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ABSTRACT:

This 2-year study is a follow-up to 5 years of study in the 1980’s and completes
an 18-year study testing the hypothesis that removal of beaver dams and
maintenance of free-flowing conditions in a badly damaged brook trout stream
results in significant improvements in fish habitat, the fish community and the
sport fishery. More than 200 beaver dams were removed from 10 miles of the
No. Br. Pemebonwon River (Pemonee River) and 22 miles of its tributaries in the
winter of 1982-1983. A total of 546 beaver dams were removed by the end of
1986 and a free-flowing system was maintained through 2000. Physical,
chemical, biological, and sport fishery data were collected on the Pemonee River
and 7 of its tributaries in 1982, 1984, 1986 and 2000. In 1986, four years after
the initial dam removals, significant improvements in water temperatures, water
chemistries, and brook trout (Salvelinus fontinalis) populations occurred in the
smaller, higher gradient tributaries. Modest improvements in water temperatures
occurred on the larger, lower gradient main river, but declines in both the brook
trout population and sport fishery occurred.

In 2000, 18 years after removal of beaver dams, summer water temperatures in
the 7 tributaries to the Pemonee River were significantly cooler than in 1982.
Summer water temperatures in the Pemonee River were also cooler in 2000 than
in 1982 in spite of a warmer, dryer summer in 2000. Wild brook trout populations
in the 7 tributaries continued to increase since 1986 and were all significantly
greater in 2000 than populations observed in 1982. Wild brook trout populations
in the Pemonee River were also significantly greater in 2000 than in 1982,
Populations exceeded those present prior to dam removals by 67% in the spring
(417/mile vs 697/mile) and 24% in the fall (1,429/mile vs 1,778/mile).
Abundance of legal-size brook trout (> 7inches) increased 311% in the spring
(61/mile vs 251/mile) and 70% in the fall {220/mile vs 373/mile). Fishing pressure
and angler harvest in 2000 exceeded levels observed in 1982 by 13% and 33%,
respectively. Average size of brook trout creeled by anglers increased from 7.6
inches in 1982 to 8.9 inches in 2000. Abundance of intolerant fishes in the study
area (e.g. brook trout and mottled sculpin, Cottus bairdi) increased, while tolerant
fishes (e.g. central mudminnow Umbra limi, creek chub Semotilus atromaculatus,
blacknose dace Rhinichthys atratulus, and white sucker Catastomus commerso ni)
remained status quo or declined compared to 1982, Index of Biotic Integrity (IBI)
ratings for the Pemonee River and its tributaries were generally better in 2000
than in 1982 and verified improved environmental conditions and the development
of a healthier coldwater ecosystem following the removal of beaver dams. This
study quantitatively validates the removal of beaver and beaver dams as one of
Wisconsin’s most cost effective trout habitat management tools.



INTRODUCTION:

The long-term deleterious effects of beaver (Castor canadensis) impoundments on
salmonid habitat in low gradient trout streams of the Upper Midwest has long been
viewed as a serious threat to native brook trout (Salvelinus fontinalis) populations
(Knudsen 1962; Patterson 1951; Avery 1983). Although beaver ponds have been
found to benefit trout populations for an initial 2-4 years after creation (Salyer
1935; Hale and Jarvenpa 1950; Hale 1966), considerable evidence points to a
number of negative outcomes attributable to beaver impoundments as they age
and as their numbers increase on individual streams. Some of these negative
outcomes include: warming of water in summer; cooling of water in winter;
blockage of trout movement; reduction in trout spawning; reduced levels of
dissolved oxygen; a net decrease in insect fauna preferred by trout for food;
increased populations of non-trout fishes that compete with trout for food and
space; increased concentrations of avian and mammalian predators; and
deteriorated stream channel characteristics (Adams 1952; Hale and Jarvenpa
1950; Hale 1966; Patterson 1951; Reid 1952; Salyer 1935; Sprules 1941).

In the late 1970's and early 1980's, beaver dams on Wisconsin trout streams
reached unprecedented densities of > 1 per mile. Environmental changes
produced by these dams were substantially reducing trout stream carrying
capacities and the removal of beaver and beaver dams became a major fisheries
management effort. Although the assumption, “removing beaver dams results in
better trout streams”, is probably correct when dealing with low gradient (<15
ft/mile) streams typical of Wisconsin, only a few short-term studies (Avery 1992;
McRae and Edwards 1994, Stock and Schlosser 1991), have quantified the
effects of beaver dam removal on resident fish populations and/or their habitat.
The most comprehensive of these studies (and the precursdr to the present study)
was completed on the North Branch Pemebonwon River (Pemonee River)
watershed in northeastern Wisconsin (Avery 1992). Although water temperatures
declined and shifts in the macroinvertebrate community suggested improved water
quality, wild brook trout populations and the sport fishery in the Pemonee River
declined during the 4 years following removal of all beaver dams and maintenance
of free-flowing conditions. In 6 of 7 first order tributaries, however, wild brook
trout populations increased significantly in response to reduced water
temperatures, immigration from the Pemonee River, and increased natural
reproduction. Avery speculated that in the larger, lower gradient Pemonee River

that much longer than 4 years was needed for both the habitat and the wild brook
trout population to recover.

Other studies too suggest that a new environment suitable for trout may take
decades to develop following the removal of beaver dams. The return of woody
vegetation and the concomitant reestablishment of shade along streams is
inhibited by soggy, peaty soil, that is low in pH and dissolved oxygen and high in
Fe and toxic “swamp gases” (Moyle 1951; Hale 1966; Wilde, et al. 1950). Such



conditions permit the establishment of only sedges and marsh plants and can
delay a return to pre-impoundment conditions for many years.

Currently, the Wisconsin Department of Natural Resources (DNR) spends
approximately $1.25 million per year restoring and improving trout habitat using
Trout Stamp funds earmarked exlusively for trout stream habitat restoration.
Beaver control and beaver dam removal on targeted watersheds is an important
part of this program (13% of the funding). Although the practice of removing
beaver dams will probably continue as a major trout management tool, there are
currently no studies that quantitatively document the long-term response of fish
habitat, fish populations, and the sport fishery to the removal of beaver dams.

STUDY OBJECTIVE:

Test the hypothesis that removal of beaver dams and long-term maintenance of
free-flowing conditions in a badly damaged brook trout stream results in significant
improvements in fish habitat, the fish community and the sport fishery.

STUDY AREA:

The Pemonee River flows through northern Marinette County in northeastern _
Wisconsin. The river is 23.4 miles in length, averages 24.5 ft wide, has a gradient
of <0.3%, and a summer discharge of 14.3 cfs near the river mouth (Thuemler
and Heizer 1977). The study area included 9.8 miles of the Pemonee River from
U.S. Highway 141 upstream to a highline crossing above Ernst Road (Figure 1).
Also included were 7 tributaries with a total length of 17.9 miles. Additional

physical and chemical characteristics of the Pemonee River and its tributaries are
provided in Avery (1992).

STUDY DESIGN:

Since the initial removal of 219 beaver dams during the winter of 1982-1983 and
the subsequent removal of 327 dams through 1986, the Pemonee River study
area has been maintained in a free-flowing state by the DNR. Avery (1992)
studied the impacts of removing the beaver dams upon the physical/chemical
characteristics, brook trout populations, sport fishery, nontrout fishes, and
macroinvertebrate community during the first 4 years following beaver dam
removals. The 2000 study will duplicate prior sampling protocols at the same
locations within the watershed to quantify long-term changes (18 years) in
physical characteristics, the fish community, and the sport fishery. Previous data
collections made during 1982, 1983, 1984, and 1986 will provide the basis for
comparisons with the current study.

PROCEDURES AND PERFORMANCE ON SCHEDULED ACTIVITIES:



Activity 1 — Physical Characteristics

Beaver and beaver dam control - During October 1999, the Pemonee River study
area was walked to determine if any beaver dams were present. One recently
constructed beaver dam was located on the Pemonee River near the entrance of
Genrick and No Name creeks. No other evidence of beaver activity was observed.
All beaver and the beaver dam were removed within 48 hours by personnel from
the U.S. Department of the Interior’s Animal Plant and Health Inspection Service-
Animal Damage Control Unit (APHIS)' headquartered in Rhinelander, WI.

