Simulation: How to Destroy (and Maybe Save) the Chesapeake Bay
INSTRUCTOR GUIDE

Purpose
Students will simulate 10,000+ years of human influence on the Chesapeake Bay ecosystem, following the cultural periods of Lotze et al. (2006). By embodying taxa from different trophic levels and functional guilds, they’ll explore:
· How human pressures propagate through interconnected ecosystems,
· How species’ resilience or collapse varies by life history and ecological role,
· And how restoration efforts can differ in timing, scope, and effectiveness.

Structure
· Pairs: 6 total (or 12 students in teams of 2).
· Each pair = 1 guild/taxon, all linked trophically and ecologically.
· Rounds = cultural periods (Pre-Human → Late Global → Restoration).
· Each round introduces new stressors reflective of Lotze et al. (2006).
· Students track population change, habitat loss, and ecological impacts on wksht

Materials
· Guild summary sheets (1 per person)
· Worksheets (1 per person)
· (This) Instructor Guide (for narration)

Taxonomic Guilds and Chesapeake Representatives
	Guild
	Representative Species
	Role / Habitat
	Key Trophic Links

	Mammal
	Humpback whale (Megaptera novaeangliae)
	Seasonal offshore waters, top predator
	Preys on schooling fish (menhaden), affected by noise, hunting

	Bird
	Osprey (Pandion haliaetus)
	Nests near shorelines, piscivorous
	Depends on fish (especially menhaden, perch)

	Reptile
	Diamondback terrapin (Malaclemys terrapin)
	Salt marshes, tidal creeks
	Eats mollusks, crabs, detritus; affected by shoreline development

	Fish
	Atlantic menhaden (Brevoortia tyrannus)
	Filter-feeding pelagic fish
	Consumed by birds, whales, humans; key in nutrient cycling

	Invertebrate
	Eastern oyster (Crassostrea virginica)
	Reef-forming benthic filter feeder
	Improves water clarity, foundation species for fish and crabs

	Vegetation
	Smooth cordgrass (Spartina alterniflora)
	Salt marsh stabilizer
	Buffers wave energy, filters runoff, supports detrital food web



Each round lasts ~10 minutes. Instructor introduces:
· A primary anthropogenic driver
· Its expected effects (from Lotze et al. 2006)
· Prompts for each guild

Discussion / Debrief (20–25 minutes)
· Compare trajectories: which taxa were most resilient, and why?
· How did stress propagate through the web?
· What historical legacies constrain restoration today?
· How would we measure these changes (paleoecological proxies, archaeological remains, sediment cores, isotopes)?


Gameplay Table. 
Instructor narrates major human influences (NOT impacts, unless prompts are necessary, and to guide predictions). Provide modern percent abundances* as some point around R5.

	Round
	Period (Lotze et al., 2006, suppl.)

	1
	Pre-human (>10,000 BP/8,000 BC)

	Major Human Influence
	Before human arrival, the Chesapeake Bay supported extensive saltmarshes, oyster reefs, seagrass beds, and a wide range of species—from top predators like whales and seabirds to abundant shellfish and submerged vegetation. Natural disturbances such as storms and salinity shifts shaped the system, but overall productivity and habitat diversity were high.

	Example Impacts
	Describe your guild’s role in the food web and its main dependencies. What controls your population naturally (predation, competition, habitat limits)? How does your taxon influence the Bay ecosystem?

	2
	Hunter-Gatherer (~10,000 BP/8,000 BC)


	Major Human Influence
	Pre-market; small, mobile populations used coastal resources seasonally, harvesting shellfish, fish, and reptiles for subsistence. Ecological influence was localized around camps and estuarine edges, where shell middens and small fires altered vegetation and shoreline dynamics in minor ways.

	Example Impacts
	Local oyster beds near settlements lightly harvested; small declines in local bivalves; terrapins occasionally taken; negligible effects on fish and vegetation; whales and seabirds unaffected. How might low-level human foraging influence your guild’s population or habitat use?

	3
	Agricultural (~1200 AD)


	Major Human Influence
	Pre-market; low population numbers; expansion of early agriculture and permanent settlements increased deforestation and soil erosion. Sediment and nutrient runoff began altering water clarity and salinity in tributaries. Small-scale clearing along the Bay’s margins reduced marsh and shoreline vegetation, stressing filter-feeders and nearshore habitats. Subsistence use and artisan exploitation.

