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ABSTRACT. We collected females of the marine copepod Euterpina acutifrons monthly from Novem- 
ber 1994 to January 1996 at a station located in Ria de Vigo (Spain). A trade-off between egg size and 
egg number was found. As food concentration measured as mean fluorescence in the water column 
diminished, mean number of eggs per sac carried per female decreased, whereas mean egg size 
increased. An experiment carried out with adult females cultured at different food concentrations con- 
firmed the field results, and also showed that as egg size increased, there, was an increase in naupliar 
body length at hatching; nauplii developed faster to first copepodite stage, and net reproductive rate 
was higher. Therefore, the reproductive strategy of directing more energy toward offspring size rather 
than offspring number, at low food concentrations, clearly increases reproductive success. 
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INTRODUCTION 

A trade-off between egg size and egg number as 
food concentration varies has been observed in many 
zooplankton which carry eggs: in copepods (Hutchin- 
son 1967), cladocerans (Taylor 1985, Glazier 1992, 
Gliwicz & Guisande 1992, Cuisande & Gliwicz 1992) 
and rotifers (Guisande & Mazuelos 1991, Galindo et al. 
1993). The trade-off results in a higher reproductive 
investment per offspring at low food concentrations, 
whereas females allocate more of their reproductive 
resources toward increasing offspring number at high 
food concentrations. It has been found that one of the 
possible advantages of such a strategy is an increase in 
offspring survival under low food conditions (Burns 
1988, Tessier & Consolati 1989, Gliwicz & Guisande 
1992, Guisande & Harris 1995). At high food concen- 
trations, a higher reproductive success should be 
achieved by directing more reproductive resources 
into offspring number rather than offspring size. 

Three important points concerning this trade-off 
remain unclear: (1) most of the studies have been 

carried out under experimental conditions, and there 
is little information as to whether the animals show 
the same pattern in the field; (2) an increase in invest- 
ment per offspring may increase reproductive success 
more than higher survival at low food conditions, 
e.g. by shortening the juvenile period, or the time of 
first reproduction; (3) finally, it has not been shown 
that these trade-offs do lead to higher reproductive 
success. 

Our aim was to determine whether females of the 
marine copepod Euterpina acutifrons show a trade-off 
between egg size and egg number, both in the field 
and under experimental conditions, and to determine 
whether this possible change in reproductive strategy 
maximises the reproduction output under low food 
conditions. 

METHODS 

Field study. To estimate egg size and number 
of eggs per sac for a field population of Euterpina 
acutifrons, we collected quantitative mesozooplank- 
ton samples monthly from November 1994 to January 
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1996 at 1 station 39 m deep located in Ria de Vigo 
(Spain, Stn E14B; 42" 12.8' N, 8" 51.0' W). Double ob- 
lique net hauls, from near the bottom (34 m) to the 
surface, were carried out with a Bongo net (opening 
diameter of 40 cm and 200 pm mesh size). The net 
was provided with a 'General Oceanic' flowmeter and 
a depthmeter. The towing speed was kept between 1 
and 2 knots. After retrieval, samples were immedi- 
ately fixed with formalin (4 %) neutralised with borax. 
Twenty females carrying eggs, without broken sacs, 
were removed from samples to estimate egg size and 
number of eggs per sac (in November 1995 there 
were only 4 females carrying eggs). 

Monthly data of fluorescence and temperature at the 
field station were taken by a Sea Bird 19 CTD cast from 
November 1994 to January 1996 from surface to bot- 
tom at 2 m intervals. Data for December 1994 and Jan- 
uary 1995 were not obtained due to problems with the 
CTD. Water samples were taken from the surface and 
the bottom for CTD calibrations. 

Since fluorescence is related to phytoplankton 
abundance (Fasham et al. 1985), we assumed that it 
represents, or at least is proportional to, the food 
ava~lable for Eutei-pina acutifrons. However, it is nec- 
essary to mention that fluorescence is not the best 
estimator of food concentration, because it does not 
always give a good estimation of chlorophyll concen- 
tration, and it is affected by particles that E. acutifrons 
probably cannot ingest (toxic phytoplankton or out of 
the range of particle sizes effectively captured by 
adult E. acutifrons). As depth distribution of copepods 
may vary during the day, Mullin (1991) used phyto- 
plankton biomass, integrated from concentrations at 
several standard depths, as an indicator of food avail- 
able for the copepod Calanus pacificus. For this rea- 
son, mean fluorescence of the water column was also 
considered as an indicator of food available to E. acu- 
tifrons in this study. 