Ambient temperature and precipitation - Daily minimum and maximum air
temperatures and daily precipitation in 2000 were measured at the DNR Ranger
Station in Wausaukee, WI as part of routine operations. Wausaukee is located 25
miles south of the study area. Monthly print-outs of air temperature and
precipitation data in 2000 were acquired to compare with similar data from 1982
(before removal of beaver dams) as well as 1984 and 1986.

Summer (July/August) 2000 was warmer and dryer than summer 1882 (Tables 1-
*2). For the year, average maximum daily air temperatures for 9 of 11 comparable
months ranged from 0.5-7.7 C warmer in 2000 than in 1982. Summer
precipitation in 2000 was 2.8 inches less than in summer 1882 while annual
precipitation was down 5.0 inches. August 2000 was the dryest August observed
during any previous year of study. In addition, average maximum daily air

temperature in August 2000 was warmer than in any previous August studied
except 1984.

Winter (January-March) 2000 was also warmer and dryer than winter 1982
(Tables 1-2). Average maximum daily air temperatures in January, February, and
March 2000 ranged from 4.6-7.7 C warmer than comparable temperatures in
1982. Precipitation in winter 2000 was only 0.1 inch less than in 1982.

Water temperature - In late December 1999, continuous-recording water
temperature recorders were installed near the headwaters and near the mouth on
2 tributaries, near the mouth on 4 other tributaries, and at 4 sites on the Pemonee
River (Figure 1). Water temperatures were recorded at 1-hour intervals from 1
January through 2 November 2000. Mean weekly water temperatures at all 12
sites during 2000 were compared to similar data for 1982 (the year before
removal of beaver dams), 1984, and 1986.

Tributaries - Mean weekly water temperatures peaked during August 2000 at the
mouth of all 6 tributaries (Figures 2-7;Tables 3-8). High mean weekly summer
- temperatures ranged from 16.9 C in Genrick Creek to 14.4 C in Lost Creek. Mean

"The Wisconsin Department of Natural Resources began contracting with APHIS in

1988 to maintain the Pemonee River watershed and numerous other watersheds
free of beaver dams.



weekly temperatures in No Name, Ernst, Brown Spur, and Cooks & Bullets creeks
peaked at 15.2 C, 156.8 C, 15.9 C, and 15.6 C, respectively.

Mean weekly summer temperatures at the upstream sites on Brown Spur and No
Name creeks peaked at 16.3 C and 14.9 C, respectively, in 2000 and were 0.3 C
warmer and 0.3 C cooler than their downstream counterparts. Mean weekly
summer temperatures averaged essentially the same at both upstream and
downsteam sites on Brown Spur Creek (Table 8). Mean weekly summer

temperatures at the upper site on No Name Creek averaged 0.7 C cooler than the
downstream site.

Mean weekly winter temperatures at the mouth of the 6 tributaries ranged from O
C to 3.9 C from mid-January through March (Figures 2-7). The warmest tributary
was Lost Creek with mean weekly temperatures averaging 0.9 C. The coolest
tributary was No Name Creek with mean weekly temperatures averaging 0.4 C.
Mean weekly winter temperatures at the upstream sites on Brown Spur and No
Name creeks ranged from 0.1 C to 3.2 C. Average mean weekly winter
temperatures at the upper and lower sites on Brown Spur Creek were both 0.5 C.
Average mean weekly temperature at the upper site on No Name Creek was 0.4 C
warmer than at the downstream site.

In 2000, peak mean weekly summer water temperatures in the 6 tributaries
ranged from 1.4 C to 8.6 C cooler than in 1982, prior to removal of beaver dams
(Table 10). This occurred in spite of warmer summer air temperatures and 2.8
inches less summer rainfall than in 1982. Peak mean weekly summer water
temperatures in 2000 were also the coolest recorded since the removal of beaver
dams in 4 of the 6 tributaries. Peak mean weekly winter water temperatures in
2000 ranged from 2.1 C to 3.4 C warmer in 5 of the 6 tributaries than in 1982.
No comparisons were possible in 1 tributary. The winter (January thru March)
2000 was warmer than the same period in 1982 and corresponding precipitation
in both years was similar.

No. Br. Pemebonwon River - Mean weekly water temperatures at all 4 sites on the
Pemonee River peaked during the week of 2-8 August 2000 (Figures 8-11;Tables
11-14). High mean weekly temperatures ranged from 19.2 C at Ernst Road (the
uppermost site) to 18.3 C at both Barlow Lake Road and U.S. Hwy 141 {the
progressively lowermost sites). Coldest winter water temperatures occurred
during January through February when mean weekly temperatures hovered
between O C to 0.1 C at all 4 sites. Mean weekly temperatures at the 4 sites
warmed to between 4.4 C and 4.8 C by the end of March.

Water temperature changes following the removal of beaver dams in the winter of
1982-83 were more subtle on the Pemonee River than those observed on the.
smaller tributaries. They did, however, follow the same cooling trend in summer
and warming trend in winter. Peak mean weekly summer water temperatures at
the 4 sites in 2000 were 0.9 C to 1.4 C cooler than at corresponding sites in



1982, before removal of beaver dams (Table 15). This occurred even though
summer air temperatures were higher and precipitation less in 2000 than in 1982,
High mean weekly summer temperatures at the 4 sites in 2000 were also 0.5-1.8
C cooler than at comparable sites in 1986 and were 0.1-0.8 C cooler at 2 of the 4
sites (CTH “O” and US Hwy 141) than in 1984. Again, this occurred even though
summer rainfall in 2000 was less than in either 1984 or 1986 and average daily
maximum air temperature in August 2000 was higher than in either August 1984
or 1986. Peak mean weekly winter water temperatures at 3 of the 4 sites in
2000 were 3.0 C to 4.1 C warmer than at corresponding sites in 1982. No
comparisons were possible at the 1 site. Winter (January thru March) air
temperatures were warmer in 2000 than in 1982 and precipitation was similar.
However, | believe much of the increase in winter water temperatures observed in
both the main river and tributaries in 2000 was the result of removing the beaver
dams and impoundments. Beaver ponds and impounded river reaches dilute the
warmer groundwater sources (springs) and warmer baseflow river discharge during
winter which results in colder winter water temperatures.

Streamflow — Discharge of the Pemonee River was measured at the upper (Ernst
Rd. bridge) and lower (U.S. Hwy 141) boundaries of the study area on 24 July and
21 August 2000 (Figure 1). Discharge near the mouth of the 7 tributaries studied
was also measured on 24 July and 21 August 2000,

No. Br. Pemebonwon River - Discharge of the Pemonee River in July 2000 was
3.6 cfs and 5.6 cfs at the upper and lower boundaries of the study area,
respectively (Table 16). Streamflow at both sites was considerably less than
corresponding discharges measured in June 1983, 1984 or 1986. No discharge
measurements were taken in 1982. In August 2000, discharge at the upper and
lower sites was15.9 cfs and 21.0 cfs, respectively. Streamflow at both sites was
much greater than at corresponding sites in June 1983, 1984 or 1986.

Tributaries - Discharge of the tributaries in July 2000 ranged from too low to
measure in No Name Creek to 0.3 cfs in Brown Spur Creek (Table 16). Together,
the 7 tributaries contributed 0.9 cfs to the Pemonee River and comprised 45% of
the gain in river discharge within the study area. Discharge of the 7 tributaries
ranged from 0.1 cfs to 1.1 cfs in August and together contributed 2.9 cfs to the
Pemonee River. Total discharge of the tributaries comprised 57% of the gain in
river discharge within the study area. Generally, streamflows in the tributaries

during both July and August 2000 were below those observed in June/July 1982,
1983, 1984, and 1986.

Activity 2 — Fish Populations

No. Br. Pemebonwon River - A total of 1,513 brook trout were permanently
marked (LV finclip) at the DNR Lakewood Hatchery on 14 April 2000. A
permanent mark was given to permit subsequent identification from wild resident
brook trout after stocking. Lengths to the nearest 0.1 inch were recorded on 225



fish (15% sample). Average length of the sample was 7.6 inches. Equal numbers
by weight were stocked in the Pemonee River at Ernst Road, Cooks & Bullets
Road, and CTH “O" on 2 May 2000 (Figure 1). Average length and weight on the
stocking receipt was 8.0 inches and 95 grams (4.8/lb), respectively.

