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Figure 11.  Priority Conservation Areas as Identified in the 2005 Four Townships 
Natural Features Inventory
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All 20 PCAs are worthy of conservation priority, but the quality of natural features at 
some sites was higher than at others Table 10. These ratings should be used as a 
general guide in conjunction with the species lists and habitat descriptions for each PCA 
when evaluating development proposals in or near these PCAs. 
 
Table 10.  Priority Potential Conservation Areas (PCAs) as of 2005.  See www.ftwrc.org 
for more information on the PCAs. 
PCA Name Rank Township 

PCA1 

 
Warner Lake and 
Camp Merrie Woode 

very good Prairieville 

PCA2 
 
Ford Road Pond 

very good Prairieville 

PCA3 
 
Prairieville Creek 

very good Prairieville 

PCA4 
 
Glasby Marsh 

very good Barry 

PCA5 

 
Blachman Swamp 
and Mud Lake 

excellent Barry 

PCA6 
 
Balker Lake Swamp 

excellent Barry 

PCA7 

 
Shallow Gilkey and 
Little Gilkey Lakes 

very good Barry 

PCA8 

 
Augusta Creek and 
Kidd Bog 

excellent Barry 

PCA9 

 
Lawrence Lake and 
Augusta Creek 

very good Barry 

PCA10 
 
Sherriff Marsh 

excellent Ross 

PCA11 

 
Stafford Swamp and 
Hamilton Lake 

excellent Ross 

PCA12 

 
Pine Meadows Farm 
and the Cheff Center 

good Ross 

PCA13 

 
Kalamazoo River 
Floodplain 

excellent Ross 

PCA14 

 
Fort Custer National 
Cemetery 

excellent Ross 

PCA15 
 
Brook Lodge 

very good Ross 

PCA16 
 
Crane’s Lake 

very good Ross 

PCA17 

 
Butterfield Lake and 
Graham Lake 

excellent Ross 

PCA18  very good Richland 
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PCA Name Rank Township 
Lower Three Lakes 

PCA19 
 
Upper Three Lakes 

excellent Richland 

PCA20 
 
Spring Brook 

excellent Richland 

 
Although PCAs are grouped by township, each township can be considered part of the 
larger FTWA. Cooperative conservation efforts across the broader FTWA are 
encouraged. Ecosystems are “open systems” and, to the extent possible, should be 
managed across jurisdictional boundaries.  The PCAs along and south of the 
Kalamazoo River are in Ross Township but lie outside the FTWA that is the subject of 
the Watershed Management Plan.  Three additional PCAs are proposed herein for 
future consideration and scrutiny (Table 11). 
 
Table 11.  Additional Proposed Priority Conservation Areas – post 2005 
PCA Name Rank Township 

PCA21 Silver Creek TBD Gun Plain 

PCA22 

Pitchfork Valley 
(Augusta Creek above 
Leinaar Road) 

TBD Barry 

PCA23 
Trout Run/Cooper 
Creek 

TBD Cooper 

 
 
5.2 Generalized Hydrologic Cycle  
The earth’s water is one large, continuous feature that exists within a complex and 
dynamic cycle, and is commonly categorized as distinct features such as surface water, 
groundwater and wetlands.  Although the cycle has no beginning or end, it is convenient 
to describe the generalized cycle with a starting point of surface water. Water 
evaporates from oceans, lakes and other surface waters to the atmosphere and is 
carried over land surfaces, where it condenses and is precipitated onto the land 
surfaces as rain, snow, etc. Some water will drain across the land as runoff into a water 
body.  The land cover will affect how this water moves across the land. If the surface 
soil is permeable, some water will infiltrate to the subsurface under the influence of 
gravity and will saturate the soil and/or rock. This zone of saturation is recognized as 
groundwater. Due to gravity, groundwater generally moves from areas of higher 
elevations to lower elevations to locations where it discharges to wetlands and/or 
surface water like lakes, streams, rivers (Figure 12). Wetlands may be viewed as a 
transition of groundwater to surface water, and vice-versa. 
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Figure 12.  Water Bodies in the Original Four Townships 
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A properly functioning hydrologic cycle is greatly dependent upon the land cover and 
natural features in the watershed. Natural vegetation, such as forested land cover, 
usually has high infiltration capacity and low runoff rates.  In contrast, urbanized land 
cover has impervious areas (buildings, parking lots and roads) and networks of ditches, 
pipes and storm sewers, which augment natural stream channels.  Impervious surfaces 
in urban areas reduce infiltration and the recharge of groundwater while increasing the 
amount of runoff.  Whereas the fate of water falling as rain in an area with natural 
ground cover might be: 

• 40% evapotranspiration 
• 10% runoff 
• 25% shallow infiltration 
• 25% deep infiltration 

 
The fate of the same water falling in an area with a high level of impervious surfaces 
(75%-100%) is more like: 

• 30% evapotranspiration 
• 55% runoff 
• 10% shallow infiltration 
• 5% deep infiltration 

 
This extra runoff carries pollutants in faster, higher volume flashy flows and contributes 
to poor water quality by delivering pollutants and causing excessive erosion of stream 
channels. 
 
Agricultural lands, including row crops, orchards, vineyards, rangelands and animal 
farms can also have a significant impact on runoff and groundwater resources. 
Agricultural lands are often heavily compacted by farm equipment, which lessens their 
ability to infiltrate water. In addition, many agricultural lands are extensively ditched to 
move water off of the land as quickly as possible.  Further, irrigation can alter the 
groundwater resources.  These activities disrupt the natural hydrologic cycle and may 
negatively impact the functioning of the remaining natural features in the watershed. 
 
Following is a discussion of the different natural communities found in the FTWA and 
the major threats to their existence and quality. 
 
5.3 Rivers/Streams 
Streams are important for their aesthetic, recreational, and ecological values in addition 
to being conduits of water and, potentially, of pollutants.   Anecdotal evidence indicates 
that streams and rivers in the four-township area are probably in better ecological 
condition today than at many times during the historical past. For streams, this is largely 
explained by changes in land use; most low lying areas close to the stream channels 
were once used for agricultural purposes but have been left alone in recent decades as 
local agriculture has become more focused on row crops in the upland areas. The 
natural floodplains along the streams are becoming reforested, providing a buffer 
against surface runoff and soil erosion and stabilizing the stream channels. The 
maintenance of these riparian buffer areas in the face of future pressures for residential 
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development will be important to protect stream water quality. In the case of the 
Kalamazoo River, municipal sewage treatment and reductions in industrial point-source 
pollution in the Battle Creek area have led to considerable improvement in water quality 
during the past few decades, although nonpoint source pollution continues to be a 
problem. 
 
Coldwater streams are a unique natural feature providing important spawning habitat 
and thermal refuge for coldwater aquatic species such as trout.  Coldwater streams 
contribute to the hydrologic stability of the FTWA because they have large groundwater 
inputs (Figure 13).  Coldwater streams are relatively rare in the southern lower 
peninsula of Michigan and those in the FTWA are some of the highest quality coldwater 
streams located this far south. 



 
Figure 13. Coldwater streams in the Four Township Watershed Area from the Michigan 
Geospatial Data Library. 
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Warmwater streams are more common in the southern Lower Peninsula of Michigan 
and typically have higher surface water inputs than groundwater inputs.  As a result 
these streams have higher flow variability. 
 
Threats 
Water pollution and hydrologic alterations from changes in land use are a major threat 
to rivers and streams.  This management plan is intended to address the major threats 
to surface water. 
 
Invasive species such as zebra mussels also threaten aquatic communities in the 
FTWRA and have already colonized Gull and Little Long Lakes; most of the other lakes 
are considered susceptible based on their chemistry (calcium availability for shells).  
Zebra mussels attach to any hard surface and can clog water intake pipes. They can 
become a nuisance on docks and piers and they may compete with resident aquatic 
species that filter algae and zooplankton for food.  Zebra mussels present a nuisance 
for bathers who get cut by their sharp shells. Zebra mussels can improve water clarity, 
but they also kill native mussel species through suffocation and starvation. Although 
zebra mussels need lakes or impoundments to persist long-term, they can colonize river 
and stream segments downstream from these water bodies indefinitely via larval 
transport.  In low-nutrient waters including Gull Lake, they promote a harmful “blue-
green” alga known as Microcystis aeruginosa, which can produce toxins of concern for 
bathers and pets. 
 
Riparian land owner activities can negatively impact streams.  The removal of native 
vegetation from stream banks and floodplains reduces the contribution of woody debris, 
weakens stream banks leading to erosion, and leads to stream warming due to loss of 
shading.  Riparian land owners are often compelled to dig “trout ponds” near streams, 
intercepting and exposing shallow groundwater aquifers.  These ponds can also have 
negative effects on adjacent streams by causing cold groundwater to warm up when 
exposed to direct sunlight.  Water warmed in these ponds continues to move through 
the ground towards and into adjacent streams. 
 
5.4 Lakes 
The aesthetic and recreational values of lakes are widely recognized by residents in the 
FTWA. The larger lakes are popular sites for seasonal and year-round residences, and 
lakes with public access also draw visitors from outlying areas to use the lakes for 
recreational purposes. Protection of the water quality of these lakes is therefore of 
paramount interest. There are also many smaller, shallow lakes that become filled with 
plant growth during the summer. These shallower lakes may not be suitable for 
motorized boating, but they have significant ecological and aesthetic values. The 
diversity of lake types in the FTWA is associated with a diversity of aquatic plant and 
animal life as well. 
 
Lakes and wetlands are abundant in the FTWA. Gull Lake, which is one 
of the largest inland lakes in Michigan, occupies 2% of the four-township area in which it 
lies. All lakes and wetlands combined cover 16% of the four-township area (5300 acres 
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of lakes and 9000 acres of wetlands).  The Four Township Water Atlas notes that the 
installation of regional sewer systems during the 1980s reduced nutrient inputs and 
improved water quality at several FTWA lakes including Gull Lake. 
 
Previous work in the FTWA by the FTWRC also included the documentation of 
recreational and environmental carrying capacity estimates for Gull, Sherman, Pine, 
Upper Crooked, Little Long, and Fair lakes (environmental capacity only in the case of 
Fair Lake) [available at www.ftwrc.org/publications]. 
 
Table 12 contains information on lakes greater than 5 acres in the FTWA. 
 
Table 12. Key Lakes in the Four Townships Watershed Area  

Name County Area 
(acres) 

Surface 
Water 

Connection

Max. 
Depth 
(feet) 

Public 
Access

Sewer 
System? 

Gull 
Lake 

Kalamazoo 
+ Barry 

2040 Discharge 
to Gull 
Creek 

110 Yes Yes 

Pine 
Lake 

Barry 621 Connected 
to Shelp Lk

34 Yes No 

Shelp 
Lake 

Barry 79 Connected 
to Pine Lk 

52 No No 

Lake 
Doster 

Barry Not 
avail. 

Discharge 
to Silver 
Creek 

Not 
avail. 

No No 

Upper 
Crooked 

Lake 

Barry 735 Isolated 
(incl. 

Lower 
Crooked 

Lake) 

48 Yes Yes 

Pleasant 
Lake 

Barry 143 Isolated 27 No Proposed 

Gilkey 
Lake 

Barry 83 Discharge 
to Augusta 

Creek 

33 No Proposed 

Fair lake Barry 229 Discharge 
to Augusta 

Creek 

39 No Proposed 

Sherman 
Lake 

Kalamazoo 120 Isolated 38 Yes Voluntary 
hookup 

 
*Additional water quality information is available in Appendix 4 and in the Four 
Township Water Atlas. 
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Threats 
Threats to lake environments within the watershed are primarily related to shoreline 
development and land uses. Residential development around lakes with no connection 
to municipal wastewater treatment facilities can, but won’t necessarily always, increase 
nutrient levels and bacteria counts in the lake. Lakes within the FTWA that have 
municipal sewer systems include Gull, Upper Crooked Lake, and Sherman Lake. With 
residential development, coarse woody material abundance and shoreline habitat 
diversity often strongly declines while nutrient loading often increases (but not 
necessarily if buffers are preserved). 
 
Human activities negatively affect inland lake ecosystems through alterations in water 
quality and physical habitat. For example, eutrophication can occur when increased 
nutrient loadings increase algae and aquatic vegetation to nuisance levels, resulting in 
decreased concentrations of dissolved oxygen when the excess algae and vegetation 
decompose.  In addition, the quantity and quality of physical habitat available to fishes 
in the area between high and low water marks is altered by removal of coarse woody 
debris, by an increase or decrease (via chemical or mechanical removal) of aquatic 
plants, and by homogenization of the shoreline through erosion control efforts (e.g., rip-
rap and sheet piling). Such changes in water quality and habitat features have been 
shown to negatively impact fish growth, limit natural reproduction, and reduce fish 
species richness 
 
Invasive species are also a major concern in lakes and are transported between lakes 
by movement of boats, use of live bait, and sometimes deliberate introductions.  One 
particularly notorious nuisance aquatic invasive species is the zebra mussel (see 
Section 5.3 above).  Eurasian milfoil and curly leaf pondweed are two widespread 
invasive plants that grow underwater in lakes.  Local lakeside residents spend much 
money on herbicide treatments to control these and other aquatic plants.  Boats and 
trailers can transfer invasive aquatic species to water bodies, so special care should be 
taken by boaters to limit the possibility. 
 
