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ABSTRACT 

Project objectives were to determine the effects of 

stream channelization on biomass and composition of stream 

benthos and drift and on water quality and temperature. 

Drift and substrate-stratified, quantitative benthos samples 

were collected and stream discharge measured in upstream and 

downstream new ditch, old ditch, and natural stream sites, 

at approximately 6-week intervals during the ice-free period 

of the year. Water chemistry samples were collected at 

approximately 6-week intervals throughout the year and 

temperatures recorded continuously with thermographs. 

Benthic biomass and density were lowest in sand and 

higher in aquatic vegetation, silt-detritus, and gravel 

(productive substrates) , which provided stable surfaces for 

reattachment of drifting invertebrates and interstices for 

entrapment of drifting seston. Benthic biomass and density 

were positively correlated, whereas drifting invertebrate 

biomass and density, and density of drifting seston, were 

negatively correlated with percent composition of the 

productive substrates. 

Percent composition of the productive substrates was 

highest in the natural stream, followed by the old and new 

ditch in the upstream area, and highest in the new ditch, 

followed by the old ditch and natural stream in the 

downstream area. 

Water quality and temperature, similar among sites, 

probably were moderated by groundwater inflow. 
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CONCLUSIONS 

Substrate type was an important factor affecting 

distribution of aquatic macroinvertebrates. Benthic biomass 

and density were highest in aquatic vegetation, and 

decreased in silt-detritus, gravel~ and sand, respectively. 

Aquatic vegetation, silt-detritus, and gravel, the productive 

substrates, provided stable surfaces for attachment of 

drifting invertebrates and interstices for entrapment of 

drifting seston. 

Benthic biomass and density were positively correlated, 

and drifting invertebrate biomass and density, and density 

of drifting seston, were negatively correlated, with the 

percent composition of the more productive substrates, i.e., 

vegetation, silt-detritus, and gravel. Any change in stream 

channels that result in more sand substrate would adversely 

affect aquatic invertebrates. 

Percent composition of the productive substrates, in 

the upstream area, was highest in the natural stream and 

decreased in the old and new ditchr respectively. 

Channelization and dredging resulted in erosion and slumping 

of spoil banks, and a predominantly sand substrate in the 

new ditch during high flows associated with spring runoff. 

However, aquatic vegetation, the most productive substrate, 

increased in the new ditch after streamflow stabilized in 

late spring. In the natural stream, bank erosion was minimalr 

and all substrates were present throughout the study period. 
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Percent composition of the productive substrates, in 

the downstream area, was highest in the new ditch and 

decreased in the old ditch and natural stream, respectively. 

Decreased current velocity in the new ditch channel, 

originally dredged wide and deep, resulted in deposition of 

silt and organic material in midchannel and establishment 

of dense Potamogeton during summer with sand present only 

along stream banks. This abundant aquatic vegetation 

provided a stable, more productive substrate during most of 

the growing season. The downstream natural stream, located 

downstream from ditches and subject to the variable flow 

regimens of the ditches upstream as well as in-stream 

cattle disturbance, had some steep eroding sand banks and 

a predominantly shifting sand substrate. 

Effects of channelization and dredging on water 

quality and water temperature probably were moderated and 

stabilized by inflow of abundant groundwater. 
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RECOMMENDATIONS 

Realistic cost-benefit analyses incorporating fish 

and wildlife losses, adverse effects of possible increased 

~ownstream flooding, adverse effects to potential 

development on the drained flood plain, and an evaluation 

of the need for more agricultural land of marginal 

quality, should be determined for each proposed 

channelization project. If channelization is to be 

undertaken, fish and aquatic invertebrate losses can be 

mitigated, by controlling sediment movement and 

stabilizing the channel. Channel modifications that 

would add cover, create pools, hold the stream bed stable, 

and reduce inflow of sediment will provide a more 

productive habitat. 

Bank stabilization and installation of a series 

of current deflectors and rock revetments in new ditches 

is recommended. Hansen, E.A. (1971), in a study of 

sediment movement in a Michigan trout stream, found 

that most sediment originated from large severely eroding 

banks and predicted a 74% reduction in eroded sediments 

could be achieved with stabilization of only 40% of the 

eroding waterline. White and Brynildson (1967) found, 

that where the channel could not be restored to former 

meanders, rapid and beneficial results were achieved 

with the installation of wing deflectors and rock 

revetments, which keep the current swift and the channel 
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deep and sinuous. Old ditches should be evaluated on a 

site by site basis because disturbance, resulting from 

bank and instream construction activities, may outweigh 

the beneficial effects of installation of stream 

improvement structures in partially recovered~ vegetation­

stabilized old ditches. 

Channel sinuosity, caused by deflectors, would 

result in establishment of erosional and depositional 

habitats with associated diversity of substrate, current 

velocity, depth, and light intensity. Shetter, et al 

(1946) reported diversion of shifting bottom sediment 

into areas where the sediment became stabilized by 

marginal vegetation, following installation of current 

deflectors. Tarzwell (1936) found current deflectors 

increased depth, increased the more productive aquatic 

macrophyte and muck substrates, uncovered gravel, and 

increased production of benthos by over 200%. Tarzwell 

(1937) reported more food organisms and increased number, 

growth rate, and yield of fish in an improved stream. 

Installation of current deflectors and revetments will 

probably provide more productive, well-defined, sinous 

channels throughout the year, but still allow the ditch 

to function for the purpose it was dredged, i.e., rapid 

drainage of excess water, primarily in the spring. 

Improvements in a stream or watershed tend to 

cause new sediment or flow adjustments to the changed 

current velocity and sediment load and capacity (Apmann 
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and Otis, 1965). Stream improvement structures, 

especially in channelized areas, must be well anchored 

to avoid erosional undercutting. 

Bank stabilization would be promoted by keeping 

cattle off the banks. In the downstream natural stream, 

decreased bank erosion should permit establishment of 

aquatic macrophytes and stabilization of other substrates 

with resultant increases in benthic invertebrates. 
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INTRODUCTION 

Objectives of this study were to determine the 

effects of stream channelization on water quality and 

temperature and on biomass and composition of stream 

benthos and drift. The study was part of a larger 

multidisciplinary project to determine the effects of 

stream channelization on fish, aquatic invertebrates, 

waterfowl, and terrestrial and aquatic wildlife 

associated with stream and ditch habitats in Buena Vista 

Marsh, Portage County~ Wisconsin. Stream channelization 

is defined as the straightening and enlargement in width 

or depth of a stream or river to produce a roughly 

trapezoidal cross section, or more simply, a ditch. 

Schneberger and Funk (1971) and A.D. Little, Inc. 

(1973) have provided comprehensive reviews of stream 

channelization and its effects on fisheries, wildlife, 

and recreation. Henegar and Harman (1971) and Blair 

(1973) have provided lists of references on channelization. 

Robinson (1969) stated that stream disturbance 

problems are a threat to fishery resources in many 

sections of the country, Stream alteration projects 

have been carried out by private drainage districts, 

the Soil Conservation Service under the small watershed 

program of Public Law 566 - Watershed Protection and 

Flood Prevention Act, and the Army Corps of Engineers 

under the Flood Control Acts of 1948 and 1960 (Emerson, 
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1971). The Soil Conservation Service through 1975 had 

completed 396 projects affecting 6 million hectares of 

watershed, and there were another 728 projects on 22 

million hectares proposed or under construction. 

Additional applications for PL-566 projects received as 

of July 1975, covered approximately 91,5 million hectares 

(SCS, 1975). The Army Corps of Engineers through 1973 

had been involved in 889 projects and completed work 

on 9944 km of streams and rivers with 7879 km under 

construction or planned (A.D. Little, Inc,, 1973). 

The natural stream - swamp - flood plain ecosystem 

is composed of interacting subsystems that have evolved 

over time, and are in dynamic equilibrium with respect 

to water tables, infiltration rates, and discharge. 

Disruption of one subsystem, such as bottomland forest 

or swamp areas, may affect the productive capacity of the 

entire system. Channelization has involved wetland 

drainage, clear cutting on the flood plain, elimination 

of oxbows and meanders with their associated productive 

areas and diversity of habitat, lowering of the water 

table! and on-site and downstream erosion and sedimentation. 

These alterations usually result in losses of cover, 

pools, bank and instream vegetation, stable substrates, 

and stream length which may adversly affect fish and 

fish food organisms. 

The effect of channelization on the physical nature 

of the substrate is probably of greatest importance to 
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aquatic organisms. Substrate type is of primary 

importance in qualitative and quantitative distribution, 

and size of aquatic macroinvertebrates (Tarzwell, 1937; 

Smith and Moylet 1944; Pennak and VanGerpen, 1947, 

Sprules, 1947; Cummins, 1966i Eriksen, 1966i Thorup, 1966; 

Egglishaw, 1969; Barber and Kevern, 1973). Invertebrates, 

which occupy intermediate trophic levels, may influence 

abundance or condition of top carnivores or fish species. 

HYDROLOGIC CHARACTERISTICS OF UNALTERED AND ALTERED CHANNELS 

Unaltered 

Unaltered, or natural~ stream systems involve a 

complex of relationships between water flow, sediment 

movement, and mobile channel boundaries in alluvial 

soil deposits (Leopold, et at, 1964). These basic 

hydrologic factors affect the stream's physical 

characteristics including width, depth, slope, current 

velocity, channel resistance, sediment, and substrate. 

A natural channel carries sediment, derived from its 

drainage basin, and migrates laterally by erosion of one 

bank and deposition at the opposite bank. Therefore, the 

channel tends to maintain a constant or stable cross 

section while the position of the channel itself is 

not constant. 

The characteristic channel pattern of natural 

streams in alluvium is meandering, which may be 
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mathematically described as a series of sine-generated 

curves occurring at intervals of 5 to 7 channel widths 

(Leopold and Langbein, 1966; Leopold, et al, 1964). 

A stream channel tends to assume a condition with least 

energy expenditure within the system. The most probable 

distribution of energy, one in which the rate of energy 

loss per unit of distance along the stream is equal, is 

most closely approximated by a meandering channel 

pattern (Leopold,~ al, 1964). A meander pattern tends 

to eliminate concentrations of energy loss and localized 

areas of heavy bank erosion. 

Stream flow through a meander pattern is helical 

with the surface water deflected toward the concave 

bank causing bed water and eroded material to move 

toward the convex bank where eroded material is deposited 

in a point bar (Leopold and Langbein, 1966). An 

erosional-depositional continuum exists in which all but 

coarse substrate units are washed away in areas of 

rapidly flowing water, erosional areas, whereas finer 

sediments are deposited in reduced current, depositional 

areas (Cummins, 1966). 

Streambank erosion is a function of soil cohesiveness. 

Streambank and instrearn vegetational bindi~g of soils 

exert constant pressure to reduce channel size and 

enhances erosional resistance of the strearnbank 

Maddock, 1972). Vegetated channels tend to be narrower 

and steeper than strictly alluvial channels with similar 

9 



discharge and sediment load. 

The natural stream and its associated flood plain 

and swamp areas with their respective water tables, 

infiltration rates, and discharge properties supplement 

the water requirements of each other. The combined 

surface and groundwater storage capacity tends to even 

out peak flows and augment base flows (A.D. Little, Inc., 

1973). The flood plain allows for the deposition of 

sediment and absorption of nutrients outside of the 

stream channel during periods of high water. 

White (1973: 64-65) discussed conditions present 

in natural cold water streams: 

What we have in the natural stream channel, 
considered from headwater to mouth, bank to bank, 
top to bottom, hour to hour, season to season, 
and in the longer term,. is a diversity of 
habitats: main waters, side waters, back waters, 
eddies; turbulent versus more even-flowing, 
cooler versus warmer, lighter versus darker; 
mudbanks, sandbars, gravel riffles, rock rapids, 
clay flats, "weed" beds, large pools and small 
nooks and cranies. 

Diversity in ecosystems promotes productive 
efficiency and stability in the sense that 
incoming energy is thoroughly used and the 
community is buffered against severe 
environmental damage. 

Altered 

The major purpose of stream channelization, which has 

usually been accomplished by channel straightening and 

removal of streambank vegetation, is rapid drainage of 

agricultural land. Variations in discharge change 

physical characteristics of streams~ such as depth, width, 
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slope, and current velocity in alluvial channels (Maddock, 

1972), 

Channeling of floodwaters fails to dissipate the 

energy of high water and eliminates the resistances of a 

naturally meandering channel (White and Brynildson, 1967}. 

The slope of a meandering channel increases when 

straightened. The increase in slope results in 

redistribution of streambed materials and degrading of 

the streambed. Removal of bankside vegetation reduces 

vegetational binding of streambanks and results in 

accelerated erosion and a wider channel. Over time, 

streambanks erode, sediment transport increases, and 

equilibrium takes place on a wider channel with steeper 

slope. Reestablishment and encroachment of streambank 

vegetation (timing depends on bank characteristics} 

stabilizes channel banks, reduces erosion, and is 

important in the reestablishment of natural stream 

characteristics (Maddock, 1972}. 

Floodwaters entering channelized streams may not 

transport adequate sediment to compensate for increased 

flows, and additional sediment may be eroded from bed and 

banks with resultant channel widening (Apmann and Otis, 

1965; Maddock, 1972}. The new channel, too wide for 

normal flow and sediment load, may become unstable and fill 

at some discharge levels. 

Lackey {1975} referred to channel alteration as a 

potential pollutant that affects many stream parameters 

11 



directly and others through secondary effects. 

Channelization projects have resulted in a wide variety of 

adverse effects including: destruction of game, waterfowl, 

and fish habitat; deposition of nutrients, chemicals, silt, 

and other pollutants in slower downstream waters~ drainage, 

of swamps and destruction of their ability to remove silt, 

organic wastes, and toxic chemicals; increased erosion 

upstream and flooding downstream; and accelerated release 

of water which may have augmented flows during dry seasons 

(Reuss, 1971). Eroded sediments may have detrimental 

effects on stream bottom, aquatic vegetation, bottom fauna, 

and fish populations (Cordone and Kelley, 1961, Apmann and 

Otis, 1965). The effects of channelization, including 

reduction in diversity of habitats, increased seasonal 

variations in discharge, width, depth, and water temperature, 

shifting substrate, siltation, and the absence or reduction 

of aquatic vegetation are similar to the factors associated 

with low productivity mentioned by (Berner, 1951). The 

uniformity of channelized streams is a cause of the 

inefficiency and instability in the physical and biological 

systems (White, 1973). 
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STUDY AREA 

HISTORY 

Buena Vista Marsh, originally covered by tamarack 

(Lar~ laricina) swamps and open marsh, was drained by 4 

streams; Buena Vista Creek, Duck Creek, Four Mile Creek, 

and Ten Mile Creek with its north and south branches, all 

of which flowed west toward the Wisconsin River. 

The tamarack was logged or burned off before 1900, and 

most of the marsh land was under private ownership by 1903. 

The Portage County Drainage District was organized in 1903 

and bonds were sold to purchase a floating dredge to drain 

the area for agriculture. Six ditches, dredged 1.5 to 3.0 m 

deep and in an east-west direction, were completed by 1907. 

Drainage, provided by the 6 ditches, was inadequate and 3 

more main ditches and several lateral ditches were completed 

by 1913. As a result of the lowered water table, la·rge 

fires burned in the dried peat and bog soils until only sand 

remained. Ditch siltation and reed canary grass (Phalaris 

arundinaceae) encroachment on the channels had a damming 

effect, and periodic redredging was necessary to keep the 

channels clear and the water table low. However, dredging 

and channel maintenance were discontinued in 1923 because of 

costs and agricultural problems which included acid soil and 

the frequency of crop killing frosts throughout the growing 

season. Aldo Leopold (1949~ 100) described the series of 

events: 

They envisaged farms not only around but in the 
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marsh. An epidemic of ditch digging and land booming 
set in. The marsh was gridironed with drainage canals, 
speckled with new fields and farmsteads. 

But crops were poor and beset by frosts, to which 
the expensive ditches added an aftermath of debt, 
Farmers moved out. Peat beds dried, shrank, caught 
fire. 

The drainage district became inoperative after 1934 , and 

production of bluegrass (~ pra!ensis} for seed and 

raising of horses and cattle became the dominant land uses 

on the marsh. After dredging and channel maintenance were 

discontinuedr the channels began to develop a meandering 

course within the old vegetation-stabilized spoil banks, 

the water table rose, and the area was reverting back to 

a wetland habitat. 

Recently, above ground irrigation became practical 

and lands adjacent to the marsh became valuable for 

vegetable farming. Several ditches have been dredged or 

redredged since 1967. 

DESCRIPTION 

Buena Vista Marsh is a 226 km2 drained wetland in the 

central Wisconsin sand plain. The plain, which covers an 

area of 728 km2 , is bordered on the east by a series of 

glacial moraines. Elevation in the upstream area, near 

the moraines, is 329 m and slopes from east to west at 

0.6 to 1.1 m/km to an elevation of 311 m in downstream 

areas. Geology, hydrology. and climate of the central 

Wisconsin sand plain has been described in detail by Holt 

(1965} -,,·weeks: et al (1965}, and Weeks and Stangland (1971}. ----
Soils in the marsh consist of unconsolidated sediments 
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including glacial till~ outwash sand and gravel, and 

post~lacial deposits of peat, alluvium, and dune sand 

(Holt, 1965). The glacial deposits, which average 30.5 m 

in thickness~ are highly permeable and form the main 

aquifer in the area (Weeks and Stangland, 1971). 

Groundwater velocity in the sand and gravel aquifer is 

approximately 0.3 m/day and the mean water table gradient 

is 0.95 m/km (Holt, 1965). Groundwater accounts for more 

than 90% of total streamflow and maintains relatively stable 

flow and water temperature. 

A U.S. Weather Bureau recording station, located on 

the east side of the marsh at Coddington, reported an 

average growing season of 104 days, with a range of 47 to 

119 days (Vandre, 1974). Average annual precipitation is 

78.7 em, of which 53.3 em is lost to evapotranspiration, 

22.9 em to groundwater recharge, and 2.5 em to short 

duration runoff (Holt, 1965). Sixty-five percent of the 

annual precipation occurs during the growing season. 

Three general stream types are present on the marsh: 

natural streams, which have never been dredged; old ditches, 

which have not been dredged for at least 50 years; and new 

ditches,, which have been dredged since 1967. Two study 

areas chosen were an upstream area located in the zone of 

good brook trout (~lvelinus fontinalis) habitat and a 

downstream area located in the zone of marginal brook 

trout habitat. To avoid bias, a new ditch, old ditch, and 

natural stream site were chosen in each study area, before 
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sample collection, on the basis of similar stream discharge 

and distance from headwater areas, and accessibility 

(Figure 1). 

Sinuosity indices (channel length/linear length) were 

highest in natural streams and lowest in new ditches. The 

more sinuous sections had greater surface area except for 

the downstream new ditch which was originally dredged wide 

(Table 1). 

The upstream new ditch site (NE~, Sec. 26, T22N, R8E) 

was a lateral ditch that diverted the flow of water from 

Ditch 8 into Ditch 3. The spoil banks were steep, unstable, 

and continually slumping into the channel, particularly 

during spring runoff. Bank slQmping and erosion resulted 

in a predominantly unstable shifting sand and silt-detritus 

substrate in spring and early summer. Aquatic vegetation~ 

including buttercup (Ranunculus aquatilus), Veronica sp., 

waterweed (Elodea canadensis), and water cress (Nasturtium 

officinale) increased in abundance throughout the growing 

season. The channel was of uniform depth during spring and 

early summer, but depth became more varied during summer 

when the current cut deep channels between dense beds of 

vegetation, primarily Ranunculus. Land use, adjacent to 

the ditch, was grazed pasture and mint and potato farming. 

The upstream old ditch site (NE~, Sec. 16, T21N, R8E) 

was the channelized part of the north branch of Ten Mile 

Creek, or Ditch 5. The old spoil banks had become 

stabilized with reed canary grass, shrubs, and small trees. 

16 



Figure 1. Buena Vista Marsh, Portage County, Wisconsin. 
Only streams with "trout waters are :::;hown. Study areas identified 
by number: 1 = upstream new ditch, 2 ~ upstream old ditch, 3 = 
unstream natural, 4 = ()ownstrcam new ditch, 5 = dov.'nstream o] d 
dltch, 6 = downstream na.tural. 

N 

-~- -· .. ---- -·~>·--·--·----··~------ --.. ---·· .. -~--·--- ~~~---.--··-··-· -··------~-

5 T \1 E N S PO I T 
---NEW Dl T C H --------

---OLD DITCH 

•••••• NATURAL STREAM 

oooo FORMER CHANNEL 

OF 
( DOWNSTREAM LIMIT 

BROOK TROUT SPAWNING 

[ D.0W N STREAM LIMIT 
ClASS 1 TROUT 

BUENA VISTA 

C R E E K . . .· ... 

OF 

. . .. . . . . -{ 
.·~~ ••· •.• oooooo 

• .. · ... · ... · [~J.··,ooooooo 000 oo J 
FOUR-MILE ', 1]1 
C R E E K ', __ -~ ·-- ·- -[~ [~~~2--~f---+--~~--- --{ 

. . 
. . . . 

~ 0 

\ ooooo 0 00 t'ooo 

' 0 0 
~ DITCH 4 

ooo 
0 

·~----+----S.. -·.-
I o 0 

DITCH 9 ; __ -- -- ~ ·- ·- -- -· --- ·- ·-- ... [- - --- ·--
/ ~ ~~ ~ 

I -'-~ o ~ I ...., o~ 
QOO (.. DITCH 5 o 0000 o 

I._ - ;------- ·--- ~-f ~ --. 
I o oooo • 

I ooooo oooooo oo 
oo oooooo 0 

... . ,. . , 
/o 0 TEN-MILE CREEK ~ 

/
0 

DJ l CH 6 : . -- ---- ---------------"f. 

m (· · . 
17 



Table 1. Description of study sites in Buena Vista Marsh, Portage 
CD.mty, Wisoonsin. 

Upstream !Wnstmam 

new old new old 
ditch ditch natural ditch ditch natural 

Dredged (year) 1968 1913 1967 1922 

Silu>sity ~ 1.00 1.02 1.15 1.00 1.03 1.58 

Area (ha/km) 0.42 0.48 0.92 0.96 0.65 0.98 

Mean discharge 
for stldy 
period <m3 /sec) 0.262 0.246 0.236 0.726 0.726 1.162 

0 'l'elt'p!rature ( C) • Sept. , 1974- Sept., 1975. 

amual mean 8.0 7.9 7.9 8.9 9.0 7.9 

mean daily 
fluctuation 4.6 2.5 3.4 3.0 3.4 2.4 

Substrate (m2 /lOOm) • Percent in parentheses. 

sand 315 353 431 97 547 853 
(75.1) (73.4) (47 .1) (10 .1) (80.4) (87 .0) 

gravel 14 0 93 0 0 31 
(3.4) (0) (10.2) (0) (0) (3.2) 

vegetation 43 13 232 257 64 25 
(10.2) (2. 7) (25.3) (26. 7) (9.4) (2.5) 

silt-detritus 47 115 159 607 69 71 
(11.3) (24.0) (17.4) (63.2) (10.2) (7 .2) 

total 419 481 915 961 680 980 

~1 ler¥Jth/linear length, July, 1975. 
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Small holes and undercut banks were present at the cutting 

areas of the weakly meandering channel. Bank slumping was 

minimal and the substrate was primarily sand. Narrow areas 

of silt-detritus, which had become stabilized with Elodea 

and Nasturtium, occurred near the water's edge. Corn and 

hay were grown in fields adjacent to the ditch and a cattle 

crossing was present approximately 100 m upstre~m from the 

study site. 

