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ABSTRACT: Studies examining the effects of alternative prey on the risk of predation to fish larvae 
have found a reduced risk to larvae, but only when in the presence of a relatively high number of alter- 
native prey. However, all studies using zooplankton as alternative prey have used zooplankters smaller 
in body size than the fish larvae. In this study, we provided three-spined stickleback Gasterosteus 
aculeatus with the opportunity to forage on 5 to 7 d old cod larvae Gadus morhua, presented alone and 
in the presence of alternative prey of different sizes and numbers relative to that of the larvae. In one 
experiment, larvae were presented with an equal number of Artemia s a h a  smaller, equal and larger 
in body size than the cod larvae. In a second experiment cod larvae were presented in the presence of 
a naturally CO-occurring zooplankter of equal size, adult Calanus finmarchicus. Larvae were presented 
at ratios of larvae to Calanus of 1:1, 3:l and 5.6:l. In both experiments, the presence of alternative prey 
of equal or larger size significantly increased the latency (in seconds) until a cod larva was captured 
and decreased the overall proportion of cod larvae captured. In the second experiment, this was true 
even at a ratio of larvae to copepods of 3: l .  Protection to the larvae appeared to be the result of selec- 
tion by the predator of the alternative prey. Results are discussed in hght of existing ideas on larval size 
and predation risk, and larval survival with respect to temporal and spatial overlap between larvae and 
zooplankton. 

INTRODUCTION 

Prey selection and foraging success of visually feed- 
ing planktivorous fishes have been shown to be influ- 
enced by a number of factors, including characteristics 
of the prey such as body size (Werner & Hall 1974, 
O'Brien et al. 1985, Pepin et al. 1988), pigmentation 
(O'Brien 1979) and evasiveness (Vinyard 1980, Cough- 
lin & Strickler 1990), as well as the presence of alterna- 
tive prey (O'Brien 1979, Vinyard 1980, Visser 1982, 
O'Brien et al. 1985). For example, numerous studies 
investigating factors influencing the composition of 
freshwater zooplankton communities have shown 
selection for larger-bodied zooplankton by planktivo- 
rous fish (Brooks & Dodson 1965, Zaret & Kerfoot 1975, 
O'Brien et  al. 1976, O'Brien 1979). The outcome of such 
selection is a significant reduction, or even elimination, 
of the larger species of zooplankton from these com- 
munities. As a result of such size-related predation, 
protection from predators to the smaller-bodied zoo- 
plankton can be viewed as the interplay of both 

smaller body size and the presence of larger-bodied 
species as alternative prey. 

Predation is considered a major source of mortality 
in fish larvae (Hunter 1981, 1984, Bailey & Houde 
1989). Although both invertebrate and vertebrate 
predators are known to include fish larvae in their 
diet, vertebrate predators such as planktivorous fishes 
have been shown to have the greatest impact on lar- 
val fish mortality (Fuiman & Gamble 1988, Litvak & 
Leggett 1992, Pepin et al. 1992). As has been demon- 
strated for zooplankton, predation risk to fish larvae 
appears to be influenced by both body size (Litvak & 

Leggett 1992, Pepin et al. 1992) and the presence of 
alternative prey (Bailey & Yen 1983, Pepin 1987). For 
example, several studies have found that the presence 
of alternative prey (i.e. zooplankton) does reduce the 
risk of predation to fish larvae (Kean-Howie et al. 
1988, Margulies 1990) from visually foraging plank- 
tivorous fish. However, all these studies presented the 
predator with alternative prey which were smaller in 
body size than the larvae. Under these conditions, 

0 Inter-Research 1993 



216 Mar. Ecol. Prog. Ser. 98: 215-222, 1993 

protection from predation to the larvae occurred only 
when a high density of the alternative prey, relative to 
that of the larvae, was present. As a result, such pro- 
tection has been attributed to a passive process, 
whereby at high densities the alternative prey 'inter- 
fere' with the predator's foraging activities (e.g. 
searching behaviour), rather than an active process in 
which the predator selects one prey type over the 
other(s). Although fish larvae tend to be among the 
larger-bodied organisms in the zooplankton commu- 
nity, zooplankton of similar, or larger, body size can 
CO-occur with the larvae. Given the well documented 
influence of prey body size on prey selection by 
planktivores it would appear that the presence of 
alternative prey of equal or larger size than the fish 
larvae could provide protection from predation to the 
later. However, to date, no study has examined the 
effects of zooplankton body size on predation risk 
in larval fishes. 

