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Envirothon Curriculum 

• Abiotic Factors
• Biotic Factors
• Aquatic Environments
• Water Protection and Conservation



Abiotic Factors
• Learning Objective 1: Water Cycle

http://ga.water.usgs.gov/edu/watercycle.htm
l

http://ga.water.usgs.gov/edu/watercycle.htm


Abiotic

• Learning Objective 2: Watersheds

Stream 
network

Area in Green is 
the Watershed

These Areas Are Also 
Watersheds, at a 
Smaller Scale

Figure 1: The size of a watershed is dependent upon what scale you are considering.  For a small, headwater 
stream, the land area the stream drains is small, thus so is that streams watershed.  At the other extreme, the 
Mississippi River’s watershed takes up almost 1/3 of the United States.

http://www.cotf.edu/ete/modules
/waterq/streamorder.html

http://www.nh.nrcs.usda.gov/technical/Publicatio
ns/Topowatershed.pdf

Presenter
Presentation Notes
1. 2. b. Know the features of a healthy vs. unhealthy watershed.Healthy watershed: good infiltration, vegetation cover, species diversity, aquifer recharge/moderated flooding, natural sediment flowhttp://water.epa.gov/polwaste/nps/watershed/framework.cfmhttp://www.adem.state.al.us/misc/npsconf2013/7-Roberta.pdfhttp://www.marinwatersheds.org/healthy_watershed.htmlhttp://www.coquillewatershed.org/watershed_char.html

http://www.cotf.edu/ete/modules/waterq/streamorder.html
http://www.nh.nrcs.usda.gov/technical/Publications/Topowatershed.pdf


Abiotic

• Learning Objective 3: Water Chemistry

http://water.epa.gov/scitech/swguidance/standards/wqslibrary/sc_index.cfm

Presenter
Presentation Notes
Temperature	It’s odd to think of something as basic as temperature as a pollutant, but it certainly can be.  Most organisms are adapted to living within certain temperature ranges.  This is why you don’t see many trout swimming around in the streams near Charlotte – the waters get too warm for trout.   Increases in temperature can come from other factors, including removal of streamside vegetation (allows more light to reach the stream) or the discharge of water that has been used for cooling a factory or power plant.  	So what is too warm?  In North Carolina, waters that are more than 2.8 °C (5.04 °F) over the natural water temperatures are considered to be in violation of State/EPA guidelines.  In addition, for the Piedmont area around Charlotte, stream water temperatures should never exceed 32 °C (89.6 °F), or they are considered in violation.    pH	pH is technically a measure of the hydrogen ion concentration in the water (think of the “p” as “percent or parts” and the “H” is for hydrogen).  The simpler way of thinking about pH is as a measure of acidity.  The pH scale ranges from 0-14.  Closer to zero is very acidic, 7 is neutral, and close to 14 is very basic.  An important note is that the pH scale is logarithmic.  Thus each increase of 1 on the pH scale represents 10 fold change in hydrogen ion concentration.  	Why is pH important?  Most organisms can only live in a certain pH range.  Imagine yourself living in lemon juice (pH of around 2.3), hydrochloric acid (pH of 0.1), or ammonia (pH of 11.9).  Natural waters generally range from a pH of 6.5-8.5 (though some swamp water may be much more acidic, as low as 4.3 or so).  Once you get much higher or lower, many organisms cannot survive. Alkalinity	Alkalinity is closely related to pH.  It measures how well a body of water can neutralize an acid.  This does not necessarily mean the water is simply very basic, although bases due neutralize acids.  Other chemical solution can have a fairly neutral pH, but have a strong ability to neutralize acids.  Alkalinity is usually expressed as equivalents of calcium carbonate, in mg/L.   The higher the alkalinity, the greater a water bodies ability to withstand changes in pH caused by pollution, acid rain, etc. Dissolved Oxygen	Dissolved oxygen is a measure of how much oxygen in dissolved in the water.  It is expressed either as mg/L or as a percent saturation.  “Saturation” is how much oxygen water can hold at a specific temperature and pressure.  When the water is “full” of oxygen, you’re at 100% saturation.  However, activities such as turbulence in streams or photosynthesis by algae can lead to “supersaturation” where you can have greater than 100% the theoretical saturation.  	Oxygen is obviously extremely important for living organisms undergoing respiration.  If the oxygen levels drop too low, organisms may start dying.  This problem is worse in the hot summer months because warm water holds less oxygen than cold water.  For waters in the Piedmont region, the average dissolved oxygen concentration must be greater than 5.0 mg/L or the water is considered in violation of state guidelines.  Turbidity	Turbidity is basically a measure of water clarity, and is measured in nephelometric turbidity units (NTUs).  The lower the NTU, the clearer the water.  Turbidity is usually measured electronically be seeing how much light is scattered or absorbed by particles suspended in the water.  Simple color tests can also be performed.  Higher turbidity can indicate a higher rate of sedimentation and erosion, which in turn can block light from reaching algae and smother other organisms.  In NC, non-trout streams with an NTU reading of greater than 50 are considered in violation of state regulations.   Hardness	Hardness primarily measures the amount of calcium and magnesium in the water.  Hard water is responsible for white scum or scales that build up in bathrooms, on pots, etc.  Hard water also helps keep toxic metals from being absorbed by fish through their gills.  Hardness is rated on the following scale:  0-60 mg/L = soft; 60-120 mg/L = moderately hard; 120-180 mg/L = hard; >180 mg/L = very hard.  Naturally levels of hardness vary widely dependent upon local geology.  In NC, for water sources used as a water supply, hardness should not exceed 100 mg/L.   Conductivity / Total Dissolved Solids (TDS)	Conductivity measures the ability of water to conduct and electric current.  This is directly related to the amount of dissolved solids in the water.  Thus most electronic meters that measure one, will also provide the other.  A high level of TDS in the water can be an indication of pollution, though the natural level of TDS will vary stream to stream.  In NC, for water sources used as a water supply, TDS should not exceed 500 mg/L. Nutrients	Nitrogen and phosphorous are two nutrients that are essential for plant growth – they are two of the main components of fertilizers that we put on our gardens and lawns.  However, there can be too much of a good thing.  Excessive nutrients can lead to a problem of eutrophication (nutrient enriched waters).  In short, excess nutrients lead to rapid algal growth.  When the algae die, the bacterial population that feeds off the dead algae grows exponentially.  These bacteria use up much of the oxygen in the water, therefore leading to oxygen shortages, fish kills, and the “dead zones” discussed above.  In addition, excess nutrients can lead to blooms of toxic algae, and trigger growth of aquatic plants than can clog boat motors and intake pipes.  	In NC, nitrogen, measured as nitrate, should not exceed 10.0 mg/L for waters used for water supply.  While there are not strict limits for other nitrogen and phosphorous compounds, the EPA does note that for this region total phosphorous concentrations naturally average around 36.6 mg/L (range: 22.5-100 mg/L) and total nitrogen naturally averages 0.69 mg/L (range: 0.07-1.0 mg/L).   Fecal Coliform Bacteria	These are bacteria that are associated with the digestive tract of mammals, including humans.  They are not harmful in and of themselves, but at high levels can be an indicator of pollution, particularly of sewage spills, leaking septic systems, or animal waste from pets or farms.  In particular, if fecal coliform bacteria are high, it increases the odds of disease causing organisms also being present.  In NC, water used as a water supply cannot exceed 200 colonies of fecal coliform bacteria per 100 mL of water.  

