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Presenter Notes
Presentation Notes
Welcome to the 2026 Aquatics training session for the VT Envirothon. I’m John McCann. I work as a hydrologist for the Green Mountain and Finger Lakes National Forests in Vermont and New York. We are going to try to cover a lot in a short time today. Not everything I cover will be on the exam and I may not cover everything that is going to be on the exam. It’s all related and will help give you a better overall understanding of some of the things hydrologists, aquatic ecologists, and fisheries biologists consider day in and day out. You’ll want to find time to review the links to additional training resources on the Vermont Envirothon website. Let’s get started.


WHAT ARE WE COVERING
TODAY?

@ Hydrologic Cycle, Topography, Landforms, and
Watersheds

(. Water-Based Habitats and Processes

@ Aquatic Species Biology and Identification

< Water Quality Basics and Monitoring

~ Land Management for Water Quality

Conservation



Presenter Notes
Presentation Notes
This is just a quick overview of the topics we will be covering today.

This is going to be relatively rapid fire. If you have questions along the way, please make a note of them and hold them to the end. We may not have time to answer every question that comes up. If I can’t get to your question, you can send it along to me afterward via email and I’ll do my best to get an answer to you.


The Water Cycle

The water cycle is the path that all water
follows as it moves around our planet.

Droplets condense on Precipitation H Y D R O L O G I C
particles in the air, Water falls in a liquid
creating a cloud or solid state CY C L E

Condensation 5!
Gas cools and Transpiration
turns to liquid  Water from plants * Where does the water
WateL of e tumstogas | L aglied AMMMRUANESE come from?
Evaporation A
Liquid turns to gas e Where does it g07

 How does it get there?

- NASA.gov



https://assets.science.nasa.gov/dynamicimage/assets/science/cds/kids/nasa-kids-science/earth/what-is-the-water-cycle/Water-cycle-illustration.png

TOPOGRAPHY

topos (n.)

"traditional literary theme," 1948, from Greek topos, literally "place, region, space,”
also "subject of a speech,"” a word of uncertain origin. "The broad semantic range
renders etymologizing difficult” [Beekes].

-graphy

word-forming element meaning "process of writing or recording” or "a writing,
recording, or description” (in modern use especially in forming names of descriptive
sciences), from French or German -graphie, from Greek -graphia "description of,"
used in abstract nouns from graphein "write, express by written characters,” earlier
"to draw, represent by lines drawn," originally "to scrape, scratch” (on clay tablets

with a stylus), from PIE root "gerbh- "to scratch, carve" (see carve).



Presenter Notes
Presentation Notes
How water moves across our landscape and in some cases how water moves through the air is driven by topography. So, what is topography?

Topography is the word we use to describe the shape of the Earth’s surface.

It is the way we record the form of the land, usually allowing us to create a representative map. This isn’t just a representation of where one place is relative to another, it allows us to understand how elevation changes from one point to another.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
The basic component of topography is elevation. If the whole Earth surface was a uniform elevation, there wouldn’t be much need for understanding topography.

Topographic maps all have topo lines, or lines of equal elevation. You’ll see a certain subset of topo lines annotated with their elevation.

Here we see 1,600 and 1,800. In this case, these elevations are in feet. Sometimes you’ll see maps with elevation in meters.

There is 200 feet of elevation gain between these two lines. So, how much elevation gain is between each individual line? Take a look at one known elevation and count how many lines to the next elevation.

Here we have five. If you divide 200 feet by 5, you get 40 feet. So, each contour line here represents 40 feet.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
A quick visual interpretation of topo lines can give you a general sense of the slope of an area. Let’s take a look at two examples.

Here, the topo lines are very close together. So, you don’t have to travel very far laterally to lose (or gain) a lot of elevation.

We see a different pattern over here. The topo lines are much further apart, meaning you gain or lose elevation much more slowly. If you’re hiking, the blue lines are where you want to be. If you’re skiing, the red lines may be more your speed.

Slope influences how quickly water runs off a landscape and may also influence how much soil is available to act as a sponge for rainfall and snowmelt.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
Topo maps can also help us describe the aspect of a hill slope. Aspect is basically the direction the hillslope is facing. Or, if you were standing on a hill and looking directly downslope, what direction would you be facing?

Here, I’ve put a star on the top of a hill. Hill tops don’t really have an aspect to describe. But, as you move downhill, the aspect becomes clearer.

If you head downhill to the north, you’re on a slope with a north aspect. You could also head down the northeast aspect, the east aspect, etc.

Sometimes you see hills with a more uniform slope. What is the aspect of the area outlined in yellow? It is generally a west-facing aspect.

How about this area? There are multiple distinct aspects in this little area, but the general aspect is south-facing.

Aspect can influence hydrology by controlling how much sun a hillside gets, how quickly snow melts, and how quickly it dries out in between rainfall.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
Topo maps can help us interpret where water will flow. From any point on the map, runoff will basically follow the fall line. Here we’ve got two peaks represented by umbrellas. Water that lands on any side of the umbrella will flow away from the high point, but then where does it go?


https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
Here’s an example rain drop. Which direction do you think it will flow?

It will flow to the west, going downhill and crossing topo lines perpendicularly.

How about this drop? It will head east before joining up with the North Branch Cold River and turning south.

