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ABSTRACT 

Fish populations from 6-8 year old ditches and 52-62 year 

old ditches within the Portage County Drainage District were 

compared with populations in adjacent portions of natural streams. 

Two study areas were selected, the upstream zone of good brook 

trout ( Salvelinus fontinalis) habitat and the other downstream 

in marginal trout waters where white sucker ( Catastomus 

commersoni) were more numerous. Each area included new 

ditch, old ditch and natural stream , all of similar discharge. 

Estimates of annual production by brook trout, population and 

biomass estimates of brook trout and white sucker, and total catch 

records for other fish species were derived from electrofishing 

samples in June, August and September, 1974 and April-May, 

July and September, 1975. A creel survey was conducted 

during the 197 5 trout season. 

Loss of year-round instream cover through channelization 

limited brook trout density, which reduced annual production by 

brook trout to 28. 8 kg/ stream km in the upstream new ditch 

study area as opposed to 72.2 kg/km in the upstream old ditch 

and 65. 5 kg/km in the upstream natural stream. Angler success 

was also reduced, from 1. 03 trout/hr in the upstream old ditch 

and l. OS trout/hr in the upstream natural stream to 0 o 26 trout/hr 

in the upstream new ditch o Approximate equality of these 
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parameters in the upstream old ditch and natural stream indicated 

that recovery of natural channel morphology and trout carryinq 

capacity was nearly complete after 60 years. Midsummer water 

temperatures reached upper lethal levels for brook trout in the 

downstream ditches, where current velocity was reduced and white 

sucker were abundant. Mottled sculpin (Cottus bairdi} were 

consistently absent from the upstream new ditch and scarce in the 

downstream new ditch. Natural stream had the greatest number of 

fish species in both study areas (12 upstream and 18 downstream), 

and new ditch had the fewest (9 upstream and 11 downstream). 
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CONCLUSIONS 

Stream channelization in the Buena Vista Marsh reduced 

year-round instream cover, decreased substrate stability, and 

increased silt accumulation and stream temperature. These 

changes affected populations of three fish species. Ditches that 

were not re-d_redged,slowly regained stable meandering channels, 

and fish populations returned to normal levels. Recovery was 

more rapid in ditches where spoil was spread on adjacent fields 

and bank vegetation left in place than in ditches where loose spoil 

was left to lie on the banks. 

Dredging removed undercut banks, overhanging 1 imbs, 

submerged logs and brush, and reed canary grass that provided 

cover for brook trout. Loss of cover limited population density, 

which reduced annual production by brook trout to 28.8 kg/stream 

km in the upstream new ditch study area as opposed to 72.2 

kg/km in the upstream old ditch and 65.5 kg/km in the upstream 

natural stream. Angler success was also reduced, from 1 .03 

trout/hr in the upstream old ditch and 1.05 trout/hr in the upstream 

natural stream to 0.26 trout/hr in the upstream new ditch. 

Midsummer water temperatures reached upper lethal levels for brook 

trout in the downstream ditches. 

Current velocity was reduced downstream where the ditches 

were wider and deeper than upstream. The greatest density and 
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biomass of white sucker was in the downstream new ditch. Mottled 

sculpin were consistently absent from· the upstream new ditch and 

scarce in the downstream new ditch. Natural stream had the 

greatest nunber of fish 'species in both study areas (12 upstream 

and 18 downstream),and new ditch had the fewest {9 upstream and 

11 downstream). 
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RECOMMENDATIONS 

Effects of proposed channelization on soil, water, fish and 

wildlife resources should be evaluated before more dredging is 

done. The best technology should be applied to minimize and 

mitigate losses~ 

If streams are to be re-dredged: 

1) Bank vegetation should be maintained and soil spread 

on nearby fields. Organic silt could be used to 

improve the sandy soil rather than erode on ditch 

banks. 

2) Cattle should be kept out of the ditches to control 

bank erosion and reduce siltation. 

3) Permanent, properly designed, stream improvement 

structures, e.g., wing deflectors, should be installed 

that would enhance meandering and therefore, formation 

of pools and overhangina cover. White and Brynildson 

{1967) described and evaluated several types of 

structures. 
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INTRODUCTION 

Channelization turns streams into ditches. 

So did I. 

Little Tommy Tittlemouse 

Lived in a little house. 

He caught fishes 

In other men's ditches. 

Objectives of this study were to determine effects of stream 

channelization on distribution and abundance of fishes and production 

by brook trout ( Salyelinus fontinalis) in the Buena Vista Marsh, 

Portage County, Wisconsin. Production was defined by Ivlev 

( 1966) as "the sum of all orgamc matter added to the stock of a 

product (or other defined orgamc unit) in a unit of time, regardless 

of whether or not it remains alive (i.e. part of the stock) at the 

end of that time. 11 

This study was part of a multidisciplinary investigation of 

channelization impacts on fishery, aquatic invertebrate, and wildlife 

resources m the central Wisconsin sand plain. Recently dredged 

ditches were investigated to determine immediate effects. Old 

ditches were investigated to determine how well fish populations 
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had recovered 52-62 years after dredging. Total catch and 

population estimates derived from electrofishing samples were the 

basis for comparisons of fish populations. Effects of channelization 

on angling were evaluated through a creel survey. 

Streams have been channelized for navigation, flood control, 

and drainage. So many government agencies and private groups 

have channelized streams that the full extent of the practice is 

unknown. The Soil Conservation Service alone reported 6 

million ha in completed P.L. 566 watershed projects and almost 

23 million ha in projects approved or under construction (Anonymous, 

1975). A review of all environmental impacts of stream 

channelization, even those limited to fish populations, would be 

beyond the scope of this study. Henegar and Harmon 0973) 

and Blair ( 197 3) contributed reviews of environm~ntal impacts 

with extensive bibliographies. 

The most evident effect of channelization is the removal of 

stream meanders. Natural streamflow tends to follow sine-generated 

curves that minimize the sums of squares of directional change and 

result in a net conservation of energy (Leopold et al. , 1964} • 

Meandering forc-es are independent of channel obstructions, but 

expresston of meandering forces as pool-riffle complexes, meanders 

or braided channels ts a function of slope and bedload ( Shumm and 

Khan, 1971). 
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Changes in the flow pattern of a stream alter the operation 

of a complex set of variables that Geiger (197 3) separated into 

three components: hydrographic, chemical and biotic. These 

represent multiple interactions between discharge, surface 

features, gradient, current velocity, turbulence, substrates, 

water chemistry, water temperature, aquatic vegetation and 

aquatic animals. Discharge is the only fully independent variable 

m the dynamics of natural channels (Maddock, 1972) • 

Channelization has been found to be detrimental to cold-water 

fisheries. White 097 3) reviewed 48 population studies on 

channelization of salmon and trout streams and all showed a 

reduction in catchable fish biomass. In 44 cases declines of 

number and weight exceeded 7 5%. Downstream flooding, eroston, 

sediment damage, reduction of groundwater recharge and loss 

of wildlife habitat were other effects of stream channelization 

(Henegar and Harmon, 1973). "Some of the effects on habitat 

as well as disappearance of the fishery are so obvious and final 

that many observers must feel close study superfluous, 11 (White ,197 3). 

DESCRIPTION OF THE STUDY AREAS 

Study areas were in the southwest corner of Portage County, 

Wisconsin, within a glacial outwash sand plain formed from the bed 

of Glacial Lake Wisconsin. The area, known as the Buena Vista 

Marsh, was originally 226 km2 of tamarack and alder swamp, open 
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tamarack and marsh bounded by pme barrens and oak-pine forest. 

Sphagnum bogs laid down 40-60 em of peat over the sand. By 

the late 1800's most of the tamarack had been logged or burned. 

Most of the marsh was privately owned by 1903 but the high water 

table prevented extensive agriculture (Rosholt, 19 59} . 

The marsh changed greatly after the turn of the century. 

As Aldo Leopold ( 1949) wrote: 

They envisaged farms not only around, but in 
the 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. • .• Peat beds dried, shrank, 
caught fire .•. After· a dry summer not even the 
winter snows could extinguish the smouldering 
marsh. 

