
NOAA/RSA Projects 
Developing Tools to 

Evaluate  
Spawning and 

Fertilization Dynamics 
of the  

Giant Sea Scallop 
 Skylar Bayer (UM), Wahle (UM), 

Gaudette (GMRI), Stokesbury 
(SMAST), Sieracki (Bigelow), Jumars 

(UM) + Maxwell (Harvester) 
 
 

Presenter
Presentation Notes
Fishermen are harvesting as optimal foragers – they pick out the largest aggregations (and why wouldn’t you?) but scallops may actually need those high density aggregations to repopulate. The aim of this project is the understand these population to aemete relationships. The are broadcast spawners, may suffer from sperm limitation. Do managers have to worry about depletion of scallop beds impacting the ability to reproduce and restock scallop populations?



        

 

 

 

 

 

 

 

 
Scallops in areas open to fishing occur at lower density AND 
are less aggregated 

From 
Stokesbury & 
Carey SMAST 

Presenter
Presentation Notes
Fishermen being optimal hunters 
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Allee Effect – drop in per capita reproduction 
with declining density (usually below a threshold) 

Broadcast Spawners:  Potential effects of variable 
population density on larval production 

Presenter
Presentation Notes
Why is it a problem to harvest down all those patches? Well… it may be effecting scallops’ ability to reproduce.



The Model  
 
The Lab  
 
Field Fertilization Assays: 
• The Dock  

 
• The Manipulated Field  

 
• The Field 

  

The Fertilization Plan  

Presenter
Presentation Notes
Our goal is to create a model. But that model we are creating needs be informed by lab workSECOND MAIN OBJECTIVE IS TO DEVELOP FERTILIZATION ASSAY TECHNIQUES, SEE IF THIS WAS EVEN FEASIBLE



Modeling 
 
Sperm advection-diffusion model 
 
Fertilization ratio model  
 
Movies 

Presenter
Presentation Notes
IMPORTANT TO START OFF HERE WHAT ARE WE SEEING? SPERM PLUMES (ON LOG SCALE) AT DIFFERENT VELOCITIES. Running through a whole range of flow rates we might expect at a full running tide in the Damariscotta River.Numerical simulations of a downstream and cross-stream pattern of sperm concentrations in a sperm plume from an individual scallop spawning 108 sperm s-1 under three different flow speeds. NEED AN UPDATED VERSION OF THIS?



ū  = average flow velocity (cm s-1)  
u* = shear velocity, an indicator of shear stress on the sea bed. 

Where  
c = [sperm] at x, y positions down- and cross-stream from source 

Q = spawning rate (cells s-1) – RSA Phase I 

α = coefficient of particle diffusion in seawater  

Modeling 
Sperm advection-diffusion model 

Presenter
Presentation Notes
Johnson and Yund, Claereboudt, earlier. … THIS IS WHAT OUR INITIAL AGGREGATION FERTILIZATION MODELS WILL BE BASED OFF OF. 
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Modeling 
Sperm advection-diffusion model 

Where  
c = [sperm] at x, y positions down- and cross-stream from source 
Q = spawning rate (cells s-1)   dynamic function (based on Phase I data) 
ū  = average flow velocity (cm s-1)   dynamic function 
α = coefficient of particle diffusion in seawater  
u* = friction velocity, an indicator of shear stress on the sea bed. 
 



From Claereboudt (1999) Ecological Modelling 121:221-233 

 
Goal: Modeling population level spawning & fertilization 

Presenter
Presentation Notes
Figure 5. Numerical simulations of (a) sperm advection-diffusion within an aggregation of hypothetical free-spawners, and (b) predicted effective fertilization zones around individual males. From Claereboudt (1999)
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Lab: 
Sperm Dilution Series Experiment 

Maximum Polyspermy 
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Presenter
Presentation Notes
Important because previously shown model makes assumptions about 



Males 
(# sperm  s-1) 

Females  
(# eggs  s-1) 

 

Lab : 
Spawning Rate Trials 

• Male Max ~108 sperm s-1 
 

•Female Max ~104 eggs s-1 
 

• Spontaneous & temperature induced 
spawning rates highest in first few 
hours 

• Egg half-life >8h; <24 h 
 

•Sperm half-life =  
       2 h at 107 sperm ml-1 

       9 min at 106 sperm ml-1 

Gamete Longevity Experiment 
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Field Fertilization Assays  
 
Biological: 
Fertilization basket trials 
Density surveys 
 
 