A total of 3,000 brook trout were permanently marked (A finclip) at the Niagra
Trout Rearing Pond on 12 May 2000. A permanent mark was given for reasons
mentioned previously. Lengths to the nearest 0.1 inch were recorded on 300 fish
(10% sample). Average length of the sample was 8.3 inches. Approximately
1,100 of the 3,000 brook trout were stocked in the Pemonee River study area on
24 May 2000. Ernst Road, CTH “O”, and a site off the road paralleling the river
below CTH “O" each received 200 trout while 500 trout were stocked off Cooks
& Bullets Road (Figure 1). Average length and weight on the stocking receipt was
8.8 inches and 130 grams (3.5/lb). The total number of brook trout stocked in the
Pemonee River study area has remained relatively the same throughout the study
period.

Mark and recapture electrofishing surveys were conducted in 7 stations on the
Pemonee River during spring and fall 2000 to estimate brook trout populations
(Figure 12). Stations 1, 2, 4, 5, and 6 were each 600 yd in length. Stations 3
and 7 were 1,009 yds and 766 yds in length, respectively. Electrofishing surveys
were made with a towed stream shocker boat equipped with 3 positive anodes, a
negative cathode of stainless steel covering the boat bottom, and a 230v DC
generator. Spring surveys were conducted during 17-20 April and 24-25 April.
Fall surveys were conducted during 2-5 October and 9-12 October. In the fall,
mark and recapture electrofishing surveys of all fishes were also made in a 100 yd
segment of stations 1, 2, 3, 4, and 6 to estimate the total fish community. Prior
to sampling, the upstream boundary of each 100 yd segment was blocked with a
% inch mesh nylon seine to prevent movement of fishes out of the reach being
sampled.

Fish population estimates (P.E.s) were made using the Bailey modification of the
Petersen mark and recapture formula (Ricker 1958). Population estimates of brook
trout in each station were made for fish <6 inches and > 6 inches and the two
estimates summed for a total P.E. Variance (S?) of both P.E.s were summed and
the 95% confidence interval (C.l.) for the total P.E. was determined as + 2 times
the square root of the summed S%s. Population estimates were apportioned to
inch groups based upon the total numbers of brook trout captured per inch group
on the first electrofishing survey plus unmarked fish captured per inch group on
the second electrofishing survey. In addition to P.E.s in the individual stations,
P.E.s In all 7 stations were summed for a total estimate in the 2.7 miles surveyed.
The 95% C.I. of this P.E. was determined as + 2 times the square root of the sum
of all individual S?s. In the fall, P.E.s in the upper 6 stations were summed for a
total estimate of brook trout in the 2.3 miles represented. Population estimates of
trout as well as non-trout fishes were compared to P.E.s made in the same
sampling stations in 1982, 1984, and 1986.



An Index of Biotic Integrity (IBl) is a multimetric index that rates the existing
structure, composition, and functional organization of the fish assemblage with
regional and habitat-specific expectations derived from comparable high-quality
ecosystems (Lyons et al. 1996). An IBI was computed for the 5 fish community
stations sampled during fall 2000 and compared with IBi’'s computed from data
gathered during 1982, 1984, and 1986.

Brook trout populations in the spring of 2000 ranged from 202/mile to -1,660/mile
in the 7 stations surveyed on the Pemonee River (Table 17). Fish over 6.0 inches
ranged from 156/mile to 431/mile. Overall abundance of brook trout in the 2.7
miles of river inventoried was 697/mile (Table 18). Abundance of legal-size trout
(>7 inches) was 251/mile.

In the fall of 2000, brook trout populations ranged from 540/mile to 3,279/mile in
the 7 stations inventoried (Table 17). Fish over 6.0 inches ranged from 387/mile
to 1,924/mile. Abundance of trout in the combined 2.7 mile reach inventoried
was 1,706/mile (Table 19). Legal-size trout {>7 inches) comprised 557/mile.

Wild brook trout populations declined initially in the Pemonee River following
removal of beaver dams but 18 years later (in 2000) populations were significantly
greater than before dam removals. The spring 2000 population of 697 wild
brook/mile represented a 67% increase over the population of 417/mile present in
spring 1982, before removal of beaver dams (Table 20; Figure 13). Sublegal
brook trout (<7 inches) increased 26% between 1982 and 2000 but the big gain
was in legal size brook trout (>7 inches). Legal size fish increased 305%), from
62/mile to 251/mile.

The fall 2000 population of 1,778 brook trout/mile was 24% greater than the fall
population of 1,429 brook trout/mile present in 1982 (Table 20; Figure 14). The
abundance of legal size brook trout (>7 inches) increased 138% between 1982
and 2000 and was responsible for the entire population gain.

The length frequency diagram comparing the fall 2000 population with the fall
1982 population (Figure 14) illustrates still another positive response to the
removal of beaver dams. A shift in the abundance of similar age fish to the right
indicates an increase in growth rates. Most age O (YOY) brook trout in fall 1982
were in the 3 inch and 4 inch groups while in fall 2000 most YOY were in the 4
and 5 inch groups. Average size of YOY brook trout in fall 1982 was 4.0 inches
while in 2000 average size of YOY was 4.5 inches. Most age | brook trout in
1982 were in the 5-7 inch groups while in 2000 most age | trout were in the 6-8
inch groups. For a species that seldom lives beyond their 3" birthday (at least in
WI), the increased growth rate translates to more and larger brook trout available
to the angler as age lI's (as fish >9 inches). The faster growth of brook trout in
2000 not only reflects improved water temperatures but also qualitative increases



in gravel substrates and aquatic insect life, particularly large stonefly (Pteronarcys
sp.) numphs, observed in the river. '

Mottled sculpin (Cottus bairdi), blacknose dace (Rhinichthys atratulus), brook
trout, and creek chub (Semotilus atromaculatus) were the 4 most abundant fishes
in the b fish community stations sampled in the Pemonee River in the fall 2000
(Table 21). Ten non-salmonid species were captured but only mottled sculpin and
blacknose dace were more numerous in the river than brook trout. Brook trout and
mottled sculpin are species intolerant to environmental degradation and severe
environmental conditions while blacknose dace, creek chub, central mudminnow
(Umbra limi), and white sucker (Catastomus commersoni) are tolerant species
(Lyons 1992). Brook trout and mottled sculpin, the two intolerant species,
comprised 64% of the fish community in the Pemonee River while the 4 tolerant
species comprised only 34%.

Although present in the fish community, brook trout captured in the fish
community stations in fall 1982 were not kept separate from brook trout captured
in the remainder of the trout sampling stations. Fall populations of non-saimonids
present before removal of beaver dams were therefore compared to non-salmonid
populations present in fall 1984, 1986, and 2000 to determine changes in the
fish community that may have resulted from the removal of the beaver dams.

Populations of mottled sculpin, an intolerant specie as well as a “trout indicator”
specie (Becker 1983), increased progressively following the removal of beaver
dams (Table 22). The fall 2000 population was more than 3 times the population
present in fall 1982. Mottled sculpins comprised 36% of the non-salmonid
community in 1982 and 58% of the community in 2000, 18 years after dam
removals. Four tolerant species (blacknose dace, creek chub, central mudminnow,
and white sucker) comprised 49% of the non-salmonid community in 1982 but
only 40% of the community in 2000. Blacknose dace was the only tolerant specie
that exhibited a substantial increase in numbers. This specie prefers cool
headwater streams with moderate to rapid water and has also been called a “trout
indicator” specie because it is such a common inhabitant of trout streams {Becker
1983). Abundance of creek chubs and central mudminnows both declined while
numbers of white suckers increased marginally. The common shiner (Luxilus
cornutus) was 1 of the 3 most common non-salmonids present before removal of
beaver dams but in 2000 was nearly absent from the river.

