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ABSTRACT

Chalanchuk, S. 1985. Recruitment, growth, and condition of a population of
the white sucker, Catostomus commersoni, in Lake 223, an experimentally
acidified lake. Can. Tech. Rep. Fish. Aquat. Sci. 1396: iv + 18 p.

A population of the white sucker, Catostomus commersoni, in Lake 223, in
the Experimental Lakes Area, northwestern Ontario was studied from 1975 until
1983 to monitor the responses of the fish to experimental acidification of the
lake. Recruitment failures occurred in 1981, 1982 and 1983 when the pH of the
lake was between 5.0-5.2. Normal recruitment occurred in this lake in all
other years from 1971-1980 when the pH was between 5.6-6.5, and in other non­
acidic lakes in this area during 1971-1983. Growth of fish aged two to six
years increased as lake pH decreased from 6.5 to 5.5. Condition factors of
all fish initially increased. These increases in growth and condition were
made possible by increasing food suppl ies. By 1981-1982, when Lake 223 1 s pH
was 5.02, a decrease in food supply coincident with a peak in abundance of
white suckers led to a decline in condition factors and a slight decline in
growth of fish aged two to six years. Lowest condition factors "occur-r-ed in
1983.

Key words: Sucker, white; pH; growth; recruitment; condition.

RESUME

Chalanchuk, S. 1985. Recruitment, growth, and condition of a population of
the white sucker, Catostomus commersoni, in Lake 223, an experimentally
acidified lake. Can. Tech. Rep. Fish. Aquat. Sci. 1396: iv + 18 p.

De 1975 a 1983, on a procede a l'etude d'une population de meuniers
noi rs, Catostomus commersoni, dans 1e 1ac nO 223 de 1a Regi on des Lacs
Experimentaux du nord-ouest de 11Ontari 0, afi n d I eval uer 1es reacti ons du
poisson a l'acidification exper-imental e du lac. Les chercheurs ont const ate
des echecs de recrutement en 1981, 1982 et 1983, lorsque 1e pH du 1ac se
situait entre 5,0 et 5,2. Unrecrutement normal est survenu dansce lac pen­
dant toutes les autres annees de la per tcde comprise entre 1971 et 1980, au
moment ou le pH etait entre 5,6 et 6,5, ainsi que dans d'autres lacs non
acidifies de la region pendant la per i ode de 1971 a 1983. La croissance des
poissons ages de deux a six ans a fait une progression lorsque le pH du lac
est passe de 6,5 a 5,5. Les coefficients d1etat de tous les poissons etudies
ont augmente. Ces hausses de la croissance et de l'etat ant ete atteintes en
augmentant l'approvisionnement en nourriture. En 1981-1982, au moment ou le
pH du lac 223 etait a 5,02, une baisse de l'approvisionnement en nourriture
couplee a llabondance cyclique de la population a entraine une chute des coef­
ficients d'etat et un leger ralentissement de la croissance des poissons ages
de deux a six ans. Les plus bas coefficients d'etat ont ete observes en 1983.

Mots-cles: . meunier noir; pH; croissance; recrutement; coefficient d'etat.



INTRODUCTION

The purpose of thi s study was to exami ne
recruitment, growth and condition of a popula­
tion of the white sucker, Catostomus commersoni,
in response to experimental acidification of
Lake 223, in the Experimental Lakes Area, north­
western Ontario.

The phenomenon of acid precipitation has
been documented si nce the ei ghteenth century,
although the envi ronmental consequences of
increased acidity only began to be understood
much later (Cowling 1982)~ Various researchers
have recentl y summari zed the effects of low pH
on aquatic organisms and ecosystems (Drablos and
Tollan 1980; Singer 1981; Haines 1981). The
loss of fish populations as a result of increas­
ing acidification of lakes is well known (Bea­
mish and Harvey 1972; Jensen and Snekvik 1972),
but more information is needed about the causes
of these losses. Phys i 01 og i ca1 mec han isms such
as failures in body salt regulation and in nor­
mal gill function (Muniz and Leivestad 1980;
Leivestad 1982) are implicated in fish death
during episodes of high acidity, such as spring
run-off. This is especially true if metal con­
tamination is also present. Extinction of fish
populat ions, however, is usually attri buted to
recruitment failures. These can be caused by
failure of females to release ova, hatching
fail ure or embryonic mortal ity (Mount 1973; Bea­
mish 1976; Schofield 1976; Peterson et al. 1980;
Peterson et al. 1982).

