Mastigou, Claudette and Des iles are located in Réserve
Mastigouche (46°34'N, 73°34'W), ZEC (Zone d’exploitation contrblée) Martin-Valin
(48°40'N, 70°37'W) and ZEC des Nymphes (46°28'N, 73°35'W) respectively. The three
lakes are typical oligotrophic temperate lakes (Brodeur et al. 2001) and contain
sympatric brook trout and white sucker populations. Lakes Mastigou and Des Iles also
contained other cyprinid species, but their relative biomass accounted for less than 10%
of total fish biomass before mass removal (Table 1). Brook trout populations of all lakes
are subject to sport fishing and exploitation is carefully controlled by the Québec

government.
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3.3.2 White sucker mass removal

Mass removal of adult white suckers was done for 7 to 9 consecutive years by the
Ministére des Ressources Naturelles et de la Faune (MRNF; formerly Société de la
Faune et des Parcs du Québec) according to an integrated control method proposed by
Magnan et al. (1998). White sucker removal started in 1995 and ended in 2001 for lakes
Mastigou and Claudette, and started in 1996 and was still continuing at the end of the
study (2004) for Lake Des fles. Following ice melt and before the water temperature on
the spawning grounds reached 10°C, trap nets (mesh size 0.36 cm®, 1.44 cm?, or 6.25
cm?), fyke nets (mesh size 1.56 cm?), or fishing gear made with fences and retention
cages (mesh size 1.25 cm?, 2.50 cm?, or 3.13 cm?) were set near the mouth of streams
where white sucker migrate to spawn (Hamel et al. 1997, Magnan et al. 1998). Fishing
gear were set between April 28 and May 30 and remained operational until June 13 to
July 24, depending on lakes and years. All species other than brook trout were removed
during mass removal and their total weight was noted. This measure was used to
calculate the percent of initial biomass removed = 100 x [ 1 — (Biomass removed in the

last year / Biomass removed the first year)].

In 1995, 1996 and 1997, mature white sucker passed through fishing gear because
of water level increases, gear breakage, or both. To prevent any significant recruitment
from these individuals, white sucker larvae were controlled up to fishing gear in streams
of lakes Mastigou (1995 and 1996), Claudette (1995, 1996 and 1997) and Des les
(1996) by the MRNF, with 2.5% Nusyn-Noxfish liquid rotenone. The amount of
rotenone used depended on stream flow and was calculated to obtain a concentration of

100 ppm for a 1 minute contact period (Magnan et al. 1998).
3.3.3 Fish sampling
To evaluate the effects of white sucker removal on brook trout and white sucker

populations, experimental gillnet fishing was done before, the year of (except for Lake

Des fles), 3 years after and 6 years after white sucker mass removal. In 2004, a series of
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experimental gillnet fishing was done to evaluate the response of fish species 3 years
after the end of white sucker mass removal in lakes Mastigou and Claudette, and after 9
years of mass removal in Lake Des fles. Gillnetting was done before the brook trout
spawning season (between July and September depending on the lake), and in a given

lake, it was carried out during the same periods throughout the experiment.

The nets were set randomly, perpendicular to the shore, with small and large
meshes towards the shore in an alternating pattern among gillnets. The number of nets
used (between 8 and 12) varied among lakes, depending on surface area (Magnan et al.
1998). Fishing took place for 16-18 hours and always covered the period between 18h00
and 9h00. For lakes Mastigou and Claudette, sampling was carried out with
experimental monofilament gillnets (1.8 m deep x 67.5 m long with stretched mesh of
20, 24, 33, 36, 50, 60, 76, 90, and 100 mm and filament diameters of 0.13, 0.15, 0.17,
0.17, 0.17, 0.17, 0.20, 0.20, and 0.25 mm, respectively). In Lake Des fles, we used
experimental multifilament gillnets (1.8 m deep x 38 m long, with stretched mesh of 25,
32, 38, 51, 64, and 76 mm and filament diameter of 0.19, 1.19, 0.26, 0.26, 0.42, and 0.42

mm, respectively) for all sampling periods.

Each fish captured was identified, weighed (+ 0.1 g), and measured (= 1 mm total
length (TL). Sexual maturity of brook trout was noted and gonads of mature females
were preserved in Gilson’s fluid (Snyder 1983) for further fecundity estimations. We
removed the right pectoral fin of white sucker and scales (from the left side of fish,

between the dorsal fin and the lateral line) of brook trout for age determinations.
3.3.4 General statistical approach

For all response variables described below, we did a lake-by-lake comparison
using either mixed-model analysis of variance (ANOVA) with repeated measures or
mixed-model analysis of covariance (ANCOVA) with repeated measures, to determine
if fish species responded to white sucker biomanipulations (as a treatment). The mixed-

models included the time period (before, after 3 years of white sucker mass removal,
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after 6 years of white sucker mass removal and after the cessation of white sucker mass
removal [lakes Mastigou and Claudette] or after 9 years of white sucker mass removal
[Lake Des fles]) as a fixed effect. Fish length and age were also used as fixed effects
when necessary (fecundity and growth comparisons). A posteriori t tests were done
between years when the results of the mixed-models identified significant effects of the
mass removal. A Bonferroni correction was applied to control for multiple comparisons.
When assumptions of normality and (or) homogeneity of variances were not met, the
data were log transformed. If this procedure was not successful, ANOVAs were
conducted on rank-transformed data (Quinn and Keough 2002). All statistical analyses