The Portage County Drainage District was formed in 1903. By 

1915 private farmers had financed and constructed 112 km of 

drainage and lateral ditches. Drainage patterns changed 

radically (Fig. 1). The middle portions of Buena Vista Creek 

and Ten-Mile Creek were replaced with drainage ditches. Duck 

Creek, a former tributary of Ten-Mile Creek, all but disappeared. 

Its drainage was diverted north to Four-Mile Creek, formerly a 

small tributary of Buena Vista Creek. Siltation problems became 

evident as early as 1913 and ditches were redredged as deemed 

necessary. 
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Economic limitations later stopped the dredging. Fire, frost, 

and acid soils plagued the farmers, and many farms were 

abandoned. The drainage district became inactive in 1923 and 

the channels began to return to a natural meandering pattern. In 

the next 40 years the only construction on the ditches was the 

installation of 54 dams by the WPA to hold water for fire 

protection. 

Dredging interests were renewed as agriculture revived in 

recent years. Lands acijoining the marsh have become valuable 

for mint and potato farming, and hay and cattle production continue 

to be economical. Thirteen km of ditch were re-dredged by 

dragline in 1967-68, another 8 km in 1974-75, and more drainage 

maintenance is planned. 

Ditches aided removal of standing water from the land, but 

groundwater continued to be important to the water budget. 

Average annual precipitation from 19 53 to 1960 was 79 em. 

Evapotranspiration accounted for 53 em/ year, groundwater 

runoff 23 em/year, and surface runoff 3 em/year (Holt, 1965). 

The porous soil allowed surface water to pass readily to the 

zone of saturation. 

A brook trout ( Salvelinus fontinalis) fishery was an important 

by-product of the abundant groundwater. The Wisconsin 
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Department of Natural Resources (Anonymous, 1974; Stream 

Summary Reports, Unpublished) listed 32 km of streams and 

ditches in the Buena Vista Marsh as Class I trout waters with 

native brook trout populations adequate to maintain good fishing 

(Fig. l) . Another 43 km of Class II waters required stocking to 

maintain a good fishery. Downstream, white sucker ( Catostomus 

commersoni) were more abundant. Still, at least 15 km of the 

downstream zone were known to hold large trout and were 

attractive to skillful anglers. My preliminary electrofishing survey 

confirmed the extent of trout waters. 

Two study areas were selected m May 1974, one in the 

zone of Class I brook trout habitat and one in the downstream 

zone where white sucker were more numerous (Table 1}. Bias 

was avoided in selecting the study areas by excluding stream 

sections sampled in my preliminary electrofishing survey. Each 

study area was matched by discharge and included one natural 

stream, one meanderi11.g old ditch not dredged in the past SO years, 

and one ditch dredged in 1967-68. Sanders 0976) found no 

significant differences in water quality between any of the study 

areas except for higher hardness and specific conductance in 

upstream new ditch. The upstream new ditch was within a 

natural hard-water zone reported by Holt (1965). All stream 

and ditch sections had gradients of less than 1%. Natural 
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streams followed sinuous meander patterns and did not form 

pool-riffle complexes. 

The upstream 'natural study area was a section of the 

South Branch of Ten-Mile Creek flowing through a pasture m 

the northwest corner of Sec 27 T21N RSE o The primary 

substrate was stable sand. Gravel was found in the thalweg 

(deepest portion of the channel) . Extensive shallows were 

covered with silt. White water-crowfoot ( Ranunculus aguatilus) 

grew between the silted margins and the thalweg. Undercut 

banks, overhanging alder (Alnus rugosa) and submerged logs 

and brush were the principal trout cover. 

The upstream old ditch study area, a portion of Ditch 5 

which flowed between Sec 9 and 16 T21N R8E, had not been 

dredged since 1913. Trees on the stable spoil banks provided 

a partial canopy. The channel had formed a thalweg against 

the bank in shaded areas, and it meandered among reed canary 

grass ( Phalaris arundinacea) m open areas. Persistent 

rhizomes of reed canary grass maintained the meanders 

overwinter. Sand was the primary substrate, with no gravel 

present. Ditch margins were covered with fine organic silt and 

detritus. Watercress (Nasturtium officinale) and keel grass 

(Elodea canadense) were present but not abundant. Overhanging 

branches and reed canary grass and pools where the thalweg 

flowed against the spoil bank were the principal trout cover o 
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Table l. DESCRIPTION OF STUDY AREAS 

Area (ha/krn) 

Mean discharge a 
(m3/sec) 

Sinuosity indexb 

Upstream 
new old natural 

ditch ditch stream 
dred€_;ed 

1968 1913 

0.42 0.48 0.92 

0.262 0.246 0.2)6 

1.00 1.02 1.15 

Substrates (all values are ~~;c 

a 

sand 

gravel 

vegetation 

silt-detritus 

Temperature (°C) 

annual mean 

mean daily 
variation 

highest monthly 
mean maximum 
(July) 

lowest monthly 
mean minimum 
(February) 

75.1 ?J.4 46.0 
(8.0) (7.4) (?.7) 

).4 o.o 9·7 
(2.0) (9.1) 

10.2 
(5.2) 

tr 24.8 
(8.7) 

ll.J 26.? 1?.0 
(2.9) (?.1) (7.J) 

8.0 

4.6 

17.7 

?.9 

2 L" . ) 

1?.4 

?.9 

J.4 

Downstream 
new old natural 

di t.c.h ditch stream 
dredged 

1967 1922 

0.96 0.65 0.98 

0.726 0.726 1.16 

1.00 l.OJ 1.58 

10.1 80.4 87.0 
(5.1)(10.4) (6.?) 

o.o o.o J.J 
(2.0) 

26.? 9.4 
( 28 0 5 )( 10 .1) 

6).J 10.2 
(29.9) (J.7) 

).0 J.4 

2J.J 22.6 

2.5 
(2.5) 

7.J 
(4.8) 

7.9 

2.4 

20.5 

0.2 -O.J -0.6 

Measured eight times from June, 1974 to September, 1975. 
b 

Channel length/linear distance in July, 1975. 
c 

Measured six times from June, 1974 to May, 1975 (Sanders, 1976). 
d . '· 

Upstream old ditch lowest motl:t:hly mean minimum was in December. ' ~ .. < 
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The upstream new ditch study area was the lower portion 

of a lateral ditch which diverted the flow of Ditch 8 to Ditch 3 

along the boundary between Sec 25 and 26 T22N R8E. Dredged 

in 1968, the straight channel had a uniform profile. Eroding spoil 

banks spilled sand and peat into the ditch. Sand was the dominant 

substrate. Keel grass, white water-crowfoot, and speedwell 

(Veronica sp.) grew in small hummocks. Cover was seasonally 

variable. Emergent watercress and reed canary grass formed 

protective overhangs in late summer which died off overwinter. 

The ditch was nearly devoid of good cover in the spring. Much 

of the bank vegetation and submergent growth was dislodged by 

melting snow and ice. 

The downstream new ditch study area was on Ditch 3 at the 

western edge of Sec 30 T22N R8E. The ditch was first dredged 

in 1907 and last re-dredged in 1967. The channel was straight 

with a smooth profile. Most of the substrate was soft organic 

silt up to l m deep, while ditch margins were firm sand. In 

midsummer pondweed ( Potamogeton natans) , which covered 85% 

of the water surface, provided cover for fish, but in the spring 

and late fall there was no cover other than the depth of the 

water. 

The downstream old ditch study area was immediately 

below the downstream new ditch at the eastern edge of Sec 25 
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T22N R7E. This section had not been dredged smce 1922. The 

thalweg was not well developed, but vegetation had stabilized 

slumping banks to form current deflectors. The deflected current 

cut deep pools and undercut banks. Sand was the primary 

substrate, and silt was deposited in marginal shallows. Keel 

grass and pondweed were scattered on the ditch bottom. Principal 

cover types were pools and undercut banks. 

