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This paper summarizes the hypothetical effects of bag, season, and size 

limits on the harvest of panfish, northern pike, and largemouth bass in 
Murphy Flowage, Wisconsin. Complete angler records were obtained 

through a compulsory registration-type creel census for 15 years. There 

were no bag, season, or size limits in effect at any time during the study. 

The hypothetical reduction in harvest with various regulations was calcu- 

lated from detailed harvest records. 
The present bag limits in effect in most of Wisconsin would have had 

little effect on the observed harvest in Murphy Flowage. A 50-fish daily 

bag limit on panfish in aggregate would have reduced the observed harvest 

2.9% in summer and 13.8% in winter. A 5-fish daily bag on gamefish would 
have reduced the northern pike harvest 0.5% in summer and 1.5% in win- 

ter, while the harvest of largemouth bass:-would have been reduced 2.5% in 
summer, with no effect in winter. 

A year-round open season would have had very little effect on the har- 
vest. A maximum of 7% of the northern pike and 4% of the largemouth bass 

were taken during the normal closed season, 1 March to the Ist Saturday 

of May. A later opening date could have a marked effect on the harvest, 

especially on largemouth bass since 50% of the annual harvest was taken 

by the end of June. 
Size limits alone or in combination with later opening dates had the most 

potential for reducing the observed harvest. An 18-inch limit on northern 

pike would have reduced the harvest 22% and a 10-inch limit on 

largemouth bass would have reduced bass harvest 27%. A slot-length limit 
of 18-22 inches on northern pike would have reduced the harvest 40% while 

a 12- to 15-inch limit on largemouth bass would have reduced bass harvest 
30%. 

Some important considerations in the use of length limits are: (1) the 
possibility of losses of the protected sizes due to hooking mortality, 

(2) possible alteration of the sex ratio of northern pike populations, 

(3) lack of control of forage species by bass if their preferred diet of cray- 
fish is abundant, and (4) the possibility of reduced growth rates. 

Other in-depth exploitation and mortality studies in Murphy Flowage 
have shown that the difference in total mortality with fishing and without 
fishing is relatively small. Therefore, it was concluded that liberalized 

regulations within the range of fishing pressure and exploitation experi- 
enced in Murphy Flowage were not a detriment to the fish populations, and 

that the hypothetical results of various regulations closely approximated 
those that would have been obtained with normal regulations.
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ES 

Fishing regulations have been a tool in different years and locations. and size limits on the harvest of 
for the management of fish popula- In more recent years (1978-81) , due panfish, northern pike, and 
tions in Wisconsin lakes since the to increased angling pressure and find- largemouth bass in Murphy Flowage, 
1850’s and during this time numerous ings on the effects of angling on fish Wisconsin. There were no actual limits 
regulation changes have been made (J. — populations in other regions of the in effect except hours of fishing and 
Klingbiel, Wis. Dep. Nat. Resour., un- country, there has been a renewed in- methods of capture (hook and line). 
publ.). In the 1950’s regulations were terest in more restrictive regulations in Proforma recast of data is used to sim- 
relaxed. Most length limits were Wisconsin. There is concern that some ulate outcomes under potential 
dropped and seasons were extended, over-fishing is occurring and that an- regulations. 
while in the 1960’s and early 1970’s gling quality is declining. This re- Considerable information covering 
some length limits were re-established newed interest has prompted a more results from the Murphy Flowage 
in several counties. Bag limits for detailed analysis of results from Mur- studies has been published (Churchill 
game fish have remained quite stable phy Flowage where there was a com- and Snow 1964, Johnson 1969, Snow 
— 5 fish/day for northern pike and pulsory creel census with liberalized 1972, Beard 1973, Snow 1974, Snow 
largemouth bass since 1949. Bag limits regulations for 15 years (1955-69) . 19786) including a detailed report on 
for panfish have varied from 25 of each This paper summarizes the hypo- the harvest (Snow 1978a). 
species, to 50 in aggregate, to no limit, thetical effects of various bag, season, 

Murphy Flowage was* located in The average annual alkalinity was mass of panfish. Other panfish present 
northwestern Wisconsin in the head- 37 ppm and the mean annual flow at were black crappie, Pomoxis 
waters region of the Red Cedar River, a the outlet was 18 cfs. Beard (1973) nigromaculatus (Lesueur) ; pumpkin- 
tributary of the Chippewa and Missis- found 24 species of aquatic plants seed, Lepomis gibbosus (Linnaeus); 
sippi rivers. The flowage, which was present in Murphy Flowage in 1967. rock bass, Ambloplites rupestris 
formed in 1937 by impoundment of Potamogeton robbinsii was the most (Rafinesque); yellow perch, Perca 
Hemlock Creek, a trout stream, had an abundant species and covered an area flavescens (Mitchill) ; and brown bull- 
elevation of 1,258 ft and was located of approximately 104 acres. Other head, Ictalurus nebulosus (Lesueur). 

within a hilly, rocky region known as common species in order of decreasing The white sucker, Catostomus com- 

the Barron Hills. Maximum depth of abundance were Nuphar spp., Myri- mersonit (Lacepede); the tadpole 
Murphy Flowage was 14 ft, and over ophyllum spp., Ceratophyllum demer- madtom, Noturus gyrinus (Mitchill) ; 

70% was less than 10 ft in depth. The sum, and Potamogeton amplifolius. A and several species of minnows were 

180-acre flowage had a volume of 874 large percentage of the total area was present in limited numbers. Muskel- 

acre-ft of water and approximately covered by dense aquatic vegetation. lunge, Esox masquinongy Mitchill, 
7 miles of irregular shoreline (Fig. 1). The estimated total annual biomass had been stocked but were not numer- 

of fish at Murphy Flowage approxi- ous. The estimated game fish biomass 
*The dam impounding Murphy Flowage on mated 325 Ib/acre (25 Ib of game fish was comprised of about 65% northern 
Hemlock Creek washed out on 31 May and 300 lb of panfish). The bluegill, pike, Esox lucius Linnaeus, and 35% 
1970, hence the use of past tense to de- Lepomis macrochirus Rafinesque, largemouth bass, Micropterus sal- 

2 scribe the study area. comprised about 80% of the total bio- moides (Lacepede).
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FIGURE 1. Contour map of Murphy Flowage, Wisconsin. | 

The long-term nature of this study to a range of 40.6-56.2 hours/acre 1978a). In years when ice conditions 
makes it possible to compare various (1965-69). The 224% variation in were good, the winter hourly catch rate 
fishing regulations over a wide range of pressure which occurred can be attrib- made the annual catch rate higher 
conditions. Fishing pressure, harvest, uted in part to: (1) a decline in fish- than in years when ice conditions were 
and fishing quality have displayed con- ing quality resulting from the removal bad. The winter catch rate varied from 
siderable annual and seasonal varia- program and from the declining 1.8 to 8.5 fish/hour, while summer 
tion throughout the 15-year study. growth and increasing abundance of catch rates ranged from 1.20 to 1.96. 

