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Does annual variation in growth and sexual
maturation of white sucker (Catostomus
commersoni) confound comparisons between
pulp mill contaminated and reference rivers?

Dany Bussiéres, Marthe Monique Gagnon, Julian Dodson,
and Peter V. Hodson

Abstract: A previous study on the effect of pulp and paper effluents on white sucker (Catostomus commersoni), conducted in
1991 and 1992, in both effluent-exposed and reference rivers showed that fish grew faster at downstream sitesthan at upstream
sites. However, in contrast with fish from areference river, fish exposed to effluent showed no decrease in age or size at first
maturity or increase in gonad size or fecundity in response to greater growth. The objective of the present study, conducted in
1993, wasto test if differencesin measures of growth and sexua maturation between fish popul ationsin exposed and reference
rivers would vary from year to year and whether such variation would affect conclusions concerning the effects of pulp mill
effluents. Although size at age, fecundity, and age at first maturity varied between the two studies, patterns of demographic
responses to pulp mill effluents, relative to reference populations, remained the same, i.e., conclusions about effects of pulp
mill effluents did not change despite variation in demographic variables between years and sites. This study reaffirmed the
view that only by including the fish populations in areference river could effects due to bleached kraft mill effluent be
separated from effects due to nutrient gradients.

Résumé:Une étude antérieure concernant I'effet des effluents d’usine de pate et papier sur les meuni€asastmnué

commersoni), menée en 1991 et 1992 dans des cours d’eau exposés aux effluents et des cours d’eau témoins, a montré que les
poissons croissaient plus rapidement aux sites d’aval qu'aux sites d’amont. Toutefois, a la différence des poissons d’un cours
d’eau témoin, il n'y a pas eu chez les poissons exposés aux effluents de diminution de I'age ou de la taille a la preit@ere matu

ni d'augmentation de la taille des gonades ou de la fécondité liées a leur taux de croissance accrue. L'objectif de la présente
étude, menée en 1993, était de vérifier si les différences dans les mesures de la croissance et de la maturation dezuelle entre
populations de poissons de cours d’eau exposés et témoins variaient d’'année en année, et si cette variation pouvait avoir un
impact sur les conclusions relatives aux effets des effluents d’usines de pate. Bien que la taille selon I'age, la féagedité et

la premiére maturité aient varié d’'une étude a I'autre, les profils de réponses démographiques aux effluents d’'usipes de pate,
rapport aux populations témoins, sont demeurés les mémes; c’est-a-dire que les conclusions concernant les effets des effluent:
des usines de pate n’ont pas changé malgré une variation dans les variables démographiques entre les années et les sites. Ce
étude confirme l'idée suivant laquelle on ne peut distinguer les effets dus aux effluents d’usine de pate kraft blarfetse des ef

dus aux gradients de nutriants qu’en prenant en considération les populations de poissons d’un cours d’eau témoin.

[Traduit par la Rédaction]

Introduction disturbancesto changesin population dynamics. These effects

Recent North American studies of the effects of pulp and

include bioaccumulation of chlorophenolic compounds (Gag-
non et al. 1994), induction of the mixed function oxygenase

paper mill effluents discharged to the aquatic environment (MFO) system (Adams et al. 1992; Ahokas et al. 1993; Gag-

have revealed a variety of effects on fish, from biochemical

non et al. 1994), lowered steroid sex hormone concentrations
(Munkittrick etal. 1992; Gagnon etal. 1994), disrupted
fecundity—weight relationships (Gagnon et al. 1994), delayed

age at maturity and increased size at maturity (Munkittrick
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Fig. 1. Stations sampled on the St. Maurice and Gatineau rivers. On the St. Maurice River, white sucker populations are separated by hydroelec-
tric dams at La Tuque and Grand-Mére. A pulp mill located at La Tuque is the major industry discharging effluent toGmethigeBatineau
River, dams were also located immediately downstream of stations 1 and 3, but no major industries occur in the study tec&ofAdaag-
non et al. 1998)
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effluents (Environment Canada 1992). At the beginning of varied from reservoir (lake) to riverine conditions among
the study, the St. Maurice River received more than 10t of sites. The river was also used for log driving. A second,
chlorinated organic chemicals per day from a bleached kraft uncontaminated river, the Gatineau River, Québec, was cho-
mill situated at La Tuque (Fig. 1) (Hodson et a. 1992). The  sen as a reference river. It had a similar morphology and dis-
mill adopted anew sequence of bleaching in September 1988, tribution of sampling sites as well as a log drive. White
changing from CpNELD to CpEQ(DED) (mill manager, sucker were sampled from the Gatineau River in 1992 on

