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Impact of logging and natural fires on fish
communities of Laurentian Shield lakes

Isabelle St-Onge and Pierre Magnan

Abstract: The goal of this study was to determine if natural fires and logging have a significant impact on abundance,
growth, and size structure of fish populations in 38 lakes of the Laurentian Shield (Québec, Canada). The watersheds
of nine of these lakes underwent logging and nine underwent natural fires, while the 20 remaining lakes were used as
references. No significant differences were found among the three lake groups in the catch per unit of effort of the
most abundant species: white suck€afostomus commersQnnorthern pike Esox luciu$, yellow perch Perca

flavescen) lake whitefish Coregonus clupeaformjisfallfish (Semotilus corporalis brook trout Salvelinus fontinalis

walleye Stizostedion vitreujn and burbot I(ota lotg). No significant difference was found among control, burned, and
logged lakes in the back-calculated length of yellow perch, for which age determinations were made. However, we
found that the proportions of small yellow perch and white sucker were significantly lower in populations of impacted
lakes (burned and logged lakes pooled). The influence of logging and fires remained significant when a series of biotic
and abiotic variables on watershed and lake characteristics were accounted for in multiple regression analyses. The
lower proportion of small fish in impacted lakes could be due to an increase in postemergence mortality or to a shift of
individuals to the pelagic zone.

Résumé: Le but de cette étude était de déterminer si les coupes forestieres et les feux de forét ont un impact signifi
catif sur 'abondance, la croissance et la structure en taille des populations de poissons de 38 lacs du bouclier lauren-
tien (Québec, Canada). Les bassins versants de neuf lacs ont fait I'objet de coupes forestieres, ceux de neuf autres ont
subi des feux de forét, alors que les 20 restants ont été utilisés comme référence. Aucune différence significative n'a

été observée entre les trois groupes de lacs au niveau des captures par unité d’effort des espéces les plus abondantes :
le meunier noir Catostomus commersgnie grand brochetHsox luciu$, la perchaudeRerca flavescensle grand

corégone Coregonus clupeaformjisla ouitouche $emotilus corporalis 'omble de fontaine $alvelinus fontinalis le

doré jaune $tizostedion vitreujnet la lotte (ota lota). Aucune différence significative n’a été observée dans les lon-

gueurs rétrocalculées des perchaudes, pour lesquelles la détermination d’age a été effectuée, entre les lacs témoins,
brllés et coupés. Cependant, une diminution significative de la proportion des individus de petite taille a été observée
chez les populations de perchaudes et de meuniers noirs des lacs perturbés (les lacs brQlés et coupés formant un seul
groupe). Linfluence des coupes et des feux est demeurée significative apres que les variables biotiques et abiotiques
caractérisant les bassins versants et les lacs ont été considérées dans des analyses de régression multiple. La plus faible
proportion des individus de petite taille dans les lacs ayant subi des perturbations pourrait étre due a une augmentation
de la mortalité post-émergence ou a un déplacement des individus dans la zone pélagique.

Introduction than logging itself (Van Der Vinne and Andres 1288

The eff f loaai I d din loti Miller et al. 1997). Logging may also induce increases in
e eftects of logging are well documented in lotic €C0O \\1ar temperature (Beschta et al. 1987; Garman and Moring

systems (reviewed in Roberge 1996). Some of the most Sig) 9g1) ~ gecreases in dissolved oxygen (Ringler and Hall
nl_ﬁcant effects are the increase in stream flow (Van Der1975; Murphy and Milner 1997), and increases in primary
e a1 andres 1988 Heede 1951) nutnent concenirs praductty (Murphy and al 1961, Gregory et o, 1987
D ; " ' ) : ' resulting from canopy removal. Forest fires have also been
bidity and sedimentation (Krause 1982; Everest et al. 1987}, 40 10 increase sediment transport (Beaty 1994; Cerda
Road construction and road use associated with l0gging aig "5 "1995) and nutrient losses (Spencer and Hauer 1991
often more significant causes of increased sediment yiel ayley et al. 1992). In lakes, forest removal, either through '
natural fires or logging, also tends to increase organie car
bon, chlorophylla, and limnoplankton biomass (Carignan et
al. 2000; Patoine et al. 2000; Planas at al. 2000).
i All these changes may impact the top-down and bottom-
. St-Onge and P. Magnan: Département de up trophic interactions, including fish populations, which
ggg"?;g;gl&?ﬁé rgg"’gg'tggck‘ 5%u7ebg;nic]';ms-Ruvueres, C.P. can reflect short-term changes in limnetic eutrophication due
: ' ' : to their ability for rapid growth compensation and their short
IAuthor to whom all correspondence should be addressed. life history cycles. As fish yield is strongly correlated with
e-mail: pierre_magnan@ugtr.uquebec.ca lake productivity, forest clearance may increase fish preduc
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tivity (Roberge 1996). Increased sedimentation followingmany lakes, but its abundance (catch per unit of effort (CPUE),
deforestation is also likely to have an impact on spawningiumber of fish per gill net per night) was too low to build reliable
habitats and therefore on fish recruitment (Everest et allength distributions (mean CPUE: 2.1 + 1187 27 lakes).

