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Presenter
Presentation Notes
Atlantis is based on Elizabeth Fulton’s PhD (2001); Beth continues to lead the CSIRO efforts on Atlantis, as well as several other management strategy evaluation modeling approaches; CSIRO owns and controls the model code, we are collaborators. 




Physical environment 
Geology 
Chemistry 
Circulation & currents 
Temperature 
Salinity 
Water clarity 
Climate variability 

 
Nutrient Inputs  
Currency is Nitrogen 
Oxygen 
Silica 
3 forms of detritus 
Bacteria-mediated recycling 

Developing and Applying Tools For Ecosystem-Based Fisheries Management 

NOAA Chesapeake Bay Office –  Ecosystem Modeling Team 

Biological environment 
Primary production 
Trophic interactions 
Recruitment relationships 
Age structure 
Size structure 
Life History 
Refuge Habitat 
 
Fisheries 
Multiple sectors 
Gears 
Seasons 
Spatially explicit 
 

The Atlantis Model 
A Holistic Ecosystem Model 

Incorporating:  

3 

Presenter
Presentation Notes
 Tool to integrate all available information and put it on a level playing field

 Though not the “Grand Unifying Model” that Rick Methot discussed briefly (at the 2014 AFS meeting on the next generation of stock assessment models), 
 Atlantis  DOES cover multiple “nodes” in the model type diagram that Rick showed

 Atlantis is designed with saltwater geochemistry; consequently, the dynamic model only includes brackish water .  However, upstream (freshwater) nutrient information is fed into the model with input from EPA’s Watershed Model, so the effects of upstream management efforts are also be incorporated



Goals  
Atlantis: 

• To model important populations in context of their ecosystem 
o Predators & Prey 
o Water quality, habitat 
o Management change of other species 
o Ecosystem change (e.g., habitat loss, migration patterns) 
o Cumulative effects of multiple stressors 

  Kaplan et al., 2010  
  Nye et al., 2012 

• Complements single species assessments 

• Strategic not tactical  
o Quantitative prediction 
o Relative to other scenarios 

• Understand ecosystem function 
o Early warning of tipping points 
o Identify priority research gaps, where expensive field study should 

yield greatest “bang for the buck”  
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Presentation Notes
Atlantis Goals: 
- …model important populations in context…
  > e.g. (1) Kaplan et al. (2010) Cumulative effects of multiple stressors
     - fishing (ITQ)  & ocean acidification
         in range of ITQ and acidification scenarios,    
“the Pacific Fishery Management Council’s decision
to switch to IFQs (Scenarios 1–3) from Status Quo appears
robust to acidification.”

         presented results in terms of single-species management thresholds
  > e.g. (2) Nye et al. (2012) Cumulative effects of fishing top predators hard & warming
     - most effects additive, but a few (important) groups were synergistic or agonistic (i.e., much greater effect
       than could have been predicted separately); flounder and anadromous pelagics (shads & herrings)

CAM Goals: 
 Explore questions; questions that are not possible to address through experimentation or mining existing data (whether that be due to prohibitive costs of field experimentation & personnel costs or, simply because we have never experienced such change before
Climate change  Migration patterns
Inundation  Habitat loss
          Reduce/increase harvest mortality  unanticipated changes for other species
          Disease mortality  identify other effects that are likely on other groups	
          Nutrient & sediment change  TMDL

_______________
TMDL need – 


 Huge variety of data available for the Chesapeake, temporally & spatially data rich 
          * e.g., biomass data integrated within one model whether the data is based on MT of C, mg of N, biomass, or wet weight
          * model incorporates data from variety of fields: geospatial, chemical, fisheries, environmental, satellite color imagery, geophysical, water quality, bacterial nutrient cycling, and other disciplines  

___________________________________

- Strategic  Quantitative prediction, but these predictions are relative to other scenarios, so not usually tactical use – there ARE exceptions, NWFSC has made some significant efforts to apply this type of model in a more tactical context, but still complementary information to single-species modeling for assessment

___________________________________

** Tipping points, negative and positive
 (-) Every biological population is subject to tipping points, when/if we remove so many adults that population is no longer self-sustaining
	> CAM can identify if we are close to such pop. levels
 (-) When have we removed too much of a habitat, that it cannot self-perpetuate itself
 (+) can also identify how much restoration is needed before a population can be self-sustaining again 