Cartons St-Laurent, La Tuque, Québec, personal communicasimilar dates and under similar conditions as for the St. Mau-
tion). In September 1992, the mill converted to chlorine diox- rice River (Gagnon et al. 1985
ide substitution to reduce elemental chlorine use. In both rivers, we observed accelerated growth of white
In earlier studies, we sampled white suck@at¢stomus  sucker that occurred between 2 and 10 years of age at down-
commersoni), one of the most widespread and abundantstream stations relative to upstream stations, suggesting gra-
fishes in North America (Scott and Crossman 1973), from thedients of nutrient enrichment independent of bleached kraft
St. Maurice River in 1991 at three sites extending overmill effluent (BKME) contamination (Gagnon etal. 1295
100 km of river. The purpose was to assess the impact of tha995). Despite enhanced growth at downstream stations in
effluent on white sucker demographics and the spatial extenboth rivers, the reproductive response was markedly differ-
of that impact. A gradient of productivity was expected over ent. Gatineau River fish exhibited increased reproductive
such a distance (Vannote et al. 1980), and river morphologyeffort in response to enhanced growth, as shown by reduced
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length and age at first maturity, and increased gonad size and mill (chemicals, nutrients) and the town of La Tuque (nutrients). The
fecundity relative to body size (Gagnon et al. 1995a). The effluent was diluted in the river to about 1% (v/v), and mixing was
impacts of BKME exposure in the St. Maurice River were complete within 2 km of the discharge due to the hydroelectric dam
expressed as reduced reproductive effort in spite of enhanced and rapids downstream. At this rate of dilqtion, there were no mea-
growth at downstream stations, as revealed by greater length surable temperature differences among sites (Hodson et al. _1992).
at maturity, reduced gonad size of females, and more variable The 1993 sampling was performed 7 months after the conversion to

" . ; chlorine dioxide substitution. However, because white sucker are
fecundity relative to body size (Gagnon et a. 1995a). The long-lived, any significant demographic alterations observed in this

reduction in potential reproductive performance was not study most likely reflect longer term exposure to effluent. There was
obvious in simple upstream—downstream comparisons of theontinuous log floating at all three stations during the 2 years of
St. Maurice River, but became evident by comparison with sampling.
fish from the uncontaminated Gatineau River which showed Three stations were also sampled on the Gatineau River (Fig. 1).
increased reproductive performance in response to enhancefhe upstream station 1 was located in the Baskatong reservoir. The
growth rates (Gagnon et al. 1395 second station was located 30 km downstream of the dam near the
The EEM program for the pulp and paper industry requirestown of_Manlwakl. Station 3 on the Gatineau Rl_ver was in a second
each mill to study the impacts of its activities on the receiving €Servoir located 105 km downstream from station 1. Most log float-
environment. The EEM program is a series of monitoring and'nd Was stopped during the summer of 1992, but some log floating

) ; : : ) - persisted in 1993 while river banks were being cleared of logs.
interpretation cycles, including field sampling repeated every™ |, 1993, white suckers were collected simultaneously by two