Much of the data documenting pH effects on
fi sh have been deri ved ei ther from 1aboratory
studies in which conditions may differ from
natural situations or from observational studies
.of presence/absence of species in lakes at vary­
ing pH values. These studies may indicate
threshold levels of toxic pH effects but not the
mechani sms responsi ble for losses of fi sh popu­
lations at these pH values. The initiation of a
whole-lake acidification experiment in Lake 223
provided an opportunity for extensive monitoring
of the responses of a population of white suck­
ers to decreases in pH in a natural ecosystem.

This report presents data on the recruit­
ment, growth and condition of the white sucker
population in Lake 223 and discusses the changes
that occurred in response to decreases in pH.

MATERIALS AND METHODS

Lake 223 is a small ol t qot rophi c lake
(area = 27.3 ha, mean depth = 7.2 m) in the
Experimental Lakes Area of northwestern Onta­
ri o. Informati on on the background chemi stry,
acidification and initial results can be found
in Schindler (1980), Schindler et al , (1980),
Schindler and Turner (1982) and Mills (1984).
The pre-acidification pH range of 6.5-6.7 in
1976 was lowered at a rate of ~0.25 pH units per
year to a pH range of 5.0-5.2 in 1981 and was
held at this value in 1982 and 1983 (Cruikshank
1984). Data presented in thi s report were col­
lected from September, 1975, to November, 1983.

White suckers were sampl ed throughout the
ice-free season, usually late April until late
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October. Two methods of capture were used:
modified versions of Beamish trap nets (Beamish
1972) and small mesh multifilament gill nets (bar
mesh 25-45 mm). Fish captu red by trap net were
sampled immediately after being removed from the
trap net. Those captured by gillnet were held
overnight prior to being sampled, to assess
gill-net sampling mortality.

Fish were anaesthetized with tricaine
methane sulfonate (MS222®), sampled, allowed to
recover' and rel eased. The foll owi ng data were
collected for each fish: fork length (to the
nearest mm), weight (to the nearest g), sex (if
possible), and previous capture history as
determi ned by tag number and/or fi n scarri ngs.
Fi sh with fork 1engths greater than 280 mm were
tagged with modified Carlin tags (White and Bea­
mish 1972); fish smaller than this were not tag­
ged. All fish were batch-marked according to
sampl ing period by scarring dorsal or anal fin
rays (Wel ch and Mi 11 s 1981). Two or three rays
of a pectoral fin were removed for age deter­
mi nat i on when fi sh were captured for the fi rst
time. Recaptured fish had two or three rays
removed from an unclipped pectoral or pelvic fin
if the time elapsed since last sampling was at
1east one year.

Fin rays were air-dried in envelopes,
fixed in epoxy and sectioned with a fine-toothed
jeweller's saw. Sections were mounted on micro­
scope sl ides accordi ng to methods descri bed by
Beami sh (1973). The fi n-ray method for agi ng
the Lake 223 popul at i on of white suckers was
previously validated, and further details on the
aging technique used in this study can be found
in Chalanchuk (1984).

Seasonal length-frequency distributions
were based on fork 1engths. From 1977 - 1980,
fi sh with fork 1engths 1ess than 150 mm were
subsampled; the rest of the fish in this length
category were counted and measured, but were not
rna rked. On ly the subsamp1ed fi sh were included
in the length-frequency graphs. Before 1977 and
after 1980, all fish were counted, measured and
marked. These fish were, therefore, included in
the length-frequency graphs.