were performed using SAS version 8.2 software.
3.3.5 Fish abundance and biomass

To evaluate the impact of white sucker mass removal on species abundance, catch
and biomass per unit of effort (CPUE and BPUE, respectively) were estimated from
gillnetting. We tested for the effect of white sucker biomanipulation on CPUE and
BPUE of white sucker and brook trout populations with a mixed-model ANOVA. To
test for recruitment increase, the same analyses were used to compare the mean relative
abundance (CPUE and BPUE) of 1+ white sucker and brook trout among years for
which age data were available. Given the spawning season of each species and the time
of mass removal, they were the first cohorts susceptible to show compensatory responses
in recruitment after white sucker mass removal and 3 years after the cessation of white

sucker mass removal.
3.3.6 Growth

White sucker age determination was done as described by Beamish and Harvey
(1969). Transverse sections of the first three pectoral fin rays were cut using a Jem Saw
45™ (model #20-037, Raytech Industries, Middlefield, CT 06457), then fixed to a
microscope slide with Cytoseal 60™ (Stevens Scientific, Kalamazoo, Mich.). For brook

trout, scales were mounted between acetate sheets and plastic film directly in the field
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(Power 1964). For both species, age was estimated by two independent readings, done
by one reader. When the first two readings differed, two other readings were completed;
the sample was discarded if there was still no agreement. A maximum of 250 and 190
individuals were used for age determination for each white sucker and brook trout
population, respectively. All specimens from the least abundant size classes (i.e., smaller
and larger fish) were used. The sub-sample was completed with a fixed percentage of

fish randomly selected from the other size classes (at 10 mm intervals).

To evaluate growth compensation in white sucker and brook trout, we first tested
for the effect of the biomanipulation and age on the length of individuals with mixed-
model ANOVAs. For the three studied lakes, we tested for differences in the slopes of
the length-at-age relationships (i) between the year before white sucker mass removal
and after 3 years of white sucker mass removal, (ii) between after 3 years of white
sucker mass removal and after 6 years of white sucker mass removal and (iii) between
after 6 years of white sucker mass removal and after the cessation of white sucker mass
removal (lakes Mastigou and Claudette) or after 9 years of white sucker mass removal
(Lake Des Iles). When the slopes of the length-at-age relationships did not differ
between years, we tested for differences in mean length using a mixed-model ANCOVA
with fish age as a covariable. Lake Des Iles was not included in the analysis of growth

for brook trout because sample sizes were too small.
3.3.7 Age and length at maturity

To evaluate the impact of white sucker biomanipulation on length and age at
maturity of whites sucker and brook trout, we tested for the effect of biomanipulation on
the mean length and age of all mature individuals in each population with a mixed-
model ANOVA.
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3.3.8 Brook trout reproductive investment

The fecundity of female brook trout was estimated by proportion using the mean
dry weight of three samples of 25 eggs and the total egg mass (Snyder 1983). Brook
trout gonads were preserved in Gilson’s fluid; the eggs were then separated from ovarian
connective tissue, air dried for 48h, and weighted (£0.01 mg). The accuracy of this

method was £5% when compared with total counts made on 10% of the samples.

To evaluate the compensation in reproductive investment of brook trout during the
experiment, we first tested for differences in the slope of the relationship between (i) fish
length and the number of eggs, (ii) fish length and the mean weight of one egg and (iii)
fish length and gonad weight, throughout the white sucker biomanipulation. As the slope
of the relationships between fish length and all three fecundity variables did not differ in
lakes Claudette, Mastigou and Des fles (p>0.05), we tested for differences in mean
number of eggs, mean egg weight and mean gonad weight using mixed-model

| ANCOVAs with brook trout length as a covariable.
3.4 RESULTS

Table 2 gives a summary of CPUE, BPUE, age and length at maturity and growth
results found in lakes Mastigou, Claudette and Des fles for both white sucker and brook
trout, during and after the cessation of white sucker mass removal. Table 3 gives a
summary of results found in the three studied lakes for brook trout reproductive

investment variables. The results of the mixed-models can be found in Annex 1.

3.4.1 White sucker removal

The total biomass of white sucker removed from the three studied lakes ranged
from 3064 kg to 10635 kg during the seven to nine years of biomanipulation (Fig. 1). In
Lake Mastigou, the biomass of white sucker removed was almost 3000 kg the first year,

and then dropped and stabilized around 1300 kg the following years while in Lake
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Claudette, the biomass of white sucker removed was 1515 kg in 1995, and then
decreased gradually over time until 62 kg in 2001 (Fig. 1). The biomass of white sucker
removed was 2570 kg in Lake Des Iles in 1996, decreased to 740 kg in 1998, increased
to 1820 kg in 1999 and then decreased gradually to 210 kg in 2004 (Fig. 1). Yields and
percent of the initial biomass removed were 27.9, 30.6 and 59.5 kg/ha and 95.9, 65.5 and
91.6 % for lakes Claudette, Mastigou and Des Iles respectively.

3.4.2 Fish abundance and biomass

During white sucker mass removal

White sucker. In Lake Mastigou, there were significant decreases in the mean
CPUE and BPUE (all ages) after 3 years of mass removal and a significant increase in
the mean BPUE (1+) of white sucker after 6 years of mass removal (Whole population:
t=5.87 and 5.99, respectively, p<0.0001; 1+ white sucker: = -3.31, p<0.01; Fig.-2).
Although not significant, the CPUE of 1+ white sucker tended to increase after 6 years
of mass removal (Fig. 2). The mass removal of white sucker had no significant effect on

the mean CPUE and BPUE of 2+ white sucker, in Lake Mastigou (p>0.05).

