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Chow-Fraser, P., and E. j. Maly. 1991. Factors governing clutch size in two species of Diaptomus (Copepoda: 
Calanoida). Can. 1. Fish. Aquat. Sci. 48: 364-370. 

We conducted a synoptic survey of 1 1 wonstratifying lakes in eastern Quebec to investigate the relative importance 
of water temperature, food concentration ([Chi a]), female prosome length, copepod density (population and 
community densities), and mate availability (sex ratio and density of males) in determining the clutch size of two 
freshwater copepods, Biaptsmus minutus and B. sregsasensis. Multiple regression analyses indicated that 60% 
of thevariation in clutch sineof D. minutus could beaccounted for by temperatureand [ChI a] (n = 33; $=O.0001), 
while 80% sf the variation in the B. oregoneassis data (n = 4 1 ; P = 0.001 7) was explained by temperature and 
prosome length. Addition sf other variables to either model did not significantly reduce the residual variation. 
We also investigated the effect of interspecific interaction on the egg-bearing potential of D. minutus and found 
some evidence that animals in sympatry may have lower clutch size than those in allopatry when temperature 
and food concentration were held constant. By using an independent measure of food and mate availability, we 
confirmed that clutch size decreas significantly in relation to food limitation for both species, but was unaffected 
by mate limitation for either. 

Nous avsns procede 2 une etude synoptique de onme lacs de l'est du Qu6bec non marquks par la stratification 
pour examiner Ifimportance relative de la temperature de l'eau, de la concentration d'alirnents ([Chl a]), de la 
longueur du prosoma chez les femelles, de la densite des copepsdes (densites des populations et des comrnu- 
nautes) et de la disponibilitk d'un cornpagnon ou d'une cornpagne (ratio de rnsles 2 femelles et densit6 des 
miles), dans la d4termination de I' importance des groupes de deux cop6podes d'eau douce, Diaptomus minutus 
et B. sregonensis. bes analyses de regression multiple ont indiqu6 que 60 % de la variation dans Ifimportance 
des groupes de D. minutus pouvaient s'expliquer par la temperature et la [Chl a] (n = 33; P = 0,0001), alors 
que 80 % de la variation observge dans les donnges relatives aux D. oregswensis (n = 4 1; P = 0,001 7) s'ex- 
pliquaient par la tesrep6rature et la longueur du prosoma. L'addition d'autres variables a un rnodde ou l'autre ne 
reduisait pas pour la peine %a variation r6siduelle. Nous avons kgaiement examine l'effet de Ifinteraction inter- 
spgcifique sur le potentiel ovigere de D. minutus et constate que les dimensions des groupes d'animaux en 
sympatrie pouvaient &re msins importantes que celles des anirnaux en allopatrie, lorsque la temperature et la 
concentration des aliments 6taient maintenues constantes. En recourant un msyen independant de mesurer la 
disponibilit6 des aliments et des csmpagnons ou csmpagnes, nsus avons confirm6 6e fait que les dimensions des 
groupes diminuaient consid6rablement avec la limitation des aliments pour les deux espkes, mais que les dimen- 
sions des groupes ne variaient pas avec la limitation des femelles ou des rn2les pour aucune des esp&ces. 
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reductive capacity s f  calmoid 
on several factors that include 

of the oviducal cycle, clutch size, and egg msr- 
se, more appears t be known about the effect of 

size thm m y  other vari erhaps because it is rela- 
tively easy to measure on a routine basis. As a result of this 

combination of the last two (Ehore 1983; Willi 

'Rwent address: Okanagm College 
K.L.8.  Road, Kelgswna, B.C. VI Y 4X 

With few exceptions, most investi ations have been carried 
out in the laboratory where usually nly one factor at a time 

ies of interest was studied in 
tive effects from other diap- 
a large accumulation of data 

riments, these results 
situations, where psp- 

ulations are exposed to a number of ecological factors, md 
re ubiquitous species te 
Diaptomus minutus; 
matory field studies 

simultmeously , it is difficu 
of laboratory-identified factors in determining diaptomid clutch 

as recently developed by 
ate the relative effect s 

production of D. pallidus. They fornulate 
uantifiable responses of the oviducal cycle 
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to changes in food Bevels or mate density, to infer food or mate 