A composite age frequency distribution for
1976 was constructed by subtracting the appro­
priate number of years from the ages of indivi­
dual fish captured after 1976 to determine their
ages in 1976. For example, a fish aged eight
years when caught in 1982 woul d have been two
years of age in 1976. All fish captured for the
first time during 1977-1981 were included in the
composite age-frequency distribution. This dis­
tribution was constructed to illustrate popula­
tion trends with time in an effort to determine
year-class failures during the experimental
years and before acidification of Lake 223. .

Growth curves were constructed by plotting
mean fork lengths at age and mean weights at age
for the spring sampling periods each year. Com­
posite growth curves for all years were fitted
by eye.

Back-calculations of lengths for 255 fish
were done to determine growth of suckers for two
to five years before acidification of Lake 223



because there was very little data for fish
during this time period. A geometric mean (GM)
functional regression of fork-length against
fin-ray length was used. Ricker (1973) recom­
mended the use of the GM regress i on for back­
cal cul ati ons of 1ength because measurements of
errors of x and y variables are minor relative
to natural variability. The back-calculation
formula of Bagenal and Tesch (1978) was used:

Li - a = 1i /1 (L - a)

where Li = fork length of fish at time i
L = total fork length of fish when fin

was obtained
1· radius of ray at time i
1

1
total radius of ray when fin was
obtained

a intercept from regression.

Calculated lengths were then used to construct
growth curves for individual years from 1971­
1975.

Condition was determined using Fulton's
condition factor (Bagenal and Tesch 1978):

K =~w
1

where w = observed weight of fish (g)
1 = observed length of fish (cm).

Condit i on factors were cal cul ated on a seasonal
basis for nine fork-length intervals. Means of
all the length groups for each season were
determined and were plotted for all years. Sea­
sonal intervals were: spring (April to June),
summer (July to August) and fall (September to
early November).

RESULTS AND DISCUSSION

RECRUITMENT

Recruitment failure is an important mecha­
nism in the loss of fish populations (Jensen and
Snekvik 1972; Beamish et al. 1975; Schofield
1976). Trojnar (1977) demonstrated an increase
in deformities and a lack of successful swim-up
of sucker prolarvae at pH 5.02. Although the pH
of Lake 223 was lowered to 5.0-5.2 by 1981
(Crui kshank 1984), physi cal deformiti es of fi sh
wer'e not observed. In fact, phys i ca 1 deformi­
ties were not observed throughout the entire
study period. In contrast, recruitment failures
did occur when the pH decreased to these low
values.

Recruitment fai 1ures in Lake 223 began in
1981. These were i ndi cated by the absence of
fish with fork lengths less than 150 10m (age 0+
and age 1+) caught in 1982 and 1983 (Fig. 1a and
1b). In contrast, large numbers of fish in this
1ength category were caught from the spri ng of
1978 until the spring of 1981, indicating suc­
cessful recruitment during this time period.
Only small numbers of young fi sh were caught
before spri ng 1978. However, sampl e sizes in
1976 and 1977 were usually very low, whereas, in
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1982 and 1983, sample sizes were usually very
much higher (as much as 10-15 times higher in
some cases). Despite these higher sample sizes,
and increased fi shi ng effort, in compari son to
that which occurred before 1978, essentially no
young-of-the-year and age 1+ fish were caught in
1982 and 1983. The exclusive use of gillnets in
1975 was responsibl e for the absence of young
fish during during this time period. Fish with
fork lengths less than 150 10m were not captured
by gillnet throughout the entire study period.

Recruitment failures in 1981, 1982 and
1983 were confirmed by comparisons of numbers of
young-of-the-year fish collected in Lake 223
from June to October duri ng 1977-1983 (Fi g. 2).
These fish were not included in the length­
frequenci es in Fi g. 1a and 1b but are in .addi­
tion to numbers represented there. Fishing gear
and techni ques used duri ng 1981-1983 were the
same as those used before 1981. Fishing effort
was somewhat greater during most of 1981-1983
and one would expect, higher catches than before
1981. Sampling biases did not, therefore, cause
the differences between years in numbers of
young-of-the-year fish captured.