In Lake Claudette, a decrease in the mean CPUE (all ages and 2+) of white sucker
was observed after 6 years of mass removal (#=3.39 and 3.51, respectively, p<0.01; Fig.
2). No significant effects of mass removal was observed on the mean CPUE of 1+ and

mean BPUE (all ages and 2+) of white sucker population (p>0.05; Fig. 2).

In Lake Des fles, a gradual decrease was observed in mean CPUE (all ages and
2+), and BPUE (all ages) of the white sucker population after 9 years of mass removal
(r=3.36,. p<0.01; Fig. 2). A significant increase in the mean BPUE of 1+ white sucker
was observed after 6 years of mass removal (¢ -5.50, p<0.0001; Fig. 2). Although not
significant, the CPUE of 1+ white sucker also tended to increase after 6 years of mass
removal (Fig. 2). White sucker mass removal had no significant effect on the mean

BPUE of 2+ white sucker in Lake Des fles (p>0.05; Fig. 2).
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Brook trout. In lake Mastigou, significant increases in the CPUE and BPUE of 1+
brook trout were observed after 3 years of whites sucker mass removal (#=-3.88 and -

3.41, respectively, p=0.01; Fig. 3).

Although not significant, the mean CPUE and BPUE (all ages) tended to increase
after 6 years of white sucker mass removal in Lake Claudette (p>0.05; Fig. 3). A
significant increase in mean CPUE and BPUE of 1+ individuals occurred after 3 years
and 6 years of mass removal (After 3 years: =-3.22 and -3.20, respectively, p<0.01;
After 6 years: =-5.75 and -7.10, respectively p<0.0001; Fig. 3).

In Lake Des iles, both the CPUE and BPUE (all ages) of the brook trout
population increased (although not significantly for the mean CPUE) and then decreased
during the mass removal. A significant decrease in the mean CPUE was observed after 9
years of white sucker mass removal (#=3.09, p=0.0046; Fig. 3) while a significant
increase in mean BPUE was observed after 3 years of removal, followed by a significant
decrease after 6 years of removal (+=-3.03 and 3.18, respectively, p<0.01; Fig. 3). No
significant change occurred in the mean CPUE and BPUE of 1+ brook trout in Lake Des

fles (p>0.05; Fig. 3).

After the cessation of white sucker mass removal

White sucker. In Lake Mastigou, a significant increase in mean BPUE of the whole
population was observed three years after the cessation of white sucker mass removal
(+=-3.85, p<0.001; Fig. 2). Although not significant, the mean CPUE and BPUE of 1+
individuals also tended to increase in lakes Mastigou and Claudette after the cessation of

white sucker mass removal (p>0.05; Fig. 3).

Brook trout. Significant decreases in the CPUE and BPUE of 1+ individuals were
observed after the cessation of white sucker mass removal in Lake Mastigou and Lake
Claudette (CPUE: =2.74 and 3.63, p<0.05 and p<0.01; BPUE: =2.98 and 4.51, p<0.01
and p<0.001; for lakes Mastigou and Claudette respectively; Fig. 3).
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3.4.3 Growth

During white sucker mass removal

White sucker. Although the mean length of 2+ white suckers did not differ
significantly before and after 3 years of white sucker mass removal in Lake Mastigou
(p>0.05; Fig. 4), there was a significant decrease in the mean length of 1+ individuals, as
well as a significant increase in the mean length of 3+ individuals, after 3 years of white
sucker mass removal (=5.93 and -4.94, respectively, p<0.0001; Fig. 4). In lakes
Claudette and Des iles, there was a significant decrease in the length of white sucker
after 3 years of white sucker mass removal, regardless of the age (F=101.97 and 71.09,
respectively, p<0.0001; Fig. 4). After 6 years of white sucker mass removal, an increase
in the mean length of white sucker was observed in all three lakes, even though there
was a significant agexyear interaction in Lake Mastigou (agexyear interaction:
F=185.40, p<0.0001; ~=-34.00, -37.24 and -17.40, for 1+, 2+ and 3+ individuals in Lake
Mastigou, F=1899.57 and 229.73 for lakes Claudette and Des fles respectively,
p<0.0001; Fig. 4). In Lake Des {les, there was also a significant increase in mean length
of white sucker after 9‘years of white sucker mass removal (F=165.53, p<0.0001; Fig.
4).

Brook trout. In Lake Mastigou, there was no significant effect of year or
significant yearxage interaction on the mean length of brook trout after three years of
white sucker mass removal (p>0.05). However, the a posteriori test reveals a significant
increase in the mean length of 1+ and 2+ brook trout (#~=-10.04 and -9.80, respectively,
p<0.0001; Fig.5) and no significant difference in the mean length of 3+ brook trout

(p>0.05; Fig. 5) after 6 years of white sucker mass removal.

In Lake Claudette, a significant increase in brook trout length was observed after 3
years of white sucker mass removal (Fig. 5). After 6 years of white sucker mass

removal, the a posteriori test shows a significant increase in the mean length of 1+ and
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2+ (+=-11.20 and -5.06, respectively, p<0.0001; Fig. 5) but no significant difference in
the mean length of 3+ individuals (p>0.05; Fig. 5) of brook trout.

After the cessation of white sucker mass removal

White sucker. In Lake Mastigou, the a posteriori test shows a significant decrease
in the mean length of individuals (#=3.97, p<0.0001; Fig. 4) after the end of white sucker
mass removal. There was no significant effect of the cessation of mass removal on the

mean length of white sucker in Lake Claudette.

