
Headwater Drainage Feature Headwater Drainage Feature 
Assessment GuidelinesAssessment Guidelines

• Preserving Ontario’s Headwaters: 
• Community Workshop
• Terra Cotta  March 4, 2010



Law of Stream OrdersLaw of Stream Orders
• “geometric relationship” = cumulative benefits & impacts

Up to 75%

L. Ont.



River Continuum ConceptRiver Continuum Concept

• Streams are gradients or continua of energy 
(allocthonous/autocthonous) 

• Processes produce a continuous and 
predictable change in the assemblages of 
organisms (bugs) along the stream system

• Downstream processes are linked / product  of 
all upstream contributions 

• HDF cumulative and different in form & function
• Extend / focus concept to HDF features / 

functions including all disciplines





Runoff

Ephemeral

Intermittent

Permanent

Watershed Recharge
& Storage •Form: function of discharge and 

slope
•Undefined low gradient swales to 
well defined 
rills/gullies and channels

•Flow recurrence intervals &  
hydroperiods best 
determine classification

Flow RegimeFlow Regime



Runoff

Ephemeral

Intermittent

Permanent

Watershed

Flow FunctionsFlow Functions

Event Based:  

Delayed Storage

Seasonally High Ground Water (Shallow)

Ground Water (Deep)

Recharge and Storage

•Frozen / Melt & Storm only

•Flow “conveyance dominated”

•Vernal / Palustrine Wetland
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Sediment/GeomorphologySediment/Geomorphology

Low-High ?                                   CPOM/FPOM 

Gradient    Ill Define    Erosional  Fine-Coarse? 

Low Well Depositional       Fine

Gradient     Defined
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HDF VegetationHDF Vegetation

• Unvegetated/plouged = Human Modifier not criteria
• Consider potential or historical system (or up & d/s)

• Riparian Wood & Leaf inputs 
• Riparian Water Quality Functions (veg filter & uptake)
• Thermal Shading Functions vs summer hydroperiod?
• Habitat Functions (amphibians / wildlife food, cover & 

corridors and fish)



Wetland Veg.
•Longer WQ contact & uptake
•More diverse/productive  

habitats

Runoff

Ephemeral

Intermittent

Permanent

Recharge / Storage

VegetationVegetation

Terrestrial Veg. in HDF  

Instream Veg.

Aquatic Veg.

Upland Veg outside HDF + Evapotranspiration

•Forested:  leaf & bacteria

•Herb/grass: filter / uptake

•Seasonal colonization?

•Emergent wetland  vegetation 
where slope/sediment permit

•Submergent & Floating vegetation 
where slope/sediment permit
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XX-- Valley VegetationValley Vegetation
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More Upland to 
Less Influence? 

More Valley 
Influence ?



Runoff

Ephemeral

Intermittent
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Recharge / Storage

Organic Inputs and BenthosOrganic Inputs and Benthos

Runoff

Ephemeral

Intermittent

Permanent

CPOM

FPOM

DOM

•Allocthonous

•Organics

•Leaf litter

•Periphyton

•Algae

•Planktonic 
Algae

Runoff

Ephemeral

Intermittent

Permanent

•terrestrial inputs
•Mosquito larvae
•flying aquatic beetles
•Snails, flatworms, lice
•Vernal caddis/mayfly=fish

•Shredder dominated

•Scrapper/Grazer
dominated

•Collector dominated
•Filter feeders, net caddis
•Predators



Runoff

Ephemeral

Intermittent

Permanent

Longitudinal Zonation FishLongitudinal Zonation Fish

Headwater Warm spp.

Small

Large:  Warm 

Medium: Warm/Cool/Cold

Cool

Cold (Perm)

•stickleback, fathead
•blacknose, chub

•Redbellied dace
•Mud minnow

•Longnose dace, white sucker
•Brook Trout/Sculpin

•Diversity cyprinids
•darters

•Pike/Bass
•Migratory salmonids

Higher Env. 
Fluctuations

Less 
Production

Less Diversity

Lower Env. 
Fluctuations

+
More 

Production
More Diversity



Runoff

Ephemeral

Intermittent

Permanent

Recharge / Storage

Refuge HabitatsRefuge Habitats

Consider scour pools, barriers and ponds

Low density

Temporary Refuge Pools

High density

Permanent Refuge Pools

Over wintering Pools



Runoff

Ephemeral

Intermittent
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Fish Habitat & Mngt. TargetsFish Habitat & Mngt. Targets

Simple Contributing:  

Complex Contributing

Seasonal Fish

Permanent

Indirect?  

•Indirect Habitat

Density / Length Targets?

Crayfish/tadpoles/HDF bugs
Potential Fish?

•Explorer
•Lower refuge

Low Risk HADD to hydroperiod?

•Feeding
•Reproduction

•Groundwater dominated
•Warm/Cool/Cold or reverse?

HADDs & FMPs

•PIC Fish Targets



Score
Functions

1
Simple

2 3
Complex

4 5
Seasonal

Flow
Hydroperiod

Dry by mid May Wet to minimal 
flow

Flowing late 
April/May

Channel &
Floodplain
Geomorph

Undefined low 
gradient channel 
or floodway

Partially defined 
channel or 
floodway

Definable channel 
or floodway

Substrate Poorly defined, 
sorted or fine

Partially or only 
pools or riffles 
defined 

Well defined, 
sorted or coarse

Instream & 
Floodway
Riparian Veg

Unveg if 
forested or 
terrestrial spp.

Some obligative 
or facultative 
dominated

Dominated by 
obligative 
wetland spp

Algae Aquatic spp in 
channel or 
wetland riparian 
veg

Food Organic and 
terrestrial 
invertebrates

Mosquito larvae Flying aquatic 
beetles

Snails Leeches
Cased caddis

Fish none Single 
“explorers”
some wet years 
or refuge close 
to confluence

Feeding 
migrations some 
years

Feeding & 
Breeding most 
years

Refuge
Pools

Few and 
temporary pools 
dry by May

Refuge pools 
temporary to 
permanent 
supporting 
invertebrates

Regular 
occurrence of 
permanent refuge 
pools or lasting 
into summer



Protection of Headwater Protection of Headwater 
Drainage FeaturesDrainage Features

• Historically buried and sewered in urban areas
• Agricultural ditching less impact with more 

restoration potential.
• Seasonal fish habitats more recently being 

identified and protected
• Wetland and Source Water Protection linkages 

being recognized
• Legislation and policies need to evolve with 

emerging science.
• Mapping challenges?



Legislative ToolsLegislative Tools

Federal Fisheries Act
• Includes migratory and indirect habitat but overused?

PPS/MOE Policies
• Water Quantity and Quality, protection of aquatic life

Conservation Authorities / Watershed Plans / CRFMP
• Fish as indicators of upstream processes
• Regulations now define depressional features and wetlands
• CVC/TRCA Headwater Guidelines

Municipal Official Plans?
Riparian and Property Rights
• Education, valuation and flexibility focused on functional protection



Headwater RestorationHeadwater Restoration

• Maintain / restore features and functions
• Integrate with recharge, storage and delivery 

features
• SWM wetlands, LID bioswales, “Daylighting”, 

raingardens …
• Win-wins, grants, compensation…
• Wetland Restoration Science and Natural 

Channel Design principals


