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Section III.
Watershed Description
[insert photo]




A. Watershed Boundaries
The Portage Creek watershed covers 89 square miles of the 908 square mile Huron River watershed, or roughly 10% of the Huron watershed. Parts of six townships, a village and four counties drain to Portage Creek – from upstream to downstream, in Ingham County, Village of Stockbridge and Stockbridge Township; in Jackson County, Waterloo Township; in Livingston County, Unadilla Township, and Putnam Township; and in Washtenaw County, Lyndon Township and Dexter Township. 
The mainstem of the creek flows 23 river miles from near the Village of Stockbridge, Ingham County, to its outlet in Portage Lake, Livingston County. The main tributaries of Lowe Lake Drain, Unadilla-Stockbridge Drain, and Livermore Creek add another 13.5 river miles to the creek system; smaller tributaries add to the total length. Nearly 16,000 acres of lakes and wetlands are located in the watershed. 
More than 11,300 acres are publicly-owned State land as part of Pinckney State Recreation Area, Waterloo State Recreation Area, Unadilla State Wildlife Area, or Gregory State Game Area. The protected natural areas contain some of the most diverse and rich native ecosystems remaining in the Portage Creek watershed, and southeastern Michigan. Moreover, another 2,000 acres of conservation and recreation lands are owned by various university, private, government and non-profit entities.
[maps]



B. Climate
Seasonal variation is the most important feature of Michigan’s climate. Historically, the Huron River watershed has received an average of 30-32 inches of precipitation annually as Southeast Michigan tends to be drier than other portions of Michigan.  Seasonal precipitation patterns have been fairly stable due to warmer winter temperatures that hold more moisture in the air, thereby moderating temperature fluctuation.  Since southern Michigan climes produce regular thaws and refreezes throughout most of the winter, Huron River flows do not vary as much as northern Michigan rivers.
Evaporation in the watershed is higher than most of the state, due to higher temperatures and slightly drier air found in Southeast Michigan. As a result, the watershed has one of the lowest amounts of total annual runoff in Michigan. For a 30-year period, the average high temperatures ranged from 32oF in January to 84oF in July in the watershed, while the average low temperatures ranged from 15oF in January to 59oF in July.
Natural resource management, and water resource management in particular, has been based on historic information. Looking forward, the information that has served us reasonably well in making water resource decision will no longer be appropriate due to climate change. While some details are debatable as to exactly how climate change will impact Michigan, some common trends are emerging or expected from the research underway. Even slight changes in seasonal temperatures will disrupt global and local water cycles, compromising the ecosystem we all depend on for drinking water, recreation and tourism.
Scientists are convinced that human activity - burning fossil fuels to produce electricity and drive our cars, along with the way we process materials and manage land – is changing the Earth’s climate at an unprecedented rate. These activities emit gases, principally carbon dioxide, which blanket the planet and trap heat. 
Without policies in place to reduce greenhouse gas emissions, Michigan will be warmer by the end of this century. Air temperatures are projected to rise 6-10° Fin winter and 7-13° F in summer; extreme heat will be more common[endnoteRef:1]. As a result, summers in Michigan will feel progressively more like summers currently experienced in southern and western states. Additionally, the warmer air will increase evaporation and water temperatures will rise. For our lake systems, this dynamic increases the risk of anaerobic “dead zones” that kill fish and other aquatic organisms. Fish populations are expected to change as cold-water species give way to warmwater species, and non-native species expand their territory while native species, which are adapted to a narrower range of conditions, decline. As a result, Michigan will be far less diverse ecologically. [1:  “Confronting Climate Change in the Great Lakes Region – Impacts on Michigan Communities and Ecosystems” by George Kling, Mark Wilson and Donald Zak (University of Michigan).Available for review on the website: www.ucsusa.org/greatlakes/glregionmic.html] 

Precipitation in Michigan is projected to increase in winter and spring, and to become more intense throughout the year. While annual average precipitation may not change much, seasonal precipitation in Michigan likely will increase in winter and decrease in summer.[endnoteRef:2] As a result, Michigan summers may grow drier with droughts becoming more common. In conjunction with drier summers, the rain that does fall will be concentrated into heavy downpours, which erode topsoil and increase runoff. The trend toward more days with very heavy precipitation can be seen in the last fifty years, with the Great Lakes region’s average number of days with very heavy precipitation increasing 27%. [2:  “Regional Climate Impacts: Midwest” from Global Climate Change Impacts in the United States by the United States Global Change Research Program. www.globalchange.gov] 

Lakes depend on a seasonal “ice blanket” to prevent water loss due to evaporation. As temperatures rise, ice covers inland lakes and the Great Lakes for a shorter length of time each winter, which means more water is lost to evaporation and lake levels drop. Already, seasonal maximum ice coverage on the Great Lakes has decreased nearly 30% from 1973 to 2008.


Sectors Affected		Potential Impacts
 (
Health
Fisheries
Tourism & Recreation
Transportation
Industry & Energy
Water Infrastructure
Agriculture
Increased illness from water contamination and poorer water quality
Loss of species, loss of habitat (e.g. spawning areas), contamination
More beaches, aesthetic issues, less access to marinas and 
lake
 
front
Decreased depth of navigation channels, stranded docks and harbors
Less potential for hydropower, less water for industrial operations
Increased water quality problems and water use restrictions
Less water available for irrigation and farm operations
)



















Lower water levels in Michigan lakes and rivers will impact many sectors creating mismatches between water supply and demand. Water disputes will intensify and trade-offs will become necessary. credit: adapted from Field et al in Regional Climate Impacts: Midwest by the U.S. Global Change Research Program
The bottom line for our Great Lakes State if we don’t curtail climate change? Warmer and more extreme temperatures, heavy, concentrated precipitation, and increased risk of drought and flooding.
Over the next century, climate change will dramatically alter natural resource management. The Portage Creek watershed is dominated by large tracts of protected forests, lakes and wetlands. Much of the creekshed is within the Pinckney State Recreation Area and other state lands. Under a climate change scenario, it will be one of the most adaptable areas in the watershed. The diversity and size of ecological communities should offer resilience against catastrophic loss. Forest structure may change, lakes may shrink in size with wetlands filling the margins, and some wetlands may change from permanent to seasonal. But the large groundwater recharge area under this creekshed will offer a buffer against the effects of drought, and the diverse topography will offer water storage capacity to prevent major impacts downstream from extreme storms. 

C. Geology and Soils
Glacial outwash plains and coarse to medium textured end moraines characterize the geology of much of the Huron River watershed (Figure x).  Glacial outwash plains were created by melting glaciers as runoff sorted soils into layers of similarly sized particles.  These well-sorted soils include sand and gravel that allow rapid infiltration of surface water to groundwater aquifers and stream systems.  End moraines are areas where glacial processes deposited huge quantities of rock and soil material of various sizes in one place.  Ice-contact refers to areas that formed adjacent to glacial ice; these deposits show irregular topography due to melting of the ice against which they were laid down, and the resulting collapse. The mixture of varying sized soil particles increases the soil’s ability to hold moisture and nutrients, which is conducive to agriculture.  Coarse textured end moraines, which are found mainly in the northern and western portions of the watershed, have low to moderate permeability, while the medium textured end moraines in patches around the watershed’s periphery have lower permeability.
The soils in the Portage Creek watershed comprise ice-contact outwash sand and gravel in the southeastern portion, and medium-textured glacial till and end moraines of coarse-textured till in the central and northwest portions. Glacial outwash sand and gravel are located throughout the watershed, most notably in the central portion. Small areas of coarse-textured glacial till and end moraines of medium-textured till are located in the watershed, as well.  Figure x shows hydric soil groups and Figure x shows the soils according to their hydrological classification, ranging from rapid to slow infiltration.  The general trend of soil infiltration in the Portage Creek watershed is slow-moderately slow infiltration in the northwestern portions, and moderately rapid infiltration in the central and eastern portions.  
[map]