3 years, with comparisons of a recent cycle with pr_eviousteams using gill nets in the two rivers immediately prior to spawning
cycles to assess temporal trends in environmental quality. Thérom May 3 to 13. The sampling procedure was similar for the two
BKME-contaminated St. Maurice River and the uncontami- teams, following the methods used in 1991 and 1992 (Gagnon et al.
nated Gatineau River provided an opportunity to test whether1995). In the St. Maurice River, 1007 white sucker were collected in
annual variations in demographics of white sucker popula-1993 compared with 1301 in 1991, and in the Gatineau River, 854
EEM program wishes to detect. Both rivers exhibited very
similar physicochemical and biotic characteristics, but inter- For all fish, the fork length and the weights of the whole body,

annual varlatlons In demogra_phlc parameters among Statlonaonads, viscera, and carcass (whole body minus gonads and viscera)
could affect previous conclusions. Although the mill changed yere recorded. Female gonads were preserved in Gilson's fluid and
its bleaching process in 1992, we did not anticipate new patfecundity was measured by the method described in Gagnon et al.
terns in downstream fish population demographics in 1993(1994) (egg counts of a dried subsample). For all fish, the first fin ray
relative to 1991. Given the age of fish sampled (generallyof the right pectoral fin was taken for age determination (Beamish
4 years or older), the demographics in 1993 would likely 1973). Age was determined by the method described in Gagnon et al.
reflect conditions from the previous 4—6 years. (199%). Validation of age estimates from fin rays with fish of known

The objective of this study was to determine if patterns of @ge has been established for white sucker (Chalanchuk 1984).
responses within rivers and between rivers previously docu-

mented were sufficiently strong to transcend the “noise” of Statistical analyses

natural annual variability and support the same Conclusion$ive fish were considered the minimum number necessary to calcu-
-“late a representative value for statistical analyses of any parameter at

about the foect o_f effluent exposure. Were the changes "y given station in a given year. When a parameter did not satisfy
demographics attributed to effluent exposure real and repeatme minimum sample requirement, we excluded that year and station
able, or were they simply coincidental? We simultaneously from the statistical analysis. Normality and homogeneity of variances
sampled the Gatineau and St. Maurice rivers in 1993 duringof all data sets were tested with a Shapiro-Wilk test and a Bartlett
the spawning season of white sucker. Our previous resultsest, respectively. Log-transformation was used to correct for normal-
were based on data from the St. Maurice River in 1991 andty and heteroscedacity (Zar 1984).

from the Gatineau River in 1992. We compared these data For each river, an analysis of covariance (ANCOVA) with two
sets to see if conclusions about the effect of effluent exposurélassmcatlon factors (station, year) was used to compare fish size,

would be altered by annual variation in fish demographics gonad size, and fecundity, with age as the covariate of fish size and
" carcass weight (body weight minus gonads) as the covariate of gonad

. size and of fecundity (SAS 1988). The homogeneity of slopes relat-
Materials and methods ing the dependent variable and the covariable was tested and found to
Study areas be similar P > 0.05) in all cases. Therefore, the subsequent ANCO-
The St. Maurice and Gatineau rivers, located in the province of VAs were repeated excluding the interaction term (station x year x
Québec (Fig. 1), exhibit similar watershed characteristics in terms ofcovariable) between the factors and the covariable (SAS 1988). We
vegetation, soil types, weather conditions, and fish communitiesused contrast tests as a posteriori hypotheses to locate which station
(Gagnon et al. 1999. Overall, the St. Maurice River differs fromthe was significantly different from the others. In the case where there
Gatineau River primarily in the discharge of BKME and a greater was a significant effect between the station and year (station x year),
average flow rate of water associated with a greater watershed areave analysed each station separately for year comparisons and each
Fish communities were dominated by white sucker in both rivers.  year for station comparisons. For all the analyses, we used a signifi-
The uncontaminated reference station 1 of the St. Maurice Rivercance level of 0.05. The ANCOVA tables are summarized in the
was 10 km upstream of the mill and isolated from downstream sta-Appendix.
tions by a hydroelectric dam situated beside the mill. Station 2 was Age and size at maturity were determined by visually inspecting
located immediately downstream of the mill and next to the town of age — percent maturation curves as recommended by Trippel and
La Tuque, and station 3 was located 95 km downstream of the millHarvey (1991), since white sucker populations showed an abrupt
in a reservoir created by a second dam at Grand-Mére (Fig. 1). Théransition from immaturity to reproductive maturity. Age and size at
primary sources of contamination in the study area were the pulpfirst maturity were defined as that age or size at which 50% or more

