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FORMAT OF STATE TEST
• FOUR CATEGORIES:

• ABIOTIC

• BIOTIC

• AQUATIC ENVIRONMENTS

• WATER PROTECTION AND CONSERVATION
• 5TH TOPIC WOVEN INSIDE ALL OF THESE.

• TEST QUESTIONS:

FILL IN THE BLANK MOST COMMON; MULTIPLE CHOICE, 
MATCHING (NO TRUE/FALSE), SHORT ANSWER

• VIRTUAL TEST



ABIOTIC

• WATER CYCLE 

• WATER CYCLE’S ROLE IN SOIL NUTRIENT EROSION, AND CLIMATIC 
INFLUENCES

• HEALTHY AND UNHEALTHY WATERSHED

• STREAM ORDERS AND WATERSHED BOUNDARIES

• UNDERSTAND WHY AQUATIC ORGANISMS AND WATER QUALITY IS 
AFFECTED BY THE PHYSICAL, CHEMICAL, AND BIOLOGICAL 
CONDITIONS OF THE WATER



WHAT ABOUT FRESHWATER?

https://water.usgs.gov/edu/watercyclesummary.html
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Presenter
Presentation Notes
Currents, Wind, gravity, solar heat moving water
What happens to precipitation? Surface Runoff, infiltration (seepage) 

3% of all water on earth is freshwater



ABIOTIC

• WHAT IS A WATERSHED?

• WHY ARE HEALTHY WATERSHEDS IMPORTANT?

• ECONOMIC BENEFITS

• ECOSYSTEM SERVICES

Presenter
Presentation Notes
A watershed – the land area that drains to one stream, lake or river – affects the water quality in the water body that it surrounds.
Ecosystem services: 
Improved water quality. Natural landscapes and floodplains filter pollutants from point and nonpoint sources, promote nutrient cycling, and help retain sediment.
Carbon storage opportunities. Watersheds with intact natural land cover and soil resources are capable of sequestering carbon, thereby offsetting greenhouse gas emissions (Hanson et al., 2010).
Increased resilience in the face of climate change threats. Intact floodplains and riparian areas enable healthy watersheds to be better adapted to more extreme weather patterns and changes in precipitation associated with climate change.
Reduced risk for invasive species colonization. Naturally functioning ecosystems are more resilient and can favor indigenous species, helping them out-compete invasive species.
Economic benefits:
Reduced drinking water treatment and infrastructure costs. Natural landscapes filter pollutants and protect water quality. A review of treatment costs and watershed characteristics for 27 drinking water utilities found that for every 10% increase in forest cover of the source water area, chemical and treatment costs decrease by 20% (Ernst, 2004). In a separate case, New York City found it significantly more cost-effective to protect the watershed’s natural land cover and forests to provide natural filtration, rather than installing a multi-billion dollar water treatment facility (Barnes et al., 2009).
Reduced flood mitigation costs. Floodplains and natural landscapes minimize the area and impacts of floods, reduce the burden on public drainage infrastructure and increase groundwater recharge (Postel and Richter, 2003).
Increased revenues and job opportunities. Healthy watersheds provide ample opportunities for fishing, boating, swimming, hiking, biking, wildlife viewing and ecotourism. Over 30 million people in the U.S. fish recreationally and these anglers generate approximately 1 million jobs and over $45 billion in retail sales annually (Southwick Associates, 2008). Overall, the outdoor recreation industry contributes $646 billion annually to the economy, supports 6.1 million jobs, and generates $79.6 billion in federal and state tax revenues (Outdoor Industry Association, 2003).
Increased property values. Housing near healthy watersheds has higher property values than those in or around degraded ecosystems and impaired waters (Maine DEP, 2005).