Three-spined sticklebacks Gasterosteus aculeatus 
are generalist, visually feeding, planktivores which are 
known to include fish larvae in their diet (Lernmetyi- 
nen & Mankki 1975, Wootton 1984, Delbeck & 
Williams 1988). In this study we first presented stickle- 
backs with the opportunity to forage on Atlantic cod 
Gadus morhua larvae in the absence or presence of an 
equal number of an alternative prey, brine shrimp 
Artemia salina, which were smaller, equal or larger in 
body size than the cod larvae. The purpose of this 
experiment was to investigate the effects of alternative 
prey size on predation risk to fish larvae. 

A study of prey choice by planktivores, or one exam- 
ining the risk of predation to their prey, is logistically 
very difficult in the field. Typically any such attempt is 
limited to the analysis of predator gut content or a tem- 
poral sampling of the composition of the zooplankton 
community, respectively. Therefore, in an attempt to 
mimic a more natural scenario we conducted a second 
experiment in which we presented stickleback with a 
choice between cod larvae and a naturally co-occur- 
ring zooplankter of approximately equal size as the 
larvae, adults of the copepod Calanus finmarchicus. In 
this second experiment, larvae and copepods were 
presented both at equal and different relative abun- 
dances to also look at the effects of alternative prey 
number on the risk of predation to the larvae. 

Finally, the availability and maintenance of wild zoo- 
plankton under laboratory conditions can be prohibi- 
tive. Therefore, we compared the results from our 
experiments with Calanus finmarchicus to those with 
Artemia salina in order to assess the validity of using 
an easily obtained, and maintained, organism as a rep- 
resentative zooplankter in future research examining 
the effects of alternative prey on predation risk in fish 
larvae. 

MATERIALS AND METHODS 

Experimental animals. Cod larvae were reared in 
ambient seawater from eggs collected from a labora- 
tory broodstock. All larvae used in experiments were 
5 to 7 d post-hatch and similar in size (mean length f 
1 SE = 4.4 f 0.13 mm), to eliminate effects due to larval 
age and size on risk to predation (Litvak & Leggett 
1992, Pepin et al. 1992). 

Artemia salina (hereafter Artemia) were reared in 
the laboratory from commercially available eggs 
(Argent Chemical Laboratories, 'Argentemia'). Adult 
Calanus finmarchicus (hereafter Calanus) were col- 
lected from the field using a plankton net (110 pm 
mesh). In the laboratory, copepods were housed in 
tanks (34 X 34 X 52 cm) supplied with a flow of ambient 
seawater. Copepods were used in experiments within 
a week of capture. Copepods with ripe ovaries were 
not used, as this might serve to attract the predator. 

Three-spined sticklebacks, ranging in size from 
5.9 to 7.3 cm standard length (SL), were collected in 
the field using a beach seine (30 X 1.5 m, 0.5 cm2 mesh 
size). Fish were brought back to the laboratory where 
they were housed in a communal tank (34 X 34 X 52 cm) 
supplied with ambient seawater until needed. Fish 
were held in the laboratory for at least 1 mo to allow for 
a period of acclimation. When not involved in an 
experiment, fish were fed frozen plankton once a day. 

Experimental apparatus. Experiments were con- 
ducted in 6 glass tanks (50 X 25 X 30 cm) housed in a 
wet-bench supplied with ambient seawater. The wet- 
bench was enclosed by an opaque black plastic curtain 
to eliminate outside disturbances. Each tank was en- 
closed on 3 sides by an opaque white plexiglas barrier, 
leaving one of the large (50 X 30 cm) sides open for 
observation. This was done to eliminate any visual 
stimulation of fish among tanks. 