5.5 Wetlands 
Wetlands are increasingly appreciated for the functions, values, or ecosystem services 
that they provide to society.  As a result, a variety of federal and state legislation has 
been enacted to protect these ecosystems. Michigan has lost more than half of its 
wetlands to land drainage and conversion to agricultural, suburban, and urban uses.  
Widespread wetland destruction has resulted in increased flood damages, increased 
soil erosion, degraded fisheries, degraded water quality, and losses of wildlife and 
recreational opportunities. While legislative protection has now slowed the loss of 
wetlands to outright drainage and filling, many wetlands are still being degraded by 
more insidious threats, such as non-point-source pollution and the invasion of exotic 
plant species. Also, existing legislation does not provide protection to smaller isolated 
wetlands of less than 5 acres, which can be significant in many areas. 
 
What are some of the functions and values of wetlands that pertain to the FTWA? 
Certainly the maintenance of good water quality is important, especially in the case of 
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wetlands along lakes and streams.  These riparian wetlands can intercept groundwater 
discharge and surface runoff flowing towards surface waters, retaining nutrients, 
sediments, and contaminants from the water. Wetlands are particularly effective in 
removing nitrate, which is increasingly found at undesirably high concentrations in some 
domestic water wells.  Riparian wetlands help to attenuate floods thereby stabilizing 
stream channels and reducing property damage downstream. 
 
The Four Township Water Atlas has extensive information on FTWA wetland resources. 
 
Prairie fens are geologically and biologically unique wetlands found only in the glaciated 
Midwest. In Michigan, they occur in the southern three to four tiers of counties.  The 
groundwater springs, which characterize prairie fens, are very rich in calcium and 
magnesium. Typical plants found in prairie fens are switchgrass, Indiangrass, big 
bluestem, sedges, rushes, Indian-plantain, and prairie dropseed. The wettest part of a 
prairie fen, which is usually found near the water source, is called a "sedge flat" 
because members of the sedge family dominate the vegetation.  The "fen meadow" is 
the largest part and is more diverse with many lowland prairie grasses and wildflowers. 
Slightly elevated areas, especially around the upland edge, also support tamarack, 
dogwood, bog birch and poison sumac.  In the FTWA, prairie fens are found along 
streams and groundwater-fed lakes, although many have suffered shrub encroachment 
because of a lack of disturbance (fire, grazing, and beaver dams) and the expansion of 
buckthorn.    
 
Threats 
Current threats to wetlands include filling or draining to accommodate industrial, 
residential, agricultural or recreational land uses.  Altered hydrology is a significant 
threat to most wetland types, whether it is due to a change in groundwater contributions 
to a fen or diversion of the water that feeds a swamp or marsh due to new road 
construction. Exotic species invasion, altered fire regime and polluted runoff with 
sediment, nutrients and chemicals also threaten wetlands. Invasive plants in FTWA 
wetlands include Phragmites australis and Phalaris arundinacea, two particularly 
aggressive grasses, of which the latter is well established but the former appears on the 
cusp of expansion with numerous founder stands appearing in the past few years. 
 
5.6 Floodplains  
A river, stream, lake, or drain may on occasion overflow its banks and inundate adjacent 
land areas. The land that is inundated by water is defined as a floodplain.  In Michigan, 
and nationally, the term floodplain has come to mean the land area that will be 
inundated by the overflow of water resulting from a 100-year flood (a flood which has a 
1% chance of occurring any given year). Forested floodplain systems represent an 
interface between terrestrial and aquatic ecosystems and are extremely valuable for 
storing floodwaters, allowing areas for sediment to settle and providing wildlife habitat. 
 
The forested floodplains in the FTWA are largely intact with natural flood regimes.  They 
occur along the lower reaches of the largest streams (Augusta Creek, Spring Brook) but 
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are most extensive along the Kalamazoo River (outside the FTWA but within Ross 
Township). 
 
Threats 
Current threats to floodplains include conversion to industrial, residential, or recreational 
uses, wetland or floodplain fill or drainage, exotic species invasion, chemical pollution, 
sedimentation, creation of man-made ponds, and nutrient loading from agriculture and 
other land uses.  Almost all rivers and their floodplains are subject to multiple hydrologic 
alterations, such as changes in land use, human-made levees, impoundments, 
channelization, and dams.  
 
5.7 Groundwater  
Extensive and high-quality groundwater reservoirs (or aquifers) underlie the four 
township area (Four Township Water Atlas, 1998).  All residents in the four-township 
area are dependent on this groundwater for domestic water supplies (including drinking 
water), and groundwater is used for agricultural irrigation (especially for corn during 
dryer years). Groundwater is also a critical resource for nearby urban populations and 
industrial activities. Community well water supplies residents of Augusta, Richland and 
Delton.  The City of Kalamazoo owns a well field in the Gull Creek watershed to 
augment their water supply when needed.  Richland and Delton were obliged to install 
community water supplies after contamination from former industrial activities was 
revealed (Joe Johnson, FTWRC personal communication 2010).  According to a March 
4, 2010 Detroit News article a plastics plating company on N. 34th Street in Richland 
leaked hexavalent chromium into groundwater during the 1970s.  Drinking water issues 
of this type are managed by MDNRE groundwater/drinking water programs. 
 
Because groundwater is not visible, it is easy to forget about its importance. However, if 
we fail to protect the quality of our groundwater, a most important local resource could 
readily be degraded. Groundwater in the four-township area is a renewable resource 
and its exploitation for human uses can be sustainable if it is wisely managed. At 
present, local domestic water use is largely non-consumptive because most of the water 
is returned to the aquifer through septic systems. Water extracted for use in urban areas 
or for irrigation of crops, golf courses, and lawns is not returned to the aquifer and thus 
can potentially reduce the volume of water stored in the system. Reduced groundwater 
volume can in turn lower the water table, affecting surface waters that are in equilibrium 
with the water table or that receive groundwater discharge. 
 
Most of the FTWA is underlain with Coldwater Shale bedrock, which contains no 
aquifers. The only groundwater source is the water located in the coarse textured drift 
material left by the glaciers. These glacial sources typically yield high amounts of 
groundwater (20-1,400 gallons per minute) and are very vulnerable to groundwater 
pollution. 
 
The soils in the FTWA area are very permeable to water, and as a result much of the 
precipitation infiltrates the soils and moves across the landscape via groundwater flow 
paths. This is the primary way in which local groundwater aquifers are recharged in the 
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long term; some recharge also occurs by seepage out of lakes and wetlands to the 
groundwater. Discharge of groundwater back to the surface provides much of the water 
in our streams and lakes. Despite these exchanges, however, the residence time of 
water in the aquifers (i.e., the time it takes to completely flush the groundwater and 
replace it with new water) is long, reflecting the immense volume of water stored below 
ground. 
 
Groundwater discharge to streams, lakes, and wetlands controls both the quantity and 
quality of many of our surface waters. Residents often refer to a particular lake or 
stream as being "spring-fed", which they view as a positive feature. Groundwater inputs 
tend to be stable over time and maintain water bodies even during relatively dry years. 
Local streams are kept cooler during the summer by groundwater inputs and thereby 
can support trout. As water infiltrates soils and travels through underground flow paths, 
filtration and absorption effectively remove many kinds of contaminants. This is one 
reason that the water that exits from underground to discharge into surface waters 
tends to be of better quality than if the water had flowed overland to reach those water 
bodies. 
 
One consequence of the high rate of exchange of water between the land surface, 
groundwaters, and surface waters is that our groundwater aquifers are highly 
susceptible to contamination originating at the land surface (Rheaume 1990). The long 
residence time of water in the aquifers means that once they are contaminated, it will 
take many, many years for their water quality to be restored. A relatively small quantity 
of chemical pollutants, if stored or discarded improperly at or beneath the land surface, 
can degrade the utility of vast amounts of groundwater before the problem is even 
noticed. It is thus vital that all residents, farmers and businesses in our area understand 
the susceptibility of our groundwater resources.  It is important to maintain septic 
systems and apply chemicals to crops, golf courses, yards, and water bodies wisely and 
only when needed. The Home-A-Syst booklets, available through the local MSU 
Extension office, are a useful resource for residents interested in reducing their impact 
on our groundwater and surface waters (MSU 1998). Chemical pollutants can also enter 
the groundwater from sources such as leaking underground storage tanks and 
abandoned well heads, and a number of these have been discovered in the FTWA.  
The Four Township Water Atlas (1998) contains extensive documentation about 
groundwater, including known and suspected concerns further detailed in later WMP 
tables. 
 
Threats 
Increased groundwater withdrawal to meet the demands of a growing population is a 
threat.  Despite a general abundance of groundwater in the FTWA, there is growing 
concern about the availability of good quality groundwater for municipal, industrial, 
agricultural and domestic use, and for adequate baseflow to our lakes, streams and 
wetlands. Increased withdrawal can cause groundwater overdraft, which occurs when 
water removal rates exceed recharge rates.  This depletes water supplies and may 
even cause land subsidence (the gradual settling or sudden sinking of the land surface 
from changes that take place underground). 
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In addition to groundwater withdrawals, increases in impervious surface and soil 
compaction limit infiltration and reduce groundwater recharge.  These land use changes 
along with improvements in drainage efficiency (adding drain tiles, storm drains and 
ditches) further reduce groundwater recharge.  The reduction in infiltration alters the 
hydrology of surface water causing increased flooding and streambank erosion. 
 
Groundwater contamination can often be linked to land use. What goes on the ground 
can seep through the soil and turn up in drinking water, lakes, rivers, streams and 
wetlands. Activities in urban areas that pose significant threats to groundwater quality 
include industrial and municipal waste disposal, road salting, and the storage of 
petroleum products and other hazardous materials. 
 
In rural areas, different threats to groundwater quality exist such as animal waste, septic 
systems, fertilizers and pesticides. 
 
There is growing concern that increasing land applications of animal waste threatens 
groundwater resources, and to a lesser extent, surface water resources in the FTWA.  
The number of confined animal feeding operations with permits has increased in recent 
years and the acreage on which manure is spread for disposal is increasing as well.  
Figure 14 shows acreage around the Gull Lake area where manure is spread.  
Improperly managed manure can result in infiltration or runoff of nutrients or harmful 
pathogens to groundwater or surface waters.  The FTWA has a number of horse farms 
that can pose similar threats if direct access to surface water bodies is not restricted or 
if excess manure is not handled appropriately. 
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Figure 14.  Animal waste application sites, based on DEQ (now DNRE) permit requests 
by three local Concentrated Animal Feeding Operations.  Data compiled in 2008. 
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Table 13 lists common groundwater contaminant sources. 
 
Table 13. Common Groundwater Contaminant Sources 
Source Contaminant 
Salting practices & storage   Chlorides 
Solid waste landfills Hazardous materials, metals   
Snow dumping   Chlorides 
Industrial uses Hazardous materials 
Agricultural fertilizers Nitrates, phosphorus 
Households Hazardous materials 
Manure handling Nitrates, pathogens 
Gas stations Hydrocarbons, solvents 
Home fertilizer Nitrates 
Auto repair shops Hydrocarbons, solvents 
Septic systems Nitrates, pathogens 
Recycling facilities Hydrocarbons, solvents 
Urban landscapes Hydrocarbons, pesticides, pathogens 
Auto salvage yards/junk yards Hydrocarbons, solvents 
Agricultural dealers Hydrocarbons, pesticides, nitrates 
Underground storage tanks Hydrocarbons 
Agricultural feedlots Nitrates, pathogens 
Industrial floor drains Hydrocarbons, solvents 
 
 
5.8 Forests  
Forest lands protect rivers and streams and provide habitat for many species.  Tree 
canopies and the underlying organic humus layer intercept and help to infiltrate rainfall 
runoff contributing to the stability of the hydrologic cycle. 
 
Threats 
The largest threats to natural forest communities in the FTWA are continued 
fragmentation and invasive species (e.g., garlic mustard).  Fragmentation often results 
in nest predation and nest parasitism (mainly by cowbirds), which accounts for 
population declines of forest birds, especially neotropical migrants. Fragmentation also 
increases the ability of invasive species to penetrate forested areas.  Invasive species 
can disrupt the forest’s role in managing water and the hydrologic cycle.  The Emerald 
Ash Borer is currently expanding into the area and threatens to eliminate ash trees that 
are important components of riparian woodlands.  Invasives may disrupt local hydrology 
by using more or less water or by having shallower roots structures than the native 
species they replace. 
 
5.9 Savanna and Prairie Remnants  
The FTWA has several oak savanna and prairie remnants.  Southwest Michigan is part 
of the tallgrass prairie region, which was dominated by grasses such as big bluestem 
and Indian grass. The tallgrass prairie vegetation sometimes reached a height of 10 feet 
or more. Oak savannas, characterized by a grassy prairie-type ground cover 
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underneath an open tree canopy, are common in areas that border the prairies.  Prairies 
and oak savannas are fire-dependent systems. 
 
Prairie grasses have been replanted at restoration sites throughout the FTWA, although 
the total area amounts to under 500 acres so far, about equally divided between private 
and state lands. 
 
Oak savanna and prairies support many species such as the Eastern box turtle and the 
Great Plains spittlebug. These systems in the FTWA also support plants that are rare in 
Michigan and indicative of high-quality savannas, including Rattlesnakemaster, prairie 
coreopsis, sand grass, and black haw.  The savannas with their native plants play an 
integral part of the hydrologic cycle by providing areas where water can easily infiltrate 
the soil. 
 