D. Topography
The Portage Creek watershed is geologically unique in Michigan due to glacial activity during the Wisconsinan period, the most recent glacial period in Michigan. Portage Creek watershed falls into two distinct regional landscape ecosystems according to the U. S. Geological Survey classification: the Jackson Interlobate and the Lansing[endnoteRef:3]. The portions of Ingham County and western Unadilla Township in Livingston County that drains to Portage Creek are located in the Lansing, but the majority of the watershed is located in the Jackson Interlobate.  [3:  http://www.npwrc.usgs.gov/resource/habitat/rlandscp/michmap1.htm] 


The Jackson Interlobate regional landscape ecosystem is characterized by coarse-textured end moraine, outwash, and ice-contact topography, with oak savanna and oak-hickory forest, hardwood swamps, prairie fens, and bogs. The Lansing regional landscape ecosystem is characterized by medium-textured ground moraine, with beech-sugar maple forest and hardwood swamp. Much of the Lansing regional landscape ecosystem has been converted to agriculture.

Albert (1995) describes the Lansing landscape ecosystem as consisting of gently sloping ground moraine, broken by several outwash channels and also by numerous end-moraine ridges, many of which are a little steeper than the surrounding ground moraine topography. Most of the gently rolling hills of ground moraine are only 40 to 60 feet high, but hills up to 100 feet can be found in this landscape ecosystem. The topography is gently rolling. Most of the end moraine ridges are too steeply or irregularly sloping for agriculture. 
Albert describes the Jackson Interlobate as the northern portion of a larger interlobate area between three glacial lobes, which formed approximately 13,000 to 16,000 years B.P. This portion is characterized by relatively steep end-moraine ridges surrounded by pitted outwash deposits; kettle lakes and wetlands are common within the outwash. The landscape ecosystem contains broad expanses of outwash sands that surround sandy and gravelly end moraines and ground moraines. End and ground moraines remain as island-like hills surrounded by flat outwash. This area also includes areas of ice-contact topography. Kettle lakes, kames, eskers, and segments of outwash channel are the predominant features of the ice-contact areas. 

Ecoregions are areas that exhibit broad ecological unity, based on such characteristics as climate, landforms, soils, vegetation, hydrology and wildlife. The Nature Conservancy identifies the Huron River watershed as located within the North Central Till Plain and the Great Lakes ecoregions.  Portage Creek watershed also lies in the North Central Till Plain and Great Lakes ecoregions.

The Portage Creek watershed is ecologically unique and diverse. Water retention in the wetlands and water bodies, as well as fast water drainage in the upland areas creates a multitude of different habitats. The varied glacial terrain allows for a wide variety of ecological communities within close proximity. This diversity of habitat types within a small area contributes largely to the diversity of plants and animals within this region. It also allows for relatively easy movement between habitat types, a vital component for the support of healthy populations of many reptiles and amphibians, and other wildlife.


E. Hydrology  [add relevant information from the MDEQ report]
The Huron River begins at an elevation of 1,016 feet in the headwaters and descends 444 feet to an elevation of 572 feet at its confluence with Lake Erie, for an average gradient of 3.3 feet per mile.  By comparison, Portage Creek is slightly steeper than the average for the whole river, dropping 110 feet between the headwaters at Lowe Lake and Little Portage Lake outlet, averaging a change of 4.4 feet per mile.  Portage Creek flows into Little Portage Lake on its way to Portage Lake; from there, water flows into the Huron River at river mile 76. The Huron River flows for 136 miles from Big Lake, Oakland County, to its outlet in western Lake Erie.

In its natural state, the river reflected this gradient, with numerous sections of rapids identified prior to the construction of dams.  It is this gradient that, in fact, creates the desirable conditions for dam construction.  The many mills and other control structures that have been constructed have since muted the impacts that the fast flowing water had on the topography and river habitat.  The river channel gradient is a controlling influence on river habitat such as flow rates, depth, width, channel meandering, and sediment transport.

Seasonally high flows are generally during March to May and base flow conditions are generally during July through October. Flow stability is a key determinant in ecological and biological processes in streams, and is positively related to fish abundance, growth, survival and reproduction. Portage Creek and Mill Creek are the most unstable streams in the Huron River watershed. In fact, the U.S. Geological Survey gage station on Portage Creek at Tiplady Road (#4172500; years of operation 1945 to 1971) measured the most extreme stability problems of any stations on the Huron River system. Portage Creek’s instability reflects the operations of the lake-level control structure at Hiland Lake, channelization of designated drains and extensive drainage of wetlands. 

Of the gaged streams in the Huron River watersheds studied, Portage Creek has the lowest mean daily flow during the driest month, and, conversely, the highest mean daily flow during the wettest month. The high:low ratio indicates the stability of flows throughout the year; a low ratio shows a stable stream. Overall the Huron River is fairly stable, so trouble spots are easy to identify. Portage Creek is the least stable. 

Much of the system has been channelized as a result of efforts to accelerate drainage through these streams. Habitat is predominantly runs with sand and gravel substrate. 
The wetland complex in the Pinckney State Recreation Area is a linchpin in the Portage Creek system, and the Huron River system. The complex stores floodwaters and the rich silt they carry. It provides groundwater to the stream, “helping balance the system against feast and famine, too much water in the spring rainy season or too little during late summer droughts.”[endnoteRef:4] [4:  Renstchler, P. in J. Knott, and K. Taylor, ed. 2000. The Huron River: Voices from the Watershed. Ann Arbor, MI: The University of Michigan Press.] 


The presence of dams directly impacts how water flows through the stream and the shape of the stream. Once useful dams can outlive their purpose and become a hazard and detriment to stream health. Dams hold back silt, debris and nutrients, alter stream flows, decrease oxygen levels in impounded waters, block fish migration and eliminate spawning habitat, increase plant growth in reservoirs, alter water temperatures, and injure or kill fish. 

The dams in the Portage Creek watershed were built for recreation purposes with reservoirs ranging from 4 acres to 123-acre HiLand Lake. Of the five dams existing in the watershed, HiLand Lake Dam is the largest. Moreover, its location on Portage Creek influences stream flow at pivotal times of the year when dam operators adjust lake level in HiLand Lake. None of the dams in the Portage Creek watershed are constructed to produce hydropower or hold back flood waters.


Table x.  Inventoried Dams in the Portage Creek Watershed[endnoteRef:5] [5:  Michigan Department of Natural Resources. 2000. National Inventory of Dams database. Lansing, MI: MDNR.] 

Source: Michigan Dept of Natural Resources 

	[bookmark: RANGE!A1:F15]DAM NAME
	HiLand Lake Dam
	Crooked Lake Dam
	Unadilla Wildlife Flooding Dam
	Unadilla Mill Dam
	Green Lake Dam

	COUNTY
	Livingston
	Washtenaw
	Livingston
	Livingston
	Washtenaw

	HAZARD
	High
	Low
	Low
	Significant
	Low

	AUTHORITY
	Part 307/Part 315
	MOU
	MOU
	Inventory
	Part 315/ MOU

	OWNER
	Livingston/Washtenaw County DPW
	MDNR Parks & Recreation
	MDNR Wildlife
	Scott VanSweringen
	MDNR Parks & Recreation

	 DAM HEIGHT (ft)
	14
	6.5
	4
	10
	9

	POND (acres)
	527
	50
	32
	4.3
	90

	CREST LENGTH (ft)
	120
	0
	540
	376
	100

	SPILL WIDTH (ft)
	25
	0
	4
	4
	60

	RIVER
	Portage River (Hell Creek)
	Crooked Lake Outlet
	Livermore Creek, trib to Portage Creek
	Hell Creek
	Tributary to Portage Creek

	PURPOSE
	Recreation
	Recreation
	Recreation
	Recreation
	Other

	DAM TYPE
	Gravity/Earth
	
	Earth
	Earth
	Other

	DATE BUILT
	1882
	
	
	1860
	1981

	LONGITUDE
	83.59.00
	83.59.06
	84.02.50
	84.03.06
	84.05.50

	LATITUDE
	42.26.00
	42.25.24
	42.26.20
	42.25.48
	42.22.30



F. Ecology 
Areas of high quality habitat and diverse species persist in the watershed due to the extent of state-owned lands, undeveloped private lands, and land protected through conservation easements and other means to preserve important habitat. The connectedness and expansiveness of the remaining natural areas and native habitats directly impact the quality of life and quality of water in the watershed.  