A composite age frequency di.stribution
(Fig. 3) prov t ded further confirmation of
recruitment before 1977. Good recruitment
occurred in 1972. 1973 and 1975. Less success­
ful recruitment was shown by the 1971. 1974 and
1976 year-classes. Low numbers of fish in year
classes prior to 1967 were due to natural morta­
lities of older fish. The pH of Lake 223 was
probably greater than 6.5 during this entire
period (a pH of 7.0 in 1973 was reported by Bea­
mish et ale (1976)). Despite fluctuations in
strength of year cl asses and the presence of
poor year classes, it is evident that no
recruitment fai 1ures occurred in any year from
1964-1976.

The occurrence of recruitment failures in
Lake 223 during only 1981-1983 and at no other
time from 1964-1980 suggests that they were
caused. by decreases in pH and not by natural
population cycles. Data from Lake 302, a con­
trol 1ake with a pH > 6.25 from 1973-1982 (Bea­
mish 1976; Cruikshank 1984), i ndi cate that
recruitment occurred throughout this time
period, including during 1981 and 1982. Also,
there were no indications of year-class failures
from 1981-1983 in other unmanipulated lakes in
the area (K.H. Mills. Freshwater Institute, Win­
nipeg, Manitoba. personal communication).

GROWTH

Growth of fish has been shown to increase
(Ryan and Harvey 1977) and to decrease (Beamish
et ale 1975) in acidified lakes. Ryan and Har­
vey (1977) found that growth rates of younger­
aged rock bass, Ambloplites rupestris, were fas­
ter in more acid lakes, probably because of
lower population densities caused by reproduc­
tive failures. Beamish (1974), on the other
hand, noted a decrease in growth of suckers in
an acidified lake compared to that present when
the 1ake was at a hi gher pH. Thi s decrease in
growth occurred despite an adequate food source
and was followed by mort al t ty of larger indivi-



dua 1s , In Lake 223, qrowth rates of younger
fi sh increased as pH decreased, whil e growth
rates of older fish remained fairly constant.

Fish aged two to six years grew faster in
length during 1980-1982 than did comparably aged
fish duri nq 1976-1978 (Fig. 4) and during 1971­
1975 (Fig. 5). Error bars were very small for
this age-group (Fig. 6a and 6b) and growth
curves could be directly compared. Pre-acidifi­
cation growth rates of young suckers in Lake 223
were similar to or lower than rates during acid­
i fi cati on, especi ally durt ng 1980-1982. Harvey
and Lee (1981) found that younger fish had
greater lengths at age in two acid lakes studied
than di d correspondi ng1y aged fi sh in two non­
acid lakes. No change in growth rates of young­
er fish occurred in non-acid Lake 302 during
1976-1982.

Fi sh 01 der than si x years of age grew at
simil ar rates throughout the 1971-1982 period
(Fig. 4 and Fig. 5). Error bars were quite
large because of low sample sizes, and overlap­
ped for the older fish. Maximum lengths attain­
ed by white suckers were similar between years.
Simil ar trends were shown by growth curves based
on weights (Fig. 7a and 7b).

The growth rate of Lake 223 suckers in
1976 was near the middle of the range of growth
for white suckers (as reported by Beamish
(1973)) (Fig. 4). During 1980-1982 growth rates
of fi sh aged two to si x years approached the
extreme upper 1imit of growth. Thi s was the
only time during 1971-1982 that growth rates
were near the upper limits (Fig. 5); most years,
they were near the middle of the range or lower.