The upstream natural site (NW~, Sec. 27, T21N, R8E) 

was the south branch of Ten Mile Creek. The channel had a 

meander pattern without a riffle-pool sequence, which is a 

condition typical of natural channels carrying uniform 

sand and silt (Leopold,~~, 1964). The channel had 

cutting edges, runs, and depositional areas which 

maintained diversity in substrate, current velocity, depth, 

and light intensity. Sand, gravel, silt-detritus, and 

vegetation (Ranunculus) substrates were present throughout 

the study.period. The stream channel, which flowed through 

a pasture, was not fenced and was subjected to some 

disturbance from cattle crossing and grazing. 

The.downstream new ditch site (W~, Sec. 30, T22N, R8E) 

was located on the recently dredged part of Ditch 3. 

Decreased current velocity in the wide and deep channel 

resulted in deposition of approximately 1 m of silt and 

organic material in midchannel. Sand substrate was present 

only along the streambank whereas the rest of the substrate 

was silt-detritus, and was covered with dense Potamo2eton !E.· 
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during summer. Wild celery (Valisneria americana) , 
. . . ..... ,,.,~ 

arrowhead <pa9it:t~rfa ~.),and sedges were present within 

the channel, which was similar to an elongated pond during 

summer. Adjacent land was grazed by cattle and managed 

for prairie chickens (~panuchus cupido pinnatus). 
C, I C) 

The downstream old ditch site (E~, Sec. 25, T22N, R7E) 

was located approximately 150 m downstream from the new 

ditch section of Ditch 3. The channel was narrower and had 

a greater current velocity than the new ditch section. The 

substrate was primarily sand with small areas of silt-

detritus and sparce Potamogeton, Valisneria, and Nasturtium. 

The downstream natural site (SE~, Sec. 20, T22N, R7E) 

was the unchannelized part of Four Mile Creek. The section 

was located downstream from channelized reaches, cattle 

disturbances, and upstream dredging. Islands, bars, and 

fallen trees, indicators of rapid erosion, were ~present. 

Portions of the stream had steep eroding sand banks that 

resulted in a predominantly shifting sand substrate. Small 

areas of silt-detritus and gravel substrates were present. 

The shifting sand substrate inhibits establishment of 

aquatic vegetation (Fassbender and Nelson, 1971). 

Valisneria~ when present, was sparce and scattered. 

Deep holes were present where the current was deflected by 

fallen and submerged trees. Land adjacent to the study 

site was a wooded pasture. 
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METHODS 

BENTHOS 

Five replicate quantitative benthos samples were 

collected from each available substrate at each study 

site~ at approximately 6~week intervals during the ice­

free period of the year. Substrate-stratified sampling 

was suggested by Pennak and VanGerpen (1947), Bourdeau 

(1953), Cummins (1962), and Barber and Kevern (1973) to 

reduce variation. A modified circular 0.05 m2 bottom 

sampler, similar to that of Waters and Knapp (1961), with 

a net mesh of 7.5 mesh/em was used in the upstream area 

where it was not too deep for efficient sampler use. 

A standard Ekman grab, which sampled an area of 0.025 m2, 

was used in the deeper downstream area. 

Substrate composition was determined for each study 

site on each sample date, and sample biomass and density 

were pro-rated into total benthic biomass (gjm2) and 

density (organismsjm2) according to the percent each 

substrate was of the total. Transect samples, were 

collected in the downstream old ditch in April, 1975 and 

the downstream natural stream in April and May, 1975 

because at these times the sites were too turbid for 

determination of substrate composition. 

Benthic variability within each study site on each 

sample date was determined by calculation of standard 

deviations and coefficients of variation for samples 
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collected within each substrate. Total variation for 

biomass and density of each taxa was calculated by weighting 

standard deviations according to substrate composition. 

· Total variation for each substrate type was calculated by 

weighting standard deviations of taxa biomass and density 

according to the percent each was of the total biomass 

or density within that substrate (Appendix A). 

Qualitative benthic samples were collected with nets 

and screens periodically throughout the sample period to 

record the presence of organisms not normally collected 

with quantitative samplers. 

DRIFT 

Drifting organisms and seston (suspended particulate 

matter) were collected on the day and night before benthic 

sampling to avoid substrate disturbance resulting from 

instream sampling activities. Twenty minute samples were 
2 

collected, in nets of 7.5 mesh/em on a 0.1 m square frame, 

at midday and ~ hour before and after sunrise and sunset 

to correspond with major periods of drift (Waters, 1972; 

Braatz, 1974). Drift net frames had welded or split rings 

that slid over 1.27 em diameter steel rods that were driven 

into the stream bottom. One set of rods was positioned in 

the thalweg and another in the side current. Drift nets and 

frames were stacked on the rods to cover the entire column 

of water from substrate to water surface. Stream discharge 

and discharge through the drift columns were measured with 

a F 583 Weathermeasure Corporation Water Current Meter. 
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Sample biomass and density were pro-rated into total drift 

biomass (g/100 m3) and drift density (organisms/100 m3) 

according to the percent of the total discharge that flowed 

through the drift columns. Drift rate (number per unit 

time) is not presented because of differences in discharge, 

water depth, and water velocity between the 6 study sites. 

Benthos and drift samples were labelled and preserved 

in the field in a 9-1 mixture of 70% isopropyl alcohol -

10% formalin and were taken to the University of Wisconsin­

Stevens Point. Samples were washed on a No. 35 soil 

screen. Invertebrates were sorted from detritus, 

identified to Genus, if possible, and counted. 

Invertebrates were not wet-weighed because of weight 

change in preservative (Leonard, 1939; Howmiller, 1972). 

Invertebrate biomass, excluding that of Decapoda, 

Oligochaeta, and large insects such as Nepidae and 

Zygoptera, was calculated from organism length, using a 

modification of the method described by Hynes and Coleman 

(1968), which assumes that insect shape is that of a 

cylinder, that its volume increases by the cube of the 

length, and that its specific gravity is 1.05. Weights of 

1 mm length units were 3.3 x l0-5 grams for insects 

excluding Chironomidae and Ceratopogonidae, 1.4 x 10-S 

grams for Chironomidae and Ceratopogonidae, and 3.2 x 10~3 

grams for Molluscs~ which were considered as spheres or 

half-spheres {Jacobi, personal communication). Nepidae, 

Zygoptera, and Decapoda were soaked in water for 30 
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minutes~ blotted dry~ and weighed to the nearest 0.01 g. 

Oligochaeta were soaked in water for 30 minutes, 

centrifuged at 650 rpm for 3 minutes including acceleration 

and deceleration, and weighed to the nearest 0.01 g 

(Stanford, 1973). 

Drifting seston was dried at 650C for approximately 

24 hours to a constant weight and expressed as drift 

seston density, or weight of seston per volume of water 

(g/100 m3). The dried seston was ignited at 6000C for 1 

hour in a muffle furnace, cooled in a descicator, and 

weighed. Loss on ignition gives estimates of organic 

material of an accuracy acceptable for many ecological 

studies (Ball, 1964). 

Water samples were collected at each site, at 

approximately 6-week intervals throughout the year, with a 

van Dorn water bottle and were analyzed by the Environmental 

Task Force Laboratory at the University of Wisconsin -

Stevens Point. Methods of analysis were those described in 

Standard Methods for the Examination of Water and Wastewater 

(A.P.H,A~~ 1971). Water temperature was recorded continually 

with thermographs from September, 1974 through May, 1975. 

Thermographs were checked and calibrated weekly. 
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RESULTS AND DISCUSSION 

Substrate, as defined in this study, includes mineral 

and organic sediments and aquatic vegetation. Substrate 

composition was the most important single factor affecting 

biomass and density of stream benthos and drift, and 

density of drifting seston. Benthic biomass and density 

(Figure 2) were positively correlated, whereas drifting 

invertebrate biomass and density (Figure 3) and density of 

drifting seston (Figure 4) were negatively correlated, with 

the percent composition of the more productive substrates, 

i.e., vegetation, silt-detritus, and gravel. 

Other investigators have found substrate type to 

be of primary importance in the distribution of aquatic 

invertebrates. Morris (1964), in a survey of channelized 

and unchannelized sections of the Missouri River, stated 

that the percent of productive substrates is the most 

important consideration in estimating total standing crop 

of benthic invertebrates. Smith and Moyle (1944 : 145) 

found the physical nature of the substrate to be the most 

important factor affecting benthic production in streams. 

A general increase in benthic productivity has been 

found to occur with increasing sediment particle size 

(Smith and Moyle, 1944; Pennak and VanGerpen, 1947; 

Sprules, 1947r Cordone and Kelley, 1961). Invertebrate 

abundance and diversity is related to habitable surface 

area and variety of microhabitats and interstices, which 

25 



C\1 6 
E 

........ 
(f)'; 
~-0 4 
(J)O 
-0 
z::: 
<( 
(!) 
a:: 
0 

-
C\1 

2 

E 40 
........ 
Ol -

. 1- 20 
:r: 
(!) 

w 

NEW DITCH 0 ------ D 

OLD DITCH f2 ---
NATURAL STREAM • --

u U 

u 
D 

0 u 

~ o~----~--~~~~----~--~~---~----~----~---~-----
10 30 50 70 90 

Pc.RCENT COMPOSITION OF PRODUCTIVE SUBSTRATES 

:t'igure 2·. Benthic bianass and density of upstream (U) and downstream (D) sites in 
relation to percent aarp>sitian of productive substrates, i.e., vegetatioo, 
silt-detritus, and gravel, Buena Vista Marsh, Portage County, Wisoonsi.n. 
(use of key is consistent throughout figures) 



"' -...J 

IOE 120 

0 100 
0 

' 80 DOWNSTREAM UPSTREAM 
(f) 

:E 60 
(f) 

z 40 
<( 
(!) 20 a: 
0 

0 

1.0 -IOE .8 
0 
0 .6 

' Ol .4 -J- .2 ::r:: 
(!) 

0 w 
~ 20 60 40 0 20 60 80 40 

PERCENT COMPOSITION OF PRODUCTIVE SUBSTRATES 

Figure 3. Drift bianass am density of upst:rean am downstream sites in relation 
to percent c:x:.llp)Sitian of productive substrates, i.e., vegetatia1, 
silt-detritus, and gravel, Buena Vista Marsh, Portage OJunty, Wisconsin. 



,E 16 
0 
0 .-
' 0" 

z 
0 
1-
CJ) 

w 
(/) 

(.!) 
z 
I­
LL. 
a::: 
Cl 

lL. 
0 
1-
::c 
(.!) 

GJ 
~ 

>­c:: 

12 

UPSTREAM 

20 40 60 

~ 
~ 
~ 
~ v 
I-' 

~ v 
~ 
~ 

DOWNSTREAM 

~ ~~~---~'---~'---~'U--
0 20 40 60 80 

0 PERCENT COMPOSITION OF PRODUCTIVE SUBSTRATES 

Figure 4. Drifting sestoo density of upstream and downstrean sites in relation to 
pereent cxmp>Sitian of productive substrates, i.e., vegetatioo, 
silt-detritus, and gravel, Buena Vista Marsh, Portage County, Wisoonsin. 



provide shelter for organisms (Smith and Moyle, 1944; 

Sprules, 1947}, Substrate particle size, through its 

effect on turbulence, crevices, and interstitial spaces, 

affects oxygen renewal and respiration of benthic 

invertebrates (Eriksen, 1966). Cummins and Lauff (1969) 

determined the effects of varied current direction and 

substrate particle size on 10 species of benthic organisms 

in an artificial stream in a laboratory, and concluded that 

current, water temperature, and chemical parameters may 

limit macrodistribution but substrate particle size or food 

supply probably exert primary microdistributional influences. 

Other authors investigated substrate effects on 

deposition of organic detritus, an important invertebrate 

food source. The effects of substrate may be indirect and 

dependent upon presence of crevices for detrital deposition 

(Cummins, 1962; Buscemi, 1966). Barber and Kevern (1973) 

reported extensive use of macrophyte beds, primarily by 

drifting Trichoptera, Ephemeroptera, and Diptera, and a 

reduction of current velocity and deposition of detrital 

materials as the plants grew. Egglishaw (1969) found 

numbers of organisms to be significantly related to the 

amount of detritus trapped among stones and vegetation in 

streams. 

Giger (1973) and Hooper (1973) reviewed the effects of 

streamflow on trout stream ecology and listed the following 

as factors affecting qualitative and quantitative 

distribution of aquatic invertebrates: current velocity and 
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its effects on oxygen renewal, food aquisition, and 

substrate type; depth and its effect on light penetration 

and photosynthesis; biotic factors including periphytic 

algae and detrital food; and water chemistry and temperature. 

Substrate differences associated with different 

environmental conditions result in nonuniform distribution 

of invertebrates (Cummins, 1962). Therefore, investigation 

of bottom fauna is one of the most significant approaches 

that can be made in the detection and measurement of 

sediment problems associated with channelization (Cordone 

and Kelley, 1961). 

In this study, benthic biomass and density, within 

substrates, were generally highest in vegetation and 

decreased in silt-detritus, gravel, and sand, respectively 

(Appendix A). An exception, high biomass for silt-detritus 

in the downstream natural stream, was primarily due to the 

abundance and high biomass associated with the large 

burrowing mayfly, Hexagenia. 

Mean substrate biomass and density were similar for 

new ditch, old ditch, and natural stream in upstream and 

downstream areas (Appendix A). Exceptions were the high 

values for the silt-detritus substrate in the upstream old 

ditch which was probably due to the scarcity of the most 

productive substrate, vegetation, throughout most of the 

study period. More organisms may have occupied the next 

most suitable available substrate, silt-detritus. 

Any alteration of the stream channel that would 
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increase sand substrate would tend to adversely affect 

aquatic invertebrates and their food source. Bank slumping 

and erosion, from dredging, resulted in higher percent 

substrate composition of the least productive substrate, 

sand, in the upstream area. Mean percentages of sand 

substrate were 75.1%, 73.4%, and 47.0% for upstream new 

ditch, old ditch, and natural stream, respectively 

(Figure 5) . 

On the other hand, decreased current velocity in the 

downstream new ditch, originally dredged wide and deep, 

resulted in deposition of silt and organic material in 

midchannel and establishment of dense Potamogeton during 

summer with sand present only along stream banks. The 

downstream natural stream, located downstream from ditches 

and subject to seasonal high flows from the ditches 

upstream as well as instream cattle activity, had steep 

eroding sand banks and a predominantly shifting sand 

substrate. Mean percentages of sand substrate were 10.1%, 

80.4%, and 87.0% for downstream new ditch, old ditch, and 

natural stream, respectively (Figure 6). 

BENTHOS 

Differences in benthic biomass and density, among 

sites, were primarily due to differences in substrate 

composition among sites. Consistent trends were evident 

and will be discussed, although high variability associated 

with invertebrate sampling probably contributed to the 

lack of statistically significant differences among sites. 
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Figure 6. SUbstrate aarp>Sition of dcJNnstream sites, Buena Vista Marsh, 
Portage County, Wisoonsin. (mrizantal lines represent mean 
percent <DiiJOSition for the study pericxi) (* substrate 
OCI'Ip)Sition oot detennined because of high turbidity) 
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Benthic biomass (Figure 7} and density (Figure 8} in 

all study sites, fluctuated throughout the study period, 

as would be expected with seasonal hatch, growth, and 

emergence patterns of different taxa of insects. Increases 

or decreases in benthic biomass and density also occurred 

with seasonal changes in the more productive substrates, 

particularly aquatic macrophytes. 

Upstream 

Mean benthic biomass was highest in the natural stream, 

28.38 g/m2 , followed by the old ditch, 24.08 g/m2 , and the 

new ditch, 18.32 g/m2 • Mean benthic density was highest in 

the new ditch, 4173 organisms/m2 , followed by the natural 

stream, 3938 organisms/m2 , and the old ditch, 2939 

organisms/m2 . The generally higher biomass and density in 

the natural stream was due to the higher percent substrate 

composition of the more productive substrates (Figure 2}. 

High numbers of Chironomidae, relatively small 

organisms, in the new ditch during the August and September 

sample periods (Appendix A} resulted in the highest mean 

density in the site with the lowest mean biomass. Morris 

(1964} and Etnier (1972} reported high densities of 

Chironomidae in channelized areas. Holz (1969} reported a 

decrease in percent composition of Trichoptera and 

Ephemeroptera, relatively large organisms, in channelized 

sections of the Missouri River. 

Stream channelization has been found to adversely 

affect stream benthos. Morris (1964) and Holz (1969) 
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reported reduced benthic biomass in channelized portions 

of the Missouri River, and TarpleeM et al, (1971), in a 

survey of 74 North Carolina streams, reported a 79% 

reduction in volume of invertebrates following 

channelization. Rees (1959), Warner and Porter (1960), 

Burkhard (1967), and Winger (1972) reported an initial 

decrease but rapid recovery of stream benthos following 

channelization. 

The natural stream was generally more stable than the 

ditches. Benthic sample variability, .determined for each 

site on each sample date, was generally lowest in the 

natural stream and highest in the new ditch. Mean 

coefficients of variation for the study period, were 0.20, 

0.24, and 0.30 for benthic biomass and 0.33, 0.34, and 0.36 

for benthic density in natural stream, old ditch, and new 

ditch, respectively (Table 2). Higher coefficients of 

variation, particularly in the new ditch, occurred during 

periods of instability associated with high discharge and 

stream bank and bed erosion (April) and periods of 

substrate adjustment to decreasing discharge and increasing 

aquatic vegetation (May and June). Annual ranges of 

biomass and density estimates were narrowest for the natural 

stream and widest for the new ditch (Figures 7 and 8). 

Downstream 

Mean benthic biomass was highest in the new ditch, 

32.32 g/m2 , followed by the old ditch, 10.05 g/m2 , and the 

natural stream, 7.81 g/m2 • Mean benthic density was also 
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Table 2. CX>EFFICIENTS OF VAR.Il\TICN (standard deviation/maan) FOR 
Bm'IHIC MMPIES C0IJ.ECTED IN BUENA VISTA MARSH, PO~ 
CDtNTY, WIS<XNSIN. 

UPSTREAM J::n'lNSTREAM 

NEW OID 'NE.W OID 
DI'IOI DITCH NATURAL DI'IOI DI'IOI NATURAL 

Jt.NE, organisms 0.40 0.33 0.24 0.66 0.37 0.39 
1974 bianass 0.43 0.23 0.20 0.32 0.34 0.84 

AUG.' organisms 0.32 0.49 0.19 0.22 0.31 0.39 
1974 bianass 0.30 0.26 0.22 0.17 0.44 0.45 

SEPT. , organisms 0.24 0.32 0.18 0.18 0.17 0.20 
1974 bionass 0.20 0.26 0.22 0.22 0.16 0.68 

oov., organisms 0.13 0.27 0.29 0.19 0.27 0.71 
1974 bianass 0.17 0.18 0.24 0.20 0.27 0.58 

APR., organisms 0.52 0.50 0.41 0.19 0.95 1.13 
1975 biomass 0.38 0.25 0.14 0.69 0.42 0.60 

MAY, o:rganis:rrs 0.58 0.15 0.69 0.76 0.57 0.99 
1975 bianass 0.29 0.29 0.21 0.60 0.48 0.77 

ME'J\N organisms 0.36 0.34 0.33 0.37 0.44 0.64 
bi,ClQa$S 0.30 0.24 0.20 0.37 0.35 0.65 
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highest in the new ditch, 6176 organisms/m2 , followed by the 

old ditch, 2348 organisms/m2 , and the natural stream, 980 

. I 2 organ1.sms m • Again, higher biomass and density in the new 

ditch were due to higher percent composition of the most 

productive substrate, aquatic vegetation, in the growing 

season. 

Coefficients of variation for benthic samples were 

generally higher during the periods of instability mentioned 

above (Table 2). Variability decreased in the new ditch, and 

to a lesser degree in the old ditch, during summer months when 

flow stabilized and aquatic vegetation became established. 

High benthic variability in the natural stream, throughout the 

study period, probably resulted from steep eroding sand banks 

and shifting sand substrate. Mean coefficients of variation 

were 0.65, 0.35, and 0.37 for benthic biomass and 0.64, 0.44, 

and 0.37 for benthic density in natural stream, old ditch, 

and new ditch, respectively. 

Annual ranges of benthic biomass and density estimates 

were widest for the new ditch (Figures 7 and 8). High 

benthic biomass and density estimates were associated with 

stable stream conditions and dense aquatic vegetation 

during summer, and low estimates were associated with stream 

scour and the instability of the new ditch during spring 

runoff. 

DRIFTING SESTON 

Drifting seston was composed of 2 fractions; an 

inorganic portion, primarily allochthonous, and an organic 
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portion, which was plant detritus, allochthonous during 

spring runoff and periods of leaf fall and autochthonous 

during summer and winter low flow periods. The inorganic 

portion, or sediments, can damage and reduce benthic 

fauna {Cordone and Kelley, 1961). The organic portion, or 

plant detritus, has been found to be one of the chief 

sources of food for invertebrates {Egglishaw, 1969). 

Buscemi {1966) listed current velocity, thickness of the 

"dead water layer" adjacent to the stream bottom, bottom 

irregularities, feeder stream flow, source of runoff water, 

duration and volume of flow above typical low water values, 

and channel morphometry as factors affecting seston 

deposition. 

Upstream 

Dry weight of drifting seston was generally highest in 

the new ditch and lowest in the natural stream {Figure 9). 

The absence of depositional areas, generally associated 

with the diversity of habitats in meandering channels, and 

smaller areas of aquatic macrophyte and gravel substrates 

to trap drifting seston, probably contributed to higher 

drifting seston densities in the new ditch. The weak 

sinuosity of the old ditch channel, within the vegetation­

stabilized spoil banks, probably accounted for intermediate 

drifting seston densities. The increase in drifting seston 

density, which occurred with increased discharge during May 

in the new and old ditch, did not occur in the more stable 

natural channel. 
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The percent of drifting seston that was organic detritus 

was consistently highest in the natural stream (Figure 10 and 

Appendix E). The higher inorganic portion of drifting 

seston in the new ditch probably resulted from erosion and 

slumping of unstable banks and may have contributed to low 

mean benthic biomass and high benthic variability. Based 

on the assumption that seston bases were similar in all 

sites, these results indicated that higher amounts of 

organic detritus were retained and available for use by 

invertebrates in the natural stream. 

Downstream 

The new ditch, originally dredged wide and deep and 

heavily vegetated during summer, was primarily depositional 

and resulted in generally lower drifting seston density 

(Figure 11). High drifting seston density in the natural 

stream was due to steep eroding banks and upstream dredging 

during April and May. Consistent organic detritus 

relationships among sites were not evident (Figure 10). 

DRIFTING INVERTEBRATES 

Stream drift is a phenomenon in which organisms are 

dislodged from the substrate by mechanical action of the 

current, usually during periods of increased activity 

before emergence and while foraging for food during periods 

of reduced light: they then drift downstream and reattach 

to the substrate. Drifting increases visibility and 

accessibility of invertebrates to fish and may transport 

organisms from productive to less productive areas 
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(Waters, 1972). 

Physical factors affecting quantity of drift and 

downstream displacement include current velocity, discharge, 

water temperature, and substrate type. Waters (1972), in a 

review of drift studies, stated that aquatic vegetation may 

act as a seive to drifting invertebrates. waters (1966) 

and Dimond (1967) suggested that drift may be a function of 

the extent to which the carrying capacity of the stream is 

exceeded. Substrate, in addition to providing suitable 

surface for reattachment, affects drift through effects on 

production rate, species composition, and population density 

(Waters, 1961). Drift, at a given location, is not a 

function of the benthic population at that location, but a 

function of upstream conditions (Waters, 1965). 