there was no food limitation, since d l  fe 

zero vdue to indicate no mate 

indices should be generally applicable to other c o p p d s ,  pro- 
d that life history characteristics of the species examined 

we investigate the simultaneous 
erature , food availability, co 

female pmsorne length, mate availability, and 
ation on clutch-size variability of D. 
ncnsh, c s commonly found in 
America et al. 1988). Data fro 
are used to determine the relative iwportmce of these factors 

md m-indices as mate limitation 
the conclusions 

hope that investigators will concentrate on the 
t variables in future studies, 

develop a unifying theory to describe the factors that govern 
reproductive success of Diaptsmus in nature. 

The detailed field survey was conducted in 1 
five smpling trips to 18 lakes over a 3-rno peri 

ay and mid-August. On each visit, Secchi depth transparency 
was determined in d te, and water samples were collected 
for pH measuremen also recorded the water temperature 
(;kB just below the s a the sediment at the deepest 
station sf each w ine the stratification char- 
acteristics on each smpling date. 

Composite water samples were collected in triplicate from 
representative sites in the lake or pond for [Chl a] (CHL) 
(Strickland and Parsons 1972). Although CHL is only a crude 
estimate of food availability, since not d l  algal p 

es are ingested by D. minutus and D. sregsmnsis 
(P. Chow-Fraser, it is necessarily the variable of 
choice in synoptic measurement (e . g . 
Z i m e m a n  et al. It is also a useful 

because of its sig- 
horns concentrations (e .g. 

s study, we use CHL as a broad 
although size-fractionated bio- 

re accurate indicators. 

d positions or depths with 2-L 
s of diaptomid density (TD 
n lake, DDM = adult den- 

sity of D. minutus, and BBO = D. oregonensis); approxi- 

mately half-of these were obtained at the top 1 m and half from 
#om 1 m of the Bake column. Duplica 

ton samples were also obtained with a Wisc 
or h m  shore. All zooplankton samples were 

eBd for later identification and 
ecause we omitted a prefixa- 

tion step with chlorofom+thmol solution prior to fomalin 
preservation, we e artificially reduced the number of 
ovigerous female ng in all our samples by up to 22% 
(n = 7) and 28% for D. minutus and D. sregsnensis, 
respectively. 

The clutch size (CS) and prosome length (E) of 20 females 
of each species from e 
with the aid of a dissecting 
eye-piece micrometers; measure 

It was sometimes necess 
sacs to measure cl 
availability as the 
adults encountered in qualitative 

d estimated mde densities ( 
[(M/(M + F)) >< DD] where M and F were the number of males 
and females, re 
and DD was the 
Schindler-Patalas trap samples. 

We extracted relevant information from the qualitative 

. oaegsnemb in our lakes. For 
, we scored the number of females 
untered that were 0, G, B OH N ,  

riate formulae to cal- 
. The reduction in the 

proportion of ovigerous females in our smples, due to 
sion of a prefixation step prior to fomalin preservation, s 
not interfere with our statistical analyses because the bias 
occurred consistently in all our smples. 

Field Survey 

atrically in five of the 1 1  
cally with D. oregonensis 

i in the remaining two 
L and Secchi depth 

this study within the 
mesotrophic-oligotrophic r e ,  except Choiniere, which falls 

the eutrophic category (Environment Canada 198 1). 
in most cases the pH w ircumeutral, a few of the 

es located on the Canadian Id were mildly dystrophic 
and had slightly lower pH. The s were well mixed in most 

Croche Lake which exhibited periodic 
ation during July. At no time did the 
more than 6°C between surface and 

rns of zo9~plankton 
it was not always 
all species on each 

a for only 45 of the 55 lake visits from 
the survey have been included for further statistical analyses, 
and these are presented in Tables 2 and 3 for D. minutus and 

analysis to explore rel 
f D. minutus and T,  E. CHL, DD, TD 
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TABLE 1. Ge~graphic location, species distribution (DM = D. minutus; DO = D. oregonensis; DB = D. birgei), maximum lake depth (m), 
mean summer Seechi depth transparency (m), summer (ChJ a] (CHL, pg/L), and mean tempratwe differential between top md bottom 
waters during the season (T-BE. "C) in study values are based on 5-18 measu~ments. 

