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ABSTRACT

Agricultural drainage is widely implemented throoghthe U.S. to improve land
drainage and increase crop productivity, affeciagnuch as 50% of cropland area in
Midwestern states. Many of the headwater stredrtiisoregion are managed under
state laws by drainage districts, county drain casaimners or similar entities. The
ecological condition of these streams is sparsetuthented but considered poor. |
evaluated ten stream reaches, each of which ceatairsegment managed under the
Michigan Drain Code and an unmanaged segment (adtuusing a paired reach
sampling design. Habitat quality was significariiyer for seven of nine rapid
assessment metrics and for overall habitat quaitiier physical characteristics
including woody debris, substrate particle size sindosity were all greater in natural
reaches. In comparison to natural reaches, calratgs were significantly incised and
were nearly straight in planform. Biological assaent using macroinvertebrates
indicated slightly improved scores in natural reschut differences were not significant
for most metrics. A regression of biological medragainst habitat quality that included
data from a wide variety of streams within the wsited reveals poorer biological
condition in both stream types than would be exgeétom habitat alone, suggesting that

these systems are challenged by additional stieessor
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1. INTRODUCTION

Studies of fluvial geomorphology show that a riggstem will tend toward a
state of dynamic equilibrium following disturbandesopold, 1994). When a state of
dynamic equilibrium is achieved, the river exhilatselatively stable dimension, pattern
and profile such that, over time, channel feataresmaintained and the stream system
neither aggrades nor degrades (Rosgen, 1996).isThig the case for county drains.

In the Midwest, county drains are systems of og&@nnels receiving water from
subsurface tiles that drain primarily agricultueaids. These systems have evolved from
the small open ditches originally constructed hyyesettlers to drain wet areas in fields.
Inevitably drainage from upland farmers affectegldnainage of those farmers
downstream and prompted the creation of open chaeteorks. To regulate these
complex channel networks, Congress establishechBgaiDistricts to meet the objective
of draining excess water to allow for the publisafety and agricultural production
(Atherton et al., 1999). These drainage enterpngere developed principally in 1) the
prairie and level uplands of the Midwest, 2) thétdam lands of the Mississippi Valley,

3) the bottom lands of the Piedmont and hill agfatie South, 4) the coastal plains of
the East and South and 5) the irrigated areasedfMést (Schwab, 1993). Ohio passed its
first drainage laws in 1841 (Atherton et al., 199Byimary development occurred during
1870 — 1920 and the post WWII period from 1945 6019 Today’s drainage networks
are a common part of the Midwest landscape; thatGrakes and Cornbelt regions have
the most extensively drained states in the natibh typically 25 — 60% of the

agricultural lands in each state “drained” (ZucKe98).



A typical county drain is a channel in which theadjent and trapezoidal cross-
section have been increased so that larger amotmigter move through the watershed
more quickly. The constructed channels of thesedmadient trapezoidal channels have
a tendency to aggrade (Schwab, 1993). As a rebkaljage channel capacity and shape
must be continually maintained for the designedndige effects. Maintenance activities
include sedimentation removal and clearing of bémtkubsurface drain outlets (Nolte,
1972). Hydraulic backhoes sculpt uniform trapeabghaped channels from the natural
channels. The regular maintenance does not alldwa geomorphic processes to
occur. The resultant channels are highly artifiaiad present a challenging environment
for the biota.

Channelization affects both the physical and bimigcomponents of the
ecosystem. In channelized rivers, enlargemenhaihiel size, and especially increases
in channel width, enhance the fluvial power of tlispbut decrease the power of low
flows, resulting in substantial erosion during fiscand re-deposition during low flows
(Rhoads, 1990). High rates of sediment deposriesalt in loss of the best benthic
habitat and, consequently, reduction in invertebpatpulation (Waters, 1995).
Channelization also results in the straighteningh@nnels, causing important
microhabitats such as bends, pools and rifflestddstroyed during construction.
Reduction of habitat diversity, and in particulae &limination of pools, adversely affects
fish populations. In order to sufficiently dralmetconstructed networks, channel
gradients are excavated below natural riverbediltieg in a deeply incised and over-
sized channel (Schoof, 1980, Zucker et al., 199%ante (2001) found that fish

assemblages decreased significantly with increadiagnel incision.



Drainage activities also affect the riparian vegjeta and are accompanied by the
loss of trees and shrubs, which are replaced it oases with a monoculture of grasses.
In constructing and maintaining county drains, ctes are stripped of their natural
vegetation to allow equipment access, decreaseatraitime, and provide more tillable
land (Allan, 2007). Removal of riparian vegetate@an cause considerable change in
stream habitat conditions, altering the compositibthe biological community
(Sweeney, 1992) and resulting in warmer stream éeatpres (Abell and Allan, 2002).
Brush and tree removal deprive instream biota @ioirtant spawning habitats, food
supply, cover and shelter (Schoof, 1980).

The characteristics of channelized streams have ibeestigated, with some of
the most comprehensive studies carried out indiiflLandwehr and Rhoads, 2003;
Rhoads and Herricks, 1996). Lakshminarayana €1992), Cooper, et al. (2002) and
Anderson et al. (2003) are some of the relatively $tudies focused on the ecological
impact of agricultural drainage. The present stenbluates the ecological structure of
county drains in the River Raisin watershed andhberoinvertebrate community that
inhabits them. In addition, | compare county dsamth other agricultural headwaters in

the River Raisin watershed for a number of ecoklgieetrics.

2. METHODS

2.1 LOCATION AND SITE SELECTION

The study sites lie within the River Raisin Wabed, which is located in
southeast Michigan with a small portion in Ohiog{ffie 1). The 2,776 Knwatershed

represents three different ecoregions: the Soutiérhigan and Northern Indiana Till



Plain, the Eastern Corn Belt Plain, and the HuErig Lake Plain (Omernik, 1988). The
last glacial retreat of the Pleistocene Epoch exktwo distinct geological patterns
represented today. Inthe northwest, glacial nm@sand till plains consisting of
cobbles, clay, silt, sand and gravel form rollinishreferred to as the Irish Hills. The
headwaters arise at 330 m in an area of inter-ataddakes and swampy channels that
support the steepest portion of the River Raisih (d/km). The topography and soils of
the middle sections of the Raisin are a seriedawfia lake dunes traversing the basin
from the southwest to the northeast. These midilthses consist of well-drained sands
and sandy loams (SEMCOG, 1978). Downriver of skistion and south of Adrian,
Michigan, one encounters lake bed deposits frongtheial meltwaters. This resulted in
abundant wetlands that were originally thoughtr@squito-infested to ever be
populated by man (Hager, 1997). The river gradetdw through this section (0.25
m/km) and the soils are clay and sand layered dafp®sits. After the War of 1812
settlers cleared and drained much of the watersimetifor farming, and this area
remains in such use today.

Land use today in the River Raisin watershed idqmenately agriculture,
accounting for approximately 65% of total land (Sgure 1). The primary crops are
soybeans, corn and wheat with some specialty aspgell as some dairy operations.
The 400 km-long river has a complex drainage netwd#,800 km of man-made
drainage systems that flow into the river andritautaries. Most of the 14% forest and
grassland are found in the headwaters in the neghwMost of the 134,000 people are
concentrated in small cities with populations akléhan 10,000. Adrian and Monroe,

Michigan are the largest urban centers. Much efugpper northwestern watershed



remains forested while the dominant agriculturatilase appears in the mid and lower
watershed where the highly productive lakebed swéslocated. The lower 4 km of the
river flows through the highly urban and indusizadl city of Monroe, Michigan, before
it enters into Lake Erie. The River Raisin wateshasin is representative of watersheds
in the southern Great Lakes region (Bright, 199%) provides a good study site of
county drains within the southern Great Lakes negio

All research sites are located near the middideftatershed and lie within
Lenawee County, Michigan (Figure 2). The coungludes moraines near its northern
border and lake bed deposits predominately in afjuial use in the middle and southern
parts. The majority of the River Raisin watersigem Lenawee County and the ranges
of physiognomy, geology, land use and populatistrithutions throughout the watershed
are represented within Lenawee County as well.