Laboratory studies. Adult female Euterpina acu- 
tifrons carrying eggs were isolated from a 2500 1 cul- 
ture tank fed with the microalga Tetraselmis suecica 
(13.9 pg N cell-', 88.9 pg C cell-'). The mean cell size 
[mean * SD, 14.35 * 0.56 pm, n = 35) is within the 
range of particle sizes effectively captured by adult E. 
acutifrons (6 to 16 pm; Kinne 1977). 

Groups of 60 individuals were kept at 18°C in 1 1 
beakers under a 12:12 h 1ight:dark cycle at 6 different 
initial concentrations: 5 X 103, 1 X 104, 5 X 104, l X lo5, 
2 X 105 and 3 X 10' cells ml-'. The mean & SE percent of 
food depletion every day was 0.68 t 3.8%. This range 
of food concentrations was selected because prel~ml- 
nary experiments showed a reduction in egg produc- 
tion at food concentrations higher than 3 X 105 cells m l l  
The temperature was chosen because it is within the 
range (between 16 and 20°C) in which egg production, 

individual growth rate and survival of this species are 
optimal (Haq 1972, Zurlini et al. 1978). The groups 
were retained in Plexiglas tubes with 250 pm mesh 
bottoms that enabled nauplii to settle through to the 
bottom of the beaker. Each day between 09:OO and 
11:OO h, the copepods were gently transferred to fresh 
phytoplankton suspension at the experimental concen- 
tration. 

After 5 d,  between 6 and 8 egg sacs were removed 
from females for each food concentration to estimate 
egg number per female and mean egg size. Naupliar 
body lengths at hatching were estimated by isolating 5 
to 7 females carrying eggs from each food concentra- 
tion in individual petri dishes containing 20 m1 of the 
experimental food concentration. These females were 
inspected every 3 h until nauplii had hatched. 

Since the combined total protein, carbohydrate and 
lipid content of eggs has been shown as a good indica- 
tor of reproductive investment per female in copepods 
(Guisande & Harris 1995), protein, carbohydrate and 
lipid contents of the sacs were analysed on samples 
containing 2 egg sacs. Protein was analysed by the 
method of Lowry et al. (1951) as modified by Markwell 
et al. (1978). Absorbance was read at 660 nm and 
compared with a bovine serum albumin standard. 
Total carbohydrate was analysed by the method of 
Dubois et al. (1956). Absorbance was read at  485 nm 
with glucose as standard. Total lipid was determined 
by the sulfophosphovanillin method of Zijllner & Kirsch 
(1962). Absorbance was read at 530 nm and compared 
with a cholesterol standard. 

Naupliar development time (period between hatch- 
ing and time when nauplii reached copepodite stage I ) ,  
naupliar mortality, body length of copepodite stage I ,  
and net reproductive rate of a cohort were estimated 
under low food conditions (5 X 103 cells ml-l). Repli- 
cates of between 6 and 8 females of Euterpina acu- 
tifrons carrying eggs, which had been fed at 5 X 103, 1 X 

105 and 3 X 105 cells ml-' of Tetraselmis suecica for 5 d ,  
were isolated and kept at 18OC in individual petri 
dishes contain~ng 20 m1 of experimental food concen- 
tration, which was replaced every day between 09:OO 
and 11:OO h.  Copepods were subsequently inspected 
every 3 h to record hatching time. After hatching, all 
nauplii produced by each female were transferred into 
a new petri dish containing 40 m1 of a food concentra- 
tion of 5 X 103 cells ml-l. Some of each group of nauplii 
were inspected every 3 h and transferred every day to 
fresh phytoplankton until all of them had reached 
copepodite stage I .  The nauplii that died and therefore 
did not reach copepodite stage I were not taken into 
account in estimating the naupliar development time. 
The remaining groups of nauplii were used to make a 
life table. Three replicates each containing nauplii pro- 
duced by 6 to 8 females which had been fed at 5 X 103, 
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1 X 105 and 3 X 105 cells ml-I of T suecica were isolated 
and kept at 18°C in individual petri dishes containing 
40 m1 of 5 X 103 cells ml-I Copepods were transferred 
every day to fresh phytoplankton, and the number of 
adults still alive and number of nauplii produced by 
females were recorded. Net reproductive rate (R,) of 
the cohorts was estimated using the following equa- 
tion: 

where 1, is the mean fraction of females surviving at 
the beginning of each age interval, b, is fecundity at 
age X (mean number of nauplii produced in each age 
interval by a female aged X )  and W is the number of 
age intervals. 