Lake Latitude Longi tude Depth Species found Secchi CWL T-Diff 

Thibault 
brig 
Pin Rouge 
Cromwell 
Roxton 
Choiniere 
Cwms 
Croche Lake 
Croche Pond 
Sdly 
Libby 

DM, DO 
DM, DO 
DM, DB 
DM, DB 
DM 
DM 
DM 
DM 
DM 

latter was first arcsin transformed but d l  others were 
formed.) CS was significantly correlated with all 

and MF (Table 4). Although L was 
with CS, we eliminated it from further 

ng covariance between L and CHL 

s were regressed 
stepwise regression analyses; in one, we excluded TD and in 
the other we excluded DD. After CHL and T were entered into 
the respective regression models, addition of DD or TD did not 
explain any significant amount of the remaining residual 
variation; therefore, both were dropped from subsequent 
analysis. We then regressed CS against T md CME and obtained 
the following regression equation: 

(numbers in parentheses are the SE) 
of the variation in the dependent 
clutch size of D. minkatus was both 
concentration (Fig. la) and a negative function of water 

m did not account for 
variation (slope = 

a significant negative 
en T and CHL ( a  = 8.53; P < 0.85). 

effects of temperature md food 
ell documented for several species 

owed that a temperature 
decrease from 30 to 2 up to a twofold increase in 
CS for three subtropica ilxly, we found a twofold 
increase in CS when te decreased from 25 to 20aC 
when food concentratio constant (Eq. 1). The strong 
effect of CHL noted in this study is also consistent with that 
reported for 6). clavipes (Cooney and Gehrs 1986% 
D. missis~ipiensis~ D . floridanw , D. dorsalis (Elmore 
and D. paliidus (Williamson and Butler 1987). Althoug 
of these two factors had an independent effect on CS, there is 

y that both factors act in combination 
CS in field populations. This 
and food, however, is unlike th 

noted by Willimsm and Butler (1987) who found that 
ation effects were more pronounced at high thm at low 

temperatures in their laborat 
To examine the effect of sociation (i . e . allopatxic 

versus sympatric occurrences) on clutch size of D. minutus, we 
sorted the entire dataset according to lakes in which D. rnineetus 

occumed dlopatrically and those in which they occurred 
sympatricdly with D. oregonemis or D. birgei. 

ssion analysis on the sorted dataset. This 
d the ? value slightly to 0. 0.69 for 

lakes, respectively, lded the 

Allopatric : 

(2) log CS = -1.11 (k0.429) 
log CHL 9 2.139 P = 8 

(3) log CS = - 1.17 (58.535) log T -k 0.27 (k8.118) 
log CHL + 2.092 P = 8.0009, 3 = 0.69, n = 15. 

The slightly improved ? vdue as well 
regression coefficients for T and CHL in 
with Eq. 1 suggest that the effect of food conce 
size should be studied sep 
populations of 23. minutus. 
and 3 were not statistically 
0.05), the intercept associ 
numerically higher. This s 
held constant, the CS of dlopatric copepods are higher 
compared with syrnpatric individuals. This is consistent with 
the observation that on average, CHL associated with allopatric 
populations are only 56% of the values associated with 
sympatric populations for essentially the same CS (Table 5). 

The lower than expected CS in sympatric populations may 
mean that interspecific interaction (competition for food) has 
an adverse effect on the eggbearing potential of D. minutus 
when it cooceurs with D. birgei or D. sregonens 

eners are larger. For instance, the 
of D. sregonensis is more than twice that of D. minutus (3 .84  
$ .66 compared with 1 .97-3.55 pg , respectively; Canlver et al. 
1985) and this disparity in biomass may a10 
difference in CS per unit CHL between alIop 

hutus. Thus, the effect 
lopatry thm those 

performed on 
D. sregonensis data (Table 6) .  In this instance, T,  L, and TD 
were the only significant mrrelat of CS . A stepwise regression 
analysis revealed that after T E were entered, addition of 
TD did not significantly improve the original ? value in the 
model. We then regressed CS against T and E to obtain the 
following multiple regression equation: 
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TABLE 2. Clutch size (CS), fernale prosome length (E, m), [ChB a] (CHL, p&), surface water 
temperature (T, "C), adult diaptomid density (DDM, no.12 L), and male to female ratio (MF) for D. 
minutus. 