Brook trout. In Lake Mastigou, the a posteriori test revealed a significant decrease
in the mean length of 1+ and 2+ brook trout after the cessation of white sucker mass
removal (#=6.73 and 7.19, respectively, p<0.0001; Fig. 5). No significant difference in
length was found in 3+ brook trout (p>0.05; Fig. 5). In Lake Claudette, no significant
difference in 2+ brook trout length was found after the end of white sucker mass
removal (p>0.05; Fig. 5), but a significant decrease in length of 1+ individuals, as well
as a significant increase in length of 3+ individuals, were observed (+=7.31 and -4.18,

respectively, p<0.0001; Fig. 5).

3.4.4 Age and length at maturity

During white sucker mass removal

White sucker. After 6 years of white sucker mass removal, a significant decrease
was observed in the age at maturity of male white sucker in Lake Mastigou (=7.76,
p<0.0001; Fig. 6), and the same was observed after 3 years and 6 years of mass removal
for females (+=3.06 and 5.74, p<0.01 and p<0.0001, respectively; Fig. 6). No significant
effect of mass removal was observed on the length at maturity of white sucker (p>0.05;
Fig. 6).
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While a significant decrease in the age at maturity of males and females was

~ observed after 6 years of white sucker mass removal in Lake Claudette (+=5.93 and 5.47,

respectively, p<0.0001), the length at maturity of male white sucker increased gradually

during mass removal (Fig. 6). There was no significant effect of white sucker mass

removal on the length at maturity of female white sucker in Lake Claudette (p>0.05; Fig.
6).

In Lake Des {les, significant decreases in the age at maturity of males and females
were observed after 9 years of mass removal (#=7.37 and 7.04, respectively, p<0.0001;
Fig 9). While white sucker length at maturity decreased after 3 years and 9 years of mass
removal for the females, it only decreased significantly after 9 years of mass removal for

the males (+=3.29, 2.01 and 2.85, p<0.01, p<0.05 and p< 0.01, respectively; Fig. 6).

Broék trout. In Lake Mastigou, a significant decrease in the age at maturity of
male brook trout was observed after 3 years of white sucker mass removal (+=6.14,
p<0.01), while a gradual decrease in the age at maturity of female was observed (Fig. 7).
No significant effect was observed on the mean length at maturity of both males and
females (p>0.05; Fig. 7). |

In Lake Claudette, a significant decrease of the age and length at maturity of both
rhale and female brook trout was observed after 6 years of white sucker mass removal
(Age: +=11.28 and 12.84, p<0.0001; Length: +=4.57 and 2.88, p<0.0001 and p<0.01,
respectively; Fig. 7).

In Lake Des Iles, a sighiﬁcant decrease in the length at maturity of female brook
trout occurred after 6 years of white sucker mass removal, followed by a significant
increase after 9 years of mass removal. (+=7.72 and -3.98, p<0.0001 and p<0.001, after 3
years and 6 years respectively; Fig. 7). There was no significant effect of white sucker
mass removal on the mean age at maturity of both male and female, and mean length at

maturity of male brook trout (p>0.05; Fig. 7).
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After the cessation of white sucker mass removal

White sucker. While there was no significant effect of the cessation of white
sucker mass removal on the age and length at maturity of white sucker in Lake Mastigou
(p>0.05; Fig. 6), significant decreases in the age at maturity of male and female white
sucker (+=6.87 and 3.40, p<0.0001 and p<0.001, respectively; Fig. 6), as well as in the
length at maturity of male white sucker (+=4.48, p<0.0001; Fig. 6b), were found three
years after the cessation of white sucker mass removal in Lake Claudette. No significant
effect of the end of white sucker mass removal was found on the mean length at maturity

of female white sucker, in Lake Claudette (p>0.05; Fig. 6).

Brook trout. In Lake Mastigou, there was no significant effect of the cessation of
white sucker mass removal on the mean age and length at maturity of brook trout
(p>0.05; Fig. 7). However, in Lake Claudette, significant increases in the age and length
at maturity occurred three years after the cessation of white sucker mass removal, for
both male and female brook trout (Age: /=-8.18 and -8.44, p<0.0001; Length: =-5.70
and -4.06, p<0.0001, for males and females respectively; Fig. 7).

3.4.5 Brook trout reproductive investment
Linear regressions between the fecundity variables (number of eggs, weight of one
egg and gonad weight) and total length of female brook trout indicated that the total

lengthxyear interactions were not significant in all the studied lakes.

During white sucker mass removal

A significant increase in the number of eggs of brook trout was found after 3 years
of white sucker mass removal in Lake Mastigou (~=-6.12, p<0.0001; Fig. 8) but only
after 6 years of mass removal in lakes Claudette and Des iles (~=-7.52 and -3.42,
p<0.0001 and p<0.01, respectively; Fig. 8). The increase in brook trout fecundity in

Lake Claudette was preceded by an initial decrease in the total number of eggs after 3
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years of white sucker mass removal (+=3.23, p<0.01; Fig. 8). No significant difference
was observed in the total number of brook trout eggs after 6 years of mass removal in

Lake Mastigou (p>0.05; Fig. 8).

A significant decrease in the mean weight of eggs was found after 3 years of white
sucker mass removal in the three studied lakes (+=8.46, 3.86 and 2.98, p<0.0001, <0.001
and <0.01, for lakes Mastigou, Claudette and Des fles, respectively; Fig. 8). No
significant changes in the mean weight of brook trout eggs were observed after 6 years
of mass removal in all the studied lakes, and after 9 years of mass removal in Lake Des

Tles (>0.05; Fig. 8).

