
\ . . 

1+1 

Scientific Excellence • Resource Protection & Conservation • Benefits for Canadians 
Excellence scientifique • Protection et conservation des ressources • Benefices aux Canadiens 

Ten Years of Data for Four Cyprinid 
Species in Lake 114, an 
Experimentally Acidified Lake in 
the Experimental Lakes Area, 
Northwestern Ontario 

S.M. Chalanchuk, L.C. Mohr and D.J. Allan 

Central and Arctic Region 
Department of Fisheries and Oceans 
Winnipeg, Manitoba R3T 2N6 

May 1989 

Canadian Data Report of 
Fisheries and Aquatic Sciences 
No. 733 

Fisheries 
and Oceans 

Peches 
et Oceans Canada 



Canadian Data Report of 
Fisherie and Aquatic Sciences 

I )(It<l rr:purh I1I(H iut: CI mC:UIlIIll 1\11 fi ling and .. reh l\ Ing data cO ll1p1lal lu l1 ' II hcrL 
Illl k or no dl1aly ... i" i, includt:d Such compilatlom common l ~ wi ll hal bt:t:n prcl1iHcd 
III 'lIrr() ll of olhcrJoLilna l puhlication, lrrCpolt' Thc\ubjecI maller\Ifdala rt'rl\ln~ 
rcl ll."\:h the broad inlerc~h anti policie, 01 thl" Derailment (I I Fi~heric~ and 0 ean~ 
nameh " II ,hc:r i c~ and <lll lla tic scie nces 

Data rl.:r Irl!> an.: not intc:nueLi for general dl~ tr ibu llon and the c ntenl~ mu~ t nOl 
hL Iclerrctl tll in other pub li l."clli,'n~ with ,ut prillr II nllell <1ul hor ilation from the 
I"uing e,t<tbl i,hmcn l. T ht co rrt:ct cit,ltilln ~Irrc.tr' .(hlnt: thc:ab tral:t nfeach rerun 
Dala rerllrh arc a b,lraelcd in -Iqllut" C)"( 1<'111('\ (//l d Fi.IJl!'lil'llh.ltrl/, ' "1 <tnd inde .\t'd 
In the OLrarlmt:T1l'\ annual inLit: \(1 'CII.' nlilIL Jnd techllicClI ruhllt:dtinn, 

"ulllhLr I 25 in l hl~ ~erie Ilere j"lleLi.l i,ht:lie, and Marine Seniet' Daw 
RllOTLb "umber,2f, IN) wcn' 1"L1ed a, DCpallnlCll1 (I I F i ,hcrit:~ anLi I ilL Emirun­
men\. h~heril', anJ M arin~ '-jeri iet: Dittel RL r(lrt~ I hL current ,erie, n'lme \\.1 intlll­
duct'U II ilh Ill e [lllb II CHl i<1I1 ,)1 rr.:porl nu 111 bt:l If, I 

D:tta ler0rt .. an.: PI00Ut'CO rt'i:!I(lII"II~ hUI .tIl numbered n<lll()nall~ Re4ue,L lur 
Illdl\IUUal rlpn r\ \ \1 ill he li lled hy the j"ulng L"IJhli~hmull 1i'leJ (In I hI: Iront C(l\er 
.tlld 1IIIe rag.:' nut-ol-'Ind, n:[1<111 \~ il l he 'lIprltcd IlI[ J let: bl cummcr,'/itl agel1b. 

Rapport slalistique canadien de 
sciences ha li euti(IUes et aquatique 

Lt:, rarrnn, l:lti " liq ll t:~ 'LI \lnt a , Ia '1."1 t'l ;i arL"hi\(~1 Ie t:\lmri l ':lli\) n ~ .It 
J(1llnct'~ puur k~qlIl' l k~ ,,~ a peu 'lll ["loinl d'anah'L Cc.' Cllnlpiialinn\ allt On!. Li\lroi­
l1airll."ll" prcparee it I'aprui Li'autr..:, ruhllcalinn, llU rarro rt~ Le ,ujet ' de~ rar r (llt!-. 
,t,ltlltLjlle, rdl~lcnt la ,:'bll gatnll1l dc, int.:rch cl dc, po lttltluc du m ini ler~ dc?, 

P~dle' L'I 1.Ie lk"eal1\ . c'c'l-il-dirl k, 'l·j~nc~' h~dieliliLl\lt: et <lllli.ttiqllc\ 
1<.:' l.apport, sWlI tiyue ilL ",nl rlO1' dt:,"nl~ ' il unl: \a,lr.: l l i"lrihlllh'll <.:l Inll 