Sampling 
Lake date CS E CHL T DDM F 

Thibault 

Long 

Pin Rouge 

Coeurs 

Crscke Lake 

Libby 

Woxtsn 

Cromwell 

Croehe Pond 

14 June 
5 July 

26 July 
19 August 

17 May 
7 June 
2 July 

23 July 
13 August 

21 May 
14 June 
19 August 

21 May 
14 June 
5 July 

26 July 

16 May 
1 1  June 
4 July 

25 July 
14 August 

17 May 
7 June 
2 July 

23 July 
13 August 

17 May 
7 June 
2 July 

23 July 
13 August 

6 June 
19 July 

6 June 
19 July 

16 May 

1 1  June 
4 July 

25 July 
14 August 

The CS of D. oregonensis thus appears to k both a positive 
function of L (Fig. 2a) and a negative function of T (Fi 
but in contrast with D. minutus, does not appear to be related 
to CHL. 

Mate and Food Limitation Indices 

The regression of clutch size against thef-index confirmed 
the significant effect of fwd availability on clutch size for 
B. minutus (Fig. 3a). Clutch size decreased as a function of the 
f-index, indicating that clutch size k c m e  reduced with 
decreased food availability. This indirect relationship between 

CHL and the f-index suggests that Chl a is an adequate indicator 
of food availability for this species. Similarly, there w 
nificant regression between clutch size of D, oregonensis and 

ex (Fig. $a). This, however, deviates from c 
in the earlier section, in which we found no 
on between CS and CHL (Table 6) .  This d 

probably stems from the inappropriateness of usin 
measure of ambient food avail 
eially because D. oaegonensis 
ized diet than does D. m'nutus 
This comparison suggests that fosd rnay have emerged as an 
important determinant of clutch size in the multiple regression 
analysis (Eq. 4) if measurements food availability were based 
on cell counts of edible food i s rather than on CML. The 
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data for D. oregonewis. Abbreviations and units 
are the same as in Table 2 except that DD8 = adult diaptomid density 
of D. oreaonensis. 

date @S L CHL T DDO MF 

ibault 14June 
5 July 

26 July 
I9 August 

Long 1 7 May 
7 June 
2 July 

23 July 
13 August 

Cromwell 11 June 
4 July 

25 July 

Pin Rouge 14 June 
4 July 

26 July 
19 August 

TABLE 4. S u m q  of cornlatiom between clutch size of D. minutus 
and other variables of interest. See Table 2 for explanation of 
abbreviations. 

33 L + 0.655 0.OWI 
3 3 GHL f 0.670 0.0081 
33 T - 0.687 0.0001 
3 3 DDM - 0.4 0.0190 
33 TD -0 .3M 0.0374 
29 MF - 0.086 0.6905 
29 MD -0.219 0.2627 

FIG. 1. (a) Log clutch size versus log GRL for D. minutus. Equation 
of the least-squares regression line is log CS = 0.3408 log CK%L + 
0.6076; r = 0.67, B = 0.0001, n = 33. (b) Log dutch size versus 
log temperature for D. minutus. Equation of the least-squares 
regression line is Isg CS = - 1.7916 log T + 3.1 102; r = 0.69, P 
= 0.0001, n = 33. 

lack of a significant relationship between clutch size md the 
rn-index also validates the conclusion made earlier that mate 
availability is not an important predictor of brood size for either 
species (Fig. 3b md 43). 

TABLE 5. Gompdson of mean (SE in parentheses) clutch size (CS) 
with variables of interest for allopatric md syrnpataic D. miraubus pop- 
ulations. See Table 2 for explanation of abbreviations. *Means we 
significantly different (P < 0.05). 

