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Unit 4- Aquatic Systems – Part 1 – Importance of Water
Outcome(s): ES20-AE1 –Analyze the relationship between biotic and abiotic factors that provide criteria to determine the condition of aquatic systems

These notes are supplemented by the Chapter 14 and 6.3 note handout for Pearson Environmental Science 20
__________________________________________________________________________
AE1. Indicator(s): 
 
- examine the properties and importance of water (K).

Importance and Properties of Water
 
Water is an incredibly valuable resource. It was a home for earth’s first organisms millions of years ago and still serves that purpose today. Cleaning, plumbing, and hygiene are made possible with access to water supplies, not to mention water-based recreational activities like boating, fishing, and swimming. Our bodies need it to properly function and keep our cells healthy while flushing waste from it. Plants and organisms, ourselves included, use it to help transport nutrients. Water comes from different locations on earth, and comes mixed with different minerals, chemicals and nutrients. It is the most important resource we have, and the economy is based around it. It can exist as a solid, liquid or a gas and falls to our earth in the form of precipitation like rain and snow, and you can feel the warm moisture in the air (gaseous water) on summer days.
 
A brief refresher on water: a molecule of water has the chemical formula H2O, with two atoms of hydrogen bound to one atom of oxygen. Due to the electronegativity of the oxygen atom, pulling hydrogen’s electron far away from its proton, water is a polar molecule. Being polar, it also is able to “stick” to itself (cohesive) and also stick to other materials (adhesive), making capillary action of water transport through plants and photosynthesis possible. This allows many different minerals and ions to dissolve into it (it is commonly called a universal solvent). The minerals and nutrients that dissolve into water shape the characteristics and inhabitants of aquatic ecosystems. With certain nutrients present, certain organisms flourish and release their own minerals and nutrients into the ecosystem. Depending on the contents of a particular body of water, whether those contents are living (biotic) or non-living (abiotic), the organisms within are constantly affected.

__________________________________________________________________________
AE1. Indicator(s):
- Explain how the condition of an aquatic ecosystem can be measured using chemical factors, physical factors, and biological indicators including indicator species, keystone species and invasive species. (K, STSE)
 - Assess the interdependencies between abiotic (e.g., pH, dissolved oxygen, turbidity, temperature, total dissolved solids, phosphorous, nitrogen, stream flow, and biochemical oxygen demand) and biotic factors in a functioning aquatic ecosystem. (K)

Factors that affect Aquatic Ecosystems
 
Different organisms require different conditions in their environments. These conditions are affected by several different factors: physical, chemical, biological indicators. Physical factors are abiotic (non-living) and influence the environment directly and can alter chemical and biological factors. Physical factors include temperature and the amount of light. Chemical factors are also abiotic and comprise the compounds and nutrients that are required for life. Chemical factors include:
 pH – is a measure of acidity or alkalinity on a scale of 0 -  14, with 0 being acidic and 14 being alkaline (basic).  Most organisms prefer to exist around a neutral level of 7 (being pure water).
 Dissolved oxygen (DO) – dissolved oxygen refers to the amount of “breathable” oxygen found in aquatic ecosystems, with ideal levels falling around 6ppm (parts per million) or 6 mg/L +/- 1.
 Total dissolved solids – is the combined amount of all inorganic and organic substances found in a body of water – this includes: salinity (salts – specifically sodium), calcium, phosphates, nitrates, potassium, and chloride.
 Phosphorus – phosphates – found in fertilizers and released off of rocks through weathering, phosphates help plants grow and is a key building block in molecules like DNA, RNA, and ATP. Typically are not found in levels high enough to be toxic to organisms.
 Nitrogen – nitrates, nitrites, ammonia – Nitrogen is required for organisms to make amino acids. Nitrates (NO3-) are found in fertilizers and promote plant growth and algal blooms and when in concentrations greater than 30ppm begin to cause stress and damage to aquatic species. Nitrites (NO2) can be damaging to humans in drinking water supplies, animals as well, with levels not allowed in excess of 1 ppm. Ammonia (NH3) can be toxic in concentrations from .5 to 22.8 ppm and typically becomes more toxic as temperature and pH decrease.
 Stream flow (physical factor) – refers to the volume of water that moves over a certain area over a certain time. Higher levels of stream flow typically carry more sediment and nutrients downstream and since they are more aerated have higher levels of dissolved oxygen.
 Biochemical oxygen demand (biological factor) – refers to how much oxygen is needed by organisms (typically decomposers) to break down organic matter at certain temperatures over a specific time. This takes away from what’s available to other organisms. 
( Turbidity – involves the amount of sediment/solids in the water that can impair the ability of light to pass through the water. Tested with objects called Secchi Disks (which measure the depth in water that you can still see the disk), higher turbidity levels mean less light will travel through to deeper depths.
( Light – the more light that is available to the water supply, the greater the amount of photosynthesis can occur, which can lead to plant and algal life.
  