What about this one? It’s clear it will head to the northeast, but where it goes from this saddle is less clear. It could head southeast or northwest. Topo maps don’t contain enough detail to help understand every aspect of hydrology. A field visit would be needed to answer this question.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
Topography also controls where water concentrates. Picture water falling at these three locations. Where is it going to go?

The flow lines eventually meet up and the flow is concentrated. Where you have enough flow concentrating like this, you often see stream channels forming to carry runoff downhill.



https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points

HOW DOES TOPOGRAPHY
INFLUENCE HYDROLOGY?

R NATIONAL FISH

e Stream Order

e
—
-
"

K1 USGS.igov APPALACHIAN


Presenter Notes
Presentation Notes
Topo maps can help us understand how much water is concentrating and how large a stream is likely to be. We sometimes describe streams by there stream order. This is a system used to classify the size of a stream or how far it is from its headwaters.

Where each stream starts, it is a first order stream, like these examples. When two first order streams come together, they join forces and make a second order stream, like the one shown here.

It doesn’t matter how many other first order streams hit the second order stream, it stays a second order stream.

Here’s another pair of first order streams making a second order stream. When the two second order streams come together, they make a third order stream. And it will stay a third order stream until it joins with another third order stream downstream somewhere.

For reference, the Mississippi River is a 10th order stream.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
Topo maps also help us pick out some important landforms. We talked about peaks or hill tops. These are usually shown by a topo line that closes in on itself. Like these.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
Between high points, you’ll often find saddles or gaps or passes. These usually have four topo lines that bend toward each other and then away, making a sort of X shape like these examples.


https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points

HOW DOES TOPOGRAPHY
INFLUENCE HYDROLOGY?

R NAFIONAL FISH

 Landforms

APPALACHTAN


Presenter Notes
Presentation Notes
The next thing we look for in topo maps are the clusters of Vs, like this example. The help us identify drainages, where water is likely to concentrate, and shoulders where water is likely to disperse.

Where the Vs open downhill, you’ll find a drainage or a valley.

Where the Vs open uphill, you’ll find a ridge or a shoulder.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
So, we’ve looked at high points and transitions, what about low points?

Low points may also be enclosed by a single topo line. You’ll have to look for clues to see if the enclosed area is a peak or a pit. Where there’s enough water, you’ll see waterbodies on the topo maps, like these.

Sometimes, low areas don’t hold a lake or a pond, but may slow water down enough to create wetlands. Where these areas are big enough, they are often drawn on the topo map with a different color and a pattern of some sort like these two examples.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
If we put all of this information together, we can use topo maps to delineate a watershed. Sometimes called drainage basins or catchment areas, a watershed is the entire area that drains to a certain point of interest. You may hear about things like the Lake Champlain Watershed which is huge. But, you can pick any point on a map and use the topo lines to help understand what areas uphill of that point may be contributing to water quality characterisitcs. Let’s work through an example.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
Most landforms are driven by a combination of geology, wind or rain erosion, and deposition. However, glaciers are or were an important driver of landforms as well. Here in New England, we see a number of landforms that were caused by glaciers.

Generally, glacial landforms can be characterized by whether the glacier took something away or left something behind.

Glacial erratics are huge rocks that seem really out of place on the landscape because glaciers picked them up and dropped them somewhere new. Eskers are gravel bars that represent where a river used to run between the glacier and the ground, leaving an elevated river bed. Moraines are where glaciers sort of bulldozed a bunch of sediment into piles and left them there. Kettles are features where the glacier dropped some ice and buried in sediment. When the ice later melted, it left behind a depression.

https://kruschnaturepreserve.org/sign012/

UNIQUE GLACIAL
LANDFORMS

 What did the glaciers take away?
* What did they leave behind?

s USGS.gov


Presenter Notes
Presentation Notes
But, glaciers are also really good at carving away pieces of the land. Here’s an example called a roche moutonnée. This is Bird Mountain or Birdseye Mountain in Castleton. The orientation of the high points gives you a sense of the direction the ice was moving.

On the north side, or the up-ice, side, the slope is a little shallower as the ice slid up the resistant rock. On the south, or down ice, side, the mountain is much steeper because the ice was plucking rocks off as a slid past, leaving a rocky cliff.

Glacial valleys, like those that filled in with the Finger Lakes in New York are another example of specific landforms caused by glaciers carving material away.

https://www.usgs.gov/the-national-map-data-delivery/topographic-map-access-points
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Presenter Notes
Presentation Notes
Now, let’s shift to water-based habitats and processes. We’ll look specifically at items related t lacustrine, riverine, wetland, and riparian habitats. What do this terms mean?

Notice the gradient from the channel (which could also represent a lake or pond) through wetlands, to the slightly drier riparian areas, ultimately to the driest areas referred to as the uplands.

https://www.researchgate.net/figure/Delineating-between-riparian-and-wetlands-areas-Illustration-by-G-Zaimes-modified-from_fig5_46302825

TEMPERATURE
STRATIFICATION IN
LAKES

 What does it mean?
 How does it happen?

 When does it change?

SUMMER

SPRING

WINTER

- LCBP.org



Presenter Notes
Presentation Notes
In lakes, there a few characteristics that help determine what sort of biological processes happen and where. Thermal stratification is one of them.