Stream drift may be important in the recovery of areas 

with reduced benthos, provided suitable substrates are 

available. Denuded areas can recover quickly. Waters 

(1964) reported rapid recolonization of a denuded gravel 

riffle by drifting Baetis and Gammarus. Investigations 

showing rapid recovery of benthic invertebrates following 

channelization (Rees, 1959; Warner and Porter, 1960; 

Burkhard, 1967; Winger, 1972) occurred in streams with 

stable gravel, rubble, and vegetation-silt substrates for 

attachment of drifting organisms. 

Upstream 

Chironomidae were the most important organisms 

numerically, whereas the Amphipod, Gammarus, and various 
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Mollusca contributed most biomass in the drift of all sites 

{Appendix B). Drift biomass (Figure 12) and density 

(Figure 13) were higher in the ditches than in the natural 

stream. Drift biomass and density were directly related 

to the amount of sand substrate present. The predominance 

of sand substrate, less suitable for reattachment than 

the more stable substrates, may have maintained organisms 

in the drift for longer times and distances, and resulted in 

higher drift in the ditches. Conversely, higher amounts of 

more suitable substrates for reattachment, i.e., aquatic 

vegetation, stabilized silt-detritus, and gravel probably 

resulted in lower drift biomass and density in the 

natural stream. Higher densities of drifting seston, 

through molar action, may have increased dislodgement of 

organisms in the ditches. Morris, et ~1 (1968), Holz 

(1969), and Hansen, D.R. (1971) reported higher aquatic 

insect drift in channelized areas. 

Downstream 

Chironomidae were numerically important at all sites, 

whereas Simulium and various Ephemeroptera and Trichoptera 

were numerous in the natural stream and a Hemipteran, 

Hesperocorixa, was numerous in new and old ditch drift. 

Drift biomass was composed primarily of Hesperocorixa in 

the ditches and various Trichoptera in the natural stream 

(Appendix B). The effects of stable substrates on drift 

biomass and density, discussed in relation to the upstream 

sites, were also observed in downstream sites. Lower 
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drift biomass (Figure 14) and density (Figure 15), despite 

highest benthic biomass and density, occurred in the new 

ditch, which contained higher proportions of vegetation 

and silt-detritus substrates, except during the 

November and April sample periods when aquatic vegetation 

was not present and drift biomass and density increased. 

The predominantly shifting sand substrate of the natural 

stream resulted in generally higher drift biomass and 

density despite low benthic biomass and density. 

TAXONOMIC DIFFERENCES 

Higher numbers of invertebrate taxa were collected 

from natural streams and lower numbers of taxa from new 

ditches in upstream and downstream areas. Total taxa 

collected were 61, 63, and 68 with 32 common to all sites 

in the upstream area, and 54, 59, and 66 with 34 common 

to all sites in the downstream area for new ditches, old 

ditches, and natural streams, respectively (Table 3). 

Plecoptera were collected only in natural streams. Etnier 

(1972) reported reduced diversity of invertebrates, 

especially Ephemeroptera, Trichoptera, and Plecoptera, 

following channelization of a small stream in Tennessee. 

Numbers of drifting taxa were highest in the upstream 

new ditch and downstream natural stream, which were the 

sites with the highest sand substrate composition in their 

respective areas. Numbers of drifting taxa were 36, 31, 

and 30 for the upstream area, and 20, 30, and 46 

2 ( obse:rved-expec·ted) 2 
(significantly different, X = 

expected ' 
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U1 
(\.) 

Table 3. ~UATIC MACIDINVERIEBRA'IES CDLIEC!E.D FI0-1 VARIOUS S"mTIOO, JUNE, 19 7 4, 'lliKXJGH MAY, 19 75, BUENA 
VIS"m MARSH, PORI'A<E CD1:NI'Y, WISCDNSIN. ( B - present in quantitative benthos samples; 
D - present in drift sanples; Q - present only in qualitative sanples ) 

UPSTREAM r:x::MNSTREAM 

NEW OID NEW' OLD 
Artropoda DITCH DITCH NATURAL DITCH DITCH NATURAL 
c. Insecta 

0. Coleoptera - beetles 
F. Ch1:ysc:lrelidae - leaf beetles 

Ibn.acia D n B B 
F. CurCUlionidae - weevils D BD D D 
F. Dytiscidae - predaceous diving beetles 

Agabus BD BD 
Copotamus Q 
Deronectes B B 
~daticus Q D Q Q 

aroporus B B B B D D 

t!Qhl:S D 
B 

Iaccophilus Q D BD D 
Liodessus D D BD BD 

F. Elmidae - riffle beetles 
Dubiraphia B B BD BD BD 
~· B BD BD BD BD 

F. Gyi 7~whi 1' . beetl 1n1 e - r 1g1g es 
Dineutus Q 

~in us BD Q Q BD BD BD 
F. Halij)lidae - crawling water beetles 

Haliplus BD D BD BD D 
Peltodytes D D B D 

F. Hydraenidae 
H;ydraena D D 



Table 3 (cent.) UPSTREAM r:x::msTREAM 

NEW OID NEW OLD 
DI'IOI DI'IOI NATURAL DI'IUI DI'IOI NATURAL 

F. Hydrq?hilidae - water scavenger beetles 
Berosus Q 
EnOd1iUS D 
Helophorus B D D D D 
Hydrobius B 
HYtfu)Chus D 
Tl:upistemus D Q D B D Q 

0. Diptera - flies 
F. Ceratq:xxpnidae - biting midges BD BD BD B B B 
F. Chironanidae - midges BD BD BD BD BD BD 
F. CUlicidae - nosqui toes 

U'1 
An~heles Q w 

F. Errpididae 
Clinooera Q 
Heirerodromia BD BD B B B D 

F. Ephydr~dae - shore flies B B B 
~ellia D 

F. Musc~dae - an"t:horey'iids D B D D 

~hora BD 
F. P ~dae - noth flies 

Perioorra B 
F. Ptychopteridae - phantan crane flies 

Liri~ B 
F. Rhagion~dae - snipe flies 

Atherix BD BD B BD BD BD 
F. Sc~anyz~dae D 

se~ Q 
F. simUli:ae - black flies 

Simulium BD BD BD BD BD BD 
F. Stratiany~dae 

Eulalia B 



Table 3 (oont.) UPSTREAM ln'lNSTRF.AM 

N&i OID NEW OlD 
DI'.IO:I DI'ICH NATURAL DI'ICH DI'ICH NATURAL 

Euparyphus D 
Stratianys D 

F. Tabanidae - horse flies 
Chrysops BD BD B B B BD 

F. Tipulidae - crane flies 
Antocha B B BD 
D1cranota BD BD BD 
Erl.optera B 
Hexatana BD B B B B BD 
Pilaria B B B B 
Prionocera Q 

U1 Tipula BD . B Q .l=o 

0. Ephemeroptera - mayflies 
F. Baetidae 

Baetis B B BD BD BD BD 
callibaetis B D D 

F. BaetJ.scJ.dae 
Baetisca B 

F. Caenidae 
Caenis BD BD BD BD BD 

F. Epharerellidae 
Epharerella D 

F. Epheteridae 
Hexagenia BD BD B BD BD 

F. Heptageniidae 
Heptagenia B 
Stenonana B BD 

F. Ieptophlebiidae 
Ie~ebia D B B BD 
Pa.iePtQphlebia B D 



Table 3 {cont.) UPSTREAM 

NEW OID NEW otlb 
DI'IOI DI'IOI NA'IURAL DI'!Of DI'IOI NA'IURAL 

F. Siphlonuridae 
Isonychia B 

F. Tricorythodes 
Tricorythodes B BD B 

0. Hemiptera - bugs 
F. Belostana.tidae - giant water bugs 

Belostana. B Q Q B Q 
F. Corixidae - water boatmen 

Hesperocorixa BD BD BD BD BD BD 
F. Geridae - water striders 

U1 
Gerris Q Q 

(J1 F. Nep1.dae - water scorpions 
Ranatra Q D Q Q 

F. ~tonect1.dae - back sw:i.Imers 
~tonecta Q Q Q Q 

F. Saldidae D D 
o. Odonata 

s.o. Anisoptera - dragonflies D 
F. Aeshnidae 

Aeshna B B B 
1\n.ax Q 

F, Cordulegastridae 
Cordul~aster B 

s.o. zygoptera 
F. calopterygidae 

~ion Q B B B Q 
F. Coenagrionidae 

Anana.lagrion B D 
Isclmura D Q D D 

o. Plecoptera 
S,O. Filipalpia 



Table 3 (cont.) UPSTREAM ~TRE'.AM 

NEW OLD NE.W OID 
DITCH DI'!Oi NATURAL DI'IOI DI'!Oi NATURAL 

F. Narouridae 
Taen.iop~ B B 

F. Pteronarc1.dae 
Pteronarcys B 

S .o. Setipalpia B 
F. Perlidae 

Perlesta B 
F. Perlodidae 

Isoperla B BD 
o. Trichoptera - caddis flies 

V1 
F. Bradlycentridae 

~ Brach;:taentrus BD BD BD B BD 
F. Hydropsychldae 

Cheumatopsydle B D B B BD D 

Hy~~ BD BD BD D BD 
F. 

