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Appendix 2: A reanalysis of the Continuous Plankton Recorder to include the most recent data 

available for Calanus copepods (2001-2013). 

 

With relatively large body size and high abundance, the calanoid copepod Calanus 

finmarchicus is a key trophic link between primary producers and upper trophic levels in the 

Gulf of Maine (GoM) food web (Payne et al., 1990). Its lifecycle is tuned to the annual cycles of 

primary production and predator communities, making its phenology critical to the population’s 

persistence at the southern edge of its entire range, in the GoM. While several studies have 

examined annual cycles of Calanus production (e.g. Durbin et al., 1995; Conversi et al., 2001; 

Manning and Bucklin, 2005; Runge et al., 2015; Johnson et al., 2016), only two studies have 

evaluated how this cycle has changed in recent decades.  One focused on Cape Cod Bay between 

1999 and 2006, demonstrating that C. finmarchicus springtime phenology varied, with peak 

concentrations through March and April in 1999, 2000 and 2005, and a later peak (2-4 weeks 

lagged) in 2000 and 2003 compared to other years. In all years but 2002, this springtime peak 

declined in May (Pendleton et al., 2009). Pershing et al. (2005) estimated Calanus abundance in 

the GoM Continuous Plankton Recorder (CPR) time series during three historical periods 

between 1961 and 2000. We updated this analysis to include the most recent data (2001-2013), 

which also coincides with a rapid warming trend in the system (Pershing et al., 2015).  

Calanus finmarchicus (CV-adult) and Calanus spp. (CI-CIV) concentrations (individuals 

m-3) from the GoM CPR dataset (1961- May 2013) were analyzed for monthly averages, yielding 

a seasonal cycle for each year. Data from within the inner Gulf of Maine (excluding samples 

taken inshore of the 100 m isobath) were used to avoid confounding of the coastal and offshore 

systems (Tian et al., 2015), and were log-transformed due to the underlying log-normal 
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distribution of the data (Conversi et al., 2001). After Pershing et al. (2005), the Calanus 

abundance seasonal cycles were averaged within three historical time periods (1961-1974, 1978-

1988, 1992-2000), as well as the most recent (2001-2013), and all years combined. The three 

historical periods account for a data gap in the mid-1970s, and distinct periods in GoM 

oceanographic and zooplankton conditions (Pershing et al., 2005). Unlike Pershing et al. (2005), 

we elected not to use a spline smoothing function and anomaly analysis because our results were 

found to be consistent with the patterns presented by Pershing et al. (2005), and we preferred that 

results reflected measured organism concentrations. 

This analysis showed that the average annual cycle of adult and late-stage (CV) C. 

finmarchicus has continued to reflect trends previously observed over the last several decades: 

their seasonal of production has broadened and increased in overall concentration compared to 

the earliest historical period in 1961-1974 (Figure 3A). The average annual cycle of juvenile 

Calanus spp. (CI-CIV) has also broadened and been elevated when comparing recent time 

periods (1978-2013) to the historical period of 1961-1974 (Figure 3B).  
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