Lakes that are big enough will see very different temperatures from top to bottom. That temperature profile will likely change twice a year. During those turnover times, the water can move dissolved and suspended materials with it.

https://www.lcbp.org/our-goals/healthy-ecosystems/habitat/open-water/
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Presenter Notes
Presentation Notes
How much light makes it into the water and whether that light hits the sediment at the bottom of the lake also determines a lot about the ecology of the lake.

Anywhere that there is enough light to support photosynthesis is generally referred to as the photic zone. If you go deeper than that, you enter the aphotic zone. Where that line is depends on a few factors including how clean and clear the water is.

Where light penetrates deep enough to hit the lake bottom, that area is called the littoral zone. Where light doesn’t hit the bottom, that’s called the limnetic zone.

And generally anything that is at or on the lake bottom is referred to as benthic.

https://www.lcbp.org/our-goals/healthy-ecosystems/habitat/open-water/
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Presenter Notes
Presentation Notes
Have you heard the term eutrophication? We sort of describe that term as relating to a lake getting older.

The trophic state of a lake is defined by how productive it is, or how much growth of plants and algae you expect to see. Oligotrophic lakes don’t have much productivity at all. Eutrophic lakes have a lot of productivity. Mesotrophic lakes are in the middles.

Lakes generally move toward more productivity over time as more nutrients accumulate. But, this can take an extremely long time. Human land uses often speed this process up by accelerating the delivery of nutrients and sediments to a lake.

If a lake every fully fills in with sediment and/ or organic material, it will just become a wetland, a different type of water-based habitat.

https://extension.usu.edu/waterquality/research/eutrophication

RIVER HYDROLOGY

* How much water 1s there? And
when?

« How do we measure flow?
* When are the high and low flows?

e Unusual flows.

- Nnoaa.gov


Presenter Notes
Presentation Notes
When hydrologists think of rivers, we often think about how much water is in it, when the water is there, and what sort of high flows it experiences.

Streams that only flow immediately after rainfall or snowmelt are referred to as ephemeral. Streams that flow a bit longer than that, but may dry up during parts of the year are called intermittent. Streams that flow year-round are called perennial.

Usually, the lower down in a watershed you go, the more likely you are to see perennial streams.

https://www.fisheries.noaa.gov/new-england-mid-atlantic/habitat-conservation/what-watershed

RIVER HYDROLOGY

Multiply average depth
times stream width to
determine cross-sectional area

il i

» How much water is there?
* How do we measure flow?

* When are the high and low flows?
e Unusual flows.

Start float well upstream
from timing zone

- sl 7 1
s Super Simple Example:
Width = 8 feet
Average Depth = 1.5 feet
Area = Width x Average Depth
- 8ftx 1.5 ft=12 ft?

| Average Float Time = 20 seconds

=-.. Float Distance = 30 ft

Take incremental
depth measurements to
determine average depth

Velocity = Distance / Time
30 ft / 20 seconds = 1.5 feet/second

=== Discharge = Area x Velocity

12 ft2 x 1.5 ft/s = 18 ft3/s (aka cfs)



Presenter Notes
Presentation Notes
When we measure flow we are trying to describe what volume of water passes a single point over some unit of time. This might be in something like gallons per minute or cubic feet per second.

To do this, we measure a cross sectional area of the stream as well as how fast the water is moving, called velocity. If we multiply these two numbers, you get a flow measurement, also called discharge.

There are a lot of ways to measure velocity, from really simple to really complex. One of the easiest ways is to float something on the water and see how long it takes to float a known distance. However, water flows at different speeds in different parts of the stream. Water at the stream bed flows slower than water in the middle of the stream due to friction and turbulence. Sometimes, you can apply a correction factor to your measurement to estimate what the average velocity is in the stream. Let’s work through a simple example without a correction factor.

https://www.bc-er.ca/files/operations-documentation/Water-Management/Streamflow-Monitoring-Guide.pdf
https://www.bc-er.ca/files/operations-documentation/Water-Management/Streamflow-Monitoring-Guide.pdf
https://www.bc-er.ca/files/operations-documentation/Water-Management/Streamflow-Monitoring-Guide.pdf

RIVER HYDROLOGY

USGS 01475001 Mantua Creek at East Holly Avenue at Pitman NJ
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Presenter Notes
Presentation Notes
Depending on where you are in the world, when you see high and low flows in your stream will vary due to climatic conditions. Here’s an example from Nevada. Here, high stream flows are driven by snowmelt in the spring. And streams start to dry up in the late summer.

In New Mexico, hydrology is dominated by monsoon rain storms which generally occur in the summer, leaving streams driest in the winter.

In New Jersey, it can rain all year long and there are many high flows representing rainfall runoff and then quick returns to baseflow conditions. If you squint, you can see a bit of a pattern in the baseflow conditions with lower flows generally in the summer when temperatures are highest and evapotranspiration from plants is the highest.


RIVER HYDROLOGY
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Hydrologists are also keen to know how rivers respond to extreme flow events. This can mean high flows or floods.

It can also mean extremely low flows during droughts.

https://www.weather.gov/safety/flood-states-vt
https://www.drought.gov/states/vermont

RIVER MORPHOLOGY AND
CHANGE i iationdisnns

flow swiftly down steep
slopes and cut a deep
V-shaped valley. Low elevation streams

Rapids and merge and flow down
waterfalls are gentler slopes. The
common.
valley broadens and
the river begins
to meander.