	Example Impacts
	Spartina (saltmarsh) declines locally; seagrass and oyster coverage reduced by sediment; terrapin nesting beaches buried; invertebrate filtration capacity decreases; suspended sediments reduce feeding success for fish and seabirds; whales largely unaffected but prey availability may shift. How does the loss of benthic habitat alter energy flow through the system?

	4
	Establishment (Colonial ~1600 AD)


	Major Human Influence
	Establishment of local economy and market; low population numbers; European settlement and colonial trade networks spurred localized but growing resource extraction. Timber harvest, shipbuilding, and early commercial fishing expanded; oyster reefs became valuable for food and lime, while fish and birds entered local markets. Early hunting and fishing were selective but set the stage for broader exploitation.

	Example Impacts
	Oyster beds in shallow waters heavily exploited; filtration declines lead to more turbid waters; menhaden numbers fall near settlements; seabird and whale prey availability begins to fluctuate; Spartina conversion to farmland reduces nursery habitat. How do these early markets begin connecting distant ecosystems through trade?

	5
	Development (Industrialization ~1760 AD)


	Major Human Influence
	Rapid population growth and industrial technology transformed the Bay’s watershed. Urbanization, pollution, and firearms intensified pressure on wildlife. Development of luxury and fashion markets allowed feather and fur trades to boom; rivers were dredged for navigation; and early trawling began to disturb benthic habitats. Industrial waste and sewage further degraded water quality.

	Example Impacts
	Large-scale oyster dredging destroys reefs; plume and fur trade devastates seabird colonies; menhaden and sturgeon populations decline sharply; whales targeted for oil; Spartina marsh loss accelerates with shoreline hardening; turtles lose nesting grounds. How do new technologies change both the rate and selectivity of exploitation?

	6
	Early Global (1900–1950)


	Major Human Influence
	Global economy and market develops; strong population increase; Mechanized fishing and watershed industrialization expanded dramatically. industrialization and technological progress towards more efficient, less selective and more destructive gear. Steam and motor vessels enabled larger catches of fish and shellfish, still mostly inshore and coastal. Fertilizer use and waste discharge increased eutrophication. Hypoxic conditions spread, and many habitats became seasonally uninhabitable.

	Example Impacts
	Oyster populations collapse; hypoxia reduces invertebrate and fish survival; menhaden depletion ripples up to whales and seabirds; terrapins and turtles accumulate pollutants; Spartina and seagrass dieback reduces nursery habitats. Which feedbacks could amplify ecosystem collapse (e.g., water clarity, oxygen levels, prey loss)?

	7
	Late Global (1950–2000)


	Major Human Influence
	Global economy and market; increased industrial fishing (especially after World War II) extending offshore and towards the deep sea; multiple unselective and destructive methods (trawls, purse seines, long-lining, rock-hopper gear, etc.); all habitats are being fished, all fish are detectable. Wetlands were lost to development, and climate change began altering temperature and salinity regimes. Other human impacts increase (eutrophication, pollution, fish farming, coastal development). Recurring (seasonal) hypoxia common. Conservation efforts increase. 

	Example Impacts
	Severe, recurring hypoxia; near-total loss of oyster reefs; menhaden recruitment failure; seabird and whale prey base collapses; toxic algal blooms increase; Spartina and seagrass reduced to remnant patches; turtle nesting rates fall. How do interacting stressors make restoration more complex?

	8
	Restoration (Now–Future)

	Recent Restoration Efforts
	Ongoing efforts target nutrient reduction, habitat restoration, and species reintroduction. Policy and management approaches—such as fisheries quotas, wetland reconstruction, and dam removal—aim to improve water quality and biodiversity. Consider which restoration actions would most effectively stabilize or rebuild your guild and the larger ecosystem.

	Example Impacts
	Oyster restoration improves clarity locally but recruitment limited; wetland restoration benefits Spartina and terrapins; menhaden management supports seabirds and whales; success depends on cooperation across the watershed. Which restoration actions most benefit multiple guilds, and which feedbacks are hardest to reverse?



*Modern percent abundances: osprey (40%), terrapin (10%), menhaden (55%), oyster (40%), whale (15%), cordgrass (30%)

	Round
	Osprey
	Terrapin
	Menhaden
	Oyster
	Whale
	Cordgrass

	1
	100
	100
	100
	100
	100
	100

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	40
	10
	55
	20
	15
	30

	8
	
	
	
	
	
	


Data Collection Table. Fill in table on the board during/after each round of play. Offer students the opportunity to change percentages after seeing what others have chosen. Encourage discussion among groups. Fill out this table after play is complete.
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