The presettlement vegetation of the Lansing regional landscape ecosystem of the upland ground and end moraines was beech-sugar maple forest. Other common species included black maple, basswood, red oak, and white ash. Some of the drier end-moraine ridges supported oak-hickory forests dominated by red and white oaks. The driest sandy ridges of the outwash deposits supported black oak, white oak, and pignut hickory. Swamp forests dominated most of the depressions, but wet meadows were also present along streams. Among the common tree species were silver maple, American elm, red ash, and swamp white oak. Tamarack was also present, especially in very poorly drained outwash channels. The land with fertile soils in the Lansing landscape ecosystem was cleared early for farming. Few large tracts of forest exist. The original wet prairies were also drained and farmed. Restoration would be required to develop a functional natural landscape.[endnoteRef:6] [6:  Albert, Dennis A.  1995.  Regional landscape ecosystems of Michigan, Minnesota, and Wisconsin: a working map and classification.  Gen. Tech. Rep. NC-178.  St. Paul, MN: U.S. Department of Agriculture, Forest Service, North Central Forest Experiment Station.  Jamestown, ND: Northern Prairie Wildlife Research Center Online.  http://www.npwrc.usgs.gov/resource/habitat/rlandscp/index.htm (Version 03JUN1998).] 


In the Jackson Interlobate, on the sandy moraines, open savannas of black oak, white oak, and hickory were common. Surveyors described the open oak forests as "barrens," or "oak openings”, which may be linked to frequent burning by Native Americans. Bur oak, white oak, black oak, and chinquapin oak were dominants of the oak savannas. Wetlands ranged from shrub or tree swamps to hardwood swamps to tamarack swamps depending on the topography. Grass and sedge meadows were found growing adjacent to streams on large areas of the outwash channels. Swamp forests were most common along margins of major streams on the outwash. Tamarack was common along lake edges and in kettles or depressions in the outwash.  In ice-contact areas, black oak (and probably northern pin oak) was commonly the dominant forest species; white oak, red oak, and hickory were also common. 
Kettles were sometimes completely occupied by either swamp or bog vegetation.[endnoteRef:7] [7:  Ibid.] 


Researchers recognize plant and animal species and community types as integral components of the watershed that deserve protecting.  Among those conservation targets are remnants of the presettlement landscape described above, and the threatened and endangered species that have been observed in the watershed (Table x). Many of the plant and animal occurrences in the table are partially or entirely dependent on aquatic ecosystems for survival.


	[bookmark: RANGE!A1:D92]Table x. Portage Creek Watershed Element Data 
	
	
	
	

	Source: Michigan Natural Features Inventory 

(See Appendix E for status and rank definitions)

	
	
	
	

	Subwatersheds 9, 10, 11, 12, 13

	
	
	
	
	
	

	Scientific Name
	Common Name
	U.S. Status
	MI Status
	Global Rank
	State Rank

	Acris crepitans blanchardi
	Blanchard's cricket frog
	 
	T
	G5T5
	S2S3

	Angelica venenosa
	Hairy angelica
	 
	SC
	G5
	S3

	Celtis tenuifolia
	Dwarf hackberry
	 
	SC
	G5
	S3

	Cistothorus palustris
	Marsh wren
	 
	SC
	G5
	S3S4

	Cryptotis parva
	Least shrew
	 
	T
	G5
	S1S2

	Glyptemys insculpta
	Wood turtle
	 
	SC
	G4
	S2S3

	Myotis sodalis
	Indiana bat
	LE
	E
	G2
	S1

	Scleria triglomerata
	Tall nut rush
	 
	SC
	G5
	S3

	Sistrurus catenatus catenatus
	Eastern massasauga
	C
	SC
	G3G4T3T4Q
	S3S4

	
	
	
	
	
	

	Subwatersheds 7, 8, 13, 14

	
	
	
	
	
	

	Scientific Name
	Common Name
	U.S. Status
	MI Status
	Global Rank
	State Rank

	Acris crepitans blanchardi
	Blanchard's cricket frog
	 
	T
	G5T5
	S2S3

	Angelica venenosa
	Hairy angelica
	 
	SC
	G5
	S3

	Botaurus lentiginosus
	American bittern
	 
	SC
	G4
	S3S4

	Calephelis mutica
	Swamp metalmark
	 
	SC
	G3
	S1S2

	Celtis tenuifolia
	Dwarf hackberry
	 
	SC
	G5
	S3

	Clemmys guttata
	Spotted turtle
	 
	T
	G5
	S2

	Cryptotis parva
	Least shrew
	 
	T
	G5
	S1S2

	Emys blandingii
	Blanding's turtle
	 
	SC
	G4
	S3

	Hemileuca maia
	Barrens buckmoth
	 
	SC
	G5
	S2S3

	Ixobrychus exilis
	Least bittern
	 
	T
	G5
	S2

	Lampsilis fasciola
	Wavy-rayed lampmussel
	 
	T
	G5
	S2

	Myotis sodalis
	Indiana bat
	LE
	E
	G2
	S1

	Sistrurus catenatus catenatus
	Eastern massasauga
	C
	SC
	G3G4T3T4Q
	S3S4
	
	

	Rich Tamarack Swamp
	Forested Bog, Central Midwest Type
	S3
	G4

	Southern Wet Meadow
	Wet Meadow, Central Midwest Type
	S3
	G4?

	Wet-mesic Prairie
	Tallgrass Prairie, Central Midwest Type
	S2
	G2

	
	


	
	
	
	

	Subwatersheds 1, 2, 3, 4, 5, 6, 13

	
	
	
	
	
	

	Scientific Name
	Common Name
	U.S. Status
	MI Status
	Global Rank
	State Rank

	Acris crepitans blanchardi
	Blanchard's cricket frog
	 
	T
	G5T5
	S2S3

	Ammodramus henslowii
	Henslow's sparrow
	 
	E
	G4
	S2S3

	Ammodramus savannarum
	Grasshopper sparrow
	 
	SC
	G5
	S3S4

	Angelica venenosa
	Hairy angelica
	 
	SC
	G5
	S3

	Asclepias purpurascens
	Purple milkweed
	 
	T
	G5?
	S2

	Botaurus lentiginosus
	American bittern
	 
	SC
	G4
	S3S4

	Calephelis mutica
	Swamp metalmark
	 
	SC
	G3
	S1S2

	Celtis tenuifolia
	Dwarf hackberry
	 
	SC
	G5
	S3

	Cistothorus palustris
	Marsh wren
	 
	SC
	G5
	S3S4

	Clemmys guttata
	Spotted turtle
	 
	T
	G5
	S2

	Coregonus artedi
	Lake herring, or cisco
	 
	T
	G5
	S3

	Cryptotis parva
	Least shrew
	 
	T
	G5
	S1S2

	Cypripedium candidum
	White lady slipper
	 
	T
	G4
	S2

	Dendroica cerulea
	Cerulean warbler
	 
	T
	G4
	S3

	Dendroica discolor
	Prairie warbler
	 
	E
	G5
	S1

	Eleocharis equisetoides
	Horsetail spike rush
	 
	SC
	G4
	S3

	Emys blandingii
	Blanding's turtle
	 
	SC
	G4
	S3

	Epioblasma triquetra
	Snuffbox
	 
	E
	G3
	S1

	Erynnis persius persius
	Persius dusky wing
	 
	T
	G5T1T3
	S3

	Fuirena squarrosa
	Umbrella-grass
	 
	T
	G4
	S2

	Great Blue Heron Rookery
	Great blue heron rookery
	
	
	