ABIOTIC

• STREAM

ORDERS

Presenter
Presentation Notes
Like ordered streams combine and move up only one level (1 + 1 = 2, 3 + 3 = 4)
Unlike ordered streams combine and remain at the higher order level (2 + 1 = 2)



ABIOTIC

• STREAM RUNOFF IS AFFECTED BY

• SHAPE OF WATERSHED (AFFECTS RATE)

• SLOPE (AFFECTS RATE)

• LAND USE: VEGETATION AND DEVELOPMENT (AFFECTS RATE AND 
AMOUNT)

• LAND GEOLOGY AND SOILS (AFFECTS AMOUNT)

Presenter
Presentation Notes
Shape: distance of rain event to discharge can slow or increase rate of flow  Slope: steeper slopes increase rate
Land use: Forested areas have little runoff in small to medium rain events.  Vegetation traps/causes barriers to flow, thereby increasing permeability.
Land geology & soils: Clay soils have lower permeability than sandy soils.



ABIOTIC

• STREAMFLOW AND 
STREAMFLOW CHANGES

• NATURAL MECHANISMS

• HUMAN-INDUCED 
MECHANISMS

Riparian Zones

Floodplains

https://dnr.maryland.gov/ccs/Publication/00012830.pdf

Presenter
Presentation Notes
Natural: Runoff from rainfall and snowmelt, Evaporation from soil and surface-water bodies, Transpiration by vegetation, Ground-water discharge from aquifers, Ground-water recharge from surface-water bodies, Sedimentation of lakes and wetlands, Formation or dissipation of glaciers, snowfields, and permafrost
Human-induced: Surface-water withdrawals and transbasin diversions, River-flow regulation for hydropower and navigation, Construction, removal, and sedimentation of reservoirs and stormwater detention ponds, Stream channelization and levee construction, Drainage or restoration of wetlands, Land-use changes such as urbanization that alter rates of erosion, infiltration, overland flow, or evapotranspiration, Wastewater outfalls, Irrigation wastewater return flow



ABIOTIC
• THE LOWER THE PH, THE MORE ACIDIC THE SUBSTANCE.

• SINCE THE BEGINNING OF THE INDUSTRIAL REVOLUTION, THE PH OF 
SURFACE OCEAN WATERS HAS FALLEN BY 0.1 PH UNITS. SINCE THE PH 
SCALE, LIKE THE RICHTER SCALE, IS LOGARITHMIC, THIS CHANGE 
REPRESENTS APPROXIMATELY A 30 PERCENT INCREASE IN ACIDITY. 

Presenter
Presentation Notes
Average ocean pH is 8.1. For 300 million years it was 8.2
Scale not linear


http://pmel.noaa.gov/co2/story/A+primer+on+pH


ABIOTIC
• TEMPERATURE, SALINITY, OXYGEN RELATIONSHIP

• COLD WATER HOLDS MORE OXYGEN THAN WARM WATER.

• FRESH WATER HOLDS MORE OXYGEN THAN SALINE WATER.

• COLD FRESH WATER +++OXYGEN

• WARM SALINE WATER---- OXYGEN

• WARM FRESH WATER 

VS COLD SALINE WATER? 
http://www.chesapeakebay.net/content/publications/cbp_1
3039.pdf

Presenter
Presentation Notes
Cold saline water should hold more oxygen than warm fresh water….temp trumps salt in ability to hold oxygen. Warm water can not dissolve oxygen as easily as cool water.
Plants-what are their effects? (release oxygen in daytime with chlorophyll production, and consumption in the evening by animals and bacteria) Algae blooms can cause 100% saturation for a few brief hours.
Oxygen is measured by mg/l



ABIOTIC

The Global Conveyor belt and Thermohaline Circulation
• Cold, salty, dense water sinks toward the ocean bottom (blue)
• Warmers, fresher, less dense water rises to the surface (red)

https://oceanservice.noaa.gov/education/tutorial_currents/05conveyor2.html



BIOTIC
• FOOD WEBS AND HOW ENERGY AND MATTER FLOW WITHIN AN 

AQUATIC ECOSYSTEM. 

• IDENTIFY COMMON, RARE, THREATENED, AND ENDANGERED AQUATIC 
SPECIES AS WELL AS AQUATIC NUISANCE SPECIES (ANS) 

• KNOW HOW TO USE A DICHOTOMOUS KEY TO IDENTIFY ANIMALS.