Threats 
The largest threat to savanna areas is the conversion to developed uses.  Developing 
these natural areas can disrupt the natural water infiltration capacity of these areas.  In 
addition, invasive alien plants have become extensively established in oak savanna and 
prairie remnants. These aggressive species are encouraged by the conversion of open 
lands to homes. Development creates large amounts of disturbed open ground and 
roadways that are new invasion routes for invasive species. Increased human 
recreational and other activities connected to development also tend to spread invasive 
plants’ seeds further into natural areas.  Suppression of natural fire regimes in 
developed areas further encourages the dominance of invasive over native plants, 
which are often adapted to recurring fire. Invasive plant species can actually result in 
reduced groundwater recharge, which disrupts the hydrologic cycle.   
 
5.10 Rare Features  
A variety of rare species and communities have been documented in targeted 
conservation areas in the FTWA.  Work conducted for a Four Township Natural 
Features Inventory (2005) documents threatened, endangered, and special concern 
species/communities. 
 
Threats 
The major threat to rare species and features is habitat loss and fragmentation.  As 
natural habitats become more fragmented and disrupted, invasive species can be 
accidentally or deliberately introduced into high quality habitat areas.  Invasive species 
can displace or eliminate native species, particularly rare species that have specific 
habitat requirements. Invasive species can substantially alter the structure and 
functioning of high quality natural communities including an alteration of the amount of 
water that is infiltrated. Further, new construction can affect groundwater infiltration 
rates and consequently reduce the amount of water discharging from a spring.  An 
altered hydrologic cycle can change the conditions necessary for the continued health 
of rare species populations and some natural communities such as prairie fens.  
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The Four-Township Breeding Bird Study indicates that the four townships harbor some 
of the highest numbers of breeding bird species of any area in southern Michigan 
(available at www.ftwrc.org/publications). During the period from 1970 through 2004, 
152 species of breeding birds were documented in the four townships: 112 species in 
Barry; 122 species in Prairieville; 125 species in Richland; and 150 species in Ross. 
The rich diversity of breeding birds is related to habitat diversity, the relatively large 
amount of open space in the four townships and the minimal fragmentation within some 
of the core areas of the larger land holdings. 
 
Data from 1973-75 and 1983-88 suggest even greater avian diversity than at present, 
indicating that recent landscape changes, particularly urban sprawl, may be having a 
deleterious effect on the overall quality of avian diversity in the four townships. 
Fortunately, this area has a substantial number of natural areas under preservation by 
public and private entities, which will temper the impact of suburban sprawl. While bird 
population changes have been substantial in the study area, the protected areas should 
help stabilize populations overall. Among the more serious threats facing regional bird 
populations are the aforementioned suburban sprawl and an associated increase in 
fragmentation, thought to contribute to higher parasitism rates and an increase in 
predation. Changing agricultural practices, as well as development in and around 
wetlands, impact grassland and wetland species. Increases in feral and domestic cats, 
auto traffic, cell phone towers and windows contribute to higher mortality rates. Over the 
years, many of Michigan’s Threatened and Endangered species have used the Four-
Township area for breeding. Endangered species which have been noted historically, 
but not during this study, include Barn Owl and Prairie Warbler. Threatened species 
include Common Loon, Least Bittern, Trumpeter Swan, Bald Eagle, Red-shouldered 
Hawk, Long-eared Owl and Henslow’s Sparrow. Of the Threatened species, all except 
the Red-shouldered Hawk and Long-eared Owl were found during the present study. 
The keys to the future health of the Four-Township area avifauna are protection and 
wise management of existing habitat resources to preserve current breeding bird 
populations, reduction of fragmentation to preserve area-sensitive species, public 
education, protective zoning with environmentally sensitive development, and vigilance 
against inappropriate land use. The report lists areas in each township considered to be 
essential for conserving breeding birds.
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6 Plan Development Process 
 
This FTW Management Plan was developed utilizing the best available data from a 
library of existing publications along with input from stakeholders. The planning process 
included: 

• soliciting stakeholder input; 
• reviewing previous studies and reports; 
• conducting research on topics of concern; and, 
• reviewing existing models to determine priority areas. 

 
 
6.1 Stakeholder Input  
Stakeholder participation was relied upon during the planning process. Early in the 
project period the FTWRC invited the public to its 2008 annual meeting and featured a 
presentation by the KRWC detailing the planning process.  The KRWC invited 
attendees to be a part of the planning process through the FTWRC.  SWMLC 
newsletters and FTWRC newsletters indicated that a Watershed Management Plan 
update was underway in conjunction with the implementation of conservation 
easements. 
 
FTWRC steering committee meetings and sub-committee meetings were used on a 
quarterly basis to engage stakeholders and solicit input. 
 
Steering committee and sub-committee participants were instrumental in identifying and 
commenting on compiled designated uses, desired uses, pollutants, sources and 
causes of pollutants, priority or critical areas.  These participants also developed goals, 
objectives and an action plan.  The key partners included the Four Townships Water 
Resources Council, MDNRE, Southwest Michigan Land Conservancy, and the 
Kalamazoo River Watershed Council.  The FTWRC strives to maintain representation 
from township officials and planners as well as representation from the Gull Lake 
Quality Organization. 
 
The FTWRC maintains a website with a library of FTWA information (Appendix 5).  An 
email communication list was used to keep stakeholders informed and to offer the 
opportunity to comment on the information being compiled and organized. 
 
Most planning work in the FTWA took place between 1998 and 2005, funded by 
watershed planning grants.  Appendix 5 lists several of the public involvement and 
education efforts related to early planning and assembly of FTWRC watershed planning 
products.  Key project partners listed in FTWRC reports (2005) include: 
 

• Southwest Michigan Land Conservancy (conservation easement acquisition) 
• Michigan Natural Features Inventory (identification of priority conservation areas 

in the four townships) 
• Kalamazoo Nature Center (breeding bird survey, information and education) 
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• Kalamazoo Community Foundation (natural features inventory funding 
assistance) 

• Potawatomi Resource Conservation and Development Council (technical support 
and financial support for printing of natural features publication) 

• Kalamazoo County Road Commission (participated in Council-sponsored 
planning workshop and offered input on stormwater management issues) 

• Gull Lake Quality Organization (information and education, preparation and 
distribution of resource management publications) 

• Augusta Creek Watershed Association (information and education, preparation of 
resource management publications) 

• Barry County Natural Resources Action Team (assisted the Council with 
information and education, and distribution of Council publications)  

• Michigan State University Extension (technical assistance, GIS development, 
organizational support, information and education) 

• Barry County Planning Department (planning and zoning assistance) 
• Barry County Commissioners and Planning Commission (planning and zoning) 
• Township Boards and Planning Commissions of Prairieville, Richland, and Ross 

Townships (planning and zoning) 
• Prairieville Township Board and Richland Township Board (assistance with 

planning and coordinating the Council’s wetland tours) 
 
6.2 Watershed Research and Model Review  
 
Dr. Stephen Hamilton, Michigan State University, developed a GIS buffer layer to 
describe Riparian Areas around waterbodies (see section 8.2). 
 
In 2010 Kieser & Associates, LLC completed a build out model for the Kalamazoo River 
Watershed Management Planning Project.  The purpose of this effort was to evaluate 
the impact of future land use changes on water quality, specifically runoff volume, total 
suspended solids, phosphorus and nitrogen.  In the model, land use change was based 
on the modeled future land use (Appendix 6). 
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7 Water Quality Summary 
 
7.1 Designated Uses 
According to the Michigan Department of Natural Resources and Environment, the 
primary criterion for water quality is whether the water body meets designated uses. 
Designated uses are recognized uses of water established by state and federal water 
quality programs. All surface waters of the state of Michigan are designated for and 
shall be protected for the uses listed in Table 14. (Citation: R323.1100 of Part 4, Part 31 
of PA 451, 1994, revised 4/2/99).  A watershed management plan provides direction for 
restoring and protecting designated uses. 
 
Table 14. Definitions of Designated Uses. 
Designated Use General Definition 
Agriculture Water supply for cropland irrigation and livestock 

watering 
Industrial Water Supply Water utilized in industrial processes 
Public Water Supply (at the point of intake) Public drinking water source 
Navigation Waters capable of being used for shipping, travel, 

or other transport by private, military, or commercial 
vessels 

Warmwater Fishery Supports reproduction of warmwater fish 
Coldwater Fishery (applies only to coldwater 
bodies) 

Supports reproduction of coldwater fish 

Other Indigenous Aquatic Life and Wildlife Supports reproduction of indigenous animals, 
plants, and insects   

Partial Body Contact Water quality standards are maintained for water 
skiing, canoeing, and wading   

Total Body Contact   Water quality standards are maintained for 
swimming   
 

 
For designated use assessments pollutant based impairments and threats are 
considered.  Impairments also can be caused by channelization related to unstable flow 
regimes.  For detailed information on the most common pollutants (sediment, nutrients, 
temperature, flow, bacteria and chemicals) their sources and Michigan’s water quality 
standards see Appendix 7. 
 
The Clean Water Act (CWA) requires Michigan to prepare a biennial Integrated Report 
on the quality of its water resources as the principal means of conveying water quality 
protection/monitoring information to the United States Environmental Protection Agency 
(USEPA) and the United States Congress.  For each water body, the report classifies 
each designated use as: 1) fully supported, 2) not supported or 3) not assessed.  
 
Designated uses not supported because of a specific pollutant often require the 
development of a Total Maximum Daily Load (TMDL).  A Total Maximum Daily Load is a 
calculation of the maximum amount of a pollutant a water body can receive and still 
meet applicable water quality standards. 
 
7.2 General Water Quality Statement  
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Where assessed, the designated uses of Agriculture, Industrial Water Supply and 
Navigation are being met throughout the FTWA. The Public Water Supply use is not 
applicable in the FTWA because no communities withdraw water directly from surface 
waters. 
 
The State of Michigan also considers Fish Consumption a designated use for all water 
bodies. The Fish Consumption designated use is considered not-supported due to 
elevated levels of polychlorinated biphenyls (PCBs) found in fish tissue.  PCB’s are 
ubiquitous in most river environments typically sourced from primarily from atmospheric 
transport into the FTWA.  The Kalamazoo River Mainstem, downstream and outside of 
the FTWA, has PCB contamination in sediment from historic industrial practices and is a 
federal Superfund cleanup site. 
 
There is a generic, statewide, mercury-based fish consumption advisory that applies to 
all of Michigan's inland lakes as well.  Mercury is primarily sourced from the burning of 
coal, transported through the atmosphere and deposited in the FTWA.  The State of 
Michigan has prepared and is implementing a statewide mercury reduction strategy 
(http://www.michigan.gov/deq/0,1607,7-135-3307_29693_4175---,00.html). 
 
Dioxin impairs fish consumption in some FTW Areas, again, typically sourced from 
distant industrial practices through air deposition (Table 15).  See the Michigan 
Integrated Report (2010) for details on PCBs, Mercury, and Dioxin. 
 
 
7.3 Individual Water Bodies 
 
Other than for Fish Consumption, all lakes and streams included in the 2010 Integrated 
Report were fully supporting of assessed designated uses.  Only one impairment based 
on nonpoint source pollution is listed that impacts the FTWA (Table 15). 
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Table 15. Impaired Water Bodies at a Glance. 

Water Body AUID Impaired Use Cause 
TMDL 
Status 

Kalamazoo River 
Watershed 
Rivers/Streams 

All in 
FTWA Fish Consumption PCB in Fish Tissue 2013 

Kalamazoo River 
Watershed 
Rivers/Streams All Fish Consumption PCB in Water Column 2013 
Gull Lake 0507-04 Fish Consumption Mercury in Fish Tissue 2011 
  0507-04 Fish Consumption PCB in Fish Tissue 2013 
Spring Brook 0605-01 Fish Consumption Dioxin 2021 

Unamed Tributary 
to Kalamazoo River 0607-02 Fish Consumption Dioxin 2021 

Unamed Tributary 
to Kalamazoo River 0607-03  Fish Consumption Dioxin 2021 
Silver Creek 0607-04 Fish Consumption Dioxin 2021 

Unamed Tributary 
to Kalamazoo River 0607-05 Fish Consumption Dioxin 2021 
Pine Lake W. of 
Prairieville 0607-06 Fish Consumption Mercury in Fish Tissue 2011 

Lake Allegan 0907-06 

Other Indigenous 
Aquatic Life and 
Wildlife 

Excess Algal Growth, 
Phosphorus (Total) 2001* 

 
The FTWA drains to the Kalamazoo River upstream of Lake Allegan.  Thus, it is within 
the Lake Allegan watershed and therefore is subject to a phosphorus TMDL for Lake 
Allegan that was completed in 2001.  An expected use attainment date has not been 
estimated by the Michigan Department of Natural Resources and Environment 
(MDNRE, 2010). 
 
Lake Allegan is a reservoir on the Kalamazoo River created by Calkins hydropower dam 
located in the middle of Allegan County.  Total phosphorus concentrations measured by 
MDNRE in Lake Allegan between 1998-2000 averaged 96 ug/l and ranged from 69 
to125 ug/l.  Both point source and nonpoint source load limits were set in order to 
achieve an average in-lake total phosphorus concentration of 60 micrograms per liter in 
Lake Allegan for the growing season from April-September.  The nonpoint limit calls for 
a 50% reduction in nonpoint source phosphorus loads during the growing season (April 
– September) and a 43% reduction at other times of year from 1998-2000 levels.  The 
point source limit calls for a 23% reduction of phosphorus loading during the growing 
season.  To date, point sources have met target load reductions but nonpoint sources 
have not, based on the best available tracking and calculation methodology.  MDNRE 
does perceive improvements in Lake Allegan conditions and the overall thought of 
TMDL participants is that efforts are resulting in desired, positive changes. 
 