Aside from the Ist year of the study the major panfish species, and (2) an The total 15-year harvest by anglers 
when fishing pressure was light, the intentional decline in publicity after was 373,520 fish, which, on an annual 
pattern of fishing pressure fell into 3 1960. basis, amounted to 138.3 fish weighing 
groups (Table 1). From 1956 to 1959, The annual catch rate for all species 30.5 Ib/acre (Table 1). The average 
fishing pressure was over 100 hours/ combined averaged 1.88 fish/hour and annual percentage composition (by 
acre. During and after a panfish re- varied from a high of 3.28 to a low of species) of the numbers of fish caught 
moval program in 1960 and 1961, the 1.25 (Table 1). This extreme annual was: bluegill 83.5, black crappie 4.4, 
pressure fell within a range of 60.2-74.9 variation was related in part to changes yellow perch 3.9, northern pike 2.1, 
hours/acre (1960-64). The 2nd year in the density of fish populations, but rock bass 2.2, pumpkinseed 1.9, 
after northern pike stocking in Decem- was attributed largely to seasonal vari- largemouth bass 1.9, brown bullhead 
ber 1963, the pressure declined further ation in fishing pressure (Snow 0.1, and muskellunge 0.01. 3



TABLE 1. Annual fishing pressure, harvest, and fishing quality for Murphy Flowage, 1955-69. 

Fishing Pressure Harvest ; Fishing Quality 

Number Total Hours/ Total Total Fish/ Pounds/ % Successful Fish/ Pounds/  Fish/ 
Year Trips Hours Acre Fish Pounds Acre Acre Trips. Hour Hour Trip 

1955 2,718 11,292 62.7 14,067 3,986 78.1 22.1 55 1.25 0.35 5.2 
1956 4,156 18,805 104.5 31,595 8,191 175.5 45.5 68 1.68 0.44 7.6 
1957 4,802 19,005 105.6 36,005 8,434 200.0 46.8 69 1.89 0.43 7.5 
1958 5,993 23,654 131.4 43,519 10,043 241.8 55.8 68 1.84 0.42 7.3 
1959 5.305 20,622 114.6 44°337 9,036 249.1 50.2 67 2.17 0.44 8.5 
1960 3,719 13,190 73.3 43,288 7,826 240.5 43.5 71 3.28 0.59 11.7 
1961 3,554 11,976 66.5 23,508 5,301 130.6 29.6 60 1.96 0.44 6.6 
1962 3,987 13,480 74.9 23.134 5,288 1286 29.4 60 1.72 0.39 5.8 
1963 3,779 13,345 74.1 27,228 5,682 151.3 31.6 59 2.04 0.43 7.2 
1964 3,112 10,827 60.2 17,944 3,951 99.7 22.0 59 1.65 0.36 5.8 
1965 2,574 8,560 47.6 12,651 2,671 70.0 14.8 35 1.47 0.31 4.9 
1966 2,293 7,304 40.6 11,907 2,552 66.1 14.2 57 1.63 0.35 5.2 
1967 2,382 8,169 45.4 15,313 3,373 85.1 18.7 55 1.87 0.41 5.2 
1968 2,304 8,275 46.0 11,211 2,607 62.4 14.5 56 1.35 0.32 49 | 
1969 2,959 10,121 56.2 17,310 3,428 96.2 19.0 . 61 1.71 0.34 5.8 | 

TOTAL 53,637 198,625 373,520 82,376 

AVG. 3,576 13,242 73.6 | 24,901 5,491 138.3 30.5 63 1.88 0.41 7.0 

Creel Census Throughout this report an “angling removal of panfish (22%) occurred in 
year” includes the open water season 1960 and 1961 and the stocking of 
plus the ensuing ice fishing season. All northern pike in December 1963 (47 

Complete angling records were col- annual figures given therefore include 15.4-inch pike/acre). (3) From 1965 
lected through a compulsory registra- data from 2 calendar years, on the av- to 1969 — very little publicity was is- 

tion-type creel census operated erage from about 15 April one year to sued; manipulation of the environment 
throughout the entire study from 30 14 April of the year following. There by partial winter drawdown (October- 
April 1955 through 31 May 1970. Infor- was no closed fishing season and March) took place in 1967, 1968, and 
mation on the hours fished and neither a bag nor size limit was in ef- 1969. 
number, length, and weight of fish fect on Murphy Flowage at any time. Muskellunge were also stocked, 
caught was recorded for each angler at Angling was permitted from 4:00 a.m. 1,000 3-inch fingerlings in the summer 
the end of the fishing trip. All fish were to 10:00 p.m. in the summer and from of 1955 and 200 8- to 12-inch finger- 
measured to the nearest 0.1 inch in to- 8:00 a.m. to 6:00 p.m. in the winter. lings each fall from 1955 through 1964. 
tal length and weighed to the nearest Unless otherwise indicated, the 
0.01 lb. An angling trip was considered terms “summer fishing” and “open- 
successful if one or more fish was har- water fishing” are used interchangea- Regulations 
vested. Harvest refers to numbers of bly. Likewise the terms, “winter fish- 
fish, not pounds or yield. Throughout ing” and “‘ice fishing,” are also used in- 
this paper, the terms ‘‘catch” and terchangeably throughout this paper. Since all fish considered in this re- 
“caught” refer to fish which were har- port were harvested and there were no 
vested. No records were kept of fish | controls to compare or evaluate the ef- 
caught and released. During the Ist 2-3 Man agement and Publicity fects of any regulations, the actual ef- 

years of this study anglers were en- fects of regulations are unknown; i.e., if 

couraged (not required) to keep all fish in excess of the regulation consid- 
fish caught, while in the remaining 12- The entire 15-year study was di- ered were returned to the water, the ac- 

13 years this idea was not promoted. vided into 3 5-year periods from a tual effects may have been different. 
The individual catch of each angler management viewpoint: (1) From This report simply shows the propor- 
was recorded as reported; however, 1955 to 1959 — intensive publicity was tion of the total observed harvest that 
when an angling party combined their aimed to increase fishing pressure on would have been reduced or would 
catch the number of fish harvested was the Flowage; no attempts were made to have been returned to the water if the 
equally divided among all anglers in manipulate the fish population or the tested regulation had been in effect. 
the party. For further details of the environment. (2) From 1960 to 1964 The same information is also expressed 
procedures used, see Churchill and — there was less publicity; manipula- as the percent of the total observed 

4 Snow (1964), and Snow (1978a). tion of the fish population by partial harvest that would have been legal



under the hypothetical conditions. years were tabulated by hand forsingle — largemouth bass was also only consid- 
These methods are similar to those species but not in aggregate. There- ered for the first 10 years of study. 

used in an evaluation of waterfowl reg- fore, data presented on size of catch Most other regulations considered 
ulations in Wisconsin (Bartonek et al. and bag limits cover a full 10 years for cover the full 15-year period. 
1964). bluegill, northern pike, and Some aspects of the effects of liber- 

Machine tabulation of data on size largemouth bass and 8 years for evalu- alized regulations have been evaluated 
of catch was not started until the 3rd ation of panfish bag limits in aggre- in previous reports, including sections 
year of study and continued through — gate. Evaluation of size and season _ on average length and the number of 
the 10th year. Data from the first 2 limits on northern pike and larger fish harvested (Snow 1978a). 