The downstream natural study area was m the wooded 

portion of Four-Mile Creek in the western half of Sec 29 

T22N R7E. Four-Mile Creek received discharge from Ditches 

3 and 4. The stream had never been dredged but increased 

discharge due to upstream dredging caused erosion of the concave 

banks of the meanders. The substrate was mostly shifting sand, 

and gravel in the thalweg. Silt was deposited only near the 

convex banks. A small area (about 5 m2) of water celery 

(Vallisneria americana) was the only conspicuous submerged 

vegetation. Fallen trees, submerged brush and overhanging 

branches provided cover for fish. 
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MATERIALS AND METHODS 

Physical differences between study areas were determined 

from plane-table maps, discharge measurements and thermograph 

records. Fifty, 80 and 100 m sections of ditches, upstream 

natural stream and downstream natural stream, respectively, 

were plane-table mapped in July, 1975. Water depth and surface 

area, substrates, overhanging and submerged vegetation, 

submerged logs and brush and undercut banks were mapped. 

Total areas of these features in each study area were measured 

from the maps with a planimeter. Features capable of secluding 

fish in water that was at least 0. 3 m deep were classified as 

cover. Sinuosity indices were computed from map measurements 

as channel distance/linear distance. Water temperature was 

continuously monitored with recording thermographs, which were 

calibrated weekly. Discharges were measured with a pygmy 

current meter at 6-week intervals except during periods of ice 

cover. 

Channel characteristics of the upstream natural stream 

study area necessitated reporting data in terms of kg/km instead 

of kg/ha. This study area had indefinite banks typical of many 

marshland streams. Small sand bars near the convex 

banks of the meanders were exposed at midsummer low flow 

but were submerged in the spring and autumn. Cattle crossing 
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the stream trampled banks and increased the area of the shallows. 

Sedges { Carex sp. ) covered the saturated soil at the stream 

boundary. Approximate water surface area was measured as the 

area between the clearly delineated concave banks and the sedges 

bordering the convex banks. Actual water surface area at any 

given time may have been greater or less than this value. Data 

may be converted to kg/ha usmg area values (Table l) as 

conversion factors, but the area value for the upstream natural 

stream should be considered a rough approximation. 

·Fish populations were sampled by electrofishing. A 230 V, 

2. 2 amp DC generator was mounted on a board in a 2 m plastic 

dinghy. One person pulled the dinghy with a harness while wading 

the stream. The cathode was aluminum sheeting bolted to the hull. 

Three anodes were formed from I. 5 em diameter stainless steel 

conduit cut and welded to a diamond shape on 20 em shafts and 

mounted on fiberglass poles. Heavy duty cord reels mounted to 

a board on the bow of the dinghy allowed anode mobility but 

retracted excess cord to prevent tangling. A rheostat permitted 

varying generator output to temperature-related changes in 

conductivity. A safety cutoff switch was mounted on the rheostat. 

·Switches between the generator and the cord reels allowed 

individual anodes to be turned on or off as needed. Two or 

three anodes were used, depending on stream width and 
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availability of personnel. Fish were captured with dip nets as 

they were attracted to an anode, placed in a tub in the dinghy, 

then transferred to ho 1 ding nets. 

Deep silt in the downstream new ditch necessitated 

modification of this sampling procedure. One person pulled the 

shocker unit along the ditch margin, where the substrate 

was firm sand. An anode cord was extended across the ditch 

to a second dinghy which was pulled along the opposite ditch 

margin. Ropes were tied from the dinghies to a 5 m flat~bottomed 

boat. The third anode was tied to a railing on the boat, and 

a person riding in the boat collected fish over the soft silt. 

Effectiveness of the equipment varied with fish length, 

visability and abundance of submerged brush and vegetation. 

Under normal conditions, 70% or rrore of the adult trout and 

white sucker were captured in one run through a study area. 

Only about 30-50% of the age 0 trout and sucker and the smaller 

fish species were captured with the same effort. Turbidity in 

springtime runoff prevented some fish from being seen and captured. 

Brush and vegetation entrapped and concealed shocked fish. 

Captured fish were anesthetized with MS-222 (tricane 

methanos ul fonate). Brook trout and white sucker were measured 

to total length, weighed on a dietary scale and fin clipoed. Age 0 
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trout and sucker were weighed in groups of 10. Scale samples 

were collected from brook trout for age determinations. Other 

fish were segregated by species, counted and weighed in groups. 

Fish were released just downstream from the point of capture. 

Downstream release aided reorientation to home cover (R. L. 

Hunt, pers comm). Voucher specimens and sampling mortalities 

were preserved and taken to the University of Wisconsin-Stevens 

Point fish museum. 

Upstream study areas were sampled in June, August and 

September, 1974 and April, July and September, 1975. Total 

catch of all spectes was recorded for 3 runs through 100 m in 

June, 1974 and two runs through 200 m in all other samples 

(Table 2) • S.amples of trout in 19 7 5 were expanded to 2 runs m 

600 m in natural stream and 2 runs in 1000 m in ditches. Intervals 

between runs were 1-6 days, most often 2 days. Population 

estimates were calculated by the mark-recapture method as 

described by Robson and Regier (1968). Brook trout 

production was estimated from Allen curves as described by 

Chapman (1968) • 

Downstream study areas were sampled in August and 

September, 1974 and May, July and September, 1975. Initial 

attempts at mark-recapture estimates were abandoned due to 

extensive movement of white sucker . In subsequent samples 
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study areas were blocked with nets and brook trout and white 

sucker populations were estimated by the removal method as 

described by Robson and Regier 0968) • Three consecutive 

electrofishing removals of all species in 200 m were made in 

September, 1974. Five consecutive removals were made in 

197 5 samples'. Biomass was calculated from population estimates 

and mean weights. Low brook trout numbers and white sucker 

movements precluded production estimates. 

Total catch by number and weight was recorded for each 

species in each study area. Species other than brook trout and 

downstream white sucker were inventoried by catch per unit of 

effort. Comparisons between study areas were made in terms 

of catch/100 m in a single electrofishing run. 

The trout fishery was evaluated by a creel survey during 

the 197 5 trout fishing season. Creel survey samples included 

6 km of the upstream new ditch, 23 km of the upstream old 

ditch , 9 km of the upstream natural stream , 3. 3 km of an 

upstream reach of Ditch 4 last dredged in 196 7 and 27 km of 

the downstream areas. Stratified random sampling was employed. 

Progressive counts ( Lambou, 1961) through a route around the 

marsh were stratified to weekend and weekday samples. Counts 

were made on three weekdays and every weekend day and 

holiday. Starting times ( 06:00 or 13:00) , starting points and 

19 



direction of travel were chosen from random number tables. 

Fishermen were interviewed to determine time fished, number 

and length of fish caught, distance travelled and angling method. 

Total man-hours of fishing was estimat~d by ,a fishing-day curve 

as described by Lambou ( 1961) . Catch per unit of effort was 

estimated for each channel type. Differences in catch per unit 

of effort were tested by calculations of the variance of a ratio 

as described by Cochran 0963). 
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-----------------------~ 

RESULTS AND DISCUSSION 

Twenty-one fish spectes were found in the study areas 

(Table 2) . Natural stream held the greatest number of fish 

species and new ditch the fewest for both upstream and downstream 

study areas. The most numerous fish species was brook 

stickleback in the upstream new ditch; pearl dace in the upstream 

old ditch, upstream natural stream and downstream old ditch; and 

white sucker in the downstream new ditch and natural stream. 

Brook trout was the second most numerous fish species in. all 

the upstream study areas and third most numerous in the downstream 

natural stream, but it was among the less numerous fish species in 

the downstream ditches. The fish species contributing the greatest 

weight to the catches was brook trout m the upstream new ditch 

and natural stream, and white sucker m the. upstream old ditch and 

all the downstream study areas. Results and discussion for brook 

trout, white sucker and other fish species are presented as separate 

units. 