Sample collection and analyses
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Fig. 2. Interannual and interstation comparisons of age-adjusted
mean length of female and male white sucker captured during the
spawning run in the Gatineau and St. Maurice rivers. Open squares,
1993 sampling (both rivers); solid squares, 1991 (St. Maurice River)
or 1992 (Gatineau River) sampling. Asterisks indicate a significant
difference between years (P < 0.05). Different lettersindicate asig-
nificant difference among stations (P < 0.05). Horizontal linesindi-
cate that interstation comparisons are based on pooled annual data.
When annual data cannot be pooled (because of a significant year x

station interaction), differences among stations are expressed by two
different sizes of letter representing annual comparisons. Vertical

bars indicate confidence limits.
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of fish examined were mature. Statistical analyses were precluded
because analytical methodsfor binomial data, such as probit analysis,
require partial responses (i.e., >0 but <100% mature); in about 50%
of comparisons, there were no partial maturities at one or more sites.
Comparisons between years and among stations were limited by the
low numbers of younger and smaller fish captured in 1993. In both
years, most fish captured were aged 4 years or older.

Results

Growth

In the St. Maurice River, the results of the ANCOVA for
females aged between 5 and 10years reveded that the
changes in length among stations varied between years as
shown by the significant difference (P = 0.0037) of the inter-

action term (station x year). The contrast test on adjusted

1071

Fig. 3. Interannual and interstation comparisons of weight-adjusted
mean gonad weight of female and male white sucker captured dur-
ing the spawning run in the Gatineau and St. Maurice rivers. Open
squares, 1993 sampling (both rivers); solid squares, 1991 (St. Mau-
rice River) or 1992 (Gatineau River) sampling. Asterisks indicate a
significant difference between yeaPs< 0.05). Different letters
indicate a significant difference among statio®s:(0.05). Horizon-

tal lines indicate that interstation comparisons are based on pooled
annual data. Vertical bars indicate confidence limits.
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were significantly P < 0.05) longer in 1993 relative to 1991
(Fig. 2). As in the case of females, males from the upstream
station were significantlyR < 0.05) smaller than those from
the two downstream stations in both sampling years despite
annual differences in length at age.

In the Gatineau River, female and male white sucker aged
5-10 years were not significantly different in lengf>(
0.05) between 1992 and 1993 at all stations. White sucker
were significantly smallerR < 0.05) at the upstream station
relative to at least one downstream station in both sampling
years (Fig. 2). The magnitude of changes in length among sta-
tions was smaller than observed in the St. Maurice River.

mean length indicated that female white sucker at stations 1Gonad size

and 2 were significantly longeP& 0.01) in 1993 than in

In the St. Maurice River, mature female and male white

1991 whereas those captured at station 3 were of similasucker exhibited greater gonad weights in 1993 than in 1991,
length during the 2 years (Fig. 2). Despite these annual differ—elative to carcass weight. Females from the upstream station
ences, female white sucker were smaller at the upstream starad bigger gonads per unit carcass weight than those from
tion relative to those sampled downstream in both samplingdownstream stations (Fig. 3). In contrast, the gonad weights
years. For male white sucker, fish aged between 5 anddf male fish sampled at station 2 in 1993 were higRex (

10 years also varied in length among stations between yearg.05) than those of fish located at the upstream reference sta-

as shown by the significant difference £ 0.0152) of the

tion (Fig. 3).

interaction term (station x year). The contrast test on adjusted In the Gatineau River, the gonad weights of mature female
mean length indicated that only male white sucker at station lwhite sucker relative to carcass weight were lowRk (

© 1998 NRC Canada
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Fig. 4. Interannual and interstation comparisons of weight-adjusted
mean fecundity of femal e white sucker captured during the spawning
run in the Gatineau and St. Maurice rivers. Open squares, 1993 sam-
pling (both rivers); solid squares, 1991 (St. Maurice River) or 1992
(Gatineau River) sampling. Asterisksindicate a significant differ-
ence between years (P < 0.05). Different lettersindicate a significant
difference among stations (P < 0.05). Horizontal lines indicate that
interstation comparisons are based on pooled annual data. Vertical
bars indicate confidence limits.
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0.0001) in 1993 relative to 1992, and in both years, females
from the downstream station 3 had higher (P < 0.0001) gonad
weights than those sampled at station 1 (Fig. 3). The statistics
for male white sucker indicated that the testis weights were
lower (P = 0.0385) in 1993 relative to 1992 at stations 1 and
3, but in both years, no differences (P > 0.05) were observed
among stations.