Variable Allopatric S ympatric 

the relative impofiance of temperature, 
food esneentration, prosome length, copepod dens 
availability on the clutch size of two diapQrnid s 
shallow, generally well-mixed lakes a d  ponds. S 
temperature emerged as a strong negative correlate of clutch 
size for both D. minutus and D. oregonensks in our lakes (Eq. 1 

b and 2b). This strong cornlation was evident 
se of surface water temperature, even in lakes that 
thermal stratification during the open-water sea- 
as dso a very strong positive effect 

centration for D. minutus (Fig. la) which was con 
significant regression between CS md the find 

k d  CHI, data had 

tch size fm this species. 
s was also positively comlated 

with female prosome length (Fig. 2b) even though the strong 

es 
E 
CHL 
T 
DDM 

covariauace between prosome length an food concentration for 
D. minutus eclipses the impo 

my significant effect on clutch size o 
ables had k e n  considered. Absence of a significant regression 
between clutch size and the rn-index confirms that changes in 
clutch size for either species are unrelated to mate density. 

Can. J .  Fish. Aqua. Sci., $101. 48, 1991 
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TABLE 6. Su of correlations between clutch size of B. srego- 
nensis and other variables of interest. See Table 2 for explmatiion of 
abbreviations. 

n Variable r P 

11 L 0.0495 
11 CHL + 0.215 0.5250 
11 T - 8.695 0.8176 
1% DDO -8.337 0.3108 
1 1 TD -0.643 0.8328 
11 MF - 0.107 0.8015 
11 MD - 0.207 0.5421 

1 . 2  1 . 3  

log T 

FIG. 2. (a) Log clutch size versus log length for D. oregonensis. 
tion of the least-sqwes regression line is log CS = 4.5191 lo 
0.9794; r = 0.61, P < 0.05, n - I t .  (b) Log clutch size versus log 

ratme for D. oregoneasis. ation of the least-squares regres- 
sion line is log CS = - B .7689 log T + 3.3015; r = 0.70, P = 8.02, 
n = 11. 

uction have been stud- 
eshwater and marine cdmoid copepods , with 
ings. Whereas Checkley (1980b) sand Elmre 

decrease in clutch 
aacakanurs panus a d  

(1987) found essentially no change in cT 
at 25 compmed with 15°C (17.5 and 16. 
study, we also noted an inverse relationship between clutch size 

0.2 
1 . 2  1 . B  1 . 8  2 . 0  

log f-index 

0.2 - 2 - 1 0 1 

log m-index 

FIG. 3. (a) Log clutch size versus logf-index fmD. minuas. Equation 
of the least-squares re ssion line is Hog GS - - 0.6955 Isg f-index 
+ 1 -9202; r = 0.45, P = 0.02, pa = 33. (b) Log clutch size versus 
log m-index for D. minubus. Equation of the least-squares regression 
line is Bog GS = - 8.O6O7 log mindex + 0.8303; r = 0.87, P = 
0.40, n = 29. 

y body lengthka, indicating 
detemirnmt sf clutch size 

in natural populations may vary from species to species, and 
generalities cannot be made regarding the genus without further 
research on more species. 

Another factor that deserves attention is the effect of tem- 
perature on interclutch duration; although Williamson md But- 
ler (1987) ddi not observe any temperature effects on clutch 
size of D. pallidus, overall egg pmduction was increased 
because of significantly shorter interclutch duration at the higher 
temperature. Thus, even if w m e r  temperatures should bring 
about reduced clutch size in other species, the associated 
increase in egg development rate a d  rate of clutch production 

sate for the smaller brood size. This 
tions to lake ecosystem research, espe- 

cially in light of the anticipated global changes in weather gat- 

Can. .I. Fish. A~EBQP. Sci., V d .  48, 199% 
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1 . 3  1 . 4  1 . 5  1 . 6  1 . 7  1 . 8  S .9  2 . 0  

log Pindex 

log m-index 
FIG. 4. (a) h g  clutch size versus log f-index for D. oregonensis. 

uation of the least-squares regression line is log CS = -0.6158 
logfindex + 2.0605; r = 0.62, P = 0.04, n = 11 .  ( 
size versus log rn-index for D. oregonenrsis. Equation of the least- 
squares regression line is log CS = 0.363 log m-index + 0.472; r = 
0.53, P = 0.15, n = 9. 

influences the varicau 

of Jonathan Brassard who executed all the field work and processed 

most sf the samples. Technical assistance was provided by R.  Kirner 
md J.  DeFrenza. We thank N. van Leawen, M. MulIhII, A. Saki,  

preparation. 
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