River Raisin research sites were selected thrtheyfollowing criteria.
Connected adjacent reaches with a natural wateseamd an open county drain were
selected as a set of paired research sites. @bhes had to be located on at least a 1 km
long tributary and maintain flowing water througje tspring and fall. Paired sites had to
be of the same stream order and at least 150 m ISitgs were located using the
Lenawee County Drain Commission’s map of countyrdraFifteen possible paired sites
of a natural reach and county drain existed ircthenty and 10 paired sites met the
above criteria and were selected for study (Taple 1

2.2 MACROINVERTEBRATES

2.2.1 Sampling



Macroinvertebrate sampling was completed twiceaah research site during
August — September 2002 and again April - May 2@08apture seasonal variation in
biota. For each sampling period one composite gafmpm a 100 m reach was collected
using a 250 m mesh D-frame net. Habitat was sampled in prapotb its presence
throughout the reach. Habitat included poolslasif runs, undercut banks, overhanging
vegetation and woody debris. The sample was pregevith 75% ethyl alcohol and
brought back to the lab. There it was diluted wép water to four gallons. After
thoroughly stirring, 2 quart volumes were dipped afaced into sorting pans for random
selection. Macroinvertebrates from the classesdtas Annelida and Crustacea
(Amphipoda only), were randomly selected and planemla sample vial for a total 100
specimens per vial. A second vial was filled ia #ame manner to produce a total of 200
specimens from each sampled site per sampling sdasa targeted total of 400
specimens. When the targeted 400 specimens weprasent at seven sites analyses

were based on the total number of specimen ini¢he $ample.

2.2.2 Analyses

Invertebrates were identified to the lowest pradtiaxonomic level. Family was
the lowest level identified for the Class Insecfdl other classes were not identified
beyond order. Because multiple indices are availetbcalculate invertebrate diversity
and some authors (e.g., Resh and Jackson, 1998) against relying on a single
measure, | calculated several diversity indicesraattics. Hilsenhoff Family-level
Biotic Index (FBI) scores were determined accordmg@rocedures described by

Hilsenhoff (1988). The number of individuals incedamily was multiplied by its

10



tolerance value. The sum of all those productsdixaded by the total number of

individuals to yield a weighted average toleranuers for the sample.

FBI= tn
N

ti = tolerance value of th¥ taxa, (Hilsenhoff 1988)
n = number of individuals of th& taxa

N = Total number of individuals in the sample

Another biotic index, the Ohio EPA Invertebraten@ounity Index (ICI) (Ohio
EPA, 1988) was also calculated for each site (T2ple The ICI scoring system is scaled
to the drainage area for all of the metrics exgaptent mayfly composition and the
percent tribe Tanytarsini midge composition, arglgas a score of O (worst condition),
2, 4, or 6 (best condition). Due to differencesaxonomic identification level, metrics
for presence of tolerant species and for the poesehTanytarsini midges were omitted
(see Table 2 for complete listing of the metricad)s Three multimetric indices
incorporating pollution sensitive macroinvertebsateere calculated: Sum of
Ephemeroptera, Plecoptera and Trichoptera taxa )(ERd ratio of EPT taxa to Dipteran
taxa (EPT/D); and the percent of EPT taxa (% EEfAness). A fourth index, percent
dominance (% Dominance), was calculated by summmiegndividuals of the three
dominant taxa and expressing that as a percentapge total individuals. Single metrics
include total number of taxa (taxa richness), nuntb®ipteran taxa, number of

Ephemeroptera taxa, number of Plecoptera taxahendumber of Trichoptera taxa.
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Selected metrics were also calculated based omutmder of individual specimens in the

sample and are listed with an “individuals” quality term (Table 5).

2.3 RIPARIAN VEGETATION

Riparian vegetation was classified into four catexgo grass, forb, shrub, and tree
at twenty research sites. Transects at 5m incresmwegre inventoried and recorded as
percent representation of grasses, forbs, shrubsrees for 100m reaches. Each transect
was 0.3 m wide with the length of the transect maieg past each bank twice the
distance between streambanks. Visual estimatibeaah vegetation classification were
made and only classes representing greater thann@8&oconsidered. Riparian
vegetation was analyzed by paired t-test to detemignificant vegetation comparisons

between natural reaches and county drains.

2.4 HABITAT

Habitat was assessed using Michigan Departmenbafd&mental Quality
Procedure 51, Habitat Assessment protocol (MDE®Q718uring spring 2003 at each
study site. The protocol sums nine individual nestof substrate habitat diversity and
availability, degree of embeddedness, velocity @epth variability, flow stability,
bottom deposition, availability of pools-rifflesfis-bends, stream bank stability, bank
vegetation stability, and streamside cover (TableFaired t-tests were completed to

analyze habitat differences between natural reaghégounty drains.

2.5 CHANNEL SUBSTRATE

12



Channel substrate was assessed by measuring thetdieof random substrate
particles along each 150m reach to quantify sutes{tafante, 2001). Three to four
substrate particles were randomly selected in tla@mel thalweg at 5m intervals along
the reach for a total of 100 particles. Partislese measured using a US SAH™Y7
Hand-held Size Analyzer or gravelometer by recaydive smallest opening in the
gravelometer through which the particle could pa&site Dy, particle size was
calculated from the 100 particles measured at siseh Paired t-tests were completed to

analyze substrate differences between natural esaeid county drains.

26 WOOD

Wood within channel was measured at the 20 resesdteshfor 150m reaches and
summed to produce a total wood volume with thelred®/ood at 5 m transects 0.3 m
wide were measured and summed along the reachragevéransect wood volumes were
calculated for each 5 m reach, then multipliedh®ylength of the reach segment (5m)
and summed for a total mass of wood within the obBanWood measurements were
taken for two flow types, wetted channel and batilow (2.5 year storm water level or
where permanent vegetation was established ortréensbank). Paired t-tests were

used to compare woody debris differences betwekmalatreams and county drains.

2.7 SINUOSITY
Sinuosity was measured by surveying the channi&v#gafor 100m reach at each
research site, with the exception of researchaduring leaf-off conditions. Dense and

tall vegetation in pair 1 obstructed the view frtrma survey tripod and could not be

13



surveyed without major vegetation removal. Nomhamd easting coordinates where
recorded with a total station at all points whdre thannel thalweg changed directions.
Using ArcView™ | the length of the channel thalweg and the ditdige distance
between the first and last survey points were aligitmeasured.

Sinuosity =_Length of channel thalweg

Straight line length between
first and last coordinates of
channel thalweg

Paired t-tests analyzed sinuosity differences betwwtural streams and county
drains.

2.8 CHANNEL SHAPE

Channel cross sections were surveyed at the 28robssites. A self leveler laser
and rod were used to measure elevation of principahnel points: top of bank, toe,
thalweg, and at points of wetted depth change.izdotal distance between survey
points was measured using a survey tape. Hydreadius was calculated for low flow
condition. Depth was determined by dividing theresentative cross-sectional area by
the width of the water surface. A measure of cedmtision was calculated as the
distance between bankfull and low flow depth oépresentative cross-section and also
the ratio of bankfull to low flow stream width asstribed in Infante (2001) as the fit of

the low flow to the available channel.

29 HYDRAULICS

14



Velocity was measured with Marsh-McBirney 201D thigcurrent meter using
standard metering techniques (Dunne and Leopold3)19Slope was calculated from the

difference between the first and last thalweg spp@nts of each 100m reach.

2.10 AGE OF CHANNELIZATION

The county drains of Lenawee County were legaltgtdshed from 1899 to
1950. Original survey dates in most cases occuwedo three years after
establishment. However original construction fog tounty drain research sites was not
found in the Lenawee County Drain Commission fileenawee County Drain
Commission administers drain maintenance as pe¢itidoy the public and these dates of
drain maintenance are recorded in the Lenawee @®natin Commission log. Detailed
descriptions of Lenawee County channel maintenpnoeedures are not recorded.
Personal communication from Joe Brezvai, Drain Cassimn Engineer, suggests that
maintenance may follow one of two scenarios: dmaval of vegetation either with a
hydraulic backhoe and scalping the vegetation apddil off the streambanks or cutting
vegetation by means of a mower and loppers, Zh&@ng of the channel with the use
of large equipment to remove sediment and delwrs the channel bottom and to
reshape channel dimension back to original desgpthd toe, width, and profile slope.
For this study the date of last county drain maiatee was used as the date of

channelization.

3. RESULTS

3.1 MACROINVERTEBRATES

3.1.1 Assemblage Composition

15



Over 6,800 macroinvertebrates representing 52 ismilf insects and 4 classes of
other macroinvertebrates were collected from 28sddcated on 10 streams. Most sites
had 300 — 400 individuals with totals ranging fr@68 to 411 (mean = 341.4) (Appendix
1). The number of families at each site rangethfBoto 26 with a mean of 18.6. The
greatest diversity occurred in the order DipterhicW included from 3 to 10 families per
site (mean = 6.0), while EPT taxa varied from Q@agper site (mean = 3.6) (Appendix 2).

Six common taxa accounted for over 75% of the tatadrtebrates collected, with
the most abundant taxon, midges of the Chironomigeeunting for over half of the
total. Elmidae, Tipulidae, Hirudinea, Amphipodadarabanidae round out the rest of
the most abundant taxa. Baetidae, HeptageniidaeniGae, and Leptophlebiidae were
the most common ephemeropteran families foundecdpltera and Trichoptera were less
common, with zero to two families of stoneflies a®dlo to five families of caddisflies at
a site. Only three taxa of Plecoptera were caldcPerlodidae, Nemouridae, and
Capniidae.

