TEMPERATURE REGULATED GROWTH OF ATLANTIC COD (GADUS MORHUA) LARVAE IN THE OCEAN
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Introduction

Interannual variability in growth during the early life stages of marine fish can strongly affect subsequent recruitment (Campana 1996). Marine fish larvae suffer high rates of mortality and predation is an important source of that mortality. Faster growth is believed to favour survival by reducing the duration of the larval stage, thus lowering cumulative mortality due to predation (Anderson 1988). 

Temperature and feeding performance in terms of abundance and nutritional value of prey are considered the primary determinants of larval growth in the ocean (Beaugrand et al. 2003). In this study, we relate the growth of Atlantic cod larvae sampled around the Magdalen Islands (southern Gulf of St. Lawrence, Eastern Canada) to temperature and feeding performance. Understanding the influence of these factors on growth will provide insight into the processes regulating recruitment.

Materials and Methods
Fish larvae and their potential prey were sampled at weekly intervals from May to September during four consecutive years (1997-2000). The sampler consisted of a 2 m2 rectangular metal frame equipped with two 750 µm mesh nets to capture fish larvae and two 64 µm mesh nets to sample their zooplankton prey. 

To estimate growth, the lapilli of 1150 cod larvae were analysed. The individual growth history of a subset of 530 larvae that had reached at least 20 days of age was then reconstructed from lapillar increments. The feeding performance of cod larvae was defined as the residuals of the multiple regression of the carbon ingested (estimated from gut content analysis) on length and time of day. An index of resources available to larvae was also estimated from the weekly zooplankton collections. 

Daily temperatures in the study area and throughout the sampling seasons were obtained from a thermograph operated by the Department of Fisheries and Oceans Canada. The average water temperature encountered by each larva was calculated by cumulating daily temperatures from hatch to capture and then dividing the sum by the age of the larva.   

Results

Analysis of growth in relation to the feeding performance index was based on the growth that larvae experienced on the day of capture. There was no evidence of a significant effect of feeding performance on larval growth. There was also no significant relationship between prey availability and growth.

Water temperature explained up to 70% of the variability in larval body length at 20 days of age. The relationship between this growth index and temperature was best described by a quadratic function (Figure 1). During their first 20 days of life, larvae encountered temperatures ranging between 0 and 18(C. Growth increased with temperature up to 9.5(C and decreased beyond this optimum. Larvae reached a maximum length of 8.3mm when temperatures encountered during their first 20 days of life averaged 9.5(C. Larvae of the same age were on average 0.6mm smaller when temperatures were 4(C higher or lower than this optimum.
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Discussion and Conclusions

The effects of temperature on larval fish growth have often been studied in controlled environments. Laboratory experiment and theoretical studies frequently report a dome-shape relationship between growth and temperature. The basis behind this relationship is that beyond a certain temperature optimum, the increase in standard metabolic rate far exceeds the energy intake and thus growth begins to decline. Steinarsson and Björnsson (1999) showed that the optimal temperatures for growth of hatchery-reared cod larvae was between 9.7 and 13.4(C depending on size. However, only a few field studies have observed this type of relationship in the ocean. Recently, Buckley et al. (2004) found that larval Atlantic cod and haddock collected on Georges Bank (Eastern United States) exhibited higher growth rates when temperatures approximated 7(C. In our study, growth of cod larvae was highest when temperatures encountered averaged 9.5(C. The potential impact of reduced growth at sub-optimal temperatures is significant. Given that the measured growth rate of cod larvae in the southern Gulf of St. Lawrence is approximately 0.2mm d-1, a 2-4(C increase in water temperature as predicted by climate models could translate into a 1-5 day increase in larval stage duration. With daily mortality rates of 10%, this increase could affect subsequent recruitment and thus have important consequences on the recovery of the collapsed southern Gulf of St. Lawrence cod stock.
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Figure 1 : Statistically weighted relationship between water temperature and body lengths at 20 days of age (mm) for cod larvae sampled during four consecutive years. Points represent body lengths averaged over bins of 0.25(C. A quadratic parabola was fitted to the data where regression parameters are y = -0.0127x2 + 0.2394x +6.9751.
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