BROOK TROUT (Sal¥elinus fontinalis) 

Distribution and movement 

Brook trout in the Buena Vista Marsh were unevenly 

distributed seasonal migrants. My samples and Wisconsin Department 
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Table 2. TOTAL CATCH OF FISH SPECIES 
Upper number is total fish collected. Lower number is total weight (g). 
Total electrofishing effort in each upstream study area was one mark-recapture 
sample of three runs in 100 m and five mark-recapture samples of two runs 
in 200 m. Total electrofishing effort in each downstream study area was 
one mark-recapture sample of two runs in 200 m, one removal sample of three 
runs in 200 m and three removal samples of five runs in 200 m. 

Upstream Downstream 
new old new old 

ditch ditch natural ditch ditch natural 

American brook 
lamprey (.Larnpetra 131 16 
lamottei) 1,050 96 

brown trout 14 5 
(Salmo trutta) 2,545 508 

brook trout 
(Salvelinus 
fontinalis~ 

age 1+ 295 587 606 c· 12 75 ) 

15,202 20,980 22,628 392 1,098 7,005 

age 0 144 279 708 2 
1,164 1,458 J,457 3 

central mudminnow 73 169 309 568 10 
(Umbra limi) 584 1,289 1,858 3,030 19 

northern pike 3 1 3 
(Esox lucius) 5<)( 420 814 

northern redbelly J ') 246 348 713 '-
dace (Phoxinus ~) a a 418 497 992 

bluntnose minnow 
(Pime2hales 29 58 73 
notatus) )4 59 186 

fa the ad minnow 
( Fi:nephales 2 1 19 31 
promelas) a a 34 54 

aToo small to wel,c~h. 
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Table 2 (continued). TOTAL CATCH 
OF FISH SPECIES IN 200 m STUDY AREAS 

Upstream Downstream 
new old new old 

ditch ditch. natural ditch ditch natural 

Blacknose dace 
(Rhinichth;ys 11) 9? 122 109 150 14 
atratulus) 359 601 862 4.57 58) )8 

creek chub 
'Semotilus ll.j.. 43 16 10 1 
atromaculatus) 4] 142 144 ))4 42 

pearl dace 
(Semotilus 81 1,)79 J,754 ?01 )48 11 
margarita) 557 ),814 7. 378 2,86) 2,398 8 

common shiner 
(Notropis 2 2 
cornutus) 14 42 

white sucker 
(Catostomus 
comrnersoni) 

age 1+ 100 192 38 852 301 207 
14,476 32,764 ),693 108,744 39,626 35.442 

age 0 5 151 119 170 
5 326 256 391 

yellow bullhead 
(Ictalurus 1 1 
nata1is) 212 242 

brook stickleback 700 6) 392 80 221 
(Culaea inconstans) 976 9~· 626 77 246 

largemouth bass 
(Micropterus 1 
salmoides) 4 

bluegill (Lepomis 1 
macrochirus) 42 

fantail darter 
(Etheostoma 9 
flabeiiare} 22 
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Table 2 (continued). TOTAL CA11CH 
OF FISH SPECIES IN 200 m STUDY AREAS 

Upstream Downstream 
new old new old 

ditch ditch natural ditch ditch natural 

Johnny darter 
65 (Etheostoma 135 50 374 49 

nigrum) 290 105 87 536 65 

logperch (Percina 48 
ca12rodes) 496 

mottled sculpin 180 14 466 246 
(Cottus bairdi) 736 207 2,976 838 

Total number of 
species 9 11 12 ll 14 18 
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of Natural Resources stream surveys (unpublished) indicated a 

brook trout distribution that was arbitrarily divided into three zones. 

The headwaters zone contained age I+ trout but was best 

characterized by large numbers of young-of-the-year. Spawning 

occurred only in the headwaters where pea gravel was most 

abundant. An intermediate zone, including the upstream study 

areas, held the greatest number of catchable-size trout. Age 0 

trout entered this zone in their first summer ( T abies 3-5). The 

downstream zone, including the downstream study areas, held 

the largest trout, but they were few in number (Table 6). 

Recruitment into the downstream zone occurred overwinter. 

Movements of brook trout were similar to those reported 

by McFadden (1961); Hunt 0965) and Miller 0970) for brook 

trout in Lawrence Creek. Adult trout moved upstream to the 

spawning grounds in the autumn and downstream to deeper 

pools overwinter. Age 0 trout dispersed downstream from the 

spawning grounds during their first summer. Age 0 trout 

apparently followed the fall and winter movements of the adults. 

I observed age 0 trout on the spawning grounds displaying behavior 

similar to the sub-dominant age 1 males, and there was overwinter 

recruitment of all age classes to the study areas (Tables 3-6). 
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Table J. MEAN LENGTH, MEAN WEIGHT AND DENSITY OF 
BROOK TROUT IN THE UPSTREAM NEW DITCH STUDY AREA 

Ninety-five % confidence limits for mark-recapture population 
estimates indicated by±. Densities 6f year-classes 
represented by less than 15 fish reported as total catch/km. 
Standard deviations of length and weight in parentheses. 

June, 1974 
number examined 
mean length (mm) 
mean weight (g) 
density (no/kin) 

AU[\USt t 1974 
number examined 
mean length (mm) 
mean weight (g) 
density ( no/km) 

September, 1974 
number examined 
mean length (mm) 
mean weight (g) 
density (no/Jon) 

April, 1975a 
number examined 
mean length (mm) 
mean weight (g) 
density (no/km) 

July, 1975 
number examined 
mean length (mm) 
mean weight (g) 
density (no/Jon) 

September, 1975 
number examined 
mean length (mm) 
mean weight (g) 
density (no/km) 

1972 1973 1974 1975 
year-class year-class year-class year-class 

l 
241 
157 

5 

1 
254 
186 

5 

3 
263(4) 
131(17) 

J 

1 
320 
40l.J. 

1 

32 
155(J5) 

41(26) 
409±110 

J5 
169(21) 

62(23) 
178±8 

108 
196(15) 

72(22) 
211±55 

9 
223(13) 
115(17) 

9 

8 
2J5{1J) 
l5J(J1) 

8 

2 
66(1) 

2.5 
20 

47 
81(11) 
~~711.1) 
)40±146 

56 
99(12) 

11.8(5.4) 
J38±5. 9 

322 
1J0(17) 

26(12) 
1.})0±42 

356 
156(20) 
45(17) 

J96±18 

160 
180(24) 

67(23) 
180±14 

67 
67(10) 

3.4(0.6) 
96±25 

169 
98(13) 

8.5(1.6) 
399±40 

aOne 1971 year-class brook trout (250 mm, 172 g) was caught. 
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Table 4. MEAN LENGTH, MEAN WEIGHT AND DENSITY OF 
BROOK TROUT IN THE UPSTREAM OLD DITCH STUDY AREA 

Ninety-five % confidence limits for mark-recapture population 
estimates indicated by± • Densities of year-classes 
represented by less than 15 fish reported as total catch/km. 
Standard deviations of length and weight in parentheses. 

1972 1973 1974 1975 
year-class year-class year-class year-class 

June, 1974 
number examined 2 133 11 
mean length (mm) 219(6) 146(26} 55(6) 
mean weirnt (g) 97(7) 33(26) 2.2(0.4) 
density no/km) 20 2,504±407 110 

August, 1974 
number examined 4 97 143 
mean length (mm) 239(31) 152(21) 72(9) 
mean weirnt (g) 134 ( 27) 34(16) 4.1(0.9) 
density no/km) 20 541±49 1, 543±525 

.September, 1974 
number examined 2 CJ ) 117 
mean length (mm) 208(10) 153(16) 89(16) 
mean weirnt (g) 87(3) 39(15) 6.7().6) 
density no/km) 10 310±50 95E±74 

April, 1975 
number examined 4 257 651 1 
mean length (mm) 252(9) 181(20) 116(18) 25 
mean weirnt (g) 175(22) 65(24) 16(9) 
density no/km) 4 342±37 1,322±179 1 

July, 1975 
number examined 8 653 189 
mean length (mm) 251(22) 145(27) 62(9) 
mean we irn t (g) 179(53) 3Ld 21) 2.8(0.2) . 
density no/krn) 8 754±33 594(418-l,l10)a 

September, 1975 
number examined 4 316 156 
mean length (mm) 2)6(7) 165(22) 101(18) 
mean we irn t (g) 144(8) 52(22) 8.8(1.9) 
density no/km) 4 4)~_,±45 355±87 

a 
Poisson probability assumed due to low nwnber of recaptures. 
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Table 5. MEAN LENGTH, MEAN WEIGHT AND DENSITY OF 
BROOK TROU'I' IN THE UPSTREAM NATURAL STUDY AREA 

Nineth-five % confidence limits for mark-recapture population 
estimates indicated by±. Densities of year-classes 

· represented by less than 15 fish reported as total catch/kin. 
Standard deviations of length and weight in parentheses. 