The most abundant taxa were also those occurritigthe highest frequency
across sites (Table 4). The Chironomidae occuated sites and the Elmidae,
Tipulidae, Oligochaeta, Amphipoda, and Tabanidaziwed in at least 75% of the sites.
Families of EPT were encountered less frequentiyy Bphemeroptera families
Baetidae, Heptageniidae, Caenidae, and Leptoptiéebiccurring at 25 — 40% of the
sites. The Trichoptera families Phryganeidae aytiomyiidae were found at 30% and
35% of the sites, and the Plecoptera family Pediaeliat 25% of the sites, indicating a

lower frequency of occurrence consistent with lowegrall abundances. Several other
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taxa including the Ceratopogonidae, Corixidae, idae, and Simuliidae were not

abundant yet occurred in over half of the sites.

3.1.2 Assemblage Comparisons: Natural Streams anohty Drains

Comparison of mean values from natural streamsugezsunty drains for each of
23 macroinvertebrate metrics (Table 5) stronglycatés that biological assemblages of
drains are impaired relative to natural streamtrigs were higher in natural streams for
16 of the 23 comparisons, significantly so in thtases. Taxa richness was similar
between the two stream types, although trichopteraimnics were higher in natural
reaches. Trichoptera diversity and abundance wabld in natural reaches as both
number of taxa and number of individuals were twitg found in county drains.
Trichopteran metrics provided the strongest eviddhat natural reaches have greater
richness, more individuals, and higher percentageesentation within the site
assemblages.

The multi-metric indices were all greater in natueaches than county drains,
but none were significantly so at p< .05 (one-thtlest based on the expectation of
poorer conditions in drains). However, if the sigance level is relaxed slightly (p<
.10), then three indicator metrics were signifitahtgher, including EPT taxa, percent
EPT taxa, and the EPT/Diptera taxa ratio. Thed#it®ff FBI showed the least support
for the expectation that invertebrate assemblafjdsamns would receive lower biological
quality scores. In sum, natural streams receivghein scores than county drains with
most metrics, and although some showed little téffiee or even higher values in drains,

the fact that 70% of the macroinvertebrate metidsbited higher means in natural
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reaches indicates a trend in the expected direct@verall, natural reaches tend to have

more robust macroinvertebrate assemblages thaowdycdrains.

3.2 HABITAT
3.2.1 Habitat Assessment

Within this predominantly agricultural watershi&ére exist reaches that provide
little habitat to support aquatic life and othesgkes with very desirable habitat, as
evidenced by total habitat quality scores that eainigom 20 to 102 out of a possible
score of 145. Mean scores for seven of the nideiolual MDEQ metrics were rated
poor to fair (Table 6). The velocity and depthtmeeranged from O to 13 with a mean of
5.2, which is considered fair, due to the frequadsgence of two of the four habitat
categories, riffles and fast, deep runs. The bo#abstrate metric had the greatest range
(0 to 18) and variability (mean + s.d.: 5.95 % 5,8®wever most sites were poor due to
less than 10% rubble, gravel, or other stable Aab#ing present and the obvious lack of
habitat for macroinvertebrates. Stream banks apdeaoderately unstable, based on the
observed frequency and size of erosional areaep3tank slopes also showed evidence
of high erosion potential during extreme high flow3nly two metrics, vegetative
stability and streamside cover, were rated as g&mme 50-79% of the stream bank

surfaces were covered by vegetation, resultingpodgbank vegetation stability.

3.2.2 Habitat comparison

Natural reaches had significantly better habitaégmz= s.d.: 70.18 £ 19.72) than

did county drains (mean + s.d.: 35.0 £ 8.01). 8eifdhe nine habitat metrics had
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statistically higher scores in natural reaches thamounty drains (Table 7). Pools,
riffles, and runs were far more common in natuealches than county drains (Figure 4).
Habitat quality scores for bottom substrate, embdddss, and velocity and depth
variation all were greater in natural reaches, Whiere rated fair, than in county drains,
which were rated as poor. The contrast betweanaaeaches and drains was even
more pronounced for flow stability, bottom depasitiand presence of pool, riffle, run,
and bend habitats, all of which were rated as goatural reaches and poor in county
drains.

Little difference was observed in bank stabilityvaeen each natural reach and its
paired county drain (means of 5.4 and 5.5, respag)iwhere streambanks were in fair
condition and moderately unstable. There is higtemtial for erosion during extreme
high flows due to moderate frequency and size a$ienal areas on side slopes, which
vary from gradual sloping bare earth to gully washs on steep slopes. Vegetation
stability was the only metric that was greateronmty drains (mean = s.d.: 7.5 + 3.17)
than in natural reaches (mean £ s.d.: 5.6 + 2.RP2nse grass seeding provided stability
to the steep side slopes of county drains, wheheasatural reaches had areas of
exposed soil (Figure 3.4). Both fell into the ¢ty of good, and the two stream types

were not significantly different (p-value = .088).

3.3 WOOD

The extent of wood varied widely among the 20 stredes, as some reaches had
substantial logjams whereas others were devoitipfxaod. The volume of wood

within the bankfull channel ranged from 0 to 145180 m (mean = 3.4 m3/150 m) and
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approximately half of this was available habitati@nlow flow conditions (mean of 2.0
m3/150 m). Comparing the two channel types, woadthé bankfull channel was over
seven times more abundant in natural streams (m&a® m3/150 m) compared with
county drains (mean = 0.8 m3/150 m) (Figure 5)gjams were not present in county
drains but accounted for two-thirds of the totadlvoe of wood in the bankfull channel of
natural reaches (Figure 3.4). For all other sifegsood, natural reaches and county
drains were similarly proportioned however withsléeqguent occurrence in the county
drains. Within the bankfull channel, each wooda sizthe county drains had less than
one-half the volume of natural reaches (Appendix 3)

Wood within the wetted channel was greater inalk fsize categories and in total
volume for natural reaches (mean = 2.4 m3/150 ng factor of ten in comparison with
drains (mean = 0.2 m3/150 m). The majority ofwd present in both cases occurred
in the size range of 11 — 30 cm diameter and nbteaahes had six times more wood
than did drains. Logjam habitat was not founchis ¢ounty drains while logjams
occurred in 20% of the natural reaches and accduateone-third of the total volume of

wood within the wetted channel.

3.4 RIPARIAN VEGETATION

Riparian vegetation across the 20 sites was quitgse and ranged from a
monoculture of grass to mature forest. The masjuently occurring vegetation, forbs
and shrubs were present at 90% of sites and awke289¢ and 19% respectively of the

vegetation at each site (Appendix 4). Trees wessgnt at 85% of the sites and ranged
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from 1 to 84% of the riparian vegetation (meandt:29.43 + 26.58). Grasses occurred
at 70% of the sites and where present ranged frtorl00% (mean + s.d.: 28.8 + 35.88).

Riparian vegetation along county drains tended tdv@amonoculture of grasses
whereas natural reaches provided more vegetati@nsity. On average natural reaches
had 3.5 of the four vegetation types present anahtgodrains had 3.0 (p=.05). Grasses
occurred at 80% of the drain sites and representeé than half of the riparian
vegetation along county drains (Figure 6). In castt grasses represented only 6.8% of
the riparian vegetation along natural reaches @&odroed at only 60% of the sites. The
quantity of forbs or shrubs was not significantiifetent between natural reaches and
county drains, but were present at all naturallea@nd only 80% of the county drains.

Grasses were the dominant vegetation along couatysiwhile trees were the
dominant vegetation along natural reaches (Figuske 35rass cover was seven times
greater in county drains (mean + s.d.: 51.0 £ 3%@) in natural reaches (mean + s.d.:
6.7 £ 10.3) (p-value = .005) and trees were threed greater along natural reaches

(mean + s.d.: 47.7 £ 22.6) than county drains (rgesul.: 12.4 £ 15.9) (p-value = .01).

3.5 CHANNEL DIMENSIONS

Channel dimensions were variable across the Zarels sites but were similar in
having relatively small low flows in combinationtiwimuch greater bankfull flows that
were approximately ten times the low flow. Wettd@dnnel cross-sectional area ranged
from 0.05 to 2.8 M(mean = 0.65), whereas bankfull cross-section@ eaeged from 0.8
to 35 nf (mean = 7.7) (Appendix 5). Wetted channel deptiedafrom 0.03 to 0.58 m

(mean = s.d.: 0.20 £ 0.15). Channel incision srasimes the low flow depth and
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ranged from 0.3 to 3.2 m (mean = 1.2). Channetiwidnged from 1.4 to 5.3 m (mean
s.d.: 2.8 £ 1.1). Hydraulic radius ranged from30® 0.51 m (mean + s.d.: 0.18 £ 0.13).