Sediment

- researchgate.net

At even lower elevation ariver
wanders and meanders slowly
across a broad, nearly flat valley.
At its mouth it may divide into
many separate channels as it flows
across a delta built up of
riverborne sediment and into the



Presenter Notes
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We also look at how rivers are shaped and how those shapes change over time. Rivers change shape when sediment is added, moved, or taken away. We often think of rivers as having three distinct zones: a headwater zone where sediment is being taken from the landscape and added to the stream, a transfer zone where sediment is sort of in balance and just moving through the system, and a deposition zone where water slows down and starts to drop all of the sediment it is moving.

In reality all three processes are happening in different mixes throughout the entire stream.

https://www.researchgate.net/figure/The-fluvial-system-three-zones-sediment-source-transport-and-deposition-Schumm-1977_fig2_314142446
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Presenter Notes
Presentation Notes
An important component for understanding how stream are moving sediment and how the respond to high flows is whether there is a floodplain and how big that floodplain is.

A geomorphic floodplain is defined as the incipient point of flooding. When does a stream start to spill out of its main channel and onto a relatively flat adjacent landform? We can be tricked sometimes by terraces where are also flat features next to streams, but they may be much higher than where the normal floodplain should be accessed. We see this when streams are eroding downward, which is called incision.

https://wildlandhydrology.com/i/photos/courses/ChannelDimensions.jpg
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Presenter Notes
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What a stream is doing with its sediment depends on a number of factors that are shown in this diagram, called Lane’s Balance. If one parameter is changed, one side of the balance or the other will tip up, moving the river toward either degradation (erosion) or aggradation (deposition). Often, the shift toward deposition or erosion will then lead to adjustments in one or more of the other parameters and the stream will come back into some form of equilibrium. However, geomorphic equilibrium may not always provide all the needed ecosystem services we would hope to see from a healthy, functional stream.

https://www.researchgate.net/figure/Lanes-Balance-NRCS-2007-TS3C_fig111_317413747
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Presenter Notes
Presentation Notes
Wetlands are portions of the landscape where surface or shallow sub-surface water is present for long enough to change the type of soils and vegetation found at the site, creating a unique habitat relative to the drier habitats surrounding it.

The Army Corps of Engineers produces a manual that allows wetlands to be concretely identified for land management needs. Identification and delineation is based on the presence of wetland obligate and facultative wetland plants, evidence of water at or near the surface, and evidence of hydric soil processes.


VERNAL POOLS

* Unique hydrology

* Temporary

wn
=
<
o v—{
=
<
3
<
s
o
wn
—
S
Y—
<
Q
=
o v
—
Q
°

- vtfishandwildlife.com


Presenter Notes
Presentation Notes
Vernal pools are somewhat unique wetland type. They fill up in response to snowmelt or early season rains, mostly before high rates of evapotranspiration kick in for the season. They eventually dry up, preventing truly aquatic species, like fish, from persisting.

They provide excellent locations for amphibians to mate, deposit eggs, and develop into juveniles from those eggs.

https://www.vtfishandwildlife.com/conserve/conservation-planning/natural-community-fact-sheets/vernal-pool
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As beaver populations recover in Vermont, we continue to see single thread streams altered into more of a lacustrine or wetland habitat when beaver move in. Beaver will dam up single thread streams and develop a pond.

Sometimes, these ponds are stable and persist for years, decades, or even centuries. Sometimes, the ponds fill up with sediments, the beaver move out because the pond is too shallow, the ponds drains slightly to become a meadow with a low gradient stream, woody species start to grow back into the meadow, and the beaver move back in to start the whole cycle over again.

https://digitalcommons.lib.uconn.edu/cgi/viewcontent.cgi?article=1000&context=geosci
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AQUATIC SPECIES BIOLOGY AND
IDENTIFICATION

 Fish

* Amphibians
* Bugs

e Plants
 Food Web

e Invasives




FISH LIFE CYCLE
(EXAMPLE)

It takas two 1o thres years for a trout to reach
adult size. The lemperatura of the water, the
hakbitat, and the amount and type of food affect
how fast the fish will grow.

e

FINGERLING

At this stage the fish without a sac is callad a fry.
The growing fry develops vertical nes along

tha length of its body called par marks. These
up-and-down bars help it hide in grasses. This
protacts it from predators. When the fish has parr
marks it is called a fingerling or parr.

ALEVIN

The trout is also called a sac fry ai this stage.

For the naxt few wesks the alevin does not need
to eat. i gats its nourishment from the yolk sac,
Creygzan comes in from the watar through #s skin.
As the sac gets smalier the alevin begins to move
about, The sac fry remains in or near he redd
urdil s yolk sac I8 absorbed. Then i swims to the
surface to feed on aquatic insects and planidon.

ADULT FEMALE BUILDING A NEST
The female digs a nest called a redd. Using her
tail, sha clears an arsa in the gravel for her aggs.