http://water.epa.gov/scitech/swguidance/standards/wqslibrary/sc_index.cfm


Biotic
• Learning Objective 1: Food Webs

http://www.marietta.edu/~biol/biomes/ecosystems.htm#Energyflowthroughtheeco
system3

http://www.marietta.edu/%7Ebiol/biomes/ecosystems.htm%23Energyflowthroughtheecosystem3


Biotic 
• Learning Objective 2: Carrying Capacity

…you decrease carrying capacity



Biotic

• Learning Objective 3: Taxonomy
– Understand how to use dichotomous key

• See: 
http://media.clemson.edu/public/sclife/lesson_plans/aquati
c_insects/student_handout2aquaticrev10.pdf

(Note: the Clemson key has old taxonomy  Neuroptera have 
been split; what they call Neuroptera are now Megaloptera)

– Guide to major groups of aquatic invertebrates at the 
end of this presentations 

– Find guide to major fish here: 
http://www.dnr.sc.gov/freshwater.html

http://media.clemson.edu/public/sclife/lesson_plans/aquatic_insects/student_handout2aquaticrev10.pdf
http://www.dnr.sc.gov/freshwater.html


Biotic
• Learning Objective 3: 

Taxonomy
– Invasive species

• Examples:
– Hydrilla
– Asian clam
– Zebra mussel
– Flathead catfish
– Lionfish
– Nutria

• Info here: 
http://www.dnr.sc.gov/water/envaff/aquati
c/invaders.html

• And in the Aquatic Invasive Species Plan 
here (link on left side): 
http://www.dnr.sc.gov/water/envaff/aquati
c/ais.htm

http://www.dnr.sc.gov/water/envaff/aquatic/invaders.html
http://www.dnr.sc.gov/water/envaff/aquatic/ais.htm