1987). Most studies on the impact of logging on fish popula

tions deal with salmonids inhabiting running waters. With Relative abundance

the exception of Bérubé and Lévesque (1998), we do not Lakes where few individuals were captured (i.e., <15 per species)
know of any study that investigated the impact of these perere not included in the anyalyses_. A one-way analysis of variance
turbations on fish population structure of lake ecosystemstANOVA) followed by Tukey's multiple range comparison test was
Two studies of this issue deal with the potential effect of de performed to determine if there were any significant differences in

. . . . CPUE among lake groups for species for which sufficient data
forestation on salmonid lake habitats (Gunn and Sein 200QNere available to perform this analysis (e.g., white sucker, northern

Steedmar_l ar_ld Kuskneriuk 2000). o pike, yellow perch, and lake whitefish). Assuming that logging and
The objective of our study was to determine if abundancefires may have similar effects on abundance (if there is an effect),
growth, and size structure of fish populations are correlate@ve pooled the data from logged and burned lakes into a single
with changes in any lake characteristics following wildfires group, hereafter referred as impacted lakes, to increase sample size
or logging. of the other species (e.g., fallfish, brook trout, walleye, and
burbot). In this case, we used &est to compare control versusim
pacted lakes. When the data were not normally distributed and (or)

Methods the variances heterogenous, the data werexiag{) transformed.
The homogeneity of variances was tested with hg, test (Sokal
Study area and Rohlf 1981), while normality was tested with the

The data were collected in 38 stratified headwater lakes on th&olmogorov—Smirnov—Lilliefors test. The data were not always
Laurentian Shield, located within a 50 000-knarea around normally distributed and (or) the variances homogeneous after
Réservoir Gouin, Québec (for a detailed description of the studytransformation. We assumed that departures from these assump
area, see Carignan et al. 2000). Our study compared fish communiions had no marked effect on thetest or ANOVA significance
ties in lakes with three types of watershed treatments: 20 contrdevels (Sokal and Rolf 1981).
lakes with undisturbed watershed, nine “logged” lakes, whose wa \We also compared the percent CPUE of “small fish” of the three
tersheds had undergone forest clearance (8.5-73.2%), and nigeudy species and that of age-1+ yellow perch using the same pro-
“burned” lakes, whose watersheds had been severely burned by figedure because they appeared to be affected by logging and fires
(50.1-100.0%). Lakes were selected on the basis of comparablgee Fig. 1 and below for age determination of yellow perch).
size, depth, watershed morphometrics, and time of impact (segmall fish corresponded to the first mode of the size frequency dis-
Carignan et al. 2000). Most fires and clearcuts occurred in 199%ribution, which was estimated visually. In the size frequency dis-
(with the exception of Lakes C24 and C2, which had partial cuts intribution, the frequency of each length-class represented the mean
spring and summer 1994, respectively). The fish communities obf the lake group. For yellow perch, the first mode was clear and
these lakes are generally unexploited or lightly exploited due to theorresponded to fish <75 mm in length (see Results section). For

relatively limited access. white sucker, the first mode was not as clear as for yellow perch
but was set to include fish <160 mm. Finally, the first size-class of
Fish sampling lake whitefish comprised fish <120 mm.