Fertilization  
Basket 

Presenter
Presentation Notes
TIME INTEGRATEDALLOW FLOWFLUME EXPERIMENTS -- CALLIBRATING THEM… ACCOUNTING FOR ARTIFACTSTalk about how flow can go through, set of arrows. Remember to talk about flume experiments a little bit. Physical:	Current measurements	Estuary Models ----- Meeting Notes (3/21/13 11:37) -----GSI and Density Surveys as biological PROXIESGSI -- as a proxy for the season (gonad weight/soft tissue weight)Fertilization Basket trials --- TIME INTEGRATED and scored based on development. Current Measurements -- DATA WE ARE STILL WORKING UP, Acoustic Doppler Current Profiler and Seahorses (current meters).----- Meeting Notes (3/21/13 11:40) -----Density surveys -- 4 m2 quadrats, 35 samples, regular sampling during the season. Used these to monitor our populations. Spatial autocorrelated (later) ----- Meeting Notes (3/22/13 08:13) -----Make sure to mention eggs were spawned in lab by females.



Question –  
 
Does fertilization success correlate with 
density? 



2013 Dockside Density Exp Results: 
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            Site, NS 
Density, F= 9.103, p < 0.0001*** 
Site x Density, F= 3.982, p < 0.023* 
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Presenter
Presentation Notes
Orders of magnitude different (numbers based on constraints) Highest D artificially high Map of river and where deployed….Would be helpful. Use the same map to show other population manipulations. 



Question –  
 
Can we try this experiment with 
a)observed densities and b) on a seabed?  

Presenter
Presentation Notes
10 fold difference, using densities observed in STOKESBURYS WORK FOR EXAMPLE



2012 Manipulated Field Populations  
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2012 Manipulated Field -- Density Surveys 
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Presenter
Presentation Notes
Average Var:Mean ratio for low density site was around 0.3, 0.54 for the high density site. Average was 0.06 for low, 0.66 for high. Var for low was 0.02 and for high 0.36. So, definitely more variance and higher average (10 fold) at high density site----- Meeting Notes (3/21/13 15:28) -----Density surveys of 4 m2 spatially autocorrelated in matlab. 



2012 Manipulated Field -- GSI 

Presenter
Presentation Notes
Make readable, get rid of Raft. Make sure to ID low and high density populations. 



2012 Manipulated Field -- Fert Time Series  
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Presenter
Presentation Notes
EARLY SPIKE IN SEASON----- Meeting Notes (3/21/13 15:36) -----We were able to conduct 12 experiments.... 
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Presenter
Presentation Notes
One side map, not necessarily large. Blow up of each site. Side maps and change a few more things



Natural Population Surveys 
2013 Natural Populations: 

Natural Fertilization Results 
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2013 Bottom Fertilization Assays 

Assay Station 

Survey Station 

Presenter
Presentation Notes
ADD NUMBERS FOR STATIONS? REMIND AUDIENCE THAT NOT ALL STATIONS MATCH WITH A BLACK DOT



Recap  (1/2) 
Lab Experiments:  

•Pulse spawning 
•Short half lives 
•Dilution effects 

 
•Dockside Experiments:  

•Density has significant effect on fert success (10th - 10s) 
 

•Manipulated Field Populations:  
•NS difference between population fert success (10ths - 1s) 
•Captured spawning season (GSIs) 

 
•Natural Populations :  

•Unclear relationship between density and fert success  
(100ths - 10ths) 
•Flow important?  

 

Presenter
Presentation Notes
REMEMBER ALL RATES ARE RELATIVEStill a species so fecund, that even a few percentage points of billions of eggs may produce A LOT of larvae. The next question is – what is larval mortality (one of the holy grails of science) 



 

Recap (2/2) 
 
Model -- in progress 
 

• Developing dynamic, spatial model with collected 
empirical biological data (half the battle)  
 

• Next steps:  
• Turn Q into a function 
• Input time varying estuary flow 
• Individual spawner ---->Population spawners 

 

Presenter
Presentation Notes
Still a species so fecund, that even a few percentage points of billions of eggs may produce A LOT of larvae. The next question is – what is larval mortality (one of the holy grails of science) 



Scallop RSA Project Finding Recap – 
Phase I 
(2009-2011)  
Wahle (UM), Gaudette (GMRI), Stokesbury (SMAST), Sieracki (Bigelow) + 
Maxwell (Harvester) 
•  Spawning typically sustained for several hours; maximal rates last <1 h. 
•  
• Male max spawning rates ~108 sperm  s-1;    Female max ~ 104 eggs s-1 

 
•Egg half-life ~8-12 h.  Tractable for field fertilization assays. 

