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Introduction

Central hypotheses in fisheries oceanography, such as the match/mismatch  and the growth/predation (Anderson 1988), link recruitment variability in marine fish to variable growth during early life in the plankton. According to these hypotheses, low prey density or temperature outside the preferendum of the larvae will slow growth and development, therefore lengthening the period of vulnerability to predators. 

Despite its central importance to these hypotheses, only a few studies have tested the assumption that the feeding of young fish at sea is limited at low prey abundance (Sundby and Fossum 1990) and at suboptimal temperatures (Michaud et al. 1996). In the present study, we investigated the relative contribution of these 2 factors in determining the feeding success of Atlantic cod larvae.

Materials and methods

Cod larvae were sampled in the southern Gulf of St. Lawrence during 1998 and 1999 from late May to mid September, a period covering most of the spawning and larval development seasons. One-day surveys were conducted at intervals of about one week, depending on weather conditions. During each survey, 8 to 12 net tows were made from 16h00 to 21h00, the period of the day corresponding to peak feeding activity of Atlantic cod larvae. Two 1-m2 nets (750-μm mesh) were used to capture the larvae, while two smaller nets (64-μm mesh) were sampling their planktonic prey. Temperature was recorded using a Minilog® probe. A subsample of 714 larvae (≤20 mm) was randomly selected among the 2 years for gut content analysis.

Results

Atlantic cod larvae preyed mainly on copepods (>95 % of all prey) with a strong selectivity for Pseudocalanus elongatus nauplii and copepodites (>65 % of all prey). Selectivity switched rapidly from nauplii stages for larvae ≤6 mm towards copepodites for larvae >6 mm in length. The number of prey or the amount of carbon in the gut varied primarily with standard length and time of day, two ecologically trivial factors that often mask the links between in situ feeding conditions and feeding success. Thus, a feeding performance index was defined as the residual of the regression of gut content on standard length and time of day.
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Prey availability varied greatly (4 to 400 µg C m-3) over the sampling season, but seldom limited the feeding performance of cod larvae. A statistically significant weighted Ivlev function was found only for larvae ≤6 mm in length, showing that the availability of P. elongatus nauplii limited the feeding performance of this length class in about 20% of the samples (Fig. 1). There was no sign of any feeding limitation from low prey density for larvae >6 mm.


Temperature was the main determinant of feeding performance over the length interval studied (3-20 mm). A weighted dome-shaped function centred on 14ºC explained 58% of the total variance in feeding performance, for temperatures ranging from 5 to 17oC (Fig. 2). Larvae that experienced temperatures above or below this optimum had significantly lower feeding performance.

Discussion

The feeding of Atlantic cod larvae was generally unaffected by low prey density. Limitation was observed only for individuals ≤6 mm in length. These first-feeding larvae may have been vulnerable to starvation because of limited motility coupled to a narrow prey field. Because larvae >6 mm fed independently of prey density, it can be assumed that the low capacity of pursuing and catching dispersed prey disappears early in life history. 

The variability in the feeding performance was best explained by fluctuations in temperature. The dome-shaped relationship observed between feeding performance and temperature confirms what theoretical and laboratory studies had previously demonstrated (Jobling 1997). As for other ectotherms, the metabolic demand of fish and consequently their feeding requirements increase with ambient temperature. However, the ingestion rate peaks and then drops rapidly beyond a certain optimum. This decrease in feeding performance at high temperatures probably results from an inhibition of appetite occurring when the demand in oxygen exceeds the delivery capacity to respiring tissues (Jobling 1997). Another possible explanation for the dome-shape response would be that high temperatures impaired the foraging efficiency of cod larvae by depressing their swimming performance. It has been shown that swimming performance in fish is enhanced by higher temperatures up to a certain optimum above which it declines (Johnston and Ball 1997). These results suggest that, by affecting larval feeding performance and eventually growth, temperature could be the main factor explaining the variability in the recruitment of the southern Gulf of St. Lawrence cod stock.
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Figure 2. 





Relationship between the feeding performance (residual ln P. elongatus carbon ingested) and ambient temperature for all cod larvae (n=714). The feeding performance was averaged for larvae captured during a same survey.








Figure 1. 





Relationship between the feeding performance (residual ln number of P. elongatus nauplii found in guts) and the density of Pseudocalanus sp. nauplii in the environment for cod larvae ≤6mm (n=217). Feeding performance was averaged for larvae from a same net tow. 
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