Natural channels and county drains differed in lhalhkapacity and channel
incision but not in most other channel dimensidi® incision depth of county drains
(mean = s.d.: 1.6 m + 0.79) was twice that of ridtt@aches (mean + s.d.: 0.8 m + 0.37)
(p = 0.003) (Figure 7). In addition, the bankftribss-sectional area (mean = s.d.: 11.1
m?+ 9.5) of county drains was almost three times dhiaiatural reaches (mean + s.d.: 4.3
m = 3.3) (p =.025). Water depth, surface widtbss-sectional area, and hydraulic
radius did not differ significantly.

The sinuosity of the channels differed significgntlith county drains that were
nearly straight and natural reaches that on avexage 12% more sinuous than county
drains (p-value =.006) (Figure 8). The countymdinuosity ranged from 1.0 to 1.1
(mean = s.d.: 1.03 £ 0.05) whereas the sinuositii@hatural reaches was more variable,
ranging from 1.0 to 1.4 (mean = s.d.: 1.15 + O(FERQjure 10).

Channel profile slopes were not significantly diéfiet between natural reaches
(mean * s.d.: 0.0034 m/An0.0022) and county drains (mean = s.d.: 0.00284n/

0.0024) (p=.69).

3.6 LOW FLOWS AND OTHER PHYSICAL FACTORS

Differences between measured low flow rates wegdigible. Natural reach low
flows (mean # s.d.: 0.13%n 0.13) were within 6% of the county drain rategém +

s.d.: 0.12 M+ 0.13).
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Substrate particle size was similar across thee@8arch sites; however, the
particle size range of natural reaches was moiahlarcompared to the homogenous
county drains. Median particle sizes@Pwithin natural reaches ranged from 1.1 to 30.2
mm (mean + s.d.: 4.93 = 8.96) and county draingedrirom 1 to 7 (mean + s.d.: 1.77
1.86). However the mediansgXor natural reaches and county drains were rebtiv

small, 1.65mm and 1.1 mm respectively, and notifsigimtly different (p-value = 0.16).

3.7 CHANNEL MAINTENANCE

County drain sites had all received maintenanceiticbuded vegetation and
sediment removal, with the exception of site 2dereha road crossing culvert replaced in
1977 was the only recorded intervention (Table e date of last county drain channel
maintenance ranged from 1965 to 2001 (mean £X981.2 + 12.4) (Table 7). The
median was 1997, which reflects the somewhat regaeurrence of channel
maintenance.

Natural sites for the most part were not managedieler, three of the natural
sites did receive regular maintenance from adjaleeatowners that included mowing
and/ or burning. An approximately 10 m reach gkgech site 1n experienced spring
vegetation burning and regular grass mowing througthe growing season. Site 2n
receives periodic mowing of the understory and neahof logjams by the adjacent
landowner (Figure 3.2). An approximately 30m satalong site 8n is used as the
landowners lawn (Figure 3.8), and vegetation isnta@ed by mowing approximately

once per week throughout the growing season.
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4. DISCUSSION

County drains differ from their paired natural sirereaches in multiple features
of channel shape and habitat that result from xisav&tion and maintenance of stream
sections designated under the County Drain Coderaréhged by Drain Commissioners
and land-owners. The bankfull capacity of coungirts was on average three times
greater than natural reaches, and the former ase more deeply incised. During the
construction of county drains, excavated mateyictlly is placed on one or both sides
of the channel, forming small levees that restnatrbank flooding. As a consequence,
larger storm events are contained within the codnéyn channel, whereas the less
incised and smaller capacity natural reaches are fikely to overflow their banks, thus
dissipating energy and connecting to their flooohyslavith greater frequency (Figure
3.7).

In addition to an increase in overall channel stoeinty drains are straightened to
enhance water conveyance (Ward et al. 2001). Bhlagtream channels were moderately
sinuous, with sinuosity indices in the range oftb.1.2, whereas the county drains were
relatively straight channels. Because much oftbdy region was historically wetland,
which was drained by ditch construction beginnimghie mid-nineteenth century, it is
difficult to know whether natural channels haverbdeepened and straightened, or if the
channel is completely artificial. Over time and@sponse to high flows, channels are
expected to shift in location, develop sinuosityl @aeach a stable state. However, drain
maintenance occurred on average every 10 yearshwiould disrupt any natural

tendency to develop channel features more sinolaatural reaches.
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Substrate conditions differed markedly between tpdmins and natural
channels. Median particle size was smaller andallig assessed silt deposition greater
in the county drains. Because country drains Werated upstream of the natural reach
in nine of the ten pairs, and the amount of sedtatem was expected to be similar
throughout all sites, this difference indicateg ttifferent geomorphic processes are
occurring, presumably reflecting greater in-streaosion, deposition, or both. Because
county drains have three times the flow capacityaitiral reaches, sediments are more
likely to be retained within the channel, wherdasatural reach can deposit sediments
on the floodplain during times of high flows. Isais possible that more sediment is
eroded from stream banks within county drains, wipiesumably experience higher
velocities at high flows because they have les®dppity to dissipate energy with
overbank flows.

Natural reaches contained substantially more wibaticountry drains. Because
wood serves as habitat for biofilms, invertebrases| fishes, creates channel complexity,
retains organic matter, and is a food resourcedare insects, its presence significantly
benefits the biota. Channel and bank maintenactoatees again are important
contributors to these differences, through acteraaval of wood from the channel as
well as management of riparian vegetation. Trem®wbsent from county drains but
accounted for about half of the riparian cover gloatural reaches, where they serve as a
continual source for wood in the channel. Alongmy drains, in contrast, the dominant
riparian cover was grass. However, while grassesige the dominant cover for county
drains, shrubs and small trees replaced grasseseabetween maintenance is extended.

Portions of both natural reaches and county draere maintained by private
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landowners for the desired aesthetics. In somesodsarian vegetation became part of
grassed lawns and in others the desired effecwaswed understory with a tree canopy
(Figure 3.8). Landowner education covering tha@lagical benefits of decreasing stream
temperature and providing fish habitat and macmritebrate food sources may stimulate
more diversity of riparian vegetation along the mywrains.

As a consequence of these profound differencebanmel shape, substrate, and
wood between county drains and natural stream @tgnhis not surprising that habitat
quality differed markedly between the two changpkt. Overall habitat quality was
assessed using the visual scoring system of thei§in DEQ, and seven of the nine
individual metrics received significantly lower ses in country drains. However,
county drains received higher (but not significaisth) scores than did natural reaches for
the stability of the streambanks and the presehsg@mbank vegetation. This can be
attributed to the dense grasses planted along gduains, which provide structural
stability for the streambank, and the tendencytergrasses of county drains to result in
little bare ground, whereas streambank shadindnéyvooded riparian of natural reaches
resulted in greater exposure of bare soil (Figu4g. 3

In contrast to the pronounced differences betweduaral reaches and county
drains in channel shape and habitat quality, ewdesupporting the hypothesis that
natural reaches supported a more diverse anddiesarit macroinvertebrate assemblage
was less dramatic but still convincing. Of the éyethree macroinvertebrate metrics
that were evaluated, sixteen gave higher scoreattoal reaches, as expected, although
only three were statistically significant at p<..d3owever all five of the indicator

metrics were lower in drains and three of the fwere statistically significant at p < .10.
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Only the FBI showed no support for the hypothesigzpatrick et al. (2001) found
nutrient concentration and flow variability to havere influence on the FBI than other
factors. In this study it is possible that the lgyaf physical habitat may be
compromised by stressful nutrient levels that filtmough both the natural and county
drains on the same reach, resulting in similar $&ires.

Trichoptera metrics were significantly greater atural streams than in county
drains, but other pollution-sensitive metrics weot statistically significant. The
Ephemeroptera, Plecoptera, and Trichoptera grosyslly inhabit the surface of stones
and the interstitial spaces between and beneajb farbstrate particles such as pebbles
and cobbles (Merritt and Cummins, 2008), and ase associated with wood (Johnson et
al. 2003). Because county drains had more finersads, poorer habitat and less wood,
they would be expected to harbor fewer invertelstgiarticularly of sensitive taxa. Thus
it is surprising that the differences in invertdbrassemblages between the two channel
types are not more pronounced.

Geographic location of drains relative to natuealahes suggests that spatial
dependence may help to explain the lack of stroffigrences in the biota between paired
sites. With one exception, all natural reaches wergnstream of the county drains,
separated by a distance ranging from the lengéhrofd culvert to 1000 m. Adverse
conditions, particularly associated with flow, mag/transmitted downstream from
county drains to natural reaches. However, daistudy of agricultural drainage in
which county drains and natural reaches were rmatténl on the same tributaries resulted
in the similar finding that the biota was very damiin the two cases (Stammler, 2007,

Ward-Campbell, 2007) even though the spatial depecel was not a factor in the study.
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Despite the lack of strong biological differencesny study, when each metric is
considered as part of an overall pattern, it appel@ar that natural reaches tend to have
more diverse macroinvertebrate communities thaoodmty drains. Macroinvertebrate
sampling in county drains during low flow condit®aften was difficult, and this may be
a limitation of the present study. Culvert outletsen were locations of erosion, creating
pools where various invertebrates, especially dipt® could be collected during low
flow conditions. Although not prime habitat, thgs®ols may serve as a refuge for some
pollution-sensitive families during low flow, allomg these families to repopulate the
entire reach of the county drain when water leaedshigher. Nonetheless, culvert
outlets and road crossings are inherently a patieofgricultural county drain and their
influence needs to be considered.