Appendix 8 details loading reductions necessary to achieve annual 50% load reductions 
in total phosphorus from different land uses in FTWA subswatersheds.  Appendix 8 also 
details loading calculations used to estimate loading prevented by preserving PCAs and 
repairing known erosion sites. 
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The runoff and buildout information (Appendix 6) can be used by townships to target a 
nonpoint source phosphorus load reduction of 50%.  Townships can use the information 
to educate on the need and value of handling stormwater runoff in a more distributed 
way near its source.  In new development situations, local ordinances and stormwater 
guidance can prevent a great deal of new runoff problems.  Many options also exist to 
retrofit practices into already developed areas.  Handling stormwater is a key 
component of protecting high value water resources in the FTWA. 
 
The 2010 Integrated MDNRE Report states the following in describing State of Michigan 
High Quality Waters in the FTWA. 
 
The Augusta and Gull Creeks watershed within the Kalamazoo River watershed 
includes a number of high quality streams and lakes. Gull Lake is a large, mesotrophic 
lake.  While phosphorus levels in the watershed remain at acceptable levels, 
development pressures are a concern. Agriculture is also a potential source of nutrients. 
There are three recently constructed CAFOs in the watershed, which include new and 
expanded operations. Therefore, preservation of the riparian land is critical to provide 
an adequate buffer between agricultural operations and the water bodies. 
 
Spring Brook is a coldwater tributary to the Kalamazoo River immediately downstream 
of the city of Kalamazoo. A 1991 MDNRE biological survey conducted on Spring Brook 
indicated that this stream had the highest habitat quality for fish and other aquatic life of 
any coldwater stream of similar size that was sampled in southwestern Michigan. Brown 
trout of varying sizes were observed as well as high numbers and diversity of aquatic 
insects. A more recent biosurvey, conducted in 2004, found that approximately one mile 
of the riparian zone had been completely removed and replaced by subdivisions and 
lawns near Riverview Drive. A survey conducted further upstream, at DE Avenue, found 
a largely unimpacted riparian zone and an excellent macroinvertebrate community. 
Pollutants associated with development including sediment, phosphorus, and thermal 
inputs are the primary threats to this watershed. 
 
Additional water body narratives are included in Appendix 4. 
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8 Prioritization - Areas, Pollutants, Sources 
 
As noted in the Introduction, the Four Townships Watershed Area (FTWA) possesses a 
rich diversity of surface waters in good ecological condition. These surface waters - 
lakes, streams, and wetlands - are highly valued by local residents for recreational and 
aesthetic reasons, and many of the local residents live on or close to lakes.  The local 
landscape is underlain by extensive groundwater aquifers, and groundwater and 
surface-water bodies are intimately connected because the permeable soils of the area 
promote exchanges of water between the land surface, groundwater, streams, lakes, 
and wetlands.  Thus the entire hydrologic system is vulnerable to the degradation of 
water quality in the case of contaminants that are mobile in groundwater systems, as for 
example agrochemicals from row-crop production (e.g., nitrate, atrazine). Wetlands are 
abundant in the FTWA and they serve to improve water quality because they are often 
situated at the interface between groundwater, surface runoff, and lakes and streams, 
where they remove excess nutrients, sediments, and contaminants.  Protection is a 
priority wherever they occur. 
 
In contrast to many populated watersheds that are in need of extensive restoration and 
remediation to ameliorate longstanding problems, the focus of watershed management 
in the FTWA is oriented to protection and preservation, with some attention to localized 
stormwater issues and a general concern about row-crop and animal agriculture.  
Future residential and urban development, as well as intensification of agriculture, 
presents the most important challenges for the protection of water resources.  
 
8.1 Nonpoint source Pollutants 
 
Phosphorus (P), sediments, and microbial pathogens are the pollutants of greatest 
concern in lakes and streams of the FTWA, while nitrate and potentially other 
agrochemicals are a concern in groundwater given the predominance of groundwater 
wells to supply local drinking water for individual homes as well as municipalities.  Here 
we focus on the non-point source pollutants of concern for surface waters. 
 
Surface waters including lakes as well as streams and rivers in the FTWA are 
particularly sensitive to increased loading of phosphorus (P).  This reflects in part the 
tendency for most water to reach lakes and streams via groundwater flow, and the fact 
that nitrogen as nitrate is highly mobile in groundwater whereas P tends to stick to soils 
and sediments.  Most P loading to surface waters occurs via overland flow (including 
storm drains) as well as from fertilizer use and septic/sewer leakage at sites that are 
close to the water’s edge. Sediments carried by overland flow or storm drains are likely 
to carry P with them that is potentially available to algae and plants.  In addition, 
excessive loading of sediments to shallow waters can degrade habitat for aquatic plants 
and animals.  Concentrations of available P in most surface waters are very low and 
seemingly slight increases can stimulate undesirable blooms of algae and aquatic 
plants. Streams are somewhat less sensitive to P loading but they deliver water to 
sensitive downstream waters including, in the case of the FTWA, the reservoirs along 
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the Kalamazoo River.  Lake Allegan, located on the Kalamazoo River downstream of 
the FTWA streams, has a phosphorus TMDL as discussed in Section 7.3.  
 
Like P and sediments, microbial pathogens originating on land are likely to reach water 
bodies primarily via overland flow and septic/sewer leakage.  In addition, wildlife, 
livestock or pets that deposit excrement in close proximity to the water’s edge, near 
storm drains, or within the water can be important sources.   
 
Recent local expansion of Confined Animal Feeding Operations (CAFOs) has brought 
the total number of cattle in the vicinity of Gull Lake to ~5000, generating citizen 
concerns about the application of manure on local farm fields.  The FTWA also contains 
a relatively large collection of horse farms.  The implications of intensified animal 
operations for ground- and surface-water quality remain uncertain; even if manure is 
only applied at considerable distances from water bodies, the potential for nitrate 
leaching to groundwater may be enhanced.  Nitrate in drinking water has already 
emerged as a problem for residents throughout the FTWA, although high levels are 
found in a minority of the total wells that are tested. 
 
A pilot study to examine microbial indicators of fecal pollution from humans and cattle 
was conducted in 2009 by Marc Verhougstraete and Dr. Joan Rose of MSU, and the 
results were provided as a technical report to the FTWRC.  Sampling was conducted at 
two locations (Prairieville and Augusta creeks) over two time periods.  The July 
sampling represented relatively dry conditions and stable summer flow whereas a later 
sampling in October represented a period of higher and variable flow.  A suite of 
indicators was examined, each with its advantages and disadvantages.  Culture-based 
assays provided estimates of the abundance of E. coli, Enterococci, Clostridium 
perfringens, and coliphage (viruses that grow on bacteria).  Both creeks carried 
concentrations of fecal bacteria that are high by public health standards.  Notably, 
concentrations were high even in July when there had been no recent rain and runoff, 
and the coliphage data suggested that this contamination had occurred in the recent 
past.  Molecular analyses that provide highly sensitive markers for fecal bacteria 
originating from either humans or cattle showed no evidence for contamination from 
those sources. 
 
Taken together, these preliminary results suggest that warm-blooded wildlife were the 
likely source of fecal bacteria in these streams.  Deer, raccoons, geese, and other 
wildlife frequent the wetlands and riparian areas and are much more likely to be the 
source of contamination in times when there is no runoff from more distant upland 
areas.  However these results must be considered preliminary given that the limited 
amount of sampling did not cover late winter and early spring, the most likely time for 
microbial contamination from upland sources to reach streams by surface runoff.   
 
Thermal changes are a concern primarily in the streams that currently support trout.  
Augusta Creek and Spring Brook are popular with anglers and their trout fisheries are 
managed by MDNRE.  Increased area of impervious surfaces that conduct storm runoff 
directly into the streams could pose a threat to the trout by increasing summer 
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temperatures, which already can approach stressful levels.  Similarly, impoundments or 
artificial ponds as well as riparian deforestation can increase stream temperatures.  
Several studies have pointed out how this problem is expected to become increasingly 
challenging as the climate warms. 
 
Table 16 contains the conceptual framework linking impaired and threatened 
designated uses, known and suspected pollutant, sources and causes. 



Table 16.  Impaired and Threatened Designated Uses, Known and Suspected Pollutants and Sources, and Causes in the Four Township Watershed Area 
Designated Use Pollutants and 

Impairments to 
Designated 
Uses 

Source of Pollution Causes for Release of Pollutants Documented Presence in Watershed 

Agriculture: Met     
Other Indigenous Aquatic Life and Wildlife: 
Impaired 
- Whole FTWA under 2001 TMDL for excess 
algal growth, phosphorus (total); impairment in 
downstream Lake Allegan 

Nutrients (K) Land application of manure (S) Lack of manure management plans. 
Manure management plans may not be enforced for small and 
medium sized animal feeding operations. 
Improper manure handling and spreading. 

Approximately 9000 acres used for manure 
spreading 

  Livestock facility runoff (S) Improper manure storage and feedlot runoff. Facility status to be determined 
  Stormwater runoff (P) Loss of floodplains and wetlands as retention. 

Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Urban/residential growth doubled the population 
of the western half of the FTWA (since 1960) 

  Septic system failures and illicit 
connections (S) 

Improperly designed, installed, and maintained septic systems. 
Unknown illicit connections. 

Septic systems are widespread throughout the 
FTWA 

  Streambank/shoreline modification 
(S) 

Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 

Extensive low density shoreline development 
widespread throughout the FTWA 

 Sediment (K) Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Urban/residential growth doubled the population 
of the western half of the FTWA (since 1960) 

  Cropland erosion (S) Conventional tillage practices. 
Plowing adjacent to water bodies. 

Agriculture makes up 44% of the FTWA 

  Road and bridge crossings (S) Undersized culverts, poorly designed and maintained crossings. 4 sites of concern identified 
  Streambank/shoreline modification 

(S) 
Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 

Extensive low density shoreline development 
widespread throughout the FTWA 

 Habitat 
fragmentation 
(S) 

Loss of habitat (K) Filling and draining of wetlands. 
Development of open space for agriculture and urban 
development. 

Agriculture makes up 44% of the FTWA, and 
urban areas are developing 

 Unstable flow 
(K) 

Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Urban/residential growth doubled the population 
of the western half of the FTWA (since 1960); 
hydrologic study indicated increasing flashiness 
in Augusta Creek. 

Public Water Supply: Not applicable – no 
intakes 

    

Warmwater Fishery: Met     
Coldwater Fishery: Threatened Temperature (S) Lack of riparian habitat or habitat 

modification 
Due to agriculture and urban land use and development Extensive low density shoreline development 

widespread throughout the FTWA.  Agriculture 
makes up 44% of the FTWA, and urban areas 
are developing 

  Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 
 
 

Urban/residential growth doubled the population 
of the western half of the FTWA (since 1960) 



Designated Use Pollutants and 
Impairments to 
Designated 
Uses 

Source of Pollution Causes for Release of Pollutants Documented Presence in Watershed 

 Sediment (K) Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Urban/residential growth doubled the population 
of the western half of the FTWA (since 1960) 

  Road and bridge crossings (S) Undersized culverts, poorly designed and maintained crossings. 4 sites of concern identified 
 High flow (K) Stormwater runoff (P) Loss of floodplains and wetlands as retention. 

Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Urban/residential growth doubled the population 
of the western half of the FTWA (since 1960); 
hydrologic study indicated increasing flashiness 
in Augusta Creek. 

  Streambank/shoreline modification 
(S) 

Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 

Extensive low density shoreline development 
widespread throughout the FTWA 

Partial Body Contact Recreation: Threatened 
 
All FTWA 

Pathogens/Bact
eria (K) 

Land application of manure (S) Lack of manure management plans. 
Manure management plans may not be enforced for small and 
medium sized animal feeding operations. 
Improper manure handling and spreading. 

Approximately 9000 acres used for manure 
spreading 

  Septic system failures and illicit 
connections (S) 

Improperly designed, installed, and maintained septic systems. 
Unknown illicit connections. 

Septic systems are widespread throughout the 
FTWA 

Navigation: Met     
Total Body Contact Recreation: Threatened 
 
All FTWA 

Pathogens/Bact
eria (K) 

Land application of manure (S) Lack of manure management plans. 
Manure management plans may not be enforced for small and 
medium sized animal feeding operations. 
Improper manure handling and spreading. 

Approximately 9000 acres used for manure 
spreading 

  Septic system failures and illicit 
connections (S) 

Improperly designed, installed, and maintained septic systems. 
Unknown illicit connections. 

Septic systems are widespread throughout the 
FTWA 

Industrial: Met     
 
(K) Known 
(S) Suspected 
(P) Potential 
 
  



80 
 

8.2 Riparian Areas: Rationale for Prioritization 
 
As discussed earlier, natural landscapes in the FTWA yield little overland flow to distant 
surface waters under most circumstances because of the high permeability of the soils 
and the gentle slopes of the glacial terrain.  Thus movement of phosphorus (P), 
sediments and microbes from land to water is expected to be greatest where land lies in 
close proximity to the water’s edge.  For this reason we have used Riparian Areas to 
delineate land with the highest priority for attention to non-point source pollution 
reduction.   
 
Figure 15 shows the Riparian Areas throughout the FTWA that are our highest priority 
for protection and restoration. 