Fecundity

Females from the St. Maurice River produced a larger (P <
0.001) number of eggs per unit carcass weight in 1993 rela
tiveto 1991, and females from the upstream reference station
had a higher fecundity (P < 0.001) relative to at least one
downstream station in both sampling years (Fig. 4).

In the Gatineau River, the number of eggs produced was
similar between 1993 and 1992 for al sites (P = 0.091).
Females sampled at the upstream station 1 produced fewer
eggs (P < 0.0001) than females from station 3 in both sam-
pling years (Fig. 4).

Age and size at maturity

In the St. Maurice, the youngest females and males captured
in 1993 at the upstream reference station were 5 years old and
al were sexualy mature (Figs. 5 and 6). Therefore, age at
first maturity would be 5 years of age or less. At the down-
stream stations 2 and 3, females reached first maturity at 5
and 6 years, respectively (Fig. 5), and males reached first
maturity at 4 and 6 years, respectively (Fig. 6). There were
too few fish from stations 1 and 2 in 1993 to establish size at
meaturity for females or males, but it is clear that male fish at

Can. J. Fish. Agquat. Sci. Vol. 55, 1998

mature at least a year earlier in 1993. At the downstream
station 3, the age (6 years) and size (38—39 cm) at first matu-
rity of females were the same for the two sampling years

(Fig. 5). Males at station 3 reached first maturity at the same
age (6 years), but were slightly longer in 1993 compared with

1991 (Fig. 6). There were too few male fish captured at

station 2 to compare between years.

In the Gatineau River, females sampled in 1993 at stations 1
and 2 reached first maturity between 5 and 6 years of age. At
the downstream station 3, the youngest females captured were
4 years old and 100% were mature (Fig. 7). Female white
sucker at station 1 reached first maturity at length class 34—
35cm (Fig. 7). Although there were too few fish from
stations 2 and 3 to make a valid comparison, it appears that
mature fish from station 1 were longer than mature fish sam-
pled at the downstream station 3. Male white sucker from the
upstream station 1 and downstream station 3 were spawning at
5 and 3 years of age, respectively, in 1993 (Fig. 8). Male fish
from the downstream station 3 were smaller at first maturity
relative to fish from upstream station 1 (Fig. 8). There were
too few male fish from station 2 to compare age at maturity
among stations and between years.

Compared with 1992, sampling in 1993 in the Gatineau
River revealed that females were mature at the same age
(station 1) or a year older in 1993 (station 2) (Fig. 7) whereas
males from stations 1 and 3 matured a year earlier (Fig. 8).
Males from stations 2 and 3 were longer in 1993 compared
with males captured at the same station in 1992. Most impor-
tantly, the pattern of station-to-station differences remained
the same: fish at downstream station 3 matured earlier and at
a smaller size than fish from the upstream reference station.

Overall, the fish from the St. Maurice River showed little
variation among stations in age at maturity, but matured at a
greater length at downstream stations in 1993. In contrast,
white sucker of both sexes in the Gatineau River were
spawning at younger ages and smaller sizes at the down-
stream stations in 1992, and there were variations in the age
and size at first maturity for both sexes and stations in 1993
relative to 1992.

