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Broadcast spawners such as scallops (and many other 
shellfish) need to be in close proximity to each other during 
spawning in order for fertilization to be successful (e.g., 
Bayer et al MEPS 2016). Sea scallops often form 
aggregations that facilitate fertilization.

Fishermen target and remove such high density 
aggregations, thus disproportionately reducing larval supply.

By preserving these aggregations, both permanent and 
rotational closed areas may therefore produce much more 
larval supply than even lightly fished areas.

Fishing and Allee effects in broadcast spawners



Closed 2004,  2012
opened 2007, 2015/17

Closed 2007, 2012
Opened 2009, 2014

Closed 1998, 2008, 2014
Reopened 2001, 2011, 2015

Mid-Atlantic Scallop Rotational Areas

First closures in 1998

Areas are closed for 1-3 
years when strong 
recruitment is observed

Areas are then reopened 
to allow harvesting

Currents are generally to 
the south-southwest

Hypothesis: Closures will 
improve recruitment in 
“downstream” areas

Dots represent 
biomass in 
2018 from 
dredge survey



Mid-Atlantic Rotational Area Biomass

Hudson Canyon South

Elephant Trunk

Delmarva

Biomass from dredge surveys
Red lines indicate closures
Green lines show reopenings

Northern non-rotational 
areas



Has recruitment down-current of HCS increased 
since its initial closure?

Elephant Trunk
Mean recruitment >7 times 
higher since 1998  Log 
transformed t-test statistically 
significant p < 0.001

Delmarva
Mean recruitment > 2 times 
higher since 1998    Log 
transformed t-test statistically 
significant p < 0.01

Red line indicate initial
closure in Hudson Canyon S

Dredge surveys – 2 yr old recruits

HCS and North
Only small non-significant 
increases in recruitment since 
1998



Survey dredge tow
Elephant Trunk 2003
(2001 year class)
40000 + scallops

Habcam photo
Elephant Trunk 2015
(2013 year class)
Density > 100/m2



Reasonably good fits to 
Beverton-Holt stock-recruit 
relationships, showing that 
Hudson Canyon S biomass is 
a significant predictor of 
Elephant Trunk and Delmarva 
recruitment.

Recruitment since the 
closures (black dots) was 
much higher than before 
(open circles); it is unclear 
whether improved 
fertilization or increased 
biomass was the main driver 

Stock-recruit models between HCS and ET/DMV



Developed larval transport simulation model using the 
ROMS/Expresso oceanographic model together with an 
individual-based larval behavioral model.

Released simulated larvae throughout the Mid-Atlantic, but 
for these purposes we will focus on those released in HCS. 
Predicted numbers that successfully settled in the down-
current ET and DMV areas were compared to observed 
recruitment

What is the actual connectivity among 
the rotational areas?

See Fisheries Research, 208:7-15



Comparison of model predicted settlement 
(=connectivity*biomass) to observed recruitment



Discussion and Conclusions

• Significant and large increases in recruitment were 
observed down-current of the Hudson Canyon South 
rotational area after this area was closed

• Larval transport models support connectivity between 
Hudson Canyon South and the other two rotational 
areas

• Increase larval production may be due to a combination 
of increased biomass and improved fertilization success

• Larval supply only one component of recruitment 
Survival influenced by predation, temperature, etc.   
See Han Chang’s talk!
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