	

	Hemicarpha micrantha
	Dwarf-bulrush
	 
	SC
	G5
	S3

	Hemileuca maia
	Barrens buckmoth
	 
	SC
	G5
	S2S3

	Lampsilis fasciola
	Wavyrayed lampmussel
	 
	T
	G5
	S2

	Liparis liliifolia
	Purple twayblade
	 
	SC
	G5
	S3

	Morus rubra
	Red mulberry
	 
	T
	G5
	S2

	Myotis sodalis
	Indiana bat 
	LE
	E
	G2
	S1

	Noturus miurus
	Brindled madtom
	 
	SC
	G5
	S2S3

	Oarisma poweshiek
	Poweshiek skipperling
	 
	T
	G2G3
	S1S2

	Papaipema beeriana
	Blazing star borer
	 
	SC
	G2G3
	S1S2

	Platanthera ciliaris
	Orange- or Yellow- fringed orchid
	 
	E
	G5
	S1S2

	Poa paludigena
	Bog bluegrass
	 
	T
	G3
	S2

	Prosapia ignipectus
	Red-legged spittlebug
	 
	SC
	G4
	S2S3

	Psilocarya scirpoides
	Bald-rush
	 
	T
	G4
	S1

	Rallus elegans
	King Rail
	 
	E
	G4
	S2

	Scirpus clintonii
	Clinton's Bulrush
	 
	SC
	G4
	S3

	Scleria triglomerata
	Tall Nut rush
	 
	SC
	G5
	S3

	Sistrurus catenatus catenatus
	Eastern Massasauga
	C
	SC
	G3G4T3T4Q
	S3S4

	Speyeria idalia
	Regal Fritillary
	 
	E
	G3
	SH

	Valeriana edulis var. ciliata
	Edible Valerian
	 
	T
	G5T3
	S2

	Wilsonia citrina
	Hooded Warbler
	 
	SC
	G5
	S3

	Bog
	
	S4
	G3G5

	Dry-mesic Southern Forest
	
	S3
	G4

	Mesic Sand Prairie
	Moist Sand Prairie, Midwest Type
	S1
	G2

	Oak Barrens
	Barrens, Central Midwest Type
	S1
	G2?

	Prairie Fen
	Alkaline Shrub/herb Fen, Midwest Type
	S3
	G3

	Southern Hardwood Swamp
	
	S3
	G3

	Wet-mesic Prairie
	Tallgrass Prairie, Central Midwest Type
	S2
	G2


Color key: 	Animals = White; Plants = Green; Communities = Yellow

Recovering these species requires protecting the ecosystems on which they depend. Key conservation areas of the Portage Creek system include critical habitat for plant and animal communities (including habitat for rare, threatened or endangered species), such as wetlands; large forest tracts; spawning areas; the stream corridor, including floodplains, stream channels, springs and seeps; steep slopes; and riparian forests (Figure x).  Priority areas are those with intact, native ecosystems due to floral and faunal integrity.

Natural areas provide a host of services to the watershed otherwise unobtainable by human invention, including the following:

· Groundwater. Natural systems allow rainwater and snowmelt to infiltrate into groundwater aquifers. About 50% of Michigan residents rely on groundwater for drinking water. Groundwater also provides irrigation water for agriculture and cooling water for industry.  
· Surface water. By intercepting runoff and keeping surface waters supplied with a constant flow of clean, cool groundwater, natural systems keep streams, rivers and lakes clean. New York City has recognized the benefits natural systems provide to their drinking water system. The City has budgeted $660 million towards protecting the upper Hudson River Watershed, which drains into their drinking water supply. The City calculated that if the watershed undergoes development without watershed protection, the water source would degrade, making a $4 billion water treatment plant necessary. 
· Pollutant removal. As water infiltrates into the ground or passes through wetlands, soil filters out many pollutants. Vegetation also takes up nutrients and other pollutants, including phosphorus, nitrogen, bacteria, and even some toxic metals.   
· Erosion control. Vegetation intercepts water and soil absorbs it, keeping it from eroding streambanks and hillsides. River- and lakeside wetlands are especially important for erosion control along riverbanks and lakeshores.
· Air purification. Vegetation purifies the air we breathe.
· Flood and drought control.  Vegetation and soil intercept runoff water, moderating floods and droughts. In the 1970s, the U.S. Army Corps of Engineers purchased about 8,500 acres of wetlands along the Charles River in Massachusetts after concluding that preserving natural systems was a more cost effective way to control flooding than building more dams on the river.  
· Wildlife habitat and biodiversity.  Natural systems are vital to the survival of aquatic and terrestrial wildlife. In addition to its aesthetic value, maintaining the biodiversity of species is vital to our economy and health. For instance, 118 of the top 150 prescription drugs are based on natural sources.
· Recreation. Natural areas provide recreation such as hiking, bird-watching, canoeing, hunting, and fishing that generate revenues for the local community.
· Cooling. Tracts of land soak up solar heat and prevent heat islands from forming.  Heat islands warm water runoff, which leads warm water to flow into streams and disrupts the aquatic climate.
· Property values. Natural areas enhance the value of neighboring properties. 

The remaining natural areas in the Huron River watershed were mapped and prioritized in 2002, and updated in 2007 through the Bioreserve project of the Huron River Watershed Council.  In order to prioritize protection and conservation efforts, the mapped sites were ranked based on the following ecological and hydrological factors: size; core size; presence of water; presence of wetlands; groundwater recharge potential; potential for rare remnant plant community; topographical diversity; glacial diversity, how connected they were or could be to other natural areas, vegetation quality, potential for restoration, and biodiversity. One hundred and two sites (23,908 acres) in the Portage Creek watershed were identified as priority natural areas; of these, 25 sites (15,257 acres) are ranked as highest priority for protection; 42 sites (6,813 acres) are ranked as medium priority for protection; and 35 sites (1,837 acres) are ranked as lower priority for protection.[endnoteRef:8], [endnoteRef:9]  The Bioreserve results are shown in Figure x. [8:  Olsson, K. 2002. Conservation Planning in the Huron River Watershed Final Report submitted to the U. S. Environmental Protection Agency Great Lakes National Program Office. Ann Arbor, MI: HRWC.]  [9:  Olsson, K. 2007.  Conservation Planning for the Huron River Watershed Final Report submitted to the James A. and Faith Knight Foundation.  Ann Arbor, MI:  HRWC] 


Recent biological inventories were conducted in the Waterloo and Pinckney State Recreation Areas to identify amphibian and reptile species that occur within the lake ecosystems. Prior to these inventories, very little information was available about the extent and location of these species. These findings provide current accounts of amphibian and reptile species distribution within the Waterloo and Pinckney Recreation Areas, a significant portion of the Portage Creek watershed. This information does not completely reflect the diversity and distribution of herpetofauna within the survey area. Additional surveys of the region would provide more accurate data concerning the distribution of species and to confirm the presence of rare species in areas where they are suspected to be present but were not found.