Discussion

I nter station variability

The results of the 1993 sampling campaign led us to the same
conclusions as reached in the previous study (Gagnon et al.
1995) concerning gradients of fish growth and reproductive
effort as a function of river gradient and BKME exposure.
The trends within the St. Maurice River remained the same
over 2years of sampling: white sucker from upstream
(i) grew slower relative to white sucker from downstream as
shown by size at agej)(exhibited greater reproductive effort
(females only) as shown by greater gonad size and fecundity
relative to body size, andiij matured at a younger age (in

station 3 reaching first maturity at length class 36-37 cm 1993) or at the same age (in 1991) relative to downstream

were longer relative to males at first maturity captured atsites. In comparison, white sucker from the upstream station

station 1 (Fig. 6). While size at maturity of males and femalesof the Gatineau Rivef)(grew slower relative to white sucker

could not be measured at stations 1 and 2 in 1993, the trenftom downstream as shown by size at agg,ekhibited

was similar to that seen in 1991, where fish of both sexesreduced reproductive effort (females only) as shown by

from the reference station 1 matured at a much smaller size. reduced gonad size relative to body size and fecundity, and
Compared with 1991, female and male white sucker from (iii) matured at an older age relative to downstream sites.

the reference station of the St. Maurice River appeared to In accordance with better growth, female fish from the

© 1998 NRC Canada
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Fig. 5. Ageand length at first maturity for female white sucker from the St. Maurice River. The numbers represents the station, and the thick line
represents the upstream station 1. The vertical dotted linesindicate age and size at maturity. Samples sizesfor each point ranged from 5to 52 fish.
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downstream stations of the Gatineau River had bigger
gonads and higher fecundity relative to females of a similar
carcass weight from the upstream station. This was consistent
with a larger investment of energy in egg production because
of greater nutrient availability at downstream stations. The
fact that femal e white sucker from the downstream stations of
the St. Maurice River did not develop bigger gonads and
higher fecundity despite their larger size supports previous
conclusions of negative impacts of BKME exposure on
female gonad development (Munkittrick et al. 1991; Gagnon
etal. 1994, 1995a). Only male fish from the St. Maurice
River exhibited a bigger gonad weight relative to carcass
weight at the BKME-exposed downstream station 2.

While age at first maturity exhibited great variability, fish
from the BKME-exposed stations exhibited the same (1991)
or delayed (1993) age at maturity relative to the reference
upstream station of the St. Maurice River. In comparison,
fish from the downstream stations of the Gatineau River
reached maturity precociously relative to fish from the
upstream station.

Inthe St. Maurice River, BKME may have also contributed
to faster growth either directly or indirectly. Even the very
low nitrogen and phosphorus levels of secondary-treated kraft

Length at maturity
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increased growth relative to control rainbow trout, which is
believed to result from a stimulation of benthic invertebrate
biomass in effluent-exposed habitats (Haley et al. 1995). Sim-
ilarly, recent experiments concluded that mayfligatis tri-
caudatus Dodds) exposed to pulp mill effluent had 20-50%
greater body weights than control benthic invertebrates (Low-
ell etal. 1995). The presence of juvabione-type compounds
(juvenile hormone) in woody plants such as pine, fir, and
spruce trees used by the pulp and paper industry could be
responsible for stimulating the growth of benthic inverte-
brates. The juvenile hormone inhibits morphogenesis and dif-
ferentiation of reproductive organs, allowing continued
somatic growth of the insects (Lowell et al. 1995), resulting
in an increased food biomass available to fish. The potential
effects of juvabione-like compounds on fish growth are pres-
ently unknown, but may contribute to the increased growth of
BKME-exposed fish.

Nevertheless, increased growth at downstream stations rel-
ative to the upstream station observed in both contaminated
and reference rivers indicates gradients of productivity, and
hence food availability, independent of BKME. Nitrogen and
phosphorus contents of municipal effluents located along the
rivers are expected to be higher than those associated with

effluent can be sufficient to alter the river’s trophic status andBKME and are the most likely cause of greater fish growth at
cause algal blooms in receiving waters (Bothwell 1992). downstream stations. In both rivers, growth of fish was better

Rainbow trout ©ncorhynchus mykiss) exposed to secondary-

at downstream stations, indicating gradients of productivity

treated effluents in experimental streams demonstratedndependent of BKME contamination.
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Fig. 6. Age and length at first maturity for male white sucker from the St. Maurice River. The numbers represents the station, and the thick line
represents the upstream station 1. The vertical dotted linesindicate age and size at maturity. Samples sizesfor each point ranged from 5to 66 fish.
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Annual variability within stations