Twenty-one lakes were sampled in 1996 (1 year after impact)
and 17 in 1997 (2 years after impact). Each lake was sampled oncgge and growth of yellow perch
between June and August. Fish were captured with experimental ‘opercular bones were used to determine age and growth of yel
monofilament gill nets, 102.3 m long x 2.7 m deep, with stretchediow perch. Pairs of operculars were placed in a solution of soapy
mesh panels of 20, 24, 33, 36, 50, 60, 76, 90, and 100 mm (filayater overnight and then cleaned and dried. A dissecting micro
ment diameter of 0.17, 0.20, 0.20, 0.20, 0.20, 0.32, 0.32, 0.32, angcope connected to an image analyser was used for the examina
0.32 mm, respectively). Gill nets were set perpendicular to th&jon of operculars. The bone structure was submerged in
Shore, Wlth Sma” and |arge meshes altematlng from the Shorﬁnmersion 0|| and Observed at 6.5-10x magniﬁcation on a b|ack
among gill nets. The nets were set at regular intervals around thgackground with a continuous light ring. An image of the bone
graphs. The fishing effort was six nets per night for lakes <50 hagn a monitor. The true annuli were characterized by a gradual
eight nets per night for lakes of 50-100 ha, 10 nets per night foghange from the broad opaque summer growth zone to a narrow
lakes of 100-150 ha, and 12 nets per night for lakes >150 ha. Thgansparent winter zone, which ends relatively abruptly with a
nets fished for periods of 16-24 h, covering the periods betweeRnarp line of discontinuity to the next summer zone (LeCren 1947).
18:00 and 09:00. For all fish captured, total length (1 mm) andrhjs |ine was taken as the end of the year's growth. Two independ
weight (+0.1 g) were noted and, when possible, sex was -detefent readings were made by the same reader. When the results dif
mined by gonad examination. Appropriate bone structures wer@ared, two additional readings were made; when there was still
also removed for further age determination of white sucker, Rorth gisagreement, the sample was rejected. The opercular centrum was
ern pike, yellow perch, brook trout, lake whitefish, and walleye. ¢onsidered to be the point in the thickest region of the bone where

the holes appeared to converge (LeCren 1947). A straight line was

Study species then traced perpendicularly between the centrum and the edge of

The fish species composition of the study lakes, unknown before@percula, corresponding to the opercular length. The opercular
the study, was quite diverse (Table 1). The most widespread spdength as well as successive annual growth increments were mea
cies were white sucker (31 lakes), northern pike (27 lakes), yellowsured to the nearest 0.01 mm with the image analyser.
perch (25 lakes), and lake whitefish (11 lakes). We selected white We back-calculated body lengths at previous ages following two
sucker, yellow perch, and lake whitefish to evaluate the impact oproportional back-calculation methods: the scale-proportional hy
logging or fires on fish population structure because they were th@othesis (SPH) and the body-proportional hypothesis (BPH).-A de
most abundant and frequent species. Northern pike was present failed description of these methods can be found in Francis (1990).
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Table 1. Occurrence of fish species in the three groups of sampled lakes (control, logged, and burned).

Species Control Logged Burned Total

31
27
25
11
10

White sucker Catostomus commersgni 18
Northern pike Esox luciu$ 13
Yellow perch Perca flavescens 12
Lake whitefish Coregonus clupeaformjis
Fallfish (Semotilus corporalis

Brook trout Salvelinus fontinalis
Walleye (Stizostedion vitreujn

Burbot (Lota lota)

Lake trout Salvelinus namaycugh
Rainbow smelt Qsmerus mordgx
Trout-perch Percopsis omiscomaycus
Brook stickleback Culaea inconstar)s
Ninespine sticklebackRungitus pungitus
Finescale dacePhoxinus neogaelis
Lake chub Couesius plumbeds

Golden shiner lotemigonus crysoleucps
Pearl dace Nlargariscus margariti
Blacknose shinerNotropis heterolepis
Spottail shiner Klotropis hudsoniys
Logperch Percina caprodes

Northern redbelly dacePhoxinus eos
Common shinerl(uxilus cornutu}
Cyprinid sp.
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Note: Values indicate the number of lakes that each taxa inhabited per category.

In 80% of lakes, theR? of the body length—scale length relation- mer samples in statistical analyses (for the summer when fish were
ships was above 0.95. For this reason, neither back-calculatiosampled). The variable “logging or fires” was entered as a dummy
method was preferred (BPH versus SPH) because no substantiariable where the value 0 was attributed to control lakes and 1 to
differences were found in back-calculated fish lengths (Pierce et athose that underwent logging or fires. As fish were not sampled si-
1996). In this paper, we present the results computed with the SPIFhultaneously in all of the lakes during the summer, we also cre-
method. We used back-calculated length-at-age to compare growttted a variable “sampling date,” which was the day of the year. All
among the three lake groups (control, burned, and logged). To rerariables that were not normally distributed were transformed (log
duce the interannual variability, comparisons were made onlyor arcsin transformed for proportion). The number of independent
among fish of the same cohort and of the same lag preceding orariables used in the procedure was always lower than the number
following the impact (e.g., age-1 fish 1 year after logging). Sinceof lakes. In the stepwise procedure, the independent variable that
all fish sampling was not done in the same year, this approach aknters on the first step is the most highly correlated with the de
lowed us to use 2 years of data in the same analyses (see Resuftsndent variable. The best model, as indicated by the higRest
section). This procedure was carried out on the first three cohortsalues and the lowest values of the mean square error associated
(ages 1-3) for a total of 5 back-calculated years: the 2 years bottvith the estimate, was retained. Collinearity between the independ
preceding and following the impacts as well as for the year of theent variables was evaluated by examination of the pairwise cerrela
impacts. A one-way ANOVA followed by Tukey’s multiple range tion coefficients. Independent variables that were highly correlated
comparison test was performed for each year in each cohort-to dée.g.,r = 0.7-1.0) were not considered simultaneously in regres
termine if there were any significant differences in fish length sion analyses. The tolerance level given in the Systat regression
among lake groups. Finally, we usedt éest to compare control procedure was also taken into account to prevent collinearity.
and impacted lakes (pooled data from logged and burned lakes).When collinearity occurred, each collinear variable was used to
build a separate model that was then compared with all of the other
Multiol . models. Residual scatterplots, normal probability plots, and partial
ultiple regressions residual plots were used to determine if the assumptions of the