LIFE

CYCLE

of the
BROOK TROUT

(Salvelinus fontinalis)

EMBRYOQ
Hare we see the eye and the whole body of the
unhatched fish called the embrys. i is nourished
bry the yolk of the egg. it gets owygen from the
witer around it. In about eight woeks a litthe fish
wriggles out of the egg.

e - 1YC.gov

SPAWNING

Spawning generally occurs in autumn, The
achilt fermale lays her eggs while the adult malks
fartilizes them, The female wil lay betwean 500
to 1,000 eggs depending on her size, age, and
the environmant fincluding the pholopencd and
the water temperatura), The ferfiized eggs settle
into the spaces arcund the gravel,

EGG DEVELOPMENT
Fartifzed eggs grow and develop in the losa
graved, Flowing water moves over the eggs and
provides axygen. Water temperature must stay
batwean 35 and 55 degrees Fahrenhait for
brook trout eggs 1o survive. Trout are especially
sensitive to changes in wates lemperature and
water guality.

EYED EGG

In about two wesks the fertilized egg develops
eyes. Through the transparent walls of the egg
wa 558 the fish's eye.

-~
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Presenter Notes
Presentation Notes
Note that brook trout need clean gravel to successfully hatch from eggs. Sediment that is too coarse or too fine can reduce brook trout populations.

Also note that brook trout eggs need water between 35 and 55 degrees to survive. Brook trout is a coldwater species. Vermont does have both warm and coldwater fish species. Warm water species can survive in warmer waters with lower oxygen concentrations.

https://www.nyc.gov/assets/dep/downloads/pdf/environment/education/connecting-trout-life-cycle.pdf
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Presentation Notes
Being able to describe the presence and characteristics of external fish anatomy is important to being able to identify fish species.

https://www.dnr.sc.gov/fish/anatomy.html

Fertilized egg

albumen (jelly) Tadpole (early stages)

tadpoles attach themselves
to substrate

external gills external gills

AMPHIBIAN LIFE %/ [
CYCLE (EXAMPLE)

developing mouth

Tadpole (late stages)

mouth with
rasping teeth

. 2 mouth
skin grows over gills

front limb bulge hind legs form

front legs form

e - britannica.com
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Presentation Notes
Amphibians also start life as eggs in water, but where they are laid and their progression from that point is much different than fish. Amphibians often require much slower moving water than many fish species.

https://kids.britannica.com/students/article/frog-life-cycle/639282

MACROINVERTEBRATES

Life Cycle (Example)

- Jrtracey.artstation.com



Presenter Notes
Presentation Notes
Aquatic macroinvertebrates also generally start life as eggs in water. Macroinvertebrates are large enough to see with the naked eye, hence the “macro” prefix, and do not have any sort of spine, hence invertebrate.

They spend much of their life in the water as larva or nymphs. Eventually, they will climb out of the water and molt into their adult form, allowing them to mate and start the whole process over again.

This image shows the life cycle of a mayfly.

The second image shows the lifecycle of a caddisfly. During their nymph stage, caddisflies actually create a protective case themselves using the materials on the bed of the waterbody they are in. This could include fine sand, plant materials, or even shells from other animals.

https://jrtracey.artstation.com/projects/X5mVL

Double Shell

X

Single Shell

Key to Macroinvertebrate Life in Ponds and Rivers in Utah

Qg legs)

< With tentacles, brushes or

MACROINVERTEBRATES

Identification

Snails Clams, Mussels I I I
(Gastropoda) (Bivalvia) * x w 8
Fly larve Flat worm Segmented worm Leech
(Diptera) (Turbellaria) (Oligochaeta) (Hirudinea)
I |
10 + legs 4 pair of legs 3 pairs of legs
| ' |
No Wings Wings
I
| |
Crayfish Scud Sowbug Water mite Beetle-like, Leathery wings
(Decapoda)  (Amphipod) {Isopod) (Trombidiformes) hard wings
No tails 1or |2 tails 3 tails
Water Beetles Water Bugs
(Coleoptera) (Hemiptera)
r s
Stonefly Caddisfly Mayfly Alderfly Beetle
(Plecoptera) (Trichoptera) (Ephemeroptera) (Megaloptera) Larva ]
L UtahState
i University

Dragonfly
(Odonata)

Caddisfly
(Trichoptera)

Aquatic Moth
{Lepidoptera)

Beetle Larva
(Coleoptera)

% %X

(Megaloptera)

Mayfly
(Ephemeroptera)

http:/fwww.extension. usu.edu/waterquality

Damselfly Images courtesy of USU Water Quality Extension

WATER QUALITY EXTENSION

[(Odonata)

and University of Wisconsin- Extension Environ-

mental Resources Center,
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Presenter Notes
Presentation Notes
We often use a dichotomous key to help identify aquatic macroinvertebrates in the field or in a lab. A dichotomous key allows you to answer questions about the characteristics of the animal you are looking at to help narrow down on the type of animal it is, sometimes just to the order, sometime all the way down to the species.

Here we can walk through an example of how this works. Imagine you found a critter in a stream and wanted to know what it was. Using this key, you would first ask if it has a shell or not. Let’s assume it doesn’t. That means that these five options are off the table.

Next, we ask if it has legs or no legs. Let’s assume it doesn’t have legs. That eliminates all of these invertebrates from consideration.

Next, we ask if it has tentacles or brushes or if is more wormlike. Let’s assume it has tentacles or brushes. That knocks these four out and lets us know that we are probably looking at fly larvae.