In Lake 223, changes from the rapid growth
of young fish to the slower growth of older fish
were correlated with sexual maturity. In most
fishes growth decreases after the onset of
sexual maturity (Brown 1957). Onset of sexual
maturi ty in Lake 223 occured at two years for
males and three or four years for females. How­
ever, most fi sh thi s young were st ill sexually
immature. Spoor (1938) noted that the average
age of maturity was approximately two years
later than the onset of maturity in a population
of white suckers in Muskell unge Lake, Wi scon­
sin. Males generally matured one or two years
earl i er than fema1es in both Muskell unge Lake
and in Lake 223. Most males in Lake 223 were
mature by five years of age; most females were
mature by seven years. This is coincident with
the decrease ingrowth rates around the age of
six years.

Females appeared to grow faster than males
during 1978-1979, but grew at similar rates up
to the age of four or five years of age during
1980-1982 (Fig. 8a and 8b). The precision of
some age-at-1ength estimates was poor because of
small sample sizes, especially for females and
for 01der fi sh in general. Fema1 es 01der than
fi ve years of age were generally longer and
heavier than males of the same age. This dif­
ference was al so noted by Spoor (1938) in Mus­
kellunge Lake suckers. According to Hauser
(1969), females of all species of the genus
Catostomus were generally longer than males of
the same age. The age at which the change in
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growth rates occurred correlated well with
sexual maturity as discussed previously.

Although the initial response of white
suckers to decreased pH in Lake 223 was increa­
sed qrowth of young fi sh, a sl i ght decrease in
growth rates may have occur-red in 1982. It is
unclear whether this was a somewhat poorer
growth year or was the beginning of a decline in
growth because of acidification or of density­
dependant factors. Wi ener and Hanneman (1982)
showed an inverse correlation between growth
rates and densities of populations of bluegills,
Lepomis machrochirus, in acidic lakes in Wiscon­
sin. The Lake 223 white sucker population peak­
ed in abundance in 1981 (K.H. Mills,persona1
communication), then declined. Dipteran popula­
tions, which provided the major food source for
the white suckers, also increased in biomass and
numbers (peaking in 1979 and 1980, respectively)
(I.J. Davies, Freshwater Institute, Winnipeg,
Manitoba, personal communication). They dec1 i­
ned during 1981-1983, either as a result of
acidification or of predation by the increased
numbers of suckers. Thi s dec1 i nemay then have
caused the beginning of a decline in growth of
white suckers. No change in growth rates occur­
red in Lake 302, the control lake, during 1976­
1982.

CONDITION

Condition factors are used to indicate
fi s his "well-bei ng" or "fatnes s" (Bagena1 and
Tesch 1978). They are especially useful when
comparing the same populations over several
years.

Condition factors of white suckers in Lake
223 increased during the early acidification
years, but then declined as pH decreased to even
lower val ues. Before 1979, there was greater
seasona1 vari abil ity between cond it i on factors;
after 1980, condition factors remained at fairly
constant values (Fig. 9a). Within individual
years, condition factors were usually lower dur­
i ng summer than duri ng spring or fall. Fi sh
caught during the summer had completed spawning
but had not accumulated much new gonadal mater­
ial so were less "fat" than fish caught in the
spring. Also, they were in the middle of their
growth season so were not as "fat" as fish
caught in the fall after.a complete growing sea­
son. Small er samp1 e si zes duri ng summer and
fall, especially prior to 1980, caused greater
variability. Consequently, spring values of
condition factor were more useful in denoting
population trends.

Condition factors increased from 1976 to a
peak in 1978 (Fig. 9b). Harvey and Lee (1981)
noted higher condition factors for white suckers
in acid Chub Lake, compared to factors in three
other popu1at ions studi ed , Two of these three
lakes were non-acid. Condition factors for Lake
302 were also similar to values for these non­
aci di c 1akes and lower than values for Lake
223. In 1979, condition factors in Lake 223
decreased. In 1982 and 1983, val ues were lower
than in any other year from 1976-1981. The
highest mean spring condition factor for each
fork-1 ength group occurred duri ng 1977 -1979



(Table 1). Lowest condition factors for fish
with fork lengths greater than 150 mm occurred
in 1982 or 1983. Condition factors for fish
sma11er than thi s fl uctuated more from year to
year, but values in 1982 and 1983 were, nonethe­
less, all lower than in 1978. The general
trend, therefore, was a slight decline in condi­
tion of Lake 223 suckers from 1979-1983.