PANFISH As expected a bag limit would have had 61 % insummer. Annual variations in 
a greater impact on the harvest of blue- the effects of a 25-fish bag limit are 
gills than on that of other panfish spe- very slight; however, there was some- 
cies. A 25-fish bag limit would have af- what more variation in winter than 

The daily bag limit for panfish in fected the catch of 8.9% of the anglers summer (Fig. 3). The extreme annual 
other waters for several years had been catching bluegills in summer and variation in the harvest of bluegills in 

either 25 fish of each species/day or 50 30.0% in winter. With this bag limit either season is a reflection of fishing 
in aggregate for bluegills, perch, crap- the harvest would have been reduced _ pressure. 
pies, and pumpkinseeds. Aside from 12.1% in summer and 30.2% in winter Because bluegills comprised such a 
bluegills and perch, a 25-fish daily bag (i.e., 87.9 and 69.8% of the harvest high percentage of the total popula- 
limit would have had little effect on the would have been legal) (Table 2 and tion, the results on aggregate bag limits 

harvest in Murphy Flowage. Only Fig. 2). The curve in Figure 2 is de- for panfish are quite similar to those 
0.2% of the anglers in summer and rived from 10-year totals representing presented for bluegills. A 50-fish bag 
3.6% in winter kept more than 25 over 179,000 bluegills caught in the limit for panfish in aggregate would 
perch/trip. Their harvest in excess of | summer and over 75,000 caught in win- have reduced the observed harvest 
25/trip comprised 0.9% of the total in ter (Table 2) and can be used to esti- 2.9% in summer and 13.8% in winter 
summer and 12.0% in winter mate the hypothetical effect of any bag (Fig. 4). The harvest for an individ- 

(Table 2). limit desired. For example, with a bag ual angler was occasionally quite high. 
Bluegills were very abundant and limit of 10 bluegills 37% of the harvest The maximum catch recorded for 1 

comprised about 84% of the harvest: would have been legal in winter and angler trip was 272 in winter and 244 in 
summer. 

TABLE 2. Distribution among anglers of the harvest from Murphy Flowage, 1955-64. 

Percent of Fish Caught by 
Percent of Anglers Catching Anglers Catching Percent Total 

Total Over Total Over Harvest Over* 
Anglers 1-5 6-25 26-50 50 Fish 1-5 6-25 26-50 50 5 25* * 50 

Open Water 

Brown bullhead 210 97.6 2.4 309 85.8 14,2 
Yellow perch 2,736 89.3 10.5 0.2 7,225 60.3 36.0 3.7 0.9 

Pumpkinseed 2,733 94.7 5.2 0.1 5,548 79.1 20.3 0.6 0.1 

Bluegill 17,042 43.0 48.1 7.6 1.3 179,453 11.8 54.9 24.9 8.4 12.1 2.2 

Rock bass 3,131 94.9 5.1 6,454 78.0 22.0 

Black crappie 4,001 93.6 6.3 0.1 8,995 73.4 25.2 1.4 0.2 

Northern pike 2,880 99.4 0.6 4,619 97.6 2.4 0.6 

Largemouth bass 3,455 98.9 1.1 5,142 94.8 a) 2.5 

Muskellunge 32 100.0 32 = 100.0 

Winter 
Yellow perch 1,074 73.9 22.5 2.9 0.7 6,202 27.6 44.7 20.9 7.7 12.0 2.1 

Pumpkinseed 159 100.0 192 100.0 
Bluegill 3,477 19.0 51.0 19.7 10.3 75,611 2.7 32.6 32.1 32.6 30.2 8.9 

Rock bass 19 100.0 23 ~=100.0 
Black crappie 1,033 93.1 6.8 0.1 2,336 74.9 23.9 1.2 0.9 

Northern pike 1,077 99.0 1.0 1,853 90.6 9.4 1.5 
Largemouth bass 82 100.0 86 100.0 

* Percent of total catch taken in excess of 5 game fish or 25 and 50 panfish/angler trip for anglers catching more than those amounts. 
** Includes “over 50” category.
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FIGURE 2. Hypothetical effect of bag limits on FIGURE 3. Actual harvest and hypothetical har- 

the harvest of bluegills in Murphy Flowage (10- vest of bluegills with a 25-fish daily bag limit. 

year average). , 
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80 \ 20 3 Maximum effect on the total har- 
Ss - = vest of northern pike under various 
o NTE ~ closed seasons used in Wisconsin in re- | § 83 . ar 
= ’ cent years is 9% with no size limit. In 
a 60 AY 40 contrast to this, size limits would result 

2 ud in drastic changes in total catch. With 
< - no closed season, size limits from 18 to 
~ W 24 inches in increasing 2-inch intervals 
Zz 40 60 a would have reduced the total harvest 
2 = 22, 43, 62, and 78%, respectively. All 

ud K the size limits tested would have a 
G greater restrictive effect on the harvest 

20 80 & than any closed season used in Wiscon- 
\ ob sin in recent years (Fig. 5). 
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the effect of no size limit and various 

0 100 size limits up to 24 inches in combina- 

I20 100 80 60 50 40 25 20 0 tion with variations in the closed sea- 
DAILY BAG LIMIT son from 16 February through 15 May. 