All statistical analyses were performed with Systat 
(1992). 

RESULTS 

Fig. l a  shows mean values of temperature and fluo- 
rescence in the water column at the field station during 
the period of the study. Food concentration was lower 
in winter and higher in spring, summer and autumn. 
Both fluorescence (F) and temperature (T) were in- 
versely correlated (T = 15.77 - 0.539F, r2 = 0.69, F, ,, = 

25.2, p < 0.001). 
The body length of females carrying eggs ranged in 

the field between 608 and 861 pm with a mean i SD 
of 727.9 i 46.9 pm (n = 216). These values were simi- 
lar to those obtained in the laboratory with a range 
between 671 and 750 and a mean i SD of 706.6 + 
21.6 pm (n = 42). In the field study, mean body length 
of females carrying eggs (H) was positively correlated 
with fluorescence (H = 6.585 + 0.016F, r2 = 0.57, = 

25.2, p = 0.005), and negatively correlated with tem- 
perature (H = 938.4 -14 68T, r2 = 0.34, F],], = 5.2, p = 

0.046). 
Both number of eggs per sac and egg size in Euter- 

pina acutifrons varied in the field (Fig. lb ) .  The num- 
ber of eggs per sac was higher in spring, summer and 
autumn, and lower in winter. However, an opposite 
pattern was found for egg size, which was higher in 
winter and lower in the other seasons. 

Egg number was related with both temperature 
(Fl,,o = 9.0, p = 0.013) and mean body length of females 
carrying eggs (F1,12 = 11.8, p = 0.005). However, a step- 
wise multiple regression between egg number (E) as 
dependent variable and temperature, fluorescence, 
and female body length as independent variables 
showed that, during the period of the field study, food 
concentration was the main parameter governing the 
egg number variation in Euterpina acutifi-ons (E = 

17.388 + 4.274F3 r' = 0.55, F,,,,, = 12.3, p = 0.006). As 
expected, the number of eggs per sac increased as food 
concentration increased (Fig. 2a). 

Egg size was not related with either temperature 
(F1 l. = 4.0. p = 0.072) nor body length of females carry- 
ing eggs = 2.1, p = 0.171), but was significantly 
related with fluorescence (Fig. 2b). As food concentra- 
tion diminished there was a significant increase in the 
mean egg size produced by females. This pattern can 
be interpreted as a trade-off between egg number and 
egg size. It seems to be confirmed by the negative rela- 
tionship found between egg size and egg number, 
within the range between 8 and 25 eggs per sac, for 
this copepod species in the field (Fig. 3). Within the 
range between 25 and 45 eggs per sac, there was not a 
significant relationship between egg size and egg 
number with a pooled mean ~t 2 SE of 62.4 + 0.1 pm 
(Fig. 3). 

The data obtained from the experiments carried out 
using Tetraselmis suecica as food confirmed the trend 
observed in the field. A reduction of the number of 
eggs per sac produced by females (Fig. 4a) and an 
increase in egg size (Fig. 4b) were found as food con- 

1994 1995 1996 
MONTH 

Fig. 1. (a) Mean temperature ( A )  and fluorescence (m) of the 
water column. (b) Values obtained (mean 2 2 SE) of egg size 
( A ,  in pm) and number of eggs per sac (m) in Euterpina acu- 
tifrons. Data obtained from November 1994 to January 1996 

at the field station monitored in this study 
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Fig. 2. Euterpina acutifrons. (a) Relationship between eggs per 
sac (E, mean 2 2 SE, n = 20) and fluorescence (F) .  E = 17.388 + 

4.274F, r2 = 0.55, F,,,, = 12.3, p = 0.006. (b) Relationship be- 
tween egg size (S ,  mean * 2 SE, n = 290 to 497) and fluores- 
cence. 1nS = 4.147 - 0.01 lnF, r2 = 0.48, F ,,,, = 9.3, p = 0.012 