Each experimental tank was divided into 3 compart- 
ments by opaque grey plexiglas barriers, 2 predator 
housing compartments (12 X 12 X 30 cm) both situated 
at the same end of the tank, and a common area (38 X 

25 X 30 cm) in which experiments were conducted. 
Each predator housing compartment was equipped 
with a sliding door (8 X 20 cm) to allow access for the 
predator into the common 'experimental area' of the 
tank. Opaque barriers were used to provide visual iso- 
lation from the other fish and the experimental area. 

Experimental design. Prior to using sticklebacks in 
the experiments, fish had to be trained to exit their com- 
partment and enter the experimental area to feed once 
the door to their compartment was opened. This was 
done by opening the door to a stickleback's compart- 
ment and then offering it food (i.e. frozen plankton) in 
the experimental area. Fish were considered ready for 
use in experiments once they readily entered the exper- 
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imental area (i.e. within 5 S)  to feed when the door to 
their compartment was opened. Finally, prior to testing, 
fish were exposed to the various prey types, one prey 
type at a time, to be used in the experiment. This was to 
facilitate subsequent recognition of these as prey/food 
items by the fish. So as not to bias foraging by the 
sticklebacks due to any order-of-presentation effects, 
the order of prey type presented was assigned randomly 
among fish. Experiments began once both prey types 
were readily consumed by all fish. 

Experiments consisted of introducing a predeter- 
mined number of prey into the experimental section of 
the tank and then allowing a stickleback access to the 
experimental area for a 2 min foraging bout. Only 
1 stickleback was present in the experimental area at 
any one time. A 2 min foraging bout was used based on 
preliminary observations indicating that at  the prey 
levels used, sticklebacks were still actively foraging at 
the end of the 2 min. Following the 2 min foraging 
bout, the stickleback was coaxed back into its com- 
partment and all remaining prey were removed. Indi- 
vidual fish were used in only 1 experimental trial per 
day. All experiments were conducted at the same time 
of day (13:OO to 15:00 h) ,  and all fish were fed once a 
day at 16:OO h. 

Expt 1. Cod larvae and Artemia salina: This experi- 
ment was designed to investigate whether the relative 
size of an  alternative prey has any effect on the risk of 
predation to cod larvae. Prior to experiments in which 
a mixture of prey was presented to the sticklebacks 
(see below), the length of 10 of each prey type was 
measured using a dissecting microscope equipped 
with an eyepiece micrometer. The mean size of each 
prey type was then compared (t-test) to ensure the 
appropriate size composition of prey was present (see 
the third, fourth and fifth treatments below). In this 
experiment each stickleback was exposed to 5 prey 
'treatments': (1) 10 cod larvae presented alone (Treat- 
ment 10c); (2) 20 cod larvae presented alone (Treat- 
ment 20c); (3) a mixture of 10 cod larvae and 
10 Artemia which were significantly smaller ( t  = 6.56, 
df = 18, p = 0.0001, mean length ? 1 SE = 3.3  ? 

0.15 mm) than the larvae (Treatment 10c>lOA); (4) a 
mixture of 10 cod larvae and 10 Artemia which were 
the same ( t  = 0.37, df = 18, p = 0.71; mean length = 4.5 * 
0.16 mm) size as the cod larvae (Treatment lOc=lOA); 
and (5) a mixture of 10 cod larvae and 10 Artemia 
which were significantly larger ( t  = 15.39, df = 18, 
p = 0.0001, mean length =7.8 ? 0.16 mm) than the lar- 
vae (Treatment 10cilOA). Only one treatment was 
presented on any one day, determined by the avail- 
ability of cod larvae and Artemia of the required size. 

Treatments involving 10 and 20 cod larvae presented 
alone were conducted to control for possible differ- 
ences in the predator's response towards cod larvae as 

prey when only 10 larvae were present as in the mix- 
ture treatments and/or the presence of a total of 
20 prey items. Two sticklebacks died prior to the end of 
Expt 1. As the cause of death was unknown, data col- 
lected from these fish prior to their loss was discarded, 
reducing the number of test fish included in the analy- 
ses to 10. 