Key geomorphic processes affecting the lack of magertebrates in both the
natural reach and county drains may be flashy flegimes. Although flow stability in
natural reaches was rated significantly higher thazounty drains, based on greater mid-
summer flows in the former, the downstream locatbnatural reaches meant that high
flows from county drains with their three times apexr capacity likely created a strong
erosional stress in natural reaches during stoentsy The shape characteristics of
incision and bankfull capacity indicate systemghm headwaters that are flashy, even in
comparison other River Raisin sites (Infante, 200The bankfull cross-sectional areas
measured in this study, ranging from .84tm35 nf, are similar to Infante’s River
Raisin sites, which ranged from .28 tn 29 ¥ (mean = 6.58 ). However, Kelley’s

sites have considerably smaller low flows. Poff &ard (1989); Poff and Allan (1995);
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and Riseng et al. (2004) found that flow plays iaticd role in stream ecology and my
findings suggest this to be the case in these hat@dsvstudied, natural and county drains.

Sedimentation in confined drainage channels igaftito macroinvertebrate
habitat, as the effects of sedimentation on maussiebrates are well documented
(Waters, 1995). County drain channel bottoms lzavariable layer of sediment on the
substrate. Schroeder (1994) and Nerbonne (20@b)estithat most of the variation of
invertebrate metrics is caused by fine sedimenteanideddedness. When a gravel-
cobble substrate is changed to silt-sand, a taxanalteration occurs. The classic
change due to sediment is from a community of EPd@ne mainly of oligochaetes and
burrowing chironomids. A sedimentation threshdlevhich even the natural reaches are
unable to support diverse EPT communities may bssed in these agricultural
headwaters.

The physical habitat of natural reaches is sinbdasther natural reaches in the
watershed, however the macroinvertebrates comraaratie not. WWhen compared with
other streams in the River Raisin, habitat qualftpatural reaches in this study (median
= 68.8) were similar to those reported by Wood002 (median = 71.5) and slightly
higher than Lammert in 1999 (median = 58.5). Aseexed, the habitat scores of the
county drains (median = 34) were well below thetbeosites. However,
macroinvertebrate assemblages of natural reachésistudy score lower than those
from Wood’s (2002) study despite the similarityhiabitat scores, as can be seen in the
regression of taxon richness versus habitat quialityny study sites and those from
Wood (2002) (Figure 9). The number of taxa from baart’s sites (14 — 39, mean =

26.2) and Wood’s sites (13 — 61) are consideratdptgr than | observed at natural
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reaches (mean = 18.7) and county drains (mean5) Bthe present study. This
strongly suggests that these headwater sites iRitleg Raisin’s agricultural landscape,
including both natural and county drain sites, @agicularly stressful environments for
macroinvertebrates.

The extent of drainage on an agricultural landscapg not be easily assessed by
studying only current-day conditions. The typicadde of erosional adjustment by the
natural process of re-establishment of channebsityifollowing straightening of
meanders may require many decades or even centfipest channelization recovery
(Barnard and Melhorn, 1982; Rhoads and Urban, 1983an, 2000). Mattingly (1993)
reported that channelization had occurred in edtforder streams in some watersheds of
East Central lllinois. The legacy of past anthmggaac activities of channelization might
best be studied by comparing headwaters in preddsiinagricultural watersheds with
and without drainage and headwaters with less algure land use.

| have applied many traditional ecological measuets in quantifying the
structure of these headwater streams. Geologag@graphical and hydrological
attributes may be the critical factors to more clatgly explain the effects of agricultural
drainage that need further clarification. By enghiag restoration of riparian zones,
land managers assume that stream conditions atms#ole catchments can be
mitigated by attention only to land adjacent to $tream. Although riparian zones have
been used effectively to mitigate the adverse &ffetmany land-use practices,
understanding the linkages among ecological preses$st shape biodiversity, biotic
communities is far from complete (Harding, 1998).this study where in-stream habitat

and riparian conditions provided good habitat,ttaeroinvertebrate community was
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quite stressed. This suggests that watershed{aundleuse of sustained disturbance such
as agriculture may be a critically important infige on biology. Conservation of these
huge drainage networks may require preservatidheoéntire watershed — not just
fragments of it as many current policies requifBigPs in the riparian zone assume.

In summary, county drains are physically veryat#t from the natural reaches
that occur in the same stream segment of the dignalheadwaters of the River Raisin.
Whereas the macroinvertebrate community is somewmba¢ diverse in natural reaches,
its biota is none the less very similar to courrigiis. A homogeneous
macroinvertebrate community may demonstrate thextsiof excessive sedimentation
and flashy flow regimes in predominately agricudiureadwaters. Because artificial
drainage is an accepted necessity for the promagafiMidwest crops, best management
practices that integrate measures for sedimentalaartd moderation of flow regimes

may provide the greatest benefit to these chall@megesystems.
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Figure 1. Land use/ land cover of River Raisin &vstted. The principal land use is
agriculture, represented by pink and salmon shaBegested areas are represented by
green and urban areas are black (Michigan Depattaiénformation Technology,
Center for Geographic Information, Michigan LandBhématic Mapper 1997-2001).
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Figure 2. Location of study sites in Lenawee Cguhtichigan.
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Figure 3. Photos of paired research sites takengigpring 2003. The natural channel
is top photo and the county drain is the bottomipho

3.1 Paired sites 1n and 1d note the shade prowgéae dense canopy cover of
shrub riparian vegetation and bare soil along #tenal reach in top photo. The
county drain vegetation is primarily grasses (botfhoto).

- 05/13/2002
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3.2 Paired sites 2n and 2d. The county drainvbéimttom) has not had riparian
maintenance within the last 50 years. While tbesdbok similar note the absence of
woody debris in the county drain and the abundafggasses. The landowner adjacent
to the drain maintains the riparian vegetation egiqrlically mowing the understory.
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3.3 Paired sites 3n and 3d.
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3.4 Paired sites 4n and 4d. Note the absenc®odw the channel and in the riparian
zone throughout the county drain (bottom). Howestezambanks along the county drain
were stable with dense vegetation. Whereas thegalathannel has many exposed soll
surface areas with potential for erosion (top)

05712/2003

37



3.5 Paired sites 5n and 5d.
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3.6 Paired sites 6n and 6d. The county draimbasad maintenance since 1980. Brush
and trees are re-vegetated the steep stream banks.
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3.7 Paired sites 7n and 7d. The stream chanhatdsto discern from the floodplain
vegetation in the natural channel (above). Wiiédounty drain channel is deeply
incised and easily contains the entire storm floattom).
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3.8 Paired sites 8n and 8d. The natural reaghplhoto) shows the left bank of the
channel is maintained by the adjacent landownéiis Streambank demonstrates an
unstable side slope as earth is exposed indicatifige erosion as channel shape changes
preventing vegetation from establishing. The cgun&in (bottom photo) demonstrates
the classic dense grass cover protecting the shaam Yet along the inside of the
channel bend, the longer non-uniform channel bemstbughed stream bank that has
been re-stabilized by grasses.

05/11/2003
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3.9 Paired sites 9n and 9d.
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3.10 Paired sites 10n and 10d
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Figure 4. Comparison of individual MDEQ habitat metrics ahdir sum for ten natural
reaches and ten county drains. Box plots depiotmmim, maximum, median and
guartile values. Outliers defined as observatiods5 x interquartile range are shown as
points. Note that natural reaches clearly haddriglores in all but 2 metrics, bank
stability and bank vegetation stability.
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Figure 5. Comparison of wood volume in ten natural rea@rebten county drains.
Box plots depict minimum, maximum, median and gleavalues. Outliers defined as
observations > 1.5 x interquartile range are shasvpoints. Categories of wood are
described as small where d < 4 cm; medium where<ddm 10 cm; large where 10 cm
< d < 30 cm; and logjam where d > 30 cm. Notetthal volume of wood is greater in
both the wetted channel and bankfull channel ofirgdteaches. Wood throughout the
range of sizes is significantly more abundant itura reaches for all wetted channel
measures except for logjams.
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Figure 6. Comparison of riparian vegetation for ten natoeaches and ten county
drains. Box plots depict minimum, maximum, medaga quartile values. Outliers
defined as observations > 1.5 x interquartile raamgeshown as points. Significant
differences between natural channels and couniggiveere found for riparian grass (p =
.005) and riparian tree (p = .003)