 Sensitivity analyses of results highlight most important data gaps, where field study will give us most “bang for the buck” 

 Main issue Atlantis is designed for is giving decision-makers the science-based information on trade-offs of different options, & identifying the trade-offs (& there are ALWAYS trade-offs)


T: today, looking at some of the explorations we’ve been doing as they relate to TMDL change



Goals  
Chesapeake Atlantis Model (CAM): 

• A virtual Chesapeake for managers & biologists to explore 
important questions  

• Integrates best available data - multiple disciplines & scales 
• Identify tipping points, data gaps & research priorities 
• Compare trade-offs of multiple management options 
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The Chesapeake Atlantis Model 
 

Design 
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CAM Design: 3-Dimensional Box Model: 
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Images courtesy of ian.umces.edu/imagelibrary/ 

Ecological Groups: Federal fisheries, Forage, Protected, Habitat 
Finfish   
- Alosines (Amer.Shad, Hickory Shad, Alewife & Herring) 
- Atlantic Croaker 
- Bay anchovy 
- Black drum 
- Bluefish 
- Butterfish, harvestfish (“Jellivores”) 
- Catfish 
- Gizzard shad 
- Littoral forage fish: silversides, mummichog 
- Menhaden 
- Striped bass 
- Summer flounder 
- Other flatfish (hogchoker, tonguefish, window pane, winter flounder) 
- Panfish:  
 Euryhaline: Spot, silver perch; FW to 10ppt: yellow perch, bluegill 
- Reef assoc. fish: spadefish, tautog, black seabass, toadfish 
- Spotted hake, lizard fish, northern searobin  
- Weakfish 
- White perch 
 

Elasmobranchs 
- Cownose ray 
- Dogfish, smooth 
- Dogfish, spiny 
- Sandbar shark 
 

Birds 
- Bald Eagle 
- Piscivorous birds (osprey, great blue heron, brown pelican, cormorant)  
- Benthic predators (diving ducks) 
- Herbivorous seabirds (mallard, redhead, Canada goose, & swans) 
 
Mammals 
- Bottlenose dolphin 
 

Reptiles  
- Diamond-back Terrapin 
- Seaturtles 

Invertebrates 
- Benthic feeders: (B-IBI “CO”+”IN”) …,  
- Benthic predators: (B-IBI “P”) …,  
- Benthic suspension feeders: (B-IBI “SU”) 
- Blue crab YOY 
- Blue crab adult 
- Brief squid 
- Macoma clams: (B-IBI) 
- Meiofauna: copepods, nematodes, …,  
- Oysters 
 

Primary Producers 
- Benthic microalgae (“microphytobenthos” benthic diatoms, benthic cyanobacteria,  
 & flagellates) 
- “Grasses:” 
 SAV – type varies with salinity 
- Marsh grass 
- Phytoplankton – Large: diatoms & silicoflagellates (2-200um) 
- Phytoplankton – Small: nannoplankton, ultraplankton,   
 aka “picoplankton” or “picoalgae” (0.2-2um),  
 cyanobacteria included (2um) 
- Dinoflagellates (mixotrophs) (5-2,000um) 
 

ZooPlankton 
- Ctenophores 
- Sea nettles 
- Microzooplankton (.02-.2mm): rotifers, ciliates, copepod nauplii  
- Mesozooplankton (.2-20mm): copepods, etc. 
 

Detritus 
- Carrion 
- Carrion (sediment) 
- Labile  
- Labile (sediment) 
- Refractory 
- Refractory (sediment) 
 

Bacteria (.2-2 um  [.002 mm] - feed microzooplankton food chain) 
- Benthic Bacteria (sediment) 
- Pelagic Bacteria: (free-living) 
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Simple Experimental Plan  

Results 

Change predicted with full implementation 
Of TMDL (Total Maximum Daily Load, EPA)  
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Presentation Notes
TMDL – Nitrogen and sediment loads the 7 Bay jurisdictions must achieve by 2025  (60% loads by 2017)