Ochrotridlia B 
F. Lep1.dostamat1dae 

IeEidostana ·o B 
F. Ieptoceridae B B D 

AthripSOdes B B 
M;ystacides D 

F. L:i.rrnephilidae 

:SG!~ 
B B 

D 
Lhilus BD BD BD D B D 
Naootaulius Q B 

~~~a lax 
B B Q D 
B 

Ps;Ld199:lypha B B 
~mopsyche B BD BD BD BD 



Table 3 (cxnt.) UPSTREAM I::O'H)TRE'AM 

NEW OID NEW OLD 
DI'.lOI DITCll NATt1RAL DI'!Ui DI'1Ui NATURAL 

F. ~larmidae 
~lama B B D D 

F. Ph.ryganeJ.dae 
Ptilost.cm.Js B 

c. Crustacea 
o. Amphipoda - sidesw.i.rmers 

F. Gamnaridae 
Gam:narus BD BD BD B BD BD 

o. De~ayfish 
F. cambarinae 

U'l 
Orconectes Q B B B B 

-...! Armelida - segmented -wonns 
C. Hirudinea - leeches 

F. Erpabdellidae 
Erpd.?della B B B 

F. Glossiphoniidae 
Glossi~honia 
~ anata B B 

GlOSS1phonia sp. B 
Plac:obdella 

nontifera B 
Pla<X>bdella sp. B 

F. Hllu:lidae 

Ha~ B B B B 
Ma~lla 

de<i5ra B 
c. Oligochaeta -:- aquatic eart.hwonns BD BD BD BD BD BD 

Nematoda - round\vonns B B B B B BD 
Hydracarina - water mi. tes B D BD BD B BD 
~llusca 
c. Gast.J:.'qloda - snails 



Table 3 ( oont. ) UPS'l'R.EAM 

NE.W OID 
DI'!Ui DI'IOI 

F. Ancylidae - linpets 
Ferrissia B B 

F. Lymnae1.dae - pond snails 
Lyrmaea BD B 

F. Planomidae- om snails 
Gyraulus BD BD 
Helisoma BD D 
Planomula B 

F. Physi&e - poudl snails 
Physa BD BD 

U1 Aplexa 
00 c. Pelecypoda - clams 

F. Sphaeriidae 
Musculiun 
Pisidium B B 
spbaerium B B 

Nenertea - prdJoscis wonns 
Prostana 

Total Taxa 61 63 

Benthic Taxa 46 45 

Drift Taxa 36 31 

NATURAL 

B 

B 

BD 
B 

B 
B 

68 

53 

30 

NEW 
DI'!Ui 

BD 

BD 

B 
BD 

B 

BD 

B 

54 

41 

20 

~TREAM 

OLD 
DITCH NATURAL 

BD 

BD D 

BD 
BD 

BD BD 

B 
B B 

B 

BD D 

59 66 

45 39 

30 46 



1-

2 d.f., p 0.05) for the downstream area in new ditches, old 

ditches, and natural streams, respectively {Table 3). 

WATER TEMPERATURE AND CHEMISTRY 

Water temperatures were similar in ditches and natural 

stream in both upstream and downstream areas. Mean daily 

water temperature fluctuation, in the upstream area, was 

slightly greater in the new ditch {Appendix C). Hansen, D.R. 

{1971) found greater daily temperature fluctuation in 

channelized sections of the Little Sioux River, Iowa. 

Abundant groundwater seepage probably moderated and stabilized 

water temperatures in this study. 

Many measured chemical parameters were similar or did 

not exhibit consistent trends {Appendix D). High 

concentrations of aquatic plant nutrients {Nand P), present 

in all study sites, were also reported in marsh drainage 

waters by Lee, et al (no date). Use of fertilizers in the 

agricultural areas of Buena Vista Marsh probably contributed 

nutrients to the streams and ditches. Alkalinity, total 

hardness, and calcium hardness were generally higher in 

the new ditches and decreased in old ditches and natural 

streams, respectively, in both upstream and downstream areas. 

Higher conductivity, a measure of dissolved solids, in the 

ditches may have resulted from increased dissolution of 

newly exposed eroding sediments. 

59 



LITERATURE CITED 

A. D. Little, Inc. 1973. Effects of channel modifications 
on fish and wildlife resources, habitat, species 
diversity, and productivity, p. 195-267. In A. D. 
Little, Inc., Report on Channel Modifications submitted 
tothe Council on Environmental Quality. vol. 1. 

Apmann, R.P. and M.B. Otis. 1965. Sedimentation and stream 
improvements. N. Y. Fish and Game J. 12(2): 117-126. 

American Public Health Association. 1971. Standard methods 
for the examination of water and waste water. 13th Ed. 
Amer. Public Health Ass., New York, N. Y. 874 p. 

Ball, D.F. 1964. Loss-on-ignition as an estimate of 
organic matter and organic carbon in non-calcareous 
soils. J. Soil Sci. 15: 84-92. 

Barber, W.E. and N.R. Kevern. 1973. Ecological factors 
influencing macroinvertebrate standing crop 
distribution. Hydrobiologia 43(1-2): 53-75. 

Berner, L.M. 1951. Limnology of the lower Missouri River. 
Eco 1. 3 2 ( 1 ) : 1-12 • 

Blair, D.A. 1973. The effects of stream channelization on 
fish populations. Unpub. M.S. thesis. Penn. State Univ. 

Bourdeau, P.F. 1953. A test of random versus systematic 
ecological s·ampling. Ecol. 34: 499-512. 

Braatz, D.A. 1974. Invertebrate drift in a central 
Wisconsin brook trout stream. Unpub. M.S. thesis. Univ. 
of Wis., Stevens Point. 63 p. 

Burkhard, W.T. 1967. Effects of channelization on the trout 
fishery of Tomichi Creek. Colorado Game, Fish, and 
Parks Dep., Fed. Aid Proj. F-26-R-4. Job Completion Rep. 9p. 

Buscemi, P.A. 1966. The importance of sedimentary organics 
in the distribution of benthic organisms, p. 79-86. 
In K.W. Cummins, C.A. Tryon, Jr., and R.T. Hartman (Ed.) 
Organism-substrate relationships in streams. Spec. Pub. 
No. 4, Pymatuning Lab. of Ecol., Univ. of Pittsburgh: 

Cordone, A.J. and D.W. Kelley. 1961. The influence of 
inorganic sediment on the aquatic life of streams. 
Calif. Fish and Game 47(3): 189-228. 

Cummins, K.W. 1962. An evaluation of some techniques for 
the collection and analysis of benthic samples with 
special emphasis on lotic waters. Amer. Midl. Nat. 
67 (2 > : 4 ·n-504. 

60 



Cummins, K.W. 1966. A review of stream ecology with 
special emphasis on organism-substrate relationships, 
p. 2-51. In K.W. Cummins, C.A. Tryon, Jr., and R.T. 
Hartman (Ed:) Organism-substrate relationships in 
streams. Spec. Pub. No. 4, Pymatuning Lab. of Ecol., 
Univ. of Pittsburgh. 

Cummins, K.W. and G.H. Lauff. 1969. The influence of 
substrate particle size on the microdistribution of 
stream macrobenthos. Hydrobiologia 34(2): 145-181. 

Dimond, J.B. 1967. Evidence that drift of stream benthos 
is density related. Ecol. 48(5): 855-857. 

Egglishaw, H.J. 1969. The distribution of benthic 
invertebrates on substrata in fast-flowing streams. 
J. Anim. Ecol. 38: 19-33. 

Emerson, J.W. 1971. Channelization: a case study. Sci. 
173: 325-326. 

Eriksen, C.H. 1966. Benthic invertebrates and some substrate­
current-oxygen interrelationships, p. 98-115. In K.W. 
Cummins, C.A. Tryon, Jr., and R.T. Hartman (Ed.-)­
Organism-substrate relationships in streams. Spec. Pub. 
No. 4, Pymatuning Lab. of Ecol., Univ. of Pittsburgh. 

Etnier, D.A. 1972. The effect of annual rechanneling on 
a stream fish population. Trans. Amer. Fish. Soc. 
101 (2): 372-375. 

Fassbender, R.L. and L.M. Nelson. 1971. Surface water 
resources of Portage County. Lake and Stream 
Classification Project, Bur. of Fish Manage., Wis. 
Dep. of Nat. Resources, Madison, Wis. 78 p. 

Giger, R.D. 1973. Streamflow requirements of Salmonids. 
Project No. AFS-62-1. Oregon Wildlife Comm., Portland, 
Oregon. 117 p. 

Hansen, E.A. 1971. Sediment in a Michigan trout stream, 
its source, movement, and some effects on fish habitat. 
u.s. Dep. Agr. Forest Service Res. Paper NC-59. 14 p. 

Hansen, D.R. 1971. Stream channelization effects on fishes 
and bottom fauna in the Little Sioux River, Iowa, p.29-
51. In E. Schneberger and J.L. Funk (Ed.) Stream 
channelization-a symposium. North Cent. Div. Amer. 
Fish. Soc. Spec. Pub. No. 2. 

Henegar, D.L. and K.W. Harmon. 1971. A review of 
references to channelization and its environmental 
impact, p. 79-83. In E. Schneberger and J.L. Funk (Ed.) 
Stream channelization-a symposium. North Cent. Div. 
Amer. Fish. Soc. Spec. Pub. No. 2. 

61 



Holt, 

Holz, 

C,L,R~, Jr. 1965. Groun~water resources of 
Portage County, Wisconsin, and the effects of water 
resource development. U,S. Geol, Surv. Water-Supply 
Paper 1796. 

O,A. 1969, The ecology of the unchannelized and 
channelized Missouri River, Nebraska, with emphasis 
on the life history of the flathead catfish. M.A. 
thesis, Univ. of Missouri, Columbia. 118 p. 

Hooper, D.R. 1973. Evaluation of the effects of flows on 
trout stream ecology. Dep. of Engineering Res., 
Pacific Gas and Electric Co., Emeryville, Calif. 97 p. 

Howmiller, R.P. 1972. Effects of preservatives on weights 
of some common macrobenthic invertebrates. Trans. 
Amer. Fish. Soc. 101(4): 743-746. 

Hynes, H.B.N. and M.J. Coleman. 1968. A simple method of 
assessing the annual production of stream benthos . 

. Lirnnol. and Oceanogr. 13: 569-573. 

Lackey, R.T, 1975. Forest practices and water quality: 
effects of pollutants on aquatic life. Presented 
at Workshop on Forest Practices and Water Quality, 
Atlanta, Ga., July 15-16, 1975. 

Lee, G.F., E. Bentley, and R. Amundsen. no date Effect of 
marshes on water quality. mimeo., Water chemistry 
program, Univ. of Wise., Madison. 25 p. 

Leonard, J.W. 1939. Comments on the adequacy of accepted 
stream bottom sampling techniques. Trans. North 
Arner. Wildlife Conf. 4: 288-295. 

Leopold, A. 1949. A sand county almanac and sketches 
here and there. Oxford Univ. Press, New York. 

Leopold, L.B. and W.B. Langbein. 1966. River meanders. 
Sci. Arner. 214(6): 60-70. 

Leopold, L.B., M.G. Wolman, and J.P. Miller. 1964. 
Fluvial processes in geomorphology, p. 151-308. 
W.H. Freeman and Co., San Francisco. 522 p. 

Maddock, T. 1972. Hydrologic behavior of stream channels. 
Trans, 37th North Arner. Wildlife and Natural 
Resources Conf., March 12-15, 1972. 

Morris, L. 1964. Stream inventory and studies ~ fishery 
inventory and investigation. State of Nebraska, 
Proj, F-4-R-9. 11 p, 

62 



Morris~ L.A., R.N. Langemeier, T.R. Russell, and A. Witt. 
1968. Effects of main stem impoundments and 
channelization upon the limnology of the Missouri 
River, Nebraska. Trans. Amer. Fish. Soc. 97(4): 
380-388. 

Pennak, R.W. and E.D. VanGerpen. 1947. Bottom fauna 
production and physical nature of the substrate in 
a northern Colorado trout stream. Ecol. 28: 42-48. 

Rees, W.H. 1959. Effects of stream dredging on young 
silver salmon and bottom fauna. Wash. Dep. of Fish., 
Fish. Res. Papers 2(2): 53-65. 

Reuss, H.S. 1971. Stream channelization (Part 1), p. 1-9. 
Committee on Govt. Operations, u.s. Govt. Printing 
Office, Washington D.C. 

Robinson, D.W. 1969. The stream disturbance problem and 
our fishery resources - its scope and a method of 
evaluation and response. S. E. Ass. of Game and 
Fish Comm. 23: 3-8. 

Soil Conservation Service. 1975. Status of watershed 
protection (P.L. 566) program projects approved for 
installation. Soil Conserv. Service, u.s. Dep. of 
Agr., Washington D.C. 88p. 

Schneberger, E. and J.L. Funk. 1971. Stream channelization 
- a symposium. North Cent. Div. Amer. Fish. Soc. 
Spec. Pub. No. 2. 83 p. 

Shetter, D.S., O.H. Clark, and A.S. Hazzard. 1946. The 
effects of deflectors in a section of Michigan trout 
stream. Trans. Amer. Fish. Soc. 76: 248-277. 

Smith, L.L., Jr. and J.B. Moyle. 1944. A biological 
survey and fishery management plan for the streams 
of the Lake Superior north shore watershed. Minn. 
Dep. of Conserv., Div. of Game and Fish, Tech. Bull. 
1. 228 p. 

Sprules, W.M. 1947. An ecological investigation of 
stream insects in Algonquin Park, Ontario. Univ. of 
Toronto, Biological Series No. 56. 81 p. 

Stanford, J.A. 1973. A centrifuge method for determining 
live weights of aquatic insect larvae, with a note 
on weight loss in preservative. Ecol. 51(2): 449-451. 

Tarplee, W.H., Jr., D.E. Louder, and A.J. Weber. 1971. 
Evaluation of the effects of channelization on the 
fish populations in North Carolina's coastal plain 

63 



streams. North Carolina Wildlife Res. Comm., 
Raleigh, N. c. 13 p. 

Tarzwell, C.M. 1936. Experimental evidence on the value 
of trout stream improvement in Michigan. Trans. 
Arner. Fish. Soc. 66: 177-187. 

Tarzwell, C.M. 1937. Factors influencing fish food and 
fish production in southwestern streams. Trans. 
Arner. Fish. Soc. 67: 246-255. 

Thorup, J. 1966. Substrate type and its value as a 
basis for the delimitation of bottom fauna 
communities in running waters, p. 59-74. In K.W. 
Cummins, C.A. Tryon, Jr., and R.T. Hartman-cEd.) 
Organism-substrate relationships in streams. Spec. 
Pub. No. 4, Pymatuning Lab. of Ecol., Univ. of 
Pittsburgh. 

Vandre, W.G. 1974. Effects on channel dredging on 
wildlife and wildlife habitat of Buena Vista Marsh. 
Unpub. M.S. thesis, Univ. of Wis., Stevens Point. 
87 p. 

Warner, K. and I.R. Porter. 1960. Experimental 
improvement of a bulldozed trout stream in northern 
Maine. Trans. Arner. Fish. Soc. 89(1): 59-63. 

Waters, T.F. 1961. Standing crop and drift of stream 
bottom organisms. Ecol. 42(3): 532-537. 

Waters, T.F. 1964. Recolonization of denuded stream 
bottom areas by drift. Trans. Arner. Fish. Soc. 
93(3): 311-315. 

Waters, T.F. 1965. Interpretation of invertebrate drift 
in streams. Ecol. 46(3): 327-334. 

Waters, T.F. 1966. Production rate, population density, 
and drift of a stream invertebrate. Ecol. 47(4): 
595-604. 

Waters, T.F. 1972. The drift of stream insects. Annu. 
Rev. of Entomol. 17: 253-272. 

Waters, T.F. and R.J. Knapp. 
bottom fauna sampler. 
90(2): 225-226. 

1961. An improved stream 
Trans. Arner. Fish. Soc. 

Weeks, E.P., D.W. Erickson, and C.L.R. Holt, Jr. 1965. 
Hydrology of the Little Plover River Basin, Portage 
County, Wisconsin, and effects of water resource 
development. u.s. Geol. Surv. Water-Supply Pater 
1811. 78 p. 

64 



weeks, E.P. and H.G. Stangland. 1971. Effects of 
irrigation on streamflow in the central sand plain 
of Wisconsin. Wis. Dep. of Nat. Resources and 
the Wis. Geol. and Nat. Hist. Surv., Madison, Wis. 
113 p. 

White, R.J. 1973. Stream channel suitability for 
coldwater fish. Proc. of the 28th Annu. Meeting 
of the Soil Conserv. Soc. of Amer., Sept. 30-
Oct. 3, 19 7 3. 

White, R.J. and O.M. Brynildson. 1967. Guidelines for 
management of trout stream habitat in Wisconsin. 
Wis. Dep. of Natural Resources, Tech. Bull. 39. 65 p. 

Winger, P.V. 1972. The effects of channelization and 
water impoundment on the macroinvertebrates in the 
Weber River, Summit County, Utah. Ph.D. 
Dissertation, Brigham Young Univ. 111 p. 

65 



APPENDIX Al. BEN'IHIC BiavtASS AND IENSITY' FDR EACH AVAILABlE SUBSTRA'IE TYPE m UPSTREAM SI'IES, BUENA VISTA 
MAR3H, PORI'AGE COUNI'Y, WISCCNSm. (standard deviation in parentheses) ---- - ·---------

IIDI DITCh OLD DI~H IATU'RAL 
Sllt Silt 

YMet.tlOII ~ ..Ji!!.!!.L_ ~ Tot.l Ywtat.lon ~ ~ Total Silt 
_ Yyet.at.loa De\rltu GraYel - -~ 

laWtnt.• 
--lUon <•J 

J•ne, 197ft 2.5 5.0 2.5 90.0 100 1'1' 25.0 75.0 100 9.5 21.2 10.6 58.7 ICIO 
, .... 1974 16.4 12.7 ).6 67.) 100 1'1' )8.1 61.9 100 20.9 1).2 12.2 5).7 ICIO 
S.p., 19'/'0 17.0 I). I ),4 66.5 ICIO 16,0 12.5 71.5 ICIO Zlt.7 9·" 28.9 )1,0 100 
- .. 19'/'0 9.1 11.5 79.4 100 Tr 29.! 70.9 100 )),0 29.) Tr )1.1 100 
..... 1975 6.1 12.2 6.6 75.1 !GO Tr 1),2 86,8 100 26.7 22.7 ),1 46.8 99·9 

""'· 1975 10.0 1),2 4,5 72.) 100 1'1' 25.9 74.1 100 )1,2 8.8 5.5 "'·" 99.9 

u-.poda 
C. Ja•ect.a 
o. Coleopt.en 
r. lla1doa 

llllblnpi!S. 2 
28(11) 48()6) 12(11) ),4(2,4) 12(18) ),0(4.5) J-. 197" ~=2 ,04(,02) .09(.05) ,02( .02) .01(.01) ,02(,0)) ,01(,01) 

... 1974 I/•~ 128(95) 44(50) 8(18) 26,9(22.6l 
.. . c/• .41(.41) .12( ,IJ) ,02(,05) ,08(.09 