 
 
 
Figure 15. Riparian Areas along the main streams and most populated lakes in the 
FTWA.  Riparian Area width = 1000 feet. Permanent waterbodies are blue, wetlands are 
green, and township boundaries are thick black lines. PiL = Pine Lake, ShL = Shelp 
Lake, DL = Doster Lake, UCL = Upper Crooked Lake, GiL = Gilkey Lake, PlL = Pleasant 
Lake, FL = Fair Lake, GuL = Gull Lake, SL = Sherman Lake, SiC = Silver Creek, SpB = 
Spring Brook, CC = Comstock Creek, GC = Gull Creek, PC = Prairieville Creek, AC = 
Augusta Creek.     
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Figures 16 - 22 show close-up views of each water body superimposed on 2009 aerial 
photographs from the USDA’s National Agriculture Inventory Program.  A Riparian Area 
of 1000 feet from edge of selected waterbodies (e.g., lake or stream) was chosen to 
encompass most of the land that slopes down to the water’s edge and, particularly with 
agricultural activity or residential/urban development, is likely to be capable of 
bypassing the soil filter via either overland flow or constructed drainage systems (e.g., 
storm drains).  This Riparian Area width captures most of the residential development 
that has become concentrated along lakes and streams as well. 



 
 
Figure 16.  Riparian Areas for Doster Lake and Silver Creek.  Permanent waterbodies 
are blue, wetlands are green, and township boundaries are thick black lines.  Aerial 
photograph in this and subsequent figures is from 2009. 
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Figure 17.  Riparian Areas for Pine and Shelp lakes.  Shelp Lake is the smaller basin to 
the northeast of Pine Lake.  Permanent waterbodies are blue, wetlands are green, and 
township boundaries are thick black lines. 

Pine Lk. 

Shelp Lk. 



 
 
Figure 18.  Riparian Areas for Upper Crooked Lake.  The lower portion of the lake 
system (Lower Crooked Lake) is not included because it has few riparian residences 
and is relatively shallow.  Permanent waterbodies are blue, wetlands are green, and 
township boundaries are thick black lines. 
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Figure 19.  Riparian Areas for Spring Brook and Comstock Creek.  Permanent 
waterbodies are blue, wetlands are green, and township boundaries are thick black 
lines. 
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Figure 20.  Riparian Areas for Prairieville Creek and for Gull Lake and two smaller lakes 
that drain into it (Little Long Lake on the northwest end and Wintergreen Lake on the 
east edge).  Permanent waterbodies are blue, wetlands are green, and township 
boundaries are thick black lines. 

Prairieville 
Cr. 

Gull Lk. 



 
 
Figure 21.  Riparian Areas for Gull Creek and lower Augusta Creek as well as Sherman 
Lake.  Permanent waterbodies are blue, wetlands are green, and township boundaries 
are thick black lines. 
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Figure 22.  Riparian Areas for upper Augusta Creek and for Pleasant, Gilkey and Fair 
lakes.  Permanent waterbodies are blue, wetlands are green, and township boundaries 
are thick black lines. 
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A general idea of the land cover is available from inspection of the buffers overlain in 
the aerial photographs. Land cover data are not presented for these buffers because we 
observed that the more recent land cover data, which were determined from satellite 
images, underestimate the residential development that prevails in the FTWA where 
homes tend to be embedded among trees.  The 1978 MIRIS land cover data are better 
because they were derived from aerial photography, but much new residential 
development has occurred since 1978 in the FTWA.  Wetlands are marked on the aerial 
photos based on the National Wetland Inventory conducted based on aerial photos from 
ca. 1981.  Updating information on land cover based on aerial photo interpretation 
should be a priority for the Riparian Areas.   
 
Lakes selected for Riparian Areas are those with the most residential properties and 
recreational use, and therefore the most important for local residents.  Gull, Pine, 
Sherman, and Upper Crooked lakes have public access, whereas Doster, Pleasant, 
Gilkey and Fair lakes do not.  Gull Lake is the most well known of these lakes and has 
long been a prime recreational and residential lake.   
 
Streams selected for Riparian Areas are the major ones draining the FTWA as well as 
Prairieville Creek, the most important tributary water source for Gull Lake (see Appendix 
4).  All of these streams are lined by prairie fen wetlands and forested floodplains 
through much of their courses, and they are strongly groundwater-fed.  
 
8.3 Relationship of Riparian Areas to Priority Conservation Areas 
 
The Potential Conservation Areas (PCAs) described in Section 5.1 were identified as 
sites with outstanding biological resources, whereas the Riparian Areas described in 
this section were selected as the focus for efforts to stem non-point source pollution to 
lakes and streams.  The PCAs are not all within the Riparian Areas.  From the 
standpoint of non-point source pollution, we should seek to preserve as much of the 
natural (undeveloped) land within the Riparian Areas as possible, and if that land is also 
a PCA, then there is the further motivation to preserve it from the standpoint of 
biodiversity.    
 
8.4 Riparian Area Protection, Restoration, and Mitigation 
 
Riparian Areas deserve priority for preservation where they remain in good condition 
and for restoration or mitigation measures where they may be contributing 
disproportionately to non-point source pollutant loads.  We suggest that in the FTWA 
available resources might best be split approximately equally between protection and 
restoration/mitigation.  Augusta Creek, for example, has extensive riparian lands that 
are relatively natural, and the preservation of those natural riparian lands is key to 
maintaining the good water quality in that stream system as well as its biodiversity.  
Some of the lakes, including Gull and Upper Crooked, have little undeveloped riparian 
land left to protect, and the priority for those lakes should be mitigation of non-point 
source pollution.  Information or links to information about mitigation measures such as 
stormwater management, planting bankside strips of natural vegetation, management of 
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runoff at road/stream crossings, and setbacks for new development are described 
elsewhere in this report.  
 
The hydrology of the FTWA is relatively unmanaged with the exception of water levels 
on Gull and Upper Crooked lakes.  Opportunities for ecological restoration in the FTWA 
could include removal of dams, management of prairie fens and oak savanna (e.g., 
burning, removal of invasive plants, restoration of natural hydrology), ceasing to farm 
lands that are too close to the water’s edge (i.e., within the Riparian Areas), and 
reinstalling buffers of native vegetation at lakeside residences. 
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9 Goals, Objectives, and Implementation Strategies 
 
Successful implementation of a watershed management plan is more likely to occur 
when the objectives are based on clearly defined goals.  Goals can represent a long-
term vision and also serve as guideposts established to keep everyone moving in the 
same direction and assess progress. Objectives are more specific actions that need to 
occur to achieve the stated goal.  This chapter provides a management strategy to 
protect and improve water quality in the FTWA. The management strategy prioritizes 
tasks to be implemented, identifies specific problem sites and lays out a detailed action 
plan for implementation.  The strategy also includes an information and education plan 
and describes current efforts. 
 
9.1 Goals and Objectives for Designated Uses  
The following goals are related to protecting the designated uses of key water bodies in 
the FTWA as identified in Section 8.  
 

1. Prevent an increase in pollutants threatening water quality by sufficiently 
preserving or managing natural and working lands within the Riparian Areas.  

 
2. Mitigate non-point sources of pollution in storm-sewered areas and in Riparian 

Areas, particularly where there is current agriculture or residential/urban 
development. 

 
3. Restore natural hydrological regimes in streams and natural ecosystems within 

Riparian Areas where opportunities exist.  
 
Objectives for these goals are listed in Table 17 and linked to the reduction of 
pollutants. 



Table 17.  Goals and Objectives as Related to Ranked Pollutants, Sources, and Causes in the Four Township Watershed Area. 
Designated Use and Status Ranked* 

Pollutants and 
Impairments to 
Designated 
Uses 

Sources Causes Objectives (based on resource review and 
loadings) 

Goal No. 1 – Prevent an increase in pollutants threatening water quality by sufficiently preserving or managing natural and working lands within the Riparian Areas. 
Priority Areas for Goal No. 1 – All designated uses – Priority Conservation Areas 1-20 within Riparian Areas  
Other Indigenous Aquatic Life and Wildlife: 
Impaired 
- Whole FTWA under 2001 TMDL for excess 
algal growth, phosphorus (total); impairment in 
downstream Lake Allegan 

6. Habitat 
fragmentation 
(S) 

Loss of habitat (K) Filling and draining of wetlands. 
Development of open space for agriculture and urban 
development. 

Protect all PCAs 1-20 for a phosphorus load 
prevention of 4,208 lbs/yr (Appendix 8). 

 3. Unstable flow 
(K) 

Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
Discharge from impervious surfaces and developed areas. 
 

Protect all PCAs 1-20 for a phosphorus load 
prevention of 4,208 lbs/yr (Appendix 8). 

Goal No. 2 – Mitigate nonpoint sources of pollution in storm sewered areas and in Riparian Areas, particularly where there is current agriculture or residential/urban development. 
Priority Areas for Goal No. 2 – All designated uses – Riparian Areas and storm sewered areas 
Other Indigenous Aquatic Life and Wildlife: 
Impaired 
- Whole FTWA under 2001 TMDL for excess 
algal growth, phosphorus (total); impairment in 
downstream Lake Allegan 

2. Nutrients (K) Land application of manure (S) Lack of manure management plans. 
Manure management plans may not be enforced for small and 
medium sized animal feeding operations. 
Improper manure handling and spreading. 

Establish filter strips, encourage manure 
management planning and compliance with the 
plan on 100% of the approximately 9,000 acres 
used for manure spreading. 

  Stormwater runoff (P) Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Encourage infiltration in urban/urbanizing areas, 
implement watershed focused land-use planning 
and stormwater management to achieve a 100% 
onsite stormwater use or infiltration. 

  Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
 

Implement BMPs to reduce total FTWA urban 
loading of phosphorus by 2,259 lbs/yr (Appendix 
8). 

  Septic system failures and illicit 
connections (S) 

Improperly designed, installed, and maintained septic systems. 
Unknown illicit connections. 

Identify and correct 100% of illicit connection in 
the FTWA, repair or replace aging septic 
systems and recommend regular maintenance 
of systems. 

  Streambank/shoreline modification 
(S) 

Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 

Stabilize stream flows to moderate hydrology, 
reduce suspended solids, and maintain the 
floodplain. 

  Streambank/shoreline modification 
(S) 

Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 

Inventory shoreline sites and implement BMPs 
to reduce total FTWA urban loading of 
phosphorus by 2,259 lbs/yr (Appendix 8). 

 1. Sediment (K) Stormwater runoff (P) Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Encourage infiltration in urban/urbanizing areas, 
implement watershed focused land-use planning 
and stormwater management to achieve a 100% 
onsite stormwater use or infiltration. 

  Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
 

Implement BMPs to reduce total FTWA urban 
loading of phosphorus by 2,259 lbs/yr (Appendix 
8) 
 



Designated Use and Status Ranked* 
Pollutants and 
Impairments to 
Designated 
Uses 

Sources Causes Objectives (based on resource review and 
loadings) 

  Cropland erosion (S) Conventional tillage practices. 
Plowing adjacent to water bodies. 

Encourage filter strips, cover crops, reduced 
tillage; implement watershed focused land use 
planning. Reduce total FTWA agricultural 
phosphorus loading by 2,549 lbs/yr (Appendix 
8). 

  Road and bridge crossings (S) Undersized culverts, poorly designed and maintained crossings. Repair identified problem sites for phosphorus 
load reduction of 80 lbs/yr (Appendix 8). 

  Streambank/shoreline modification 
(S) 

Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 

Stabilize stream flows to moderate hydrology, 
reduce suspended solids, and maintain the 
floodplain. 

  Streambank/shoreline modification 
(S) 

Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 

Inventory shoreline sites and implement BMPs 
to reduce total FTWA urban loading of 
phosphorus by 2,259 lbs/yr (Appendix 8). 

Coldwater Fishery: Threatened 1. Sediment (K) Stormwater runoff (P) Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Encourage infiltration in urban/urbanizing areas, 
implement watershed focused land-use planning 
and stormwater management to achieve a 100% 
onsite stormwater use or infiltration. 

  Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
 

Implement BMPs to reduce total FTWA urban 
loading of phosphorus by 2,259 lbs/yr (Appendix 
8) 

  Cropland erosion (S) Conventional tillage practices. 
Plowing adjacent to water bodies. 

Encourage filter strips, cover crops, reduced 
tillage; implement watershed focused land use 
planning. Reduce total FTWA agricultural 
phosphorus loading by 2,549 lbs/yr (Appendix 
8). 

  Road and bridge crossings (S) Undersized culverts, poorly designed and maintained crossings. Repair identified problem sites for phosphorus 
load reduction of 80 lbs/yr (Appendix 8). 

 4. Temperature 
(S) 

Lack of riparian habitat or habitat 
modification 

Due to agriculture and urban land use and development Protect all PCAs 1-20 for a phosphorus load 
prevention of 4,208 lbs/yr (Appendix 8). 

 3. Unstable flow 
(K) 

Stormwater runoff (P) Discharge from impervious surfaces and developed areas. 
Ineffective stormwater management. 

Encourage infiltration in urban/urbanizing areas, 
implement watershed focused land-use planning 
and stormwater management to achieve a 100% 
onsite stormwater use or infiltration. 

  Stormwater runoff (P) Loss of floodplains and wetlands as retention. 
 

Implement BMPs to reduce total FTWA urban 
loading of phosphorus by 2,259 lbs/yr (Appendix 
8) 

  Streambank/shoreline modification 
(S) 

Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 
 
 
 

Stabilize stream flows to moderate hydrology, 
reduce suspended solids, and maintain the 
floodplain. 



Designated Use and Status Ranked* 
Pollutants and 
Impairments to 
Designated 
Uses 

Sources Causes Objectives (based on resource review and 
loadings) 

  Streambank/shoreline modification 
(S) 

Lack of riparian vegetation. 
Inadequate soil erosion and sedimentation control. 
Flashy flows from changes in land use and lack of stormwater 
controls. 

Inventory shoreline sites and implement BMPs 
to reduce total FTWA urban loading of 
phosphorus by 2,259 lbs/yr (Appendix 8). 