Stepwise multiple linear regressions (forward selection) werey jiple linear regression were satisfied (i.e., normality, linearity,
used to build models with each of the following dependent-vari 4, homoscedasticity of residuals).

ables: percent 1-year-old yellow perch in the population and per

cent of white sucker <160 mm in the population. No model was

built to predict the relative abundance of small lake whitefish in theResults

population because of the low sample size (nine lakes). Watershe

and lake morphometry, water quality, phytoplankton, and-zoo Relative abundance

plankton were used as independent variables in statistical analyses oo . .
(Table 2). Methodological details concerning estimation of these No significant differences were found in CPUE among the

variables can be found in Carignan et al. (2000), Patoine et athre€ lake groups for white sucker, northern pike, yellow
(2000), and Planas et al. (2000). Water quality, phytoplankton, and€rch, lake whitefish, fallfish, brook trout, walleye, and
zooplankton were sampled three times during the summers of 199Burbot (Table 3). Similarly, no significant differences were
and 1997. For these variables, we used the mean of the three sufiound in CPUE of the most frequent species between control
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Fig. 1. Length frequency distribution of yellow perch, white sucker, and lake whitefish populations sampled in 1996 or 1997 in con
trol, burned, and logged lakes. For each length-class, frequency represents the mean of the lake group.
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and impacted lakes (i.e., when burned and logged lakes welmirned, and logged lakes (Table 4). No significant differ
pooled) (Table 3). The mean percent CPUE of small whiteences were observed when logged and burned lakes were
sucker (<160 mm) in the population was significantly lower pooled into impacted lakes (Table 4).

in impacted lakes than in control lakets=—-2.15,p < 0.05)

(Fig. 1). The mean percent CPUE of small yellow perch ) )

(<75 mm) and small lake whitefish (<120 mm) also tendedP€terminants of the proportion of 1-year-old yellow

to be lower in impacted than in control lakes, but these dif P&rch and small white sucker (<160 mm) in the

ferences were not significant (Fig. 1). In lakes sampled irPOPulation .

1996, the mean percent CPUE of 1+ yellow perch in the The best predictors of the percent CPUE of 1-year-old
population was significantly lower in logged lakes than inYellow perch in the population were the biomass of northern
control lakes £ = 9.913,p < 0.05), with burned lakes show Pike (=), mean summer lake temperature (+), the dummy
ing an intermediate value (Fig.aR Such a difference in Vvariable logging or fires (=), and depth of the epilimnion (+),
mean percent CPUE among lake groups was not observed fxplaining 29.4, 24.6, 19.5, and 13.1% of the variation, re
1997 (Fig. ). The same pattern was observed for 1+ yel Spectively (Table 5). The length of brooks in the watershed
low perch in pooled samples of 1996 and 1997=4.289, (*) explained 0.5% of the variation (Table 5). The abun

p < 0.05) (Fig. 2). A significant increase in the mean per dance of white sucker and the nanophytoplankton density
cent CPUE of 3+ yellow perch was also observed in burned@ppeared in the model as suppressor variables (i.e., a
lakes compared with control lakes (pooled yedts: 6.024, regressor that is virtually uncorrelated with the dependent
p < 0.01). As the abundance is expressed as percent CPUFariable but is useful in the model because it accounts for
the significant increase in abundance of 3+ yellow perch igome residual variance in the other independent variables

probab|y due to the Signiﬁcant decrease of 1+ individuals. that is irrelevant for the prediCtion of the dependent Variable;
Tabachnick and Fidell 1983). Given the presence of these

suppressor variables (Table 5), this model explained a total
Growth of yellow perch of 81.3% of the variation of percent CPUE of 1-year-old-yel
No significant differences were found in the low perch in the population.The most powerful predictors of
back-calculated length of yellow perch among control,the percent CPUE of small white sucker were the density of
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Table 2. Independent variables available for multiple regression analyses.

