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Map of Georges Bank sediment stability index (ξ = τ0/τcr). 

Harris, B.P., G.W. Cowles and K.D.E. Stokesbury. 2012. Surficials sediment stability on Georges Bank in the Great South 
Channel and on eastern Nantucket Shoals. Cont. Shelf Res. 49: 65-72. 



At what concentration (Ca) do Georges Bank scallops aggregate? 

Year θ Ca P(c) T(c) 
2003 52 4 0.49 0.12 
2004 43 4 0.60 0.13 
2005 47 4 0.48 0.08 
2006 52 4 0.57 0.13 
2007 49 4 0.53 0.11 
2008 51 4 0.41 0.09 
2009 45 4 0.70 0.16 
2010 52 4 0.57 0.11 

 

Petigas 1998, Orensanz et al. 2006 

High-concentration  
3 - 4 scallops per scallop in 3.24 m2 (>3). 
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Geostatistical Aggregation Curves 

Presenter
Presentation Notes
Relative geostatistical aggregation curves were used to construct scallop concentration profiles for each year (Petitgas 1998, Orensanz et al. 1998). The curves give the proportion P(c) of total scallops N, in areas where Ca was greater than c, plotted against the proportion T(c) of the total area A occupied by scallops with Ca greater than c:

where y is the survey year, nc is the number of scallops in Ca class c and ac is the area occupied by those scallops. Area occupied (km2) was determined by constructing Voronoi diagrams of the survey stations sampled in each year (Legendre and Legendre 1998). The P(c) and T(c) vectors were calculated for sequential Ca classes (whole scallops) and the P(T) curves were constructed by sorting Ca classes in descending order (Petitgas 1998).
Each curve's 45° tangent indicates where scallop spatial distribution shifted from dispersed to aggregated (Petitgas 1998). The Ca class corresponding to the 45° tangent is the concentration level at which more scallops occur in less area.  Following Colloca et al. (2009), the 45° tangent was used to define "high" concentration.



Where do these aggregations persist? 
,  

Ii ≥ 0.625 
(≥ 5 of the 8 years)  

Colloca et al. 2009 

Presenter
Presentation Notes
Georges Bank averaged 4.2 x 109 scallops (SD = 8.7 x 108) from 2003 to 2009 (Stokesbury et al. 2010). 

In 2010 there were 3.6 x 109 (95% ± 6.7 x 108). 

10.2 - 20.3% (5.5 and 7.7 x 108) of the scallops on the Bank occurred in the persistent high-concentration aggregations where mean scallops km-2 was 1.38 x106 (SD = 2.8 x 105). 

The NE aggregation (217 km2) was much larger (6 - 31 times ) than the other aggregations and contained 5.7 - 12.0 % of all the scallops on Georges Bank .
 
To identify temporally persistent  high scallop concentrations the annual Ca data were interpolated to a 1-km raster surface using Sibson’s Natural Neighbor method (Sibson 1981) and an index of persistence (Ii) calculated  for each raster cell (Fiorentine et al. 2003, Colloca et al. 2009). The annual raster maps were created in ArcGIS 9.3 (Environmental Systems Research Institute, Redlands, California) using the Ca value, longitude and latitude (mean of the four quadrats) of each station.  The projection and  horizontal control were Universal Transverse Mercator Projection for Zone 19 North and the North American Datum 1983 respectively. 

Persistence (Ii) is the proportion of years that the scallop concentration in cell k (Cak) was classed as "high" based on the annual geostatistical aggregation curves:
where y is the total number of years j that cell k was surveyed, = 1 when Cak is high in year j otherwise = 0. The index () ranges from 0 indicating Cak was never high to 1 (Cak was always high). We considered cells where Cak was high at least 5 of the 8 years (Ii ≥ 0.625) to be "persistent" high-concentration scallop aggregations (for example see Colloca et al. 2009).  