\.I,IIIt:lllI IlC dOll f1a!> t- l ft. Il1Lllllllnnl dan lint runliGIlHll1 '.\n~ Ltutllli .lIilln ~crlll" 
[11';,.I:'lhk de retabli"cmL"nt alllLlIl I ( Illie ~' ,aCl rarall <Ill-Lie ~1I' lilt re'lIm': dt: 
' hal) lI~ IUrrl.1ll 1 t:~ rarrOI h 'l<ltL lll(IIL ,<1nl rr.:,Ur11c . d"n~ 101 IC\ u~ R"'II/J/t"' rlt'\ 

'("/t'I/ILI tI(/IUI/illll£'\ t'l J/(i/lc 'Wil/lle" II II ",nttl.l"L" Jlln~ !,indt: i1llllUel LIt', ruhlic3-
lions ~ciclltll i LfUt'. cl It:chl1iqUL"' lu ~llni'll'rL 

Lc~ nllme l o~ I U 2- dc l:Clle 'Crll ont etc puhllr::. J l iln: de rdclt~ 'IJI I' 114ue~, SCI ­
\ icc, LI t' r~chc:~..:t dt' 1:1 mer I.e. 1l III11 C{(l':> 2f, il 160 ont ele publlc,:i Illlc de rnrpI.r\'. 

,Ial i"liLlue~ du ~erl iet' tit:' peL'ilt:~ d loll" la mer ll1ini~lere dt:~ rech,,~ ..:1 dl I· 1l1110flnc­

I1H'l1l t t' nUIll aClUl l de 1,1 ,,2ric n ~tL dahli 1M, dt: 1<1 parution UU Il umero l td. 
I.e\ rapr Irt, IJti l iY lle, 'on I prodult .. il i"cchclon regional. mal. nUll1erllle~ a 

I cchelllll national. Ll' d~l11al1lk dt l<Jrpllll 'I ' WII I alt l ai l t' pat 1"~I..t hli"ement 
illIleUJ dUIll k IWIll figure . lIl la cnUll'llure el I" rag~ du litre Lr ... rarr( rh erlll~e~ 
cronl luurni~ conl r..: l etrrbutiull raj dc, <Ig..:nl' (1IInmc?rt"lat" 



Canadian Data Report of 

Fisheries and Aquatic Sciences 733 

May 1989 

TEN YEARS OF DATA FOR FOUR CYPRINID SPECIES IN 

LAKE 114, AN EXPERIMENTALLY ACIDIFIED LAKE IN THE 

EXPERIMENTAL LAKES AREA, NORTHWESTERN ONTARIO 

by 

S.M. Chalanchuk, L.C.Mohr and D.J. Allan 

Central and Arctic Region 

Department of Fisheries and Oceans 

Winnipeg, Manitoba R3T 2N6 

This is the 31st Data Report 

from the Central and Arctic Region 



i i 

(c) Minister of Supply and Services Canada 1989 

Cat. no. Fs 97-13(733)E ISSN 0706-6465 

Correct citation for the publication is: 

Chalanchuk. S.M •• L.C. Mohr. and D.J. Allan. 1989. Ten years of data for 
four cyprinid species in Lake 114. an experimentally acidified lake in 
the Experimental Lakes Area. northwestern Ontario. Can. Data Rep. 
Fish. Aquat. Sci. 733: iv + 23 p. 



PREFACE 

ABSTRACT/RtSUMt 

I NTRODUCTI ON 

TABLE OF CONTENTS 

MATERIALS AND METHODS 

ACKNOWLEDGMENTS 

REFERENCES 

LIST OF TABLES 

i i 

i v 

1 

1 

2 

Table Page 

Maximum fork lengths of four 
species of Cyprinidae in Lake 114, 
ELA lakes, and other North American 
popul ations . 3 

LI ST OF FIGURES 

Figure Page 

la Monthly length-frequency distribu-
tions for fathead minnow in Lake 
114 • • • • • • • • •• 4 

Ib Monthly length-frequency distribu­
tions for fathead minnow in Lake 
114 5 

lc Monthly length-frequency distribu-
tions for fathead minnow in Lake 
114 • • • •• .• • 6 

Id Monthly length-frequency distribu­
tions for fathead minnow in Lake 
114 •• •• •• • 7 