Categorie Variable Units

Geographical Latitude Decimal
Longitude Decimal
Altitude m

Lake morphology Lake area Km
Fetch km
Lake perimeter km

Shoreline development

Mean lake slope %
Mean littoral slope %
Lake volume m
Epilimnion volume m
Littoral volume nt
Littoral area m
Maximum depth m
Mean depth m
Epilimnion depth m
Watershed morphology Watershed area 2km
Drainage area kfn
Watershed perimeter km
Drainage density km-kmd
Length of brooks on watershed km
Runoff me-year!
Water residence time Years
Mean watershed slope %
Marsh on watershed kin
Physical and chemical Secchi depth m
Mean lake temperature °C
Mean lake oxygen mg-t
Mean epilimnion temperature °C
Mean epilimnion oxygen mg-t
Thermocline depth m
Dissolved organic carbon mg-L
Total phosphorus pg-L?t
Total nitrogen pg-Lt
Nitrate pg Lt
pH
Alkalinity pequiv.-Lt
Phytoplankton Chlorophyla pg-Lt
Picophytoplankton density pg-L?t
Nanophytoplankton density pg-Lt
Microphytoplankton density pg-L?t
Zooplankton Total volume of particles nimT3
Volume of particles <100Qm mme-n3
Volume of particles >100Qm mme.nT3

Ash-free dry weight of particles 50-100,  mg-nT3
100-200, 200-500, and >5Q@@n

Fish Abundance or biomass of northern pike No~het g-net?
Abundance or biomass of walleye No. Tedr g-net*
Abundance or biomass of white sucker No.-her g-net’

microphytoplankton (+), the dummy variable logging or fire dance of small yellow perch and white sucker. This is-con
(-), latitude (+), and sampling date (+), which together ac firmed by the continued presence of the dummy variable
counted for 73.6% of the variation (Table 5). logging or fires in the multiple regression models after all
others biotic and abiotic variables were accounted for- Fur
thermore, the variable logging or fires explained a substan
tial proportion of the variation of 1+ yellow perch (19.5%)

Our study indicates that logging and fires affect the abunand small white sucker (24.1%). When logging and fires

Discussion
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Table 3. CPUE of fish species in the three lake groups (control, logged, and burned).

Species Control Logged Burned Py [

White sucket® 10.2+12.0 (18) 8.419.9 (6) 3.612.9 (7) 0.569 0.35
Northern piké 2.0+1.5 (13) 1.9+1.2 (7) 2.6+0.8 (7) 0.3525 0.7096
Yellow perch 23.4+35.9 (12) 11.749.2 (7) 9.6+4.6 (6) 0.7464 0.4611
Lake whitefisiP 10.3+5.6 (4) 6.4+7.0 (3) 5.5+8.4 (4) 0.3552 0.1239
Fallfish?® 5.546.1 (4) 1.4+0.6 (4) 1.9+2.6 (2) nt 0.2921
Brook trouf 5.5+6.9 (4) 5.8+7.7 (2) 25.8 (1) nt 0.4599
Walleyé 9.4+4.6 (4) 7.10.1 (2) 6.9+3.8 (3) nt 0.4018
Burbot 0.2+0.1 (3)* 0.31+0.1 (3) 0.8 (1)* nt 0.3331

Note: Data represent mean + SD; number of lakes is given in parenthgsgsobability of ANOVA (among
control, logged, and burnedp;: probability oft test (between control and impacted). *Difference determined by
Tukey's test; nt, not tested due to low sample size.

ANOVA performed on log-transformed data.

® test performed on log-transformed data.