A significant decrease in the mean weight of brook trout gonads was observed
after 3 years of white sucker mass removal in lakes Mastigou and Claudette (#=7.82 and
5.22, respectively, p<0.0001; Fig. 8). Thé decrease in the mean weight of brook trout
gonads in Lake Claudette was followed by an increase after 6 years of white sucker mass
removal (=-5.21, p<0.0001; Fig. 8). No significant change in the mean weight of brook
trout gonads was observed after 6 years of mass removal in Lake Mastigou (p>0.05; Fig.
8). White sucker mass removal had no significant effect on the mean weight of brook

trout gonads in Lake Des iles (»>0.05; Fig. 8).

After the cessation of white sucker mass removal

Three years after the cessation of white sucker mass removal, a significant
decrease in the number of eggs produced by brook trout females occurred in lakes

Mastigou and Claudette (+=2.40 and 7.01, p<0.05 and p<0.0001, respectively; Fig. 8).

A significant increase in thé mean weight of brook trout eggs was found in both
Lake Mastigou and Lake Claudette, 3 years after the cessation of white sucker mass

removal (#=-2.72 and -2.71, respectively, p<0.01; Fig. 8).
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After the end of white sucker mass removal, there was no significant change in the
mean weight of brook trout gonads, in both Lake Mastigou and Lake Claudette (p>0.05;
Fig. 8).

3.5 DISCUSSION

This study showed that the extent of white sucker mass removal was not the same
in all the studied lakes. It varied in duration (between 7 and 9 years) as well as in
intensity (fish yields between 27.9 kg-ha™ and 57.5 kg-ha™; proportion of initial biomass
removed between 65.5% and 95.9%). These variations have induced a gradient in the
intensity of inter- and intra-specific competition and consequently in the compensatory

responses of the fish populations that were studied.
3.5.1 White sucker removal

The mass removal was most intense in Lake Claudette and the least intense in
Lake Mastigou. The small number of tributaries, the presence of impassable obstacles at
the emissary and the hydrographic position of Lake Claudette (at the top of the
wé.tershed) could explain the efficiency of white sucker mass removal in this lake. The
lower mass removal intensity observed in Lake Mastigou might be attributed to the fact
that it is situated in the middle of a watershed colonised by the white sucker, the access
to the lake by fish being possible upstream and downstream. Also, different observations
suggest that spawning grounds occurred in the lake and could be responsible for the
lower mass removal efficiency (P. Magnan, personal observations). The intermediate
intensity of mass removal observed in Lake Des fles could be explained by the fact that
it is almost three times larger than lakes Mastigou and Claudette, making mass removal

more difficult (more spawning grounds).
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3.5.2 Fish abundance and biomass

With one exception (BPUE; Lake Claudette), the CPUE and BPUE of white
sucker populations (all ages) decreased significantly during white sucker mass removal.
The lack of significant change in BPUE of white sucker in Lake Claudette might be due
to their higher growth compensation following adults’ removal. The BPUEs of the
species targeted by the removals are susceptible to be maintained when part of the
resource is used by the remaining individuals (Hanson and Leggett 1986, Colby et al.
1987). The mass removal of adult fish should result in an increase in recruitment of all
species because of a competitive release (Meronek et al. 1996). The recruitment of 1+
white sucker also increased in lakes Claudette, Mastigou and Des i_les, although not
always significantly. The significant increase or upward tendencies in CPUE of 1+ white
sucker are related to the intensity of mass removal. After 3 years of mass removal,
Brodeur et al. (2001) did not observe any response in white sucker recruitment in lakes
Claudette, Mastigou and Des fles after the removal of 77.3%, 55.9% and 70.4%
(respectively) of the initial white suc‘ker.biomass. However, 3 to 6 years later, increases

in mass removal intensity translated into increases in white sucker recruitment.

During white sucker mass removal, CPUE and BPUE of brook trout (all ages)
tended to increase only in Lake Claudette. In contrast, the recruitment of 1+ brook trout
significantly increased in lakes Mastigou and Claudette, during the period of white

sucker mass removal.

The BPUE of white suéker (all ages) increased significantly three years after the
cessation of mass removal only in Lake Mastigou. In contrast, CPUE and BPUE of 1+
white sucker tended to increase in both Lake Mastigou and Lake Claudette. In spite of
intense white sucker removal (80% of mature individuals), Schneider and Crowe (1980)
reported that white sucker populations were back to their initial densities 3 to 5 years
after the end of mass removal. Johnson (1977) also noted that white sucker populations

were able to reach their initial densities 5 to 7 years after the end of mass removal. These
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results suggest that there might be a delay (>3 years) in the response of white sucker

populations following the end of mass removal.

In lakes Claudette and Mastigou, there were no significant changes in brook trout
CPUE and BPUE (all ages) after the cessation of white sucker mass removal. However,
significant decreases in both CPUE and BPUE of 1+ brook trout were observed in both
lakes. These results suggest that the increase in interspecific competition with white
sucker following the end of mass removal induced a rapid reduction in the recruitment
of 1+ brook trout but not at the population level. This latter result was predictable, at
least for the 3+ individuals, because they were already in the system when the white

sucker mass removal stopped.
3.5.3 Growth

During white sucker mass removal, there were significant increases in the mean
length-at-age of both white sucker and brook trout, in all the studied lakes. This increase
in annual growth shows that the decrease in intra- and inter-specific competition allows
for an increased amount of energy to be invested in the growth of both species. Growth
also appears to be more sensitive than CPUE and BPUE to releases of competition.
Schneider and Crowe (1980) and Hayes et al. (1992) observed increases in the growth of
white sucker and yellow perch due to the decrease in intra- and inter-specific
competition following the mass removal of white sucker. These results support that
white sucker and brook trout growth is constrained by both intra- and interspecific
competition by white sucker, probably for benthic invertebrates (Magnan, 1988; Chen
and Harvey, 1995; Brodeur et al. 2001).