 
•Sperm half-life <1 h, depends on sperm concentration 

 
•Flume expts reveal distance, flow, spawning rate effects on fertilization 
rates. 

 
•SMAST surveys – Scallop densities generally higher AND more aggregated 
in closed areas. 
 

Presenter
Presentation Notes
Scallop RSA Project Finding Recap – Phase I(2009-2011) Wahle (UM), Gaudette (GMRI), Stokesbury (SMAST), Sieracki (Bigelow) + Maxwell (Harvester)  Spawning typically sustained for several hours; maximal rates last <1 h.  Male max spawning rates ~108 sperm  s-1;    Female max ~ 104 eggs s-1Egg half-life ~8-12 h.  Tractable for field fertilization assays.Sperm half-life <1 h, depends on sperm concentrationFlume expts reveal distance, flow, spawning rate effects on fertilization rates.SMAST surveys – Scallop densities generally higher AND more aggregated in closed areas.



Phase I: 
Objective 1 – 
Gamete 
Longevity 
Experiment 

Egg Longevity 

Sperm Longevity 
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• Egg half-life >8h; <24 h   
•Sperm half-life =  
       2 h at 107 sperm ml-1 

       9 min at 106 sperm ml-1 



2013 Lantern Net Density Exp Results: 
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2013 Local Populations: 
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0 cm s-1 

3 cm s-1 
4 cm s-1 

10 ml  Sperm suspension 

Phase I: Objective 2 – Flume Experiments 

60 ml  Sperm suspension 
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Phase I: 
Objective 1 - 
Flow Cytometry  
Sperm Counts 



A. Unfertilized 

B. 1 Polar Body 

C. 2-Cell 
 

Imaging Flow Cytometry – Embryo staging 

Presenter
Presentation Notes
Figure 12. Scallop egg images captured by the FlowCAM and sorted into their development stages: (a) Unfertilized eggs, (b) Fertilized eggs with polar bodies, and (c) Two-cell eggs.



30 x 30 m 

Phase II 
Objective 2 – Fertilization Assays in Field Populations 

30 x 30 m 

High Density 
1 scallop m-2 

 

Low Density 
 0.1 scallop m-2 

Tidal flow 

Tidal flow 

Fertilization Assay Stn 

130 m  

Presenter
Presentation Notes
Figure 6. Proposed array of sampling stations (points) around an experimental scallop population established within the 30x30 m area.  Arrow indicates direction of tidal flow. Model predictions (objective 1) will be compared to sperm concentrations and fertilization rates measured at the sampling stations (objective 2).



2012 Preliminary Results– Fertilization Sites 
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Presenter
Presentation Notes
----- Meeting Notes (3/13/13 12:06) -----Explain ... when looking at fertilization success, we scored ~300 eggs based on unfertilized,  1pb, 2pb, 2 cell, 4 cell.... etc. 



2012 Preliminary Results– Spatial Results 
Fertilization 

 Success 
80% 
20% 
10% 
5% 

Presenter
Presentation Notes
Physical data – we have found that both sites have tendencies to have a northern direction of flow (typical of an estuary), both have same maximums (~ 50 m/s) and same lows. However, some of the initial plotting suggests that there may be more turbulence than we previously thought at the high density site. ----- Meeting Notes (3/22/13 08:13) -----PHYSICAL CUES DIFFERENCES...



Allee Effect – 
drop in per capita 
reproduction 
with declining density 
(usually below a threshold) 

Broadcast Spawners:  Potential effects of variable 
population density on larval production 

Compensatory  
Effects 

Depensatory 
& Allee  
Effects 

Carrying Capacity 

Presenter
Presentation Notes
Keep this slide or use different one?



Recap  

2012:  
• Preliminary data suggests no density treatment 

effect on fertilization success 
 

• Highest fertilization rates at the beginning of the 
spawning season (tailing off over the course of the 
season) 
 

• Locations highly synchronous and similar with 
respect to fertilization rates  
 

 
 



Time-Integrated Fertilization Assays: 
Green sea urchin 

Pemaquid 
Point 
Urchin 
MPA 

• Spawning patterns in small and large aggregations in nature 
• Environmental correlates 

Field Fertilization 
Unit  

From  Gaudette, Wahle & Himmelman  (2006) L&O 51:1485–1496  

Nytex  
Egg  
basket  

Presenter
Presentation Notes
Keep this slide? 
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