were considered separately as independent variables, thegcurred. Consequently, any reduction in the abundance of
did not appear to predict the CPUE of small yellow perchl+ yellow perch in the littoral zone would have occurred in
and white sucker in any model. This is probably due to thethe seasons following the emergence of larvae.
splitting of samples size (four logged lakes and five burned White sucker require clean gravel to spawn (Scott and
lakes for white sucker and seven logged lakes and siCrossman 1973) and thus could have a response to spawning
burned lakes for yellow perch), leading to an increased-probhabitat degradation by siltation similar to that of salmonids
ability of making a Type Il error. In pooling logged and (Berkman and Rabeni 1987). As we did not do age determi
burned lakes, we assumed that both perturbations have simiations for white sucker, we cannot evaluate the effect of
lar impacts on small fish. fires and logging on the first cohort. However, age-length re-
The impacts of logging are well documented in fish andlationships found in the literature suggest that individuals
usually include a decrease in spawning habitat quality. Ircaptured in our gill nets were older than 1 year, including
streams, the increase in temperature and sedimentation afégh under 160 mm. The gillnet selectivity against small fish
timber harvest can affect egg to fry survival by reducing theseems to be responsible for the absence of 1-year-old white
oxygen in spawning grounds and by forming physical barri-sucker in all sampled lakes.
ers to emergence (Ringler and Hall 1975; Everest et al. Little information is available on postemergence survival
1987). Forest fires also influence the amount of sedimenafter clearcuts and fires. Depending on the concentration and
found in brooks and streams (Beaty 1994; Cerda et alduration of exposure, suspended sediments can induce phys-
1995). In lakes, the removal of fringing vegetation may alsoiological stress, reduce growth, and cause direct mortality in
affect spawning habitat quality. For example, fine suspendefish (Newcombe and MacDonald 1991). In streams where
sediment may be carried around the lake shoreline by watewatersheds have been almost completely burned, Bozek and
movements and be deposited in spawning grounds (Miller e¥oung (1994) found dead fish following storm flow caused
al. 1997). In some Québec lakes, Bérubé and Lévesquey rain. Fish appeared to have been asphyxiated by sediment
(1998) reported a reduction in sportfishing yield (abundancehat completely obstructed their gills. In streams, the current
and biomass) of brook trout after clear-cutting. Possiblevelocity is strong enough to keep sediment in suspension
damage to spawning and nursery habitats was suggested @aod thus expose fish to a substantial stress. In contrast, lake
partially explain these reductions in fishing success. basins act as sinks (Miller et al. 1997) where sediment is
Most studies on the impact of fires and logging on fishrapidly deposited. Furthermore, adult fish appear to tolerate
populations have been done on salmonids because they rguspended sediment concentrations substantially greater than
quire clean gravel or rubble substrate to spawn, so their rehose commonly found in nature (Muncy et al. 1979). For
production is generally affected by siltation (Berkman andthese reasons, it is unlikely that an excess of suspended sedi
Rabeni 1987). Yellow perch spawn in shallow water of lakesments would have caused direct mortality of fish in burned
or in tributaries where single, convoluted egg strands are eidnd logged lakes, especially in logged lakes, due to presence
ther attached to submerged plants and fallen trees or are def buffer strips.
posited on sand and gravel (Scott and Crossman 1973). For Assuming that fine sediment can reach the shores of
this reason, yellow perch are assumed to be less sensitifairned and logged lakes, macroinvertebrate habitats and sur
than trout to the potentially adverse affects of timber-har vival could have been negatively affected, reducing the
vesting (France 1997); this probably explains why no studyabundance of food for yellow perch and white sucker. Some
has evaluated the impact of logging and fires on this specieseviews have reported a reduction in macroinvertebrate den
In the present study, the reduction in abundance of 1+ yelsity or diversity following timber harvesting (Gregory et al.
low perch cannot be attributed to a reduction in egg to fryl987; Hartman and Scrivener 1990). Thus, a lower food
survival caused by logging or fires. The reduction in abun availability or quality could have influenced the survival of
dance was observed in 1996, 1 year after forest harvesting gounger fish.
fires. The 1-year-old yellow perch captured in 1996 were Some studies have reported an increase in salmonid bio
born in spring 1995, before fires and most logging activitiesmass or growth despite a decrease in reproductive habitat
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Fig. 2. Age frequency distribution of yellow perch in control, burned, and logged lakes sampledl 1996, b) 1997, €) 1996 and
1997 (pooled samples). For each age-class, frequency represents the mean of the lake group.
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Table 4. Back-calculated length of yellow perch 2 years before, the year of, and 2 years after fire and logging impacts.

Can. J. Fish. Aquat. Sci. Vol. 57(Suppl. 2), 2000

2 years before 1 year before Year of 1 year after 2 years after
perturbations perturbations perturbations perturbations perturbations
Age  Lake
group group Mean SD N Mean SD N  Mean SD N  Mean SD N  Mean SD N
| Control 48.02 741 7 49.18 6.05 9 48,58 8.73 11 52.45 523 11 5116 587 6
Burned 44.46 4.04 5 47.46 1044 5 49.14 3.45 6 48.02 4.13 6 46.41 484 3
Logged 47.17 449 4 47.61 6.34 6 49.89 3.75 7 51.00 388 6 5024 295 4
ANOVA ns ns ns ns ns ns ns ns ns ns
t test ns ns ns ns ns ns ns ns ns ns
1l Control 80.37 853 5 76.98 11.70 7 79.49 574 10 82.48 505 11 8134 515 6
Burned 68.92 7.67 3 70.65 549 5 7534 643 5 80.67 793 6 7917 284 3
Logged 81.67 861 3 73.32 392 4 7555 734 6 8148 669 7 8330 6.22 4
ANOVA ns ns ns ns ns ns ns ns ns ns
t test ns ns ns ns ns ns ns ns ns ns
I Control  104.06 24.02 2 104.16 1457 5 10192 1145 7 111.93 13.14 10 109.97 9.84 6
Burned 102.87 — 1 92.95 13.27 3 94.84 727 5 102.37 870 5 116.02 14.09 3
Logged 96.29 — 1 10647 1131 3 9357 364 4 10221 587 6 11275 1040 4
ANOVA ns ns ns ns ns ns ns ns ns ns
t test ns ns ns ns ns ns p < 0.05 ns ns ns