For example, with the most restrictive 

FIGURE 4. Hypothetical effect of bag limits on A nee on a May opening hie aay 
the h t ish in Murphy Fl 8-year ; 
average). of panfish in Murphy Flowage (8-y 20% of the total 10-year harvest would 

have been legal. With no size limit and 
a 15 May opening date, which most 
closely approximates the normal regu- 
lations in northern Wisconsin for sev- 
eral years, the total harvest would have 

6 been reduced by 9% — i.e., 91% of the



total harvest would have been legal. 
With a 1 May opening date and a 22- 
inch size limit, the total harvest would 00 NO SIZE LIMIT ° 

have been reduced 64%. | 
Seasonally, length limits would | 

have had a greater effect on the harvest 90 0 
in winter than summer. With noclosed | 
season and an 18-inch size limit 91% of 
the harvest would have been legal in 
winter compared to 73% in summer 
(Fig. 6). Figure 6 can be used to esti- 80 20 
mate the effects of various size limits, 18-INCH LIMIT = 

including slot-length limits, on the a o 
harvest. With a 24-inch limit 31% of _ = 
the harvest would have been legal in 6 70 30 5 | 
winter and 18% in summer. A slot- & S 
length limit of 18-24 inches would have E a 
reduced the harvest 60% (91 minus ul iw 
31) in winter and 55% (73 minus 18) & 60 40 - 

in summer.* = 20-INCH LIMIT i} 

b & 

Bag Limits @ 50 50 5 
a uJ 

A daily bag limit of 5 northern pike 3 
has been in effect in most Wisconsin o | 
waters for over 30 years. A bag limit of 40 22-INCH LIMIT 60 

5 in Murphy Flowage would have re- ee 
duced the harvest 0.6% in summer and 
1.5% in winter. With a bag limit of 2, 
the harvest would have been reduced 30 70 
9% in summer, and 18% in winter, 

while with a bag of only 1 fish/day the 
harvest would have been reduced 29% 24=-INCH LIMIT 
in summer and 42% in winter (Fig. 7). 204 7 80 
It would take a reduction in the daily 
bag from 5 to 1 to have an appreciable I6 FEB =I MAR 1APR ISAPR IMAY 15 MAY 

effect on the harvest. CLOSING OPENING DATE 
DATE | 

Sex Ratios FIGURE 5. Hypothetical effect of season and size limits on the harvest of 
northern pike in Murphy Flowage, 1955-64 (N=5,998 fish). The lines con- 
nect the cumulative 10-year weighted mean catch for each time period. 

The sex ratio of angler-harvested 
northern pike was considerably differ- 
ent than the ratio found during spring 100 | 
fyke netting. Of 4.498 northern pike NING 0 Sampled with fyke nets from 1958 t | NN 
1968, 1,995 or 44% were females, while po 
in a sample of 4,225 angler-caught fish 80 ENN . 
during the same time under no length ~ et | | XA 20 8 
limits, 2,378 or 56% were females. An- 2 | P] fy tt 4 
glers harvested female northern pike in 8 Oo 
a higher ratio than were sampled with EL Pi tL NN | EET O 
nets in spring. In addition the percent- Y 60 \ \ 5 40 3B 
age of females in the harvest increased z Pt ot ft | WINTER) OT rd 
with size. For 16.0- to 17.9-inch fish, = E 
females comprised 40% of the spring - TL RSMBE NT] py uJ 
netting sample and 45% of the harvest, z 40 X 60 & 
while for fish 26.0 inches and larger, fe- o Pf | ENN ED fT x 
males comprised 71% of the netting ud P E 
sample and 81% of the harvest pf fF INA Ef Ll 

| (Fig. 8). In all, anglers harvested 531 20 c so & 
more females than males. Among fish Pt | tt NAT a. 
larger than 20.0 inches the harvest con- iN “a 
sisted of 647 more females than males; PP tt TP) OOS 
among fish 18.0-19.9 inches equal 0 — 100 
number of males and females were har- lO 12 14 146 8 20 22 24 26 28 30 32+ 

TOTAL LENGTH (inches) 

*Northern pike caught in the 18- to 24-inch FIGURE 6. Hypothetical effect of size limits on the harvest of 
size range would have to be released. northern pike in Murphy Flowage (15-year average). 7



| of the harvest would be females. These 
100 __ 0 results are similar to a New York 

a study where under a 20-inch size limit 
females made up 70% of the total har- 

~> : _ vest (Pearce 1962), and to an Ontario 
80 oN 20 & study where anglers captured more fe- 

\ 2 male than male northern pike and a 
3 4. = higher ratio of female fish than were 
& WINTE © | taken by other methods (Casselman 
= N =1,86 \ G 1975) . Hypothetically higher size lim- 
wn 60 40 o its result in more selective harvesting 
& of female northern pike. 

= ws 
= 40 60 & Population Density and 

een ee 

ui 5 
a. ti 

20 80 te During the first 9 years (1955-63) of 
\ a. liberalized regulations all sizes of 
\ northern pike were well represented in 

the harvest in both the open water and 
0 100 ice fishing (Fig. 9) seasons. The aver- 

>6 5 4 3 2 | O age annual catch from 1955 to 1963 was 
- BAG LIMIT 630 fish with an annual variation from 

364 in 1955 to 801 in 1956. In the last 6 
i years of study (1964-69) (after north- 

FIGURE 7. Hypothetical effect of bag limits on ern pike were stocked in December 
the harvest of northern pike in Murphy Flowage 1963 and during winter drawdowns 

(10-year average). from 1967 through 1969) , the numbers 
of larger pike in the harvest declined 
and the average annual harvest of na- 
tive fish dropped to 213 fish (147-302). 
In the first 10 years the standing stock 

80 of native northern pike (14 inches and 
| larger) increased steadily with some 

| variation from 2.3/acre in 1955 to 16.4/ 
acre in 1965, then declined to 2.8/acre 

~ in 1970 (Snow 19785) . Population esti- 
x 60 ANGLER HARVEST mates of native northern pike 22 
~ N= 4,225 inches and larger varied from a low of 
2 0.24/acre in 1955 to a high of 2.95/acre 
s in 1969, while the number 26 inches 

LJ , and larger varied from a low of 0.04/ 
40 NETS acre in 1955 to a high of 0.81 in 1967 

N= 4,498 and 1969. Based on these comparisons, 

the management techniques used 
(northern pike stocking and winter 

20 drawdown) had a greater impact on 
the harvest and standing stock of 
northern pike during the last 6 years 
than liberalized regulations alone had 
during the Ist 9 years. 

I20- I40- 160- I80- 200- 220- 240- >260 | 
13.9 15.9 7.9 99 219 239 259 LARGEMOUTH BASS 

SIZE GROUP (inches) 

: Size and Season Limits 
FIGURE 8. Percent female northern pike taken 
from Murphy Flowage, 1958-68. Netting samples . 
were taken in April or early May; angling harvest Maximum effect on the total har- 
includes the entire angling year. vest of largemouth bass under various 

closed seasons that have been used in 
Wisconsin would have been a 38% re- 
duction for.no size limit and a 16 Feb- 

vested and among fish 12.0-17.9 inches the sex ratio of the harvest. The per- ruary-20 June closed season. With a 
the harvest of males exceeded the centages of females in the harvest with 10-inch size limit and a 20 June open- 
catch of females by 115 fish. hypothetical size limits of 16, 18, 20, ing, 56% of the harvest would have 

The unrestricted fishing that has 22, and 24 inches were 57, 60, 64, 70, been illegal. With no size limit and a 1 

been in effect at Murphy Flowage has and 74, respectively. With a 22-inch May opening date, which most closely 
made it possible to estimate the hypo- limit, which has been in effect in some approximates the regulation in north- 

8 thetical effect of various size limits on areas of Wisconsin, an estimated 70% ern Wisconsin in recent years, 98.7%



of. the harvest would have been legal, OPEN WATER 269 ICE ye9s 

while with a 10-inch size limit and a1 30 30 
May opening date, 71% of the harvest 20 1955 20 
would have been legal (Fig. 10). 10 Te) 

- With no closed season and a 10-inch 
size limit the 15-year harvest would 304 30 
have been reduced 27%, while with a 20 N= 608 20 N=193 
12-inch limit it would have been re- 1956 
duced 57% (Fig. 11). Figure 11 can 10 10 
be used to estimate the percent that 
would have been illegal with various 30 | N=347 30 Ne 298 
slot-length limits. For example a 12- to 20 20 : 
15-inch slot-length limit would have io 1957 10 
reduced the harvest 30%. 