Expt 2. Cod larvae and adult Calanus finmarchicus: 
The purpose of this experiment was 2-fold, first to 
investigate the influence of the presence of a naturally 
CO-occurring zooplankter of equal size as the cod lar- 
vae, and secondly to examine the effects of varying the 
number of this alternative prey relative to that of the 
cod larvae, on the risk of predation to the larvae. Prior 
to conducting the experiments, a sample of 10 cod lar- 
vae and 10 Calanus were measured as in the previous 
experiment, and mean body length was compared ( t -  
test). Calanus body length was measured from the 
anterior of the metasome to the posterior end of the 
urosome, excluding the caudal setae. There was no 
significant ( t  = 0.98, df = 18, p = 0.34) difference in the 
mean length of cod larvae (mean 2 1 SE, 4.4 ? 0.13 mm) 
and the adult Calanus (4.8 ? 0.41 mm) that were used. 

Sticklebacks were again exposed to Treatments 10c 
& 20c as in Expt 1, along with the following 4 treat- 
ments: (1) 15 cod larvae presented alone (Treatment 
15c); (2) a mixture of 10 cod larvae and 10 Calanus 
(Treatment 10c:lOC); (3) a mixture of 15 cod larvae and 
5 Calanus (Treatment 15c:05C); and (4) a mixture of 
17 cod larvae and 3 Calanus (Treatment 17c:03C). 
Experiments presenting cod larvae alone were con- 
ducted for identical reasons as in Expt 1. 

At the time Calanus began to appear in our plankton 
collection, only 6 fish were available for testing due to 
a failure in the water system in the laboratory. These 
6 fish were used in tests of Treatments 10c & 20c, while 
an  additional 6 fish were trained. As a result, all other 
treatments in Expt 2 were presented to 12 fish. 

Data collection and analysis. All data were collected 
by an  observer seated inside the curtain surrounding 
the wet-bench in front of the uncovered side of each 
tank, using an  event recorder. The following data were 
collected for each treatment in both Expts 1 & 2. 

Latency (S) until tile first cod larva was captured: 
This was measured from the time the fish entered the 
experimental section of the tank. Mean latency for the 
different treatments was compared among treatments 
within Expts 1 & 2 using Analysis of Variance (GLM 
Procedure; SAS 1988). We also compared the influence 
of the 2 alternate prey types on latency until the first 
cod larva was captured by comparing mean latency 
among Treatments 10c, 20c (Expts 1 & 2), 10c=lOA 
(Expt 1) & 10c:lOC (Expt 2). The latter 2 treatments 
were chosen as these represent conditions where 
Artemia and Calanus were equal in size and abun- 
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dance to the cod larvae tested. Data were normalized 
using a loglo transformation. Use of the same fish 
among treatments was corrected for by using fish as a 
blocking variable in the analyses (Montgomery 1991). 

Proportion o f  cod larvae captured b y  the predatoc 
Mean proportion of cod larvae captured in the differ- 
ent treatments was compared among treatments 
within Expts 1 & 2 using Analysis of Variance (GLM 
Procedure; SAS 1988). We also compared the influence 
of the 2 alternate prey types on the proportion of cod 
larvae captured by comparing mean proportion of cod 
larvae captured in Treatments 10c, 20c (Expts 1 & 2),  
10c=lOA (Expt 1) & 10c:lOC (Expt 2). The latter 2 treat- 
ments were chosen as these represent conditions 
where Artemia and Calanus were equal in size and 
abundance to the cod larvae tested. Data were arcsine 
transformed for normality. Use of the same fish among 
treatments was corrected for by using fish as a block- 
ing variable in the analyses. 