The similarity in trends within and between rivers observed in
the present and former studies was evident despite significant
annual variability in demographic variables within stations. In
the St. Maurice River, there was a significant enhancement in
growth rates and reproductive effort in 1993 compared with
1991 at the upstream reference station. Female and male
white sucker at station 1 (i) grew faster in 1993 as shown by
direct observation of size at age, (ii) exhibited greater repro-
ductive effort in 1993 as shown by greater gonad size and
fecundity relative to body size, and (iii) were younger at first
maturity. At stations 2 and 3 located downstream of the mill,
females and males (i) did not grow faster in 1993 as shown by
direct observation of size at age (except station 2, females),
(ii) exhibited better reproductive effort in 1993 than in 1991
as shown by greater gonad size and fecundity relative to body
size, and (iii) exhibited the same age at first maturity. There-
fore, groups of white sucker sampled in the St. Maurice River
exhibited significantly different within-station variability in
growth and gonad investment in 1993 relative to 1991.

The enhanced gonad size and fecundity observed in 1993,
associated with enhanced growth rates, resulted in a reduced
age at maturity at the upstream station 1 of the St. Maurice
River. Improved growth conditions may have led to greater
energy allocation to reproduction and maturation at a younger
age, in concordance with the findings of Trippel and Harvey
(1989), Chen and Harvey (1994), and Gagnon et a. (1995a).
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But this was not the case at the downstream stations 2 (except
females) and 3. Despite overall enhanced gonad size and
fecundity, the growth and age at first maturity of the exposed
fish did not change.

In comparison, growth rates and reproductive effort of
white sucker from the reference Gatineau River demonstrated
a different pattern of variation between years. Female and
male white sucker located at the upstream station in 1993
(i) grew at the same rate as in 1992 as shown by no inter-
annua difference in size at age, (ii) exhibited reduced repro-
ductive effort as shown by reduced gonad size relative to
body size, and no variation in fecundity, and (iii) matured at
the same age and size. At the stations located downstream
(Fig. 1), females and males (i) grew at the same rate as in
1992 as shown by no difference in growth at age,
(ii) exhibited reduced reproductive effort as shown by
reduced gonad size relative to body size (station 3), and no
variation in fecundity (station 3), and (iii) were mature at a
younger (station 3) or older (station 2, females only) age and
at alarger size (station 3, males).

Thus, in the Gatineau and St. Maurice rivers, we observed
annua differences within stations in growth rate, gonad
investment, and age at first maturity. But these variations
were not sufficient to alter our previous conclusions about the
effects of BKME exposure. This demonstrates that the impact
of BKME discharge on the reproductive investment of white

sucker was evident despite the “noise” of natural annual
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Fig. 7. Ageand length at first maturity for female white sucker from the Gatineau River. The numbers represent the station, and the thick linerep-
resents the upstream station 1. The vertical dotted lines indicate age and size at maturity. Samples sizes for each point ranged from 5 to 84 fish.
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Fig. 8. Age and length at first maturity for male white sucker from the Gatineau River. The numbers represent the station, and the thick line rep-
resents the upstream station 1. The vertical dotted lines indicate age and size at maturity. Samples sizes for each point ranged from 5 to 60 fish.
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variability. This study suggests that in cases where BKME on reproductive parameters of white suckzatéstomus commer-
has a significant impact on reproductive investment, the mul- soni) populations of the St. Maurice River, Québec, Canada.
tiple sampling cycles of the EEM program should detect such Can. J. Fish. Aquat. S&1: 337-347.

an impact despite naturally occurring variability in growth Gagnon, M.M., Bussieres, D.B., Dodson, J.J., and Hodson, P.V.
andr producetyisgn y g ying 199%. White sucker Catostomus commersoni) growth and sex-
Th‘z:e rewltsélsoillustrateauseful statistical tool for EEM ual maturation in pulp mill-contaminated and reference rivers.

; S Environ. Toxicol. Chem14: 317-327.
programs. The ANCOVAs showing the distribution of rela- Gagnon, M.M., Bussiéres, D.B., Dodson, J.J., and Hodson, P.V.

tive variability among main factors demonstrate significant 199%. Letter to the editor: secondary treatment of bleached-kraft
differences in responses attributable to years. However, the mill effluent. Environ. Toxicol. Chenl4: 1455-1456.