30 30 

Bag Limits 20 Ne 408 sg 20 N98 

lO 10 

As with northern pike, a bag limit of 
5 has been in effect for largemouth SO N=305 30 N= 180 
bass on other lakes for over 30 years. A 20 20 
daily bag limit of 5 largemouth bass 10 1959 10 
would have reduced the harvest by 
2.5% , while a daily limit of 2 fish would 30 30 
have reduced the mean annual harvest | N=263 N=189 
by 13.2% and a limit of 1 fish, by 32% 20 960 
(Fig. 12). A bag limit of 5 would have 10 10 

affected the catch of only 1.1% of all | 
anglers catching bass (Table 2), while 30 30 
a limit of 1 would have affected the 20 N= 485 20 N= 238 
catch of 28% of all anglers catching I96I 
bass. 10 lo 

. . x 30 30 
Population Density and D 00 N= 600 20 N= 164 

. iL 
Sizes Harvested 310 9620 

| a 

© 
A major concern with liberalized bE 30 N2849 30 Ne95 

bass regulations is a possible decline in Gi - . 
abundance of all sizes and a decline in & 20 IS65 20 
the harvest, especially in the numbers a !0 lO 
of larger fish harvested. Throughout 
the entire 15-year study all sizes of 30 Ne 278 | 30 N=24 
bass were well represented in the har- 20 IS964 20 
vest (Fig. 13). The number of larger 10 10 
bass (16 inches or larger) harvested 
totaled 577 for an average of 38/year, 30 30 

varying from 13 in 1965 to 56 in 1968. N=195 N= 20 
The number of fish 16 inches and 20 I965 20 

larger in the population, based on esti- lO fo 
mates from 1959 through 1970 (except 
1962 and 1963), varied from 79 in 1970 30 30 
to 235 in 1961. From 1965 to 1970 20 NeIsI 1966 20 “ee 
there was a steady decline in abun- io 0 
dance from 206 to 79 fish (Fig. 14). 
Population estimates of all bass 8 
inches and larger from 1959 to 1970 av- 30 Ne143 30 N=102 
eraged 7.2/acre (8.1 lb/acre), varied 20 I967 20 
from 3.9/acre (4.4 lb/acre) in 1970 to Te 10 
10.6/acre (9.7 lb/acre) in 1967, and 
declined steadily from 1967 to the low 30 100 
level of 1970. N= 202 Nel 

20 Is68 90 

| th ° 

30 50 

FIGURE 9. Length-frequency 20 Nets I969 40 mee 
distribution of angler harvest of na- 10 IO 
tive northern pike in Murphy Flou- 

age during open water and ice fish- <!0-119 14 18 22 26 30232 <l0-119 14 18 22 26 30232 
ing seasons, 1955-62. g 

LENGTH (inches) LENGTH (inches)



_ The variations in harvest from 1964 
100 ———— 0 to 1969 and the decline in abundance 

N from 1967 to 1970 appear to be the di- 
NO SIZE LIMIT rect or indirect result of management 

\ techniques tested rather than the re- 
30 : fe sult of liberalized regulations. Large 

numbers of northern pike stocked in 
December 1963 resulted in a drastic 

= decline in the harvest of native north- 
80 - 20 3 ern pike from 1964 to 1969 (Snow 

3 = 19785). For unknown reasons the har- 
§ Lc emmsgeur 0 vest of bass of all sizes also declined in 
~ )( g 1964 and 1965. 
B 7 ‘\ $0 oS The decline in abundance of bass 
& i from 1968 to 1970 was directly related 

\ ” to winter drawdowns in 1967, 1968, and 
F 60 40 © 1969 which resulted in a decline in 
© \ = aquatic vegetation (Beard 1973) anda 
ui E change in the main food item of bass 

\ ui from crayfish to bluegills (Snow 1971). : 
50 50 & These changes, especially the decline 

\ a in crayfish which was the main food 
item for bass, were the probable cause 

fp oN of the much larger harvest of all sizes of 

| Ll | to} ~ 
30: 70 

FEB I6 MAR | APR | MAY | MAY 15 JUNE | JUNE 20 

CLOSING OPENING DATE 
DATE — 

FIGURE 10. Hypothetical effect of season and size limits on the harvest of 
largemouth bass in Murphy Flowage, 1955-64 (N=5,142). The curve is fitted | 
to the cumulative 10-year weighted mean catch for each time period. : 

lOO - 0 . 
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of +t itt tag Tres! ef IN LTT ie i a S, clle \ 8 
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20 so & <0 50 & 
pit} iT NET 
PPP PN co 0 pe! 100 >6 5 4 3 2 | O 

4 6 8 10 12 14 #16 18 20 BAG LIMIT 
TOTAL LENGTH (inches) 

FIGURE 11. Hypothetical effect of size limits on FIGURE 12. Hypothetical effect of bag limits on 
the catch of largemouth bass in Murphy Flowage, the harvest of largemouth bass in Murphy Flow- 
1955-69. Open water and ice fishing seasons are age, 1955-64. 
combined (only 103 fish were taken ice 
fishing) (N=7,189). 
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lo 10 47 TA FIGURE 13. Length-frequency 

ri I _ oo distribution of the largemouth bass 
20 1962 <5.0- 10.0 15.0 219 harvest in Murphy Flowage during 

N= 496 LENGTH (inches) open water seasons, 1955-69. (Only 

lo | 1.4% of the total 15-year harvest 
was taken during ice fishing 

< 5.0- 10.0 15.0 219 seasons.) 
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a FIGURE 14. Total pressure and 
FE harvest of largemouth bass 16 
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F : < S Flowage 8 and 16 inches and larger, 
3 500 NA SL 200 o 1959-70. (No estimates were made 