1/•2 200(9") 4(9) J6,7(22,0l 
s.p., 1974 s/•2 .66(,)0) ,01(.01) .12( .06 

,, 2 
- .. 1971o ,;:Z 160(85) 

,lo7( .)2) 
40(40) 

.10(,16) 
19.2(12,)~ 

,06(,05 

1/2 92(48) 20()5) 4(9) 8,)(7.8) 
.,.. •• 1975 ,;:Z .17(.09) .01(,0)) Tr(Tr) ,01(.01) 

0'1 
""'· 1975 1/o~ 28(18) 56(22) 10.2(4.7) 

0'1 ~I• ,OJ( ,01) .05( ,OJ) ,ol( ,01 l 
N<W DITCH OLD DlTCH :'-\TIIRAL 

Sllt Sllt Sllt 
V!Jet.lt1011i ~ ..Ji!!.!!.L_ ~ Total Y!l•tation DetrU.us ~ Tot..ll Y•1•tat1on Dttr1tua CnYel Sand To\111 

O, Dlrt ... 
r. c:lllnaooldoo 2 

)lo28(292l) ))64(2768) 1024(~75) 24(17) )01.1(24J,6) 8756(l)20) 120(181) . 2279.0(965.8) 556()65) )2)6(1692) 508(1)8) )24(11o2) 982.9(4fl,lol 
-·· 1974 ~=2 8.75(6.20) 9.64(8.79) .97(.74) .05( .04) .77( .65) )0, 59(15.6)) .29(.)8) 7.87(4,19) 1,21(.98) 7o90(J.70) 1.24(.48) 1.21(.68) 2.6)(1.)) 

, .... 1974 I/•~ 8104(41o46) )68(252) 4212(2)15) 5/020(18)9) 5175.1(2082.1) 1480(601) 1)12(16)5) 1)76.0(1241,0) 808(505) 460()14) 11168(655) 128(86) lo77,1o(281.0) 
c/• 9.86().02) .74(.59) ).18(1.71) 5.28(2.2)) 5.)8(2,1)) ). 54( .9)) 1.01(.96) 1.97( .95) 1.1!6(2.12) .84(.48) 2.91(1.1)) ,))(.OJ) 1.0)( .66) 

Sep., 1974 I/~ 8996()296) 98920507) 8107.5(2892.5) 97)(751) 107(46) 516()98) 5)8.0(410.5) 1240()67) 6)0(285) 428()88) 540(55)) 689.0(4)1o.2) 
. ,,. 16.96(6.77) 14.01(9.08} 12,20(7.19) ·2,02(1.)1) ,)0(.10} 1.51(1.1)) 1.44(1,04) 2.15(.94) 1.77(.92) .69(.72) .40(.58) 1.04(.7~) 

-· 1974 ,,.~ 1992(2040) 8)2(452) 272(226) 492.9(417.1) lo992 ( 2041 ) 424(218) 175J,J(748.5l 8)2(1016) 2456(1)09) 72(150) 1021,)(775·"l 
' c/• .92(1.22) 1.92(1.)7) .07( .II) .)6(,)6) 1).29(5.)1) 2.58(1.69) 5.70(2.74 1.))(1.46) ).65(2,25) ,01(.01) 1.51(1.1lo 

1/•2 5096()901) 6516(5978) 7)2( 591) )0(11) 1176.7( 1014.6) 1)088(8150) )20( 166) 200),4(1219.~) 14504(7509) 4)96(215)) 1700(1585) 620(746} 522).5(2901.•) 
..... 1975 ,,.2 4.25().5/0) 8.07(6.26) .89(.82) ,08(.05) 1.28(1.07) )0.92(20.66) 2.61(1.61) 6.)5(4,12 40,24(16.5)) 17.75(10.55) 1.84(2.1!) .88(1.06) 15.25(?.)8) 

""'' 
1975 ,,.~ 98'12(4917) 6864(2644) 6140()619) 1952(2015) )580.8( 2460,4) 1'1460( 2770) 468()64) 5)86.9(987.2) )176( 1952) )Oit2(JI71) 2904(2207) 4512(6885) 4015o9(lolo'j8,9) ,,. 14,)2(7.21t) 14.11(8.88) 5.71().17) 1.70(1.68) 4,78(),25) )5,42( 1), 76) 1.82( 1.92) 10. 5( 5.00) 7.04(6.49) 7.19(9.)5) 2,61(1.64) 2.8J(),"'J) lo,71( 5.02) 

r. SloaUdoo 
ll•U• 2 

4660(45/06) )2{))) 196(405) 12),0(125,4) 12(11) 9.0(8,2) 76(62) 16(26) 8.9(8.6) 
.-. 1974 =~=2 21,62(21.51) ·•5(.16) 1.16(2.50)' .511(.61) .04(.04) ,0)( ,0)) .26(.21) .06(.11) ,0)(,0)) 

1/•2 208(214) 4(9) )4.6()6,2) ?2(161) 2?.4(61.)l 12(2?) 4(9) ),0(6.7) 
..... 19'/'0 c/•2 ·95(.79) ,20(M) .18(.19) ,llo(,ll) .05(.1) . .0)(.08) ,01(,01) .01(.111) 

1/ 2 1)6(1~) 4(9) 25,8(J),Ol 27(2)) 4(9) 7.2(10.1l 48(?2) 11,9(1?.S~ 
,. ... 1974 c~:Z .? .92) ,01>(,15) • 17(.26 .17(.18) Tr(.OI) . ,0)(,04 ,11(.15) .0)(.04 

--------



APPENDIX A.l. (cont.) 
:fEW OIT(:P. OL."'~ !llTCP. MATURAL 

Silt SlU Silt 
Y!§etatlon O.Ultue Gn•el SOlid Total vset.atllm Detr1tll8 ....§!!!!!._ Tot.lil Y!l!;t.et.lon De\rU.ue Cn••l ... ToUl 

~ (Co••;} 2 1120())8) 4(9) 10~.1(37.9) 4(9) 2,8(6.4) 114()6) 1~.~(11·9! 
..... 197" s/~ ),24(1.11) Tr(,01) ,)0(.11) ,02( .06) ,01(.04) ,21o(,26) .08(.09 

1/•2 loO(J?) 8(18) ),0(3,4) 16(22) 2fo(26) s.z(6.8l 
...... 197~ ,;.2 .50(.~) .11(.25) ,04(,0S) ,14(.20) .16(.15) ,04(.06) 

""'· 1975 I/o~ 296(177) 8(11) )0.0(18.2l 8(18) 2.1(4.?) 1780(10~) 1~(2)2) 4(9) 6?Z,Z(Ioll,1l 
g/o -"3(.16) ,02(,0)) ,04(.02 .04(.10) .01(.0)) 4,5'/().12) ,)1(.66) Tr(,Ol) 1.72(1.20 

r. Tabanid•• 

~ l. 1f!8(106) ~(~) 164(168) 8(11) }A,6(19.6) 48(44) 481))) 48.0()5.8\ )041164) 8(18) ~141) 28(11) ~.~()0.2) 
June, 1 <f14 :~:2 9.26( 5.41) ).02(2.87) 8,74(1).)6) .)6(.6)) .9)(1.1R) 2.82(4.01) t.6?(1.J1) 1.96(2.0)) 27.18118.44) 1.09(2,4~) 4.~(4,68) ).16(1.49) 5.150.64) 

..... 1974 1/o~ 112(91) 20(4~) 2013(1~) )2(2)) 49,9(41.~) 9211)4) 72(j4) 79.6(84. 5) 64({;8) 188(2)6) 60(60) )2()0) 62.7(68.8) 

«I• 10.29(11.06) 1.18(2,6)) 2.89(2. 511) ).45(2.)2) 4,26(),80) <.OP(\1. 71) 4,08(3. SJ) 5.60(6.65) ).7914,62) 8.27(9.76) 2.40(J,J5) 4,44(4.?9) 4.56(5.>") 

Sop., 197~ 1/o~ 64(22) '""(75) 141.2(oJ.6) 20120) 27(4l) 40(79) )5.2165.4) 124(65) 85(98) 68(46) 72(~) 84.9(~7.8) 

«I• 5.22( 5.10) '• .1'1 14.61 )4, 52( 10. 511) 2.)8(2,24) 2.69(4.66; ).09(5.~) 2,9)(4,89) 11.5)(11.21) 5.6:!(9.05) ). ?1(2, J9) 2.69(2.75) 5.45( 5· ))) 

I' 2 104(62) 12(18) 1\(ll) 17.2("·"' 4415") )l.2(J8,)) 176( 170) 24(4)) 144(46) 119.4(86.0) 
..... 19'14 ,;:> 11.19(6,)5) 2.06(2.97) .65( .90) 1.7?(1.64) 2.25(2,47) 1.60( 1. 75) 7.86(7.?1) 2,02().42) 9.0214,21) 6.~(5.1)) 

Apr •• 1975 I/o~ 92(56) 20(24) 24(22) 40(2S) )9.6; 2~. 7) 8(11) 40(68) );.8(60.'5) ))2(25)) 4(9) 88(91) 100(51) 1)9,6(96,8) ,;. 8.22(7. 55) 1.78(2.70) 1.04{1,0)) ).00(2.52) ),0Ul2.?5) .?1(1.04) 1.06(1,06) 1.02(1.06) )1.18(20, ?8) .64(1.114) 4,50(4,)9) '2.28(1.4S) 9.70(6.?2) 

..... 1975 I/o~ 20(20) )2(2)) 20(14) 17.9( 1).2) 40()2) 20(20) 25:m~Ail 104(78) 8111) 16(26) 46.9(42.2) 

•I• ·55( .j2) 1.8)(1.69) .~(.)7) .51( ,40) 1.71(22,4) .40(, )R\ 4.68(4,04) .46(.66) .62(.90) 2,07(1.9(') 

0"1 N~.:w i>ITCh 'JLC il:TCH •:.ruRAL 
-..1 Silt Silt :lilt 

Vyet.atlon ..l!!!:!ll!!L Gnvel S.nd :'ct.Jl Vell:iet.atl.on l.etrltua 'lond ;ot•l :e~et.iltlor. Letrltue .nvel S.nd :ct.l 

r. Tlpullda• 

~ 2 
20(24) 68(48) ~( 18, 12(16) 2,0(3.6) 

J101o, 197~ :7.2 
2,0( 1,6) 8(11) 6.0(8.2) 

.)7(.44) 1.24(,81) .ou~.OJ} ,20( .29, .151 .22) .01( .0)) .17( ,24) .02( ,0)) 

1/•2 152(72) 4(9) 204(7:) 76( ~) 8).9( so. 5) 8(18) 44{15) )0.)(40,9l )2172) 16(22) 752(612) 16(17) 109.1(101.7) 
..... 1974 .;.2 .76(.~) ,01{.0)) 6.21 (J. 5?) J, 54(3. )6) 2, 7)(2,48) .05(.12) .64(.77) ,42( .52 .12( .26) .10( .15) 7. 55(4,65) .27(.26) 1.10(.78) 

II/ 2 180(147) )2(39) 51.9(50.9) 4(9) 2,9(6,4) 72(82) 152(214) 16(1?) 61.9(88,10) 
Sop., 1974 ,;:> 1.04(.88) ,48(, 52) • 50(. 50) .04(.10) .0)( .07) ,uz( .60) 1.80(2.~) .47(.86) .80(1.11) 

1/o2 )48(149) 92(92) 104,7(86.6) )2(44) ?2{56) 60,4(52.5) 1)2( 1 36) 76(50) 72.2(6). 7) 
loY., 1974 ,,.z 11.68(7.)1) ),?2(4,)5) 4,0214,12) 1.40(1.92) 2, )8(2. S") 2,09(2. )6) 4.2)(3.91) 2,06(2.07) 2.17(2.07) 

1/•2 )2(41) 4(9) 4(9) 2. 7(4,2) 8(11) 6.9(9.5) 156110~) 12(18) 104(62) 52(64) 72.6(65.2) 
• .,.. .. 1975 s/•2 2.22(3.56) ,29(.64) .54(1.20) ,21(. J?) .06( .10) .05( .09) 7 ,06( 5.17) .24(.~) ).76(2.80) 2,04(2. 53) ),04(2;78) 

.,. 1975 I/o~ 
sl• 

12(18) 
.61(1.12) 

)2(2)) 
1,05(.81) 

4(9) 
.22(.,0) 8:~l~7~l 

Roo:= 197" 1/o~ 4(9) ),0(6.8) 4{9) ,4(.9) 
• c/• ,04(.10) ,OJ( .08) .1)(,29) .01(.0)) 

11/•2 16()6) 24(26) 24())) 16(17) 17.)(21.8) 12(18) 7.4(11.1l 16()6) 16(17) ),)(9.6) 
A .. ., 19'1" s/o2 .19(.42) .41(.56) .)5(.49) .45(.57) ,40(.54, ,)9(.79) .~(.49 .25(.55) ,)9(.)1) .10(.16) 

2 12(18) 72(48) 49.9(35.0; 27(46) 20(20) 18,6(21.7! 40(~) 12(27) 111,)(19.9~ ..... 19'1" ~~ .~(.76) 5.)6(4.98) ),64(),114) ,46(.80) .9?(.9)) .??(.79 .19(.2fo) .61(1.)8) .27(.,., 

·~ 2 
104(?8) 8(11) )2(18) )5,8(22, ?) 24(26) 1?.0(18,4) 20(24) 8(18) loO{J5) Zlo,0(26.4) 

- .. 19'1" ~~~ 6.~(5.24) ,20{.29) 1.~)(1.16) 2,07(1,4)) 2.08(2.)9) 1.48(1.?0) .))(.52) ,j8(1.29) 2.97(2.7)) 1.110(1.58) 

-··----~ 



APPENDIX Al. (cont.) 
1111 DI'ICII C':..D DTTrt; IA'!IIIIAL 

Sllt Sllt Sllt 
'!l!!:!'lH ~ Gn .. l Bond Totol 'll!totloe r.uu.-. Bond Toto! Y!l!t.8Uon 1!1:\I'U.ua Gg•el !!!ad ToUl 

.l!!!l!!!l (C-. ) 2 
loll(lt1) 21o(S'<) lt(9) 5(10) 9.9(17.2) ·5)(1.1~) 68())1 8(18) 12(11) 28())) )).5(28.7! 

·~·· 1975 ~=2 4(9) 
lo.lt5(5.21) 2.95(6.61) ,Sit(I.ZO) .oz(.Oio) .69(1.21o) .77(1.72) .10(.2) 1.21 .95) .09(.20) .09(.09) .18(.21) .4)( .110 

2 8(18) 8(11) 6.8(10.)! 52(61o) lo(9) l9.6(21o.)l 
.. 7. 1975 ~:z ZU(ZO) 14.8(11o.8l 

ol9(oloZ) .16(.22) .llo(.2l .56(.71) ,42(.53 .68(.77) ,Oio(.IO) .26(.29 

.wee 2 8(11) 1.7(2.)) 

3-, 1971t ~:z 8(18) 6.0(IJ.5l 
.)0( .68) .22(.51 .17(.28) .Oio(.ll6) 

.... 1971t 1/•~ 8(18) ).0(6.9) 
' s/• .)5( .78) .I)( .)0) 

2 20(40) 1.9().8) 

Sop., 1914 ~=2 1)(12) 7(16) 12.6().9) .Oio(.D8) Tr(.OI~ 
.65(.17) .05(.09) .11(.04) 

2 

- .. 1971t ~:2 104(119) )0.)()4.6) 
4.10(5.)1) 1.19(1.56) 

2 
·~ .. 1975 ~:2 24())) ).17(4.)6) 

.ZB(.ItO) .04(.05) 

2 4(9) 4(9) 2.)(5.1) 
.. 7. 1975 :~:z 16(26) 4.1(6.7) 

.60(.86) .16(.22) .09(.21) .09(.21) .o5(.12) 

o, llph-opten 
r . ... u .... 

!!!!.!! 2 )16()26) 96(85) lt16(462) 4)2(JD2) 52(116) b8(6J) ,. ){60.0~ 

~ J-, 1971t ~:2 24,6(24.ol 
1.49(1.15) .)1(.29) 2.14(2.54) .11(.11 1.96( .80) .)2(.72) .)9(.1t4) .)0(.28 

co 
NE111 I:I-:"CH OLD DI'rCP. NATURAL 

SUt Silt 
YMei.lit.lOII O.\z'1t.Uii Cnvel Bond ---I2!!.L.... Veet.etlon De\rltue Bond Toto! YMetation u.mt .. Cn••l &lad Tot..l 

lootlo (Cont.) 2 8(18) 1.)().0) -- .,,;.2 )6(41) )00(168) 4(9) 46.)()J.9l 
..... 197 II• .0)(.07) .01(.01) .14(.24) .71(.)6) .01(.01) .12(.10 

1/•2 52(1111) 8.8(8.2) 15J(211t) 12(18) )).1(47.1l 240()15) 184(200) 112.5(135.6) 
Sop., 1974 11•2 .15(.10) .0)(.02) .80(1.0fo) .Oio(.07) .16(.22 .99(1.toz) .62(.68) .toz(.SS) 

1/•2 8(11) .7(1.00! 4(9) l.)().ol 
..... 1974 11•2 .09(.12) .01(.01 .01(.01) Tr(Tr 

2 4(9) 4(9) .51(1.14) 
·~ .. 1975 ~=2 8(11) .)(,10) 

.02(.06) Tr(,OI) Tr(.OI) .09(.12) Tr(Tr) 

1117, 1975 I/•~ 64(86) 56(46) 8.9(10,7) S76(24J) 116(16)) ZZ0.7(99·"l 
II• ,1)(.17) .IS(.I2) ,02(,02) 2.09(.88) .)1(,110) .79(.)5 

'· c. ... w.. 
!!!!!!! 2 52(~) 110(51) ).)(),?) 

3-, 1974 ~:2 ,I (.IS) .09(.10) .01(.01) 

1/•2 
..... 1974 11•2 

ZO(JS) 
.09(.11t) 

J,J(5.7) 
.02(,02) 

1/ 2 s., .. 1971t 11:z 528(1t57) 
,)8(.21) 

119.8(77.7l 
.116(.01o 

32(72) 
,1)(.29) 

7.9(17.8! 
.OJ( • ., 

- .. 1971t ~=~ 
2 8(18) 110(119) 8(11) s.9(12.7l ...... 1975 z:z .01(.01) .0)(.011) Tr(.OI) Tr(,OI 



APPENDIX Al. (cont.) 
JCFV Dm:H ~LD Dr;c:~ KA'NilL 

SlU Sllt Sllt 
vsmuae ~ cg .. l ... --I!!!L- Y!6!tat1on DotrU• ... Tout Y!l!!:!t1• !!lt.rlt• Cn•el ... Tout 

Co•lAI (COIIt,) 2 
811(6~ 12(18) 10,4(9.1) 

"''' 1975 ~=2 .1 ,12) ,02(,0)) ,02(,02) 

r . ...,._., ... 
l!!!!!l!m!. 2 8(11) 1.7(2,)) J- 1974 l/•2 

' sl• 4,42(6.21) .94(1.)2) 

,,., 1974 1/o~ 28(2)) ),6(2.9) 8(11) 4(9) 2,2().5) 
' s/• 1.)9(2,110) ,18(,)6) 5.04(7.))) ).56(7.96) 1.52(2.58) 

2 5(10) .5(.9) 
Sop., 1974 ~=2 .55(1.11) .os(.10) 

2 
...... 1974~:2 

2 
..... 1975 ~=2 

2 

"''' 1975 :~:z 4(9) ,4(,8) 
,)6(.80) .0)(,07) 

o. _,,. ... 
w. Corb1d•• 

IHprocorU. 2 

J-. 1974 =~=2 20(14) .s(,4J 24()6) 6.0(9.0) 4(9) 4(9) 1,2(2.8) 
.09(.06) Tr(Tr) ,10(.14) .02(.04) .01(,0)) .02( .06) .01(.02) 

0'\ 
1.0 lA TUBAL 

Silt Slit Sllt 
Y!i!UUon __.Jl!!!lli!.. Covel 9111111 Tot..ll VMetat1on Detrttua !1!1111 Total V!J!t.8t1on Detr1tua Cnvel §IIIII Tot.el 

.,.._or•a ~~=~··> )2(44) 416(5'10) 8(18) 4(9) 6t.1(82.5l 4(9) 44()6) 6.6(6.6) 
.,. .. 1974 , 1.z .07(.t4 ) 1.00(1.48) ,01(,01) ,01(,0)) .14(,2) ,04(.10) .lu(.tt) .02(.04) 

1/•2 1)(2)) 1.6(2.9) 20(40) 1.9(),8) 
Sop., 1974 11·2 .05(.09) .01(,01) ,08(,16) .01(.02) 

...... 197/o ~=~ 592(569) 68.1(65.4~ 20()5) s.a(1o.2l 4(9) )2(52) 10.7(18.2! 
2,90(2.56) ,))(.29 ,28(.59) ,08(.17 ,0!(.0)) ·5)(1.07) .16(.)2 

1/ 2 lo9606'1) 12(18) 61.)(44.7! 20(20) 2,6(2,6) 72()0) 16.)(6.8) 
..... 1975u:Z ),25(2.64) .07(.10) .40(,)) ,22(,)4) ,0)(,04) .69(.29) .16(.07) 

"''' 1975 I/~ 112(91) 20(14) 1).8{10,9! 24()6) 6.2(9.)) 8(18) .7(1.6) 
II• ·"5(.)7) .07(.06) .05(.04 .14(.24) .04(.06) ,0)(.07) Tr(.ot) 

0. lloplopten 
r. llolldu 

llAIUo 2 
4(9) ,2(,4) 8(11) 1.7(2,)) J-. 1974 ~=2 116(84) 4(9) )2,0(27.8) 

,02(,06) Tr(Tr) 4,6)(4,09) .22(.50) 1.)2(1,40) ,27(.)9) .06(.011) 

..... 197lo ~=~ 16()61 . 2,6(5.9) 192(115) 7),2(4).8) lo(9) 16()6) 2,9(6.6) 
.ot ,OJ) ft(,OI) 9,1>1(6,17) ).58(2,)5) .54(1 ,20) ,01(.0)) .u(.26l 

'" 2 
52(66) 8,8(11.2! 207()1) ))(58) )7,2(12.2) 21o()6) 5(10) 6.1o(9.8) 

lop., 197" a;:Z ,lo0(,11) .07(.10 8,7)(5.1)) 2.os(J. 55) 1.65(1.26) .)0(,47) ·55(1.11) .t)(.22) 

1/2 •<•> 8(11) 1.)(2.1) 44()0) 12.8(8, 7) 20(20) 211(26) 1),6(1 ... 2! 
- .. 197" a;:Z .01(.0)) .lo6(,98) .QS(,IZ) s. 51(). 78' 1.61(1.10) 1 ... 7(1 ... 7) .78(.98) o?l(,?? 



APPENDIX Al. (cont.) 
'Ti DI1'C!' cUJ :zro; IIA'n!RAL 

Silt Silt o.tm. C.nnl Ioiii 

_, 
f5!!:!UH DeVlt.• Gn .. l load --.!!!!!L- Y!l!!:!ti.OII Detr1t.ue §olll Toto! 'l!lllt.lt.loa 

J!!.U! (Coat.) 2 96(65) 12.7(8.6) 17(2C) ... 5(5.)) 

·~·· 1975 ~=2 6,0S(S • .!O) .80(,1)) .81(.88) ,22(,21o) 

2 "(9) .5(1.2) 2C(IIol 5.2().6) ... ,. 1975 ~:z .1)(.29) .112(.01>) .2) .16) .06(.01>) 

0. !rtehopton 
r. lfto~•t.rld•• 

.. chrceaU. 2 
1?6(149) 52(41) 4(9) 21o.6(2).8l 

J!!"•· 197" ~=2 2.24(2.S9) .66(.52) Tr(,OI) .29(.)1 

1974 I/•~ loO(IoO) 12(18) ?.0(7.2) 8(11) 8(18) 424(254) )2(72) 71.6(?".)) ..... s/• ,2J(,21o) .09(.1)) .Oio(,Ofo) .09(.14) .oS(.I2) 4.JO(J.O?) .)6(.81) .74(.86) 

1974 I/~ 120(150) 1100(914) lo(9) J1o9. 0()01<.5~ 
a., .. a/• .09( .11) 1).78(11.)1o) .06(.15) 4,0)(). )6 

1/ 2 8(18) .7(1.6) 4(9) 8(18) 6,8(1S.Io~ 56(67) 18.5(22.1! 
..... 197" ,;:Z ,01(,01) Tr(Tr) ,22(.50) .40(.90) ,JS(.78 .lo6(.46) .15(.15 

1/•2 68(11ol) 212(250) 4(9) 27.9(51.1! 
·~ .. 1975 s/•2 .)1(.66) I.SJ(I.S4) ,02(.06) .u(.26 

1975 I/•~ I""( I 51) 180(250) 6).5(72.2) ... ,. 
II• 2.26(2.64) ).18(4 ..... ) 1.02(1.2)) 

r. lldro,.,..hldoo 
cn.-t.o~Jche 2 4(9) ,10!,22) 

-..J J-. 197lo ~=2 .01>(.09) Tr Tr) 

0 
IIIV DITCII OLD DITCH IIA'n!RAL 

Silt Sllt Silt 
Y!let.a\lon llotdtuo Gnvel load Tot.l V~&et.lt.lon Dotrltu §olll rotol Y!I!'LIUon Dotrl- Cn.•el Saad Totol 

!jl!!u!otoP!reho 1}c~nt.) 
..... 1974 .l.:Z 4(9) 

,02(.06) 
2.7(6.1) 

.01(.01<) 

1/•2 
..... 19?" •/•2 

8(18) 
.19(.42) 

1.4().1) 
,OJ(,O?) 

..... 19?" 1/•~ 
•I• 

....... 1975 II•~ lo(9) .)0(.60! 4(9) l.l(2,1o) ,;. .01<(.10) Tr(,OI .09( .21) ,02(.06) 

... ,. 1975 I/•~ 8(11) .4(.6) 
•I• .19(.26) .01(.01) . 

IIJdroP!lcbe 2 J-. 19?" ~=2 8(111 8(18) .40(.70! 12(11) 1.)(1.2) 
.)6 .52) .51(1.15) .02(.01o .91(.95) .10(.10) 

1/•2 "!9) .10!,)0) 108( 112) 1),2(1).71 ..... 1974 .;.2 .112(.06) 1r Tr) .))(.45) .01<(.06 

If 2 1)(2J) 2.1().7) 68(52) 19.7(15.01 ..... 19?" ,;:Z .• oz(.Oio) Tr(,OI) .7?(,68) .22(,20 

..... 197" :~; 20(20) 6.6(6.6) 
.14(.16) .05(.05) 

1/2 4(9) 1.1(2,1o) ·~ .. 1975 ,;:Z .01<(.10) ,OI(.OJ) 

... ,.. 1975 I/•~ 4(9) 8(18) 1.9(1o,)) 
II• ,)S( .78) .)6(.80). .15(.))) 



APPENDIX Al. (cont.) 
IIDI Dl'ICil OLil Dl'I'CII WATUIIAL 

Stl\ I t Btl\ 
Y!l,!t.at.lota l'IIIUU• Cnnl Sllld _!!!!L.._ Vll!;t.a\lon Detrlt.ue Sond Tot..l •'OIIi•tatlon .JIIIS!:Uu Gn••l Sud Ta\111 

r. l.lMeJIIllllloo 
J4ppllu 2 J-. 197~ ~:z IIC9) .1(.2) 8(18) 4(9) 5,0(11.2) 60(82) 20(~5) ~(9) 4(9) 12.7(2).6) 

,,.(1,20) ,OI(,OJ) 4,12(9.22) .77(1.72) 1.61(),60) 10.80(17.82) ),10)(7.67) .911(2.02) .90(2.01) 2,)8( ... 72) 

... 197" II•~ .. •I• 
"(9) 

.01(.01) 
.}(1.1i 
Tl'(Tl' 

1lo2 
.... 197'> •1•2 

-· 197~ 'I•~ 
"(9) 1.2(2.6) 

• r./• .77(1.72) ,22(.50) 

·~·· 1975 ~=~ lo(9) .5(1.1) 12(18) 1.6(2.4) 8(18) 2,1(4,8) 
.29(.6") .04(.08) 1.41(1.95) .19( .26) .26( .59) .07(.16) 

.,. 1975 II·~ 16(17) 1.611.7) 204(196) 52.8( 5Q.8) 28(41) 44(57) 1 ... )(20, J) 
II• 1.6"(1.88) .1 (.19) 18.24(21,00) 4.72(5 ..... ) 1.66().10) 1.95(2.14) .79(1.)11) 

lJ!MPZChe 2 