1972 1971 1974 197i 
~ear~class ~ear-c a§s ~ear:..c1a§§ ~ear-c a§s 

June, 1974 
3 59 199 number examined 

. mean length ( mm) 219(6) 151(18) 61(6) 
mean weifh t (g) 97(7) 34(12) 1.7(0.5) 
density no/km) 30 717±145 3,996±1,016 

August, 1974 
number examined 6J 278 
mean length (mm) 54 81.(10) 
mean weirn t (g) 49(24) 5·9i0.9) 
density no/km) 366±54 1,723-173 

September, 1974 
number examined 16 120 
mean length (mm) 175(24) 96(13) 
mean weirnt (g) 53(24) 9.2(2.4) 
density no/km) 114±62 78 }±.123 

April, 1975 
number examined 130 508 
mean length (mm) 186(17) 121(19) 
mean weirn t (g) 65(21) 16(8) 
density no/km) 325±39 l' 5 39±209 

July, 1975 
number examined 9 4J3 150 
mean length (mm) 237(18) 155(22) 68(9) 
mean weirn t (g) 132(22) 39(20) 3.8(0.6) 
density no/km) 15 1' 223±71 508±160 

September, 1975 
number examined 4 201 137 
mean length (mm) 245(11) 164( 24) 90(12) 
mean weirnt (g) 144(37) 50(19) 7.5(1.9) 
density no/km) 7 469±22 311±50 
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Brook trout 

September, 

May, 1975 

July, 1975 

September, 

Table 6. DENSITY AND BIOMASS OF 
DOWNSTREAM BROOK TROUT AND WHITE SUCKER 

Ninety-five % confidence limits for removal 
population estimates indicated by±. 

1974 no trout 20±0 1.3 45±9 

25±0 1.5 15±0 0.9 10Qt84 

no trout no trout 100± 75 

1975 no trout 2]±15 2.9 30±8 

White sucker 

September, 1974 475±102 52.8 72±9 9.5 65±10 

May, 1975 2 '605±200315. 3 494±5 62.8 390±68 

July, 1975 540±40 72.2 415±5 46.4 221±35 

September, 1975 320±13 65.6 92±7 19.2 80±68 

White sucker frla 

September, 1974. none caug-.,ht 200 o.s 340 

May, 1975 705 1.5 155 o.s 95 

September, 1975 50 0.1 80 0.2 255 

a 
Catch per effort did not usually decline as required for 
removal estimates. Data reported as catch/km. 
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Production 

Production ts the product of two of the most important 

dynamic characteristics of a fish population, the number or weight 

of fish and the rate at which they are growing (Hunt, 1974). 

Estimates of annual production for upstream study areas expressed 

as kg/km/yr were 65.5 for natural stream, 72.2 for old ditch and 

28. 8 for new ditch (Table 1) • Production was lowest in the new 

ditch for all sample intervals except for age I trout in August

September, 1974. The most critical interval was obviously 

April-June. Springtime was the peak production period in all 

study areas. 

Differences m annual production were due to differences in 

density. The upstream new ditch held fewer trout than old ditch 

or natural stream in all samples. Nine of II estimates of 

year-class abundance were lowest in the upstream new ditch. 

Differences were significant at the 95% confidence level in 8 of 

the 9 cases (Fig. 2, Tables 3-5). Differences in growth had 

little effect on differences in production. In fact, growth was 

fastest in the new ditch (Fig. 3). Rapid growth was insufficient 

compensation for a lack of producing units. 

I do not feel that differences in population or production 

estimates were a result of sampling bias. No marked fish were 

released unless they were swimming actively. Dead trout 
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Table 7. MEAN l\'ION'fHLY BROOK TROUT PRODUCTION ( kg,/km/mo) a 
Buena Vista Marsh upstream study areas 

June- August- October April July-
July September -March -June September 

New ditch 
age 0 0.29 1.03 0.91 0.05 0.42 

·age 1 0.70 2.51 0.)2 2.62 2.11 
age 2 .k.i§. 

total 0.99 3.54 1.2) 4.25 2.5) 

Annual production (Octber, 1974-September, 1975) = 28 • 7 5 kg,/km 

Old ditch 
age 0 0.79 1.62 1.77 0.28 0.95 
age 1 0.76 1.06 1.42 6.23 3-57 
age 2 ~ 

total 2.93 2.68 3.19 1).16 4.53 

Annual production (October, 1974-September, 1975) = 72.15 kg,/km 

Natural 
age o 6.00 2.07 1.)2 0.)2 0.51 
age 1 4.06 0.48 0.44 10e59 3.10 
age 2 J.8o 

total 10.06 2.55 1.76 14.71 ).61 

Annual production (October, 1974-September, 1975) = 65.47 kg,/km 

aEstimate of production between samples divided by number of 
months in the interval. 
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observed while electrofishing bore no recent marks and, from 

their state of decomposition, had died before the sample period. 

Electrofishing checks 200 m above and below the study areas 

during April, 197 5, revealed no more than four marked fish which 

had left any study area between mark and recapture samples. All 

were within SO m of the study area and represented 2% or less of 

the total fish marked. 

Hunt (1974) doubted that more than 3 field estimates of 

population structure per year would have greatly improved 

estimates of annual production in Lawrence Creek, especially when 

these estimates were made at the beginning, middle and end of the 

April-September prime growth period. My estimates were computed 

from samples collected at similar intervals. 

Factors Controlling Brook Trout Density 

Brook trout density and annual production were related to 

abundance of year-round instream cover. Most trout were present 

where there was most permanent cover (Table 8). Permanent 

cover for age I+ trout included undercut banks, overhanging limbs, 

submergent logs and brush, and well-established stands of reed 

canary grass. Age 0 trout used the same cover, plus gravel 

beds and borders of submergent vegetation beds. Vegetative 

cover was ephemeral, and its area changed as vegetation grew. 
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Table 8. ABUNDANCE OF COVER IN 200 m STUDY AREAS (m2 ). 
Measured as features capable of concealing fish in water that 
was at least O.J m deep at midsummer low flow .(July, 1975). 

Permanent cover 

Undercut banks 

Overhanging limbs 

Submerged logs 
and brush 

Gravel 

Seasonal cover 

Overhanging grass 
and herbs 

Submerr:ed 
ver,etation 

'rotal catch of 
brook trout 

Upstream 
new old natural 

ditch ditch stream 

0 0 

0 25 

0 tr 

6 0 

)8 27 

84 tr 

295 

5 

18 

7 

100 

0 

26 

606 

35 

Downstream 
new old natural 

ditch ditch stream 

0 JJ 

0 0 

0 2 

0 0 

0 26 

1)40 72 

12 

0 

4 

39 

41 

0 

tr 

75 



Reed canary grass formed overhanging cover m the ditches. In 

the old ditch dense clumps of persistent rhizomes extended well 

into the channel and maintained pools and meanders overwinter. 

In new ditch stands of reed canary grass had not developed past 

the ditch banks. Blades of grass and emergent watercress 

formed protective overhangs in summer and early fall, but in 

winter and spring little cover remained. Trout density in the 

new ditch more closely approached densities in other study areas 

in September when vegetation area was maximum (Fig. 2). 

Vegetation was minimal in spring and densities were more 

divergent. 

Differences m brook trout populations among study areas in 

this investigation were similar to those before and after stream 

habitat improvement m other studies. Saunders and Smith ( 1962) 

reported that in the year following construction of artificial cover 

the standing crop of brook trout fingerlings was above average. 