Fall IBl ratings for the 5 fish community stations sampled in 2000 were “Good” in
stations 1, 3, 4, and 6 and “Fair” in station 2 (Table 23). The IBl scores and
ratings were better overall than for the same stations in 1982 before removal of
beaver dams. The increase in intolerate fishes (e.g. brook trout and mottled
sculpin) as well as improved IBl’s in the Pemonee River in 2000 verifies that a
healthier coldwater ecosystem exists today than it did in 1982 before removal of
beaver dams.
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Tributaries — Either mark and recapture electrofishing surveys or 3 successive
removal electrofishing surveys were conducted in 14 stations (a-m, o) on 7
tributaries to the Pemonee River during 26-27 April and 15-16 May, 2000 to
estimate brook trout populations present (Figure 12). Similar electrofishing
surveys were conducted in 11 stations (c-f, h-m, o) on 6 tributaries to the
Pemonee River during 6-19 October. Stations a and b on Ernst Creek and station
g on Brown Spur Creek were not sampled in October because they were not
sampled in the fall 1982 before removal of beaver dams.

In most cases, two 12v battery operated, DC back-pack electrofishing units were
used concurrently to sample each of the fish community stations. In one or two
instances, however, one back pack unit was used on the first and/or the second
electrofishing runs. Station lengths ranged from 67-300 yd. Population estimates
were made following previously described protocols and using either the Bailey
modification of the Petersen mark and recapture formula or the multiple removal
technique developed by Zippin {(1958) and modified by Armour et al. (1883).
Confidence intervals (C.l.s) were determined as + 2 times the square root of the
variance (S?).

In October, either mark and recapture electrofishing surveys or 3-4 successive
removal electrofishing surveys of all fishes were made in sub-sections of 9 of the
11 trout stations (c-f, i-l, m) on 5 tributaries. These fish community stations
ranged from 33 yd to 67 yd in length. Population estimates of trout and non-trout
species were made using previously described techniques.

Ideally, the length of stream sampled to compute an IBl should be at least 35
times the mean stream width (Lyons 1992), although a reach as short as 18-20
times the mean width is usually adequate. The minimum length of stream sampled
should never be less than 109 yd (Lyons et al. 1996). Length of 5 of the 9 fish
community stations sampled in October 2000 exceeded 35 times their
corresponding mean stream width and all 9 stations exceeded 20 times their
corresponding mean stream widths. Although the minimum length requirement of
109 yd was not achieved, an IBl was nonetheless computed for all fish community
stations sampled in October.

Population estimates of brook trout made in tributaries during spring and fall 2000
were compared to similar P.E.s computed in the same sampling stations during
1982, 1984 and 1986. Population estimates of non-salmonid fishes as well as
IBlI’'s computed in the fish community stations sampled in October 2000 were also

compared to similar parameters computed in the same sampling stations in 1982,
1984, and 1986.

Brook trout were present in all 7 tributaries and in all 14 stations sampled during
spring 2000 (Table 24). Populations ranged from 9/mile in upper Genricks Creek
to 1,267/mile in lower Brown Spur Creek. Abundance of fish over 6.0 inches

ranged from none in 3 of the 14 stations to 235/mile in lower Brown Spur Creek.
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In the fall, brook trout were found in all 6 tributaries sampled and in 10 of 11
stations sampled. Brook trout populations ranged from none in upper Genrick
Creek to 1,924/mile in lower Brown Spur Creek. Fish over 6.0 inches ranged from
none in 2 of the 11 stations to 694/mile in lower Brown Spur Creek.

Both the distribution and abundance of brook trout in tributaries increased quickly
following the removal of beaver dams in the winter of 1982-1983. Brook trout
occurred in 4 of 7 tributaries and in only 4 of 12 stations sampled in spring 1982
(Table 25). Four years later, brook trout occurred in all 7 tributaries and in 11 of
12 stations inventoried in spring 1986. Abundance of brook trout increased
substantially in 8 of the 11 stations too. In fall 1982, just prior to dam removal,
brook trout were present in 4 of 6 tributaries sampled and in 5 of 9 stations
inventoried. In fall 1986, brook trout occurred in all 6 tributaries and in 8 of 9
stations sampled. Marked increases in abundance were present in all 8 stations.

Eighteen years after the removal of beaver dams, i.e. in 2000, continued increases
in both distribution and abundance of brook trout were evident in all 7 tributaries
to the Pemonee River. Brook trout were present in all 7 tributaries and in all 12
stations sampled in the spring and in all 6 tributaries and in 8 of 9 stations
sampled in the fall (Table 25). Trout populations in all 12 stations sampled in
spring 2000 were equal to or higher (in most cases substantially higher) than
populations last observed in spring of 1986. Similarly, brook trout populations in
the fall 2000 were equal to or higher (in most cases markedly higher) in 6 of 8
stations than when last sampled in fall 1986.

From 1 to 8 fish species were found in fish community stations sampled on b
tributaries of the Pemonee River during October 2000 (Table 26). Only brook
trout were present in Lost Creek, the most pristine tributary. From 3 to 8 species
were found in the remaining 4 tributaries with the highest diversity occurring in
Genrick Creek. Species captured on the first electrofishing pass and
corresponding IBI ratings in 9 fish community stations suggested ecosystem
qualities ranging from “poor” to “excellent” (Table 27).

Eight of the 9 fish community stations sampled in fall 2000 were also sampled in
1982 (before removal of beaver dams), 1984, and 1986 (Avery 1992).
Comparisons of the fish community in these 8 stations reveal a subtle change
from a composition dominated by “tolerant” species in 1982 to one more equally
represented by “tolerant” and “intolerant” species in 2000 (Table 28). “Tolerant”
and “intolerant” species comprised 51% and 16%, respectively, of the fish
community in 1982. In 2000 (18 years after dam removal), “tolerant” and
“intolerant” species comprised 37% and 24 %, respectively, of the fish
community. Northern redbelly dace (Phoxinus eos) was 1 of the 2 most common
non-salmonids present in the tributaries before removal of beaver dams but in
2000 it was an uncommon resident. This dace prefers the quiet waters of beaver
ponds and the quiet pool-like expansions of headwater streams (Becker 1983).
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Thus, its near absence in 2000 reflects the change in habitat in the tributaries
following the removal of beaver dams.

Additional insight into ecosystem changes following removal of beaver dams is
revealed by comparing IBl ratings in the individual fish community stations before
and after dam removals. In b of the 8 stations, IBl scores were higher in 2000
than in 1982 before removal of beaver dams (Table 29). Bl ratings in 2000 were
equal to or better in all eight stations than they were in 1982,

Activity 3 — Sport Fishery Investigations

A 40-hour per week creel survey throughout the 2000 trout fishing season (1%
Saturday in May thru September) was conducted in the Pemonee River study area.
Opening weekend was regarded as a separate entity and a complete survey was
conducted. For the remainder of the fishing season, the survey was stratified so
that 50% of the effort was exerted on weekend days and holidays and 50% was
exerted on weekdays. Vehicle counts were made at 2-hour intervals on each
census day at all access sites within the study area. Anglers were interviewed at
the completion of their fishing trip to determine catch and harvest statistics and
other demographic data. Specifics of the creel survey design and protocols used
to estimate fishing pressure and harvest are described in Avery (1992). Estimated
fishing pressure, harvest statistics, etc, gathered during 2000 are compared to
similar data gathered in 1982, 1984, and 1986.

Fishing pressure on the Pemonee River in 2000 was 102 hours/acre and 52% of it
occurred during the first month of the fishing season, i.e. May (Table 30). Anglers
harvested 300 brook trout/mile and 55% of it occurred in May. Approximately
58% of the season harvest consisted of wild brook trout with the remaining 42%
consisting of stocked fish.

Fishing pressure in 2000 represented a modest increase of 13% from 1982, the
year prior to removal of beaver dams (Table 31). Brook trout harvest increased
33%, from 226/mile in 1982 to 300/mile in 2000. Composition of the harvest
(wild trout vs domestic trout) was particularly significant. Anglers creeled
essentially the same number of domestic trout in 1982 and 2000 (122/mile vs
125/mile). However, angler harvest of wild brook trout increased from 104/mile in
1982 to 175/mile in 2000 and comprised all of the 33% increase in total harvest.