• BE FAMILIAR WITH AQUATIC PLANTS AND ANIMALS VISUALLY AND 
DESCRIPTIVELY



ECOSYSTEMS ARE 
COMPLEX AND 

INTERCONNECTED 
SYSTEMS

IT IS A BIOLOGICAL COMMUNITY 
OF LIVING ORGANISMS THAT 

INTERACT WITH EACH OTHER AND 
THEIR PHYSICAL ENVIRONMENT. 

EACH ECOSYSTEM CONTAINS 
BIOTIC AND ABIOTIC FACTORS. 

EACH FACTOR IN THE ECOSYSTEM 
DEPENDS ON EACH OTHER. 

Presenter
Presentation Notes
Ecosystems operate from day to day by exchanging energy. The energy exchanged within an ecosystem is recycled between the physical and biological components.

A habitat is the area where a plant or animal naturally lives and grows. ... You could think of habitat as the special place in a community in which a plant or animal lives. An ecosystem is a community of living and non-living things that work together. An ecosystem is basically the neighborhood where animal lives.

https://wildernessclassroom.org/understanding-habitats-ecosystems-biomes/#:~:text=A%20habitat%20is%20the%20area,animal%20naturally%20lives%20and%20grows.&text=You%20could%20think%20of%20habitat,the%20neighborhood%20where%20animal%20lives.



BIOTIC

Food web and 
trophic levels

Presenter
Presentation Notes
Primary consumers, secondary consumers, tertiary consumers, apex predators, decomposers



BIOTIC/AQUATIC ENVIRONMENTS

• INVASIVE SPECIES

• DIFFERENCE BETWEEN NON-NATIVE AND NON-NATIVE 
INVASIVE

• INTRODUCTION METHOD

• EFFECT 

• CONTROL METHODS
http://www.invasivespeciesinfo.gov/aquatics/main.shtml
http://www.mdinvasivesp.org/list_aquatic_plants.html
http://www.mdinvasivesp.org/

Presenter
Presentation Notes
Non-native: a plant or animal living in a location that is not its natural/native location/range (where it did not evolve), arriving there by human activity.
Invasive: Includes the non-native definition and add; and has negatively affected the native species, our economy or health.

Introduction methods: ship ballast, other piggy back methods, bait, education programs, direct intention, pets no longer wanted.

Control depends on organism: biological, chemical, manual eradication (pull or catch and kill), public education,

http://www.invasivespeciesinfo.gov/aquatics/main.shtml
http://www.mdinvasivesp.org/list_aquatic_plants.html


BIOTIC
• FRESHWATER FISH ID

• EEL, CATFISH, SHAD, SHINER, 
MINNOW, DACE, CHUB, KILLIFISH, 
PERCH, SILVERSIDE, SCULPIN, 
SUNFISH, BASS, DARTER, TROUT, 
SUCKER

• INVASIVE FISH (FRESH AND BRACKISH)
• BLUE AND FLATHEAD CATFISH
• NORTHERN SNAKEHEAD
• CARP: BLACK, SILVER, GRASS, 

AND BIGHEAD 
(NO NATIVE CARP)

Presenter
Presentation Notes
ID
Some species require catch-and-release.
Some species require kill: https://dnr.maryland.gov/Invasives/Pages/default.aspx

Size
Different species have different size limits.
We want them to grow large so they can reproduce!

Catch
Catch limits are important in regulating fishing because this prevents overfishing of certain species. 
We need healthy population numbers in the water to maintain a healthy ecosystem.