Twenty-eight species were observed at numerous locations throughout the Waterloo-Pinckney region. Amphibians frequently observed were American Toad, Green Frog, Bullfrog, Northern Leopard Frog, Wood Frog, Western Chorus Frog, Northern Spring Peeper, and Gray Tree frog[endnoteRef:10]. Common reptiles included the Eastern Garter Snake, Northern Water Snake, Snapping Turtle, and Painted Turtle. The Blanding’s Turtle, a Michigan Species of Special Concern, was also recorded at several locations throughout the area indicating that this region may be a stronghold for the species. Other noteworthy species recorded during the surveys includes the Massasauga Rattlesnake and Blanchard’s Cricket Frog. [10:  Mifsud, David. June 2009. Michigan Herpetological Atlas Survey Report 2008-2009. Lansing, MI: for MDNR Wildlife Division, Natural Heritage Program. ] 



G. Land Use/Land Cover
Prior to European settlement, the region around the watershed was occupied by Chippewa and Potawatomi Native American tribes who had long used the land for farming. Despite an unfavorable report by the U.S. Surveyor-General in 1815 that characterized the soils in the area as being unsuitable for farming, European settlers soon began to recognize the area’s agricultural potential, which subsequently became an important area for livestock and grain in the 19th century.  This agricultural trend thrived until, in the wake of World War II, growth in southeast Michigan was catalyzed by the baby boom, increased automobile ownership, and establishment of better road systems.  As a result, the influence of agriculture began to diminish as land was transferred to suburban uses in a trend that continues today.  
In order to understand land use changes in the Portage Creek watershed, it is useful to look at growth trends across the 7-county Southeast Michigan region. The results of a study by SEMCOG that looked at land use changes from 1990-2000 include the following findings:
· From 1990-2000, developed land in the region increased by 17% (more than 159,000 acres), increasing the developed land in southeast Michigan to 37%
· However, Southeast Michigan’s population grew by only 5% (243,000 people)
· Recent residential development is lower in density than older developments. The average density for housing in the region was 2.84 units per acre in 1990. New housing added between 1990 and 2000 was built at an average density of 1.26 units per acre.
· Average household size decreased and average home size increased[endnoteRef:11] [11:  Southeast Michigan Council of Governments (SEMCOG) website at http://semcog.org. Accessed 2009. ] 

In summary, much of the undeveloped land in southeast Michigan is being developed to accommodate new housing demands from an increasing population.  The average home in Southeast Michigan is increasing in size and consuming more land while housing fewer people.  These trends, which have serious implications for environmental impacts in the region and can be expected to continue, are also evident in the communities comprising the Portage Creek watershed.
In the portions of the watershed located in the Lansing regional landscape ecosystem, drainage was necessary for agricultural use of the lowlands and some of the uplands. Tiling was the preferred method of drainage on the moderately well drained soils on uplands, but drainage ditches were necessary on poorly and very poorly drained soils. Many miles of designated county drains are maintained by County Water Resources Commissioners in order to keep water running off of farm fields. Organic soils were extensively drained for the production of mint and other specialty crops. The organic deposits are also extensively mined for sedge peat, used in gardening and landscaping. [endnoteRef:12] Agricultural continues to be the main industry in this part of the watershed. [12:  Albert. 1995.] 

In the portions of the watershed located in the Jackson Interlobate regional landscape ecosystem, most of the uplands have been farmed, except the steepest end moraines and ice-contact ridges, which have been maintained as woodlots or are now either recreational or wildlife management areas. Many of these steep ridges have been pastured in the past. Oak savannas either have been converted to farm land or have grown into closed canopy oak forests due to fire suppression. 
Both agricultural lands and the steeper forested lands are now being rapidly converted to large-lot, single-family residential developments, especially in the 7-county region of Southeast Michigan. Both residential development and agricultural land use have resulted in rapid eutrophication of lakes and degradation of many wetlands. Road construction and ditching have also modified the hydrology of many wetlands.
Today, the land uses and land cover types in the Portage Creek watershed fall into the general categories of agriculture, residential, wetlands, woodlands, grass/shrub, and water. The top three land uses/land cover types in the watershed are agriculture (35%), wetlands (21%) and woodlands (16%), which combined represent nearly three-quarters of the total watershed area. Land not in developed uses comprises 55% of the watershed. More information about land uses and land covers by subwatershed is presented in the Comparative Subwatershed Analysis section of this plan. The status of wetlands and opportunities for restoration in the Portage Creek watershed are presented in the appendices. 
Table x. Distribution of current land uses/land covers in the Portage Creek watershed 	Comment by Elizabeth Riggs: Will need to be revised with new delineation
	Land Use/Land Cover
	Acres
	Percentage of 
Portage Creek Watershed

	Agriculture
	20,119
	35%

	Wetlands
	11,820
	21%

	Woodlands
	9,392
	16%

	Grass/Shrub
	7,211
	13%

	Residential
	5,533
	10%

	Water
	2,909
	5%

	Other (public space, commercial, industrial)
	644
	1%


(total exceeds 100% due to rounding)
Prominent natural areas in the watershed are The University of Michigan’s George Reserve, Washtenaw County’s Park Lyndon, and Gregory State Game Area, Waterloo and Pinckney State Recreation Areas, Waterloo, Pinckney, and Unadilla State Wildlife Area – all managed as public land by the State of Michigan.
Residential development is replacing many of the lakes and wetlands of the sub-subsection, especially northwest of Detroit. Upland forests, important for wildlife habitat and migration corridors, are also being rapidly fragmented by residential developments. Most of the uplands have been converted to crop land, while most of the swamp forest has been converted to pasture. Swamp forest and wet meadow persist locally on the landscape. The largest wet prairies have been drained and converted primarily to agricultural use.

H. Pollution by Permit 
See the Comparative Subwatershed Assessments in Section IV. for information on entities with permits to send polluted effluent to the Portage Creek watershed through the federal National Pollutant Discharge Elimination System.


I. Sanitary Sewer Service Areas and Privately Owned Septic Systems
The majority of land area in the watershed is served by private, on-site septic treatment systems for treatment of waste water from residences. 
The Portage Creek watershed has a mix of households whose waste discharges are treated by one of two publicly owned wastewater treatment plants (WWTP) in the watershed or on-site decentralized wastewater systems (privately-owned septic systems) – see figure x [map of sanitary sewer service areas]. Sanitary sewers rely on the connection of pipes from residential, commercial, and industrial sites that ultimately are received at a wastewater treatment plant where treatments are applied before discharge. Privately owned on-site septic systems, or septic tanks, allow wastewater from a single (sometimes multiple) entity to be treated via biological and infiltration processes. Both technologies are effective methods of wastewater treatment if maintained and operated properly; however, impairments do occur. Households currently served by sanitary sewers are located in the Village of Stockbridge and the lakes served by the Multi-Lakes Water & Sewer Authority, while remaining areas are served by on-site septic systems. 
Improperly functioning sewer systems and privately owned septic systems can have a profound impact on water quality. By carrying nutrients (phosphorus and nitrogen), bacteria, pharmaceutical agents, and other pollutants to waterbodies with little or no treatment, impaired systems can result in unhealthful conditions to humans (i.e., bacterial contamination) and to aquatic organisms (i.e., low dissolved oxygen from plant growth).
If either system is designed, constructed, or maintained improperly, it can be a significant source of water pollution and a threat to public health. The health departments of Livingston and Washtenaw Counties regulate the design, installation, and repair of privately owned septic systems. However, only Washtenaw County currently requires regular maintenance and inspection to assure proper functioning of these systems, which occurs at the time the property is sold. Through implementation of the time-of-sale program, Washtenaw County has determined that 20% of privately owned septic systems in the county are noncompliant.
Sanitary sewer systems can suffer from improper installation and maintenance. For instance, in many older developments sanitary sewer pipes can be inadvertently connected to stormwater drainage systems, causing what is termed an “illicit discharge.” These discharges can have an even greater impact on water quality than impaired septic systems, depending on the type, volume, and frequency of the activity. 
Recent legislation has facilitated the ability of new development projects to utilize community wastewater systems, also known as decentralized wastewater systems, which provide on-site wastewater treatment for multiple homes much like a giant septic system.  Community wastewater systems are increasingly being used to build high density developments in un-sewered areas where soils are not suitable for individual septic systems.   
A drawback of these large septic systems is the potential discharge of large quantities of septic waste into a localized groundwater area.  Conversely, community wastewater systems can also be a tool for mitigating the impacts of individual septic systems over a larger area. Rather than locating several individual septic systems in close proximity to a lake or waterway where they could pose a greater risk to surface waters or groundwater, a community wastewater system could allow the homes to be built near the waterbody, while the community septic system would be located at a greater distance from the waterbody.  Due to the potential impacts of community wastewater systems, communities should be aware of their complexities and plan accordingly for their location, construction, and operation.