Age structure of wild brook trout creeled in 2000 included 71% age l's and 18%
age lllI's (Table 32). In 1982, age | fish comprised 50% of the harvest and age |l's
accounted for 40%. A change from a minimum legal size of 6 inches in the
1980’s to a minimum size of 7 inches beginning in 1990 may be partially
responsible for the increase in older fish in the harvest. However, the presence of
greater numbers of larger, older trout in 2000 as opposed to 1982 seems more
plausible given the significant increase in trout populations observed.
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Concurrent with the increase in older brook trout harvested in 2000 was a
substantial increase in the average size of trout creeled. In 1982, before removal
of beaver dams, creeled brook trout averaged 7.6 inches (Avery 1992). In 2000,
the average size of brook trout in the anglers creel was 8.9 inches. Approximately
26% of 230 anglers interviewed at the completion of their fishing trip in 2000
creeled the daily limit of 5 brook trout. In 1982, the daily bag limit was 10 fish
and only 3% of the completed anglers interviewed creeled their limit.

Average length of the fishing trip in 2000 was 2.4 hours. This was less than the
trip duration of 2.6 hours observed in both 1982 and 1986 and 2.8 hours
observed in 1986 (Avery 1992). Season catch rate averaged 2.5 trout/hour in
2000 while season harvest rate averaged 0.9 trout/hour. The catch rate in 2000
was almost double that observed in 1982 (1.3 trout/hr) while the harvest rate was
essentially the same (0.8 trout/hr in 1982). Anglers in 2000 were therefore able
to spend less time on the stream, catch more trout, and sort through and keep
much larger fish than they could in 1982 before removal of beaver dams. Put
another way, in 1982 anglers had to fish longer to catch fewer trout and were far
more likely to keep what they caught without sorting.

Anglers living within a 25-mile radius of the Pemonee River comprised 38% of the
angling clientle in 2000. Anglers living more than a 50-mile radius from the
stream comprised 42% of the angling clientle. The only perceptible change in
distance traveled to fish, compared to the 1980’s, was an increase in anglers
traveling 25-49 miles to fish (an avg. of 7% in the 80’s compared to 20% in
2000). Approximately 5% of all anglers in 2000 were male and 5% were
female. Anglers less than 16 years of age, between 16 years and 64 years, and
65 years or older comprised 15%, 81%, and 4%, respectively, of the angling
clientle in 2000. In the 1980’s, an average of 15% of the anglers were 65 years
or older; thus, a change to a younger angling clientle was evident in 2000. Of the
anglers interviewed in 2000 that used only 1 bait type, 74% used worms, 17%
used spinners, 8% used flies, and 1% used something else. Of 38 anglers that
used two or more bait types, worms was used by all. Both spinners and worms
were used 84% of the time. The only notable change in terminal tackle from the
1980’s was an increase in the use of spinnerbaits by anglers using only 1 bait
choice (avg. 4% in 80's to 17% in 2000).

DISCUSSION:

The removal of beaver dams on low gradient streams is viewed by some as doing
more harm than good (Evans 1948; Wilde, et al. 1950). Ecologists recognize that
ecotones' in landscapes are often critical in regulating nutrient and organic
transfers, biological productivity, and biological diversity (Forman and Godron
1986). Ecotones between beaver ponds and downstream areas exhibit potentially
high invertebrate and fish abundances (Schlosser and Ebel 1989) due to the effect
of beaver dams on organic retention and nutrient cycling (Naiman and Melillo
1984; Naiman et al. 1986) Johnston and Naiman 1987; Naiman et al 1988). Itis
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recognized by the Wisconsin DNR that the removal of beaver dams may suppress
biological productivity and diversity in order to focus management on maintaining
a specific resource (wild brook trout) and the biotic integrity of the coldwater
ecosystem which is highly valued by the general public.

This study is the culmination of one of the most exciting trout habitat
management success stories in Wisconsin and certainly validates the DNR's
expenditure of trout stamp money to remove beaver and beaver dams in selected
watersheds. It completes a rare, if not unique, long-term documentation of the
positive long term benefits of beaver and beaver dam removal in a low gradient,
coldwater ecosystem. Cost of this trout habitat management technique ranges
from $75/mile to $160/mile of trout stream restored. The removal of beaver and
beaver dams can not only be added to the list of proven habitat management
options in Wisconsin but also can take pre-eminence as one of the most cost-
effective trout management tools.
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Figure 1. No. Br. Pemebonwon River study area showing thermograph
locations (W main stream; @ tributaries) and brook trout stocking sites ( »).



S|BAID1Ul APJBBAA

N = O = O N O N O W = O N O N O
© o2 Y0P 2RO EN DR 2PN TR BB G R
O 0 0224500 ®»> > i sl T2 50T 200 L
® O .. & - o O o o
8§ 88 2 2 393 v §8§ £ 5522238338 82 2 oo 35 35
A N SN R T Iy S e A T Ay Y N S NN Y|
AN R
9§
o
— Ol 3
o
0]
=
o
—
el
-
- Sl @
o
L 0¢
S¢

‘(peoxoriq ST polad Jowwuns) SUWep I9Aeaq

JO [eaous (00OZ Pue ‘9861 Y861) Joye pue (7861) 210J0q Y921 IS0 JO yinow ay3 Je sormeroduwio] Jojem Apjeom uesly -z 2indrg



S|{eAIBlUl A|YaapA

N = O = O N O N O a W = o N O N O
© g 2 IO RO ERIEE22REELEE PR
U U 9O 22450600 >» > Jccc T2 5 220Nl
® ® ® O O ® ©® £ £ & & c € n @ o © © o
6 6 6 & <€ 89 89 v T 88 £ &£ 53 3 < << < ¥ ¥ 8 8 oo 3 3
I N Ny O T O Y S I I S N NNy S v Sy I S N i 'y
N ettt ST
- g
o
— Ol 3
ke]
@
Q
-+
c
-
L. Gl o
Q
— 02
14
010107/ AN 986l —--— P86 ----- Z86!1

"(pajerporIq st porrad Jowruns) SWep J9ABIQ

Jo eaowax (000Z PUB ‘9861 ‘V861) 0P pue (Z86]) 9J0Joq 9310 ISWIF JO yInour oy} je sarnjeroduro) J9jem Apjoam uesly "¢ oIngig



S{eA1alul Apjaopp

N = O = O S N O N O W = O N O N O
© T > YO 3RO ENSB PR OO0 DN
O O o225 0> > ¢ ¢ 22 35 020l d
o [ o O o o
8 833 2 2 ¢ 9388 &§8&c 56852 2 2%t 32y 5o 5 5
| N N R SR N R N R | | ________\I_.)__\I\_O
== - T e
- G
>
— Ol 3
o]
[4]
-
Q
~
oy
-
- Gl @
Qo
- 0¢
Y4
000C --oooereeeens 9861l —--— P86l ----- 861

.?.883&5 sT pouad JOWUINS) SWEp J9AR3] JO [PAOWA]
(000Z Pue ‘9861 ‘v861) JoYe. pue (786 1) 910J9q J99I)) SIO[Ng PUB SY0O0)) JO YINOW oy} & sasmeraduia) Ja7em Apeam uesjy ' 210311



SjeAJalUl ApPjaspA

ZLOLOLOZOZO ZLQLOLOZOZOZL
CITTYT L P 2P2PPRRPL22N 0rP 000N
§$ 99550098222l Ll FFs22323356§
0O 0 0 < < 89 8 T Vv 8 g £ £ 53 53 < < < 8 8 3 8 v o s 35
[ S O e ey oy A N S A S TS N SO O '
- G

o

— Ol 3

g

@

%)

~

c

-

— Gl @®

Q
- 0¢
174

“(pajeoriq ST poitad IowWIns) SWep JIABI( JO [RAOWAI
(0007 PUB ‘9861 ‘b861) JoWE pue (Z861) 210Jaq Y9910 Indg umoIg JO YInow Yy} 38 sermjelodwal Jajem A[oom uedy ¢ oIS



S|eAJalUl AB@a A

N =2 O = O N O N O W = O N O N O
R S B T IR S SR = R - < R - S B S
U U 0 2 2 5009 0 > P i Qo T 22 30 22 03T 0 C
® @® ® O O & O c Cc c o o © @D o o
6 o6 o6 2 2 89 9 v B e s &£ €55 2 28 2T 8 8w oo 3 3
N N NS SN S MR NN N | I A S AU NN N N I I N B o)
e ST T i e el
L g
o
©
D
=
=1
-~
c
L GlL @
o
- 0¢
G¢
0002 - 986l —--— P86l - ---- 861