BIOTIC

COMMON AQUATIC INVASIVE SPECIES
• NORTHERN SNAKEHEAD
• ZEBRA MUSSEL
• HYDRILLA
• NUTRIA
• GRASS CARP
• DIDYMO
• WATER LETTUCE
• PHRAGMITES
• RUSTY CRAYFISH
• CHINESE MITTEN CRAB
• MUTE SWAN
• WATER CHESTNUT
• VIRILE CRAYFISH

Presenter
Presentation Notes
Phragmites
Northern Snakehead




BIOTIC

• SUBMERGED AQUATIC VEGETATION

• VALUE

• COMMON SPECIES: WIDGEON GRASS AND WILD 
CELERY

• INVASIVES: WATER LETTUCE (FREE FLOATING) AND 
HYDRILLA

https://www.youtube.com/watch?v=IgQoat0p52k
(Hydrilla at Deep Creek Lake)Widgeon grass

HydrillaHydrilla

Presenter
Presentation Notes
Both invasive plants are freshwater. Hydrilla normally is from water bed to surface though sometimes found free floating.

https://www.youtube.com/watch?v=IgQoat0p52k


BIOTIC
ATLANTIC MENHADEN 

• KEY LINK IN FOOD WEB

• FORAGE SPECIES

• SUPPORTS ONE OF THE LARGEST COMMERCIAL FISHERIES ON THE 
ATLANTIC COAST

Video 
https://www.chesapeakebay.net/issues/menh
aden

Presenter
Presentation Notes
Image from https://www.chesapeakebay.net/discover/field-guide/entry/atlantic_menhaden



BIOTIC
• MACROINVERTEBRATES

• SENSITIVITY TO POLLUTANTS-3 LEVELS

• DICHOTOMOUS KEY TO FAMILY LEVEL:

• NUMBER AND LENGTH OF TAILS;  
LOCATION OF GILLS; WING BUDS; 
THICKNESS, SHAPE, AND LENGTH OF 
BODY

• STONEFLY, MAYFLY, CADDIS FLY, WATER 
PENNY, GILLED SNAIL, ALDERFLY, CRANE FLY, 
DAMSELFLY, DRAGONFLY, SCUD, BLACK FLY

http://dnr.maryland.gov/streams/Publications/ea-99-2_rev2003.pdf

https://www.macroinvertebrates.org/

Presenter
Presentation Notes
Sensitive: Mayfly, Stonefly, Caddis fly, Water Penny, Hellgrammite, Gilled Snail
Moderately Sensitive: net-spinning Caddis fly, Alderfly, Crane Fly, Damselfly, Dragonfly, Scud, Crayfish, Riffle Beetle
Tolerant: Black Fly, Non-biting Midge, Leech, Aquatic worm



Biotic

Caddisfly: 
Order 
Trichoptera

Mayfly: Order 
Ephemeroptera

Stonefly: 
Order 
Plecoptera

http://wupcenter.mtu.edu/education/stream/Macroinvertebrate.pdf

Presenter
Presentation Notes
Sensitive: Mayfly, Stonefly, Case-building Caddisfly Water Penny, Hellgrammite
Moderately sensitive: Net-spinning Caddisfly, Alderfly, Crane Fly, Damselfly, Dragonfly, Riffle Beetle, Scud
Tolerant: Black Fly, Leech, Midge, Aquatic Worm



BIOTIC



AQUATIC ENVIRONMENT
• IDENTIFY AQUATIC AND WETLAND ENVIRONMENTS BASED ON THEIR 

PHYSICAL, CHEMICAL, AND BIOLOGICAL CHARACTERISTICS.

• KNOW CHARACTERISTICS OF DIFFERENT TYPES OF AQUIFERS, AND 
UNDERSTAND HISTORICAL TRENDS AND THREATS TO GROUNDWATER 
QUANTITY AND QUALITY.

• KNOW MARYLAND’S PHYSIOLOGICAL PROVINCES.

• BE ABLE TO DESCRIBE THE DIFFERENCE BETWEEN NATIVE, NON-NATIVE, 
AND INVASIVE SPECIES

Presenter
Presentation Notes
Hydrograph



AQUATIC ENVIRONMENT
ANADROMOUS CATADROMOUS

Presenter
Presentation Notes
anadromous= fish migration, migrating up river from sea to spawn (ex. salmon) 
https://dnr.maryland.gov/fisheries/pages/fhep/anadromous.aspx#:~:text=Anadromous%20species%20in%20the%20Bay,White%20perch%2C%20and%20Yellow%20perch.
Striped bass, Hickory and American shad, Blueback herring, Alewife, White perch, and Yellow perch
Yellow perch pic http://www.southernmarylandfishing.com/news/139/Yellow-Perch-Fishing-Report.html