Data obtained from the field station dunng the study 

61; 10  20 io 4'0 so 
EGGS PER SAC 

Fig. 3.  Euterpina acutifrons. Relationship between egg size ( S ,  
mean r 2 SE, n = 290 to 497) and eggs per sac (E, mean i 2 SE, 
n = 20) from data obtained in the field station. Within the 
range of 8 to 25 eggs per sac: S = 70.792 - 0.374E, r2 = 0.94. 
F: , = 87.3, p < 0.001 No significant differences within the 

range of 25 to 45 eggs per sac = 0.9, p = 0.365) 

centration decreased. Also a significant relationship 
between egg size and egg number was obtained 
(Fig. 5) confirming the trade-off observed in the field. 
However, the reduction in the total organic content per 

590 l00000 200000 300000 
FOOD CONC.(cells/ml) 

Fig. 4.  Euterpina acutifrons. (a) Relationship between eggs 
per sac (E, mean * 2 SE, n = 14 to 21) and food concentration 
(F).InE=2.168+0.0861nF,r2=0.88, F,,,=30.9,p=O.O05.(b) 
Relationship between egg size (S, mean t 2 SE, n = 101 to 170) 
and food concentration (F) .  In S = 4.342 - 0.019 InF, r2 = 0.79, 
F,,,  = 15.08, p = 0.018. Data obta~ned under experimental con- 

ditions using Tetraselmis suecica as food 

sac (the combined total protein, carbohydrate and lipid 
content of the sac) as food concentration decreased 
(Fig. 6), indicated that the reduction in number of eggs 
per sac as food concentration decreased (Fig. 4a) was 
not only due to energy re-directed towards increasing 
egg size rather than egg number, but because the 
copepods were also food limited. 

One of the possible advantages of the observed 
reproductive strategy at low food concentrations is an 
increase in naupliar body length at hatching as egg 
size increased (Fig. 7). Moreover, Table 1 shows that 
when nauplii were reared at a low food concentration 
(5 X 103 cells ml-l), naupliar development time was 
shorter (ANOVA, = 32.4, p c 0.001) and naupliar 
mortality was lower (ANOVA, F2,67 = 3.6, p = 0.032) as 
nauplii hatched from females fed with a lower food 
concentration. However, we did not find significant 
differences either in hatching success (ANOVA, F2.*, = 
2.9, p = 0.079), with a pooled mean + 2 SE of 94.3 t 
3.5 %, or in the body lengths of copepodites when nau- 
plii reached that stage (ANOVA, Fz,, ,  = 0.06, p = 

0.937) with a pooled mean 5 2 SE of 327.6 * 3.3 pm. 
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59 15 20 25 30 
EGGS PER SAC 

Fig. 5. Euterpina acutifrons. Relationship between egg size (S, 
mean * SE, n = 101 to 170) and eggs per sac (E, mean i 2 SE, 
n = 14 to 21) obtained using Tetraselrnis suecica as  food. S = 

77.014 - 0.64E, r2 = 0.86, F,,, = 25.2, p = 0.007 

The life table values (Table 2) obtained for each 
cohort of these nauplii reared at a food concentration 
of 5 X 103 cells ml-' show that the trade-off has clear 
benefits for the copepods in terms of higher reproduc- 
tive success. There were significant differences in net 

Fig. 6. Euterpina acutdrons. Relationship between total organic 
content per sac (0: combined total protein, carbohydrate and 
lipid content of the sac, mean * 2 SE, n = 4 to 11) and food con- 
centration (F) obtained using Tetraselrnis suecica as  food. 

lnO=-1.181 +0.0971nF, r2=0.67, F,,,  = 8.1, p =  0.047 

reproductive rate (RO) (ANOVA, = 5.4, p = 0.045) 
and, hence, population growth (Fig. 8) was higher in 
the cohort of nauplii hatched from eggs produced 
by females cultured at the lower food concentration 
(5 X 103 cells ml-l). 

Table 1. Euterpina acutifrons. Values (mean * 2 SE and n) of hatching success, naupliar development time, naupliar mortality and 
body length of copepodite when nauplii reaches copepodlte stage 1 obtained from nauplii hatched from eggs produced by 
females cultured at 5 X 103, 1 X 105 and 3 X 10" cells ml-' using Tetrasalmis suecica as food. Nauplii were reared at a food con- 

centratlon of 5 X 103 cells m l '  

Food concentration Hatching n Naupllar n Naupliar n Copepodite stage I n 
(cells ml-') success (%) developn~ent time (d)  mortality ('X,) body length (pm) 