Percent cover

Percent Cover

100

80

(o))
o

40

20

100;

801

601

40

201

Riparian grasses

p =.005

— {

Natural Drain

Riparian shrubs

p=.21

1 {

Natural Drain

Percent Cover

Percent cover

100

80

60

40

20

Riparian forbes

p=.34

[

100;

80

60;

40

201

Natural Drain

Riparian trees

p = .00:

Natural Drain

46



Figure 7. Comparison of channel shape variables for tearabteaches and ten county
drains. Box plots depict minimum, maximum, medagua quartile values. Outliers
defined as observations > 1.5 x interquartile raamgeshown as points. Significant
differences between natural channels and counigsivéere found for channel incision
(p =.002) and bankfull cross section (p = .013).
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Figure 8. Comparison of sinuosity for nine natural reacdnes nine
county drains. Sites 1n and 1d were omitted duketse brush blocking
survey equipment line of sight. Each box plot shdle min, max,
median and quartile values. Oultliers defined a®pkations > 1.5 x
interquartile range are identified as points. Katveaches are
significantly more sinuous than county drains.
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Figure 9. Relationship between number of taxa collectedratitat quality for
small streams in the River Raisin watershed. Elgeassion line is derived from
22 sites reported in Wood (2002). County draingnfthis study appear
consistent with the trend line from Wood, with lowmbitat quality and fewer
taxa. Natural reaches in this study show a widege in habitat quality but the
number of taxa was lower than expected based ord&ades and similar to

country drain sites.
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Table 1. Location and history of Lenawee County Drain aeshk sites. Blank entries indicate data was natlave.

Length of
open
Site Sec- Date legally Date channel  Acres Date of
No. Township tion Drain Name established Surveyed (ft) drained maintenance Maintenance
cleaned (brush and tree
1d Macon 20 Macon #21 7/27/1950 7/12/1948 7077 1977 removal)
2d Woodstock 17  Burk Drain 6/21/1905 4/28/1905 13930 630 1966 aulkeplaced
Macon New #8
3d Macon 12 & Extension 6/8/1936 6/6/1949 7854 2001
Macon + Clinton
Ext. Joint cleaned (brush and tree
4d Macon 6 County 5/15/1899 6/12/1947 2001 removal)
cleaned (brush and tree
5d Raisin 18  Cook 7/20/1903 5/5/1961 10480 2300 1994 removal)
6d Dover 11 Lowery Drain 2/8/1900 5/23/1947 a98 sediment removal
cleaned(brush, tree,
7d Rome 24 Hunt Creek 3/30/1901 3/25/1901 370 1995 sediment removal)
Bear Creek cleaned (brush & tree
8d Seneca 14  Drain 5/5/1915 7/1/1961 54000 12800 1998 removal)
cleaned ( brush & tree
9d Rome 22  Wallace Drain 2/18/1908 11/16/1908 3828 2001 removal)
15 brush & veg. sprayed and
10d Adrian Case Drain 1999 then removed
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Table 2. Metrics of the Ohio Invertebrate Community Ind&2l), with scoring criteria based
on a watershed of 10 fror less. Metric scores were interpolated froml@ &bl of

Biological Criteria for the Protection of Aquaticfé: Volume Il: Users Manual for Biological
Field Assessment of Ohio Surface Waters (Ohio EP&8). Metrics marked with an asterisk

were not used in this study.

Metric Score

0 2 4 6
Total number of taxa 0-19 20 - 29 30-39 40
Number of mayfly taxa 0-1.8 1.9-3.7 3.8-5.7 5.8
Number of caddisfly taxa 0-0.1 02-17 1.8-2.9 3
Number of dipteran Taxa 0-5.9 6-11.9 12-17.9 18
Percent mayfly 0 0.1-9.9 10-24.9 25
Percent caddisfly 0 0.1-1.2 1.3-2.2 2.3
*Percent tanytarsini midges 0 0.1-9.9 10 -24.9 25
Percent other dipteran and non-insect 63 62.9-46.1 46-30.1 30
*Percent tolerant organisms 27.4 27.5-18.1 18-9.6 9.5
Number of qualitative EPT taxa 0-2.4 25-5 51-79 8
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Table 3. Habitat Quality Evaluation Index protocol (MDEQIY)

Habitat Parameter

Excellent

Good

Fair

Poor

1 Bottom substrate
available cover

Greater than 50% rubble, gravel,
submerged logs, undercut banks, or
other stable habitat.

16 — 20

30-50% rubble, gravel or other stable 10-30% rubble, gravel or other stable Less than 10% rubble, gravel or other

habitat. Adequate habitat

11-15

habitat. Habitat availability less than
desirable.
6-10

stable habitat. Lack of habitat is
obvious.
0-5

2 Embeddedness

Gravel, cobble and boulder particles

have between 1 and 25% of their

surfaces covered by fine sediment.
16 - 20

Gravel, cobble and boulder particles

have between 25 and 50% of their

surface covered by fine sediment.
11-15

Gravel, cobble and boulder particles

have between 50 and 75% of their

surface covered by fine sediment.
6-10

Gravel, cobble and boulder particles
have over 75% of their surface
covered by fine sediment.

0-5

3 Velocity:depth
slow:deep <1 ft/s >1.5 ft
slow:shallow <1 ft/s < 1.5 ft
fast:deep >1 ft/s >1.5 ft
fast:shallow >1 ft/s <1.5 ft

Shallow habitats all present plus runs
and pools.

16 - 20

Only 3 of the 4 habitat categories
present (missing ruffles or runs
receive lower score than missing
poals).

11-15

Only 2 of the 4 habitat categories
present (missing riffles/runs receive
lower score).

6-10

Dominated by one velocity/depth
category (usually pool).

0-5

4 Flow stability

Continual flow all year. Natural water
supply substantial.

12-15

Seasonal high flows. Low flow

constant or nearly so. Some point

discharge contributes to flow.
8-11

Periodic high and low flows. Irregular
flow pattern. Discharges contribute
substantially to low flow.

4-7

Ephemeral stream. Usually no mid-

summer flow. If it flows year-round

discharges form major contribution.
0-3

5 Bottom deposition

Less than 5% of the bottom affected
by deposition.

12-15

5-30% affected. Some deposition in
pools.

8-11

30-50% affected. Deposits,
obstructions, constrictions and bends.
Some filling of pools.

4-7

More than 50% of the bottom
changing nearly year long. Pools
almost absent due to deposition. only
large rocks in riffle exposed.

0-3

6 Pools-riffles-runs-bends

Variety of habitats. Deep riffles and
pools.

12-15

Adequate depths in pools and riffles.
Bends provide habitat.

8-11

Occasional riffle or bend. Bottom
contours provide some habitat.

4-7

Essentially a straight stream.
Generally all flat water or shallow
riffle. Poor habitat.

0-3

7 Bank stability

Stable. No evidence of erosion or
bank failure. Side slopes generally <
30%. Little potential for future
problem.

9-10

Moderately stable. Infrequent, small
areas of erosion mostly healed over.
Side slopes up to 40% on one bank.
Slight potential in extreme floods.

6-8

Moderately unstable. Moderate

frequency and size of erosional areas.

Unstable. Many eroded areas. Side
slopes > 60% common. “Raw” areas

Side slopes up to 60% on some banksfrequent along straight sections and

High erosion potential during extreme
high flow.
3-5

bends.

0-2

8 Bank vegetation stability

Over 80% of the streambank surfaces 50-79% of the streambank surfaces
covered by vegetation or boulders andcovered by vegetation, gravel or largercovered by vegetation, gravel or largersurfaces covered by vegetation, gravel,

cobble.
9-10

material.
6-8

25-49% of the streambank surfaces

material.
3-5

Less than 25% of the streambank

or larger material.
0-2

9 Streamside cover

Dominant vegetation is shrub.

Dominant vegetation is of tree form.

Dominant vegetation is grass or
forbes.

35

Over 50% of the streambank has no
vegetation and dominant material is
soil, rock, bridge materials, culverts,
or mine tailings.

0-2
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Table 4. Frequency of occurrence of taxa across 20 stetsmka found at five or more
sites, expressed as a percent.