Caddisfly Mayfly Damselfly Rar-ialied MACRO I NVERTEB RATES

Scud Clam/mussel Flatworm maggot

Sensitive

Tolerant
to pollution

of pollution Water Quahty

Stonefly Dragonfly Crayfish Cranefly Black Fly Leech Snail

e - usu.edu
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Presentation Notes
Being able to identify macroinvertebrates can help us understand the water quality in a given lake or stream. Some invertebrates are very sensitive to pollution. So, if your water quality is degraded, you stop seeing those species present, or at least see fewer of them. If you see a lot of the species that are sensitive to pollution, you know that the water quality is really good.

https://extension.usu.edu/waterquality/research/wq-aquatic-macroinvertebrates

8 Utricularia gibba
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AQUATIC PLANTS Humped Bladderwort
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i c:a;::ture and digest
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Presentation Notes
Fish, amphibians, and bugs aren’t the only things that live in our waterbodies. Aquatic plants are also important to understand. Aquatic plants have a number of adaptations to survive fully saturated and sometimes low-oxygen soil conditions, the physical disturbance that can be associated with aquatic environments like fast-moving water or waves, and the need to get enough sunlight near the top of the water.

Cattails are a common aquatic plant. They are rooted at the bottom of the lake and reach sunlight by growing upright with a lot of leaf area above the water. Their rigid form resists waves and changing water levels.

Pond lilies are rooted at the bottom of the lake and reach sunlight by growing buoyant leaves that float on top of the water. Flexible stalks allow the leaves to move with the water.

Humped bladderwort is really cool. It doesn’t even need to be rooted. It just floats and goes wherever the water takes it. Because it isn’t gathering nutrients from the lake sediments, it has a carnivorous adaptation allowing it to catch and dissolve bugs for nutrients.


https://vtinvasives.org/sites/default/files/documents/aquatics/Native%20Aquatic%20Plants%20Hi%20Res.pdf
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Presentation Notes
Aquatic plants and algae for the basis of the food web in all of our water bodies. We call them primary producers because they turn raw nutrients and sunlight into food and energy for other living things. That energy is transferred up the chain through consumption and predation in a wide variety of interactions. This is an important relationship to understand especially when it comes to the way certain pollutants move through our ecosystems.

https://www.usgs.gov/media/images/conceptual-diagram-demonstrating-connections-between-aquatic-and-terrestrial-food-webs

AQUATIC INVASIVE
SPECIES IN VERMONT

Plants
Vertebrates

Invertebrates

strife 3‘%; Phragmites Yellow Fla ‘ﬁ;—f Flowering Rush

- dec.vermont.gov
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Presentation Notes
Aquatic ecosystems generally include a variety of species are in a relatively balance within the niche where they have spent many thousands of years adapting to local conditions, competitors, and predators. However, humans are really good at moving species around the world faster than biology can adapt. We often find that some species of plants and animals we have moved around are highly competitive compared to native species because the exotic species doesn’t have the same pressure from pests or predators.

Where these exotic species are highly successful, we call them “invasive” because they will spread across a habitat or region and outcompete native species. Vermont has several aquatic invasive species to note including plants, fish, and invertebrates.

Beyond disrupting ecosystems and food webs, invasive species can affect recreational, drinking water, and industrial values and processes.

https://dec.vermont.gov/watershed/lakes-ponds/aquatic-invasives/gallery

AQUATIC INVASIVE
SPECIES IN VERMONT

Plants
Vertebrates

Invertebrates

- dec.vermont.gov



https://dec.vermont.gov/watershed/lakes-ponds/aquatic-invasives/gallery
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https://dec.vermont.gov/watershed/lakes-ponds/aquatic-invasives/gallery

WATER QUALITY BASICS AND
MONITORING

« Seurce-Fype (Scratch that. You're basically
doing this for your current issue.)

« Examples
* Monitoring

« Water Quality Classifications



Presenter Notes
Presentation Notes
We’ve touched on water quality a number of times related to the other topics we’ve covered so far. But, I want to dive into it a little deeper. We will actually skip the “source type” discussion, which breaks pollution into source and non-point sources, because you are covering that quite a bit in your current issue work this year.

https://www.craftsbury.com/blog/bighosmer-laymonitoring

Total:
8,234
sq miles

annual load land area

Wastewater

Developed treatment Agriculture . Wetlands
land facilities

* Estimated 2001-2010
' Does not include load from streambanks and wastewater treatment facilities

DATA SOURCES: Lake Champlain Long-Term Monitoring Program;
2016 Phosphorus TMDLs for Vermont Segments of Lake Champlain

metric tons per
square mile

load per land area'

. Forest

. Streambank

WATER QUALITY
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* Anthropogenic
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Presenter Notes
Presentation Notes
In Vermont, one of the pollutants that is most talked about is nutrients. Phosphorous and nitrogen are the two biggest concerns because of their ability to drive harmful algal blooms in downstream waterbodies. Both of these elements often originate from agricultural lands because they are present in both fertilizers and in animal waste. Here, you can see a forested buffer being used to help protect water quality adjacent to agricultural fields.

Agriculture isn’t the only source of nutrient loading. For example, there is a lot of lawn to maintain in this neighborhood. Fertilizer application as well as animal waste is also a concern from developed areas like this.

Developed areas also have more human waste to manage. Wastewater treatment plants are intended to ensure that sewage is treated to minimize potential harms to the environment before discharge. However, they aren’t always perfect. Especially where stormwater and sewer lines are combined, “combined sewer overflows” during periods of heave rain can lead to particularly concerning discharge into our streams.