Ordered sequence of  prey captures when mixture o f  
prey was presented: These data were used to deter- 
mine if the predator showed any preference among 
prey types. This was done by first ranking each prey 
captured with respect to its position in the overall 
sequence relative to the first prey caught (i.e. first prey 
captured, rank = 1; second, rank = 2; ... ; X prey cap- 
tured, rank = X; X = 20 maximum), and then comparing 
the mean rank for each prey type using an Analysis of 

Treatment 

Fig. 1. Gasterosteus aculeatus preylng on Gadus rnorhua. 
Mean (+ 1 SE) latency (in seconds) until a stickleback cap- 
tured its first cod larva. (Treatment: 10c and 20c = 10 and 20 
cod larvae presented alone, respectively; lOolOA, lOc=lOA 
and 10c<lOA = 10 cod larvae presented with 10 Artemia 
salina smaller, equal and larger in size than the cod larvae, re- 
spectively.) Means with a solid line above them are not signif- 

icantly different 

Treatment 

Fig. 2. Gasterosteus aculeatus preylng on Gadus rnorhua. 
Mean (+ 1 SE) proportion of cod larvae orignally introduced 
into the test tank that were captured by a stickleback over the 
course of an experimental trial. (Treatment: as in Fig. 1.) 
Means with a solid line above them are not significantly 

Mferent 

Variance (GLM Procedure; SAS 1988). No significant 
difference in mean rank between prey types would 
indicate no preference by the predator. A significantly 
lower mean rank for one prey type would indicate con- 
sistent selection by the predator for that prey type ear- 
lier during a feeding bout, and should, therefore, 
reflect a preference for that prey. 

RESULTS 

Expt l 

It took sticklebacks significantly (F = 12.6, df = 4,34, 
p = 0.0001) longer to catch a cod larvae in the pres- 
ence of Artemia. This was true regardless of the size 
of Artemia presented relative to that of the cod larvae 
(Fig. 1). There was also a significant IF = 5.42, df = 
4,34, p = 0.002) treatment effect on the proportion of 
cod larvae introduced that were captured over the 
course of a feeding bout. Significantly fewer larvae 
were captured when in the presence of Artemia 
which were larger or equal in length to the cod larvae 
(Fig. 2). 

Regardless of whether cod larvae were presented 
alone or in the presence of Artemia, predator foraging 
success (i.e. no, of captures per no. of attacks) on larvae 
was 100 %. Predator foraging success on Artemia was 
also loo%, regardless of the size of the Artemia 
presented. 
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Treatment 

Fig. 3.  Gasterosteus aculeatus preylng on Gadus morhua. 
Mean (+ 1 SE) latency (S )  until a stickleback captured its first 
cod larva. (Treatment: 10c, 15c and 20c = 10, 15 and 20 cod 
larvae presented alone, respectively; lOc.lOC, 15c:05C and 
l?c:03C = 10, 15 and 17 cod larvae presented with 10, 5 and 3 
adult Calanus finmarchicus, respectively.) Means with a solid 

line above them are not significantly different 

In mixed presentations, Artemia appeared to be the 
preferred prey, as the mean rank in the sequence of 
prey captures for Artemia was significantly lower 
than that for cod larvae, indicating that Artemia were 
captured significantly earlier during a foraging bout. 
This was true when Artemia were smaller (F = 13.19, 
df = 1,126, p = 0.0004, mean rank Artemia = 6.5, cod 
larvae = 8.9), equal ( F =  32.98, df = 1,113, p = 0.0001, 
mean rank Artemia = 5.5, cod larvae = 9.8) and larger 
(F  = 68.11, df = 1,140, p = 0.0001, mean rank Artemia 
= 5.8, cod larvae = 11.6) in size than the cod larvae. 
There was no significant difference in this pattern 
of prey capture among the different experimental 
fish used (Treatment 10olOA: F = 1.68, df = 9,126, 
p = 0.1; Treatment 10c=lOA: F = 1.01, df = 9,113, 
p = 0.4353; Treatment 10c<lOA: F = 1.35, df = 9,140, 
p = 0.2166). 

Expt 2 

The presence of adult Calanus significantly 
increased the time until a stickleback captured its first 
cod larva (F  = 19.41, df = 5,31, p = 0.0001). This was 
true when the ratio of larvae to Calanus was 1:1, 3:l 
and 5.6:l (Fig. 3). Both the presence and number of 
Calanus present had a significant effect on the propor- 
tion of cod larvae captured by the predator (F= 11.42, 
df = 5,31, p = 0.0001). Significantly fewer larvae were 

captured when in the presence of an equal number of 
Calanus or when the ratio of larvae to Calanus was 3:1, 
as compared to that captured when the larvae were 
presented alone or when the ratio of larvae to Calanus 
was 5.6:l (Fig. 4). 