"(pajesyoriq ST powurad JowwIns) sWep I9ABIQ JO

Jeaowal (000Z PUB ‘9861 ‘¥861) Joye pue (7861) 910J2q }99I) sweN ON JO yinour oy} Je sernjeroduial 1ojem APjoam uedy "9 aIndig



S|BAJBIULl APJBBAA

N w - O
B 22 IR LTI N -_RITOSN 280380888
' 0 ] ) & ms ..V 0 [ \ i (o)) N ws 1 ) ! ! n.U ...V 1 ] 1 [ 1 0
o veEzoo0eriliis5sssss285s
0 0 0 € < 2 8 B BT &€ 6 £ £ 5 53 « € < ¥ v 8 ® o o 3 3
1] | | ! | | ] I | | ] | | ] i | | | 1 ] | | | ] 0
===l o TS S f A
R E PP SR p—
\, \
W
\
N — m
\ .
//,, ....,.
ey Y,
[IEFINR YA
oy A —
Vo o
\ vat
| \/ L — Ol w
v Vo
- ~ S o
N 5
(S g
WL -
./,2 L g @
[V —
y 5
__
— 0¢
G¢
1010 T AR 9861 —--— P86l - --- z861

‘(paterjoriq st porrad Iowwns) suwep uo\éon

Jo reaowa1 (000Z PUB ‘9861 ‘P861) 19Pe pue (Z86) 210J9q H92I)) SYOLIUAD) mo yinouwr 9y} 38 mEESomES IoTem APjoom UBSJA " 2In3Iq



s|eAJalul APj@aapA

W = O N
B 5238329888 83mwm 2830003220308 8058 2
Covoz228800trr P8z 2258270
__ﬂllr
Saaoom.maannnmm.nnEEB.W.WuvauvaBae8
0O 0 0 < < 8 8 v v g g £ £ 3 3 < < < 8 %3 3 8 © o 3 o5
A N T ) Sl S S A I S I Y T T A O A N N AR N 0

(D) @aniesadwa )

G¢

(pa1930e1q ST poriad ISWWINS) SWRP J9ARS] JO [BAOWAI (0007

pue ‘9861 ‘v861) 19Ye pue (786 1) 9I0J9q I9ANRY UOMUOQIWJ "Ig "ON 9Y} U0 peoy suly 18 sarnjeraduid) 19jem APjoom Ued] g aindiy



S|eAalul Apesan

N = O = O N O N O W = O N O N O -
© G2 NY xR0 POON=2HLOPN S RYBW G S N
U U0 2Z 248069 0> >» i T T2 5 p 22 10md ol
® @ - o ® 0O o o
5§ 88 2 2 9953 85886§c 5522213885858 &55 5
| AR R NN RN NN SRR SR S | | _~h~___,_r__c
- G
o
— Ol 3
he)
12}
-5
o
—*
o
L g1 @
@)
L. 0¢
°T4

"(pa3exorIq ST polad JauwIns) SWep IoAB3q JO [RAOWAI (0007

pUe ‘9861 ‘v'861) J19Ye PuB (Z861) 910J2q JOATY UOMUOGIWJ "I "ON Y} U0 (), H1LD 18 seamjeroduual 1ojem A]Yoom UBSJN 6 9In31]



s[eAlalul Aplaapn

N = O = O N O N O o W = O N N O N -
572V P RO EN IR R PV DS N
[ | __- ._-_-
S e fEsoo8 il s5 s ik
O 0 0 < < 9 8 v v @ 8 € &£ 53 5 < < < ¥ v 8 8% o o s =
N R TN T T I S N NN N NN A RN NN T M SR (NN NN SN NN R A N N SR o
g
o
— 0Ol 3
©
@
-
273
—
c
=
. Gl ©
o
- 0¢
S¢C

"(pa3enoriq ST polad JoWWNS) SWEP J9ABS] JO [PAOWAI (00T PUR ‘9861
‘486 1) Joye pue (7861) 9I0Jq JOARY UOMUOGIWS “If "ON 2U} UO PEOY 93BT molleq je saInjeradura) Jojem A[oom uedjy ‘gl 2Indi]



S|eAlalUl APjaBpA

N = O = O L, o M ONO N o W =20, 5N O N O N -
cgcrfeelEEErcsEsSeEazEEhEN
[ |
eeaoommeannFFWWEBMVVDWupWMH%WW.
O 0 0 < < 8 8 © U a @ £ £ 3 3 € < < 8 ¥ 8 2 g o 3 5
I N SR A IO E S T B SN N N R M N SO Sy 0
‘.»\..,
! S
o
— 0Ol 3
©
[}
-
Q
r~
g
l Gl @
Q
— 0¢
LmN

‘(pa3eorl1q ST porrad IsWuns) SWep 19ABAq JO [eAOWI (0007 pue
‘9861 V861) oY pue (7861) 910Joq ISAR] UOMUOGIWIJ "I 'ON SU1 U0 [H] AMH 'S'(] 18 sainjerodwa] 1ojem A[eom ueafy ‘[ 21ng1g



Oehr\c,kég(‘;)f/_ ({)

BARLOW
_LMKE RD,

Figure 12. No. Br. Pemebonwon River study area showing fish sampling
stations { & main stream; @ tributaries).
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Table 1. Average maximum daily air temperatures (C)
from data recorded at the DNR Ranger Station in
Wausaukee, WI (summer months are shaded).

YEAR
Month 1982 1984 1986 2000
Jan -8.7 4.7 22 2.1
Feb -1.6 3.8 -1.6 1.8
Mar 3.0 1.4 6.6 10.7
Apr 12.1 15.2 17.0 12.6
May 236 19.7 23.5 21.7
Jun 223 26.3 252 24 .1
Jul »"
Aug 10
Sep 19.3 20.9 21.4 22.4
Oct 154 16.0 15.3 18.1
Nov 5.4 7.5 4.7 7.8
Dec * 0.1 0.9 53

* insufficient data

Table 2. Monthly and annual precipitation measured in
inches at the DNR Ranger Station in Wausaukee, WI
(summer months are shaded).

YEAR
Month 1982 1984 1986 2000
Jan 21 0.6 0.8 1.5
Feb 0.2 1.8 0.8 1.1
Mar 2.2 1.3 25 1.8
Apr 2.2 3.1 286 2.4
May 1.5 2.1 1.1 2.4
Jun _ 2 4.8 2 4.8
Jul s SO
Aug o - .
Sep 3.8 4 6.8
Oct 3.6 3.6 22 .
Nov 3.3 3 1.1 2.5
Dec 3 2.6 0.3 1.2

Totals 36 34.5 27.6 31




Table 3. Weekly mean water temperatures at the mouth
of Lost Creek during the summer before (July/August
1982) and during the 2nd, 4th, and 18th summers after
removal of beaver dams (week begins on date given;
highest temperatures shaded).

YEAR
Week 1982 1984 1986 2000
28-Jun 12 12.9
05-Jul 147 12.1
12-Jul . 14
18-Jul 13.6
26-Jul * 131
02-Aug * 13.7
09-Aug 12 A
16-Aug 13.4 *
23-Aug 10.7 13.2

* incomplete data



Table 4. Weekly mean water temperatures at the mouth
of Ernst Creek during the summer before (July/August
1982) and during the 2nd, 4th, and 18th summers after
removal of beaver dams (week begins on the date given;
highest temperatures are shaded).

YEARS

Week 1982 1984 1986 2000
28-Jun 16.6  16.1 15.2 14
05-Jul  § e 15 17.8 14.5
12-Jul 19 17.9 17.6 15.1
19-Jul 19 175 §

26-Jul 16.8

02-Aug 17.1

09-Aug 14.2

16-Aug 16

23-Aug 13.2

*incomplete data



Table 5. Mean weekly water temperatures at the mouth
of Cooks & Bullets Creek during the summer before
(July/August 1982) and during the 2nd, 4th, and 18th
summers after removal of beaver dams (week begins on
date given; highest temperatures are shaded).

YEAR
Week 1982 1984 1986 2000
28-Jun 15 14.1 * 13.7
05-Jul 18.4 12.1 * 14.1
12-Jul b
19-Jul
26-Jul
02-Aug .
09-Aug 13.7 13.9 13.7 15
16-Aug 15 * 136 ¢ det
23-Aug 11.7 13.5 11.3 13.1

* incomplete data



Table 6. Mean weekly water temperatures at the mouth
of Brown Spur Creek during the summer before (July/
August 1982) and during the 2nd, 4th, and 18th summers
after removal of beaver dams (week begins on date
given; highest temperatures are shaded).