Catadroumous= fish migration, migrating down river to the sea to spawn. Only one in bay is American Eel 

https://www.chesapeakebay.net/S=0/fieldguide/critter/american_eel




AQUATIC ENVIRONMENT

https://www.usgs.gov/mission-areas/water-resources/science/saltwater-intrusion?qt-science_center_objects=0#qt-science_center_objects

Presenter
Presentation Notes
Coastal aquifers
Groundwater is one of our most valuable resources—even though you probably never see it or even realize it is there. As you may have read, most of the void spaces in the rocks below the water table are filled with water. These rocks have different porosity and permeability characteristics, which means that water does not move around the same way in all rocks below ground.
When a water-bearing rock readily transmits water to wells and springs, it is called an aquifer. Wells can be drilled into the aquifers and water can be pumped out. Precipitation eventually adds water (recharge) into the porous rock of the aquifer. The rate of recharge is not the same for all aquifers, though, and that must be considered when pumping water from a well. Pumping too much water too fast draws down the water in the aquifer and eventually causes a well to yield less and less water and even run dry. In fact, pumping your well too much can even cause your neighbor's well to run dry if you both are pumping from the same aquifer.
https://www.usgs.gov/special-topic/water-science-school/science/aquifers-and-groundwater?qt-science_center_objects=0#qt-science_center_objects



AQUATIC ENVIRONMENT

• PHYSIOGRAPHIC PROVINCES

• APPALACHIAN PLATEAU

• RIDGE AND VALLEY

• BLUE RIDGE

• PIEDMONT

• COASTAL PLAIN

Presenter
Presentation Notes
Five main provinces: 
Appalachian covers 6% of state. Only province that drains to both Chesapeake Bay and Gulf of Mexico. Steeply sloped stream sides with rapids and waterfalls, large rocks and bedrock outcrops.
Ridge and Valley Province occupies 12% of state. This area includes ridges compressed into closely parallel lines, and broad valleys with gently rolling lowland areas. Stream beds composed of fine silt and boulders.
Blue Ridge covers 5% of state. Streams have steeply slowed sides (ridge area) and stream beds are boulders, gravel and cobble. 
Piedmont  covers 29% of state and includes rolling terrain and low ridges; streams with moderate slopes and stream beds are mixed gravel and sand. The eastern boundary of the piedmont is called the Fall line.
Coastal Plain is the largest province covering about 48% of state. Stream channels comprised of bottoms easily eroded. Western boundary is the Fall line/zone. Much sand and gravel for stream beds.



WATER PROTECTION 
AND CONSERVATION
• INTERPRET MAJOR PROVINCIAL 

AND/OR FEDERAL LAWS AND 
METHODS USED TO PROTECT WATER 
QUALITY (SURFACE AND GROUND 
WATER)

• BE FAMILIAR WITH THE FEDERAL, 
STATE, AND COUNTY AGENCIES 
THAT PROVIDE OVERSIGHT OF 
WATER RESOURCES.

• UNDERSTAND THE IMPACTS OF 
CLIMATE CHANGE AND MITIGATION 
STRATEGIES



WATER PROTECTION AND 
CONSERVATION

• THE MARYLAND DEPARTMENT OF THE ENVIRONMENT OVERSEES 
LOCAL WATER MANAGEMENT PLANS

• ISSUES THEY FACE WITH CLIMATE CHANGE: 

• HIGHER TEMPERATURES, INCREASED FLOODING, SHIFTING 
PRECIPITATION PATTERNS, INCREASED RUNOFF, MORE DRY PERIODS AND 
DROUGHTS, RISING SEA LEVELS, MORE FREQUENT AND MORE INTENSE 
STORMS, CHANGES IN WATER DEMAND, AND DETERIORATED WATER 
QUALITY.



WATER PROTECTION AND 
CONSERVATION

• BENEFITS OF AGRICHEMICAL HANDLING FACILITIES

• PROVIDES A STABLE, SAFE SURFACE FOR EQUIPMENT STORAGE AND OPERATION.