All of these factors connect to one another in aquatic ecosystems, and the growth of different types of organisms leads to the system attempting to reach homeostasis (balance). Characteristics like dissolved oxygen are affected by the temperature of water, with less DO in warmer water, and with less oxygen, it can impair fish growth. With higher levels of nitrates and phosphates (made possible by fertilizer runoff), we see overgrowths of algae, which, after dying, decompose, lowering the overall amount of dissolved oxygen as bacteria consume oxygen to break down the algae. This presents the idea of the balance between abiotic factors and biotic (living) factors regarding aquatic ecosystems.

Biological Indicators and Factors
  
When observing aquatic ecosystems we can use the organisms present in the ecosystem to provide us with inferences about the quality of water. The organisms that help us do this are called: indicator species. Leeches, for example, are able to live in more polluted waters and with organisms that cannot live in these waters not around to compete for food, leeches will be more abundant.
 
The presence of certain species help make ecosystems possible. Beavers are an example of keystone species which are integral to the survival of an ecosystem. If they are removed, the ecosystem falls apart.
 
Some organisms attach themselves to our recreational watercraft and make their way into bodies of water they are not normally found in. When these organisms are introduced to these new environments, they are called invasive species, and they typically disrupt the food chain, competing with native organisms for food (causing the native populations to decline). This includes organisms like zebra mussels.
 
The presence of organisms tell us a lot about the water’s contents, and that is why hydrologists not only test the physical/chemical contents of water, but also must observe the organisms found in and surrounding it, from birds and fish, to plants and bacteria. Some bacteria is found more abundantly in ecosystems that have high levels of waste (poop).

  
Aquatic environments are constantly changing and adapting, but measuring and maintaining what’s natural is critical to protecting biodiversity, which also boosts long term ecosystem health. Despite being land-based organisms, humans have an enormous effect on aquatic ecosystems and it’s important to note the influence terrestrial and aquatic systems have on one another.


In Labs and Field work we will complete the indicators below:
- Measure abiotic factors (e.g., turbidity, temperature, dissolved oxygen, and particulates) of an ecosystem using a variety of methods (e.g., probe ware, pH paper, Secchi disks, an Imhoff settling cone, and chemical water quality test kits). (S, STSE)
- Examine the diversity of life existing in an aquatic ecosystem through water sampling, classifying aquatic biota, assessing biodiversity, calculating a water quality index and/or algal productivity. (K, S)
- Investigate bacterial content in surface water and compare the presence of coliform bacteria to surface water quality standards following appropriate safety procedures. (A, S, STSE)

__________________________________________________________________________
AE1. Indicator(s):

See Presentation – this will be discussion-based.
- Analyze the societal and environmental impacts of point source and nonpoint source pollution on human and aquatic systems. (STSE, K, A) 
-  Analyze the rationale for developing and enforcing water quality standards such as the Saskatchewan Surface Water Quality Objectives and the Canadian Water Quality Index and legislation such as the Canada Water Act and the International River Improvements Act. (STSE, K) 
- Analyze emerging health challenges such as the spread of disease, mercury in fish, blue-green algae, and E. coli in drinking water that result from changes to the condition of aquatic systems. (STSE, K)
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Unit 4- Aquatic Systems – Part 2 – Watersheds
Outcome(s): ES20-AE1 – Recognize the mechanisms and importance of watersheds in aquatic systems.