As in Expt 1, regardless of whether cod larvae were 
presented alone or in the presence of Calanus, stickle- 
back foraging success on larvae was 100% (i.e. all 
attacks led to a capture). In contrast, predator foraging 
success on the Calanus was lower, averaging (f 1 SE) 
only 40 % (f 4.0). The ratio of Calanus to cod larvae 
had no significant effect on predator foraging success 
on the Calanus (F= 1.4, df = 2,15, p = 0.28). 

The mean rank for Calanus in the sequence of prey 
captures was significantly lower than that for cod 
larvae, regardless of the ratio of larvae to Calanus 
presented (Treatment 1Oc:lOC: F = 23.65, df = 1,89, 
p = 0.0001, mean rank Calanus = 3.6, cod larvae = 6.3; 
Treatment 15c:05C: F = 10.28, df = 1,111, p = 0.0018, 
mean rank Calanus = 4.3, cod larvae = 6.3; Treatment 
17c:03C: F = 28.25, df = 1,152, p = 0.0001, mean rank 
Calanus = 3.4, cod larvae = 8.3). These results indicate 
that stickleback tended to capture Calanus prior to cod 
larvae, indicating a preference for the Calanus. There 
was no significant difference in this pattern of prey 
captures among the different fish when an equal nurn- 
ber of cod and Calanus were presented (F = 1.34, df = 

11,89, p = 0.2155) or when the ratio of larvae to 
Calanus was 3:l ( F  = 1.32, df = 11,111, p = 0.2201). 
However, individual sticklebacks did differ in their 

Treatment 

Fig. 4. Gasterosteus aculeatus preying on Gadus morhua. 
Mean (+ 1 SE) proportion of cod larvae originally introduced 
into the test tank that were captured by a stickleback over the 
course of an experimental trial. (Treatment: as in Fig. 3.) 
Means with a sohd line above them are not significantly 

different 
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pattern of prey selection when the ratio of cod larvae to 
Calanus was 5.6:1 ( F =  1.99, df = 11,152, p = 0.0326). 

Comparison of Artemia and Calanus as 
alternative prey 

When sticklebacks were offered cod larvae and an 
equal number of alternative prey which were equal in 
size to the larvae, significantly fewer larvae were cap- 
tured (F = 9.65, df = 5,37, p = 0.0001) and it took the 
sticklebacks significantly longer to capture a larva (F = 

15.92, df = 5,37, p = 0.0001) as compared to when lar- 
vae were presented alone. This was true regardless of 
whether Artemia or Calanus was the alternative prey 
present. Further, there was no significant difference in 
mean latency until a cod larva was captured (Treat- 
ment: X +  1 SE; 10c:lOC: 49.3 + 18.3; 10c=lOA: 30.4 f 
5.8) or in the mean proportion of cod larvae captured 
(10c:lOC: 0.45 + 0.09; 10c=lOA: 0.5 + 0.05) between 
treatments using Artemia or Calanus as the alternative 

Prey. 

DISCUSSION 

In this study, size of alternative prey was shown to 
significantly influence the risk of predation to larval 
cod from a visually feeding planktivorous fish. The 
proportion of cod larvae captured was significantly 
reduced when zooplankton of equal or larger body size 
were also present. A reduced risk of predation to fish 
larvae has also been demonstrated when in the pres- 
ence of alternative prey smaller than the larvae (Kean- 
Howie et al. 1988, Margulies 1990). However, in these 
studies protection to the larvae was only evident when 
the number of alternative prey relative to that of the 
larvae was high. Protection to the larvae was attributed 
to interference with the predators foraging by the pres- 
ence of such large numbers of alternative prey. In con- 
trast to these earlier results, our study demonstrated a 
significant reduction in the risk of predation to cod lar- 
vae in the presence of alternative prey that were equal 
or larger in size than the larvae. This was true even at 
a ratio as low as 1 zooplankter to every 3 larvae. Fur- 
ther, this protection appears to be the result of selec- 
tion by the predator of the alternative prey over the 
larvae. Overall, our results are consistent with the 
findings of various freshwater studies investigating 
predator-prey relationships between planktivorous 
fish and zooplankton demonstrating a preference and 
selection for larger-bodied prey (Brooks & Dodson 
1965, Werner & Hall 1974, O'Brien 1979, O'Brien et al. 
1985). Taken together, these results suggest that fish 
larvae should gain some level of protection from visu- 

ally foraging planktivorous fish when alternative prey 
of equal or larger size are present in the planktonic 
community. 