Note: Statistical analyses were done on separate treatment levels (ANOVA) and in pooling fires and logged lakes into a singleéegtiiups( not

significant.

Table 5. Best models predicting the percentage of 1-year-old yellow perch and small white sucker (<160 mm) in the population.

Adjusted SE,

Model p>t SE R? (%) R? (%) (%)
% of 1-year-old yellow perch in population = 81.3 73.1 16.6
-2.11 0.0067 0.6766

—0.18 northern pike biomass 0.0012 0.0505 29.4

+1.67 mean summer lake temperature 0.0006 0.3899 24.6

-0.25 logging or fire% 0.0142 0.1046 19.5

+0.15 depth of epilimnion 0.0102 0.1371 131

+0.23 length of brooks in watershed 0.0457 0.0898 0.5

+0.36 nanophytoplankton densify 0.0184 0.1144 (-0.02)

—0.34 white sucker abundari¢e 0.0094 0.0448 (-5.8)
% of white sucker of length <160 mm in population = 80.2 74 14.5
-20.21 0.0004 4.5602

+0.66 microphytoplankton densfty 0.0000 0.1113 30.7

-0.31 logging or fire% 0.0002 0.0645 24.1

+0.40 latitude 0.0006 0.0928 10.0

+0.01 sampling date 0.0017 0.0017 8.8

—0.21 littoral ared 0.0728 0.1113 6.7

quality (Murphy and Hall 1981; Grant et al. 1986). Theseence was found in its growth, yellow perch did not respond
authors suggested that the loss of reproductive habitat wase the increased productivity in burned lakes.

compensated for by an increase in primary productivity fol ~ The gill nets used in this study were chosen to ensure the
lowing disturbance. In our study, the increased phosphorusapture of all species and of a large size range of fish. How
supply in burned lakes caused a significant (80%) upsurge iever, these nets are not efficient in capturing small fish like
biological productivity, as evidenced by higher planktonic 1-year-old yellow perch and small white sucker. It is pessi
and attached chlorophyll levels, algal biomass, and- zooble that an increase in the catchability of small fish occurred
plankton (Carignan et al. 2000; Patoine et al. 2000; Planas ets the summer progressed and the fish grew larger. This
al. 2000). In contrast, the increased total phosphorus levelsould explain the selection of the variable sampling date (+)
in logged lakes did not result in higher productivity, eitherin the model explaining the percentage of small white sucker
because higher concentrations of dissolved organic carbon the population (Table 5). The absence of such a relation
reduced light availability or because of differences in-bio ship in the yellow perch model could be due to specific dif
logical availability of phosphorus released by burned anderences in catchability. The possible increase in catchability
harvested watersheds (Carignan et al. 2000). As no differof small fish as the summer progressed could explain the
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lower abundance of small yellow perch and white sucker insupported by grants from the Sustainable Forest Management
impacted lakes only if these lakes had been systematicall}letwork Center of Excellence and the Natural Sciences and
sampled at the beginning of the summer and control lakes d&ngineering Research Council of Canada to P. Magnan.
the end, which was not the case. Our sampling effort was
evenly distributed among treatments through 1996 and 1997.
Furthermore, the impact of logging and fires remained sig References
nificant when sampling date was accounted for in multiple )
regression analyses. Nevertheless, a detailed estimation Bfyley, S.E., Schindler, D.W., Beaty, K.G., Parker, B.R., and
small size-class structure of fish in these lakes would need a ;Stamton, M.P.d19_9_2. Etf)fectsl ?f m”'t'plg ff”es on nuhtngnt yields
; ; rom streams draining boreal forest and fen watersheds: nitrogen

;ne?rr% tﬁgﬁltegrst?;nplmg strategy (e.g., smaller mesh size, and phosphorus. Can. J. Fish. Aquat. 3. 584-596.

, , ps). It is also possible that small yellow ) ) .
perch and white sucker move to the pelagic zone followingP€a: K.G. 1994. Sediment transport in a small stream following
littoral zone disturbances of logged and burned lakes (e.g., two successive forest fires. Can. J. Fish. Aquat. S

following a reduction in macroinvertebrates discusse 2723-2733.
_g . : dBecker, G.C. 1983. Fishes of Wisconsin. University of Wisconsin
above); this zone was not sampled with our protocol.