5 ~ o of bass 16 inches and larger in 1962 
100 a and 1963.) 
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The results presented here consid- maining years combined. Lack of re- daily bag limits in effect in Wisconsin 
ered the proportion of the observed cruitment into the larger sizes was — 50 panfish in aggregate (except rock 
harvest that could not have been le- _attributed to increases in abundance of bass) and 5 of each species of game fish 
gally taken under various bag, season, smaller bluegills and declining growth — probably have little effect on the 
and size limitations. This was done on which began before liberalized regula- harvest. With the possible exception 
a proforma basis as no comparison _ tions started (Snow 1974, 1978a). The of small ponds (Smith et al. 1975) the 
study of harvest under these restric- estimated number of bluegills over results of other studies indicate that 
tions was made. It can be questioned 8 inches from 1955 to 1958 was 5,200, bag limits have little effect on the har- 
whether or not these results actually 2,900, 1,700, and 500, respectively, vest (Churchill 1957, Kempinger et al. 
represent results that would have been while the number caught by anglers 1975, Redmond 1974, Powell 1975, 
obtained with regulations in Murphy _ was 824, 893, 577, and 191 for the same Schneider and Lockwood 1979). 
Flowage, since the existence of restric- years. Losses by angling thus account There is little supportive data for bag 

tions could affect the harvest in ways for a relatively small portion of the to- limits, yet 47 of the 48 contiguous 
that could not be evaluated by this tal; the remaining were lost to natural states have had them in effect for 1 or 

method. In other waters additional fac- mortality. more species in recent years (Fox 

tors could further affect results that The species composition and rela- 1975). One purpose served by a daily 
might be realized. However, this evalu- tive abundance of all species was re- bag limit is to keep the more proficient 
ation of the Murphy Flowage results markably stable through the 15 years anglers from taking excessive numbers 

yields the best known guidelines for of study (Snow 1978a). For example, of fish. The bag limit also serves as a 
the application of regulations to other bluegills dominated the population goal to aim at, the achievement of 
Wisconsin waters. and harvest at all times. In contrast to which has a positive psychological ef- 

| this the harvest in Escanaba Lake fect on the angler. For these reasons 
s | (Kempinger et al. 1975) was domi- _ daily bag limits do have some value; 

EVALUATION IN MURPHY nated by 4 different species at various however, their application from a bio- 
FLOWAGE times during a 24-year period. Conclu- logical viewpoint in the management of 

sions from Escanaba Lake, where lib- panfish, northern pike, and 

Several parameters were considered eralized regulations were in effect and largemouth bass populations is 
in evaluating the effects of un- methods were identical to those used _—_ questionable. 

restricted fishing in Murphy Flowage 1 Murphy Flowage, indicat ed that the we Oe liberalized angling regulations had no , 
Exploitation rates for most species in detrimental effect on the fish popula- Season Limits 
Murphy Flowage were usually quite tion during the Ist 17 years (a 22-inch , 
ow and except in a few years for game limit th ik mol 

fish, losses of fish by angling (exploita- ae etc ey Very little fishing occurred in Mur- 
tion) were a relatively small portion of mented in the 18th year). 4: phy Flowage and many other waters in 
total mortality (Snow 1978a) In Murphy Flowage fishing pres- March, April, and the Ist few days of 

y 4. sure, harvest, and exploitation varied are chk b h 1 7 d 
Northern pike were exploited at considerably under the liberalized reg- May, w nich has been t i norma, ¢ ose 

levels of 45-50% the Ist 4 years of lib- ulations. However, the different man- season in Wisconsin Caare 1 ak 
eralized fishing and 25-30% the next 5 agement techniques used during the Snow oa and. an a gan a es 
years, yet during this time the popula- last 10 years appeared to have a greater studied by Schneider and Loc woo 
tion density increased steadily (Snow impact on the population and harvest (1979). Therefore an open season ¢ ur 
1978b). During the last 6 years of than the liberalized regulations alone ing this time Period wou ave little 
study exploitation rates varied from 3 during the Ist 5 years of study. Based effect on t ‘ arvest. ; owever, an 

to 11% and the population density, af- on these comparisions, it is unlikely opening date later t an \ e at part ° 
ter reaching a peak following experi- that the increased harvest and ex- May could have a mare et ect on t . 
mental stocking in the 9th year, de- ploitation related to liberalized regula- harvest, especia 3 or argemout 

clined to lower levels the last 4 years. tions resulted in a decline in the abun- bass. In Murphy owage 50% of t . 
Exploitation rates for largemouth dance of fish or the availability of total annual harvest of largemout 

bass averaged 28% (20-33%) the first desirable fish for the angler. The un- bass was taken by the end of nune and 
9 years, declined to an average of 17% restricted fishing allowed a higher har- 38% by 20 June. Stu ies in 3 rc gan 

(14-20% ) the next 4 years, then vest for more anglers than would akes have s own similar resus .- 

Meat 2 yeate efter a winterdvawdown, otherwise have been possible in Mur- 30° NAT Sout ood 1979). If overex 
hy Flowage. oe | 

Population density of bass was quite P ploitation is a problem, more restric- 
stable until the drawdown when the tive seasons might be utilized to reduce 
apuncance ot all sizes over 8 inches o COMPARISON WITH he harvest. In contrast fo northern 
clined to the lowest level during the pike which are more readily caught in 

study ang 14). OTHER WATERS winter, the highest cater rate per nour 
nother important consideration is or largemouth bass is during May an 

the decline in angling quality of blue- June (Snow 1978a). Any later opening 

fil, pumpkinseeds, and black erp Bag Limits dat than thet presently in effect (st - y. For ex- 
ample, more bluegills over 8 inches bass fishing during the most successful 
total length were taken by anglers dur- Based on comparison of the results time of the year. Unless it can be 

12 ing the 1st 2 years than in all the re- from Murphy Flowage, the present demonstrated that the harvest is ex-



cessive and that overfishing has oc- Lockwood 1979) yielded limited suc- Pony Express Lake (Ming and 
curred, more restrictive seasons for cess in that the results were in line with McDannold 1975). These authors re- 
bass are not recommended. Based on a model developed by Latta (1972). ferred to another study using a 12-inch 

results in Murphy Flowage, a year- However, the results in some lakes size limit in a similar Missouri lake 
round open season would have resulted were similar to results in Bucks Lake which was unsuccessful (Choate 

. in very little change in the harvest and Escanaba Lake in that the catches 1970). They further pointed out that 
compared to the present closed season were highest with a 14-inch limit or no the 2 studies were conducted in similar 

(1 March - 1st Saturday of May) for limit and markedly lower with a 20- or lakes and under similar conditions. 

both northern pike and largemouth 24-inch limit. The degree of response with the only difference being the rela- 
bass. was related to growth. In faster grow- tive numbers of bass in the population. 

ing populations, which had few pike Both bass populations were 

less than 20 inches, the 20-inch limit overharvested; however, the lake 

Size Limits did not change harvest appreciably where the size limit was successful had 
and more growth potential was real- a relatively abundant year class under 
ized. Schneider and Lockwood (1979) 12 inches while the other lake did not. 