It is unclear as to the extent to which our results are 
transferable to the field. For example, field studies 
report a wide range in the abundance of cod larvae 
and various zooplankters, ranging 1 to 2 orders of mag- 
nitude lower and higher than that used in our study 
(e.g. Solemdal & Ellertsen 1984, Economou 1987, 
MacKenzie et al. 1990). Therefore, under certain con- 
ditions, field prey levels may be considered too low for 
predators to commonly encounter a number of differ- 
ent prey types simultaneously. However, field collec- 
tions provide no, or little, information on the 'micro- 
distribution' of planktonic organisms relative to each 
other within the volume of water sampled. As such, 
due to various biotic (e.g. behavioural) and abiotic (e.g. 
current) factors, organisms may actually be in close 
enough proximity to offer predators a choice among 
prey types. In our study, the risk of predation to cod lar- 
vae was significantly reduced in the presence of an 
equal number of Calanus, as well as at a ratio as low as 
1 Calanus to every 3 cod larvae. Field results, where 
spatial overlap between cod larvae and adult C. fin- 
marchicus has been reported (Skreslet 1989), show the 
ratio of C. finmarchicus to cod larvae to be greater than 
1: 1, averaging 7: 1 for C. finmarchicus of the size used 
in our study. Based on our results, these field data sug- 
gest that the potential for a reduced risk of predation to 
cod larvae because of the presence of this alternative 
prey could exist in the field. 

Body size alone may explain preference by the preda- 
tor for alternative prey larger than the cod larvae. How- 
ever, factors other than body size may have played a 
role in the protection evident to larvae when alternative 
prey of similar size where present, as well as the prefer- 
ence shown for smaller Artemia by the predator. Factors 
which we could not control, such as movement, pig- 
mentation and evasiveness, have all been shown to sig- 
nificantly influence prey selection by planktivorous fish 
(Ware 1973, O'Brien 1979, Vinyard 1980, O'Brien et al. 
1985). Prey movement has been shown to affect prey 
choice by three-spined stick!eback (Ibrahim & Hunting- 
ford 1989). Therefore, differences in the amount and/or 
type of movement(s) demonstrated by Artemia and 
Calanusas compared to cod larvae could have led to the 
observed selection for alternative prey equal or smaller 
in size than the larvae. The 3 prey types used in our 
study did not appear to differ significantly in their pig- 
mentation. However, from our experiments, it is irnpos- 
sible to eliminate the possibility that Artemia and 
Calanus were selected over the cod larvae because of 
some pigmentation differences detected by the preda- 
tor. Finally, given that stickleback foraging success on 
Artemia and cod larvae was 100% regardless of 
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Artemia body size, a difference in evasiveness between 
these 2 prey types would seem unlikely as the reason for 
the observed preference for the Artemia. In contrast, 
copepods are generally considered to be good at evad- 
ing predators (O'Bnen 1979, Coughlin & Strickler 1990), 
and our results on predator foraging success on Calanus 
would support such a conclusion. In our study, Calanus 
was much more difficult for the stickleback to capture 
than were cod larvae. As such, one might have expected 
cod larvae of equal size to have been the preferred prey. 
However, a comparison of the potential energetic re- 
turns from consuming a Calanus of the size used in this 
study 11.73 cal (prey item)-', unpubl, data] to that from 
consuming a similar sized cod larva [0.43 cal (prey 
item)-', unpubl. data] indicates that the capture of a 
Calanus represented a greater reward. Therefore, 
Calanus may have been preferred over the larvae be- 
cause even though 2.5 times the effort was required to 
capture a Calanus (i.e. foragmg success = no, of captures 
per no. of attacks on Calanus = 40 vs 100 % on cod lar- 
vae), for each capture the stickleback received 4 times 
the energetic reward. However, additional experiments 
examining the actual energetic costs incurred by the 
stickleback when capturing a Calanusvs a cod larva are 
needed to definitively address this question. 