There was a decrease in the growth of both white sucker and brook trout in Lake
Mastigou and of brook trout in Lake Claudette (1+) after the cessation of white sucker
mass removal. In both lakes, these changes were more important for 1+ and 2+ than for
3+ white sucker and brook trout. These results indicate that young individuals are more

sensitive than older ones to changes in white sucker abundance.
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3.54 Age and length at maturity

During white sucker mass removal, significant decreases in the age at maturity of
both species were observed in all lakes except for brook trout in Lake Des iles. The
decrease in the mean age at maturity of both white sucker and brook trout is consistent
with their increase in growth, during white sucker mass removal. Sexual maturity is
more related to the attainment of a given size rather than a given age (Tallman et al.
1996). Consequently, the decrease in the mean age at maturity is related to growth
increases, and thus to a decreased time required to reach the minimum size for
reproduction. Rochet (1998) also found that higher growth rates are associated with
decreased age at maturity. In Lake Des Iles, the fact that there was no significant change
in the mean age at maturity of brook trout during white sucker mass removal could be
explained by the larger proportion of older individuals in our samples. Because the
sample sizes were too small for brook trout in this lake, we could not determine if there

were differences in the growth of individuals during mass removal.

Significant changes in the mean age at maturity were observed after the cessation
of white sucker mass removal only in Lake Claudette: mean age at maturity decreased in
white sucker and increased in brook trout. In Lake Claudette, where white sucker mass
removal was the most intense, there was no change in the growth of white sucker after
the end of white sucker mass removal. This suggests that there is a time lag in the
response of white sucker (in growth and mean age at maturity) to the changes in intra-
specific competition. The increase in the mean age at maturity of brook trout in Lake
Claudette could also be explained by the larger proportion of older individuals in our
sample after the end of mass removal, as suggested by the decrease in brook trout

recruitment in this lake after that period.

In most cases, the mean length at maturity did not change throughout the
biomanipulation supporting that sexual maturity is more related to the attainment of a
given size rather than a given age (Tallman et al. 1996). However, as we used the mean

length of all mature individuals, instead of the mean length of individuals when they first
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reached maturity, the method used could have caused the observed variations. Those
observed during white sucker mass removal in lakes Claudette and Des fles could be
attributed to an increase in recruitment. An increase in recruitment induces an increase
in the proportion of smaller mature individuals, which is responsible for a lower mean
length at maturity. After the end of white sucker mass removal, the increase in the mean
length at maturity of brook trout in Lake Claudette could be explained by the increase in
growth of older individuals.

3.5.5 Brook trout reproductive investment

During white sucker mass removal, brook trout females produced a larger number
of eggs but of smaller size compared to the period before the biomanipulation and the
reverse occurred after the cessation of white sucker mass removal (brook trout females
produced a smaller number of eggs but of larger size). Because larger juveniles hatch
from larger eggs, and larger juveniles have a better chance of survival in early life than
do smaller juveniles (Hutchings 1991) these observations suggest that for brook trout,
there is a selection for the production of smaller numbers of eggs but of larger size with
increases in inter-specific competition. The effects of food availability and egg size on
juvenile brook trout survival results in different optimal egg sizes for environments that
differ in food abundance (Hutchings 1991). In a study on Atlantic salmon, it was
suggested that females exhibited phenotypic plasticity in response to the likely feeding
opportunities to be encountered by their offspring (Jonsson et al. 1996). Consequently,
in environments where food is readily available, egg size tends to be smaller while the
reverse occurs in environments where food is less abundant. In addition to food supply,
many studies have reported an influence of growth rate on the fecundity of fish. The
production of more offspring was generally found to be advantageous where, due to
higher food availability, juvenile growth rates were higher, whereas larger offspring
were found to be favoured where growth rates were lower (Bagenal 1969; Ware 1975;
Thorpe et al. 1984; Jonsson et al. 1996; Lobon-Cervia et al. 1997). These results suggest

that for brook trout, the changes in intra- and interspecific competition through the white
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sucker biomanipulation, as well as the subsequent changes in food availability and

growth rates, were responsible for the observed trade-offs between egg size and number.

The mean weight of gonads decreased in lakes Mastigou and Claudette after 3
years of white sucker mass removal. Hutchings (1991) showed that low food abundance
provides a selective factor favouring increased allocation of body tissue to gonads by
selecting for larger offspring. These results suggest that the initial decreases in brook
trout gonad weight may be linked to the increased food availability resulting from the
decrease in intra- and interspecific competition after 3 years of white sucker mass
removal and the subsequent decreases in brook trout egg size. After 6 years of white
sucker mass removal, an increase in the weight of brook gonads was observed in Lake
Claudette. While a significant increase in the number of brook trout eggs was observed
in this lake, there was no significant change in the size of the eggs. This increase in
overall gonad weight could be linked to the surplus energy related to the decrease of
interspecific competition by white sucker and the concurrent increased food availability
and growth. It has been shown that the growth of fish is reduced in the presence of
competing species. Mittelbach (1988) and Osenberg et al. (1992) observed that the
growth of juvenile pumpkinseed was reduced in the presence of bluegills and Fox (1994)
showed that these decreases in growth were associated with delayed maturity and lower
reproductive effort. These results suggest that for brook trout, the decreases in
interspecific competition after 6 years of white sucker mass removal, and the subsequent
increases in growth, are responsible for the early maturity and increases in gonad weight.
However, no significant changes in gonad weight were observed following the cessation
of white sucker mass removal. This could be related to the time lag in the brook trout
response to the increase in interspecific competition. While slight decreases in the
growth of brook trout were observed after the end of white sucker mass removal, these
small changes, combined to the slow increasing interspecific competition, might not
have been large enough to induce a significant change in brook trout gonad weight after