These notes are supplemented by the Chapter 14 and 6.3 note handout for Pearson Environmental Science 20
__________________________________________________________________________
AE2. Indicator(s): 
 
1a.- Provide local and regional examples of aquatic systems including standing water bodies (e.g., lakes, saline lakes, and wetlands), flowing water bodies (streams and rivers) and groundwater.
 
2a.- Recognize watersheds as areas of land that drain into specific bodies of surface water or ground water, and that link all living things within that watershed. (K) 
 
-  Identify inflows (e.g., runoff, groundwater) in local watersheds and outflows to larger continental watersheds and their effect on water quality.(S)

Aquatic Systems in Saskatchewan
 
Standing water bodies are typically larger accumulations of water on the surface of the earth, however there can still be a current and the water may still flow. Standing water bodies typically include lakes (fresh and saline), oceans, and seas, but can also include ponds and wetlands. Flowing water bodies are not still or contained and typically flow downstream (or down in elevation). This includes streams, rivers, estuaries and creeks. What are some examples of some standing and flowing water bodies?
Standing Water Bodies 




Flowing Water Bodies
Lake 

- Buffalo Pound Lake


Stream/Creek  
- 
Saline Lake 
- Chaplin Lake



River 

- moose jaw river
Wetland 
- Any slough or marsh




 
A saline lake is a lake that does not have an outflow so it is typically saltier since the water in it simply evaporates, leaving behind the minerals dissolved within.
  
Streams/creeks are faster flowing bodies of water but are typically thinner and shallower than rivers. Rivers are usually deeper and are a collection of surrounding streams and creeks and normally maintain a greater level of water flow year-round. Both serve as important highways for fish migration at different points of the year.
 
Groundwater is the “underground river” found within the soil and rocky surface we live on, which effectively connects all water supplies and which many humans draw from for water needs (irrigation or sustenance). [image: image3.png]


Groundwater recharge involves the natural process of water moving downward from the surface into the soil. While plants will use some of this water, some of the water will seep lower into the earth’s surface, but they serve to replenish water supplies through the soil typically in the form of precipitation. In the soil exists unsaturated and saturated zones of water, with the saturated zones holding as much water as can fit between the cracks in the rock and soil (this water is located lower in the [image: image4.png]


ground). The top of the level of water in the saturated zone is called the water table (if the water was a table, the counter top is where the table stops), and it fluctuates given the amount of water in the ground. The general term for areas consistent of permeable rock that hold water in these zones, is aquifers. Some layers of rock are tightly packed and are considered impermeable layers or “confinining beds” and these beds separate unconfined and confined aquifers from one another, leading to some “pockets” of water existing well beneath the earth’s surface. Groundwater contribute to water in streams and creeks, and some of it also is lost to the sea, but the movement of this water takes a long amount of time; days, months, or even thousands of years.
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Watersheds
 
A watershed is an area of land that drains into specific bodies of surface water and groundwater. They can also be called drainage basins. What does this mean? All of the land around Moose Jaw belongs to a watershed including our rainwater and what people water their lawns with. Think of the land as a very large funnel that the water all progressively trickles down into, whether it is through surface water bodies such as streams and creeks, or through groundwater through rocks and soil. Surface water has inflows (the source of where an area gets its water typically from [image: image6.jpg]Land Surtace
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smaller surrounding creeks and streams) and outflows (where the water flows to next or “empties” into). These inflows and outflows can be more easily identified by elevation. Water will travel from an area of high elevation to low elevation, so your inflows will normally begin higher, and your outflows will be lower. Watersheds are therefore separated by higher elevations of land and can be relative; meaning it depends on what scale you wish to look at for the size of a watershed. On a continental level, [image: image7.png]RECHARGE AREA
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North America is separated by the Continental Divides and we are surrounded by the Great, Laurentian, and Artic divides. Regionally, we belong to the Qu’Appelle River Watershed, only to meet up with the Assiniboine to make up a large portion of the Red River drainage basin, flowing towards Winnipeg to eventually drain into Hudson Bay. Locally, we belong to the Moose Jaw River Watershed.
 