These graphs show which land uses in Vermont contribute the most phosphorous to Lake Champlain, both overall and on a per square mile basis. Agriculture represents the greatest total load, but developed areas represent the greatest input per square mile.

https://www.google.com/maps
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Presenter Notes
Presentation Notes
We also have concerns about pathogens, like coliform and other bacteria. Some of these are naturally occurring and fluctuate throughout the year in natural waters. However, human and animal waste can represent anthropogenic sources for elevated pathogens.

https://www.google.com/maps

Vermont leaders continue to ban additional forever

WATER QUALITY chemicall
C D N C E R N S I N VT As the new legislative session begins, Vermont leaders are working to protect consumers

_land the environment.

« Anthropogenic Compounds

?}'E%E Updated: 5:09 PM EST Jan 6,2026  Editorial Standards (D)

Kristopher Radder, Brattleboro Reformer
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Presentation Notes
There are a wide variety of anthropogenic compounds that may be of concern for water quality as well. PFAS has been in the news a lot lately as we become more aware of their sources, their impacts, and how widespread they actually are in the environment thank to human activities.
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Presenter Notes
Presentation Notes
I’m sure this photo looks familiar. Salt for de-icing our roads is an incredibly common safety measure employed by cities and towns. Unfortunately, that salt doesn’t just disappear when the snow does. It travels with snowmelt and rainfall runoff into groundwater, into streams, and into lakes and ponds. That increased salinity can really impact plant and animal biology.


WATER QUALITY
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High water temperatures are different water quality concern. Classic examples are from power plants that discharge water that was warmed up by taking heat form other components that needed to be cooled down. In this photo, you see different source of warm water. This human-made pond is regularly identified as a source for warm water downstream. It is shallow and unshaded. It warmed up fast in the sun and discharges warm water that makes life difficult for aquatic organisms downstream.

https://www.google.com/maps

WATER QUALITY
CONCERNS IN VT
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Sediment is also a concern. Increased sediment can disrupt fish breeding and development, lead to unnatural changes stream shape, and cause ponds to fill in. Our dirt roads are a classic source of excess sediment in our streams, lakes, and ponds.

https://www.vermontpublic.org/podcast/brave-little-state/2022-03-24/mud-season-madness-a-dirt-road-expert-answers-your-questions

WATER QUALITY MONITORING

Chemical/ Physical Biological
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« Stage/ Discharge [

How often do we need to measure to tell a complete story?



Presenter Notes
Presentation Notes
When we think about monitoring water quality, we can basically break it down into two categories. The first is chemical and physical characteristics.

The second is biological characteristics.

Physical and chemical parameters are often changing throughout the course of a year, a season, and day, or even an hour. So, a single measurement can be hard to interpret. Biological indicators more fully integrate the overall conditions at a site, telling a fuller picture. However, the biological parameters can be lagging indicators, taking weeks, months, or years, to begin showing the overall conditions of a site.

So, the question about which to monitor, when, and how can depend on the question your are trying to answer.


WHERE CAN YOU -

VT ANR Atlas:

https://anrmaps.vermont.gov/websites/anra5/

FIND WATER .

Vermont Integrated Watershed Information System:
https://anrweb.vt.gov/DEC/TWIS/

QUALITY DATA?

VERMON Vermont Agency of Natural Resources

Layers x
Atlas Layers v
Filter Layers... @ Filter
- Watershed Management =1 e
+ Water Quality Monitoring

[ + Wetland Projects >

[ 5 Lakes and Ponds Permits >

O Vermaont Priority Waters

(Impaired River)

TWIS

Vermont Integrated Watershed Information Syste

VERMONT DEPARTMENT OF
ENVIRONMENTAL CONSERVATION

WATERSHED

MANAGEMENT DIVISION

Welcome to IWIS, The VTDEC-Watershed Management Division’s new online data portal for water quali
information. Here you can access water quality and chemistry testing information from throughout Vern|
Users may access data in one of two ways.

If you are new to IWIS, you may want to check out the User Guide.

H Site Search allows for a Text based search the Division Database of Moj
Slte SearCh Sites, This will search by Waterbody Name, Town, Location Description
variety of other IDs. From there you will have access to a variety of reports for the found sites.

A2, A map based tool that will display the Divisions Monitoring sites, inclu
k&.'?!"’ type of data (macroinvertebrates, fish, chemistry, habitat), and the mosg

™ recently color-coded assessment for that type of data. Sites will not be
until you zoom in. The Atlas is a powerful tool and can display a great deal of Agency geographical information. New|
the Atlas should refer to ANR's orientation video to understand the full functionality of the tool.

ANR Atlas

Other Vermont Watershed Management Division Sites
Lake Data and Maps Data and Maps for Lakes and Ponds

Stream GeomorEhic Assessment Data disalazed on the ANR Atlas

Stream Geomorphic Assessment
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If you would like to find information about water quality monitoring in your neck of the woods, head to the VT ANR Atlas and make sure you have the “Water Quality Monitoring” datasets turned on. Here you see an example of a site that has chemical, biological, and habitat data available. Clicking on that site will allow you to find the raw data over at the VT IWIS site.