L. . . Press, Madison, Wis.

In the model _predlctl_ng the proportion of Sma” white Bergman, E. 1987. Temperature-dependent differences in foraging
SUCker',the density O,f mlcrophytopl_ankton eXP'a!”e?‘ a large ability of two percids, Perca fluviatilis and Gymnocephalus
proportion of the variation, suggesting that this fish is influ  cernyus Environ. Biol. Fishes19: 45-53.

enced by lake productivity. The biomass of northern pikegerkman, H.E., and Rabeni, C.F. 1987. Effect of siltation on
was the most important determinant of the abundance of stream fish communities. Environ. Biol. Fishds 285-294.
small yellow perch. Northern pike is a common predator ofgerubg, P., and Lévesque, F. 1998. Effects of forestry clear-cutting
yellow perch (Scott and Crossman 1973); a preliminary €X on numbers and sizes of brook trouSalvelinus fontinalis
amination of northern pike stomach contents from this study (Mitchill), in lakes of the Mastigouche Wildlife Reserve, Que
revealed that small yellow perch were frequently eaten. bec, Canada. Fish. Manage. Ec61.123-137.
Mean summer lake temperature and epilimnion depth werBeschta, R.L., Bilby, R.E., Brown, G.W., Holtby, L.B., and
also good predictors of the proportion of 1+ yellow perch in Hofstra, T.D. 1987. Stream temperature and aquatic habitat:
the population, probably because they are both related to fisheries and forestry interactionk1 Streamside management:
yellow perch habitat. It is known that growth and survival of  forestry and fishery interaction&dited byE.O. Salo and T.W.
perch larvae are positively correlated with temperature (e.g., Cundy. Contrib. No. 57. Institute of Forest Resources, Univer-
Guma’a 1978; Wang and Eckmann 1994). The epilimnion sity of Washington, Seattle, Wash. pp. 191-232.
depth reflects the availability of habitat selected by youngBozek, M.A., and Young, M.K. 1994. Fish mortality resulting from
yellow perch; the use of upper waters by juveniles is proba- delayed effects of fire in the greater Yellowstone ecosystem.
bly due to temperature requirements for growth (Becker Great Basin Nat54: 91-95. .
1983), foraging (Bergman 1987), and (or) avoidance of largé-arignan, R., D'Arcy, P., and Lamontagne, S. 2000. Comparative
piscivores (Werner 1986). |mpacts of fire and fore_st harvesting on water quality in Boreal
In conclusion, this study suggests that logging and fires. Sfield lakes. Can. J. Fish. Aquat. SBi(Suppl. 2): 105-117.
have an impact on small yellow perch, white sucker, anacerda’ A., Imeson, A.C., and C‘f’“\.’?’ A. 1995. Fire and aspect in
perhaps lake whitefish, either through an increase in-post dcuced d'ﬁ\?rfnc‘?s on thﬁ emdg""t.y ar(':d rg:;‘)ggys%ffo”s atla
emergence mortality or to a shift of individuals to the- pe ostera, Valencia, southeast Spain. Cat@da 289-304.

lagi If this is th th taliti h Everest, F.H., Beschta, R.L., Scrivener, J.C., Koski, K.V., Sedell,
agic zone. IS IS the case, these mortalities may have a J.R., and Cederholm, C.J. 1987. Fine sediment and salmonid

cascading effect on the most valuable exploited species like production: a paradoXn Streamside management: forestry and

northern pike and walleye, which use yellow perch, white gopery interactions.Edited by E.O. Salo and T.W. Cundy.
sucker, and lake whitefish as forage fish. We do not know of contrib. No. 57. Institute of Forest Resources, University of

any study that has investigated the impact of these perurba Washington, Seattle, Wash. pp. 98-142.

tions in lake ecosystems with such a large sample size anglance, R.L. 1997. Potential for soil erosion from decreased
on nonsalmonid species. Our sampling design allowed us to |itterfall due to riparian clearcutting: implications for boreal for
observe significant differences in population structure among estry and warm- and cool-water fisheries. J. Soil. Water
lake treatments but not to determine the mechanisms respon Conserv.52; 452—455.

sible for these patterns. Further studies will be needed-to irFrancis, R.I.C.C. 1990. Back-calculation of fish length: a critical
vestigate the function of fish populations following forest review. J. Fish Biol.36: 883-902.

removal by clear-cutting or burning. Garman, G.C., and Moring, J.R. 1991. Initial effects of deforesta
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209 29-37.
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