J. Drinking Water Supply –
All residents in the communities of the Portage Creek watershed receive their drinking water from groundwater sources via wells. None of the communities draw their drinking water from surface water supplies. Drinking water quality is good for most residents with the exception of contamination of groundwater wells in Gregory. The following information about the contamination is derived from the MDEQ site summary for the Main Street, Gregory NPDES permit:
The site was discovered in 1991 when drinking water well samples in the vicinity of a leaking underground storage tank site revealed the presence of up to 2.1 ppb chloroform, 68.6 ppb trichloroethylene (TCE), and 3.6 ppb 1,1,1-trichloroethane.  Replacement of the two contaminated wells was completed by June 1994.  Drinking water criterion for TCE is 5 ppb.
DEQ- RRD approved funding to provide monitoring of area wells in 1995.  The DEQ Water Bureau (WB) contracts Livingston County Health Department to collect residential well samples and reports the results to the property owners.  After a preliminary study of the extent of the groundwater contamination was conducted in 1999 by DEQ, RRD Geological Services Section (GSU), the residential well monitoring list was expanded to include 48 properties.  
In 2001, the DEQ, RRD's Level of Effort contractor expanded the GSU groundwater evaluation study and determined that the source of TCE in the groundwater was emanating from a property that housed a former manufacturer of refrigeration parts near Webb Street and M-36.  The chlorinated solvent groundwater contamination plume is migrating in a south-southwesterly direction and is 1/3 mile from the source.   The remedial investigation also determined that the source area soils are not contributing significantly to the groundwater contamination plume and do not require interim response measures.   Presently, the source area is utilized as a junkyard and the property owner is not liable for the historic soils contamination.  
 During year 2000 drinking water monitoring, the residential well at 108 Stockbridge was found to contain 2.4 ppb 1,1-dichloroethylene, 0.4 ppb tetrachloroethylene, 164.6 ppb 1,1,1-trichloroethane, and 9.2 ppb trichloroethylene.  State funds provided bottled water for this residence and replaced the well in the upper bedrock.  From 2000 - 2005, additional drinking water wells south of Church Street were replaced using state funds due to proximity to the chlorinated solvent groundwater contamination plume.  In 2006, the residential well at 108 Stockbridge Road was re-replaced to a protected deeper zone in the bedrock after petroleum constituents entered the upper sandstone unit from the Millie’s Market Part 213 facility gasoline contaminated groundwater plume.  
The gasoline and chlorinated solvent plumes are commingled south of Church Street.  Both plumes vent contaminated shallow groundwater into the county drain and underflow the county drain at levels below regulatory concern.  The Main Street Gregory plume is east of the Millie’s Market Part 213 plume and appears to be confined to the drift aquifer while the Millie’s Market plume appears to have entered the bedrock.  The town of Gregory has no access to a municipal water system.
In 2004-2005, an interim response pump and treat system was installed at the toe of the chlorinated solvent plume near the County Drain to treat the chlorinated solvent plume for the Main Street Gregory facility.  Interim response groundwater clean-up operation and maintenance of the pump and treat in progress and the system is performing well.

K. Recreation 
The Portage Creek watershed is a popular destination for recreation due to an abundance of lakes, forests, wetlands and streams on public land. Recreation use of the lakes is well-established. Dozens of natural inland lakes, and impounded HiLand Lake, provide year-round recreation opportunities to shoreline residents and visitors, including boating, swimming, tubing and fishing. Less established is use of Portage Creek where fallen trees, log jams, remnant dam structures, and low clearance footbridges and road crossings make paddling difficult. Intrepid paddlers tour Portage Creek in the spring and early summer when water levels are up, and clear woody debris to gain access on the open water.
The extensive trail systems on state lands attract visitors interested in hiking, mountain biking, and snowmobiling. Several athletic endurance competitions are held annually in the Portage Creek area to take advantage of the close proximity of the lakes and trails. Hunting, camping and equestrian sports are popular recreational pursuits in this area, as well. Summer weekends are the busiest time when campgrounds and boat launches are fully used. Slower times are in spring, fall and weekdays during the summer. The area also attracts visitors seeking a more passive recreation experience. They find opportunities for birding, wildlife viewing, photography, and natural history and ecology tours. 
More than 11,300 acres, one-third of the entire watershed, are publicly-owned State land as part of Pinckney State Recreation Area, Waterloo State Recreation Area, Unadilla State Wildlife Area, or Gregory State Game Area. Moreover, another 2,000 acres of conservation and recreation lands are owned by various university, private, government and non-profit entities. 

L. Political Jurisdictions
The Portage Creek watershed drains portions of seven local governments located in four counties. In addition, the State of Michigan manages thousands of acres. The Village of Stockbridge, Ingham County, is the only local government located entirely within the Portage Creek watershed. With the exception of Waterloo Township, the rest of the local governments have considerable jurisdiction within the Portage Creek watershed. Overlaying local political entities is the State of Michigan that manages more than 11,000 acres of the more than 13,000 acres in conservation and recreation lands.
Table x. Percent of Local Units of Government within the Portage Creek watershed	Comment by Elizabeth Riggs: Revise based on new delineation
	[bookmark: RANGE!A1:B7]Local Government
	County
	Percent of Area in 
Portage Creek Watershed

	Village of Stockbridge
	Ingham
	100%

	Unadilla Township
	Livingston
	84%

	Lyndon Township
	Washtenaw
	60%

	Stockbridge Township
	Ingham
	46%

	Dexter Township
	Washtenaw
	35%

	Putnam Township
	Livingston
	25%

	Village of Pinckney
	Livingston
	8%	Comment by Elizabeth Riggs: Remove Pinckney and all references

	Waterloo Township
	Jackson
	5%



Each local government in the watershed has a zoning code and holds regularly scheduled meetings where rulings are made on policy additions and changes, budgets, land use issues, and other important local business.  Working with the guidance of statewide procedures, townships and other local governments have power to formulate land use and development policy, among other important activities.  The villages of Stockbridge and Pinckney also have jurisdiction over and management responsibility for sewers and stormwater infrastructure, such as gutters, catch basins, pipes and outlets.  Drains, including roadside ditches, pipes, bridges, and culverts under state highways and county roads that are not designated county drains are maintained by the county Road Commissions.  
Political jurisdictions regarding the Huron River and its tributaries, riparian zones, and land are controlled by federal and state laws, county and local ordinances, and town by-laws. Regulatory and enforcement responsibility for water quantity and quality regulation often lies with the United States Environmental Protection Agency (U.S. EPA) and MDEQ. Major activities regulated by the state, through the MDEQ, are the alteration/loss of wetlands, pollutant discharges (NPDES permits), control of stormwater, and dredging/filling of surface waters.  The State of Michigan maintains that: 
“’Surface waters of the state’ means all of the following, but does not include drainage ways and ponds used solely for wastewater conveyance, treatment, or control:
  (i)  The Great Lakes and their connecting waters.
  (ii)  All inland lakes.
  (iii)  Rivers.
  (iv)  Streams.
  (v)  Impoundments.
  (vi)  Open drains.
  (vii)  Wetlands.
  (viii)  Other surface bodies of water within the confines of the state.”[endnoteRef:13]  [13:   Michigan Department of Environmental Quality.  R 323.1004.  Definitions; M to W.  Rule 44.] 