• REDUCES THE RISK OF AGRICHEMICAL SPILLS OR LEAKS DURING LOADING, UNLOADING, 
OR MIXING.

• PROTECTS THE ENVIRONMENT BY CONFINING SPILLS; ALLOWS FOR FASTER, MORE 
EFFECTIVE ACTIONS TO CLEAN THE AREA OF CONTAMINANTS.

• REDUCES THE POTENTIAL FOR ACCIDENTAL SPILLS TO REACH WATERWAYS AND 
GROUNDWATER.

• REDUCES RISKS TO HUMANS HANDLING AGRICHEMICALS.

https://mda.maryland.gov/resource_conservation/counties/ConsChoices_FINAL2
020.pdf



WATER PROTECTION AND 
CONSERVATION

• CONSERVATION CHOICES FOR MARYLAND FARMERS
• REDUCE EROSION

• COVER CROPS

• CRITICAL AREA PLANTING

• PASTURE PLANTING

• RIPARIAN BUFFERS

• GRASSED WATERWAYS

• DIVERSION

• LIVESTOCK FENCING

• ETC….

http://mda.maryland.gov/resource_conservation/counties/
ConservationChoices_2012_FINAL%20%281%29.pdf



WATER PROTECTION AND 
CONSERVATION

• TMDL’S

• EPA 2010 ESTABLISHED TMDL FOR  CHESAPEAKE BAY

• 6 STATES AND A DISTRICT

• TMDL
• TOTAL MAXIMUM DAILY LOAD

• NITRATES, PHOSPHORUS, SEDIMENT

• ALL MEASURES IN PLACE BY 2025

http://www.epa.gov/reg3wapd/pdf/pdf_chesbay/BayTMDLFactSheet8_26_13.pdf

Presenter
Presentation Notes
Total Maximum Daily Load

DE, MD, VA, WV, PA, NY, DC



WATER PROTECTION AND 
CONSERVATION• WATER USE

• AVERAGE MARYLAND CITIZEN USES 100 GALLONS OF 
WATER PER DAY.

• U.S. USES 355,000 MILLION GALLONS PER DAY (2010).

• FOUR STATES USE ¼ OF ALL US WITHDRAWALS.
• IN 2010, ESTIMATED WATER USE IN AMERICA LISTED THE FOLLOWING 

EIGHT CATEGORIES OF WATER USE: PUBLIC SUPPLY, SELF-SUPPORTED 
DOMESTIC (WELLS), IRRIGATION, LIVESTOCK, AQUACULTURE, SELF-
SUPPORTED INDUSTRIAL (MANUFACTURING), MINING, AND 
THERMOELECTRIC POWER

http://pubs.usgs.gov/fs/2014/3109/ , 
https://pubs.usgs.gov/fs/2014/3109/pdf/fs2014-3109.pdf

Presenter
Presentation Notes
Maryland water use in order from largest to smallest: Toilet, Clothes washer, Shower, Faucet, Leaks, Bath
US water use decreased 13% in 5 years (2005-2010). 
Four states: California, Texas, Idaho, Florida (irrigation, thermoelectric power)
Two highest categories = thermoelectric power and irrigation


http://pubs.usgs.gov/fs/2014/3109/
https://pubs.usgs.gov/fs/2014/3109/pdf/fs2014-3109.pdf


WATER PROTECTION AND 
CONSERVATION

• WATER CONSERVATION

• IN THE HOME: ONLY RUN DISHWATER WHEN FULL, 
PLUG THE DRAIN WHILE HANDWASHING, 
SHORTER SHOWERS, CHECK REGULARLY FOR 
LEAKS, REPLACE SHOWERHEADS, RUN FULL LOADS 
OF LAUNDRY, ETC..

• OUTSIDE: RAIN BARRELS, POLLINATOR GARDENS, 
DRIP IRRIGATION, WATER PLANTS AT COOLEST 
TIMES OF DAY, INCREASE MOWING HEIGHT TO 2-
3 INCHES TO DECREASE WEEDS AND 
EVAPORATION. 
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