Class Order Family Natural Drain Total
Sites  Sites Sites
Insecta Odonata Aeshnidae 70 40 55
Amphipoda 70 100 85
Insecta Ephemeroptera Baetidae 40 40 40
Insecta Ephemeroptera Caenidae 20 30 25
Insecta Odonata Calopterygidae 60 40 50
Insecta Diptera Ceratopogonidae 70 70 70
Insecta Diptera Chironomidae 100 100 100
Insecta Odonata Coenagrionidae 20 60 40
Insecta Heteroptera Corixidae 40 70 55
Insecta Diptera Culicidae 50 40 45
Insecta Diptera Dixidae 40 30 35
Insecta Coleoptera Elmidae 100 90 95
Insecta Heteroptera Gerridae 70 40 55
Insecta Coleoptera Haliplidae 0 50 25
Insecta Ephemeroptera Heptageniidae 50 20 35
Hirudinea 50 70 60
Insecta Coleoptera Hydrophilidae 50 50 50
Insecta Trichoptera Hydropsychidae 70 50 60
Isopoda 30 20 25
Insecta Ephemeroptera Leptophlebiidae 30 20 25
Oligochaeta 90 90 90
Insecta Plecoptera Perlodidae 20 30 25
Insecta Trichoptera Phryganeidae 40 20 30
Insecta Trichoptera Psychomyiidae 40 10 25
Insecta Coleoptera Scirtidae 50 40 45
Insecta Diptera Simuliidae 70 40 55
Insecta Diptera Stratiomyidae 30 70 65
Insecta Diptera Tabanidae 70 80 75
Insecta Diptera Tipulidae 90 100 95
Insecta Heteroptera Veliidae 40 40 40
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Table 5. Macroinvertebrate metric comparison of ten ndtigaches and ten county
drains. Note that natural reach means exceed yaduains in 16 metrics, with three
statistically significant. Values in bold are siggant with p-value .05.

Measure Natural Drain p-value Nat >
Drain
Individuals 341.3 341.5 0.50 no
Ephemeroptera individuals 8.70 11.80 0.16 no
Plecoptera individuals 4.30 4.70 0.47 no
Trichoptera individuals 14.40 6.50 0.04 yes
Diptera individuals 219.80 197.60 0.22 yes
(Ephemeroptera, Plecoptera, 0.15 0.14 0.46 yes
Trichoptera individuals) + Diptera
individuals
Ephemeroptera, Plecoptera, 27.30 23.00 0.31 yes
Trichoptera individuals
% Ephemeroptera individuals 2.29 3.19 0.16 no
% Plecoptera individuals 1.09 1.25 0.45 no
% Trichoptera individuals 3.90 1.89 0.04 yes
% Diptera individuals 68.82 60.14 0.21 yes
% Ephemeroptera, Plecoptera, 0.07 0.06 0.34 yes
Trichoptera individuals
% Dominant 78.44 82.24 0.29 no
Taxa richness 18.7 18.5 0.45 yes
Ephemeroptera taxa 1.40 1.20 0.32 yes
Plecoptera taxa 0.60 0.40 0.28 yes
Trichoptera taxa 2.40 1.20 0.05 yes
Diptera taxa 5.50 6.10 0.31 no
Ephemeroptera, Plecoptera, 4.40 2.80 0.10 yes
Trichoptera taxa
(Ephemeroptera, Plecoptera, 0.77 0.44 0.07 yes
Trichoptera taxa) + Diptera taxa
% Ephemeroptera, Plecoptera, 21.40 13.60 0.08 yes
Trichoptera taxa
Field Biotic Index 6.12 5.92 0.25 yes
Ohio Invertebrate Community 16.20 12.40 0.11 yes
Index
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Table 6. Habitat quality for 20 reaches (10 natural anatd0nty drains) in the River
Raisin, assessed using MDEQ Procedure 51, sumrié&r 2dean and medians are
shown, along with category ratings. The majoritgite metrics were rated as fair.

Habitat Parameter Mean Rating Median Rating Standard Min Max

deviation

Bottom substrate 5.95 Poor 4 Poor 5.88 0 18
Embeddedness 5.85 Fair 5 Poor 5.47 0 17
Velocity:depth 5.2 Fair 55 Fair 4.25 0 13
Flow stability 5.8 Fair 5 Fair 3.93 0 12
Bottom deposition 54 Fair 6 Fair 3.66 0 11
Pools-riffles-runs 5.25 Fair 4 Fair 4.22 0 13
Bank stability 5.45 Fair 5 Fair 2.54 1 9
Bank vegetation 6.55 Good 7 Good 2.84 1 10
Streamside cover 5.95 Good 6 Good 2.14 3 10
Sum 51.4 42 23.24 20 102
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Table 7. Comparison of habitat quality for 20 reaches weRRaisin (10 natural and 10
county drains). Shown are mean values for eachdtabetric for each stream type and
statistical significance based on a paired t-t@st>" sign indicates that habitat quality
score was higher in natural reaches; a “<” signceues higher habitat scores in county
drains. Scores for natural reaches are statistis@hnificant for seven of nine metrics
and for overall habitat quality.

Parameter NaturalDrain  p-value Nat.vs.drain Significance
Bottom substrate 8.9 3.0 0.024 > yes
Embeddedness 8.9 2.8 0.006 > yes
Velocity:depth 8.3 2.1 0.001 > yes
Flow stability 8.1 3.5 0.007 > yes
Deposition 7.7 3.1 0.009 > yes
Pools, riffles, runs 8.7 1.8 0.000 > yes
Bank stability 5.4 5.5 0.470 no
Bank vegetation 5.6 7.5 0.088 no
Streamside cover 7.2 4.7 0.002 > yes
Sum 68.8 34 0.001 > yes
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APPENDIX 1

List of macroinvertebrates from 20 research siteRiver Raisin. Only the order Insecta is ideatfat the family level.

Insecta Coleoptera

Diptera

Ephemeroptera

Heteroptera

Lepidoptera
Megaloptera
Odonata

Site Number
Curculionidae
Dytiscidae (L&A)
Elmidae (L&A)
Gyrinidae
Haliplidae
Hydrophilidae (L&A)
Lampyridae
Psephenidae
Scirtidae (L)
Ceratopogonidae
Chaoboridae
Chironomidae
Culicidae
Dixidae
Dolichopodidae
Empididae
Psychodidae
Sciomyzidae
Simulidae
Stratiomyidae
Syrphidae
Tabanidae
Tipulidae
Baetidae
Baetiscidae
Caenidae
Heptageniidae
Leptophlebiidae
Belostomatidae
Corixidae
Gerridae
Mesoveliidae
Notonectidae
Veliidae
Pyralidae
Sialidae
Aeshnidae
Calopterygidae
Coenagrionidae
Cordulidae
Gomphidae
Libellulidae

1n

173

1d

o ©

253

26

2n

156

2d

11

164

50
25

i

3n

64

N

N

3d 4n 4d 5n 5d 6n 6d n 7d 8n 8d 9n
1
7 1
7 52 8 8 2 2 1 2 110 150 181
1 1
5 1 3
2 1 2 3 3 1 4
1
1 3 1 3 1
3 3 7 1 1 1 1
2 1 1
136 146 10 262 14 2 181 228 143 190 176 105 69
14 5 1 1
3 1 1
3
6 1
2
1 3
11 3 4 9 1 8 6
1 2 1 10 1 1
4
8 20 6 5 3 23 35
5 49 1 18 1 8 18 2 10 3 8 1
3 2 3 40
2
5 4 1 1
2 1 4 7
4 1 7
1
112 1 2 1 1 1 10
1 1 4 1 2
2
1 1
6 1 1
1
4 1 1
4 2 6 1 5 2
5 3 12 1 3
3 4 24 3 3
1 1

9d

49

N

182

16

NRoS

61

10n

23

19

12

10d

42



APPENDIX 1 (continued)

Amphipoda
Hirudinae
Isopoda
Oligochaeta
Total Indiv.
Total Taxa

Plecoptera

Trichoptera

Site Number
Capniidae
Nemouridae
Perlodidae
Hydropsychidae
Hydroptilidae
Lepidostomatidae
Limnephilidae
Philopotamidae
Phryganeidae
Polycentropodidae
Psychomyiidae

1n

234
18

1d

11
74

408
15

2d

[

3n 3d
38
5
1
4 34
3
2
9 4
351 389
22 20

an

4d

238

290
14

5n

21

24

405
22

5d

56

48 3
21

6n

6d

n

229

405

7d 8n
28
1 1
1
1
6 3
208 357
10 17

8d

46

383

9n

27

9d

19

10
388
2 2

62

10n

26

5
370

10d

17



APPENDIX 2

List of macroinvertebrate sums of individuals, grewf individuals and groups of families collece#dLO paired research sites of
natural reaches (n) and county drains (d). Tax@weumerated at the family for the class Insetictass for all others.