County government assumes responsibility for carrying out certain state policies. In most cases, county governments enforce the state erosion control policy, under the Michigan Soil Erosion and Sedimentation Control Act 347 of 1972 and Part 91 of Act 504 of 2000, although local governments may also administer this program, and county road commissions typically self-regulate their erosion control. 
Designated county drains in the watershed may be open ditches, streams or underground pipes, retention ponds or swales that convey stormwater. The county Drain/Water Resource Commissioners are responsible for operation and maintenance of these storm water management systems ("county drains"). These systems are designed to provide storm water management, drainage, flood prevention, and stream protection for urban and agricultural lands. The Drain Code gives the Commissioners authority for construction or maintenance of drains, creeks, rivers and watercourses and their branches for flood control and water management.  
In addition to oversight of these drains, the Drain/Water Resources Commissioners are required to maintain established lake levels throughout the watershed. Through the Inland Lake Level Act (Act 146, P.A. of 1961), a board of commissioners may file a petition in circuit court to establish a special assessment district to pay the costs of establishing and maintaining a lake level.  The Water Resources Commissioner must determine the apportionment of costs incurred and assess for maintenance of the lake level. Section 24 of the Inland Lake Level Act requires inspection of all lake level control structures on all inland lakes that have normal levels established under this Act to be completed once every three years by a licensed professional engineer.
While state and county governments take an active role in many relevant watershed or water quality regulations and policies, local governments assume much leadership in land and water management by passing and enforcing safeguards.  These local ordinances can be more protective than state laws, though state regulations set minimum protections that cannot be violated.  Working under numerous established procedures, local governments may enact ordinances to control stormwater runoff and soil erosion and sedimentation; protect sensitive habitats such as woodlands, wetlands and riparian zones; and establish watershed-friendly development standards and lawn care and landscaping practices, among other options.  Local governments oversee enforcement of their policies.

M. Future Land Use
As the communities of the Portage Creek watershed develop, potential for negative environmental impacts increases, including water quality impacts from erosion, sedimentation, and increased inputs of stormwater pollutants. Potential impacts on water quantity also increase as wetlands, woodlands, floodplains and other natural features that regulate water quantity are altered or replaced with impervious surfaces.   
The remaining buildable land in the watershed (i.e., wetlands and conservation and recreation lands not included) is nearly 28,600 acres, or half of the Portage Creek watershed. Master plans and zoning plans from the local units of government and regional planning agencies indicate future land use on this buildable land in the Portage Creek watershed. New residential development is the most common and widespread land use planned for this area, by far, ranging in densities from less than ½-acre lots to 10-acre lots with the majority being low densities of 1-5-acre lots.
More information about future land use at the subwatershed level is presented in the Comparative Subwatershed Analysis (future impervious cover percentage and development potential). 
When natural areas are converted to residential, commercial, and industrial land uses, the result is an increase in the amount of impervious surfaces.  Roads, parking lots, rooftops, and, to a lesser degree, managed lawns, all add to the amount of these surfaces in a watershed.  Many impervious surfaces can be directly-connected—areas that drain directly to surface waters—without the benefit of water quality-improving treatment such as detention or infiltration. In general, as land is developed, stream flows become “flashy,” with increased volume and velocity of flow, which impact water quality and can affect infrastructure and property (Table x). Development also impacts groundwater hydrology by decreasing the amount of pervious area available for infiltration of rainwater. Less infiltration results in less recharge as baseflow for rivers and lakes, meaning lower lake levels and river flows. 







Table x.  Impacts of development on hydrological conditions 
	
	Storm Frequency (yr)
	24-Hour Rainfall (in)
	Estimated Runoff (in)
	Runoff as Percentage  of Rainfall

	Half-acre Forest
	2
	2.8
	0.14
	5

	
	10
	4.0
	0.53
	13

	
	100
	5.0
	1.4
	24

	Half-acre Residential
	2

	2.8
	0.60
	21

	
	10

	4.0
	1.33
	33

	
	100
	5.0
	2.64
	66


Source: Lower One Subwatershed Advisory Group. 2001. Lower One Rouge River Subwatershed Management Plan.

The amount of impervious surface in a watershed is directly related to its water quality.  It is well-documented that as the amount of these surfaces increases in a watershed the velocity, volume, and pollution of surface runoff also increases.[endnoteRef:14] Subsequently, flooding, erosion, and pollutant loads in receiving waters also tend to increase while groundwater recharge areas and water tables decline, streambeds and flows are altered, and aquatic habitats are lost.  [14:  Schueler, T. 1994. The Importance of Imperviousness. Subwatershed Protection Techniques 1 (Fall 1994). Ellicott City, MD: Center for Watershed Protection.] 


Table x presents typical pollutant concentrations from stormwater runoff in southeast Michigan. Developed land uses such as residential, commercial, and roads have noticeably higher concentrations of pollutants compared to managed and unmanaged open space. 










Table x. Typical pollutant concentration from land uses 
	
Land Use

	
Pollutant (mg/L)

	
	Total Phosphorus
	Total Nitrogen
	Total Suspended Sediment
	Biological Oxygen Demand
	Lead

	Road
	0.43
	1.82
	141
	24
	0.014

	Commercial
	0.33
	1.74
	77
	21
	0.049

	Industrial
	0.32
	2.08
	149
	24
	0.072

	Low Density Residential
	0.52
	3.32
	70
	38
	0.057

	High Density Residential
	0.24
	1.17
	97
	14
	0.041

	Forest
	0.11
	0.94
	51
	3
	0.000

	Urban Open
	0.11
	0.94
	51
	3
	0.014

	Pasture/Agriculture
	0.37
	1.92
	145
	3
	0.000


Source: Cave, K., T. Quasebarth, and E. Harold. 1994. Selection of Stormwater Pollutant Loading Factors. Rouge River National Wet Weather Demonstration Project.

Stream research generally indicates that certain zones of stream quality exist, most notably at about 10% impervious cover, where sensitive stream elements are lost from the system. However, the Huron River system is slightly more sensitive; research of the Huron River Watershed reveals that water quality degradation is first notable as impervious surfaces achieve 8% of the total landscape.[endnoteRef:15] When the watershed reaches this threshold, the impacts of incremental increases in surface runoff noticeably affect the aquatic macroinvertebrate and fish populations and, subsequently, water-based recreation activities. A second threshold appears to exist at around 25 to 30% impervious cover, where most indicators of stream quality consistently shift to a poor condition (e.g., diminished aquatic diversity, water quality, and habitat scores).  [15:  Wiley, M. and J. Martin. 1999. Current Conditions, Recent Changes, and Major Threats to the Huron River: A Report on Eight Years of an Ongoing Study. Ann Arbor, MI: Huron River Watershed Council.] 