2 main reasons to do this simple experiment for this symposium:
 Show what Atlantis predicts with the best available data (and large amount of data) for the system if  TMDL loads are acheived
 Simply to demonstrate some of the kinds of prediction can be made with this model  
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Productivity Change under TMDL Nutrient and Sediment Conditions  
Predicted with CAM 
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Presentation Notes
 Largest increase (MPB – 80%), somewhat of an artifact because initial, current population is extremely low, and that very small population crashed to nothing in the TMDL scenario.  Other trends become clear once this anomaly is removed from the plot… 
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Productivity Change under TMDL Nutrient and Sediment Conditions  
Predicted with CAM 
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Presentation Notes
Predicted PRODUCTION change with TMDL nutrient and sediment loads to Chesapeake system:

 Far more* changes were positive (increases in production) 
 Most relatively large changes (> 7% change) were vertebrates
 Menhaden reduced (8%) 
 CAM predicts medium – large forage & some of the more piscivorous fishes will benefit the most from the TMDL : 
     (forage) Alosines, Panfish, Atl.Croaker, Other Flatfish
     (piscivores) Summer Flounder, Weakfish
 Big loser in this simulation was Menhaden, with an 8% loss in production 

*Significantly more groups showed an increase (P=0.0004   by 2-tailed sign test [special case of binomial test], null Ho = equal numbers of groups + and - ; Null Ho: distrib. Should be 50-50) http://graphpad.com/quickcalcs/binomial2/





General:  

• Atlantis integrates a wide variety of data across disciplines & scales 
• 3D “box” model – CAM spatially structured by salinity & depth 

characteristics 
• Useful for planning for system change/ management change in the 

Chesapeake system 

Habitat Scenario (TMDL):  

• CAM predicts reducing nitrogen & sediment inputs will benefit 
medium-large forage groups (alosines, “panfish”, small flatfish, 
croaker) and some large predatory fish (summer flounder, weakfish) 
most 

• Likewise, model captures unintended consequences of management 
change that might otherwise surprise us   

 Predicted decrease in menhaden  
 

Summary 
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  Thanks to: 

Marine and Atmospheric Research 
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Presentation Notes
Current work is result of a NHAW Workgroup – Inshore-Offshore Connections 
Goal - to better understand how inshore production affecting NOAA managed fisheries like summer flounder



 
NOAA Chesapeake Bay Office 

& Cooperative Oxford Laboratory 
 

Tom Ihde - Versar, Inc. 
Tom.Ihde@noaa.gov 

(443) 975-3736 
 

Howard Townsend - NMFS 
Howard.Townsend@noaa.gov 

(410) 226-5193  x182 
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EXTRA SLIDES 

15 



NOAA Chesapeake Bay Office –  Ecosystem Modeling Team 

CAM: River Box Structure 
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Presentation Notes
Tribs all have deeper channel with very shallow, narrow boxes that allow for conditions favorable for marsh grasses or SAV to predominate 

This structure can accommodate changes in development or water treatment plants, etc. 




Marsh in the 
Chesapeake Bay 
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Marsh in the 
Chesapeake Bay 
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 (+)  Production increase:                                                                       (-) Production loss: 
 
Verts:  Gizzard Shad, Bluefish, Striped Bass, Terrapin, Bald Eagles, 
Inverts:  Lg.Phytoplank, MicroZooplank, MesoZooplank, SeaNettles,            Marshgrass  
Ctenophores, Brief Squid                                                     
 

> 1 - 3 % 8 5 Verts:  Bay Anchovy,  Catfish,  Butterfish, Reef fish, Bottom fish 
Cownose Rays; Inverts:  Sm.Phytoplank, Blue Crab, Benthic carnivores        Sm.ForageFish, Herb.Ducks 
Bottom Feeders, Macoma Sps. 

> 3 - 5 % 5 1 Verts:  White Perch, Black Drum, SeaTurtles 
Inverts:  Oysters                                                                                                      Dinoflagellates 

> 5 - 7 % 4 1 Verts: Smooth Dogfish, Diving Ducks                                                                   Spiny Dogfish 
Inverts: SeaGrass, Meiobenthos 

> 7 - 9 % 0 1 - - -                                                                                                                             Menhaden (-8%) 
 

> 9 - 11 % 4 0 Verts: Summer Flounder (+10%), Weakfish (+10%), Atl.Croaker (+11%),      - - -  
Other Flatfish (hogchoker, tonguefish, window pane, winter flounder) +7% 
 