4(9) ,41,9) 

J ..... 197" ~:z .64(1.44) .06(.11o) 

II 2 8(18) ),0(6.9) 16()6) 2,0(4,4) 
..... 197" •l:z !.67().74) .64(1,42) 2,02(4, 5) .25( .55) 

11•2 7(12) 1,1(1.9) 4(9) 1.0(2,2) 
sop .. 197" 1!•2 1.76().04) .28(,49) .29(.6") .07(.16) 

11•2 20()5) 5.8(10,2! 8(11) 16()6) ?.J(I",zl 
·~ .. 1975 11•2 ,8)(1.40) .24(,41 ,)0(.64) .11(.25) ,1)(.28 

...... 
1-' OW DITI:H OLD DITCH lloi'I'UIIAL 

Sllt Sllt Sllt 
Vy•t.aUon Det.rltua Gra•el SOlid _!!!!L.._ '!l•tatltMI. Det.rlt.ue SOlid Total Yyet.at1on Det.rltua GnYel Sand Total 

PIUOII!lobe (Cont~ 
1/ 

Apr., 1975 II• 12(11) 
2.7J(J,J5) 

8(11) 
.65(.90) 

16(22) 
2,29(),15) 

5.6(6,2) 
.96(1.22) 

.,. 1975 I/•~ 8(11) ,8(1.1) 8(11) 8(11) ), .. (lo,7) 
II• 2,)1(),211) .2)( ,JJ) 2.1?().!8) 2,66().77) .95(1.)9) 

c.e....t. ... o,..,..t,... 
!il!!l!!!! 2 

256(}57) 760(471) )64())6) •56(6~) 1496(626) 15)2(891) 168(140) 114(57) 5J4.0(296.7l J-. 197" ~:z 4(9) 57oi(49,0l 16(1?) 126.0(164.2) 
1.)9(1.)8) 2.85(2,28) ),44(),U) Tr(Tr) .26( ,2) 4,81(5.95) .06(.09) 1,25(1.56) 7.62().88) 7.26(2.05) 1.21(2,05) .25(.20) 2,j4(1.10 

... 19710 II•~ 5576(5940) 1072(522) 2Z"(21o5) 28(11) 1077.5(1056.7) )128(2267) 192(77) IJI0.6(9ll,4l 12440(2)01) 48)2(2197) 1)48(850) )64(251) )597.7(1012.6) 
·• •I• 29.92(J8,J9) 6.7)(),02) I. 52(2.65) .10(.09) 5.88(6.114) 29.21(25.11) .59(.17) 11,49(9.6? 72,20(19.99) 28.82(1),64) 6,5)(5.2)) 1.)9(.60) 20,44(6.94) 

II~ 7324(1258) 
..... l97" •I• 55.10(19.52) 

)80(209) 1"97.8(}52.8! 
1.84(1.)0) 10.59(4,18 

680(280) 
5.)6(1,58) 

600()86) 
. 7,40(6.07) 

114(68) 24).9(141.7! 
.5Q( .50) 2,14(1,)7 

lo2)2(879) 1515(560) 688(659) )12()55) 15Q2.0(591.6l 
)1.51(11.45) 7.79().11) lo,42(1o,U) !,lo?(I.)O) IO,)II(Io,79 

II~ 7920(795) 780(1o22) 
- .. l97" II• 76.96(23.98) 18,26(7.77) 

56(22) 
.2?(.11) 

854.9(1)8.)! 
9.)2().16 

216(240) 
5ol9(4,69) 

1012(649) 780.4(526.4! 
15.22(8,84) 12,)0(7.6) 

1640(?68) 2211()15) 2211(267) 69'1.0(~ ... ! 
)4. 50( 18.67) ).98(5.08) ).2)(4,)2) 1).77(9,28 

II 2 376(2119) 1-(1558) 2114(265) 5(10) 219.1(2)2,7l 2114()1)) 4(9) 4t.0(49.1l !220()48) 6114(290) 28()9) 12(18) ..a?. J( !68.6l ·~ .. 1975 ll:z 2.50(2,68) 22.20(211.19) 1.08(1,00) .06(.12) 2,98().76 '·990.99) .06(.15) .71(.66 )2.)5(10,74) 19.,51(8.07) .48(.70) .15(.26) 1).17(4.85 

.,. 1975 II~ 512(30") 1124(179)) )2(61) 4(9) 20J,4(2?6.)l 460(627) 119.1( 162.-l 1892(2720) 1996(1627) 24())) 20(1") 1190.5(116).6) 
II• 2.72(2 ... 1) 6,21(7.92) .02(.0)) ,1)(,29) 1.19(1.50 5·52(9.92) 1,4)(2.51 15.86(14.0)) 19.81(16.68) .06(.09) .o5(.0J) 7.67(6.71) 

-llllo 
•• QUeoollloto 



APPENDIX Al. (cont.) 
I&V DITCH OLD DITCH NATURAL 

Sllt 
Y!li!!!UGII Dottu .. cn••l Sond ~ Y!li!!!UCNI Detrltue 

SlH 
Sind Tolol ••t.at.lon tet.rl\u Gn••l !l!nd Tolol 

o. Pl•lo ..... 
r. lnc117 ... •ldao 
r. lol<lldoo 
r. -lftcldoo 2 

-.. 197'0 ~=2 .01(.01) .05(.05) .01(.02) ,..(,01) .01(.01) 2,5)(1.J7) .1)(.16) .7)(.116) .o5(.87) .01(.01) .02(,0)) .01(.01) .01(.02) 

..... l97'0 1/o~ ,;. .21(.))) .19(.20) ,O)(.OJ) .01(.01) .07(.09) 4.S2(1.61) .25(.29) 1.88(.80) .29(.25) ,08(.06) .06(.06) .26(.15) ,22(.15) 

Sop .. !97'0 1/o~ 
II• 

.0\'(.04) ,..(,01) .01(.01) 2.87(1 ..... ) .85(.64) .)9(.54) .85( .'10) .)0(.55) ,21(.06) .01(,02) .09(.16) .1)(.21) 

-.. 19'14 I/•~ ,;. Tr(,OI) ,06(.06) ,01(.01) .56(.24) .60(1.16) .S'/(.89) .04(.06) .011(,05) ,..(.01) .02(,04) 

2 ,011(.05) .02{.02) ,..(,01) .01(,01) .01(.01) 1.42(1.27) .04(.07) .22(.2)) .57(1.25) .09(.17) .01(.01) .17( .)7) 
Apr .. 1975 ~:z 

.,. 1975 1/o~ .05(.08) 
II• 

.09(.08) Tr(Tr) Tr(Tr) .02(.02) 10.16(),41) .11(.15) 2.72(.99) .6)(1.)2) .24(.)7) ,..(,01) .12(.2)) .)1(.6)) 

0. _,.n 
r ....... toalldlle 2 

J .. • 197'0 l/•2 .)0(1.))) ,0)(.1)) • II• 
l/o2 

, .... 197'0 11•2 .116(1.02) .06(.12) 

-...J 
S.p.,. 197., 1/o~ ,;. 

"" NBW DITCH OLD DITCH NATURAL 
lllt Sllt Sllt 

vset.attDft Dotrlt .. Cnwel Sind ~ Y!l•t.Uoa DetrU.u• Sond Total ••t.auoa De\1'1\u. Cn••l Sind T!!tl 
•· "-1R'lculld•• (Cont.) 

l/o2 
-·· 19'1" «1•2 

,2)(.50) .16(.)6) 

2 .20(.1o5) .OI(,OJ) ...... 19'15 ~:z 

.,. 19'15 1/o~ 2,40(5.)7) 1.78().98) 
c/• 

llell-
c. Cooti"Opoda 
o ... laoao .. 
r. A.ae,lld•• 

hn'1a•1a 2 

-.. 197'0 ~:z 
1/•2 

..... 19'14 11•2 "(9) 
.02(.05) 

.?(1.5) 
'lr(.ol) 

Sop •• 1974 II•~ II• 

...... 197'0 1/~ 
II• 

Apr .. 1975 I/•~ 
II• 

8(18) 
.11(,25) 

6.9(15.6l 
.10(.22 

.,. 1915 I/o~ «<• 



APPENDIX Al. (cont.) 
-Dl'fCII lll.D DITCY .A'IVRAL 

S\lt Silt Silt 
Y!!l!!\!tl!! ~ cn .. 1 Solid __!2!!!,_ YII!Utlon Dlt.rlt.us Solid ToUl ·:!I!!! U.on Det.rlt• cn.,.el Sand To\!1 

r. t.r-oldoo 

!ol!!!!!! I I 2 • 
~-. 1.,.. a~:Z 

1/ 2 8(18) 1.0(2,)) 8(18) -.)(9.7) 
A... • 197'0 a~:Z .21(.118) .0)(,06) .25(-S'1) .IJ(.ll) 

1/•2 4(9) 2.9(6,4) 
S.p •• 197'0 11•2 ,05(.11) ,04(.08) 

- 19'74 I/•~ 12(11) 9.5(8.?) 16()6) 4.?(10.5l .. II• .118(.66) ,JB( .52) .20( ... 5) .06(.1) 

1/•2 4(9) 5(10) 4,)(8.6) 
Apr., 19'75 l/o2 .01(.02) .06( .1)) .05( .1o) 

2 
12(2?) 8.?(19.5) 12(11) 4(9) 4.8( ... 9) 

1117. 19'75 ~:z .8)(1.86) .60(1. J4) 1.22{1.68) ,)2( .71) .118(.69) 

r. Jllpldoo 
l!!l!!. 2 

4(9) ).6(8.1) 12(2?) 4(9) 4(9) 2,4(5.4) J 19'74 l/•2 ... , cl• .46(1.02) ,41(.92) .94(2.11) .46(1.02) .46(1.02) ,24( .szl 
1/ 2 16(17) 4(9) ).1().9) 96(104) 20.1(21.7l ,,.., 197'0 ll:z 2.)9().00) ,20( ... 5) ,42(.55) 2.25(2,67) .4?(.56 

1/•2 u60<m> 16(J6) 207.8(159.4l 47(64) 4(9) 10.4(16.7) 100(111) 5(10) 8(11) 2?.5()1.6) s.,., 19'74 s/•2 40.90(25.41) .25(.57) ?.12(4.?0 ).18().20) 1.28(2,86) 1.42(2.56) 4.92(5.29) .25(.51) .sz(.?4) 1,)9(1.51) 

-...1 lo•·• 19'74 I/•~ 84( l)J) 64(118) 24(17) )4.1()1.1) 56(67) 4(9) 19.1(25.9) 28(2)) 4(9) 10.4(10.)l w II• ).7?( 5.81) 6.69(4. 52) 1.16(.69) 2.0)(1.60) 5.19(4.98) ,20( .45) 1.65(1.7?) 1.94(1.96) .20( .45) .?0(.?8 

HF.-. DI'!'CH ::-~ D!T·-· IUoTURAL 
Silt Yyet.et1ora ~ Cnvel Sond Total V!let.ltlon Det.r1t.• Solid l'otol V~etat1on Deuit .. en vel Sand ':'oul 

l!!l!!. (Coat.)1/ 2 
8(11) 16()6) 140{114) 106.?(88.?) 68(41) 9.0(5.4) ?6(54) 8(11) 22.1(16.9) Apr., 19'75 ,.;) .26(.44) 1.08(2,4)) 5.52(4.04) 4.19(),22) ?.06(5,)5) .9)(.?1) 4.s(J.8l .92(1.25) 1.-1(1.)0) 

1117. 19'75 :~; 4(9) "(9) ).)(7.4) J6(J6) )2(61) )).0(54.5) 56(JJ) 20.1{12,)) .62(1 .... ) ,)2(.?1) .29(.65) s.6S(5. s1 l 5.28(11.25) 5.)8(9.?6) 6.)2(2,82) Z,)S(I.OS) 
r. Planorb14ee 

!iml!!J!!. .! 
4(9) 4(9) 4(9) ).9(8.8) Jooo, 19'74 ~:Z .11(.25) .11(.25) ,)2(.?1) .)0(.66) 

1/•2 
..... 19'74 a/•2 

1/ 2 -()41) 8(18) 142.7(69.9l .. ,., tw" a~:Z 11.94().10) .06(.14) 2.07(.62 

... 19'7" 1/•~ )2(52) 8(18) 108(81) 89.6(?1.1l .. -'• .51(.?2) .10(.2)) 1.18(.56) 1.00(.5" 

1/•2 8(18) 8(18) "(9) )0(26) 24.)(2) ... ) "(9) 4(9) 4,0(9.0) Apr., 19'75 a/o2 .10(,22) .10(,22) .os(.u) .)4(,26) .28(,25) ,01(.02) .01(.02) .01(,02) 

1117• 19'75~~ 12(11) 81o(46) 6l.9(J4,4l 8(18) 16(1?) 1).9(17.)l 4(9) ... (.8) ,28(.29) .65(.)1) .soc.2s .10(.22) .))( .)0) .2?(.28 
,05(,11) ~(.01) 

lel1ao• 2 
--:;;;,-1,.,.. ~:z 

1/2 
A .... 19'74 s~:Z 



APPENDIX Al. (cont.) 

lEV DITCII. OW Dl'l'CII 11.\TL'IIAL 
t aotll. .. ToUl Y!l!tat.loa DetrUua Gnvel Sand ~ V!!ietlt.lOil t.t.rit.u. Sand 'l'ot.lll V'Met.t.i.on Gn••l Stoll 

Hollo- (Coat.) 
1/~ Sep., 19'14 c/• 

- 19'14 If·~ .. c/• 
8(181 

.610 1.4)) 
4(9) 

.62(1.1o0) 
).9(8.8) 

·55(1.21>) 

,,2 
·~·· 19'15 c/, .. ,. 19'15 '1·~ s/• 

c .... l ... Jpodo 
r. IJMerlldae 

P\!141.. 1/2 64(89) 28())) )7.0(47,0) 4(9) 12(18) 4(9) 16(17) 12.7(15.6l J .... 19'14 c/, .61(.82) .11(.20) ,24( .59) .01( .01) .o5(.!1) .02(.05) .06(.07) .05(.07 

1/•2 4(9) 2.5(5.6) 92(102) 92(102) 2610(172) 4(9) 168(142) 144.8(121.4) 
'"'"' 19'14 c/•2 ,02( .05) .01( .05) .64(.89) .64(.89) 1.59( .99) ,01(.01) .67(.67) .70(.68) 

1/•2 2005) 20()5) 17.5()0.6) 64(100) 735(567) 8(18) )2(52) 99.0( 101.4) Sep., 19'14 c/•2 .06(.10) ,12( .25) .10(.20) .26( ,JI) 2.41(2.12) ,0)( ,07) .12(.18) .)4(.)6) 

1/ 2 8(11) 6,4(8.7) )84(364) 16(26) 12J.i(l24,4) 8(18) 96(46) )2(2)) 42.8(211.1! ..... 19'14 c/, .04(.06) .o)( .05) 2.48(2.62) .08(.12) .78(.85) .0)(.07) .80(.47) .10(.07) .211(.19 

1/2 16(26) 100(100) 88.9(90.2l 12(18) 28())) 1).5(16.1! ·~ .. 19'15 c/, .06(.09) .29( ,J5) .26(.)2 .11(.18) .16(.18) .08(.09 

1975 I/•~ 4(9) 4(9) ),)(7.4) 1/o0(147) 100( 119) 110,4( 126. )) 8(11) 4(9) 16(17) 100(130) 52.6(68.7l -..J .. ,. 
c/• .01(.01) .01(.01) .01(.01) .76(.n) .42(.56) .51(.61) .08(.12) .01(.01) .02(.02) .2!(.27) ,1)(,18 ~ 

- .. ---------------
flEW DITCH ULD DITCH IIAriiBAL 

Silt Sllt Sllt v!let.t.lon DetrU.u Ga••l Sond ~ Yd,!t.atlon DeUU.ue Sond Tot.el 'l!letat1n Det.rlt.• en vel S.od Total 
..... 1.. 2 

4(9) ),6(8.1) 24(9) 18(6.8) 8(11) .811.0) J••• 1974 ~:2 .02(.05) .02(,04) .07(.06) .05(.01o) 1.66(2.72) .1 (.211) 

1/•2 
8(18) 1.7(),8l ..... 1974 c/•2 

.0!(.02) 'l'l"('lr 

Sep 1974 ,,.~ 4(9) 2.7(6.0) 20(40) 1.9(3.8) .. c/• ,02{.05) ,01(.0)) 
.0)(.06) 'lr(.01) 

-· 1974 1/o~ ' s/• ,,.z 8(18) 4(9) 4,5(10.2) 4{9) .10(.)0r ..... 1975 c/•2 .05( .11 l .64(1.4)) .56(1.26) .92(2.06) ,oJ( .ae .. ,. 1975 I/o~ 4(9) 1,5().)) 
c/• ,)1(.'10) .u(.211) 

·~•lle..... 2 

8(11) 11.2(11.5l J-. 1974 ~=2 12(11) 8(11) 24(4)) 4(11) 4,9(11.8) 4(9) 4(9) 4,0(9,0) 64(71) )2(2)) 
.05(.09) .65(1.44) ,02(.0)) Tr( .ol) .04(,08) .n(l.72) ,01(.01) .20(.44) 2.54(4.)9) .02(.0)) .09(.08) .211(.4) 

,,,2 164(74) 68()6) 4(9) )2,0(19.5) 2A(J)) 8(16) 15.6(2).7) 60(32) 52(84/ 140(126) 4(9) )8.6()8.0l ...... 1974 c/•2 • )0(.15) ,22(,14) .01(,0)) .06( .05) 7.44(16.16) .06(.14) 2.87(6.24) .29(.JJ) .28(,42) ,40(,)4) ,G1(,0)) .15(.18 
1/ 2 80(65). 8(t!) 18.9'18.4) 20(20) 20120) 16(17) 17.1(17.9) 80(57) 25(]8) 48()9) 4(9) J1,5()2,Zl ..... 1974 c/, 1.61(2.86) .)9(.79) • 5)(1.01) ,02(.02) .27( ,24) .14(,19) ,14(.17) .2?( ,27) .1)(.17) .14(.11) ,OI(.OJ) .12( ,I) 

,,.~ 180(94) 4(9) 16.7(9.6) 61J(6J) 26R(422) 207.5()17.5) 104(54) 60(20) 51.9(2).7! - .. 1?J" a/• 4,09 Tr('l'l") .)7(.16) 7.69(1).88) 20.16(14.)4) 16.5)(14,21) .70(.)5) .2?(.18) .)1(.17 
1/•2 72(86) 72(82) 12(18) 14.16,4) 52(48) 56(114) 55.51105.)! 200(85) 20(14) 4(9) 58.1(26,2) ..... 1975 c/•2 .IM>(.IoO) ,)6(,)8) .25(.49) ·09(.10) .29( .45) .92( l.'ll) .84(1.6) 4.55(5.)4) ,Oio(.G4) .06(.15) 1.2)(1.44) 



-....! 
U1 

APPENDIX Al. (cont.) 
lEW DITCit OLD DITCH IUl'JRAL 

V!let.aU.on ~ Gn..-el Sand TOtol Y!I!Y\1on Deb:ttue 
SUt 

Solid Total Y!l!t.at.ion J!llrl\.• Cra·nl 
-.u.- (caet.) 2 

92(48) )2(2)) 12(18) ... ,. 1975 ~=2 14,0(8,6) 112(61) 4(9) )2,0(22,5! 12(18) 16()6) 
,40(.22) .96(1.92) ,02( ,0)) .17(.28) .7)(,)8) .01(.01) ,20(.10 .11(.21) .o1(.oJ) 

197'> 1/•~ 91160(J467,8J IM08(2196.7l 2276("'J1.o) 48(14.2) 550,6(221.6) 
a/• 44,)4(12.96) 16.98(5.95) 18,25(?.57) 1.22(.76) ).51(1.50) 

9"88()095.4) 280(90.2) 2582(81>1.5) )216(1>2).2) "'JJO(IJ9?,2) 9)2(111.)) 
51.00(11.)8) ).91(1.06) 15.68().61>) 57.76(1).01) 25,41(J.9J) 10,71(2,61>) 

..... 1/~ t'596(47"J,I) 1992(41>2,6) lo9?2(1982,2) 5584(1786.7) 658).7(2107.9) 
l97'> a/• 55.7"(2J,)4) 12,)8(2,41) '"·60(2.69) 12.87(2,48) 19.89(5.90) 

5016(1601.2) 1644(1)17.8) 2928.6(11>25.8) 1)688(212),7) 588f>IIJo9.4) 46111>(594.0) 
64.41(15.91) ?.04(2.)2) 28.88(7.50) 87.48(17.25) 4).70(11.5)) 28,07().71) 

197• 1/rl. 19600(2060,8) •• ,.. u•' ns.81 (16.,. > 
10616()278.0)10)91.7(25)0.2) 2267(026.7) 807(297.8) 724(298.") 981.4()18.9) 

27.9"(8.46) .. 1.67(8. 51) 28.48(2.90) 1).66(4.79) 8,14(2.9)) 12,Q9().16) 
6420(671.4) J065(475.4) 2752(619.2) 

SJ.46(9.74) 19.49(4,JO) 26.49(7.14) 

- .. 197'> 1/•~ u• 

u.-podo 

C. Craet.ec• 
o. Docopodo 
r. C.••rln.e 

O!coa.at.n 2 J-. 1974 ~=2 .... 1974 1/o~ u• 
2 ..... 197" ~:z 

-.. 1974 I/•~ u• 
Apr., 1975 ,,.~ 

a/• 

... ,. 1975 I/o~ u• 
... u .. 

c. --la· 
197" 1/~ J-. u• .... 197" I/~ u• 

2 
!lop., 197'> ~:z 

2 

-·. 197'>_~:2 
1/•2 

.,.. .. 1975 8/•2 

2 ... ,. 1975 :,t,:z 

I"O ... ?(RQft,tl!:' ?)4<l:(laW',r) "'-0(1)1,1) ~P.,:t),C(?J"'~,2) 
1?1'\f'\t:ft"".?S\ V ... c;(e;,"7 .. , tn.l"l;:t(?,l5' n.lc;(),OI.~o} 

liar IlllLUDIIl IN BDITHIC CALCUiATIOIIS 

Y!leti!Uon ~ Cn•el Solid Tot.ill 

" 0.80 

.. 
8.2n 

0.7 
n.IJ 

0.7 
1.)4 

)096(699.6) 29'>8(1118,2) 
5J.59(1J,62) 12.96(2.9)) 

1 )6P4("anz. <) 544(! JJ.• ~ 'ne.l(!!45. 7) 16685(6560.9) 5212(1854. 5) 2212(1249.8) 
54.,<(!). 9') 1, 0 0(1.)0 ) 1.2.20().00) 126.06(1J.89) 40.68(8.56) 15.81>(2.91) 

4 
0.1? 

.. 
0.14 

.. .. 
0.7) 0.04 

·~~-· 

4 ·4 
0.24 Tr 

Total 

1.5 
10.97 

),0 
0.9 

1.5 
o.os 

4.0 
o.Zfl 

b,O 
0.01' 

8468(1721.7) 5110(252).8) )472(1875.0) 
50.64(6.79) )0.05(1).)9) 11.)2(2.68) 

110'1' IIICLUDED Ill 8EN"''HIC CALCUU.TIOEf 

Ver;eUUoa 

.. 
0,)0 

.. 
0,)0 

16 
7.77 

.. 
0.2) 

Z'o 
2.57 

20 
0.88 

SUt 
Detrl\ua 

::Al'JRAL 

Gnvel 

.. 
o.ot " 

So ad Tetol 

S.)(l.7) 
,GII(.08) 

1160(111.8) 1712,8(•1J.8l 
5.~1.)2) IS.)Z(),IZ 

756(17 ... ~, "610(8,..~) 
?.99(2.89) Jl.n(7.1)) 

992(41~.8) JOJi.,zc,..•j 
5.9J(1,8Jl 2".88;5.55 

592(142. J) 2188,6(612,1! 
17.)9(J.?O) 28.0)(6.75 

844(560.5) 611 ... 9(2"81.)) 
5.71(1.66) "6.15(6.,. 

"660(6669.)) 60"6.1("19).6) 
4.1 .. (2.57) l".ll(S.IO) 

0,4 
0.0) 

o.e 
O,al 

6,6 
o.zo 1.99 

.. a.a 
o.O) 0,09 

6.4 
0.69 

? ..... 
0.)) 



APPENDIX A2. BEN'IHIC Bia.tASS AND IENSITY FOR EACH AVAILABlE SUBSTRA'IE TYPE lli OOWNSTREAM SI'ffiS, BUENA VISTA 
MARSH, PORI'AGE COUNI'Y, wrscoosrn. (standard deviation 1n parentheses) 

IPIIIBI OW DlTCII MATUIIAL 

SUt Sllt Sllt 
Ywtatl• Detrlt.• lllnd Tot.ol V!fetatlon Dotrltta Sond Tot.ol YwyU011 DotrUta C:nvel Sond 'Mil 

-tnto 
-1\lH(!C) 

J.,.., 1974 35.0 so.o 15.0 100 6.0 b,b 1!9.6 100 5.0 5·0 s.o 85.0 100 
Aus •• 1~ 55.0 )5.0 !0.0 100 26.5 9o2 64.J 100 5.0 ?.0 ),0 8s.o 100 
Sop., 1~ 70.0 20o0 10,0 100 !4.5 1).5 ?2.0 100 0 15o0 5.0 80,0 100 
NO¥., 191ft 0 90o0 10.0 100 0 15.0 65.0 100 0 z.o 0 98.0 100 
Apr., 1975 0 !00,0 0 100 . 100 . . . 100 

""' 1975 0 64.5 15.5 100 9ol 90o9 100 100 

&rillnpodo 

c. lancto 
o. Coleopten 
r. ll.aldoe 

j 
Dobtnpl!lo 2 20(2J) J..... 197'> :~:z 2)2(166) 176(22?) 169o2(1?R.E ~ !01'0(49J) 592(hZ6~ i0"(1!29~ 1'll·o0(217.?j 1o0(1.2l 

.63(.63) o60(o67) o52(.67) lo60 1 .79) .98(.77) .12( .22, o251 o2~) o05(.06) Tr(Tr 

1/ 2 176()08) 164(173) 118(52) 166.0(2}5o2) 960(666) 960(1435) 1)6(282) 4)0o2(495oll .56(54) 64(54) 20(2)) ?.9(7.2) 
•us .. 197'> u:Z o4J(,69) .61(.68) .19(.25) ,47(.64) 2. 54(2o15) 1.91(2,20) 0 50(1.01/ 1.1?{1.42 .10(.10) .12(.11) o01(o0~) .01(.01) 

. 2 
728(514) 1984(1662) J2(JJ) 909.6(735. 5l 71 )6(5411) 96(67) 456(406) t)76.0(!0q7,b' 21>()6) 16()1'1 

Sop.. 197'> ~=2 14,0(J0,6l 
2.11(2.00) 6.11(5.27) .09(.16) 2.71(2,47 8.85(6.59) ,)9( .)6) ,)9( .3J) !,62(1.2b' ,08(.16) !r(.O!) ,01(.01 

1/•2 608(19J) 220(167) 569.2( 190.4) 1696(1896) 664(316) 6!8o6(553.0l 27(46) 8(18) 8,4(18.6l 
- .. 197'> s/.Z 1.5l(o6Z) .54( .54) 1o41(.61) 6ol~(6,67) ,6!' o39) 1.4S{LJJ oO!(.O!) rw< .ol) Tr(,O! 

If, 2 64(61) 64(61) 
4,0(1),0) 

-...J 
....... 1975 11':1- o05(.0b) .o5(.04) Tr'Tr) 

0\ 
1975 I/~ 6(18) 8(18) 8(18) )6(1>1) ·B(te; \Oo5{20,1) 10,0(28.0) ... ,. 

II• o01(.03) ,01(,03) ,01 (,OJ) o09(oiJ) o021 o05) ,OJ( o06) Tr(.O!) 

IIV Dl!al OLO Dl'ICII IIATUIIAL 

Y!letat.lon 
SUt O.~~Uua 

SUt 
