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Introduction

It is well established that fish decrease foraging activities while in the presence of a predatory threat (Williams and Brown 1991; Bishop and Brown 1992).  Predatory threat is known to alter the behavioral decisions of prey individuals (Helfman 1989, Lima and Dill 1990), and it is believed that even larval fish are able to assess the risk of predation and make the appropriate foraging decision (threat-sensitive foraging; Bishop and Brown 1992). However, the extent to which this trade-off may shift as physiological and morphological changes occur during ontogeny has not been previously investigated.  For example, as larvae enter metamorphosis there is an extensive depletion of energy reserves, and an increase in pigmentation that makes the fish more obvious to predators (Youson 1988).  It is thus likely that there is both an increased cost associated with delays in foraging, as well as an increased need for predator awareness during this stage of development.  Changes in routine metabolic rate may also impact foraging decisions throughout ontogeny.  This paper will report changes in foraging during the early ontogeny of shorthorn sculpin larvae, and relate them to morphological development and changes in routine oxygen consumption.

Methods

The foraging behaviors of shorthorn sculpin were monitored throughout larval development, with and without the presence of a predatory threat.  The larvae were reared in 60 L glass aquariums that were divided into two sections – a ‘prey’ chamber that contained the larval sculpin, and a ‘predator’ chamber that contained 2 juvenile Atlantic cod (control treatments had no predator in the predator chamber).  During observation periods, the larvae were supplied with Artemia (1500 L-1), and visually exposed to the predator chamber.  Their foraging behaviors were recorded as modal action patterns using a hand-held Psion event recorder (Noldus Information Technology, Netherlands).  

To measure the routine metabolism of the larvae throughout ontogeny, groups of larvae were placed in a small, custom-built Blazka-type respirometer (60 ml volume).  The numbers of larvae used per trial depended on the size of the larvae, but varied between 5 and 40 individuals (larvae ranged in size from 5-30 mg over the course of the study).  Oxygen concentrations within the respirometer were measured using a fibre-optic oxygen measurement system (Presens, Germany).  

Results and Discussion

Larval sculpin began foraging activity at around 6 days post-hatch.  Their prey capture success was initially very low but increased steadily throughout the study.  During the first two weeks post-hatch, there was no difference in foraging activity between the predator and non-predator treatments.  After this point, however, larvae in the predator treatment showed large decreases in foraging activity (orients towards Artemia and attempts to capture Artemia) when compared to larvae from the control tanks.  It is likely that the larvae developed improved sensory capabilities by around two weeks of age that allowed them to better detect the presence of the predators and respond appropriately.

As expressed per unit wet mass (mg O2 g-1 h-1), the routine oxygen consumption of the larvae increased during ontogeny (the routine oxygen consumption of 12 mg larvae were about 2.5 times that of 5 mg larvae).  This trend is in contrast to previous work with juvenile and adult fish that shows a decrease in routine metabolic rate (per unit mass) as individuals increase in size.  It is speculated the rapid growth rate of premetamorphic larvae may cause their metabolic rate to scale differently than what is expected for juvenile or adult individuals.  Despite the increasing metabolic rate of the larval sculpin as they approached metamorphosis, the larvae continued to reduce foraging when in the presence of a predatory threat.  Due to the high metabolic demands of the premetamorphic larvae, these interruptions to regular foraging activity would be especially costly during this stage of development.    
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