Partial Body Contact Recreation: Threatened 
 
All FTWA 

5. 
Pathogens/Bact
eria (K) 

Land application of manure (S) Lack of manure management plans. 
Manure management plans may not be enforced for small and 
medium sized animal feeding operations. 
Improper manure handling and spreading. 

Establish filter strips, encourage manure 
management planning and compliance with the 
plan on 100% of the approximately 9,000 acres 
used for manure spreading. 

  Septic system failures and illicit 
connections (S) 

Improperly designed, installed, and maintained septic systems. 
Unknown illicit connections. 

Identify and correct 100% of illicit connection in 
the FTWA, repair or replace aging septic 
systems and recommend regular maintenance 
of systems. 

Total Body Contact Recreation: Threatened 
 
All FTWA 

5. 
Pathogens/Bact
eria (K) 

Land application of manure (S) Lack of manure management plans. 
Manure management plans may not be enforced for small and 
medium sized animal feeding operations. 
Improper manure handling and spreading. 

Establish filter strips, encourage manure 
management planning and compliance with the 
plan on 100% of the approximately 9,000 acres 
used for manure spreading. 

  Septic system failures and illicit 
connections (S) 

Improperly designed, installed, and maintained septic systems. 
Unknown illicit connections. 

Identify and correct 100% of illicit connection in 
the FTWA, repair or replace aging septic 
systems and recommend regular maintenance 
of systems. 

Goal No. 3 – Restore natural hydrological regimes in streams and natural ecosystems within Riparian Areas where opportunities exist. 
Priority Areas for Goal No. 3 – Priority conservation areas containing fens and Augusta Creek Riparian Area 
Other Indigenous Aquatic Life and Wildlife: 
Impaired 
- Whole FTWA under 2001 TMDL for excess 
algal growth, phosphorus (total); impairment in 
downstream Lake Allegan 

6. Habitat 
fragmentation 
(S) 

Loss of habitat (K) Filling and draining of wetlands. 
Development of open space for agriculture and urban 
development. 

Identify potential restoration sites including 
additional PCAs in creeks outside of original four 
townships. 

 
(K) Known 
(S) Suspected 
(P) Potential 
* Qualitative ranking based on importance 
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9.2 Implementation Strategies 
 
Table 18 is a detailed action plan with structural, vegetative and managerial tasks, 
which address priority pollutants and their sources.  The Action Plan is based on 
designated use goals and objectives and is divided into priority areas and specific sites.  
This action plan should serve as a starting point for effective implementation.  The items 
in the action plan should be reviewed periodically and updated as conditions change in 
the watershed. 
 
Table 18, where applicable, assigns high, medium, and low rankings to individual 
waterbodies.  These rankings can guide the implementation of any action and assist 
stakeholders in deciding which waterbody or area to work in first.  Most rankings are 
self-explanatory but the following details clarify a few actions. 
 

• Action 4 - subwatersheds with the higher densities of agricultural land use rank 
higher. 

• Action 5 – subwatersheds with the more manure spreading rank higher. 
• Action 6 – waterbodies with higher population densities rank higher; also those 

studied previously by the FTWRC rank higher than others. 
• Action 10 – erosion sites with the higher potential load reductions rank higher. 
• Action 12 – subwatersheds with higher known levels of concern rank higher. 

 
Since resources will probably not be available to implement all of the tasks at once, 
Table 18 provides a suggested timeframe for beginning implementation of each task.  
Prioritizing the tasks will allow resources to be allocated to the tasks that address the 
most important pollutants and sources first. The timeframe may be changed if resources 
or opportunities become available for earlier implementation.  Table 18 also provides a 
cost estimate for each task and identifies the potential lead agency or individuals that 
need to take action. Potential partners, funding sources and programs are listed, which 
could assist with task implementation. Lastly, milestones and proposed evaluation 
methods are listed for each task. 
 



Table 18.  Four Township Watershed Area Action Plan. 
Recommended 

Prioritized BMPs 
Objective and Pollutant Ranked Critical and 

Priority Areas/Sites - 
Locations 

Estimated Unit 
Cost 

Water 
Quality 
Benefit 

Begin Lead Funding Milestones Evaluation Loading 
Quantification 

Goal No. 1 – Prevent an increase in pollutants threatening water quality by sufficiently preserving or managing natural and working lands within the Riparian Areas. 

1. Conservation 
Easements - 
Protect wetlands 
and adjacent 
natural lands 

Protect all PCAs 1-20 for a phosphorus load 
prevention of 4,208 lbs/yr (Appendix 8) (habitat 
fragmentation, unstable flow, and temperature) 

High - Prairieville 
Creek Riparian Area 

including PCA3 

$1,000,000 for 
first 86 acres; 

50% within 
PCA3 and 50% 

adjacent to 
PCA3 wetlands 

High in 
progress

Private 
landowners 
(unnamed); 

SWMLC, 
FTWRC 

Nearly 
complete 

MDNRE 319 
grant; 

$500,000 
federal grant; 

$500,000 
landowner 

match 
donation 

Near 
completion of 
approximatel
y 43 acres of 

PCA3 
 

By 2020: 100 
additional 

acres of PCA 
preserved 

# Acres 
protected; 
Estimate 
pollutant 
loading 

increase 
prevented 

PCA loading 
Table A8-2. 

 Protect all PCAs 1-20 for a phosphorus load 
prevention of 4,208 lbs/yr (Appendix 8) (habitat 
fragmentation, unstable flow, and temperature) 

High - Augusta Creek 
Riparian Area including 
PCAs 6, 7, 8, 9, 10, 11, 

15 

$2,000-$8,000 
per acre for 

purchase;$1,00
0-$6,000 for 
conservation 

easement 

High 0-3 
years 

Private 
landowners 
(unnamed); 

FTWRC 

MDNRE 319, 
other grants; 
landowner 
donation 

100 acres by 
2015; 250 
acres by 

2020 

# Acres 
protected; 
Estimate 
pollutant 
loading 

increase 
prevented 

PCA loading 
Table A8-2. 

 Protect all PCAs 1-20 for a phosphorus load 
prevention of 4,208 lbs/yr (Appendix 8) (habitat 
fragmentation, unstable flow, and temperature) 

Medium - Spring Brook 
Riparian Area including 

PCA 20; Gull Creek 
Riparian Area including 

PCAs 17, 18; Silver 
Creek Riparian Areas 

 
Low - Comstock Creek 

Riparian Areas 

$2,000-$8,000 
per acre for 

purchase;$1,00
0-$6,000 for 
conservation 

easement 

High 3-6 
years 

Private 
landowners 
(unnamed); 

FTWRC 

MDNRE 319, 
other grants; 
landowner 
donation 

100 acres by 
2020 

# Acres 
protected; 
Estimate 
pollutant 
loading 

increase 
prevented 

PCA loading 
Table A8-2. 

2. Enact or 
improve water 
quality protection 
related 
ordinances 
including 
stormwater 
management 

Encourage infiltration in urban/urbanizing areas, 
implement watershed focused land-use planning 
and stormwater management to achieve a 100% 

onsite stormwater use or infiltration (nutrients, 
sediment, unstable flow); Encourage filter strips, 

cover crops, reduced tillage; implement 
watershed focused land use planning. Reduce 
total FTWA agricultural phosphorus loading by 

2,549 lbs/yr (Appendix 8) (sediment) 

Throughout FTWA $10,000 per 
municipality 

High in 
progress

Municipalities Municipalities, 
MDNRE 

By 2015: 2 
Municipalities 

By 2020: 4 
Municipalities 

Number of 
ordinances 
enacted; 

Number of 
municipalities 

with 
ordinances 

NA 



3. Enact 
ordinances 
protecting riparian 
buffers 

Encourage filter strips, cover crops, reduced 
tillage; implement watershed focused land use 

planning. Reduce total FTWA agricultural 
phosphorus loading by 2,549 lbs/yr (Appendix 8) 

(sediment); Encourage infiltration in 
urban/urbanizing areas, implement watershed 

focused land-use planning and stormwater 
management to achieve a 100% onsite 
stormwater use or infiltration (sediment, 

nutrients); Stabilize stream flows to moderate 
hydrology, reduce suspended solids, and 

maintain the floodplain (nutrients) 

Throughout FTWA $2,500 per 
municipality 

High 3-6 
years 

Municipalities Municipalities, 
MDNRE 

By 2015: 2 
Municipalities 

By 2020: 4 
Municipalities 

Number of 
municipalities 

with 
ordinances 

NA 

Goal No. 2 – Mitigate nonpoint sources of pollution in storm sewered areas and in Riparian Areas, particularly where there is current agriculture or residential/urban development. 

4. Install 
agricultural BMPs 
 
BMP type 
-Filter Strips 

Establish filter strips, encourage manure 
management planning and compliance with the 
plan on 100% of the approximately 9,000 acres 

used for manure spreading (nutrients, 
pathogens/bacteria); Stabilize stream flows to 

moderate hydrology, reduce suspended solids, 
and maintain the floodplain (nutrients, 

sediment);  

High – Gull Creek 
Mouth; Upper Augusta 

Creek; Comstock 
Creek 

 
Medium – Gull Creek; 
Spring Brook; Silver 

Creek 
 

Low – Middle Augusta 
Creek 

 

Depends on 
practice 

High 0-3 
years 

Landowners 
(NRCS, 

Conservation 
Districts) 

Farm Bill By 2015: 4 
landowners 
By 2020: 8 
landowners 

Number of 
acres; 

estimate load 
reduction; 
number of 

landowners; 
before and 
after photos 

BMP loading 
Table A3-1 

5. Develop and 
implement 
manure 
management 
plans 

Establish filter strips, encourage manure 
management planning and compliance with the 
plan on 100% of the approximately 9,000 acres 

used for manure spreading (nutrients, 
pathogens/bacteria). 

High – Gull  Creek 
 

Medium – Augusta 
Creek Middle, Spring 

Brook 
 

Low – All other areas 
 

$4,000 - 
$10,000/plan 
(depends on 

the number of 
animals) 

High in 
progress

Landowners 
(NRCS, 

Conservation 
Districts) 

Farm Bill 
Programs, 
Michigan 

Environmental 
Assurance 
Program 
(technical 

assistance) 

By 2015: 4 
new plans  

 
By 2020: all 

farms 
covered 

Number of 
plans 

developed 

NA 

6. Assess 
stormwater 
management 
needs at built-out 
lakes 

Inventory shoreline sites and implement BMPs 
to reduce total FTWA urban loading of 

phosphorus by 2,259 lbs/yr (Appendix 8) 
(nutrients, sediment, unstable flow) 

High – Gull Lake 
 

Medium – Pine Lake, 
Upper Crooked Lake, 

Sherman Lake 
 

Low – Other 
developed/developing 

lakes 
 

Inventory 
stormwater 

conveyances; 
estimate loads; 

sample; 
prioritize - 

$100,000 per 
large lakes, less 

for smaller 

Medium 0-3 
years 

FTWRC/GLQO MDNRE 319 By 2015: 
High ranked 

lake 
complete 

 
By 2020: 
Medium 

ranked lakes 
complete 

 

Surveys of 
local 

community 
satisfaction 

Depends on 
BMPs 

implemented 
following 

inventory; Table 
A3-1 



7. Utilize 
stormwater BMPs 

 
BMP type 
-Dry detention 
-Wet retention 
-Swales 
- Rain Garden 
-Constructed 
Wetlands 

Implement BMPs to reduce total FTWA urban 
loading of phosphorus by 2,259 lbs/yr (Appendix 
8) (nutrients, sediment, unstable flow); Stabilize 

stream flows to moderate hydrology, reduce 
suspended solids, and maintain the floodplain 

(nutrients, sediment, unstable flow) 

Throughout FTWA Depends on 
practice 

High in 
progress

Municipalities, 
Drain and 

Road 
Commission 

Municipalities, 
MDNRE 319 

 ongoing Number of 
municipalities 

using 
practices; 

Estimate of 
pollutant 
loading 

reduction; 
before and 
after photos 

BMP loading 
Table A3-1 

8. Identify and 
correct illicit 
discharges to 
surface waters 

Identify and correct 100% of illicit connection in 
the FTWA, repair or replace aging septic 

systems and recommend regular maintenance 
of systems (nutrients, pathogens/bacteria) 

Throughout FTWA 
(none known at 

present) 

$500-$5,000 
per site 

Medium in 
progress

Road and 
Drain 

Commissions 
per IDEP; 

County Health 
Deparment 

Drain 
Commission, 
Municipalities, 

Road 
Commission 

Ongoing Number of 
connections 

or discharges 
identified and 

corrected 

NA 

9. Support 
municipal lawn 
fertilizer 
phosphorus 
restrictions 

Encourage infiltration in urban/urbanizing areas, 
implement watershed focused land-use planning 
and stormwater management to achieve a 100% 

onsite stormwater use or infiltration (nutrients) 

Throughout FTWA $2,000/county High  0-3 
years 

Municipalities, 
FTWRC, 
partners 

In-Kind 
Donations 

Allegan 
done; 1 

county in 2 
years; 2 in 3 

years 
 

Statewide 
action 

pending 

Number of 
counties with 

rules 

NA 

10. Identify and 
correct problem 
road/stream 
crossings 

Repair identified problem sites for phosphorus 
load reduction of 80 lbs/yr (Appendix 8) 

(sediment) 

High – Bendere Rd. at 
Little Long Lake; 
Hickory Rd. at 
Prairieville Cr. 