Detrltu Sond Tot.ol Veptatlon Sond Tot.ol Yoet.otloa Detrltua Cravel Sond ToUl 

o. Dlpton 
r. Chlr-ldae 2 

J-, 197'> =~=2 79)6(8546) 1576(887) J565.6(JbJ",6) 4-0 27(5689) 280(19~) 2)2(145) 509.~(4BO.o; '•9 JO f 2<160) 2J33(720) 944(854) 12(77) 420o61292.2) 
15.68(13.20) 6.29().2~) 8.63(6o26) 5. 53(6o81) 1,21(1.13) o52( o 76) oR5( 1.14) ;. ;•.(3.65) 4o7?(1.80) 1.06(1.)4) .15(.1)) o?l(.45) 

#f 2 SJJ6(277~) 512(166) 200( I SO) )1)4,0(1601,0) )4)6(4594) 152(12~) 720(417) 1387. 5( 149? 0 J) 2164(1154) 496(224) 590(128) 216(J7J) )45,2()94.3) 
•us., 197" , 1':1- 8,03(4.17) 1.79(1.06) o66(oJ7) 5.11(2.70) 4,65(5.29) o65(1,1)) o66( 0 J5' 1.72(1.7)) 1.67(1.63) o7?(,44) .13(.09) ,Ob(,05) .19(.16) 

1/ 2 6728(4143) 1768(70)) 64(104) S069.6(J051ol) 11344(5)15) )728(1662) 10b0(546) 2897.0(1)88,2) 330()21) 248(444) 112(166) 15lo5(219.2) 
.. , •• 1974 11':1- 7.92(5.)1) 4,)9(1.64) ,OJ( .04) 6.24(4o05) 11,60(4,25) 8oll9(5.78) 1.23(.70) 3.77(1.90) .92(1.]7) o11(.16) o12(.19) o24(,J7) 

If 2 )424(1242) 696(609) )151.2(1178.7) to56(tml 1464(959) 1402.8(1006.7) 5160(7)17) 264()28) )61.9(467.8) 
...... 197'> s/':1- 11.46(4.51) .)4(,44) 10.35(4o11) 1!.11{20,91) 3,00(3,05) 1•.22( 5· 7J) ),)8(4,118) ,02(,0)) .09(.12) 

1/ 2 224(128) 221>,0{128.0) 312.0()43.0) 7"1.0(1-.0) 
• ._ .. 1'175 s~':l- .18(.19) ,18(.19) .25(.)2) ,4)(1.15) 

l!aJ, 1'175 1/~ 
s/• 

940(92") 
1,80(1.73) 

472(427) 667.5(847,0l 
1.)2{1.)9) 1. 73(1.68 

464(21)) 
1.15(:77) 

212(246) 
.58(:59) 

2Jb.9(243,0) 
o63( o61) 

440.0(640.0l 
.96(2.12 

r. llauUdoo 

l&!!!l!!!! 2 
416(728) ~-. 1f11o ~~ 145.6(254,8l !460(1424) 8(18) 

1.90(3.)0) ,66(1.16 3.68(3o60) ,01(,03) 
94.~(101,6) 

,2){ o24) 
27760(17043) 

68.05(42.70) 
27{2)) 

,11o(.11o) 
464(462) 

.so(o58l 
!lol2.6(1176.1ol 

3 ..... (2.17 
2 

18110(22?5) 8(18) ..... 1974 ~=2 1014.8(1257.6) 960(1969) 254.4(521.9l 1992(1622) 1)0(210) 103.S(87,1ol 
5.77(7.90) .01(:03) 3.18(4,)6) 2,45(4.95) .65(1.31 4,811(4.72) .21(.26) .z5(,zjt 

If, 2 2352(4283) 1646,4(2998.1) 6896(4053) 999o9{567o7l a(54) .... • 197'0 ~~~ ),26(4,19) 2.28(2,9)) 24.73(16.)6) 3.59(2,]7 
.56(101o) to6,0(8S.9l 

,OJ( .07) .os(.09) ,Oit(,l8 



APPENDIX A2 • (cont.) 

---- Dl'I'CI 

OUI D!!al IIA'!IIML 

Silt Silt Silt 
J!Ml ,..,..u ... Dotrlt• Sind To til V•etaUon llewltua Sond To til Y¥!ta\l• Dotrltua G!!Yol So Ill 

.ll!!!!ll!!!! (Con~/2 16()6) 1),6()0.6) 

-·· 1974 c/~ ,01(,0)) ,01(,0)) 

Apr., 1975 1(~ 
«I• 

""'· 1975 ,,.~ 
s/• 

56(67) 
,08(.15) 

.. 7.)(r.-6l 
.07 .1) 

r. '!al!.nldle 
~ 2 

J ..... 1974 =~=2 
20(2J) 
J, 17(", )2) 

1,0(1.2) 
.17(.22) 

1974 ,,.~ 21>(541 8(18) 14,0()1, 5) 8(18) 5.1 (11.6) 8(18) loO(IoO) ),2().7) 

'"~·· tl• 2,67 5.96) ,IJ(,JO) 1,"8(J,J2) ,08(,19) .05(.12) .26(.59) 2,49(4,25) .19( ,JJ) 

197" I/o~ 8(18) 5:~1~7fl 8(18) 8(18) 2.2(5.0) 80(86) 21>()6) 16()6) 26.0i~J. 5) 
S.p., ,,. ... 5(1.01) .45(1.01) 1.81(4.04) ,JI(,69) 8,)8(8 ... 1) 1.1>6( 2 ... 1) .49(1.09) 1.72(2,26) 

2 
8(18) 8(18) A,0(18.0) 27(1>6) ,5( .9) 

1974 =~~ 16()6) 8,8(19.8) 8(18) -.. 2.11(" ... 72) .09(.20) 1.91(4,27) 1.54() ..... ) 1.54() ..... ) 1.5"() ..... ) ,6"(1,10) ,OI(:oz) 

2 .... ~. 1975~~ 
15.0()0,0~ 

2 8(18) 6,8(15.2) 8(18) .7(1.6) .17(.)5 

""'· 1975~~ ,J5(.78) ,)0(.66) ,05(.12) .01(.01) 

-....! 
-....! IIIIDI'I'CII OLD DI'l'CI NA'nJIIAL 

YMetatlon o.tm .. Sind Totll Veaetatlon o.~m .. Sond 
Silt 

rot..l vptatioa Det.rit.u Graftl S0!!4 'M!l 
r. ftJOlldao 

!!!!!!!!!. 2 l-. 197' ~=2 
,,.':' 

..... 197-' a,l.: 

.. 197' 1/a: 
'" c/a' ... ,,.,.. ,,.~ 
,. II• 

2 
..... 1975 ~=2 

..,, '"' ,,.~ c/• 

...... 2 
J-. 197' ll•z 8(16) 7.2(16.1l 

80(18) ~.0( -91 • cl• ,08(.19) .07(.17 .05( .12) ,.,.(,Ql) 

,,.2 86(67) 8.6(~.7) 21>(5") 8(18) 16()6) 17.4(J9.t) ...... ,,.,.. c/•2 
1.84(1,8)) .18(.16) .lo0(.91) .051.12) ,)2(.7)) .)2( .72i ... ,,.,.. ,,.; ,. 

lo0(69) 1)8.4()07,2) ~0(57) 192(1029) 32(33) 2'1-6<29.2) .. cl• 7.2)(16.17) 2.25(J.86) 5.29(11.71) z.1•<~.o51 .OJ( .03) .16( .23) ... ,,_ ,,.~ Zlo(54) 2,4(5.4) J20J) 16(22) 18,4(2),6) 293(22'1) ~(36) 29 ... (]9.1) •• II• I,J)(Z.99) .I)(,JO) 2.15(2,1)) 1.61(2,2)) 1.69(2.22) -~(-571 -12(.23) .1~(.~) 



APPENDIX A2. (cont.) 
:;&;• Dr'>' .. ~ :...~;· NA'IIJRAL 

lllt Silt SlU 
Y!I!\!UDil U.trltuo s,nd Totol Y!letAit.lon Detrlt• Sand Total V!le\ltlOII U.trl\uo C.••l Sond T•!!l 

!~!!!!!!!. (C•t,) 2 
18,0(21,~ AJIO'oo 1975 ~:2 

,06(.07 .,. 1975 ,,.~ 5.0(Ilo,Oi II• ,0)(.09 

n!!!ll. 1/ 2 3-. 1,.,.. ll:z 

2 ..... 1,.,.. ~:z 

..... 19'1'0 1/o~ 8(!8) 6.lo(l4,1ol sl• ,01(,01) ,01(.01 

1/2 "(18) .8(1.8) 
Z7(2J) .5(.5) ..... 19'1'011:z ,0)1.07) "r(,O!) 

.41(.49) ,01(.01) 
1/ z 

AJIO'oo 1975 .;:Z 
.,. 1975 I/•~ 

sl• 

......... pt ... 
·~ •• u ••• 

... u. 2 
B(IB) ••.0(9.0) 27•."2:) 1,~1 1. ); ~-. 1971> ~:2 IJO( 18)) )2(52) 8(18) !4.9(2'/,0l -....! ,05( ,!2'• ,02' .06) .14(,18) .01' .01; ,))( ,28) .06(.12) .01(.01) ,0)(,0) 

00 
IPI DITCH OLD DITCH NATURAL 

Sllt Silt SUt 
V!I!Utloa Datrlt.u. Sond Totol V!l!tatlon Oetr1tua S1111d To&ol Y!letation O.tr1tua Gnvel !!lind Totol 

lo•U• (Coot.) ., 
8( 18) If • 16(22) 8:~~~~; 2,1( ... 8) )68(27)) 1JO(IS'<) 22,)(18. )l ..... 19'1'0 .,:z .08( .12) .01(,0)) Tr( ,01) .62(,)0) .21(.21) ,01>(,01! 

.. 19'1'0 1/o~ l2(•J 8(111) :iJI!,O()Io,4l 88(197) 128(261>) 106.8(221.0) ... .,. .22( .)1) .05(.12) .16(.21> ,)2(,72) .26(,46) ,22( .too) 
1/ 2 8(18) 1.2(2.?) 

..... 19'1'0 st:Z .05(.12) .01(.02) 

1/•2 
...... 1975 11•2 

.,. 1975 I/•~ 
sl• 

r.a.-u.a 
!!I!!!! z 

20(1>0) ..... (7.8) 1 19'1'0 l/•z 48(52) 72(161) 52.8(98.7: 90':''7~": 12"81954) 24()6) IJ(),A(117.2) 67(115) 
-· , II• .11(,11) .29(.66) .18( .)7) ... 54(~.16) 5.47(4.09) .02(,0)) .5)(.52) ,04(.09) .79(1,)7) ,01>(.07) 

,,.z 16(22) 48(72) 8(18) 26.4( )9.1; )76()91>) 608(1074) 155.6(20),2) 168(197) 16()6) 80(7)) u.9(tz.•j ..... 1974 s/•2 .Oio(.07) ,2o: ,JO) ,01(,0)) .09(.15; 1.1511,20) 1,45(2,JO) ,w.(.SJ) ,))(,48) ,0)(,07) .1)(,11) ,01!(,0) 
l 

96(88) 1)84(1710) 246,8()14,2) ...... 1974 l/•2 1114(211) 148,0(165.)) 64(92) 
II• ,14(,16) .06(.07) ,11(.1)) 1.))(1.45) ,02(,0)) .21(,2)) 

..... 1974 I/•~ 118(?2) 241)6) "'·6("-q.ll 200())9) 170,0o288,2) 
II• .a?' .ll' .o: '.02) ,06( .t.' .11(,!4 1 .09(.!2) 

...... 1975 I/•~ .,. 8,0'!8,0l 
.01(.0) 



APPENDIX A2. (cont.) 

'!l•t.Uon 
C.ot1lo (Con••) , 
-- 1/a! 

""'' 1975 s/o' 

r. IJiw•r ld1 • 
lloU!!!"Io 2 

1/• J_, 1974 s/•2 

..... 1,.,.. 1/•~ 
c/• 
1/i a., .. 1"" ell 

...... 

...... 

..... 
0. -lpton 
r. C.tzlfhe 

1,.,.. 1/•~ 
cl• 

1975 I/•~ c/• 

1975 I/•~ 
a/• 

)2{))) 
4,?'o(6.21) 

!Ell Dl'l'CII 
SlH 

Detrltua Sond Tot.ll v ••• tatlon 

61>(83) 8(18) 55.)(?2.9) 
.0'/(.09) Tr(Tr) .061 .oe1 

7(16) 
),44(8,42) 

24()6) 8,h(J2,6) 184(18?) 
.09(.14) ,0)(,05) 1.5?(1.91) 

16(22) 25.6(2?.5) )2(52) 
).9)(6.95) 4,10(5.74) 4,19(?.15) 

40(40) )6,01 )6,0) 
7.42(1).051 6.68(11.74) 

8(18) R(JR) 
2.11(4.72) 2.11(4,74: 

Heeprocorlu 2 
,.,.. 1/•2 B(t8) 64(too) J-. 1 s/• .ot(.OJ) .11(.1)) 

Y!l!t.ltion 

n11.roswly \ Co't.) 
•• ,. 48(10'1) 

••·' 197 s/•2 .tO( ,22) 

Sep.. 19"'h =~·=; 
" •I•~ llo•·· 197 81 .... 

1-5 1/•~ ... " cl• 

... ,. 1915 I/•~ 
a/• 

IIEII Dl'rCH 

Sllt 
Detrltua Sind Total ·:!ljet.at.1on 

)2(18) 29.6(60.6) 15211'10) 
.06( .06) .06(.1)) .28(,JJ) 

2)2(455) 2).2(45.5) 
• 52(1.09) ,05( .11) 

56(?R) 120(126) 62,4(82,8) 
.)51.48) ,9f'(.90) ,41(.52) 

24()6) 24()6) 
.)6(.52) .)6(.52) 

8(18) 
,0)(.0'1) 

1.2(2,8) 
,OJ(,OI) 

OU> 01'11:11 

Sllt 
Detr1t.ua Sand 

1)6(282) 11.()6) 
.)2( .6?) ,0)( .0'1: 

40(40) 
15.69(20.)6) 

104(211) 
1.)7(2,9f') 

8(18) 
2.44(5.46) 

16()6) ?4(54) 
8,241 18.42) 2.76(6.17) 

56(46) 
24.97(19.44) 

OLD DITCH 

Silt 
Detritus land 

1121186) 40(57) 
.oe( .11) .11(.17) 

176(14)) 
1.40(2.80) 

48(?2) 
.17( .28) 

16(36) 
.09(.20) 

Tot..l 

26.9(5f1,4l 
.06( .12 

2.2(2.7) 
.90( 1.40) 

115.6(1"2.5) 
1. )0(2.9") 

5· ?(10,0) 
.94(1.7?) 

22,8(51.)) 
).511(8.01) 

5.1(1•.2) 
2,2?(1.27) 

Tot.al 

?6.)' 101.5) 
.15\.21 I 

2),8(Jq,)l 
.19( ,Jq 

7.21!0.~l 
.0)1 .04 

8,0(1B.Oi 
,OJ( ,0'/) 

1.5(). )) 
.011.02) 

'1!,1!\atlan 

16()6) 
.oe(.t?) 

Yeptlition 

o.mt .. 

)5)(200) 
41.95(50.82) 

128(10'1) 
18.?6(20,86) 

280(16)) 
I)J,R(99. 55) 

40(40) 
1?.66()0.44) 

41)(?16) 
,06(.10) 

Silt 
Detr1tue 

1)6(119) 
.16(.20) 

140(101) 
,40(.29) 

IIA'MIOL 

Cn.•·~ 

NATURAL 

llllllll ----I!!!!.-

48(10'1) 
2.94(6.58) 

Sond 

16()6) 
o09(.zo) 

1?.6(10.0) 
2,10(2.,.) 

9.8(9.)) 
1.)2(1.11?) 

80.4(110.0) 
22,0)(20,20) 

.8(.8) 

.)5(.61) 

J0,0(85.ol 
.2?(.77 

zo.6()5,8) 
Tr(.OI) 

To\111 

9.5(8.)) 
.01(.01) 

)).8( ..... 0) 
.1)(.20) 

II,O(I),Ol 
.01(.05 



APPENDIX A2. (cont.) 
IIIII DI7Cil OUl DI'ICII llo\l'UIIal. 

SlU Slll 
Total lwtaUoa ~~ef!U .. cn .. 1 .... 1!ul 

~ Deult .. .... Total Y!let.aUOft Det.rltua Sond 

Jl!ll! (Cont.) 2 
A)lr., 1975 ~=2 

"''· 1975 I/o~ 
s/• 

o. Tl'lehopten 
F • lnchJCentr1dae 

Jnchyeentrue 2 2.4(2.2) 
June, 19?4 :j:z 40()6) 21160(15)8) 27("6) 116(78) tJO,Z(8),1l 

.49(.89) ,0)(,05) 5.18(5.72) .06(,1)) .-1(.29) .211(.)1 

lug., 1~ 1/o~ 16(22) 4,2(5.P.) 480{)85) 2911{)16) )Z.7{)0.Sl 
II• ,14(,20) .OI•(.05i ).51(2.94) 1.95(1.82) ,21o(,20 

Sop., 1974 #/o~ 
g/o 

..... 1974 1/o~ 
II• 

2 
Apr •• 1975 ~:z 

Moy, 1975 1/o~ 
. s/• 

r. HJdropeJchldae 
Cheuaa toP!lche 2 

4,8(~.5) 00 June, lf114 ~=2 944(1596) 8(1~) ))4,4{ 567.6: "0(91) 

0 .59(.64) Tr(Tr) .2!( ,2J) .15( .2R) .01( .02) 

.., DI'l'CH OLD DI'l'CH NATURAL 
Silt De~; Hue Sllt 

Veset.atlon !!ltr1tua SOlid Total 'I!Getatlon Solid "!'otal Y!JietatlOil Detrltu. Cnvel §!lid Total 
:l'lleuut.oenhe 1Cont. 

'"" 1117~ •I•~ 1768(1775) 56(125) 992.0{1020,0) 1056(1681) )52{701) 312.2( ~10.0) 
" rl• 9.57(9.61) .26(.59) s.J6(s.4CJ) 1.!J4(2.6R) 1.)5{2.)0) ,641.92\ 

Sop •• i071' ,,.; ZloCJ6( I J99) 8(18) 1748.~(962.9) 1)12(728) 24(54) 207.5(144,4) 
(tO 4.78(3.81) ,01{.01) ).)5{2.67) 2,41(2,12) .02(.04) • )6{.)4) 

loY., 1914 I/•~ 48(72) 4),2(61•.~) 
g/• ,28(.54) .25( .49) 

&)lr .. 1975 I/o~ 
s/• 

"''' 1975 I/•~ 
s/• 

IJf~OPl!be 2 JO(J8) 1)6(262) B,J(Is.ol J-. 1,.,.. l/•2 .25{.47) 5.05(11.05) .2?(.58 II• 
• 1/•2 

...... 1,.,.. s/•2 
752(719) 

1.28(1.79) 
470{519) 

1.9){1.)2) 
8(18) 

Tr(.OI) 
58.5(66.8l 

.12(,1) 

l/o2 16()6) .8(1.8l 
So,., I~ l/•2 ,0)(.06) Tr(Tr 

..... I,.. 1/o~ •I• 

'"'" 
1975 I/o~ •I• 

lo,O(I),Ol 
Tr(.Ol 

... ,. IC>'75 I/~ 
s/• 



APPENDIX A2. (cent.) 
IIIII Dncll OLD DI'ICII IIA'MIAL 

Sllt Sllt Sllt 
Y!ll!!!tlaoo DotrU• Sand Total 'l!£etatlon Det.rlt.ue O.nd Total ¥!1eUt.1on De\rlt.• cra· ... l Sand !'!!!1 

r, LI-Jihllldoe 

Llonni!Lluo II•' 
Jun•, 19?4 11 ... 

8(18) 
3.64(8.15) 

,11(.~) 
.16( .36) 

A\11•• :wa ;/': 

Sop., \91 .. :~:; 

.... , 1974 .,.~ ,,. 
1/•' 

AJW., 1975 t/.' 

... ,. 1975 .,.~ ~(lil) 1.; i.~ .• 4) 

•I• • 35( .7') . ;2·:. 71) 

~ JIJsAOPJCM 2 8(18) 8(18) ?.2(16,2) 

Jvne, 1 Wit :~:2 16(36) .7(1 .6) .?2(1.61) 2.81(6.28) 2.42(5.42) 
).92(•.?6) .17(.)8' 

1974 ,,.~ 8(18) 10(20) .?(1.5) ..... ,,. 1.29(2.89) 1.92(3,84) .12( .26) 

•I•' :12(72) ... 6:10,4) 
S.p .. 1974 sl•' • )6(.~0) .o•: ,12) 

1975 '1·~ 
2?(23) .}(.}) -.. 

5.28(6.2?) .11(.12) 
(X) ,;. 
1-' 

ND DITCH OLD DITCH NATURAL 

Y!Jetllt.lon Domt .. Sand Tot.lll Vy•tatton ne~~Uua Sand TotAl Y!letlit1on o.UU .. Gnvel Sand Toto! 

PJcnopucbe (Co:i~.t 
Apr., 1975 , 1.z 4,0(1).0) 

.49(1.48) 

... ,. 1975 ~~ 
c. Crwt.ac .. 
o ...... I ..... 

c.-na ? 

----;-_, 1974 ~=2 8(18) 4,0(9.0:; 8?(109' 64!!(10?6) )).?'53-9: 190(2?6) 6?(83) 152(2)4) 16()6) )4,0(60,2l 
Tr(Tr) Tr('r) .20(. )1) 4.97(?.05' .:)( ,JJ: 1.01(1.8)) .14(.18) .1?(.)0) .0)(.08) .09(.18 

1/•' 16(36) 8(18) 64(100) 18,0(36.1) 16(36) )76(819) 38 :i~t~; 
11188(106?) 3)6(241) 1020(1695) 128. S( 121.1) ,,.., 1974 a/•' 

.II( ,2}) ,01(,03) ,10(,20) .08(.1?) ,03(.07) 1.??(3.94) 9.16(9.17) I. 75(2. 38) ).2)(6.0)) .68(.82) 
1/ ~ :!lo(S4) 16(22) 20,0{42,2l 110(1?1) S6(88) :!1<()6) J8,}(,S.9l .. ,. • 19"74 a~:Z .18(,40) .Oio(.07) •• 1)(.29 .)4(.48) ,:!lo(,J7) .07(.1)) .12(.20 
1/ 2 40( 28) 4,0(2.8) 8(18) 1,2(2. ?) 142?(2299) 28,5(46.0) ..... 19"74 a~:Z 1.12(.97) .11(.10) .()9(.20) .01( ,OJ) 42.)1(66.72) .8}(1.))) 
1/ z 

AJW·• 1975 a1:Z 18.0(SJ,O) 
.76(2,28) 

... ,. 1975 I/o~ 8(18) 1.2(2.8) 
18.o(rz.~ al• lr(Tr) lr(Tr) .91 z. l 

-liM 
c.~ ... 



APPENDIX A2 • (cont.) 
.. Dl'l'CI OLD DI'l'CH IA'IUIAL 

Y!I-UOII Do~u .. Solid Tlotal V•I•Ut.lon u.fm .. Sond Total Y!i!!!UOII Dltnt. .. Gn••l ... T-1 

o. Plnlopor• 
r. Enchrtraet.dae 
r ... ldlda• 
r. '!'Ubtf \c ldae 

:une, !.0" .. :· :! 1.14(1.)2) 1.99(1.19) 1.)9(1.0!i) 2.))(2.'!1o) .lo6(.64) .07(.01 ) .22(.25) .0?(.11o) .02(.0)) .01(.01) ,01(.01) .01(.112) 

AUf. • 1Cf1U. ·<·! l•. ).66().47) s.1 ?(4.DJ) .99(1.05) J.92(J.4J) !.75(2 • .;4) 1.19(1.)11) .66(.94) 1.00(1.4)) :01(.01) .OB(.IJ) .01(.02) .01(.01) .01(.02) 

Sop •• 19'74 ,,.~ ,,. ).)7().89) 2.21( .1!6) .27( .29) 2,8J(2.9J) 2.54(1.:9) t,08(1.JI!) .5)(.)2) 1,01( .59) 1.6)(1.))) .01(.02) .25(.Z1l 

llo•·· 1974 ,,.~ ,,. .50( .)5) ,02(.05) ,b5(. )2) .62( .26) ,42(.78) ,45( .70) .12(.19) .05( .10) .05(.11) 

..... !075 ,,.~ . ,,. ,45( ,2J) .45( .2)) .26( ,2)) :01( .112) 

2 
11117. 1975 ·~·2 .4z(.ze) .24(.)2) . )9( .29) .69( .)5) .22( .1 J) .26~. i 5) .o5(.1z) I • 

o. Pr•pon 
r, L•brlculldee 2 

1/o 
J•n•• 19'74 ,_;.2 1.27(2,8)) ,(.)(:.~2) 

,,.~ 
••·· 19?4 s/•~. 2.52(3.45) .25(. )4) 

Sop •• 

CP 

!974 ,,.~ 
rl• 1.00(2.00) .15(.JO) 

~ Dl DITCH OLD DI'l'CH NA'I'UiiAL 

Silt Silt SUt 
Y•etaUe• J!!trlt.• Sond Tot..l Y•Utlon Dltrlt118 Sond Total V¥et.at1on )etrltu Cre•d ... Total 

' r. ~lc•ll•• (c .. t.l 

-·· 1971> t~ .llo(,JI) ,0)(.06) .1)(.28) .56(.M) .oe(.IO) 
2 ...... 1975 ~:z 

.,. 1975 ~~ 2,20(4.91) 1.1!6((4,15) 1.91(2.15; .17( ,20) 

loll-

•·c'"''",... 
o.~ .. 
r . • .,u ... 

bl!.!!!!e. 2 

-· 1971> ~:z 
1/ z 624(547) 118(107) )60,0())•. Jl 304(421) ..... 1971> u:Z 80.6(111.6) 

6.10(5.11o) .87(1.94) ).66().51 2,49().25) .66(.1!6) z ..... 1971> ~:z 12)20(7,5) 8(18) Zlo( 54) 1!628,0(5)25. 5l 1776(1558) 257.5(225·9! 89.60(5).90) .os(.u) .0?(.16) 62.74(J7.n ll.lo4(11.!7) 1.66(1.62 
,~ 2 464(182) lo8()J) lo22,2( 167 ·'l 16()6) 2,4(5.4) lo• .. 1971> u:Z ).10(1,42) ,J0(.21) Z.82(1, )0 .10(.22) .02(.0)) 

2 

·~·· 197~ ~:z 
72(") 72(59) 8(18) 

,)8(,40) .)8(.40) .05(.11) .,. 1W~ ~~ 8(18) 8(18) 8.0(18.0l 
.os(.u) .zJ( .51) .21(,47 



APPENDIX A2. (cont.) 
- DI1'CII OLD DI'IUI M'NIAL 

Y!lft!t.loa Do~U .. lind Totol YMet.a\1011 
SIU 

Dwt.rlt• Slid Totol JwtaUaa Do\r1t• Ga••l ... 'Mfl 
r • ..._•*• 

lol!!!!!!. 
197'0 t~ J1111e, 8(18) 2.8(6. )) 

.61a(1.4)) .22(.50) 

, .... 197- I/~ 9(18) 4.4(9.9) 
II• 2.56(5.'72) 1.41().15) 

s.p 197' 'I•~ 82b(502) 8(18) 578.•055.0 l 112(72) 16.2(10.4) ., •I• 21.~(15.95) .2)(.51) 15.04(11.27) .81(.77) .12(.11) 

..... 197- :~~ 72(100) 8(18) 65.6(91.8) 
2.50(3.86) .10(,22) 2.26(3.50) 

2 ....... 1975 t:z 
1117, 1975 ,,.z 

lloZ 

r • ..,_*• 
.l!IJ'!l 2 J-. 1971t t:z 

197'0 1/~ 2001256) 5).0(67.R) 1110(8)) 7.0(4.2} .... II• 7.17(11.02) 1.90'2.92) 2. ?9(3.22) .14(.16) 

..... 197'0 1/•~ b4R:bl!5) 65.0170. J) II• 9. 7)( 10. 56) 1.41(1.53) 
2 