Ie Monthly length-frequency distribu­
tions for fathead minnow in Lake 
114 . • • . • . • • •. 8 

2a Monthly length-frequency distribu-
tions for pearl dace in Lake 114 • 9 

2b Monthly length-frequency distribu-
2c Monthly length-frequency distribu-

tions for pearl dace in Lake 114 • 11 
2d Monthly length-frequency distribu-

tions for pearl dace in Lake 114 • 12 
2e Monthly length-frequency distribu-

tions for pearl dace in Lake 114 • 13 
3a Monthly length-frequency distribu-

tions for northern redbelly dace in 
Lake 114. • • • • • • •• 14 

3b Monthly length-frequency distribu-
tions for northern redbelly dace in 
Lake 114 • • 15 

3c Monthly length-frequency distribu-
tions for northern redbelly dace in 
Lake 114. • • • • • • •• 16 

3d Monthly length-frequency distribu-
tions for northern redbelly dace in 
Lake 114. • • • • . • •. 17 

'3e Monthly length-frequency distribu-
tions for northern redbelly dace in 
Lake 114 • 18 

iii 

4a Monthly length-frequency distribu­
tions for finescale dace in Lake 
114 

4b Monthly length-frequency distribu­
tions for finescale dace in Lake 
114 • . • .• •• • 

4c Monthly length-frequency distribu­
tions for finescale dace in Lake 
114 • • • • • • • • • . 

5 Annual catch composition (percent-
age) of Lake 114 fish •• • 

6 Catch-per-unit-effort for a) pearl 
dace and fathead minnow, and b) 
finescale dace and northern 
redbe 11 y dace 

19 

20 

21 

22 

23 



iv 

ABSTRACT 

Chalanchuk, S.M., L.C. Mohr, and D.J. Allan. 1988. Ten years of data for 
four cyprinid species in Lake 114, an experimentally acidified lake in 
the experimental lakes area, northwestern Ontario. Can. Data Rep. 
F ish. Aq u at. Sc i. 733 : i v + 23 p. 

Length-frequency distributions and catch data are presented for four 
species of Cyprinidae in Lake 114, in the Experimental Lakes Area, 
northwestern Ontario: fathead minnow (Pimephales promelas), pearl dace 
(Semotilus margarita), northern redbelly dace (Phoxinus eos), and finescale 
dace (Phoxinus neo~aeus). Lake 114 received monthly additions of sulphuric 
acid (H2S04) fromuly 1979 until October 1986. Data presented in this report 
are from 1978 and 1980 to 1988. Maximum fork lengths attained by each species 
were 133 mm by pearl dace, 89 mm by fathead minnow, 85 mm by northern redbelly 
dace, and 97 mm by finescale dace. These lengths are compared to those of 
other North American populations. 

Key words: Pearl dace; fathead minnow; finescale dace; northern redbelly 
dace; fork length; pH; acidification. 

Chalanchuk, S.M., L. C. Mohr, and D.J. Allan. 1988. Ten years of data for 
four cyprinid species in Lake 114, an experimentally acidified lake in 
the experimental lakes area, northwestern Ontario. Can. Data Rep. 
Fish. Aquat. Sci. 733: iv + 23 p. 

On presente les distributions de frequence de longueurs et les donnees 
sur les prises pour quatre especes de cyprinides provenant du Lac 114 de la 
Region des Lacs Experimentaux du nord-ouest de l'Ontario: le tete-de-boule 
(Pimephales promelas), le mulet perle (Semolitus margarita), le ventre rouge 
du nord (Phoxinus eos) et le ventre citron (Phoxinus neo~aeus). Le Lac 114 a 
fait l'objet d'additions mensuelles d'acide sulfurique ( 2504) de juillet 1979 
a octobre 1986. Dans le present rapport on presente des donnees pour 1978 et 
pour 1980 a 1988. Les longueurs a la fourche maximales enregistrees pour 
chacune des especes ant ete les suivantes 133 mm pour le mulet perle, 89 mm 
pour le tete-de-boule, 85 mm pour le ventre rouge du nord et 97 mm pour le 
ventre citron. Ces valeurs sont comparees a celles obtenues pour d'autres 
populations de l'Amerique du Nord. 

Mots-cles : mulet perle; tete-de-boule; ventre citron; ventre rouge du nord; 
longueur a la fourche; pH; acidification. 