> 11 % 2 1 Verts: Alosines  (American shad, Alewife, Blueback shad, Hickory shad) +12%,              Benthic algae (-80%) 
Panfish  (spot, silver perch, yellow perch, sunfish) +13% 

Totals:    34        10        

25 

11 

5 

3 

Productivity Change under TMDL Nutrient and Sediment Conditions  
Predicted with the Chesapeake Atlantis Model (CAM) 
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Presentation Notes
Predicted ecological change with TMDL nutrient and sediment loads to Chesapeake system:

 Far more* changes were positive (increases in production) 
 Most relatively large changes (> 7% ) were vertebrates
 Menhaden reduced (8%) 
 Largest increase (MPB – 80%), somewhat of an artifact because initial, current population is crashed; however, 
 CAM predicts medium – large forage & some of the more piscivorous fishes will benefit the most from the TMDL : 
     (forage) Alosines, Panfish, Atl.Croaker, Other Flatfish
     (piscivores) Summer Flounder, Weakfish
 Big loser in this simulation was Menhaden, with an 8% loss in production 

Most changes were small; menhaden had the most enhanced production, while microphytobenthos (benthic microalgae; MPB) had the greatest loss in production.  Similarly, small predatory fish had relatively large increases in production (range 5-9% change), while alosines and striped bass saw only small increases in production (3-5%).  Producer groups other than MPB (small and large phytoplankton, marsh, and SAV – PS, PL, MA, SG, respectively) showed little change in production from that seen under present water quality conditions, but dinoflagellates (DF) had a moderate increase in productivity. 

*Significantly more groups showed an increase (P=0.0004   by 2-tailed sign test [special case of binomial test], null Ho = equal numbers of groups + and - ; distrib. Should be 50-50) http://graphpad.com/quickcalcs/binomial2/
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Biological Change under TMDL  Nutrient and Sediment Conditions  
Predicted with the Chesapeake Atlantis Model (CAM) 
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Presentation Notes
Predicted ecological change with TMDL nutrient and sediment loads to Chesapeake system:

 Far more* changes were positive (increases in production) 
 Most relatively large changes (> 7% ) were vertebrates
 Menhaden reduced (8%) 
 Largest increase (MPB – 80%), somewhat of an artifact because initial, current population is crashed; however, 
 CAM predicts medium – large forage & some of the more piscivorous fishes will benefit the most from the TMDL : 
     (forage) Alosines, Panfish, Atl.Croaker, Other Flatfish
     (piscivores) Summer Flounder, Weakfish
 Big loser in this simulation was Menhaden, with an 8% loss in production 

Most changes were small; menhaden had the most enhanced production, while microphytobenthos (benthic microalgae; MPB) had the greatest loss in production.  Similarly, small predatory fish had relatively large increases in production (range 5-9% change), while alosines and striped bass saw only small increases in production (3-5%).  Producer groups other than MPB (small and large phytoplankton, marsh, and SAV – PS, PL, MA, SG, respectively) showed little change in production from that seen under present water quality conditions, but dinoflagellates (DF) had a moderate increase in productivity. 

*Significantly more groups showed an increase (P=0.0004   by 2-tailed sign test [special case of binomial test], null Ho = equal numbers of groups + and - ; distrib. Should be 50-50) http://graphpad.com/quickcalcs/binomial2/
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Predicted ecological change with TMDL nutrient and sediment loads to Chesapeake system:

 Far more* changes were positive (increases in production) 
 Most relatively large changes (> 7% ) were vertebrates
 Menhaden reduced (8%) 
 Largest increase (MPB – 80%), somewhat of an artifact because initial, current population is crashed; however, 
 CAM predicts medium – large forage & some of the more piscivorous fishes will benefit the most from the TMDL : 
     (forage) Alosines, Panfish, Atl.Croaker, Other Flatfish
     (piscivores) Summer Flounder, Weakfish
 Big loser in this simulation was Menhaden, with an 8% loss in production 

Most changes were small; menhaden had the most enhanced production, while microphytobenthos (benthic microalgae; MPB) had the greatest loss in production.  Similarly, small predatory fish had relatively large increases in production (range 5-9% change), while alosines and striped bass saw only small increases in production (3-5%).  Producer groups other than MPB (small and large phytoplankton, marsh, and SAV – PS, PL, MA, SG, respectively) showed little change in production from that seen under present water quality conditions, but dinoflagellates (DF) had a moderate increase in productivity. 