“year effect” was generally smaller than effects due to siteHaley, R.K., Hall, T.J., and Bousquet, T.M. 1995. Effects of biologi-
and fish size. Most importantly, there were no significant cally treated bleached-kraft mill effluent before and after mill con-
site x year interactions in any factor except growth, indicating versiqn to increased chlorine c!ioxide spbstitution: results of an
that the main effects of site had not changed between years. €xperimental stream study. Environ. Toxicol. Ché.287-298.
For monitoring, the interactive term provides a very useful Hogzcr’g/ PJY_I M\/C:r\wlgréﬂ'(rgﬂékRglph\’/vléi'tytleGr%/'MB";gvferg:'sq?{é
Waly tr?]i;;je][flltlfynsilgngl?iaﬂt tem;)IOtriaInch?rl;l%ﬁis In tr?ie elff;acts of M.-C. 1992. Effects of bleached-kraft mill effluent on fish in the St.
pulp mill €ftiuents on fish populations. In this particular €ase, -, ice River, Québec. Environ. Toxicol. Cheti. 1635-1651.
the _Iack of year x site interactions indicates that chlorine Lowell, R.B., Culp, J.M., and Wrona, F.J. 1995. Stimulation of
dioxide substitution, implemented in 1992, had no effects on jncreased short-term growth and development of mayflies by pulp

population demographics in 1993, as might be expected con- mill effluent. Environ. Toxicol. Cherl4: 1529-1541.

sidering the relatively long life of white sucker. Munkittrick, K.R., Portt, C.B., Van Der Kraak, G.J., Smith, I.R., and
Robson, D.A. 1991. Impact of bleached-kraft mill effluent on
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Table A2. ANCOVA for comparisons of white sucker length in the Table A4. ANCOVA for comparisons of gonad weight of white
Gatineau River. sucker in the Gatineau River (CW, carcass weight).
Source of variance df  Sumof squares Fratio P Source of variance df  Sum of square$- ratio P
Female Female
Station 2 199 13.56 0.0000 Station 1 0.010 164 0.0000
Year 1 4.824 0.6561  0.4183 Year 1 0.1121 1823 0.0000
Age (covariable) 1 1971 268 0.0000 log CW (covariable) 1 5.065 823 0.0000
Station x year 2 13.56 0.9221 0.3983 Station x year 1 0.0022 0.3645 0.5464
Males Males
Station 2 70.1 6.353 0.0019 Station 1 0.0338 2121 0.1463
Year 1 2.241 0.4059 0.5243 Year 1 0.0688 4.319 0.0385
Age (covariable) 1 758 137 0.0000 log CW (covariable) 1 5.273 330 0.0000
Station x year 2 2.522 0.2284  0.7959 Station x year 1 0.0202 1.271 0.2605
Table A3. ANCOVA for comparisons of gonad weight of white Table A5. ANCOVA for comparisons of fecundity of female white
sucker in the St. Maurice River (CW, carcass weight). sucker in the St. Maurice and Gatineau rivers (CW, carcass weight).
Source of variance df  Sum of squaresF ratio P Source of variance df  Sum of squaresF ratio P
Female St. Maurice River
Station 2 0.1913 12.27 0.0000 Station 2 0.0663 5.187 0.0060
Year 1 0.2029 26.02 0.0000 Year 1 0.0794 12.42 0.0005
log CW (covariable) 1 9.364 1201 0.0000 log CW (covariable) 1 2.763 432 0.0000
Station x year 2 0.0054 0.3459  0.7077 Station x year 2 0.0153 1.196 0.3035
Males Gatineau River
Station 2 0.1895 5.822 0.0031 Station 1 0.6926 105 0.0000
Year 1 0.2807 17.25 0.0000 Year 1 0.0189 2.882 0.0910
log CW (covariable) 1 4970 305 0.0000 log CW (covariable) 1 2.487 378 0.0000
Station x year 2 0.0442 1.358 0.2578 Station x year 1 0.0001 0.0116  0.9143
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