I NTRODUCT ION 

The purpose of this report is to present 
data on the fi sh populati ons in Lake 114, the 
Experimental Lakes Area (ELA), northwestern 
Ontario. Fish species present in Lake 114 are 
fathead minnow (Pimephales promelas), pearl dace 
(Semotilus mar arita), northern redbelly dace 
(Phoxinus eos , and finescale dace (Phoxinus 
neogaeus). 0cientific names of fishes in this 
report are based on American Fisheries Society, 
1980). These four species are the most wide­
spread and abundant species in the ELA (Beamish 
et al. 1976), and are distributed throughout a 
1 arge part of North Ameri ca (Scott and Cros sman 
1973). They are a significant food source for 
many larger fish (Scott and Crossman 1973), such 
as lake trout (Salvelinus namaycush), and thus 
constitute an important component of many 
aquatic ecosystems. 

Recently, researchers have shown that many 
species of Cyprinidae are very sensitive to 
acidification (Rahel and Magnuson 1983; Mi lls 
and Schindler 1986; Pauwels and Haines 1986). 
Based on these studies, the pH values below 
which these species do not occur are 5.8 - fat­
head minnow, 5.3 - pearl dace, northern redbelly 
dace, and finescale dace. However, deleterious 
effects on these populations occur at higher pH 
values. For example, in a whole-lake acidifi­
cation experiment in Lake 223, in the ELA, fat­
head minnows failed to reproduce at a pH of 5.9 
(Mills 1984; Schindler et al. 1985; Mills et 
al. 1987). 

In Lake 223, varying volumes of sulphuric 
acid were added to the lake as required to main­
tai n pH at a constant target value each year 
(Cruikshank 1984). In Lake 114, fixed volumes 
of su 1 phu ri c ac i d were added to the 1 ake at 
monthly intervals (Cruikshank 1984) and pH was 
not mai ntai ned at a constant value each year. 
The initiation of the Lake 114 acidification 
experiment in 1979 provided an opportunity for 
monitoring the population dynamics of the fish 
populations in response to acid "pulses" rather 
than to relatively constant acid inputs to the 
1 ake as had occurred in Lake 223. We hypothe­
sized that the acidification of Lake 114 would 
have detrimental effects, such as reproductive 
impairment and population decline, on the acid­
sensitive species of fish, especially fathead 
minnow, similar to those that occurred in Lake 
223 (Mills et al. 1987). 

In this report we present length-frequency 
data and catch data for the Cyprinidae in Lake 
114 for 1978 and 1980 to 1988. Maximum lengths 
attai ned by each speci es in Lake 114 are com­
pared to those for ELA lakes and other North 
American populations. 

MATERIALS AND METHODS 

Lake 114 is a small, shallow lake (area = 
12.1 ha, maximum depth = 5.0 m, mean depth = 1.7 
m) in the Experimental Lakes Area. Information 
on the background chemistry and morphometry are 
found in Armstrong and Schindler (1971); 

Brunskill and Schindler (1971); and Cleugh and 
Hauser (1971). 

Electrolyte grade sulphuric acid (36N 
H2S04) was added to Lake 114 at month ly i nter­
vals during the open-water seasons from July 
1979 until October 1986. Each month 33.6 L of 
acid were added to the surface of the lake using 
the "Prop-tube mix" method (Cruikshank 1984; 
1986). This constant volume of acid was chosen 
to simulate monthly precipitation events at a pH 
one unit lower than the natural pH of rain on 
the lake (Schindler and Turner 1982). Mean sur­
face pH decreased by 0.30 to 0.60 units after 
each acid addition, then gradually increased 
between additions. The time-weighted mean 
epi 1 imnet i c pH of Lake 114 vari ed from year-to­
year throughout the acidification experiment, 
ranging from 5.65 to 6.26 (Cruikshank 1984; 
1986). However, the mean pH has not substan­
t i a lly changed from background va 1 ues. Mean 
epilimnetic pH of 6.11 in 1987 (D.R. Cruikshank, 
Freshwater Institute, Winnipeg, Manitoba, pers. 
comm.), the fi rst year without acid additi ons, 
was similar to the pre-acidification value of 
6.18 in 1978. 