Biotic
• Learning Objective 4: Biotic Water Quality

– Some species more tolerant than others
• Type / number of organisms reflects water quality
• http://dnr2.maryland.gov/streams/Documents/dnr_bu

gsheet.pdf

http://dnr2.maryland.gov/streams/Documents/dnr_bugsheet.pdf


Aquatic Environments

• Learning Objective 1: Habitats



Aquatic Environments

• Learning Objective 2: Aquifers

http://ga.water.usgs.gov/edu/earthgwaquifer.html http://www.ngwa.org/Fundamentals/use/Pages/Groundw
er-facts.aspx

http://ga.water.usgs.gov/edu/earthgwaquifer.html
http://www.ngwa.org/Fundamentals/use/Pages/Groundwater-facts.aspx


Aquatic Enviornments
• Learning Objective 3: Wetland Function

– Water quality
– Fish
– Wildlife
– Recreation
– Flood control

http://www.nrcan.gc.ca/earth-sciences/products-
services/mapping-product/geoscape/waterscape/gulf-
islands/6085

http://www.nrcan.gc.ca/earth-sciences/products-services/mapping-product/geoscape/waterscape/gulf-islands/6085


Aquatic Environments

http://www.co.benton.or.us/cd/riparian/links.php

http://upload.wikimedia.org/wikipedia/commons/b/
b6/Riparian_buffer_on_Bear_Creek_in_Story_Count
y%2C_Iowa.JPG

http://www.virginiaoutdoorsfoundation.org/VOF_resource-ripbuffer.php

• Learning Objective 4: Riparian Zones

http://www.co.benton.or.us/cd/riparian/links.php
http://upload.wikimedia.org/wikipedia/commons/b/b6/Riparian_buffer_on_Bear_Creek_in_Story_County,_Iowa.JPG
http://www.virginiaoutdoorsfoundation.org/VOF_resource-ripbuffer.php


Water Protection and Conservation

• Learning Objective 1: 
Preventing Invasives
– Education: PetSmart
– Legal action

• Federal
– Lacey Act – “injurious species”
– Nonindigenous Aquatic 

Nuisance Prevention and 
Control Act of 1990

• State 
– DNR 

Presenter
Presentation Notes
Lacey Act used in recent ban on large constrictors, such as Burmese Python.



Water Protection and Conservation

• Learning Objective 3: Government Agencies
– U.S. EPA

• Protects surface, ground and drinking water; administers Clean Water Act, Safe 
Drinking Water Act

– U.S. Bureau of Reclamation
• Oversees water storage, delivery, diversions, hydropower in Western U.S.

– U.S. Geological Survey
• Provides information on hydrology of U.S., including maps, stream gauging, etc.

– U.S. Army Corps of Engineers
• Oversees water navigation, flood control, recreation, hydroelectric power, shore 

protection, water supply, some restoration work
• State (for SC, will vary by state)

– DHEC
• Monitor water quality, issue permits, enforce state & federal regulation, etc.

– DNR
• Monitor fisheries / wildlife

• Local
– Supply drinking water / treat waste



Water Protection and Conservation

• Learning Objective 3: Law and Policy
– Federal: 

• Safe Drinking Water Act
• Clean Water Act: “swimmable and fishable” goal
• Marine Protection, Research and Sanctuaries Act

– http://water.epa.gov/lawsregs/lawsguidance/index.cfm

– State:
• Pollution Control Act
• State Safe Drinking Water Act

– http://www.scdhec.gov/Agency/RegulationsAndUpdates/inde
x.htm

Presenter
Presentation Notes
Important sections of CWA303(d): State Priority waters319: Nonpoint Source Management Program401: NPDES404: Wetlands4. 2. b. Utilize this information to propose management decisions that would improve the quality of water in a given situation.   

http://water.epa.gov/lawsregs/lawsguidance/index.cfm
http://www.scdhec.gov/Agency/RegulationsAndUpdates/index.htm


Water Protection and Conservation
• Learning Objective 4: Pollution

– Point vs. Nonpoint Sources of Pollution

http://apesnature.homestead.com/chapter17.html



Water Protection and Conservation

• Learning Objective 4: Pollution

http://www.scdhec.gov/environment/water/fish/map.htm

http://www.scdhec.gov/environment/water/fish/map.htm


Water Protection and Conservation
• Learning Objective 5: Water Use

http://pubs.usgs.gov/circ/1344/

http://pubs.usgs.gov/circ/1344/


Water Protection and Conservation

• Learning Objective 6: Water 
Conservation
– Agricultural and industrial

• E.g. drip irrigation

– Personal
• water saving showerheads (2.5 

gallons per minute vs. 5 to 8), 
low flush toilets (1.6 vs. 7 
gallons of water), etc.