 
Medium – Silver Creek 
at Riverview Dr. (2010 

culvert replacement 
pending); 45th St 

between C and B Ave. 
crossing Augusta 

Creek 
 
Low – other sites 

$5,000-$15,000 
per site 

Medium in 
progress

County road 
commissions, 

FTWRC, 
citizen referrals

Road 
Commission, 
municipalities 

2 sites by 
2015; all 
known 

problem sites 
by 2020 

Number 
corrected; 
Estimate 

load 
reduction; 
before and 
after photos 

 Erosion site 
loading Table 
A8-4 

11. Promote 
identification and 
correction of 
failing septic 
systems 

Identify and correct 100% of illicit connection in 
the FTWA, repair or replace aging septic 

systems and recommend regular maintenance 
of systems (nutrients, pathogens/bacteria) 

Throughout FTWA $200-
$6,000/system 

Medium in 
progress

County Health 
Department, 

citizen referrals

USDA Rural 
Development 

By 2020: 4 
systems 

Number of 
systems; 

estimate load 
reduction 

NA 



12. Conduct 
additional 
pathogen genetic 
source tracking 
studies 

Identify and correct 100% of illicit connection in 
the FTWA, repair or replace aging septic 

systems and recommend regular maintenance 
of systems (nutrients, pathogens/bacteria); 
Establish filter strips, encourage manure 

management planning and compliance with the 
plan on 100% of the approximately 9,000 acres 

used for manure spreading (nutrients, 
pathogens/bacteria). 

High – Gull Creek, 
Augusta Creek 

 
Medium – Spring Brook

 
Low – Comstock 

Creek, Silver Creek 

$100 per 
sample 

NA in 
progress

FTWRC, 
GLQO, 

Kalamazoo 
County 

Grants By 2012 
establish 
baseline 

Statistically 
significant 
baseline of 
pathogen 

load 
established 

NA 

13. Promote use 
of household 
hazardous waste 
collection 

Encourage infiltration in urban/urbanizing areas, 
implement watershed focused land-use planning 
and stormwater management to achieve a 100% 

onsite stormwater use or infiltration (nutrients, 
other); Identify and correct 100% of illicit 

connection in the FTWA, repair or replace aging 
septic systems and recommend regular 

maintenance of systems (nutrients, 
pathogens/bacteria, other) 

Throughout FTWA $100 per public 
service 

message 

Medium 0-3 
years 

County; 
FTWRC 

Grants Ongoing - 
annual 

reminders to 
stakeholders 

Annual 
release 

NA 

14. Promote 
private drinking 
water well testing 

Encourage infiltration in urban/urbanizing areas, 
implement watershed focused land-use planning 
and stormwater management to achieve a 100% 
onsite stormwater use or infiltration (nutrients); 
Identify and correct 100% of illicit connection in 

the FTWA, repair or replace aging septic 
systems and recommend regular maintenance 

of systems (nutrients, pathogens/bacteria) 

Throughout FTWA Cost per kit Low 0-3 
years 

County Health 
Department 

General funds Ongoing 
promotion 

Number of 
kits utilized 

annually 

NA 

Goal No. 3 – Restore natural hydrological regimes in streams and natural ecosystems within Riparian Areas where opportunities exist. 
15. Prairie fen 
management 

Identify potential restoration sites including 
additional PCAs in creeks outside of original four 

townships. (habitat fragmentation) 

PCAs containing fens $2,000-$8,000 
per acre for 

purchase;$1,00
0-$6,000 for 
conservation 

easement 

Low 0-3 
years 

FTWRC Grants; 
landowner 

match 

Add a 
management 
area by 2015 

Added area NA 

16. Dam 
removals 

Identify potential restoration sites including 
additional PCAs in creeks outside of original four 

townships. (habitat fragmentation) 

Small dams along 
Augusta Creek 

$50,000 – 
$250,000 per 

dam 

Low 3-6 
years 

FTWRC Grants; 
landowner 

match 

2 dams by 
2020 

Dams 
removed; 

before and 
after photos 

NA 

17. Upland prairie 
restoration 

Identify potential restoration sites including 
additional PCAs in creeks outside of original four 

townships. (habitat fragmentation) 

Augusta Creek 
MDNRE land 

$3,100 - 
$10,000 per 
acre (source 

Prairie 
Restoration 

Inc.) 

Low 0-3 
years 

FTWRC Grants; 
landowner 

match 

Add a 
management 
area by 2015 

Added area NA 

BMP Best Management Practice, PCA Priority Conservation Area, SWMLC Southwest Michigan Land Conservancy, FTRWC Four Township Water Resources Council, MDNRE Michigan Department of Natural Resources and Environment 
FTWA Four Township Watershed Area, NRCS Natural Resource Conservation Service, GLQO Gull Lake Quality Organization, NA – not applicable/available 
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Goals for Desired Uses  
In addition to the Designated Uses established by state and federal water quality 
programs, stakeholders identified several Desired Uses for the FTWA.  Desired uses 
are based on factors important to the watershed community.  Desired uses may or may 
not have a direct impact on water quality.  Table 19 lists the Desired Uses identified 
through stakeholder input and research. 
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Table 19. Four Township Watershed Area Desired Uses 
FTWA Desired Use   General Definition   
Coordinated development   Promote and achieve the environmental 

and economic benefits of planned 
communities through coordinated land use 
planning and low impact 
development/green infrastructure 

Intact habitat for native aquatic and 
terrestrial wildlife 

Protect and enhance the habitats on which 
indigenous, threatened, and endangered 
species depend   

Open Space and Agricultural Land   Develop a green infrastructure network 
consisting of natural, open and working 
lands to maintain a viable farming 
economy, maintain the rural character of 
communities, and maintain the natural 
ecosystem functions provided by 
woodlands, wetlands, and other natural 
areas   
 

Groundwater Resources Protection   Protect groundwater recharge and 
wellhead areas from contamination and 
overdrafting 

Appropriate recreational use and 
infrastructure   

Ensure that recreational activities are 
protective of natural features and enhance 
pollution prevention 

Watershed monitoring efforts   Continue and increase monitoring efforts 
to better understand issues in the FTWA 
and to create baselines for future 
reference   
 

Watershed Organization   Maintain and refine an organization to 
coordinate implementation of the 
watershed management plan especially 
educational tasks (Appendix 9) 

 
 
The following objectives were developed to address the desired uses identified by 
stakeholders.  Though the remainder of the watershed plan focuses on designated uses 
and objectives for their maintenance and restoration, the following desired use 
objectives are also highly related to ensuring a healthy watershed.  Many of these 
objectives relate to education and outreach needs detailed later in this plan. 
 
Coordinated land use planning in the FTWA. 

1. Periodically review local plans, ordinances and regulations addressing 
stormwater management, non-point source pollution and related water quality 
and natural resource issues   
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2. Promote uniform set back requirements along lakes, streams, rivers and 
wetlands 

3. Apply model language for development standards and ordinances    
4. Maintain resource maps for planning officials   
5. Gain local commitments to consider the watershed context in planning efforts 

and to recognize stormwater planning early in site planning and evaluation   
6. Conduct technical workshops and provide technical assistance throughout the 

watershed regarding the importance of coordinated watershed and land use 
planning 

 
Protected habitat for native aquatic and terrestrial wildlife  

1. Continue to implement PCA protection 
2. Minimize modification of sensitive habitat areas such as stream corridors    

 
Protected groundwater resources  

1. Support community well head protection programs   
2. Review water withdrawal applications using the Michigan Groundwater 

Withdrawal process 
3. Develop strategies to prevent increased impervious surfaces in high recharge 

areas and to restore areas with high recharge potential, as appropriate   
 
Improved recreation infrastructure along waterways while respecting natural features  

1. Encourage coordinated recreation planning that promotes sustainable uses of 
natural resources and protects the unique natural features of FTWA communities 

2. Educate boaters about limiting the movement of invasive species 
 
Continued/increased watershed monitoring efforts  

1. Continue partnerships with agencies to refine and implement a monitoring 
strategy to examine the current quality of the river as well as to monitor changes 
over time  

2. Encourage programs for testing of private drinking water wells   
 
A sustainable organization to coordinate and implement the watershed management 
plan and to instill a sense of stewardship by carrying out actions in the FTWA education 
plan (Appendix 9). 

1. Partner with other organizations to coordinate and implement watershed efforts  
2. Maintain existing partnerships radiating from the FTWRC 

 
 
9.3 Information and Education  
The structural, vegetative and managerial tasks listed in the action plan are voluntary. 
Therefore, individuals, before they are motivated to action, will need to understand the 
watershed concerns and how their actions can play a role in protecting water quality. An 
Information and Education (I&E) plan was developed to offer a strategy for informing 
and motivating responsible parties to implement the tasks listed in Table 18. The I&E 
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plan provides goals and outlines the relationship between target audiences, watershed 
issues and outreach activities (Appendix 9). 
 
9.4 Planning and Studies 
In some areas, further study and investigation, as well as subwatershed planning may 
be needed before more specific recommendations can be made. 
 
Wetland restoration and protection activities are clearly important in the FTWA.  A 
targeted wetland restoration and protection project based on the Landscape Level 
Wetland Functional Assessment in conjunction with an educational campaign to 
landowners and municipal officials would be extremely helpful in advancing the wetland 
related tasks in the action plan.  MDNRE performs landscape level analysis to better 
understand the functions of existing and lost wetlands.  The results from such analysis 
can be utilized to locate wetlands with important functions such as protecting water 
quality, providing habitat and reducing flood impacts in the watershed. The results can 
help pinpoint potential restoration, enhancement, and protection activities to appropriate 
areas of the watershed that are most in need of a particular wetland function. These 
functions include 1) surface-water detention 2) streamflow maintenance 3) nutrient 
transformation 4) sediment and other particulate retention 5) shoreline stabilization 6) 
provision of fish and shellfish habitat 7) provision of waterfowl and waterbird habitat 8) 
provision of other wildlife habitat, and 9) conservation of biodiversity (rare or imperiled 
wetland habitats in the local region with regional significance for biodiversity).
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10 Evaluation 
 
An evaluation process will determine if the plan implementation is effective and if 
improvements in water quality are being achieved.  Measuring improvements and 
sharing results will increase community support for plan implementation.  The level of 
evaluation and the methods utilized will largely be dependent on the existence of a 
sustainable watershed organization being able to carry out the proposed evaluation 
methods and on the amount of resources and funding available.  Lastly, this Watershed 
Management Plan should be reviewed and updated periodically. 
 
10.1 Knowledge and Awareness  
The first level of evaluation is documenting a change in knowledge or increase in 
awareness.  Measures and data collection for this level can take place in three specific 
ways: 
 

1. A pre- and post-test of individuals at workshops focused on specific water quality 
issues in the FTWA. This should be an on-going activity.   

2. The tracking of involvement in a local watershed group or increases in 
attendance at water quality workshops or other events.  This should be an 
on-going activity.  

3. A large-scale social survey effort of the FTWA population to understand 
individual watershed awareness and behaviors impacting water quality.  Surveys 
are expensive, so this level of evaluation will not be able to happen until funding 
is secured.  This type of action is often conducted by universities with this 
expertise (e.g., graduate program level or above). 

 
Additional evaluation methods for measuring and tracking knowledge and awareness 
can be found in the Information and Education Plan in Appendix 9.  
 
10.2 Documenting Implementation 
The second level of evaluation is BMP adoption or implementation.  The measurement 
is mostly a documentation of successful implementation.  The evaluation will involve 
identifying and tracking individuals, organizations and governmental units involved in 
implementing and adopting BMPs whether they be structural, vegetative or managerial. 
Data about the BMP implementation can be gathered simply through tracking the 
number of BMPs installed or adopted.  This evaluation should be done annually. 
 
Table 18 has milestones and specific evaluation methods proposed for measuring the 
progress of BMP implementation and improvements to water quality for each task in the 
FTWA action plan. The action plan should be reviewed at least annually to ensure 
progress is being made to meet the milestones.  During the annual review, the action 
plan should be updated as tasks are completed and as new tasks are identified. 
 
10.3 Monitoring Water Quality 
Another level of evaluation is documenting changes in water quality through monitoring. 
The monitoring of water quality is a very complex task, which involves gathering data 
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from a number of sources. Periodic assessments of the water quality in the FTWA are 
conducted as part of the State of Michigan 5-year basin monitoring rotation conducted 
by the MDNRE Surface Water Assessment Section.  The last basin rotation occurred 
during the 2009 field season and the report should be released in late 2010.  Local 
efforts to monitor water quality include those of lake associations, drain commissioners, 
the Kalamazoo County Health Department, and the FTWRC. Combining data gathered 
under these programs, with other periodic water quality assessments will provide a 
picture of water quality in the watershed.  Table 20 details monitoring components for 
prioritized pollutants and suggests evaluation criteria in light of current conditions.  
Table 21 catalogs current monitoring programs in the FTWA. 
 
A targeted study of loading sources at built out lakes is of interest to several partners in 
the FTWA.  Action item number 6, Table 18, captures this interest.  Several partners 
have suggested the following model targeted for the highest priority lake, Gull Lake.  A 
successful future study could serve as a model for similar targeted investigations of 
other built out priority lakes. 
 