This is important to see how connected all of our water supplies are, so what we pollute or add to one water body, can very likely spread via runoff (water picks up things as it travels through it) to the rest of our water supplies (through surface or groundwater). This should serve as a reminder of the consequences of our actions and responsibility towards environmental stewardship. 

__________________________________________________________________________
AE2. Indicator(s): 
- Describe the benefits of the ecological goods and services provided by wetlands. (K) 
- Assess the importance of riparian areas in protecting aquatic ecosystem health. (K)
-  Compare net primary productivity of wetlands and aquatic ecosystems to other natural ecosystems. (K)

Wetlands – why are they important? 
 
Wetlands are an area saturated with water consisting of aquatic plants adapted to a very moist soil. They serve a number of roles in the protection of ecosystems such as: water purification, flood control, carbon sinks and shoreline stability. Think of the wetland as a sponge, when a storm hits and water levels increase, the wetlands' soil can absorb some of this excess moisture and prevent/slow the spread of water to other undesirable locations. It's important to note that plants, with their roots, help keep soil grounded in one place, making it more difficult to be washed away (or eroded) if the flow of water increases. When located close to shorelines of lakes, they buffer and slow down the energy of waves resulting in a smaller impact on the surrounding soil. Since wetlands are standing water bodies with minimal water flow, they also serve as a water purifier and carbon sink for nearby community surface water and groundwater supplies. Pollutants that enter wetlands, carried by the flow of water, slow down and settle at the bottom of these water bodies (this includes carbon dioxide, decreasing the amount of CO2 found in the air). With the diversity of life found in wetlands ecosystems, some organisms exist to break down and use excess nutrients and pollutants. The ecological goods and services wetlands provide [image: image8.png]


include: its ability to house many different forms of wildlife, ranging from insects and migratory birds to plants and bacteria; recharging of groundwater supplies by acting as small reservoirs; as well as locating and protecting them close to human communities can save money spent on flood damage or spending money to build a means to prevent flooding.

Net Primary Productivity
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Net primary productivity is the net amount of carbon (in the form of carbon dioxide) found in the atmosphere that is converted into green plant matter over a given period of time. It is calculated by calculating how much total carbon is needed by a plant subtracted by the amount the plant uses itself for respiration (what it burns for energy). Wetlands (swamps and marshes) provide the greatest amount of carbon dioxide uptake and plant matter growth which mitigates the amount of the greenhouse gas in the air, lowering the effects of global warming. Higher net primary productivity means healthier plant life [image: image10.png]Type of ECcosystem
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in an area and this in turn is important to human health as well.

What are Riparian Areas and why are they important? 
 
In between the main land and rivers (or other bodies of surface water), we find riparian areas. They typically have hydrophilic vegetation present there (water loving plants), Lots of different plants like water, and different consumers like different plants, therefore these areas have high biodiversity (amount of different life). 
 
Riparian areas importance typically relates to soil conservation and their habitat biodiversity (and the two are interconnected). Different vegetation (plant life) has different root structures and roots help anchor the plant in the ground and are used by the plant for water uptake. The roots allow for more holes and sponginess for the soil, allowing it to absorb more excess water in the event of flooding, as well as hold what water and soil is there to prevent weathering and erosion.

__________________________________________________________________________
AE2. Indicator(s):
- Differentiate among the roles of streams, rivers, lakes, wetlands, groundwater, groundwater recharge areas, aquifers in a watershed. (K)
Roles of Water Bodies – Activity
	
Watershed Component
	What is it?
	Example
	Role/Purpose

	Streams
	A smaller version of a river.
	___________________
	Fish migration! Groundwater recharge!