Size limits have received the most _also reported that catch statistics gave Schneider and Lockwood (1979) 
attention and probably have the most _ no _ indication that pike populations compared length limit results for 
potential alone or in combination with were affected by size limits, that in 2 largemouth bass from 6 Michigan lakes 
season limits for managing fish popula- — lakes with mark and recapture studies against a 10-inch limit for periods of 5- 
tions. Many studies have been con- there was no clear-cut response in the 7 years. The results roughly followed 
ducted to evaluate size limits of both pike populations, and that growth of the prediction of Latta’s model (1974) 
northern pike and largemouth bass; pike could not be linked to size limits. and were also comparable to the hrypo- 

however, largemouth bass has re- Studies in Wisconsin (Snow un- thetical results from Murphy Flowage 
ceived the most attention because of publ.) and other regions (Bregazzi and for all sizes except a reduction to an 8- 
its wide geographical distribution in Kennedy 1980, Kipling and Frost 1970, inch limit. For example, Latta pre- 
the United States and high public Casselman 1975) indicate that the nor- dicted a 75% decrease in harvest with 
interest. mal male:female sex ratio of northern a 14-inch limit while the decrease in 

Because of differences in species pike populations is 1:1. Females nor- Murphy Flowage was 72%. A decrease 
composition, growth, food supply, mally grow faster and attain larger from a 10-inch to an 8-inch limit re- 

mortality, and size and age structure of sizes than males. Unless males have a sulted in a predicted increase in har- 
populations it is difficult to evaluate higher mortality rate than females as vest of 50% for Latta’s model and 26% 
the effects of size limits in different suggested by Kipling and Frost for the Murphy Flowage results. These 
waters. The use of size limits in some (1970), any size limit could affect the comparisons suggest that the hypo- 
waters was judged successful while in sex ratio of the population (Fig. 8). thetical results for largemouth bass 
other waters it was unsuccessful. This should be considered in the po- from Murphy Flowage are comparable 

An 18-inch limit on northern pike in tential use of size limits as a manage- to many lakes in the North Central 
Bucks Lake, Wisconsin (Snow and ment tool. States. 
Beard 1972) and a 22-inch limit in Es- The comparisons of size limits for A relatively new concept concerning 
canaba Lake (Kempinger and Carline northern pike cover populations with size limits is the use of slot-length lim- 
1978) were both ineffective manage- different characteristics, some of its (Anderson 1976, Anderson and 
ment techniques. A significant reduc- which may be comparable to the hypo- Weithman 1978). The idea is to pro- 
tion in harvest was noted in both thetical results obtained in Murphy tect the predator population while 
Bucks Lake and Escanaba Lake. Both Flowage, and others which are obvi- growth is at a maximum, and at the 
length limits protected a high propor- ously not comparable. Bucks Lake, same time control forage species and 
tion of the northern pike populations which had a very slow-growing, dense, provide quality fishing for predator 
through Age IV despite much slower _and stable population and one in which species. The sizes protected depend on 
growth in Bucks Lake. The 18-inch pike was the only predator, is not com- growth rates and possible forage abun- 
limit covered several northwestern parable to Murphy Flowage. Escanaba dance. A 12- to 15-inch slot-length 
Wisconsin counties and was not imple- Lake had a low density, unstable popu- limit has been tested for largemouth 
mented as a specific management pro- lation with varying growth. The pike bass in Philips Lake, Missouri. Results 
posal for Bucks Lake. The 22-inch population expanded, fluctuated, and were more favorable than a minimum 
limit in Escanaba Lake wasestablished — declined over a period of 15-17 years. length of 12 inches alone (Anderson 
to determine if the harvest of large The dominant predator was the wal- 1976). This size range (12-15 inches) 
northern pike could be increased by leye while smallmouth bass, includes 30% of the total harvest for 
applying a length limit. The technique largemouth bass, and muskellunge bass in Murphy Flowage, while an 18- 
was at least in part unsuccessful in were present, sometimes in relatively to 22-inch slot-length limit for north- 

achieving the desired goal because of large numbers, over the years. Despite ern pike, for example, would include 
reduced growth rates after the size lim- these differences the hypothetical ef- 40% of the northern pike harvest. The 

its became effective. The population fects of size limits in Murphy Flowage effectiveness of slot-length limit needs 
density of fish below the size limit in- were similar to the Escanaba Lake data further evaluation, but theoretically it 
creased dramatically in Escanaba Lake after the 22-inch limit was terminated has more potential for effective man- 
and decreased steadily in Bucks Lake, and the unlimited regulations were re- agement than a normal size limit. 

while the numbers above the size limit established. The Murphy Flowage re- An important consideration in the 
generally increased in both studies. sults for northern pike suggest that the use of slot-length limits for bass is the 
Changes in the populations in both effects of the hypothetical regulations presence or absence of crayfish. Re- 
lakes were attributed more to differ- on populations would be most compa- sults from Murphy Flowage (Snow 
ences and trends in size and age struc- rable to stable populations with pike as 1971) indicate that when crayfish are 
ture and forage abundance at the time a major predator with average to mod- present bass prefer crayfish to small 
the limits were implemented than to erate growth rates. forage fish. Therefore if crayfish are 
the size limits themselves. A 12-inch size limit on largemouth abundant, a slot-length limit may not 

A comparison of size limits in sev- bass was successful in the recovery of achieve 1 of its intended purposes, that 
eral Michigan lakes (Schneider and an overharvested bass population in of controlling forage species. 13



The use of any type of size limit, es- | mortality of released fish and should moved as the situation changes over a 

pecially slot-length limits, involves be considered when size and length period of time. A size limit which is an 

catch and release fishing and conse- limits are proposed. effective management tool in 1 lake 

quently hooking mortality. The extent These studies as well as several may have an adverse effect in another 

of hooking mortality is dependent on others (Serns 1981, Fox 1975, Ander- lake. For this reason fish populations 

many factors, such as angler experi- son and Weithman 1978, Kempinger ideally should be managed on a lake- 
ence, bait used, hook type and size, etc. | and Carline 1978) point to the need for by-lake basis. Since this is not p.acti- 
Hooking mortality as high as 38% has _—_ knowledge of the size and age struc- cal, and based on the results from Mur- 
been reported for bass (Rutledge and __ tures of the population, including re- phy Flowage and comparisons made in 
Pritchard 1977) and 5% for northern cruitment, mortality rates, growth this paper, the present no-size-limit 

pike (Wydoski 1977). Although more rate, and angling pressure, before a de- regulation provides the most effective 
research is needed, the limited infor- cision to implement a size limit is use of largemouth bass and northern 

mation to date suggests that hooking made. To be effective, size limits may pike populations in the majority of 
mortality can result in rather high have to be increased, decreased, or re- Wisconsin waters. 