*Significantly more groups showed an increase (P=0.0004   by 2-tailed sign test [special case of binomial test], null Ho = equal numbers of groups + and - ; distrib. Should be 50-50) http://graphpad.com/quickcalcs/binomial2/






Summary 
Habitat Scenario (TMDL):  

• CAM predicts reducing nitrogen & sediment inputs will benefit 
medium-large forage groups (alosines, “panfish”, small flatfish, 
croaker) and some large predatory fish (summer flounder, weakfish) 
most 

• Likewise, model captures unintended consequences of management 
change that might otherwise surprise us.   

 Predicted decrease in menhaden  
 

Closing Thoughts:  

• Atlantis enables us to address a broad range of questions; fish 
production under projected environmental conditions outside of past 
observations (e.g., climate change) 

• Atlantis application in the coastal system underscores the importance 
of close collaboration with state & regional partners; connects coastal 
habitat decisions (e.g., marsh, land use, fish harvest, water quality) 
to fish production 
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Tradeoffs - Hypothetical 

Least Stringent Scenario 
Partial TMDL goals met 
100% TMDL goals met 
Status quo 
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For Illustrative Purposes Only -- Not Based on Actual Modeling Results 

CAM Output 
20 year Simulation 

NOAA Chesapeake Bay Office –  Ecosystem Modeling Team 
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Presentation Notes
Tool for managers to evaluate trade-offs of societal decisions

All output metrics are in context with one another (thus can be plotted as different axes on the same plot)
Easy to plot changing status of each metric (can plot any form of the ecological groups you have interest in, not just what is shown here)
	and see which scenario gives the preferred SET of trade-offs
The “status quo” run is critical for comparison



NOAA Chesapeake Bay Office –  Ecosystem Modeling Team 

Chesapeake Atlantis Model 
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Presentation Notes
With spatial structure, though coarse, results can be aggregated to give spatially-appropriate information pertinent to trade-off decisions 
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Presentation Notes
Results can be summarized by state…
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Presentation Notes
Focus area…or
_____________
Real power of this approach is for informing decision-makers with most current science for system effects likely to result from their policies:  
Estimates are made simultaneously, allowing model to capture cumulative, non-linear & non-intuitive system effects that might not be anticipated by decision-makers
Results can be aggregated to whatever level is of interest to the managers, geographically or by ecological group of interest so resource managers can make better, science-informed, ecosystem-based decisions

T: Atlantis has been applied for about a dozen years already…





Atlantis 
Management Strategy Evaluation (MSE) 

PERFORMANCE 
MEASURES 

DEFINE 
OBJECTIVES 

Biophysical 

Industry 

Monitoring 

Assessment 

Implementation 

Management 

Simulation Cycle Manager Roles 

Modified from E. Fulton 

NOAA Chesapeake Bay Office –  Ecosystem Modeling Team 
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Presentation Notes
Atlantis is designed as a full-fledged Management Strategy Evaluation, where different processes are coded as separate modules that can be plugged in as needed. 

Manager input (i.e., what the goals for the system are), is critical – we have to know what to simulate & what metrics will be evaluated
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Presenter
Presentation Notes
A run will be performed for 1 particular scenario of interest …



Atlantis 
Management Strategy Evaluation (MSE) 

PERFORMANCE 
MEASURES 

DEFINE 
OBJECTIVES 

Biophysical 

Industry 

Monitoring 

Assessment 

Implementation 

Management 

Simulation Cycle Manager Roles 

Modified from E. Fulton 

NOAA Chesapeake Bay Office –  Ecosystem Modeling Team 

29 

Presenter
Presentation Notes
Scenarios will be run over a range of different options, then the outputs can be compared side-to-side easily (each row in the chart at lower left is a different metric)

it’s the managers’ job to then argue out which SET of outcomes is more preferable  
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Presenter
Presentation Notes
…and once all scenarios are side-by-side, it becomes relatively easy to identify acceptable scenarios, preferred scenarios & unacceptable scenarios (color-coded example:  green=good, yellow=caution, red=bad)






	Estimating Impacts of Cumulative Stressors on �Fisheries Production in the Chesapeake Bay�with Atlantis
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	EXTRA SLIDES
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30