bl\1107) 20,8(46.6) 111?(227) ).7(4.5) ...... 1974 t:z R(le) .8(1.8) 16()6) 
CXI .41(.91) .04(.09) .?1(1.60) .46(1.02) .50(1.u) 5.16(?.1)) .lOt. I") w 

ID DI'IUB 01.!1 PIN!. lll'l'UIIoiL 
Silt Silt Silt V!ieYUon Detrlt• •• Tot.el Veset.atlan Detrl.tua Sond Tot.al Vyet..t1on Dot\r1tU8 CnYel Sind Total ~(Cea\,, 2 

...... 1975 ~=i 

1117. 19?5 '1·~ sl• 
r, PbiiHbldee 

!il!!.!!!!! 2 J- 1974 'l•z • II• 
l/o2 

'"'" 197' 11.z 

..... 197" I/o~ )12(205) 16(36) 220.0(14?.1l 64(14)) 9.)(20.?/ II• ),4)(3.11) .10(.22) 2,41(2.20 .82(1.8)) .12(,26) 
z .,.., 

197'0 t:z 24()6) 2 ... (3.6) 16()6) 2.4(5.4) 
.lo6(.1l9) .05(.09) .20(,45) ,0)(.07) 

·~ z ...... 1975 ll:z 

1117, 1975 ' 1·= II• 
loU-

197'0 1/-= J-. 8(18) 2,8(6.)) II• .69(1.5") .2'>(.5") 

·~ 2 80(1)6) ..... 0(?4,8l ..... 197'0 .,:a 
1.07(1.75) .~(.96 



APPENDIX A2. (cont.) 
- DI'I'CK OLD DI'I'CH 11.\'MIAL 

V!l!t.atlon n.~ilt .. SOlid To'LIIl v,.uuon o.~H ... SOlid Total 
SUt 

VMUit.loa. D!t.rU.u. Gavel SOlid r.. .. l 
Halle-. ~Cont.; 
--- lfo2 21>()6) 1b,8(2S,2) )2(72) 4,6(10,4l Sep •• \9'7tt r./•2 1,)0(2,71) ,9)(1.9'>) ,10(,22) ,02;.o3 .,.z 

8(1B) 1.2(2.7) lo•., 19"7"' (/•2 
1,6)(3.66) .24(.55) 

AJII'oo 19?5 '(·~ 
&l• 

2 

"''' 19?5 ~~ 

c ... 1.,,... 
'· .,.. .. ll4•• 

P!.oldl• 
19'1'1 ,,~ 1)(23) 8(18) 7.4(16.4l J••· 7( 16) 8(1E) ,B ; • o; 

II• .ol~( .1o) .osr, :t; .,_, .Oi) .08( .15) .01(,02) .01(.02 

",,.~ 16()6) 8' 1°) 6.U(t4,4~ 192(267) 40(90; 16()6) 6U.~' 102.2) 16(22) ,8(.11) ..... 19? s/• ,02(.05) .01(.02) .01(.02 .8)(!.47) .20( .45.' .16(. 37) ,Jh.'.Mj .11(.15) .01(,01) . ,,.~ 176(67) 40(89) )2(""1 1 )4,4(69.1) 64(88) 192(230) 104(169) 110.:(165.5) 290(18)) 16(22) )2(52) 69.9(?0.2l S.p., 19? s/• 
.)0(,14) ,10( .22) .09(.14) .24(.16) .06(.11) .94(1.5)) ,20(. )5) .28~ .48) 1.os(l.o5) ,64(.9)) .08(,16) .2s(.JJ 

,,.2 72(82) ?.2(8,2) 216:199) 16e(250) 175.2'242,4) 67(115) 16(22) . 1?,0(2J,9l ·•cw., 19?11 s/•2 .19(.29) .02(.03) 1,)2(1.55) .69(1.06) .781!,1)) .4?(.81) ,'02( ,OJ) ,0)(.04 

1/•2 56(116) 56.0(116.0) ....... 1975 11•2 .)1(. )4) .)1(, )4) 
2 

:if lil.ay, ~Q7C ~~=2 B(l ~) )2( 52) 29.A(I~Q.9J 

.OS( .II) .091 .12) .09\ .12) 

HDI DI'It:H OLD DI'I'CH NAnJRAL 

vset.atlon uo~m ... Solid Total Ve1et..Uon O.~~Uus Sand '!'ot.al Veiet.ation l.lo~m ... Cnvel Sond Totol 

l!!boorlua 
19'1'1 1/•~ J-. II• ,,.z 8(18) .401.90) ..... 19'1'1 11•2 .01(.01) TrTr) 

1/•2 10(20) 1.5(J,O) 
Sep •• 1974 11•2 .01(,0)) Tr(,OI) 

..... 197" ,,.~ ,,. 
,,2 

...... 1975 ,,~ 

"''· 1975 I/•~ 
II• 

•••11•- 2 
J 1974 l/•2 104(100) 16(22) 44.4(116,0) )4?(169) 48(87) 22.9(14,0) 1)0(161) 2?(116) 144()6) 184(195) 1?1,4(171.9) -· ,;. 6,?4(11.99) ,)7(,84) 2.54(4.62) 2.51(2.87) .07(.15) .1s: .tB) 1.01(1.15) ,26(,46) .47(.28) .57(.45) .57(.48) 

1/ 2 128(1)1) 16()6) 72.0(75.6) 200(172) 16()6) JZ(J)) 75.0(70,1) 112(82) 260()07) 88(59) 88.2(6J.5l ..... 1974 ~~~ .?2(.89) ,05(.11) .40(.50) 18,1)(J4,9J) 14,67( j2,80) ,!R(,J4) 6,27( 12,49) 8,96(17,00) .64(,60) .09(.06) .54(.92 

a. 1974 1/~ 2112(2)4)) 24(22) 1480,8(1642, 3) 1056(128) )2(72) 184(115) 289.9(111.1l 10{20) 1016(292) 152(111) 14).9(106.4) 
•·· II• 8,06(1J,J4l .14(,20) 5.66(9. )6) 4,44(6.09) 1.40(3.14) 2.11(1.61!) 2,)5(2.52 ,01(.02) 4,40(8,02) .18(.07) .37(.46) 

1/ z 96(111) 128(14)) 99.2(1)2.2) 80(75) 172(116) 151'.2(109.~l 200(120) 48(52) S1:~~~i~l - .. 19'1'1 ~~~ .19(. Jl) .04(.061 .1~(.28) 1.1)(2,28) 1.08(,84) 1.01(1.06 .56(.24) .06(.10) 

...... 1975 ,,.~ 20(28) 20(28) ZOO,O(Zio),Ol 
II• .06(.12) ,06(.12) 1.0'/(1.71 



APmiDIX A2. (cont.) 

-.u.- (Coat,) 2 

1117, 1975 t:z 

........... ··---0.-.... 
r. C.abllrl•• 

---------------------------------
Ywtatlon Do~m .. 

9704(7181,2) 1928(755.5) 
28,1 ){10.61) 10.97(2. 52) 

10080(22)9.9) 904(148.4) 
40.91(6.06) 9.0)(2.77) 

28544(49)1,8) )904(t26R.O) 
t58.5t()lo.89) 17 .18(4,00) 

4864(922.5) 
29.62(5.88) 

468(87.5) 
).90(2. 70) 

1076(815.9) 
4.92(2.91) 

Total Y!l!tatlon 

8(18) 
.07(.16) 

4)60,4(2891.2) 8869(Jio69. 7) 2888(762.5) 
~s.J4(4.54) Z4.6S(4.a2) )6.46(12.16) 

472(102.0) 5907.6( 1294.1) 8-(2456. 5) 2624( 1002.2) 
6.56(2.05) 26.)1(4.5;!) 4S.SJ(I?.10) 2),)2(21."9) 

47i(254.2) 20808.8(J7JS.S~ )1696(4206.)) 4240(1479.8) 
).5?(2.65) 116.75(?-.4~ 8).86(9.69) 19.17(4,41) 

14)6()5;!.8) 4521.2(865.5) 
5.99(1.22) 27 .25( j,41) 

468(87.5) 
).90(2.?0) 

504(401.0) 987.)(751.6) 
1.60(1.20) 4.40(2.64) 

3256(1420.5) 
)5.80(12.50) 

?40(192.4) 
29.44(16.68) 

NOT INCLUDIII) IJ BIIITIIIC CAU:ULATIOIIS 

Tot. I Y•etetlon Do~u ... 
8(18) 8.0(1P.O) 
.os(.t2) .os< .12) 

)16(144.8) 996.1()?1. 5) JS7JO(I)158.J) ))27(620.0) 
.~2(,54) ) •. ~2(1.)1) 85.48()1o.BO) 43,39(44.35) 

t072()40.6) J07J.0(962.2l 7796(1054.8) t2t6(ta?.2) 
4,04(1,1>4) t6.M(7.44 )5.26(8.2)) 21o,t6(t6.82) 

1880(425. 5) 6521.9( 1116,0) 1250( 195.9) 
5.54(1.30) 18.74(2.94) 144.92(90.64) 

2716(6)).7) 28)1(751.7) ?482(5504.1) 
12.750.00) 16.21(4,42) ?6.89(44.84) 

))6(J19,A) 
.60( .25) 

292(188.2) ))2.8(188.6) 
1.5?(.50) 4,11(1.97) 

NEll Dl'ICH OLD Dl'ICH 

Y!leti!Uon 

!!!!!!!!!!! z 
,_ 197' l/•z 

-'* 

• cl• 
1/•2 

..... 19'71> &/•2 

1/•2 
..... 197' c/•2 

- 1_, 1/•~ 
•• 7r 1/• 

z 
·~ .. 1975 t:z 

z 
.. 7. 1975 z:z 

•• Unll- 2 

-., 19'71> t:z 
1/,.! 

, .... 1974 ";• 

1/ z 
.. ,.. 197' a~:Z 

,,.z 
..... 197' &/•2 

. . 1/.t. 
·~·· 1975 II•• 

2 
M7o 1975 Z:z 

8 
4.01 

2fo 
5.10 

8 
2.1) 

~ 
\0,28 

16 
7.16 

8 
1.90 

8 
1.44 

\6 
2.1) 

Total 

16,4 
s.J6 
7.2 
1,8) 

?,2 
7."9 

14,4 
1.92 

Vy:etat1on 

8 
4,00 

8 
0.26 

Slit 
Dwtrltue 

8 
o.sa 
8 
0,60 

Sond Tot.al 

1.2 
o. S8 

o.8 
0,05 

0.7 
0,05 

Vyetatlon 
Sllt 

DetrltUII 

2fo 
1.011 

IIATUBAL 

Z0?6(sJ4,Jl 
8."9(6.95) 

)000(76).7) 
to. J7{),2J) 

952('17).2) 
10,05(5.06) 

IIA'IIJRAL 

Suol Total 

20,0()0.0) 
.06(.1)) 

244(1SS.O) 2264.0(877.') 
).59(4.99) 10.17(8.55) 

)12(275.)) 8)0.1()22.8l 
.14( .06) ),88( 1. ?' 

640(1)1.4) 74?.1(15).0) 
4,))(4,64) 25.70(1?.56) 

)60(251.2) soz.4(J56.Jl 
.27(.15) 1.80(.79) 

Sind 

999,0(H28.R) 
2,8)(1.69) 

5)6.0(5)2.0) 
2.47(1.89) 

Toal 

1.7 
0.011 



APPENDIX B. BIOMASS AND DENSITY OF DRIFTING INVERTEBRATI:::S, BUENA VISTA MARSH, PORTAGE COUNTY, WISCONSIN. 

UPSTREAM DOWNSTREAM 
New Old New Old 

Ditch Ditch Natural Ditch Ditch Natural 

#/100m) g/100m) #/100m) g/100.) #/lOOm) g/100m) #/lOOm) e;/100m) #/100m3 g/100m) #/100m3 g/lOOm) 

Inaecta 

Coleoptera 
Aug,, 1974 2.06 ,01 2,40 Tr 5.)7 ,01 1.21 ,04 2,60 ,01 .46 Tr 
Sep., 1974 1.48 ,01 1.26 Tr .95 .16 .6) Tr 1.27 Tr 1.78 Tr 
Nov,, 1974 1.)1 .01 .46 Tr 1.)9 ,02 2,90 ,01 1.06 ,02 8.78 ,02 
Apr., 1975 1.14 Tr 1.79 Tr ),01 Tr 5.01 .04 2,6) .01 1.01 Tr 
May, 1975 1.44 ,01 1.75 ,01 ,29 Tr .62 Tr 

Diptera 
Chironomidae 

Aug.' 1974 22.49 ,OJ 22,01 ,02 1.)1 Tr 6.1) Tr 4.25 .01 7.40 ,01 
Sep., 1974 8),26 .15 8.84 ,01 2,60 Tr 14.41 ,02 9.)1 .01 10.24 .01 

(X) Nov,, 1974 ).9) .01 9.25 ,01 1.)9 Tr 4.)6 Tr ),)4 .01 1.76 .01 
0\ Apr., 1975 12.09 ,01 94.18 .26 8.69 ,02 15.02 ,02 18.)4 ,OJ . 7.09 .02 

May, 1975 )).76 .04 250.)0 .67 28.6) ,OJ 16.49 .01 9.15 ,02 22.50 .06 
Simulidae 

Simulium 
Aug,, 1974 4.88 ,02 10.46 ,02 1,82 Tr 1.77 ,01 .9) .01 
Sep., 1974 .50 Tr 5.05 .02 .24 Tr ),1) .01 5-50 ,01 20,47 .05 
Nov., 1974 ,JJ Tr 1.)9 Tr .70 Tr ).6) ,01 2.44 ,01 2.)4 Tr 
Apr.' 1975 .68 .01 1.18 .01 1.67 ,01 1,00 Tr .)8 Tr 
May, 1975 .72 Tr 12.71 .05 16.68 .05 ).09 ,01 1.07 Tr )1.7) .11 

Epheaeroptera 
Aug,, 1974 .)8 Tr 5,02 ,02 5.87 ,01 .7) .01 26.29 ,06 
Sep., 1974 1),89 ,08 4.26 ,02 4,)8 .02 2.54 ,02 46.72 .1) 
Nov., 1974 1.97 .01 2.90 Tr 1.41 .01 4,10 ,OJ 
Apr., 1975 .2) Tr .)0 Tr ,JJ Tr .)8 Tr .14 Tr 
Kay, 1975 .)6 Tr .44 ,01 • )1 .01 2.75 Tr 1.24 Tr ),42 .0) 



APPENDIX B. CONTINUED 

UPSTRFJ.M DOWNSTREAM 
New Old New Old 

Ditch Ditch Natural Ditch Ditch Nat "Ural 

#/lOOm) g/100m3 #/100m3 s/100.3 #/100m3 s/100m3 #/100m3 !L100.3 #/100m3 UlQOm.J #/100m3 g/100m3 

Insecta (Cont.) 

Hemiptera 
Hes:Eerocorixa 

Aug,, 1974 ),20 ,01 .87 Tr 12.90 .0) 11, )1 .0) 2.94 ,01 
Sep,, 1974 6.94 ,02 1.90 ,01 .47 .01 15.04 ,0) 16.50 .05 2.22 .01 
Nov,, .1974 8,84 .1) .46 Tr 2,09 ,OJ 35.58 ,)9 4.96 ,08 10,25 .09 
Apr., 1975 16.20 ,08 ).25 .01 1.34 ,02 9.02 ,05 ).04. ,OJ .72 Tr 
May, 1975 2.06 ,01 .25 Tr J,J2 ,02 

Trichoptera 
Aug,, 1974 .89 ,01 5.24 .15 1.94 ,01 2,81 ,OJ 29.61 .27 
Sep., 1974 2,60 .02 1.69 Tr 4.45 .04 

co Nov,, 1974 1. 31 .39 1.32 .05 16.36 .12 2,18 ,01 1.46 ,04 
-....J • Apr., 1975 .68 Tr 2.09 ,04 J,J4 ,OJ 1.00 ,40 ,4) Tr 

May, 1975 ).07 .26 3.78 .12 .)4 Tr 1.24 ,OJ 

bphipoda 

Ga11111arus 
Aug., 1974 2,06 ,02 31.)8 .19 5.Y/ .01 1).51 .12 
Sap., 1974 12.39 .17 10.10 ,OJ 5.91 ,04 4.45 .01 
Nov,, 1974 19.66 .59 25.90 ,JJ 4.52 .09 
Apr., 1975 .91 Tr J6.Y/ .87 2.67 .07 .58 .01 
May, 1975 17.24 • 31 14.03 ,28 .25 Tr 1.55' .02 

Mollusca 
Aug.' 1974 3.99 .18 ,87 .01 .45 Tr .70 ,02 
Sep., 1974 80.78 1.98 ,24 Tr 1.69 .04 .44 Tr 
Nov., 1974 1.)1 .07 
Apr., 1975 29.67 ,J5 1.79 .01 2,00 .02 .19 .05 .14 Tr 
May, 197.5 J,2J ,04 2,19 .16 .69 .08 .29 Tr 



APPENDIX B. CONTINUED 

UPSTREAM DOWNSTREAM 
New Old New Old 

Ditch Ditch Natural Ditch Ditch Natural 

#/100m3 g/100m3 #/100m3 g/100m3 11/100..3 g/100nt3 #/100m3 s/1001113 #/100m3 g/1001113 1/100.3 g/100..3 

Total Aquatic 
Aug.' 19'74 40.35 .29 79.99 .43 18.06 .05 22.92 .07 25.13 .08 82.74 .49 
Sep., 1974 189.31 2.40 41.04 • 15 17.98 .52 37.58 .08 39.34 . .14 94.34 .29 
Nov., 19'74 40.29 1.21 41.16 .47 )8.28* .25 5).00 .43 14.08 .13 29.86 .21 
Apr.' 19'75 62.07 .46 156.15 1,JJ 21.73 .18 34.05 .53 25.32 .13 11.57 .06 
May, 19'75 57.46 .40 331.40 1.58 50.34 .20 26.12 .12 1).20 .• OJ 67.91 .29 

Aerial Aquatic 

&aerging adults 
Insects 

Aug., 19'74 47.17 .85 12.00 .04 4.06 .01 1.50 Tr 8.08 .)6 10.)1 .13 
co Sep., 1974 133.80 .05 53.66 .02 14.90 .01 13.15 .01 27.91 .01 13.35 .01 co Nov., 1974 1).76 .01 3.70 Tr 2.44 Tr .73 Tr .35 Tr 1.76 Tr 

Apr., 1975 964.15 1.96 7.02 .01 1.00 Tr .19 Tr 
fofay, 1975 10.42 .01 5.70 .01 51.60 ,OJ 1.)8 Tr .12 Tr 1.55 Tr 

Terreatr1a 1 
Hymenoptera 

Aug., 1974 6.55 .01 2.61 .01 2.11 Tr .73 Tr 5.02 .01 
Sep.' 1974 7.43 ,01 1.90 Tr .71 Tr .84 Tr 8.46 .01 
Nov,, 1974 
Apr., 1975 .19 Tr .29 Tr 
~.ay, 1975 2.16 ,OJ 1.75 .01 • 31 Tr 3.94 .02 

Total Terrestrial 
Aug.' 1974 8.)6 .04 7.40 .01 ).75 .01 1.95 Tr ),21 .02 7.27 ,02 
Sep., 1974 297.34 .07 22.10 .01 5.68 Tr 194.81 ,OJ 189.90 .04 16.46 .02 
Nov., 1974 5.24 ,01 .73 Tr .35 Tr ),22 Tr 
Apr.' 1975 .19 Tr .4) Tr 
May, 1975 ).23 .07 10.52 .09 1.57 Tr .)4 Tr .so Tr 1.51 .04 

*27,84 without colleabola 



APPENDIX C. MONTHLY WATER TEMPERATURE (OC) , BUENA VISTA 
MARSH, PORTAGE COUNTY, WISCONSIN. SEPT., 1974 
THROUGH MAY, 1975. 
not available) 

(..,; __ thermograph results 

UPSTREAM DOWNSTREAM 

NEW OLD NEW OLD 
DITCH DITCH NATURAL DITCH DITCH NATURAL 

MEAN DAILY 
MAXIMUM 

SEPT. 15.0 13 . .3 14.3 16.4 15.3 14.9 
OCT. 11.4 12.1 10.9 10.4 10.3 9.9 
NOV. 6.8 9.2 6.5 4.8 4.6 4.5 
DEC. 4.8 4.7 3.2 1.4 1.2 1.1 
JAN. 4.3 3.2 1.3 0.6 0.2 0.7 
FEB. 4.9 1.7 1.2 0.7 1.4 
MAR. 4.2 4.5 5.4 4.6 3.0 
APR. 7.9 8.1 10.5 9.5 10.9 6.1 
MAY 15.6 12.7 15.2 14.3 17.1 15.3 

MEAN DAILY 
MINIMUM 

SEPT. 8.4 8.1 8.8 12.0 10.9 10.6 
OCT. 6.1 4.2 5.5 7.1 5.4 6.1 
NOV. 3.3 1.4 3.7 2.4 2.2 1.8 
DEC. 1.8 -0.4 0.8 0.2 0.0 -0.3 
JAN. 1.6 -0.3 0.5 0.3 -0.2 0.1 
FEB. 0.5 -0.2 0.2 -0.3 -0.6 
MAR. 1.7 0.4 1.5 1.7 0.4 
APR. 2.8 4.4 4.0 6.4 5.4 5.1 
MAY 8.4 8.6 9.5 9.8 11.7 11.3 

MEAN 
TEMPERATURE 

SEPT. 12.0 10.8 12.9 14.0 13.0 12.7 
OCT. 7.6 8.2 7.8 8.7 8.5 7.9 
NOV. 4.9 5.2 5.1 3.6 3.4 3.2 
DEC. 3.2 2.2 2.0 0.6 0.5 0.2 
JAN. 2.6 1.4 0.8 0.4 0.0 0.3 
FEB. 2.2 0.6 0.7 0.1 0.1 
MAR. 2.8 2.4 3.2 3.0 1.5 
APR. 5.1 5.8 7.0 7.8 8.0 5.2 
MAY 11.1 10.8 12.7 11.9 14.5 13.1 

MEAN DAILY 
FLUCTUATION 

SEPT. 6.5 5.1 5.4 4.4 4.4 4.3 
OCT. 5.5 4.7 3.5 3.9 3.9 
NOV. 3.4 2.8 2.4 2.4 2.7 
DEC. 3.0 2.4 1.2 1.2 1.3 
JAN. 2.7 0.7 0.3 0.3 0.7 
FEB. 4.4 2.3 0.6 0.9 2.1 
MAR. 2.5 4.1 3.8 2.9 2.7 
APR. 5.1 3.7 6.3 3.1 5.8 0.9 
MAY 7.3 4.2 5.7 4.3 5.4 3.9 
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APPENDIX D. MAXIMUM~ MINIMUM, AND MEAN VALUES FOR VARIOUS 
MEASURED CHEMICAL PARAMETERS, JUNE, 1974 - MAY 
1975, BUENA VISTA MARSH, PORTAGE COUNTY, 
WISCONSIN. (all values are ppm unless 
otherwise stated) (n=8) 

UPSTREAM DOWNSTREAM 

NEW OLD NEW OLD 
DITCH DITCH NATURAL DITCH DITCH NATURAL 

Dissolved 
oxygen 

mean 10.5 9.8 11.3 10.3 10.3 9.6 
maximum 11.7 12.0 13.9 12.2 12.1 12.5 
minimum 9.3 7.3 9.1 7.9 7.8 7.6 

Chemical 
oxygen 
demand 

mean 12.82 7,68 6.21 20.98 15.83 19.81 
maximum 16.90 12.66 18,98 33.22 23.12 30.96 
minimum 7.40 4.61 0.77 11.52 2.30 11.52 

pH 

maximum 8.1 8.3 8.4 8.3 8.4 7.9 
minimum 7.8 7.5 7.6 7.7 7.5 7.5 

Alkalinitl 
mean 183 117 113 184 185 162 
maximim 194 124 120 194 198 170 
minimum 160 112 106 170 174 154 

Conductivit~ (mhos) 
mean 429 332 293 440 440 378 
maximum 550 390 345 550 540 455 
minimum 362 268 239 390 393 325 

Total 
hardness 

mean 237 171 163 244 246 215 
maximum 270 182 204 258 279 230 
minimum 226 165 144 222 228 200 

Calcium 
hardness 

mean 165 119 113 168 175 156 
maximum 200 166 174 226 220 200 
minimum 136 92 88 132 128 122 
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APPENDIX D, (cont.) 

UPSTREAM DOWNSTREAM 

NEW OLD NEW OLD 
DITCH DITCH NATURAL DITCH DITCH NATURAL 

Or tho 
phosEhate 

mean 0.022 0.335 0.083 0.258 0.017 0.220 
maximum 0.030 1.900 0.370 1. 600 0.026 1. 400 
minimum 0.012 0.005 0.021 0.018 0.007 0.016 

Total 
Ehos:ehate 

mean 0.098 0.419 0.082 0.289 0.027 0.233 
maximum 0.430 2.240 0.250 1. 900 0.037 1. 450 
minimum 0.018 0.028 0.036 0.014 0.016 0.017 

NH -N 
4 
mean 0.005 0.14 0.02 0.04 0.02 0.03 
maximum 0.04 0.32 0.14 0.14 0.07 0.04 
minimum 0.00 0.00 0.00 0.00 0.00 0.00 

NO -NO -N 3 2 

mean 3.06 5.32 4.67 2.89 2.90 2.12 
maximum 3.82 5.46 5.29 3.64 3.61 2.91 
minimum 2.49 4.73 3.96 2.06 2.06 1. 47 

Total N 
mean 0.64 0.59 0.51 0.64 0.78 0.78 
maximum 1. 09 0.77 1.09 0.77 1.19 1. 26 
minimum 0.39 0.28 0.11 0.25 0.56 0.42 
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APPENDIX E. DRIFTING DETRITUS (dry weight and loss-on-ignition) FROM BUENA VISTA MARSH, 
PORTAGE COUNTY, WISCONSIN. (August 1974, through May, 1975) 

UPSTREAM DOWNSTREAM 
New Old New Old 

Ditch Ditch Natural Ditch Ditch Natural 
Aug., 1974 

Dry weight (g/m3) 1. 78 6.94 2.90 1.49 2.30 12.94 

Loss-on-ignition 69.1 72.3 76.4 65.6 72.6 65.8 

Sept., 1974 
IJ:) Dry weight 26.50 3.23 1. 61 3.03 1. 78 9.51 
IV 

Loss-o·n- ignition 67.1 81.7 82.9 51.9 76.1 72.4 

Nov., 1974 

Dry weight 12.68 5.70 0.93 2.90 4.01 3.71 
Loss-on-ignition 52.2 73.9 78.3 79.1 77.0 79.2 

April, 1975 
Dry weight 13.32 6.11 1.40 3.62 16.54 13.30 
Loss-on-ignition 73.4 61.9 77.1 78.1 67.2 70.6 

May, 1975 
Dry weight 23.81 31.83 1.25 12.34 12.39 26.77 



APPENDIX E. CONTINUED 

May, 1975 
Loss-on-ignition 

Mean for study period 
Dry weight 
Loss-on-ignition 

New 
Ditch 

67.4 

15.62 
65.8 

UPSTREAM 
Old 

Ditch 

77.0 

10.76 
73.4 

Natural 

82.9 

1.62 
79.5 

New 
Ditch 

67.3 

4.68 
68.4 

DOWNSTREAM 
Old 

Ditch Natural 

63.0 

7.40 
71.2 

56.1 

13.25 
68.8 