5 X 10" 98.1 i 2.1 8 5.81 t 0 03 7 1 20 0 + 6.2 24 327.4 * 2.2 65 
1 X lo5 89.0 * 9.1 8 6 . 1 2 t 0 0 9  57 24.5 * 6.3 21 327.8 * 2.5 53 
3 X lo5 95.9 * 2.8 8 6.62 + 0 08 51 31 .5k6 .1  25 328.7 * 3.3 51 

Table 2. Euterpina acutifrons. Life table of a cohort (mean * 2 SE number of nauplli produced per female) of nauplii reared at a 
food concentration of 5 X 10" cells ml-' hatched from eggs produced by females cultured at 5 X lo3, 1 X lo5 and 3 X 10' cells ml-' 
using Tetraselniiss~~ecica as food. R,, is net reproductive rate, n, is the number of copepods alive at a particular age (in days), 1, 
is survival of newborn individuals to each age and b, is fecundity at each age (number of nauplii per female). Only females of the 

cohort are indicated in the life table 

Age 5000 cells ml ' l  100000 cells m l '  300000 cells ml-' 
nx 1.Y b, R, 1, b, 1, b, 

0-6 6.80 * 1.58 1 0 8.65 + 2.14 1 0 15.27 * 1.50 1 0 
6-12 5.35 * 1.32 0.79 0 4.72 + 0.18 0.65 0 10.43 * 2.32 0.68 0 

12-18 3.34 * 0.64 0.5 1.64 3.1 + 0.36 0.38 1.7 7.07 * 1.02 0.46 0.41 
18-24 2 * 1.02 0.29 10.09 1.94 k 0.94 0.22 5.78 4.89 2 0.22 0.32 2.73 
24-30 1.39 * 0.12 0.21 17.36 1.78 + 0.8 0.2 12.16 3.17 * 0.5 0.21 7.8 
30-36 0.94 i 0.48 0.15 21.94 0.78 + 0.4 0.1 10.97 1.5 * 0.2 0.1 5.72 
36-42 0.94 * 0.48 0.15 8.53 0.78 + 0.4 0.1 5.69 0.67 + 0.33 0.05 5.56 
42-48 0.83 L 0.34 0.13 8.78 0.67 + 0.33 0.08 3.08 0.44 * 0.22 0.03 3.67 
48-54 0.72 i 0.3 0.11 6.50 0.33 + 0.19 0.05 4.67 0.33 * 0.15 0.02 3.67 
54-60 0.61 * 0.12 0.09 2.83 0.33 + 0.1 0.05 0.00 0.22 * 0.1 0.02 0.00 
60-66 0.39 * 0.12 0.06 0.00 0.11 -t 0.06 0.01 0.00 0.11 * 0.08 0.01 0.00 

R ,  = 14.07 KO = 6 49 R" = 3.73 
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Fig. 7.  Euterpina acutifrons. Relationship between naupllar 
body length at hatching (N, mean r 2 SE, n = 30 to 79) and egg 
size (S, mean * SE, n = 101 to 170) obtained using Tetraselmis 
suecica as food. AT= 0.105 + 1.497S, r2 = 0.87, F,,4 = 27.18, p = 

0.006 

DISCUSSION 

The results obtained in this study, both in the field 
(Fig. 3) and under experimental conditions (Fig. 5), 
confirmed that Euterpina acutifrons showed a trade-off 
between egg size and egg number as food concentra- 
tion varied. This trade-off has been observed before 
in many copepod (Comita 1964, Hutchinson 1967, 
Cooney & Gehrs 1980) and cladoceran species (Green 
1954, Glazier 1992, Guisande & Gliwicz 1992). 

The relationship between egg size and egg number 
found in the field showed that egg size did not 
change at values higher than approximately 25 eggs 
per sac (Fig. 3). This pattern could be explained 
because egg size must have a minimum to assure 
hatching success and naupliar survival until nauplii 
start feeding. It was possible to observe this pattern 
in the field since the range of egg number per sac 
was higher than in the experiment carried out in the 
laboratory (Fig. 5). 