YEAR

Week 1982 1984 1986 2000
28-Jun 17.3 16.7 17.5 14.5
05-Jul 19.2 15.8 20 15.1
12-Jul 18.7 18.4 19.9 15.6
19-Jul 17.9 14.9
26-Jul 17.5 17.1 : 14.5
02-Aug 17.8 18.1 16
09-Aug 15.3 16.9 15.7
16-Aug 16.9 17 ARG
23-Aug 13.1 14.1 13.6

*incomplete data



Table 7. Mean weekly water temperatures at the mouth
of No Name Creek during the summer before (July/August
1982) and during the 2nd, 4th, and 18th summers after
removal of beaver dams (week begins on date given;
highest temperatures are shaded).

YEAR
Week 1982 1984 1986 2000
28-Jun 20.3 16.9 16.7 13.5
05-Jul 221 16.2 18.5 141
12-Jul 22.4 18.9

19-Jul 23.8 18.4
26-Jul *

02-Aug o e
09-Aug 19 18.2
16-Aug 20.2 *
23-Aug 15.9 16.7

* incomplete data



Table 8. Mean weekly water temperatures at the mouth
of Genrick Creek during the summer before (July/August
1982) and during the 2nd, 4th, and 18th summers after
removal of beaver dams (week begins on date given;
highest temperatures are shaded).

YEAR

Week 1982 1984 1986 2000
28-Jun 18.2 17.8 15.4
o5-Jul | B4 168 20.4 16.1
12-Jul 16.5 19.7 20.4 16.6
19-Jul 16.3 192 ¢ 15.3
26-Jul * 18.5 19.7 15.1
02-Aug 14.4 197 188

09-Aug 11.6 8 169

16-Aug 13.2 * 17.7 16.5
23-Aug 7.7 18.8 15.1 14.4

* incomplete data
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Table 11. Mean weekly water temperatures at Ernst
Road on the Femonee River during the summer before
(July/August 1982) and during the 2nd, 4th, and 18th
summers after removal of beaver dams (week begins on
date given; highest teraperatures are shaded).

YEAR
Week 1982 1984 1986 - 2000
28-Jun 15.9 16.8 17.2
05-Jul 18.8 18
12-Jul 19.1 18.6
19-Jul 20 17
26-Jul 17.8 16.2
02-Aug - 17.7
08-Aug 14.6 .
16-Aug 16.8 * 15.9
23-Aug 12.3 17.2 13.1 18.8

* incomplete data



Table 12. Mean weekly water temperatures at C.T.H.

"Q" on the No. Br. Pemebonwon River during the summer
before {July/August 1982) and during the 2nd, 4th, and
18th summers after removal of beaver dams (week
begins on date given; highest temperatures are shaded).

YEAR

Week 1982 1984 1986 2000
28-Jun 16.4 171 16.1 16.4
05-Jul 186 15.7 18.5 17.4
12-Jul 18.5 17.6 17.9
18-dul 18 16.8
26-Jul 17.6 17.4 18.1 15.8
02-Aug 18 16.8

09-Aug 15.4 18.4 15.3 17.9
16-Aug 17.2 * 15.9 18.3
23-Aug 13.1 16.7 13.1 16.2

* incomplete data
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Table 14. Mean weekly water temperatures at U.S. Hwy
141 bridge on the No. Br. Pemebonwon River during the
summer before (July/August 1982) and during the 2nd,
4ih, and 18th summers after removal of beaver dams
{week begins on date given;highest temperatures are
shaded).

YEAR
Week 1982 1984 1986 2000
28-Jun 17.6 17.4 16.3
05-Jul 18.5 16.4 17.2
12-Jul 19 17.7
16-Jul 18.4 21 17.1
26-Jul * 18 19.7 15.9
02-Aug 191 18.3
08-Aug 16.2 19 16.9
16-Aug 18.2 * 17.2
23-Aug 13.6 17.3 14.7 15.8

“* incomplete data
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Table 20. Wild brook trout per mile in the No. Br. Pemebonwon River during spnng and fall (percent
gain 18 years after beaver dam removal is in parentheses).

SPRING FALL
Year Total <7 inches >7 inches Total <7 inches > 7 inches
1982 417 354 62 1,428 1,174 255
Dams removed
fwinter 1982-1883)
1984 590 547 43 940 821 119
1986 349 330 19 1,088 946 142
2000 697 446 251 1,778 1,170 - 608

(+67%)  (+26%)  (+305%) (+24%)  (+0%)  (+138%)




Table 21. Population estimates (with 95% confidence intervals) of fishes in five, 100-yard
fish comrmunity stations sampled in the No. Br. Pemebonwon River in October, 2000.

STATIONS

Species 1 2 3 4 TOTALS
Mottled sculpin 176449 50* 3954273 228+170 524+224 1,373
Blacknose dace 25+17 250184 1* 86+43 618
Brook trout 37+11 57+10 137+14 121+13 425
Creek chub 45+28 20+14 135+68 40412 250
Central mudminnow 2* 0 1* 51+24 58
White sucker 10+5 6* 0 10+4 27
Pearl dace : 3+0 0 D 24412 0 27
Commen shiner 1* Ch ] 0 0 4
Largemouth bass 1™ 0 1* 240 0 4
Black crappie 0 0 0 1* 0 1
Brook stickleback G 0 0 2 0 2

TOTALS 300 386 670 565 8 2,789

* total number captured; not a population estimate



Table 22, Non-salmonid populations in five, 100-yard fish community stations
in the No. Br. Pemebonwon River the year before (1982) and during the 2nd
{1984), 4th (1986) and 18th (2000) year after removal of all beaver dams.

Tolerance Year
Species . type* 1982 1984 1986 2000
Mottled sculpin 1 421 598 840 1,373
Blacknose dace T 53 358 349 - 618
Creek chub T 3g7 1,208 857 250
Central mudminnow T 88 707 48 58
White sucker T 18 32 16 27
Fearl dace O 16 21 . 27
Common shiner O 117 73 70 4
Brook stickleback O 45 211 - 21 2
No. redbelly dace &) 6 268 13
Brassy minnow ) 14 3
Largemouth bass 8] 1 4
Black crappie O 1
Fathead minnow or T 4 2
finescale dace - o . ‘ :
Totals , 1,166 3,484 2218 2,364

* Tolerance types from Lyons et al. {1986): tolerant (T); intolerant (1); other (O).
** Includes some No. redbelly dace,



Table 23. Fish species, number of fish captured, IBl score, and iBl rating in fish community stations sampled in the No, Br.
* Pemebcnwon River the fall before (1982) and the 4th (1986) and 18th fall (2000) after removal of all beaver dams.

1982 1986 2000
Total Bi 181 Total Bl 181 Total 1Bl B!
Station  Specles Number  Score Rating  Number  Score Rating  Number  Score Rating
1 Brook trout 7 7 27
Mottled sculpin .38 67 74
Creek chub 36 20 15
Blacknose dace & 9 10
Brook stickleback 5 1 0
MNo. redbelly dace 4 3 0
White sucker 0 ] [5]
Pearl dace 0 0 3
Central mudminnow 1 9 1
Common shiner 1 4 1
Largemouth bass i 0 o]
Total 99 &0 Good 126 50 Fair 137 60 Good
2 Brook frout 41 21 45
Blacknose dace 15 56 75
Brassy minnow 14 o] 0
Creek chub 10 28 10
Mottled sculpin 9 12 24
Pearl dace 8 0 0
White sucker 6 1 2
Commeon shiner 5 10 1
No, redbelly dace ¢} 1 0
Total 108 B0 Good 129 S0 Falr 157 50 Fair
3 Brook trout 20 38 113
Commeon shiner 55 5 0
Mottled sculpin 51 25 64
Creek chub 49* 62 57
Central mudminnow 13 5 1
Brook stickleback 7 3 0
White sucker 1 1 0
Blacknose dace 0 4 1
Largemouth bass 0 0 1
No. redbelly dace 0 1 . [
Total 196 30 Fair 144 60 Good 237 70 Good
4 Brook trout 35 57 a5
Mottled sculpin - 16 17 38
Central mudminnow 8 9 22
Commoen shiner 3 1 0
Brook stickleback 2 2 0
Blacknese dace 1 5 38
Pearl dace 1 0 14
Creek chub 1] 27 26
White sucker 0 1} 8
No. redbelly dace G 1 0
Largemouth bass 0 0 2
Black crappie 0 0 9
Total 66 80 Good 119 70 Good 244 60 Good
B Brook trout 13 27 48
Mottled sculpin 8 20 118
Blacknose dace 1 7 140
Central mudminnow 1 1 3
Unident 1 0 o)
Brook stickdeback 0 4 0
Craek chub v} 17 5
White sucker 0. 2 0
Commeon shiner 0 3 1]
Total 24 *"Very Poor 81 [3¢] Good 314 60 Good

* Includes some No. redbelly dace.