Paired site no. 1 1 2 2 3

olw

4 4 5 b b 6 7 7 8 8 9 910 10
d

type case n d n d n n d M d n B n d n n d n d

No. of
Individuals 234 408 374 314 351 389 207 290 405 (3489 | 318 405 208 357 383 411 3B8 370 369

No. of Diptera
individuals 199] 262 280 24D 250 171 216 24 309 P28 | 275| 145 193 198 140 125 205 278 242

No. of
Ephemeroptera
individuals 1 0 0 0 0 3 7 D 7 4 0 1 0 0 4 6 55 812|123

C

No. of
Plecoptera
individuals 0 0 16 1 @ 38 D D 22 0 0 0 1 0 0 2 4 00 6

No. of
Trichoptera
individuals 3 1 14 7 3320 8 21

o>
o
[y
W
=3
(O8]
[&]
o
o
=
N
o
&
(0]

No. of Taxa 18 15 18 14 22 20 17 14 22 21 8 20 140|117 24 25 22 24 2

oT

No. of Diptera
taxa 7 4 6 4 9 L 6 b 5 6 3 10 3 3 5 7 6 6 8 8

No. of
Ephemeroptera
taxa 1 0 0 0 0 1 2 a 3 1 D L 0 0 1 3 4 4 3 2

No. of
Plecoptera taxa D 0 2 1 0 1 0 0 2 0 0 0 1 0 0 1 1 00 1

No of
Trichoptera taxa 1 1 4 il P 0 3 2 5 0 0 1 1 0 1 2 52 2 3
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APPENDIX 3

Metrics of habitat quality for 20 research siteg®nhatural reaches and 10 county drains. Meanstandard deviations are given for
both cases.

Flow Pools,riffes, Bank Veg
Site Substrate  Embeddedness Velocity:deptstability Deposition runs, bends stability stability Cover Total

1n 11 16 8 9 11 8 8 8 9 88
1d 0 0 0 7 1 1 9 10 10 38
2n 16 17 13 12 8 13 8 8 7 102
2d 2 6 1 1 4 3 4 4 6 31
3n 11 5 9 10 7 8 2 5 6 63
3d 5 3 1 3 5 1 8 9 5 40
4n 18 1 8 8 9 11 5 3 6 69
4d 0 0 0 0 0 1 5 10 4 20
5n 1 16 12 8 10 10 4 7 9 77
5d 2 1 2 11 0 1 5 7 4 33
6n 6 5 5 4 8 7 7 8 6 56
6d 0 0 0 1 0 0 8 10 4 23
7n 6 7 8 12 8 9 4 3 9 66
7d 1 5 1 1 9 1 9 10 3 40
8n 3 7 9 5 6 8 2 3 6 49
8d 1 5 4 6 3 3 4 9 3 38
9n 14 13 8 9 9 11 7 7 7 85
ad 5 5 5 3 3 2 2 5 3 33
10n 3 2 3 4 1 2 7 4 7 33
10d 14 3 7 2 6 5 1 1 5 44

n mean 8.9 8.9 8.3 8.1 7.7 8.7 5.4 5.6 7.2 68.8

n std

dev 5.93 6.06 2.91 2.96 2.75 2.98 2.32 2.22 1.32 .220

d mean 3 2.8 2.1 3.5 3.1 1.8 5.5 7.5 4.7 34

d std

dev 4.3 2.39 2.42 3.47 3 1.48 2.88 3.17 2.11 7.69
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APPENDIX 4
List of wood volumes in 20 research sites for wettkannels and bankfull channels. Wood is grodgyediameter (d) size.

Wetted Channel Bankfull Channel
4cm<d<10 10cm<d<30 Total volume 4cm<d<10 10cm<d<30 Total volume
d<4cm cm cm 30cm<d of wood d<4cm cm cm 30cm<d of wood
Site ni/150 m m/150 m m/150 m m® /150 m m® /150 m m/150 m m/150 m m/150 m m /150 m m /150 m
1in 0.07 0.04 0.00 0.00 0.11 0.24 0.45 0.11 0.00 00.8
1d 0.02 0.00 0.00 0.00 0.02 0.13 0.07 0.00 0.00 00.2
2n 0.19 0.25 0.90 0.00 1.34 0.46 1.68 2.96 0.00 05.1
2d 0.05 0.15 0.68 0.00 0.88 0.25 0.53 1.73 0.00 025
3n 0.45 1.02 2.62 0.00 4.09 0.00 0.18 0.18 8.64 09.0
3d 0.03 0.09 0.55 0.00 0.67 0.10 0.52 0.68 0.00 013
4n 0.27 0.23 1.02 0.00 1.52 0.05 0.14 0.38 4.14 047
4d 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 00.0
5n 0.09 0.36 1.04 0.00 1.49 0.06 0.13 0.26 2.75 03.2
5d 0.01 0.02 0.00 0.00 0.03 0.04 0.06 0.00 0.00 00.1
6n 0.37 0.23 0.00 0.00 0.60 0.04 0.06 0.15 1.85 021
6d 0.01 0.01 0.00 0.00 0.02 0.07 0.13 0.00 0.00 00.2
7n 0.04 0.13 0.10 1.17 1.45 0.10 0.19 0.13 2.78 03.2
7d 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 00.0
8n 0.43 1.72 3.98 0.00 6.13 0.88 2.79 11.03 0.00 7014
8d 0.01 0.04 0.00 0.00 0.05 0.02 0.08 0.00 0.00 00.1
9n 0.13 0.53 0.00 0.00 0.66 0.49 0.99 0.22 0.00 017
ad 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 00.2
10n 0.00 0.07 0.07 6.93 7.07 0.15 0.44 0.29 13.72 4.6Q

10d 0.16 0.21 0.31 0.00 0.68 0.51 1.44 1.25 0.00 20 3.
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APPENDIX 5

Percentages of riparian vegetation for all sit@sndtural reaches and 10 county drains in
River Raisin. The mean and standard deviatiorgaen for both cases and for the total
data set.

Site No. grasses forbs shrubs trees
1in 4.8 30.7 48.4 16.1

1d 6.4 43 47.9 2.7

2n 6.4 46.8 17.8 29

2d 0 50 4.8 45.2

3n 29.6 1.6 8.6 60.2

3d 28 36.6 23.6 11.8

4n 0 14.5 1.6 83.9

4ad 75.8 4.8 19.4 0

5n 1.1 4.4 46.5 48

5d 73.7 3.2 22 1.1

6n 21 25.8 17.7 35.5

6d 57 1.7 17.2 24.1

7n 4.8 21 45.2 29

7d 75.8 24.2 0 0

8n 0 16.1 49 79

8d 100 0 0 0

9n 0 28 11.8 60.2

9d 93.6 0 4.8 1.6

10n 0 51.1 12.5 36.4

10d 0 52.2 23.1 24.7

nat mean 6.8 24.0 215 47.7
nat stdev 10.3 16.1 18.1 22.6
drain mean 51 21.6 16.3 11.1
drain stdev 39 22.1 14.7 15.4
all mean 28.9 22.8 18.9 29.4
all stdev 35.9 18.9 16.3 26.6
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APPENDIX 6

List of channel dimensions, flow and substrateiglarsize for all sites, 10 natural and 10
county drains. The mean and standard deviatiogiaes for each case. Sites 1n and 1d
could not be surveyed due to obstructing vegetation

Site | Sinuosity] % Slope| depth Width Low | Incision | Bankfull Flow | Substrate
m m flow area m m°/s | Dsomm
Area
m2
1n 0.29| 1.372 0.17 0.82 0.85 0.004 5
1d 0.48| 2.743 0.40 0.82 4.599 0.006 1
2n 1.080 .71 0.40 2.078 0.25 0.43 1/52 0.067 1.5
2d 1.050 .31 0.30 2.438 0.22 0.40 1/84 0.023 1.1
3n 1.023 11 0.69 3.506 0.73 0.p1 5/03 0.029 1.7
3d 1.007 .52 051 1.676 0.26 1.83 764 0.032 1.7
4n 1.207 .51 0.81 3.383 0.84 1.25 6/61 0.329 30.2
4d 1.148 .07 1.68 5.278 2.70 3.7 35|03 0.280 1
5n 1.090 46 0.64 1.67p 0.33 0.34 321 0.081 1.1
5d 1.002 .02 0.54 2.896 0.47 1.68 724 0.053 1
6n 1.096 19 011 1372 0.05 0.30 1/36 0.003 1.8
6d 1.003 .62 0.15 2.499 0.11 1.68 8/08 0.009 1
7n 1.228 .03 1.36 2.591 1.08 0.49 1/08 0.259 1.6
7d 1.012 .39 051 1.920 0.30 1.65 7148 0.291 1.2
8n 1.246 .22 0.6%5 4.11p 0.82 1.87 10(74 0.197 1.4
8d 1.039 .04 0.78 2.377 0.57 2.10 16|89 0.157 1.1
9n 1.364 .39 0.18 2.164 0.12 0.82 7/28 0.011 3.6
od 1.032 .06 0.51 2.22b 0.34 2.26 14}44 0.029 1.6
10n 1.033 A3 192 4.724 2.76 0.88 5|79 0.282 1.4
10d 1.005 55 048 4.115 0.60 0.98 7162 0.805 7
nat
mean 1.152 .34 0.215 2.696 71 /76 4,35 0.126 4.93
nat
std
dev 114 220 0.170 1477 81 .87 3/30 .040 2.83
drain
mean 1.002 .287| .180 2.81f .0 1.64 11.09 119 1.77
drain
std
dev .047 244 127 1.084 15 NE) 947 .040 Q.58
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