All the persistent a high-concentration aggregations already have names (fishing industry)



Some variability in Depth, Shear stress, critical shear.  
ALL aggregations Occurred in Stable Sediment 

Scallop Habitat vs. Aggregations: Depth, Shear stress, Critical shear and Sed stability 

Presenter
Presentation Notes
Reject H0: 
Mean depth, τ0s, τcr, and ξ values in each aggregation is not different than those in scallop habitat

We rejected all the null hypotheses. Most importantly ALL persistent aggregations occurred in stable sediments

~ 4 billion sea scallops on Georges Bank 2003 - 2010 

Spatial distributions switched from dispersed to aggregated at a concentration of 3 to 4 scallops per scallop in 3.24 m2 every year. 

High concentrations (Ca > 3 scallops per scallop) occurred in 11% of scallop habitat and were only persistent in 4% (449 km2).  

Persistence was highest on the stable gravel sediments and decreased with decreasing sediment stability. 

Sand sediment supported persistent high-concentrations only where stress conditions were below its critical level. 

The mean water depth in scallop habitat was 69 m (SD 15.54); all the aggregations except SEP, and SEP-S were significantly shallower (Bonferonni adjusted p ≤ 0.05) except HB-S, HB-W and NL-S (Figure 3.7). 
The mean shear stress in scallop habitat was 0.56 N m-2 (SD 0.457); all the aggregations differed significantly (Bonferonni adjusted p ≤ 0.05) and all had higher shear stress except SEP, SEP-S, NL-E and NL-S (Figure 3.7). 
The mean sediment critical shear stress in scallop habitat was 11.18 N m-2 (SD 19.732); the aggregations all had higher levels (Bonferonni adjusted p ≤ 0.05) except SEP and SEP-S (Figure 3.7). The critical levels in the Nantucket Lightship aggregations (NL, NL-S, NL-E) were not significantly different from scallop habitat. 
The mean sediment stability index for scallop habitat was 0.58 (SD 0.459); the aggregations were all more stable (lower values) although the HB-W, HB-S, and NL-S aggregations were not significantly different from scallop habitat (Bonferonni adjusted p ≤ 0.05, Figure 3.7).




•Shallower:   -12m (± 1.18m). 
•Higher Flow:   2.3 times more SS. 
•Threshold Flow:  2 N m-2  

•More Stable Sediments:  More stable despite higher SS. 
•Sediments:   Coarser, more heterogeneous, and larger sediments 
 
• Sediment Conditions: Intermediately coarse 

  Mixed  
  Granule-pebble Dominated 
  With Cobbles 

Scallop Habitat vs. Aggregations  

    

 

•From 2003-2010 GB had 4 billion 
scallops. 
•Persistent High-Concentration 
Aggregations contained 670 million 
(17%) of them.  



Scallop Population Biology 

“Small high-concentration sub-populations may produce a much higher proportion of the 
zygotes generated by the entire population than expect based on abundance” (Claereboudt 
1999) . 

-Egg Production: E = SH3.7 for SH >70mm (Smith and Rago 2004 from Langton et al. 1987) 
-Fertilization Success is a function of NND (Pennington 1985, Claereboudt 1999). 



•These areas may produce 2 times more larvae then the rest of the 
scallop population.    
 

•The NE aggregation has 10% of the scallops and may contribute 45% 
of the larvae! 

Scallop Population Biology 



The Northern Edge (NE) Aggregation 

Area:   218 km2 (3.4%) 
Scallops:  330 Million (10%) 
Egg Production: 45% 



Extreme recruitment events 



1.3 x 1010 scallops <75 mm shell height 



4.7 x 106 scallops  
<75 mm shell height 



• Persistent aggregations identified through Harris 
sediment analysis and FVCOM dynamics analysis 

 
• Aggregations surveyed at fine scale (1 km) in 2013 
 
• Project is in extension through May 2015 
 
• Modeling underway to examine larval transport 

and distribution 
 
• Analyses ongoing to examine importance of NE 

aggregation to overall scallop resource 

Summary 
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