Numbers of age I+ trout approximately doubled. The alterations 

had no noticeable effect on trout growth. Hunt (1971) found 

increases in brook trout biomass and production m a section of 

Lawrence Creek following habitat improvement. He attributed 

these increases to improved overwinter survival, which was 

limited by pool area and permanent bank cover. 

Wickham (1967) examined the physical microhabitat of brook 
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trout, i • e. , the exact location where the trout lived. Trout spent 

92-96% of the time in focal points (resting areas) representing less 

than 3% of total stream area, but closely associated with stream 

cover. Trout preferred shade to sunlight in all cases. Focal 

points were in areas of slow water near swifter currents. A 

trout could spend most of its time in the slow current while 

drifting food passed nearby in the faster current. Such areas 

included large rocks and submerged logs. 

Lewis ( 1969) felt that population density of trout in pools 

appeared to be determined by the physical environment, especially 

current velocity and available cover. Cover included brush, 

overhanging vegetation, undercut banks and shelves formed from 

clay, rock, tree roots and debris. Cover was most important for 

brown trout and current velocity most important for rainbow trout. 

Butler and Hawthorne ( 1968) rated brook trout intermediate to 

brown and rainbow trout in use of artificial shade cover. All 

species showed significant preference for large ( 0. 8 m2) cover 

.over small (0.09 m2) cover. Boussu (1954) found that 

0. 03-0.08 kg of trout biomass was gained or lost with each m2 

of cover added or removed. 

6 rook Trout In Downstream Study Areas 

Temperature as well as habitat regulated trout densities in 

downstream study areas. The downstream new ditch was fully 
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exposed to summer sunlight. Dense pondweed greatly reduced 

current velocity. Midsummer water temperatures in downstream 

ditches exceeded the 25 o C upper lethal limit (Altman and Dittmer, 

1966) for brook trout. Temperatures of 25° C or higher were 

recorded in the downstream ditches for 10 days in July and August, 

197 5. No temperatures below 25° C were recorded for 5 days 

in the downstream new ditch. The highest water temperature 

recorded in the downstream natural stream was 24.4° C. Natural 

stream was the only downstream study area in which brook trout 

were caught in all samples (Fig. 4) • Trees shaded 10 km of 

ditch and stream upstream from natural stream and moderated 

summer temperatures. Confluence of Ditches 3 and 4 upstream 

from natural stream also kept water temperatures lower; i.e. , 

water in Ditch 4 was 1-2 o C cooler than Ditch 3 in midsummer •. 

The downstream old ditch had permanent cover (Table 8) but 

warm water from the new ditch was a more serious limiting factor. 

The downstream new ditch had neither permanent cover nor 

tolerable water temperature. Trout were caught from the 

downstream new ditch in only one electrofishing sample. 

Brook trout in downstream study areas were the outlying 

fringe of Buena Vista trout populations. Densities never exceeded 

100/km and were usually much lower (Fig. 4 ) , but these trout 

were larger than trout of the same age in upstream study areas 
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(Tables 3-5 and 9). Biomass estimates were calculated but confidence 

intervals varied about 100% from point estimates because of small 

sample sizes. Biomass estimates reflected the same pattern as 

population estimates because mean weights were similar in all downstream 

study areas. 

Creel Survey 

Stream channelization in the Buena Vista Marsh depreciated part 

of a valuable sport fishery. The quality of fishing, measured as 

trout caught per hour, was estimated to be 1.03 in the upstream old 

ditch, 1.05 in the upstream natural stream and 0.26 in the upstream 

new ditch (Table 10). Total fishing pressure for 1975 was estimated 

to be 974 angler-hours. Throughout the season many anglers were 

observed on 1 km of Ditch 4 last dredged in 1967, 3 km of the upstream 

old ditch, and 5 km of the upstream natural stream. Most anglers were 

local residents who fished with worms. Opening day crowds aggregated 

along the downstream new ditch and near highway bridges where trout were 

stocked in previous years. Two hundred trout were stocked in 1975 

(Jack Zimmerman, Area Fish Manager, pers. comm. ). 

Stocked trout were adipose fin-clipped. I observed only two stocked 

trout in my samples. Angler interviews. indicated that most of the stocked 

trout were caught in the first few hours of the season. 

A recently dredged upstream portion of Ditch 4 was the only 
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Table 9. DOWNSTREAM BROOK TROUT AGE AND GROWTH 
Standard deviations of length and weight in parentheses. 
All samples from 200 m study areas. 

New ditch Old ditch Natural a 

1972 year-class 
September, 1974 

number examined 1 
length (mm) 232 
weight (g) 136 

1973 year-class 
August, 1974 

number examined 16 
mean length (mm) 180(18) 
mean weight (g) 65(23) 

September, 1974 
4 number examined 8 

mean length (mm) 188(28) 199(19) 
mean weight (g) 67( 25) 88(30) 

May, 1975 
number examined 2 2 8 
mean length ( mm) 211(29) 211(4) 250(14) 
mean weight (g) 101(44) 87(9) 173(56) 

July, 1975 
number examined 5 
mean length (mm) 244~22) 
mean weight (g) 183 57) 

September, 1975 
number examined 1 3 
mean length (mm) 289 262(23) 
mean weight (g) 280 248( 1)4) 

1974 year-class 
lVlay, 1975 

number examined 
15,(19) 

1 12 
mean length (mm) 170 154(19) 
mean weight (g) 36(11) 42 46(14) 

July, 1975 
number examined 9 
mean length (mm) 190(15) 
mean weight (g) 84(17) 

September, 1975 
number examined J J 
mean length (mm) 189(20) 202(1)) 
mean weight (g) 74(22) 94(20) 

a 
One 1975 year-class brook trout was captured from downstream 
natural stream. It measured 25 mm in May and 70 mm in July, 
1975. 
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Table 10. ANGLING IN THE BUENA VISTA MARSH DURING THE 
1975 TROUT SEASON . 

Standard deviations in parentheses. Ninety-five % 
confidence limits indica ted by± • 

Anglers Estimated angler-hours 
Progressive counts observed of fishing 

weekends am 19 91 weekends 513 ±406 
pm 25 217 

weekdays 4Zl!. J46 
weekdays am 25 69 

:QID JO _2E. total 974 ± 574 

totals 99 453 

Anglers Trout Mean len~th 
Trout caught 

per 
observed counted of troutmm} angler-hour 

Upstream 
new ditch 21 4 247(4) o. 26 ± 1.15 
ditch-4 73 67 189(26) 0.68±0.16 
old ditch 168 183 189(31) 1. OJ± 0.04 
natural 68 68 181(27) 1.05 ± o.oa 

Downstream 
all areas 123 29 211(36) o. 29 ± o. 31 

Anglers observed per progressive count 

J.Viay June July August SeQtember 

weekends 20.2 5.6 4.8 4.) 2.) 

weekdays 3.6 4.1 2.3 2.1 1.9 

Distance travelled by anglers (km) 

0-16 17-32 33-48 49-319 320+ 

numbers of 
anglers 

~ of anglers 

254 

56 

42 

31 

16 

4 

18 

4 

23 

5 



Table 10. (continued). ANGLING IN THE BUENA VISTA 
MARSH DURING THE 1975 TROUT SEASON 

Percent composition of an[~linr; methods, rounded to nearest 0. 5%. 

Spinner Fly Worm Other Total 

Approach 

bridge o.s J.O Jl.O 1.5 )6.0 

bank o.s 0.5 Jl.O J.5 )6.0 

waders .l.& .l.& .il!..Q o.o 28.0 

total 4.0 6.0 85.0 s.o 100.0 
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new ditch that provided good fishing. Most dredging operations had 

left loose spoil on the banks. Here the spoil was removed and 

spread on adjacent fields. This treatment left much of the bank 

vegetation untouched. The ditch was impounded in midsummer to 

hold water for irrigation. Impoundment increased siltation and 

accelerated growth of reed canary grass. Reed canary grass 

cover recovered rapidly. Preliminary electrofishing samples m 

June, 1974 revealed 266±68 age I+ trout in 100 m of the area 

dredged m 1967 (Fig. I area 7) and 367+54 trout in 100m of an 

adjacent area not dredged smce 1908 (Fig. I area 8}. These 

areas had a greater trout density than densities in my study areas 

and the part dredged in 1967 showed the most rapid recovery of 

a recently dredged ditch. Fifteen percent of the trout were legal 

size or larger. A good trout population and access from a ma.~or 

highway· attracted many anglers who enjoyed moderate success 

(Table 10) when the ditch was not impounded. 