– Importance: droughts, growing 
populations, conflicting water 
demands, etc.



Identification of common 
stream macroinvertebrates



Scientific Nomenclature

• Way of naming all living things
• Major divisions:

– Domain  Kingdom  Phylum  Class  Order 
 Family  Genus  Species

• Can be other division (e.g. sub-Order, supra-Family, 
etc.)

• Identification of unknown organisms usually 
done with dichotomous keys
– Asks series of paired questions to identify 

organism



Insect Anatomy

Images from: http://www.flyfishingentomology.com/Anatomy.htm



Phylum: Cnidaria

• Only one Freshwater 
Class
– Hydrozoa

• Some have symbiotic 
relationship with 
green algae



Phylum: Annelida
• Legless, segmented
• Two main classes

– Oligochaeta
• Worms

– Scavengers

– Hirudinae
• Leeches

– Predators

Oligochaetes

Leeches



Phylum: Mollusca
• Two classes:

– Gastropoda
• Snails, Limpets

– Spiral, single valved
shell

– Grazers

– Bivalvia
• Mussels

– Body enclosed in two 
hinged, shell valves

– Filter feeders
– Most endangered 

freshwater taxa

snail

limpet

Zebra mussels



Phylum: Arthropoda

• Key traits:
– Chitinous exoskeleton
– Jointed appendages modified as legs, mouth parts 

and antennae
• Three subphyla

– Chelicerata (water mites and semi-aquatic spiders)
– Crustacea (crayfish, fairy shrimp, copepods, 

isopods, amphipods, etc.)
– Uniramia (springtails and aquatic insects)



Class: Chelicerata
• Major Class is Acari

– Water mites
– No antennae, four 

pairs of jointed legs
– 1 m2 weed bed in 

eutrophic lake can 
contain 2,000 mites 
from 75 species!



Class: Crustacea
• Order Isopoda

– Like pillbugs in gardens
– Dorso-ventrally (top-

bottom) compressed
• Order Amphipoda

– Side-swimmers
– Lateral (side) 

compression
• Other Orders include:

– crayfish, shrimp, 
zooplankton

bottom

top

sideside

Side view

Side view Top view



Class Entognatha
• Order: Collembola
• Springtails

– Semi-aquatic
• Live in moist 

environments, on 
surface film

– Abdominal 
appendage used for 
springing

– Eat algae, detritus in 
surface film



Class: Insecta

• Eight common Orders, plus two less 
common ones

• All contain mandibles and one pair of 
antennae

• Adults have three pairs of legs (may be 
absent in larvae) and wings



Order: Emphemeroptera
• Mayflies

– Gills on sides of 
abdomen

– Usually 3 tail 
filaments, but 
sometimes 2

– Tarsi with one claw
– Collectors or grazers



Order: Plecoptera
• Stoneflies

– Always two tail 
filaments

– Tarsi with two claws
– Sometimes can see 

gill tufts at base of 
legs

– Predators or 
shredders



Order: Odonata
• Dragonflies/Damselflies

– Extendable, grasping mouthparts
– Hine’s Emerald Dragonfly one of 

few listed endangered insect 
species

– Predators



Order: Trichoptera
• Caddisflies

– Small, inconspicuous, one 
segemented antennae

– Hard exoskeleton around 
head,sometimes parts of 
thorax

– Usually one pair of prolegs at 
end of abdomen

– Some spin webs, live in 
retreats; others make 
portable cases

– Filter feeders or grazers, a few 
predatory species



Caddisfly cases and retreats



Order: Coleoptera
• Beetles

– Adults: hard, shell 
like wings, chewing 
mouthparts

– Larvae: generally 
long, thin, may or 
may not have 
filaments coming 
off abdomen

– Most predators, 
grazers

Riffle beetle adult and larvae

Water 
Penny



Order: Hemiptera
• True Bugs

– Piercing, sucking 
mouthparts

– Includes water 
striders, water 
boatmen

– Most are predators: 
insects, fish



Order: Diptera
• Flies

– Larvae lack three pairs 
legs

– May have prolegs or 
psuedopods on one or 
more segments

– Includes mosquitos, 
black flies, midges, etc.

– Collecters: filter 
feeders or gatherers

Midge Larvae

Black Fly 
Larvae



Order: Megaloptera
• Dobsonflies and 

alderflies
– Large, 

conspicuous 
mandibles

– 7 or 8 pairs of 
lateral, abdominal 
filaments

– Predators on other 
insects



Less common orders
• Order: Lepidoptera

– Aquatic catepillars

• Order: Neuroptera
– Live in and feed on 

freshwater sponges

Lepidoptera

Neuroptera
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