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Time series of larval Atlantic mackerel on the northeast United States continental shelf

David E. Richardson and Jonathan A. Hare

Atlantic mackerel (Scomber scombrus) in the western North Atlantic are traditionally thought to consist of a northern contingent that spawn primarily in the Gulf of St. Lawrence in June and July and a southern contingent that spawns primarily in the mid-Atlantic Bight and off Southern New England in May and June.  The early life stages of mackerel from the southern spawning contingent have been sampled by the MARMAP program from 1977-1987 and the EcoMon program from 2000 to the present.  We used these data, and a non-linear least-squares analysis, to develop an annual index of larval abundance for the southern spawning contingent.  The analytical approach uses information on the age structure and abundance of larvae on each survey to derive an annual index of abundance, as well as parameters describing larval mortality and the seasonal cycle of hatching. Due to data limitations this methodology calculates only a single average spawning season and mortality function over the entire time series.

Both the MARMAP and EcoMon programs performed about six surveys each year that covered the entire northeast United States continental shelf from Cape Hatteras to Maine.  With the MARMAP program there was substantial variation in the seasonal timing of sampling.  In comparison, the timing of sampling during the EcoMon program has been relatively fixed, and includes a mid-March survey, a late-May/early-June survey, and a mid-August survey.  During both sampling programs, ichthyoplankton was collected by a Bongo net sampled to a maximum depth of 200 m or within 5 m of the bottom.  Subsequently, all larval fish were identified to the lowest taxonomic level, with up to 50 individuals measured per taxon. 


The most striking result from this analysis was the two orders of magnitude decline in the larval index from 2001 to 2007 (Fig. 1,2).  During these years, the seasonal timing of sampling remained fixed, with the May/June cruise occurring close to the peak spawning time calculated for the region.  Additionally, larval mackerel abundances did not increase in other regions (Georges Bank, Gulf of Maine) nor during the cruises in April or August.  Due to ship-time cutbacks, sampling in 2008 was not sufficient to include in our index calculation.  The sampling during 2009 was comprehensive, but quantitative results are not yet available.  However, during the 2009 May/June cruise, a pilot project was performed to evaluate the use of molecular techniques in multispecies egg surveys with a specific focus on Atlantic mackerel.  A subsample of 190 fish eggs collected at 22 stations in the Mid-Atlantic Bight and Southern New England were analyzed following established Barcode of Life species identification protocols.  Twenty-four different species were identified with this approach, but none were Atlantic mackerel.  This egg survey provides further evidence of a major reduction in the levels of spawning by mackerel during the late-May/early-June period on the northeast United States continental shelf.


Three possible explanations exist for the decline in larval mackerel abundance over the past decade in the ECOMON plankton sampling: i) the timing of spawning in this region has shifted and now occurs during a gap in sampling (possibly April or July), ii) the southern contingent of mackerel no longer spawn along the U.S. continental shelf, or iii) spawning stock biomass of the southern spawning contingent of mackerel has declined substantially.  These explanations are not mutually exclusive. To estimate the magnitude of spawning season shift that would be required to produce the observed decline in larval abundance, we recalculated the larval index assuming fixed shifts in the timing of spawning.  This analysis indicates that the timing of spawning in recent years would have shifted by 3-4 weeks earlier or later than the average over the past couple decades to explain the observed drop in larval abundance (Fig. 3).  Additional sampling during April or July would resolve whether such a shift in the timing of spawning had occurred.  Overall, these analyses indicate a major recent change in the dynamics of the southern spawning contingent of mackerel.  The nature of this change is currently not clear, and additional sampling would be necessary to evaluate the potential mechanisms resulting in this change. 
Figure 1. Time series of the larval index.  Filled dots correspond to years during which sampling occurred near to the peak of the spawning season.  White dots are years when sampling occurred well before or after the spawning season.  During these years a larval index can be calculated, though with low reliability. The analyses presented here are preliminary – a routine has been developed to estimate the uncertainty in the larval index, but this routine has not yet been applied to Atlantic mackerel.
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Figure 2.  Distribution of mackerel larvae during the ECOMON surveys 2000-2008.  Circle size corresponds to the abundance of larvae at a station.  Black dots indicate sampling stations that did not contain mackerel larvae.  The total number of larvae collected on a cruise is noted.  During 2003 and 2008, full surveys were not performed due to cutbacks in shiptime available to the EcoMon program.
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Figure 3. Recalculated larval index for 2005-2007 assuming shifts in the spawning season relative to the time-series average.  The 2002 larval index is also included.  The results of this sensitivity analysis indicate that the decline in the larval index in 2005 and 2006 can be accounted for by a shift in the spawning season of about 30 days without there being a substantial drop in the spawning stock biomass of the southern contingent. However, a shift in spawning season does not raise the 2007 index to comparable levels.
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