Hutchinson (1967) was the first to point out that this 
trade-off could be a reproductive strategy to maximise 
reproductive success under low and high food concen- 
trations. This study with Euterpina acutlfrons seems to 
confirm Hutchinson's (1967) hypothesis. The trade-off 
observed in this copepod is a response to changes in 
the food concentration available for the animals. At 
high food concentrations, both in the field and under 
experimental conditions, females produced more but 
smaller eggs, but showed the opposite at low food con- 
centrations (Figs. 2a, b & 4a, b).  Therefore, when the 
amount of food was high in the field (spring, summer 
and autumn; Fig l a )  females allocated most of the 
energy for reproduction to increasing offspring num- 
ber (Fig. l b ) ,  whereas when food concentration was 
low (winter; Fig. l a ) ,  relatively more energy for repro- 

10 20 3'0 0 & 
DAYS 

Fig. 8. Euterpina acutjfrons. Evolution of population growth 
starting from a cohort (mean number of cohorts 5 2 SE, n = 6 to 
8) of nauplii reared at a food concentration of 5 X 10' cells ml-' 
hatched from eggs produced by females cultured at 5 X 10" (m), 
1 X 105 (A) and 3 X 10' (m) cells ml-' using Tetraselmis suecica 

as food 

duction was allocated to increasing offspring size 
(Fig. lb ) .  

Although it has not been demonstrated in this study, 
it seems clear that, at high food concentrations, a 
higher reproductive success should be obtained 
by increasing reproductive investment on offspring 
number rather than on offspring size. However, at low 
food concentrations, is a higher reproductive success 
achieved by directing more reproductive resources 
toward offspring size rather than offspring number? 

An increase in egg size has benefits for the offspring. 
Guisande & Harris (1995) showed an increase in hatch- 
ing success as egg size increased in the calanoid cope- 
pod Calanus helgolandicus. In this study with Euter- 
pina acutifrons, although hatching success was higher 
in the eggs produced by females cultured at low (5 X 

103 cells ml-l) than at  medium (1 X 105 cells ml-l) and 
high food (3 X 105 cells ml-') concentrations, differ- 
ences were not statistically significant. This study with 
E. acutifrons also showed that as egg size increased 
there was an increment in naupliar body length at 
hatching (Fig. 7 ) .  This relationship between egg size 
and neonate size has been observed in other copepod 
(Cooney & Gehrs 1980, Burns 1988, Jonasdottir 1994, 
Guisande & Harris 1995) and cladoceran species 
(Guisande & Gliwicz 1992). It has been shown for 
copepods and cladocera that as body length of 
neonates at hatching increases the neonates survive 
longer under food limitation conditions (Burns 1988, 
Tessier & Consolati 1989, Gliwicz & Guisande 1992, 
Guisande & Harris 1995). This study with E. acutifrons 
has also shown that, at low food concentrations, nau- 
pliar development time was shorter and naupl~ar mor- 
tality was lower (Table l ) ,  and total number of eggs 
produced per female was higher (Table 2) as nauplii 
hatched from larger eggs. 
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Therefore, in the case of E u t e r p i n a  acut i f rons ,  with 
the reproductive strategy of reducing offspring num- 
ber but increasing offspring size, at low food concen- 
trations, despite the fact that the number of nauplii 
produced by each female is lower, net reproductive 
rate (Table 2) and population growth of a cohort 
(Fig 8) were higher as nauplii hatched from larger 

eggs. 
The very different fecundities among the 3 groups 

(Table 2) could be explained because copepodite 
stage I must be reached at a specific body length 
(Table 1). Stages of development characterised by a 
period of growth bracketed by critical weights of enter- 
ing and living the stage have been mentioned before 
for E u t e r p i n a  acu t i f rons  (Carlotti & Sciandra 1989), as 
well as for other copepod species (Harris 1983, Mc- 
Laren 1986). If molt to copepodite stage I must occur at 
fixed structural body length, copepodite stage I fitness 
should be worse as nauplii hatch from smaller eggs. 
This phenomenon, along with the low food concentra- 
tion, could explain the low fecundities observed as 
nauplii hatched from smaller eggs (Table 2). 

The trade-off observed could be important concern- 
ing the interactions between E u t e r p i n a  acu t i f rons  and 
other species. Food competitors that cannot carry out 
this reproductive strategy would be at  a disadvantage 
compared with E .  acut i f rons ,  under low food condi- 
tions. On the other, it has been shown that egg size can 
also be affected by predation. A reduction in egg size 
has been observed in some zooplankton species when 
fish predation is high (Culver 1980, Brambilla 1982). 
However, under a high risk of invertebrate predation, 
a predator avoidance strategy should be an Increase in 
the egg size produced by females (Lynch 1980, Dorazio 
& Lehman 1983). Further studies should determine the 
importance of this trade-off for interspecific competi- 
tion and whether this reproductive strategy can be 
affected by changes in predation risk. 
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