Also note the priority water data layers. Each state sets water quality criteria for their water. Those criteria depend on the type of use the water gets. Do people just boat in the water? Do they swim in it? Do they eat fish from it? Do they drink the water? This all helps determine how good the water quality should be. If those water quality limits are exceeded, the water source get listed as impaired under the Clean Water Act and show up on a 303(d) list. The state is then required to develop a plan to get that water quality back in line. The priority water data layer show impaired rivers, lakes and ponds. You can learn about why they are impaired and what the plan is to restore water quality.

https://anrmaps.vermont.gov/websites/anra5/
https://anrmaps.vermont.gov/websites/anra5/
https://anrmaps.vermont.gov/websites/anra5/
https://anrweb.vt.gov/DEC/IWIS/

HOW DO WE PROTECT
AQUATIC HABITAT?

Prevention
Vs.

Restoration
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Whether you are thinking about water quality or aquatic habitat as a whole, it is important to realize that prevention is a way better tactic than restoration. It is usually cheaper and easier to prevent an impact than it is to clean it up afterward.


VERMONT

REQUIRED AGRICULTURAL PRACTICES RULE

PREVENTION

THE AGRICULTURAL NONPOINT SOURCE POLLUTION
CONTROL PROGRAM

System understanding and careful
planning are key.

(Effective November 23, 2018)

Luckily, smart people have done a

lot of the work for us. | VERM ONT

AGENCY OF AGRICULTURE, FOOD & MARKETS __
WATER QUALITY DIVISION
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When it comes to the major land uses in Vermont, there are number of useful guides available to help us prevent or minimize human impacts to water quality and aquatic ecosystems. This guide helps slow down and filter rainfall runoff from developed areas.

This guide helps prevent erosion and spills during logging activity.

This guide helps minimize erosion and nutrient runoff from agricultural lands.


Putting best available science to
work improving habitat, watershed
function, and water quality.

RESTORATION

Guidelines for the Design of Stream/Road Crossings for
Passage of Aquatic Organisms in Vermont

AGRICULTURE

DEVELOPED LANDS

NATURAL RESOURCES

Developed Lands--Stormwater

=Practices that reduce or treat polluted stormwater runoff from developed lands,
such as parking lots, sidewalks, and rooftops.

Natural Resource Restoration

=Restoration of “natural infrastructure” functions that prevent and abate pollution.

Natural infrastructure includes: floodplains, river channels, lakeshores, wetlands,
and forest lands.

Watershed Planners
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Sometimes, though, restoration is necessary. For example, we spent many years in this country building stream crossings that were as cheap as we could make them and based on hydraulic calculations that showed a culvert would pass a certain amount of water in a design storm. Unfortunately, those culverts were terrible at moving sediment and woody material, so they often plug up and lead to washouts. They are also terrible at providing conditions that allow aquatic organisms to move downstream *and* upstream throughout the year.

We have since learned that we need to design stream crossings to allow for aquatic organism passage by mimicking natural stream channels under the road. An added benefit is that this approach also allows sediment and woody material to flow more freely under roads, making them more resistant and resilient to flooding events.


Guidelines for the Design of Stream/Road Crossings for
Passage of Aquatic Organisms in Vermont

Watershed Planners

Putting best available science to
work improving habitat, watershed
function, and water quality.

Ben Copans - St. Johnsbury
Ben.Copansavermont.gov
802-490-5143 A

Reauest e-sienature

AGRICULTURE

Developed Lands--Stormwater

=Practices that reduce or treat polluted stormwater runoff from developed lands,
such as parking lots, sidewalks, and rooftops.

DEVELOPED LANDS

RESTORATION

Natural Resource Restoration

«Restoration of “natural infrastructure” functions that prevent and abate pollution.
Natural infrastructure includes: floodplains, river channels, lakeshores, wetlands,

NATURAL RESOURCES JRCUCRCICENELTES
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At a broader scale, the state has Watershed Planners that work in specific watersheds to identify watershed function and water quality projects.


Putting best available science to
work improving habitat, watershed
function, and water quality.

RESTORATION

Guidelines for the Design of Stream/Road Crossings for
Passage of Aquatic Organisms in Vermont
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AGRICULTURE

Developed Lands--Stormwater
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Natural Resource Restoration

=Restoration of “natural infrastructure” functions that prevent and abate pollution.
Natural infrastructure includes: floodplains, river channels, lakeshores, wetlands,
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Watershed Planners
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The issues of concern and the suggested approaches to addressing those concerns is documented in a Tactical Basin Plan. This one was developed by Marie Caduto and published in late 2024.


Putting best available science to
work improving habitat, watershed
function, and water quality.

RESTORATION
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Natural Resource Restoration

=Restoration of “natural infrastructure” functions that prevent and abate pollution.
Natural infrastructure includes: floodplains, river channels, lakeshores, wetlands,
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You can see that these plans include both preventative projects a well as restorative projects. All of which are important to helping conserve and improve water quality in a landscape that includes a wide range of uses and impacts.


THANK YOU

John McCann

Watershed Program Manager

US Forest Service, Green Mountain
& Finger Lakes National Forests
john.mccann@usda.gov
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I know that was a lot in a short period of time. If anything was unclear or if you have questions about issues I didn’t cover, please feel free to send me an email.

mailto:john.mccann@usda.gov
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