Fish were captured intermittently from May 
to October 1978 and Apri 1 to October 1980 to 
1988. Data for 1979 were presented by Tallman 
et al. (1984). Fish were primarily captured 
with modified versions of Beamish-style trap 
nets (Beamish 1972). These nets were equipped 
with pots having mesh sizes of 0.8, 1.6, or 3.2 
mm. Trap nets were usually set for overnight 
peri ods. Standard wi re-mesh mi nnow traps (mesh 
size 5 mm) were used in July 1982 to supplement 
trap net catches, and in Apri 1 1983 and Apri 1 
1984 to sample fish under the ice. Catches of 
less than 1500 fish were sampled completely. 
However, catches of severa 1 thousand fi sh were 
common and these were subsampled. 

Immedi ately after capture, fi sh were 
transported live to the field laboratory, anaes­
thetized with methane tricaine sulphonate 
(MS222). and measured for fork 1 engths (mm). 
Length-frequency distributions were constructed 
for monthly intervals each year for each 
species. Graphs were constructed if sample 
sizes were greater than nine fish. 

Species catch composition was presented· 
annua lly by cal cul at i ng tota 1 catch for each 
species as a percentage of the entire annual 
catch of fish of all species. Catch-per-unit­
effort (CPUE) was determi ned for each spec i es 
based on total annual catches. One trap net set 
for one overnight period constituted one unit of 
effort. 
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Table 1. Maximum fork lengths of four species of Cyprinidae in Lake 114, ELA lakes; and other North 
American populations. 

Lake Location 

114 ELA 
111 ELA 
222 ELA 
223 ELA 
224 ELA 
226 ELA 
227 ELA 
260 ELA 
302N ELA 
302S ELA 
303 ELA 
373 ELA 
375 ELA 
382 ELA 
NB(I) Nebraska 
ND(9) N. Dakota 
MN(1) Minnesota 
QU(1 ) Quebec 
NA(3) N. America 
ON(l1) Ontario 
ON(1 ) Onta ri 0 

a Standard length 

b Total length 

Pearl 
dace 

133 
96 

100 
166 
116 
134 

148 
125 
127 
82 
93 

116 
120 
89a 

-
120b 
158b 
160 
106a 

Numbers in parentheses refer to number of populations. 

Fathead Northern Finescale 
minnow redbe 11 y dace dace Reference 

89 85 97 
65 76 

88 76 
68 83 
89 
65 59 
75 78 
91 93 104 

101 88 90 
65 75 59 

68 87 
62 68 
75 65 

Stasiak 1978a 
79b Held and Peterka 1974 

85a Stasiak 1978b 
- Lal ancette 1977 
94b 61 a Scott and Crossman 1973 
83 91 98 Mohr 1986 
73a Chadwick 1976 

w 
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Figure la. Monthly length-frequency distributions for fathead minnow in 
Lake 114. All fish were caught by trap net. Note change in 
scale of y-axis for May 1978 (7805). 
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Figure lb. Monthly length-frequency distributions for fathead minnow in 
Lake 114. All fish were caught by trap net. 
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Figure 1c. Monthly length-frequency distributions for fathead minnow in 
Lake 114. Fish captured during April 1983 (8304) and April 
1984 (8404) were caught by minnow trap. All other fish were 
caught by trap net. Note change in scale of y-axis for July 
1983 (8307), June 1984 (8406), and September 1984 (8409). 
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Figure 1d. Monthly length-frequency distributions for fathead minnow in 
Lake 114. All fish were caught by trap net. Note change in 
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Figure Ie. Monthly length- frequency distributions for fathead minnow in 
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Figure 2a. Monthly length-frequency distributions for pearl dace in lake 
114. All fish were captured by trap net. 
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Figure 2b. Monthly length-frequency distributions for pearl dace in 
Lake 114. Fish captured during July 1982 (8207) were caught 
by minnow trap. All other fish were caught by trap net. 
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Lake 114. All fish were captured by trap net. 
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Figure 3a. Monthly length-frequency distributions for northern redbelly 
dace in Lake 114. All fish were captured by trap net. 
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Figure 3b. Monthly length-frequency distributions for northern redbelly 
dace in Lake 114. All fish were captured by trap net. 
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Figure 3e. Monthly length-frequency distributions for northern redbelly 
dace in Lake 114. All fish were caught by trap net. 
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Figure 4a. Monthly length-frequency distributions for finescale dace in 
Lake 114. All fish were caught by trap net. 
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Lake 114. Fish captured during April 1984 (8404) were caught 
by minnow trap. All other fish were caught by trap net. 
Note change in scale of y-axis for July 1982 (8207). 
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Note that data from 1979 are not on the graph. 
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