the cessation of white sucker mass removal.
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In conclusion, the present study showed that white sucker and brook trout exhibit
compensatory responses in recruitment, growth, age at maturity and reproductive
investment (brook trout) following a reduction in intra- and inter-specific competition.
Our results, obtained on a gradient of mass removal in time and intensity, support that
the success of a biomanipulation depends primarily on the intensity of the mass
removals (Colby et al. 1987; Meronek et al. 1996; Brodeur et al. 2001). Furthermore, by
producing a positive gradient followed by a negative gradient in the intensity of white
sucker mass removal, we were able to test the effects of variations in intra- and

~ interspecific competition in some life history traits of two species.
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3.8 TABLES

Table 1. General characteristics of the study lakes containing sympatric brook trout and

white sucker populations.

Surface Mean Conductivity Secchi
Other fish species
Lake area depth depth
M
(ba) m — @Sem)  (m) M PESA NC

Claudette 110 4.1 15 4.0
Mastigou 177 7.0 24 3.1 X X X
Des fles 347 12.0 19 7.0 X X

Note: Fish species abbreviations: MM, pearl dace (Margariscus margarita); PE, northern
redbelly dace (Phoxinus eos); SA, creek chub (Semotilus atromaculatus); NC, golden shiner

(Notemigonus crysoleucas).



82

Table 2. Summary of results (CPUE, BPUE, age and length at maturity and growth)
found in lakes Mastigou, Claudette and Des fles, during and after the cessation
of white sucker mass removal. The signs + and — indicate a significant increase

and decrease respectively, while no sign indicates non significant variations

During mass removal After mass removal

Response variable Mastigou Claudette Des Iles Mastigou Claudette

White sucker
CPUE - - -
BPUE - - +
CPUE 1+
BPUE 1+ + +
CPUE 2+ - -
BPUE 2+
Age at maturity & - - - -
Age at maturity Q - - - -
Length at maturity 3 + - -
Length at maturity Q -
Growth + + + -

Brook trout
CPUE + -
BPUE -
CPUE 1+ + + - -
BPUE 1+ + + -
Age at maturity & - -
Age at maturity 9 - -
Length at maturity & -
Length at maturity Q -
Growth + + NC -

+ + 4+ 4+

Abbreviation : NC, not compared
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Table 3. Summary of results found in lakes Mastigou, Claudette and Des {les during
and after the cessation of white sucker mass removal, for the brook trout
reproductive investment variables. The signs + and — indicate a significant

increase and decrease respectively, while no sign indicates non significant

variations
Response variable During mass removal After mass removal
P Mastigou Claudette Des Iles Mastigou Claudette
Fecundity + + + - -
Egg weight - - - + +

Gonad weight -
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3.9 FIGURE CAPTIONS

Figure 1. Total biomass of white sucker removed (kg) during white sucker mass removal

Figure 2.

Figure 3.

Figure 4.

in the three study lakes.

Mean catch and biomass per unit of effort (CPUE and BPUE =+ standard
deviation) of white sucker populations (all age classes), 1+ and 2+ white
sucker. Black bars, before or first year of white sucker mass removal; striped
bars, 3 years of white sucker mass removal; grey bars, 6 years of white sucker
mass removal; white bars, 3 years after the end of white sucker mass removal
(lakes Mastigou and Claudette) or 9 years (lake Des Iles) of white sucker mass

removal,

Mean catch and biomass per unit of effort (CPUE and BPUE + standard
deviation) of brook trout populations (all age classes) and 1+ brook trout.
Black bars, before or first year of white sucker mass removal; striped bars, 3
years of white sucker mass removal; grey bars, 6 years of white sucker mass
removal; white bars, 3 years after the end of white sucker mass removal (lakes
Mastigou and Claudette) or 9 years (lake Des iles) of white sucker mass

removal.

Mean length (£ 1 standard deviation) of 1+, 2+ and 3+ white sucker. Upper

panel: Lake Mastigou; middle panel: Lake Claudette; lower panel: Lake Des
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fles. Mean values with asterisks (*) are significantly different; NS: not
significantly different. Curves were fitted for each group using a logarithmic

or linear function to show growth trends.

Figure 5. Mean length (= 1 standard deviation) of 1+, 2+ and 3+ brook trout. Upper
panel: Lake Mastigou; lower pane!: Lake Claudette. Mean values with
asterisks (*) are significantly different; NS: not significantly different. Curves
were fitted for each group using a linear, logarithmic or exponential function

to show growth trends.