The upstream new ditch had good access but attracted few 

anglers and angling success was poor. Only 5% of the anglers 

observed were fishing in the upstream new ditch. Only 4 creeled 
I 

trout were counted in this area, and I caught two of those myself. 

Trout were sparse in downstream study areas as were 

anglers after the May rush. Opening day crowds creeled few 

trout. Later in the season a few patient and skillful anglers 
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stalked the large downstream trout, but angler success remained 

low. 

WHITE SUCKER (Catostomus commersoni) 

Channelization improved habitat for white sucker. White 

sucker numbers and biomass were consistently highest 

in the downstream new ditch (Fig. 4, Table 6). The 

downstream old ditch held significantly more white sucker than the 

natural stream in 2 of 4 samples, but in 2 other samples there was 

no significant difference. Age 0 white sucker. were most abundant 

in the natural stream study area during their first summer but by 

the next spring they were most abundant in the new ditch. 

White sucker were seldom abundant in upstream study areas 

(Table 2). Lack of recaptures indicated that most were transient. 

The only upstream resident sucker encountered were in two 

samples of the old ditch in 1974. Populations were estimated at 

695±.130/km in August and 335+150/km in September. 

I found most white sucker in deep, silt-bottomed pools and in 

holes formed by the current flowing around fallen trees. Lewis 

( 1969) found white sucker most common in large pools with 

deep-slow water and extensive cover. Trautman 0957) rated 

the white sucker of all catostomids most tolerant to turbidity, 



siltation and pollutants. Sucker were probably most abundant m the 

downstream new ditch because the entire study area was one deep, 

silt-bottomed pool. No other study area was so silt-laden (Table I). 

Water depth provided. sufficient concealment during spring high flows. 

Dense pondweed gave abundant cover during low-flow periods. 

White sucker movements necessitated population estimation by 

the removal method in downstream study areas. Mark-recapture 

estimates were attempted in August, 19 7 4. Twenty-five sucker 

were marked in the old ditch on August 15 but on August 17 only 

7 were recaptured and an additional 25 fish were marked. Seven 

of the 57 sucker marked in old ditch appeared that afternoon in the 

new ditch sample. Extensive white sucker movement was also 

noted by Spoor and Schloemer 0938) and Coble 0967). 

The removal method allowed sucker population estimates, 

but it had several disadvantages. Removal estimates were much 

less reliable than mark-recapture estimates (Robson and Regier, 

1968). The underlying assumption of constant catch ability was 

difficult to maintain. Standard errors and population number were 

underestimated if catches from later removals were smaller than 

expected. Catches larger than expected from final removals 

overestimated population number and standard error. Attempts 

to catch all the sucker by increasing the number of removals from 

three to five met with little success. Removals also required 
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greater effort to yield smaller samples. Smaller samples prevented 

dividing catches into a9e or size classes. Confidence intervals for 

wh i te sucker biomass estimates~ 1 ike those for downstream brook 

trout, were wide. 

I doubt that white sucker competed with brook trout. I 

defined competition according to Milne (1961} as 11 the endeavor of 

two (or more) animals to gain some particular thing, or to 

gain the measure each wants from the supply of a thing when that 

supply is not sufficient for both (or all ) 11 • Competition 

probably results in 11 interacti ve segregation, 11 or the narrowing 

of a species• niche to a more specific share of the available 

resources (Nillson, 1967). Brook trout are diurnal and feed 

mainly on drift while white sucker are nocturnal and feed mainly 

on benthos. 

Interactive segre~ation may operate for space as well as 

food (Nilsson, 1967). Huntsman (1935} and Moyle (1975) described 

in detail habitat segregation amonq trout, sucker and other species. 

Agonistic interaction between species was minimized by spatial 

segregation. Li (1975) presented evidence that agonistic interaction 

between rainbow trout and rainbow trout was 47 times more intense 

than trout-sucker interaction. 

I agree with Moyle (1975) and Li (1975) that fish species 

disbtribution is primarily determined by environmental conditions. 
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Stream zones corresponding to sets of environmental parameters 

determine the range for each species. Where zones overlap 

interactive segregation permits coexistence. 

OTHER SPECIES 

Nineteen fish spectes were found. in the study areas in 

addition to brook trout and white sucker (Table 2). Only mottled 

sculpin ( Cottus bairdi) showed a distribution related to channel 

morphology. I found no mottled sculpin in the upstream new ditch 

and few sculpin in downstream new ditch (Table 11) • Mottled 

sculpin were caught in the upstream portion of an old ditch m my 

preliminary survey, but not m the upstream old ditch study area. 

found no clear explanation for the differences in abundance. 

attributed differences m species abundance to channelization 

only if catch per electrofishing effort exceeded 25 fish/100 m in 

any one sample and differences in catch among study areas were 

consistent. Central mudminnow (Umbra limi) , northern redbelly 

dace ( Phoxinus eos) , pearl dace ( S emotilus margarita) , Johnny 

darter ( Etheostoma niqrum) and brook stickleback ( Culaea 

inconstans) were sufficiently numerous but species abundance was 

not consistently related to channel morphometry. 

Thirteen of the 21 fish species caught in the study areas 

were not sufficiently numerous for evaluation of effects of 



Table 11. CATCHES OF MOTTLED SCULPIN 
Data are catch/100 m in a single electrofishing run. 
number is number of fish collected. Lower number is 
(g) collected. 

Upper 
weight 

June, 1974 

August, 1974 

September, 1974 

April-May, 1975 

July, 1975 

September, 1975 

Upstream 
new old 

ditch ditch natural 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

49 

4 
27 

6 
26 

10 
J2 

4 
6 

5 
46 

17 
46 

Downstream 
new old 

ditch ditch natural 

0 20 
140 

0 27 
24) 

1 4 
20 JO 

l 8 
6 70 

l J 
J2 11 

15 
66 

9 
47 

0 

4 
25 

10. 
21 



channelization. Small catches produced artifactual data. For example, 

American brook lamprey, brown trout and fantail darter were caught in an old 

ditch in my preliminary survey, but not in the old ditch study areas. 

Carp (Cyprinus carpio), rock bass (Ambloplites rupestris) and walleye 

(Stizostedion vitreum) were found in downstream reaches of the drainage 

ditches, but not in any study area. 
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Table 12. CATCHES OF BROOK TROUT IN THE 
UPSTREAM NEW DITCH STUDY AREA 

Data were used to compute mark-recapture population estimates 
_(Robson and Regier, 1968). One hundred meters of stream were 
sampled in June, 1974. 200 m in August and September, 1974, and 
1000 m in 1975. 

June, 1974 a 
number marked 
sampling mortality 
second catch 
number of recaptures 

August, 1974 
number marked 
sampling mortality 
second catch 
number of recaptures 

September, 197L~ 
number marked 
sampling mortality 
second catch 
number of recaptures 

April, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

July, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

September, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

1973 
year-class 

2.5 
0 

18 
11 

42 
1 

36 
26 

33 
0 

26 
24 

79 
4 

47 
22 

8 
0 
4 
3 

25 
0 

18 
11 

a k. d Two mar 1ng runs were rna e. 
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1974 
year-class 

0 
0 
2 
0 

34 
0 

26 
13 

45 
0 

33 
22 

1 "7 L~ 
{ j 

9 
236 
98 

292 
J 

237 
176 

136 
0 

98 
74 

1975 
year-class 

31 
3 

54 
18 

114 
0 

77 
22 



Table 13. ·CATCHES OF,BROOK TROUT IN THE 
UPS'rREAlVI OLD DITCH STUDY AREA 

Data were used to compute mark-recapture population estimates 
(Robson and Regier, 1968). One hundred meters of stream were 
sampled in June, 1974, 200 m in August and September, 1974, and 
1000 m in 1975. 