	Rivers
	A body of water, thinner than a lake, faster current in a river.
	Moose Jaw River
	Fish! Fish swim upstream and downstream at different times of year!

	Lakes
	“a body of water that is not as big as the ocean, but is bigger than a pool… like an Olympic pool”. – MoMo, 2016. It is surrounded by land!
	Lake Diefenbaker
	Water supply (large)! Recreation (boat).

	Wetlands
	An area of land characterized by an increased amount of moisture and organisms adapted to live within that soil/environment.
	Bog, marsh, swamp, fen
	Helps purify water, absorbs excess water.

	Groundwater
	Water that is found beneath the surface of the land.
	N/A
	Plants uses groundwater to grow (some humans do too with Wells).

	Groundwater Recharge Areas
	Location in which moisture/water can accumulate and readily absorb into the ground. Recharges the water supply in the ground.
	Streams, Wetlands
	Replenish soil and keep it moist!

	Aquifers
	Pockets of water underground – confined and unconfined.
	THEY EVERYWHERE!
	They serve as sources of water and are influenced by surface water quality.




__________________________________________________________________________
AE2. Indicator(s): 
- Recognize different characteristics of lakes from naturally oligotrophic to eutrophic as well as possible causes and consequences of cultural eutrophication (e.g., clearing of land, excessive fertilizer runoff, and treatment plants). (K)

Oligotrophic lakes
Are lakes that are low in nutrients. This leads to a lack of algal production and therefore low turbidity. This makes the water quite clear. Ex. Mountain Lakes! Lower stream orders!

Eutrophic lakes
Nutrient-dense bodies of water. Typically have a lot of algal growth. Increased turbidity. Typically are older bodies of water or higher stream orders.

Eutrophication – Causes and Consequences
Fertilizer runoffs – rain and groundwater can transport excess nutrients to larger water bodies.
Consequence of this is… higher turbidity – hypoxia, low oxygen ( fish die. Algae die! When they die they get broken down by bacteria that use oxygen! (Higher turbidity can block light for other plants that may be more permanent than algae).

__________________________________________________________________________
AE2. Indicator(s):
- Examine how individuals, organizations and government agencies (e.g., Watershed associations, Water Security Agency) work to ensure clean and abundant water through producing water regulations and allocation policies. (K, STSE) 
- Describe the operation and effectiveness of technologies and processes developed to protect drinking water sources locally and globally. (K, STSE)

Water Policy and Regulation
Protecting Drinking Water Locally and Globally - E Coli Contamination in the past.

Technologies for Clean Drinking Water
Bill Gates – Poop Water Youtube
Water treatment in the wilderness – what do we do?


Stream Orders and Observing Aquatic Systems
 
Water flows on land, but understanding where it begins and ends helps us predict/prevent potential problems. If flooding occurs upstream, it will probably occur downstream, especially if it is a higher order stream with more tributaries (streams that may contribute to a larger stream). Originating creeks and streams are first order streams (two of them meeting makes a second order stream). Where they meet is called a confluence. A portion of a river is called a reach. Higher number = higher order (more water) – low level streams can also flow into these (1 can flow into a 4). How fast does the water flow? This involves land elevation – typically, the steeper the elevation = faster flow = greater erosion of rocks = carries sediments farther. Rivers flow fastest in spring, when ice melts (or when there is heavy rain showers) and the volume of water increases and needs to move. Rivers settle in late summer as water is removed from bodies due to evaporation, reduced precipitation and transpiration from plants (think of plants sweating). In some cases, where a river slows down before a body of water, the sediment in the water may begin to settle and form a delta (which looks like a bunch of tiny islands). This can occur before lakes or even the ocean and provide a different habitat for different species! Knowing about these terms and stream orders help us gain an appreciation for where certain bodies of water get their water source from, and the flow of the water also tells us about the possible contamination that can occur downstream, or the migration of fish and other organisms. Use the picture below for help.
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