Figure 6. Mean age and length at maturity (+ standard deviation) of white sucker males
and females. Black bars, first year of white sucker mass removal; striped bars,
3 years of white sucker mass removal; grey bars, 6 years of white sucker mass
removal; white bars, 3 years after the end of white sucker mass removal (lakes
Mastigou and Claudette) or 9 years (lake Des Iles) of white sucker mass

removal,

Figure 7. Mean age and length at maturity (+ standard deviation) of brook trout males
and females. Black bars, before or first year of white sucker mass removal,
striped bars, 3 years of white sucker mass removal; grey bars, 6 years of white
sucker mass removal; white bars, 3 years after the end of white sucker mass
removal (lakes Mastigou and Claudette) or 9 years (lake Des fles) of white

sucker mass removal,
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Figure 8. Mean adjusted fecundity, egg weight and gonad weight of brook trout females
in lakes Mastigou, Claudette and Des les, during and after the cessation of

white sucker mass removal.
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ANNEXE I

Résultats des modéles mixtes
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TABLEAU 1
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Résultats des ANOV As (modéles mixtes), au niveau des CPUE, des BPUE, de I’dige
et de la longueur a maturité, pour le meunier noir et ’omble de fontaine, dans les
trois lacs a I’étude.

Variable Mastigou  Claudette Des iles
Meunier noir
CPUE 13.97 9.66 3.45
(<0.0001) (<0.001) (<0.05)
BPUE 15.38 2.03 6.36
(<0.0001) (>0.05) (<0.01)
CPUE 1+ 6.35 1.95 8.55
(<0.01) (>0.05) (<0.001)
BPUE 1+ 11.04 4.43 18.44
(<0.0001) (<0.05) (<0.0001)
CPUE 2+ 0.13 4.12 5.23
(>0.05) (<0.05) (<0.01)
BPUE 2+ 2.12 2.29 1.57
(>0.05) (>0.05) (>0.05)
Age A maturité & 48.38 80.43 34.08
(<0.0001)  (<0.0001)  (<0.0001)
Age A maturité Q 27.97 35.34 31.43
(<0.0001)  (<0.0001)  (<0.0001)
Longueur 3 maturité 3 0.52 7.72 6.27
(>0.05) (<0.0001) (<0.01)
Longueur 3 maturité 9 4.32 5.28 9.35
(<0.0) (<0.01) (<0.001)

Omble de fontaine

CPUE 5.16 6.22 3.62
(<0.05) (<0.01) (<0.05)
BPUE 0.32 89.96 7.27
(>0.05)  (<0.0001)  (<0.01)
CPUE 1+ 6.87 22.95 2.92
(<0.01)  (<0.0001)  (>0.05)
BPUE 1+ 7.06 34.16 2.79
(<0.01)  (<0.0001)  (>0.05)
Age 4 maturité 16.48 70.44 0.49
(<0.01) (<0.0001) (>0.05)
Age 2 maturité Q 6.88 82.09 4.83
(<0.001)  (<0.0001)  (>0.05)
Longueur A maturité 3 2.78 14.61 0.53
(>0.05)  (<0.0001)  (>0.05)
Longueur 2 maturité ¢ 1.78 6.17 20.98
(>0.05) (<0.001) (<0.0001)




TABLEAU 2
Résultats des ANOV As (modéles mixtes) pour la variable croissance, pour le
meunier noir et ’omble de fontaine, dans les trois lacs a I’étude.

97

Période Facteurs Mastigou Claudette Des lles
Meunier noir
Avant le retrait vs Année 35.22 101.97 71.09
3 ans de retrait (<0.0001) (<0.0001) (<0.0001)
Age 1850.46 52745 701.94
(<0.0001) (<0.0001) (<0.0001)
Année x age 46.98
(<0.0001) :
3 ans de retrait vs Année 1155.93 1899.57 229.73
6 ans de retrait (<0.0001) (<0.0001) (<0.0001)
Age 1434.43 352.36 304.17
(<0.0001) (<0.0001) (<0.0001)
Année x age 185.40
(<0.0001)
6 ans de retrait vs Année 15.77 0.30 165.53
Aprés Parrét du retrait * (<0.0001) (>0.05) (<0.0001)
Age 1009.47 292.64 320.06
(<0.0001) (<0.0001) (<0.0001)
Année x dge 5.80
(<0.05)
Omble de fontaine
Avant le retrait vs Année 2.98 7.76 NC
3 ans de retrait 0.05) (<0.01)
Age 106.07 1100.35
(<0.0001) (<0.0001)
3 ans de retrait vs Année 100.78 12541 NC
6 ans de retrait (<0.0001) (<0.0001)
Age 470.18 478.05
(<0.0001) (<0.0001)
Année x age 51.31 32.98
(<0.0001) (<0.0001)
6 ans de retrait vs Année 45.26 53.47 NC
Aprés arrét du retrait * (<0.0001) (<0.0001)
Age 304.98 578.20
(<0.0001) (<0.0001)
Année x ige 28.59 45.80
(<0.0001) (<0.0001)

fles.

- Abréviation : NC, non comparé. Symbole: *, 6 ans de retrait vs 9 ans de retrait au lac Des
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TABLEAU 3
Résultats des ANCOVAs (modéles mixtes) pour les variables de I’investissement
reproducteur de ’omble de fontaine, dans les trois lacs a I’étude.

Variable Facteurs Mastigon  Claudette Des lles
Fécondité Année 16.35 22.66 4.04
(<0.0001)  (<0.0001) (<0.05)
Longueur totale 251.16 236.25 312.68
(<0.0001) (<0.0001)  (<0.0001)
Poids des oeufs Année 29.04 8.05 3.02
(<0.0001) (<0.0001) (<0.05)
Longueur totale 14.65 3.21 0.30
(<0.001) (>0.05) (>0.05)
Poids des gonades Année 30.29 12.69 1.12
(<0.0001)  (<0.0001) (>0.05)
Longueur totale 263.11 171.95 216.51

(<0.0001)  (<0.0001)  (<0.0001)