SUMMARY

Increasing acidification of Lake 223 was
the probable cause of recruitment failures that
occurred in the white sucker population in 1981,
1982 and 1983. No fail ures in recruitment oc­
curred in Lake 223 in any other year from 1971­
1980 and none occurred in other non-acidic lakes
in the Experimental Lakes Area from 1971-1983.
Increases in growth and in condition during the
early years of acidification were made possible
by increases in the di pteran food supply. An
increase in numbers of white suckers in the
population occurred simultaneously. This led to
a decline in condition factors, followed by a
decline in growth as the food supply decreased.
By 1982, condition factors were lower than
during any other year prior to 1982, and growth
seemed to be beginning to decline. These
decreases in growth and condition, combined with
the recruttment failures of Lake 223 white suck­
ers, suggest that the population is stressed. A
poor future for the Lake 223 white sucker popu­
lation is very likely if the pH remains at a
value of 5.0 or less.
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Table 1. Mean condition factors ± 95% confidence limits at annual spring intervals from 1976-1983 for nine fork-length groups. Numbers in
parentheses are sample sizes.

Fork
length

(mm)
Spring 1976 Spri ng 1977 Spring 1978 Spring 1979 Spring 1980 Spring 1981 Spring 1983 Spring 1983

(68) (99) (97) (91) (1)
51-100 1.52±0.06 1.lO±0.04 1.15±0.05 1.09±0.04 1.40±0.00

101-150 1.04±0.06(26) 1.39±O.29(4) 1.16±0.04(38) 1.22+0.04(59) 1.23±0.19(68) 1.27±0.62(2)

151-200 1. 29±0.02(5l) 1.31±0.O3(35) 1. 25±0.03(47) 1.29±0.O8(8) 1. 25±0. 01 (408) 1. 24±0. 01 (1617) 1. 22±0.04 (40) 1.28±0.99(2)

201-250 1.26±0.01 (287) 1.32±0.05 (21) 1. 30±0. 02(73) 1.30±0.01 (155) 1.28±0.01 (377) 1.28±0.01(424) 1.24±0.01 (616) 1.26±0.06(73)
0"1

251-300 1.32±0.01 (180) 1.38±0.03(24) 1.45±O.O6(7) 1.45±0.02(53) 1.44±0.04(9) 1.34±0.01 (1050) 1. 26±0.01 (956) 1. 22±0.01 (820)

301-350 1.38±0.18(22) 1. 50±O.06 (10) 1.49±0.05 (15) 1.49±0.03(86) 1.45±0.01 (169) 1.37±0.01 (314) 1.29±0.01 (484) 1.25±0.01 (713)

351-400 1.47±0.O8(11) 1.46±0.05 (15) 1. 5l±0. 06(14) 1.64±0.11 (9) 1.49±0.02(115) 1.46±0.01 (210) 1.3l±0.01 (205) 1.28±0.02(195)

401-450 1.49±0.12(1l) 1.49±0.08 (13) 1.43±0.05 (16) 1. 58±0. 06 (8) 1.50±0.11 (25) 1.46±0.02(88) 1.35±0.02(79) 1.20±0.07 (38)

451-500 1.37±0.30(4) 1. 35±0.00(1) 1.51±0.61 (2) 1.45±0.00(1) 1. 51±0. 08 (4) 1.49±0.05(3) 1.39±0.00(1) 1.25±0.00(1)

overall 1.30±0.01 (566) 1.32±0.03(145) 1.39±0.02(246) 1.31±O.02(457) 1.31±0.01 (1263) 1.29±0.01 (3865) 1.27 ±O. do (2384) 1.24±0.01 (1834)
mean
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