Studies investigating factors affecting prey choice or 
risk to predation among planktivores and their prey 
are difficult to conduct in the field. While some wild 
zooplankters can be maintained in the laboratory, 
others are difficult and the availability of most is sea- 
sonal. In this study, the risk of predation to cod larvae 
was significantly reduced when in the presence of an 
equal number of Calanus or Artemia of equal size as 
the larvae. Also, there was no significant difference in 
the level of protection offered cod larvae by the pres- 
ence of either of these alternative prey types. Given 
these results and the fact that Artemia are commer- 
cially available and easy to maintain in the laboratory, 
Artemia may provide a suitable representative zoo- 
plankter for certain studies addressing questions on 
the effects of alternative prey on prey selection by, and 
risk of predation from, planktivores. 

Various studies examining factors influencing the 
risk of predation to fish larvae have concluded that lar- 
val vulnerability to predation decreases with increas- 
ing larval size and age (Bailey & Batty 1984, Blaxter 
1986, Blaxter & Pickett 1988, Miller et al. 1988, Fuiman 
1989, Margulies 1990). This conclusion, often referred 
to as the 'bigger-is-better' hypothesis, is primarily 
based on the analyses of changes in predation risk to 
fish larvae within a single cohort or size class. How- 
ever, in nature predators are typically confronted 
sin~ultaneously with larvae of various sizes and ages. 
Therefore, recent studies by Litvak & Leggett (1992) 
and Pepin et al. (1992) have experimentally questioned 

the generality of the bigger-is-better concept on the 
basis of the validity of examining changes in predation 
risk to fish larvae based only on a within-cohort com- 
parison. Results from both these studies showed that 
while the risk of predation to larvae did decrease with 
increasing size/age within a cohort, this was not the 
case when predators were simultaneously offered a 
choice of larvae from different cohorts. In this latter 
case, the larger/older larvae were preyed upon much 
more heavily than the smaller ones. These results are 
similar to our findings where alternative prey equal or 
larger in size than the cod larvae were preferred and 
the risk of predation to the smaller larvae was signifi- 
cantly reduced. Taken together, these results suggest 
that bigger may not always be better with respect to 
reducing the risk of predation to larval fish within the 
planktonic comn~unity. 

Although predation is considered a major source of 
mortality in larval fishes (Hunter 1981, 1984, Bailey & 
Houde 1989), survival depends not only on larvae 
avoiding being eaten, but also on getting sufficient 
food. Following yolk-absorption, fish larvae go through 
a critical period of first feeding (i.e. transition to exoge- 
nous feeding) during which an insufficient intake of 
food results in death. As such, a temporal and spatial 
overlap between first feeding larvae and a sufficient 
number of appropriate-sized prey is important for lar- 
val survival. This concept of overlap has been termed 
the 'match-mismatch' hypothesis, a match occurring in 
years in which the various environmental factors 
affecting the timing of reproduction in both fish and 
various zooplankters produce an overlap between the 
larvae and their prey (i.e. early life stages of the zoo- 
plankters) (e.g. Ellertsen et al. 1989). However, a 
match should also produce a temporal overlap be- 
tween fish larvae and spawning adult zooplankters. 
Based on results from our study, such an overlap 
should further enhance the survival of the fish larvae 
by reducing their risk to predation, given of course that 
the adult zooplankters are of an appropriate size and 
that a spatial overlap between larvae and these zoo- 
plankters also occurs. Such an overlap has been re- 
ported for cod larvae and adult Calanus finmarchicus 
(Skreslet 1989). Further studies are needed to investi- 
gate the generality of such temporal and spatial over- 
laps between fish larvae, their prey and adult zoo- 
plankters, and the relative importance of each to larval 
survival. 
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