The team would like to: 1) conduct a detailed field inventory of stormwater conveyances 
into Gull Lake; 2) estimate specific and individual drainage stormwater footprint loads; 
3) strategically sample the most potentially significant discharges to establish current 
loading conditions and pre-BMP installation loads (for later comparison to post-BMP 
loads); 4) prioritize installation needs and prepare BMP designs for priority sites for 
future installation when funding is available.  Sampling sites (up to 8 total) are based on 
ongoing monitoring efforts of the Gull Lake Quality Organization and include: 

• Bay area including Marina 
• Gull Lake Country Club 
• Gull Lake Ministries 
• Prairieville Twp. Boat Launch 
• Gull Island Parking Area
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Table 20. Monitoring Components and Evaluation Criteria for Four Township Watershed Area. 
Prioritized 
Impairment, 
Source, or 
Cause 

Monitoring 
Components 

Potential 
Parties to 
Implement 
Monitoring 

Schedule for 
Implementation 

Units of 
Measurement 

Current Conditions Evaluation Criteria 

1. Sediment Substrate 
embedded-
ness 

MDNRE, 
FTWRC, 
GLQO, MSU 

Long term 
(Assess in 2014 
and every 5 
years after) 

Degree of 
embeddedness 

Not known, baseline needed Maintain or reduce 
embeddedness 

Macro-
invertebrate 
sampling 

MDNRE, 
FTWRC, 
MSU 

Long term 
(Assess in 2014 
and every 5 
years after) 

Numerical score 
based on 
quantity and 
diversity 

Excellent (Gull, Augusta Creeks), 
Acceptable (Springbrook, 
Comstock Creeks) – (MDEQ 
2005); Acceptable (Silver Cr.) – 
MDEQ 2000) 

Maintain “excellent” 
scores, increase 
scores for 
“acceptable” stream 
stretches 

2. Nutrients Water quality MDNRE, 
FTWRC, 
GLQO, MSU 

Long term 
(Assess in 2014 
and every 5 
years after) 

Water quality 
rating 

Local excess phosphorus not 
evident however the area is part of 
a phosphorus TMDL, requiring 
reductions 

Monitor and track 
aquatic plant growth; 
monitor and track 
phosphorus levels in 
FTWA lakes; monitor 
and track conditions in 
Lake Allegan 

3. Unstable 
Flow 

USGS flow 
gauge data 

USGS, 
MDNRE, 
MSU 

Short term 
(2011) and 
annually 
thereafter 

Cubic feet per 
second 

Flow gauges record hydrographs 
during storm events, with peak 
flows and durations 

Document reduction of 
peak flows and 
duration; track 
flashiness 

4. 
Temperature 

Water 
temperature 

MDNRE, 
County 
Health 
Department, 
FTWRC, 
GLQO, MSU 

Short term 
(2011) and 
annually 
thereafter 

Degrees Coldwater designated streams 
present 

Maintain average 
temperatures cold 
enough to support 
trout populations on 
100% of designated 
coldwater streams 

5. 
Pathogens, 
Bacteria 

Water quality County 
Health 
Department, 
FTWRC, 
GLQO, MSU 

Ongoing Bacteria counts 
per 100ml water 

Exceedances have occured in 
surface water samples of Augusta 
and Prairieville Creeks (FTWRC 
2010). Average E. coli 2001-2008: 
Spring Brook (233); Augusta Creek 
(223); Prairieville Creek (165); 
Little Long Lake Outlet (148); Gull 
Creek (94).  Kalamazoo County 
(2009) 

Meet WQS for full and 
partial body contact 
100% of the time 
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Water quality FTWRC, 
GLQO, MSU 

Ongoing Genetic Source 
Tracking 

No current indication of human or 
livestock sources at tested sites 

Meet WQS for full and 
partial body contact 
100% of the time 

6. Habitat 
Fragment-
ation 

Wetland 
inventory and 
assessment 
and 
conservation 
easements 

MDNRE, 
SWMLC, 
FTWRC 

Long-term 
(2015) 

Acres of and 
photos of 
wetlands 
protected; 
records of 
conservation 
easements 

Wetland loss evident due to 
agricultural and urban development

Increase permanently 
protected lands 

MDNRE 
habitat survey 

MDNRE Long term 
(Assess in 2014 
and every 5 
years after) 

Habitat 
evaluation score 

Excellent – Non-impaired 
(Springbrook, Gull, Augusta 
Creeks), Good – Slightly impaired 
(Augusta, Comstock Creeks) – 
(MDEQ 2005); Good – Slightly 
impaired (Silver Cr.) – MDEQ 
(2000) 

Maintain or increase 
scores until 100% of 
locations score 
“excellent” or “good” 

SWMLC Southwest Michigan Land Conservancy 
FTRWC Four Township Water Resources Council 
MDNRE Michigan Department of Natural Resources and Environment 
FTWA Four Township Watershed Area 
GLQO Gull Lake Quality Organization 
MSU Michigan State University 
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Table 21.Environmental Monitoring Summary. 
Organization Monitoring Site Type of Analysis Protocol Current 

Monitoring 
Recommended 
Future Monitoring 

Test Agent 

MDNRE Basin rotation stream 
sites change from year 
to year 

Macroinvertebrate 
survey 

MDNRE 
Protocol 
Procedure 51 

Conducted in 2009 Once every 5 years 
(2014) 

MDNRE 

Habitat survey USEPA Rapid 
Bioassess-
ment 

Conducted in 2009 Once every 5 years 
(2014) 

MDNRE 

Water Chemistry 
TP, TN, DO, 
Metals 

MDNRE No current routine 
monitoring in 
FTWA 

As needed based on 
identified concerns 

MDNRE 

E. coli E. coli 
MPN/100ml 

No current routine 
monitoring in 
FTWA 

As needed based on 
identified concerns 

MDNRE 

MDNRE and 
TMDLIC 

Kalamazoo River 
mainstem sampling 
points between 
Galesburg and Lake 
Allegan (inflows and 
outflows of reservoirs 
and road crossings); 
also in reservoir 
sampling 

TP MDNRE Monthly grabs 
during growing 
season since 2001 

Monthly MDNRE and 
Wastewater 
Treatment 
Facility Labs 

MDNRE 
Fisheries 

Augusta Creek and Gull 
Lake Outlet (2001), 
Silver Creek and Spring 
Brook (2000) per Wesley 
(2005) 

Temperature Handheld 
temperature 
probe 

Last monitored 
2000 

Per MDNRE 
assessment schedule 

MDNRE 

Augusta Ck. (Wesley, 
2005), Gull Lake 
(Dexter, 1991), Spring 
Brook (Dexter, 1992), 
Silver Creek (Dexter 
1993) 

Fishery survey MDNRE Last monitored 
early 1990’s 

Per MDNRE 
assessment schedule 

MDNRE 

County 
Health 
Department 

Public beach – Ross 
Township Park, Robert 
Morris Park 

E. coli E. coli 
MPN/100ml 

Weekly during 
annual use season 
since 2001 

Weekly during annual 
use season 

Kalamazoo 
County Health 
Department 
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Organization Monitoring Site Type of Analysis Protocol Current 
Monitoring 

Recommended 
Future Monitoring 

Test Agent 

Streams – Spring Brook, 
Augusta, Gull Creeks 

E. coli E. coli 
MPN/100ml 

Weekly during 
annual use season 

Weekly during annual 
use season 

Kalamazoo 
County Health 
Department 

All listed above Water quality 
parameters 
temperature, DO, 
pH, conductivity, 
turbidity 

County Weekly during 
annual use season 

Weekly during annual 
use season 

Kalamazoo 
County Health 
Department 

FTWRC and 
GLQO 

Streams – Prairieville 
Creek (2 sites), Augusta 
Creek (4 sites in Barry 
Co.) 
 
Lake – Little Long 

E. coli E. coli 
MPN/100ml 

Current agreement 
and grant 
supplements 
Kalamazoo County 
monitoring, monthly 
since 2008 

Monthly sampling 
during use season 

Kalamazoo 
County Health 
Department 

Augusta and Prairieville 
Creeks 

Genetic source 
tracking of E. coli, 
Enterococci, 
Clostridium 
perfringens 
(bacteria) and 
Coliphage (a virus 
that grows on E. 
coli. 

MSU Water 
Quality, 
Environmental 
and Molecular 
Microbiology 
Lab 

Kalamazoo 
Community 
Foundation Grant 
provided resources 
for sampling 
program in July and 
October 2009 

1-2 additional field 
seasons during use 
season during dry and 
wet weather 
conditions 

FTWRC and 
GLQO 

None at this time Low flow 
conditions 

Flow meter, 
USGS 
protocol 

Not monitored Annual during historic 
low flow months in 
coldwater streams 
Prairieville Creek, 
Augusta Creek, Spring 
Brook, Silver Creek 

FTWRC, 
volunteers 

GLQO and 
MSU 

Several inflows to Gull 
Lake: Gull Lake, Miller 
Lake outflow, Little Long 
Lake outflow, Prairieville 
Ck. at M-43, 
Wintergreen Lake 
outflow, Whites Lake 
north end, Country Club 
ditch 

SRP, TP, TDP, 
Ammonia, 
Chloride, Nitrate, 
Sulfate, 
temperature, pH, 
DO, conductance 

MSU Growing season 
about every 2 
months between 
2005-2009 

Continue same 
frequency 

GLQO 
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Organization Monitoring Site Type of Analysis Protocol Current 
Monitoring 

Recommended 
Future Monitoring 

Test Agent 

MSU 
Litchman 
laboratory 

Gull Lake, Wintergreen 
Lake 

Light, temperature, 
DO, conductivity, 
pH, chlorophyll, 
blue green algae 
concentration, P, 
TN, Microcystis, 
zooplankton; 
secchi 

MSU; CLMP Since 2005 
sampled weekly 
from ice out until 
November; 
Wintergreen Lake 
sampled every two 
weeks 

Continue same 
frequency 

MSU 

MSU 
Hamilton 
laboratory 

Gull Lake inflow and 
outflow 

Nutrients, 
dissolved ions, 
discharge, 
temperature 

MSU Sampled 4-5 times 
during summer 
since 2005 

Continue same 
frequency 

MSU 

Gull Lake Zebra mussels 
and chlorophyll, P, 
N, Microcystis 

MSU Periodic sampling Continue same 
frequency 

MSU 

MSU LTER Prairieville Creek, Gull 
Creek at M-96, Spring 
Brook at DE Ave., 
Augusta Creek at Mann 
Rd., and groundwater at 
the Kellogg Bio Station 

Nutrients and 
dissolved ions 

MSU LTER Periodic sampling 
since 1999 

Continue same 
frequency 

MSU 

USGS Augusta Creek Discharge USGS Ongoing daily Continue same 
frequency 

USGS 

All Built out lakes Stormwater 
pollutant loading 

Modeling; 
runoff loading 
estimates 
using MDNRE 
Pollutants 
Controlled; 
targeted 
monitoring 

NA Targeted study over 1-
2 seasons at high 
priority sites 

All 

TP – Total phosphorus, TN – Total nitrogen, DO – Dissolved oxygen, SRP – Soluble reactive phosphorus, TDP – Total dissolved phosphorus 
FTRWC Four Township Water Resources Council 
MDNRE Michigan Department of Natural Resources and Environment 
FTWA Four Township Watershed Area 
GLQO Gull Lake Quality Organization 
MSU Michigan State University – researchers 
USEPA United Stated Environmental Protection Agency 
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CLMP – Cooperative Lakes Monitoring Program 
LTER – Long Term Ecological Research 
 
Data sources online: 
MDNRE surface water data: http://www.michigan.gov/deq/0,1607,7-135-3313_3686_3728---,00.html. 
Kalamazoo County data: http://www.kalcounty.com/eh/lake-stream-monitoring.php 
USGS data: http://waterwatch.usgs.gov/ 
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Two additional monitoring efforts should be considered including: 1) Low flow 
monitoring for new water withdrawal permit process; and, 2) Continued E.coli monitoring 
in cooperation with research institutions and Kalamazoo County. 
 
10.4 Estimating Pollutant Load Reductions  
The last level of evaluation is to estimate a reduction in pollutant loadings.  A pollutant 
loading is a quantifiable amount of pollution that is being delivered to a water body. 
Pollutant load reductions can be calculated based on the ability of an installed BMP to 
reduce the targeted pollutant. Pollutant loading calculations are best used at specific 
sites where structural BMPs are installed and detailed data about the reduction of 
pollutants can be gathered. Specific pollutant load reduction calculations should be 
completed for structural BMPs when they are proposed and installed (Appendix 8). 
 
In Table 18, under the last column (proposed evaluation methods), pollutant loading 
reduction calculations are suggested for evaluating several tasks in the action plan. 
These tasks typically include:  protecting and restoring wetlands and sensitive lands, 
correcting failing septic systems, installing agricultural BMPs, utilizing urban stormwater 
BMPs, correcting livestock problem sites and correcting road/stream crossing problem 
sites. The other items in the action plan (Table 18) either deal with hydrological 
modifications or they are proactive and preventative measures (planning and rules).  
Estimating pollutant loads and load reductions for these types of practices often is not 
feasible.  Appendix 8 includes estimates of pollutant loads prevented by preserving and 
protecting natural lands. 
 
10.5 Evaluating the Watershed Management Plan  
The watershed management plan should be reviewed and updated as needed.  The 
FTWRC should take the lead in the management and action plan review process.  As 
general guidance, the review should at a minimum include the following updates:  

• Land Cover – at a minimum every 10 years  
• Demographics – with every new US Census  
• Future Growth and Development – every 5-10 years  
• Local Water Quality Protection Policies – every 3 years  
• Water Quality Summary – every two years with the release of MDEQ Integrated 

Reports  
• Scheduled TMDLs – every two years with the release of MDEQ Integrated 

Reports or when a TMDL is completed  
• Prioritization of areas, pollutants and sources – every 5-10 years  
• Goals and Objectives – every 5-10 years  
• Implementation (Action) Strategy – review annually and update as needed  