** Lyons, et al. (1996) advises notto calculate the IB! if fewer than 25 individuals are captured, and instead to tentatively set the
rating at "very poor* pending additional biomonitoring.
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Table 27. Fish species, numbers of fish captured, |1B| scores, and 1B ratings
in stations sampled on tributaries to the No. Br. Pemebonwon River - Octaber

2000
Number 181 1Bl
Creek Station  Species Captured  Score Rating
Lost c Brook frout 20
Total 20 90 Excellent*
cC&B d Brook trout 13
Cenfral mudminnow 5
Creek chub 3
Pearl dace 1
Total 22 60 Good*
m Brook trout 42
Central mudminnow 11
Creek chub 5
Total 58 60 Good
e Brook frout 41
Central mudminnow 7
Creek chub 26
Blacknose dace 1
Pearl dace 2
Total 77 &0 Good
E. Cataline f Brook trout 1
Central mudminnow 11
Creek chub 1
Largemouth bass 1
Total 14 3¢ Fair*
No Name i Brook frout 4
Total 4 90 Excellent*
j Brook trout 32
Central mudminnow 3
Mottled sculpin 2
Total 37 90 Excellent
Genrick k Contral mudminnow 2
Creek chub 3
Biacknose dace 2
Pearl dace 2
N. redbelly dace 4
Brook stickleback 15
Total 28 10 Poor
| Brook trout ] 21
Central mudminnow 7
Creek chub i2
Blacknose dace 13
Mottled sculpin 2
Total 55 Fair

50

* Lyons, et al. {1998) suggests listing the IBl as "very poor" when less than 25
fish are callected (pending additional biomonitoring). These 1Bl ratings are
based on fewer than 25 fish but in such small streams are considerad more
appropriate than 2 "very poor' rating.



Table 28. Fish populations in 8 fish community stations in 5 iributaries to the
No. Br. Pemebonwon River the year before (1982), and during the 2nd (1884),
4th (1986), and 18th (2000) years afier removal of all beaver dams.

Tolerance Year

Species type* 1982 1984 1886 2000
Brook trout |
Central mudminnow T 86 124 50 126
Creek chub T 237 38T+ 489 87
Blacknose dace T 30 223 154 50
Brook stickleback . O 70 631 145 34
Pearl dace , o 28+ 13 16 22
No. redbelly dace O 135 432 227 10
Mottled sculpin | 3 -13 0 7
Largemouth bass O 0 0 0 1
Brassy minnow @) 2 26 10 0
Fathead minnow T 1 28+ 1 0
Common shiner O 0 - 17 458 0
White sucker T 0 2 23 0
Finescale dace O 0 0+ 1 0

Totals 592 1,896 1,575 546

* Tolerance types from Lyons et al. (19686); tolerant (T); intolerant (I); other {O).
** |Includes a few pearl dace,
** Includes a few fathead minnows and finescale dace.



"Ysy GZ Uey) $s3| 5] aZ)s a|dwies Usym {g66]) '|B 18 SUsAT Aq papuauItiodsl
Buser Jood Adaa, sy} uey) 21eudoidde siolt paiapIsu0d SI NG sl §Z UBY) Jame] Uo paseq s| Sunel 14| siyl

g4 L._mn_ g_mm 1004 1004 - =i HOOQ dmczmm 181
0S o€ 0s 04 ol - 0E ol 21003 |8
8§ egl o5l It 8z 0 £VZ 82 paimydes ysidq

000Z 9861 7861 za6l 000Z g86L va61 Z86l Jea,

uoheIS

328l Holluag) wealls

t._w__woxm_ 1ed liedq 1004 #1U2(|80X3 004 1004 1004 mcr.wm 181
0oL 0€ or oL 086 ol 0g 0L 81098 4|
€ Z9 59 05 e vl X 1 painides ysi4

0002 9861 ¥861 z861 0002 9861 vasl Z961 lea )

uoneIs

xmm._O mEmZ OZ Emwbw
e e Jed Jed ‘buney |19

oe oF 0s 0s 21008 |g)

wl 8. ra Sl painideD ysi

0002 0861 re6lL Z861 o

uoljels

¥88lQ aui|e}e) 1seg weaig

L) Jed e pooD poog) poOD Jled 1004 buney 18|
08 0S ov 08 09 08 op ol 81008 g
8/ A2 £01 vl zz 54 LS 5z painide ysig

0oz 0881 961 Z86L 000Z 0861 va6l zZ86l leap

uonels

xmmLU muw__zm U_.._m SY00)D wealg
JUa|poXg uslleoxg  died «P00E) buey 19

06 08 ob 08 aloog |gl

oz 5¢ b 8l peinyde ysi4

0002 o861 a6l Z961 lea )

uoiels

LEERe] umOJ wealnsg

"000Z PUE ‘9861 ‘861 '286) - tiey Bulinp
18A]Y Uomuogslad g "ON 8V} 0} $eUEINqU} G Uc pa|dwes suoljels g ul sBulyes jg) pue ‘ssioos |g| ‘peinides ysi4 67 siqel



Table 30. Characteristics of the 2000 trout sport fishery on the No. Br. Pemebcnwoen River.

Angler Catch Harvest Brook Trout Harvest
Month Hours per hour per hour Wild Domestic  Total
May: Opening Wkend 349 2.4 1.3 275 168 443
Remain. Wkends/holidays 649 1.5 0.7 615* 572* 453
Whkdays 532 3.1 14 734
June: Wkends/holidays 232 2.8 6.7 236* 291* 171
Wkdays 247 26 14 356
July: Wkends/holidays 107 1.6 0.6 77 72* 68
Whkdays 192 2.3 0.4 81
Aug : Wkends/holidays 108 4.3 0.9 123* 41* 96
Whkdays - 138 1.7 0.5 58
Sep : Wkends/holidays 60 25 0
Wkdays 317 2.9 1.5 390 83 473
Totals 2,831 1,716 1,227 2,943
Season Avg. 2.5 08
Hours/acre 102
Harvest/mile 175 125 300

* Indicates combined harvest for wkend/holidays and wkdays.




Table 31. Estimated fishing pressure (hrfacre) and brook
trout harvest (no/mile) on the No. Br. Pemebonwon River
before and after removal of beaver dams in the winter of
1982-1983.

YEAR
1682 1984 1086 2000
Pressure: a0 a8 47 102
Harvest:
Wild 104 101 4 175
Domestic 122 171 100 125

Totals 226 272 104 300




b 8l [y 6 G/ ¥4 ] 65 ot L> oL 4 0% HECIOEEEES
- - 0S 05 of 09 - £l 18 - - ZZ 8l 1aquiaidegs
- S G 0% - - - - 00% - 8 0z ZL 1snbny
- Z 6. L - - - Gz g/ - Ll 6% by Anp
A L 08 G - - - ov 09 - Zz 0z 8/ aunp
A x4 1L L 00} - Z 28 - Zz gl a9 gl Aepy
Al (I I [ Il _ Il I Al 11l I { YIuow
0002 9861 7961 Z861

000Z PUB ‘986 ‘P61 '286} aU} BuLND JBAIY uoMUOgaWa ] g

‘suoseas Bujysy

"ON 9Y} WoJ) INoJ} Yooiq pjim pajsaatey Je|Bue jo uolisoduwos abe usdiad "Z¢ 8iqel