A simple stream classification scheme can be based on impervious cover and stream quality. This simple classification system contains three stream categories, based on the percentage of impervious cover. The model classifies streams into one of three categories: sensitive, impacted, and non-supporting.[endnoteRef:16] Each stream category can be expected to have unique characteristics as follows: [16:  Center for Watershed Protection. 1995. Assessing the Potential for Urban Watershed Restoration. Watershed Protection Techniques. 1(4): 166-172. Ellicott City, MD: Center for Watershed Protection.] 

Sensitive Streams. These streams typically have a watershed impervious cover of zero to less than 10%. Consequently, sensitive streams are of high quality, and are typified by stable channels, excellent habitat structure, good to excellent water quality, and diverse communities of both fish and aquatic insects. Since impervious cover is so low, they do not experience frequent flooding and other hydrological changes that accompany urbanization. It should be noted that some sensitive streams located in rural areas may have been impacted by prior draining, poor grazing and cropping practices that may have severely altered the riparian zone, and consequently, may not have all the properties of a sensitive stream. Once riparian management improves, these streams are often expected to recover.
Impacted Streams. Streams in this category possess a watershed impervious cover ranging from above 10% to 25%, and show clear signs of degradation due to watershed urbanization. The elevated storm flows begin to alter stream geometry. Both erosion and channel widening are clearly evident. Streams banks become unstable, and physical habitat in the stream declines noticeably. Stream water quality shifts into the fair/good category during both storms and dry weather periods. Stream biodiversity declines to fair levels, with most sensitive fish and aquatic insects disappearing from the stream. 
Non-Supporting Streams. [No reaches of the Portage Creek system fall in this category, now or in the future based on zoning and master plans.] Once watershed impervious cover exceeds 25%, stream quality crosses a second threshold. Streams in this category essentially become conduits for conveying stormwater flows, and can no longer support a diverse stream community. The stream channel becomes highly unstable, and many stream segments experience severe widening, downcutting, and streambank erosion. The biological quality of non-supporting streams is generally considered poor, and is dominated by pollution tolerant insects and fish. 
The Impervious Cover Model is designed for use in smaller urban streams from first to third order. This limitation reflects the fact that most of the research has been conducted at the subwatershed level (0.2 to 10 square mile area), and that the influence of impervious cover is strongest at these spatial scales. In larger watersheds and basins, other land uses, pollution sources and disturbances often dominate the quality and dynamics of streams and rivers. The model was applied to 14 subwatersheds in the watershed in both the current and future scenarios; the future scenario is derived from build out based on community master plans (Table x and Maps x and x). 










Table x   Percent impervious cover based on current land use (2000) and build out based on community master plans
	[bookmark: RANGE!A1:F30]Subwatershed
	Current impervious surface %
	Current category
	Impervious surface %
if current master plan
is realized
	Future category
	Does category change?

	1
	5
	Sensitive
	12
	Impacted
	Y

	2
	4
	Sensitive
	5
	Sensitive
	N

	3
	3
	Sensitive
	4
	Sensitive
	N

	4
	5
	Sensitive
	7
	Sensitive
	N

	5
	3
	Sensitive
	12
	Impacted
	Y

	6
	5
	Sensitive
	7
	Sensitive
	N

	7
	3
	Sensitive
	11
	Impacted
	Y

	8
	5
	Sensitive
	6
	Sensitive
	N

	9
	2
	Sensitive
	11
	Impacted
	Y

	10
	3
	Sensitive
	17
	Impacted
	Y

	11
	4
	Sensitive
	19
	Impacted
	Y

	12
	6
	Sensitive
	19
	Impacted
	Y

	13
	6
	Sensitive
	13
	Impacted
	Y

	14
	6
	Sensitive
	14
	Impacted
	Y



As of 2000, all 14 subwatersheds were classified as “sensitive” with percentages ranging from 2% to 6%. 
The amount of impervious surface throughout the watershed is projected to increase based on the build out scenarios prepared by the local communities in their master plans and zoning plans. Only five subwatersheds (2, 3, 4, 6, and 8) would maintain the sensitive stream classification by keeping total imperviousness below 10%.  The other nine subwatersheds would increase impervious surfaces beyond 10% causing those subwatersheds to be classified as impacted streams. Double-digit increases are projected for subwatershed 11 (from 4% to 19%), subwatershed 10 (from 3% to 17%), and subwatershed 12 (from 6% to 19%). 
Model limitations
The Impervious Cover Model is intended to predict potential rather than actual stream quality, so an individual stream may depart from the model for various reasons.  Also, it assigns one impervious surface percentage for each general land use, while the actual impervious surface percentage on any given piece of land may differ within the same land use category.  For instance, for the 2000 impervious cover analysis, all single family residential areas receive an impervious surface coefficient of 20%, because the source data does not distinguish different densities of single family residential.  This level of impervious surface corresponds to a density of one density unit per acre, but there is a wide range of densities in the watershed, which would therefore have different levels of imperviousness. 

N. Demographics
Population – Based on U.S. census data, the number of people living in the Portage Creek watershed during the 10-year period of 1990-2000 rose from 7,988 to 8,863 for a nearly 11% increase.  Population density in the watershed is low overall at 0-1 persons per acre according to data from SEMCOG (Map x). Places of greater density are around some of the lakes, village of Stockbridge, Gregory and the area around M-106 and Livermore Rd. in eastern Unadilla Township. Areas of density at or above 5 persons per acre are located in the village of Stockbridge, and along the shorelines of Woodburn and Patterson Lakes, Hi-Land Lake, North Lake and Silver Lake. 
A note about the forecasting data used in this plan: SEMCOG's Forecast provides a long-range and comprehensive view of future demographic and economic changes. It provides base data for updating the long-range transportation plan and other regional planning projects. Communities use the data in planning for infrastructure and development needs. SEMCOG's 2035 Forecast provides detail on population, households, and jobs for communities in Southeast Michigan. The forecast numbers are provided in five-year intervals from 2005 through future year 2035. The population and household characteristics by community are used here and the numbers are presented in summary for the purposes of this watershed management plan.
Projected Population Trends – The number of people living in the Portage Creek watershed will increase by slightly more than 14% based on averaging the forecasting data for four of the watershed communities (Dexter, Lyndon, Putnam and Unadilla Townships are included in SEMCOG’s 2035 Forecast). From 2005 to 2035, the communities in the watershed will see at least 2,500 more individuals. The communities will be serving an older population since the age group to show consistently upward trends is ages 65 and over; in fact, a triple digit increase is expected for seniors while most of the other age groups show modest increases or even declines. 
Housing – Based on U.S. census data, the number of homes in the Portage Creek watershed during the 10-year period of 1990-2000 rose from 3,324 to 3,814 for a nearly 15% increase. Yet the population increased just below 11% during that same time frame meaning that the average number of people per household correspondingly decreased. 
Projected Housing Trends – The number of households in the Portage Creek watershed will increase by slightly more than 21% based on averaging the forecasting data for four of the watershed communities.  From 2005 to 2035, the communities in the watershed will see at least 1,300 more households. Most of the growth will be households without children. 
In summary, forecasts show population and households growing at a rate of 2:1.
Education— Based on 2000 U.S. census data, the level of education achieved by residents in the Portage Creek watershed ranged from high school graduate to graduate or professional degree. Roughly dividing the watershed into three sections, western, central and eastern, gives the following breakdown by education level:
Level of education achieved by percentage of total population
	
	Western 
	Central
	Eastern

	High School graduate
	38%
	35%
	32%

	Some college
	26%
	27%
	27%

	Associate's degree
	6%
	7%
	8%

	Bachelor's degree
	9%
	12%
	15%

	Graduate degree
	4%
	5%
	8%



Overall in the watershed, post-secondary education was sought by more than half of residents and completed by roughly one-third. Using this same data, between 10% and 17% of the residents in the watershed finished their formal schooling prior to obtaining a high school diploma. 