June, 1974 a 
number marked 
sampling mortality 
second catch 
number of recaptures 

Aur,ust, 1974 
number marked 
sampling mortality 
second catch 
number of recaptures 

September, 1974 
number marked 
sampling mortality 
second catch 
number of recaptures 

April, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

July, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

September, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

1973 
year-class 

112 
0 

J8 
17 

66 
7 

69 
45 

44 
0 

Jl 
22 

195 
0 

14Lt 
f)? c ... 

aTwo marking runs were made. 

59 

1974 
year-class 

4 
0 
3 
1 

59 
17 
84 
17 

33 
0 

60 
26 

434 
0 

32J 
106 

441 
89 

365 
242 

222 
0 

192 
98 

1975 
year-class 

22 
77 
94 

4 

78 
0 

100 
22 



Table 14. CATCHES OF BROOK TROUT IN THE 
UPSTREAlVI NATUHAL STUDY AREA 

Data were ~sed to compute mark-recapture population estimates 
(Robson and Regier, 1968), One hundred meters of stream were 
sampled in June, 1976, 200 m in August and September, 1974 and 
600 m in 1975. 

June, 1974 a 
number marked 
sampling mortality 
second catch 
number of recaptures 

Aue;ust, 1974 
number marked 
sampling mortality 
second catch 
number of recaptures 

September, 1974 
number marked 
samplinr, mortality' 
second catch 
number of recaptures 

April, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

July, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

September, 1975 
number marked 
sampling mortality 
second catch 
number of recaptures 

1973 
year-class 

53 
0 

23 
17 

47 
7 

)1 
22 

1) 
0 
7 
4 

129 
0 

80 
53 

aTwo marking runs were made. 

60 

1974 
year-class 

148 
0 

81 
)0 

94 
98 

1)9 
53 

86 
0 

71 
39 

508 
0 

269 
148 

410 
J6 

J54 
208 

201 
0 

199 
142 

1975 
year-class 

76 
26 
66 
18 

73 
7 

96 
J9 



Table 15. CATCHES OF BROOK TROUT IN THE 
DOWNSTREAM STUDY AREAS 

Data were used to compute population estimates by the removal 
method (Robson and Regier, 1968). Two hundred meters of stream 
were sampled. 

September, 1974 
new ditch 
old ditch 
natural 

May, 1975 
new ditch 
old ditch 
natural 

July, 1975 
new ditch 
old ditch 
natural 

September, 1975 
new ditch 
old ditch 
natural 

f1rst second third fourth flfth 
removal removal rem.oval removal removal 

0 
4 
6 

3 
2 
6 

0 
0 
7 

0 
2 
4 

61 

0 
0 
2 

2 
0 
5 

0 
0 
J 

0 
1 
1 

0 
1 
1 

0 
1 
4 

0 
0 
5 

0 
1 
0 

0 
0 
4 

0 
0 
0 

0 
0 
1 

0 
0 
0 

0 
0 
0 

0 
0 
0 



Table 16. CATCHES OF WHITE SUCKER IN THE 
DOWNSTREM~ 3TUDY AREAS 

Data were used to compute population estimates by the removal 
method (Robson and Regier, 1968). Two hundred meters of stream 
were sampled. 

first second third fourth fifth 
removal removal removal removal removal 

September, 1974 
new ditch 60 20 10 
old ditch 12 2 1 
natural 7 8 ) 

May, 1975 
new ditch 201 125 66 56 29 
old ditch 6) 15 2 1 0 
natural 19 12 5 3 2 

July, 1975 
new ditch )6 )4 14 9 3 
old ditch 59 19 J 2 0 
natural JJ 9 10 1 4 

September, 1975 
new ditch 39 15 5 2 2 
old ditch 12 4 2 0 0 
natural 5 3 2 2 0 
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Table 17. CATCHES OF ABUNDANT FISH SPECIES SHOwiNG 
NO CGNSIST !~NT PREFERENCE: FOR CHANNEL TYPE 

Data are catch/100 m in a single electrofishing run. Upper 
number is number of fish collected. Lower number is weight 
(g) collected. 

Upstream 
new old 

ditch ditch natural 

central mudminnow (Umbra limi) 

June, 1974 

August, 1974 

September, 1974 

April-May, 1975 

July, 1975 

September, 1975 

2 
a 

1 
15 

2, 
30 

9 
58 

3 
25 

2 
19 

19 
95 

18 
51 

12 25 
90 142 

7 24 
49 154 

2 3 
16 18 

4 12 
31 114 

9 4 
90 12 

northern redbe11y dace (Phoxinus ~) 

June, 1974 

August, 1974 

September, 1974 

April-May, 1975 

July, 1975 

September, 1975 

aToo small to weigh. 

1 
a 

0 

1 
a 

0 

0 

0 

0 

0 

1 
a. 

1 
a 

0 

0 
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1 
a 

18 
22 

32 
59 

2 
3 

9 
lB 

1 
3 

Downstream. 
new old 

ditch ditch natural 

0 70 
251 

0 20 
96 

0 11 
100 

0 16 
145 

0 2 

0 

1 
a 

14 
31 

7 
3 

53 
70 

27 

22 
46 

2 
10 

22 
58 

10 
22 

7 
5 

1 
3 

0 

0 

1 
6 

0 

0 

0 

0 

0 

0 



Table 17 (continued). CA'l'CHES CF ABUNDANT FISH SPECIES 
SHOWING NO CONSISTENT PREFERENCE FOR CHANNEL TYPE. 

Upstream 
new old 

ditch ditch natural 

pearl dace (Semotilus margarita) 

June, 1974 0 0 0 

August, 1974 1 98 264 
3 207 676 

September, 1974 1 225 166 
a 661 592 

April-May, 1975 6 2 43 
38 4 104 

July, 1975 4 16 141 
39 '70 186 

Septeaber, 1975 7 4 350 
59 11 2H7 

white sucker (Catostomus commert;oni) 

June, 1974 4 2 1 
352 160 14 

August, 1974 1 31 4 
33 6137 457 

September, 1974 0 12 1 
1310 55 

April, 1975 c· 4 2 0 

lh98 694 269 

July, 1975 1 1 1 
40 110 45 

September, 1975 3 1 0 
105 248 

aToo smal1 to weit'·h. 
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Downstream 
new old 

ditch ditch natural 

7 2 0 
35 8 

11j 0 0 
40 

52 24 0 
336 190 

2 20 0 
12 169 

13 25 1 
62 166 a 

Consistently most 
abundant in new 
ditch (Fig 4). 



Table 17 (continued). CA'rGJtES OF AbUNDANT FISH SPECIES 
SHOWING NO CONSISTENT PHEF.ERENCE FOR CHANNEL TYPE. 

< 

Upstream Downstream 
new old new I old 

ditch ditch natural ditch·· ditch natural 

brook stickleback (Culaea inconstans) 

June, 1974 2 10 6 
2 16 2 

August, 1974 4 3 26 0 4 0 
3 4 28 4 

September, 1974 112 2 39 1 15 0 
179 a 78 a 14 

April-May, 1975 3 1 3 2 2 0 
2 a 5 2 3 

July, 1975 7 1 20 0 1 0 
10 a 32 a 

September, 1975 47 0 4 2 -5 0 
48 14 5 5 

Johnny darter (Etheostoma ni~rum) 

June, 1974 2 0 8 
a 10 

August, 1974 4 0 7 1 14 3 
9 8 a 32 6 

September, 1974 14 0 4 0 36 2 
30 10 61 5 

April-May, 1975 2 0 1 5 1 0 
5 a 9 a 

July, 1975 5 0 1 0 14 1 
10 a 19 a 

September, 1975 11 0 2 2 2 4 
18 3 a- a 7 

aToo small to weigh. 
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