This paper estimates the A 5-fish daily limit on game fish would northern pike populations, (3) lack of 
hypothetical effects of bag, season, and have reduced the northern pike control of forage species by bass if 
size limits on the harvest of panfish, harvest 0.6% in summer and 1.5% in crayfish are present, and (4) the 
northern pike, and largemouth bass in winter, while the harvest of possibility of reduced growth rates. 
Murphy Flowage. There were no actual largemouth bass would have been This study as well as several others 
limits in effect except hours of fishing reduced 2.5% in summer; there would point to the need for knowledge of the 
and methods of catching (hock and have been no effect in winter. size and age structure of a fish 
line). Complete angling and harvest A year-round open season would population before a decision to 
records were obtained through a have had very little effect on the implement a different regulation is 
compulsory registration-type cree! harvest. A maximum of 7% of the made. To be effective, size limits, for 
census for 15 years. The observed northern pike and 4% of the example, may have to be increased, 
harvest under these conditions and the largemouth bass were taken during the decreased, or removed as the situation 
hypothetical reduction in harvest with normal closed season, 1 March to the changes over a period of time. A 
various regulations constitute the 1st Saturday of May. A later opening regulation which is an effective 
essence of this report. The information date could have a marked effect on the management tool in one lake may have 
presented should be useful to fish harvest, especially on largemouth bass an adverse effect in another lake. For 
managers to estimate the effects of since 50% of the annual harvest was this reason fish populations ideally 
proposed regulation changes for fish taken by the end of June. should be managed on a lake-by-lake 
populations with similar Size limits alone or in combination basis. 
characteristics in other waters. with later opening dates have the most Other in-depth exploitation and 

A daily bag limit of 25 bluegills potential for reducing the observed mortality studies in Murphy Flowage 
would have affected the catch of 8.9% harvest. An 18-inch limit on northern have shown that the difference in total 
of all anglers catching bluegills in pike would have reduced its harvest mortality with fishing and without 
summer and 30.0% in winter. With 22% and a 10-inch limit on largemouth fishing is relatively small. Therefore, I 
this bag limit, the harvest would have _- bass would have reduced its harvest concluded that liberalized regulations 
been reduced 12.1% in summer and 27%. A slot-length limit of 18-22 within the range of fishing pressure 
30.2% in winter. The present bag inches on northern pike would have and exploitation experienced in 
limits in effect in Wisconsin would reduced the harvest 40% while a 12- to Murphy Flowage were not a detriment 
have had little effect on the observed 15-inch limit on largemouth bass to the fish populations, and that the 
harvest. A 50-fish daily bag limit on would have reduced bass harvest 30%. hypothetical results of various 
panfish in aggregate would have Some important considerations in regulations closely approximated those 
reduced the observed harvest 2.9% in the use of length limits are: (1) the that would have been obtained with 
summer and 13.8% in winter (i.e., possibility of losses of the protected normal regulations.. 
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legal in summer, and 86.2% in winter). (2) alteration of the sex ratio of 
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TECHNICAL BULLETINS (1977-82) 

No. 96 Northern pike production in managed spawning No, 117 Management of roadside vegetative cover by selec- 
and rearing marshes. (1977) Don M. Fago tive control of undesirable vegetation. (1980) 

No. 98 Effects of hydraulic dredging on the ecology of na- Alan J. Rusch, Donald R. Thompson, and Cyril 

tive trout populations in Wisconsin spring ponds. Kabat 
(1977) Robert F. Carline and Oscar M. No. 118 Ruffed grouse density and habitat relationsips in 

Brynildson Wisconsin. (1980) John F. Kubisiak, John C. 

No. 101 Impact upon local property taxes of acquisitions Moulton, and Keith R. McCaffery 
within the St. Croix River State Forest in Burnett No. 119 A successful application of catch and release regu- 
and Polk counties. (1977) Monroe H. Rosner lations on a Wisconsin trout stream. (1981) Rob- 

No. 103 A 15-year study of the harvest, exploitation, and ert L. Hunt 
mortality of fishes in Murphy Flowage, Wisconsin. No. 120 Forest opening construction and impacts in north- 
(1978) Howard E. Snow ern Wisconsin. (1981) Keith R. McCaffery, James 

No. 104 Changes in population density, growth, and har- E. Ashbrenner, and John C. Moulton 
vest of northern pike in Escanaba Lake after im- No. 121 Population dynamics of wild brown trout and asso- 
plementation of a 22-inch size limit. (1978) James ciated sport fisheries in four central Wisconsin 
J. Kempinger and Robert F. Carline streams. (1981) Ed L. Avery and Robert L. Hunt 

No. 105 Population dynamics, predator-prey relationships No. 122 Leopard frog populations and mortality in Wis- 
and management of the red fox in Wisconsin. consin, 1974-76. (1981) Ruth L. Hine, Betty L. 

(1978) Charles M. Pils and Mark A. Martin Les, and Bruce F. Hellmich 

No. 106 Mallard population and harvest dynamics in Wis- No. 123 An evaluation of Wisconsin ruffed grouse surveys. 
consin. (1978) James R. March and Richard A. (1981) Donald R. Thompson and John C. Moulton 

Hunt No. 124 A survey of Unionid mussels in the Upper Missis- 
No. 107 Lake sturgeon populations, growth, and exploita- sippi River (Pools 3 through 11). (1981) Pamella 

tion in Lakes Poygan, Winneconne, and Lake A. Thiel 
Butte des Morts, Wisconsin. (1978) Gordon R. No. 125 Harvest, ‘ ; : 2 - 7 age structure, survivorship, and produc- 
Priegel and Thomas L. Wirth tivity of ted foxes in Wisconsin, 1975-78. (1981) 

No. 109 Seston characterization of major Wisconsin rivers Charles M. Pils, Mark A. Martin, and Eugene L. 
(slime survey). (1978) Joseph R. Ball and David Lange 

W. Marshall No. 126 Artificial nesting structures for the double-crested 
No. 110 The influence of chemical reclamation on a small cormorant. (1981) Thomas I. Meier 

brown trout stream in southwestern Wisconsin. No. 127 Populati ‘ z 5 ulation dynamics of young-of-the-year blue- 
(1978) Eddie L, Avery gill. (1982) Thomas D. Beard 

No. 112 Control and management of cattails in southeast- No. 128 Habitat develo . : A : : e pment for bobwhite quail on pri- 
ern Wisconsin wetlands. (1979) John D. Beule vate lands in Wisconsin. (1982) Robert T. Dumke 

No. 113 Movement and behavior of the muskellunge deter- N t of bl: ‘ a a 
mined by radio-telemetry. (1979) Michael P. on 28 ay age) ee Aohn Ck Deere iecon 

Dombeck : ‘ 
ia - 4 ' Sea No. 130 Spawning and early life history of yellow perch in 

No. 115 Removal of woody streambank vegetation to im- the Lake Winnebago system. (1982) John J. 

prove trout habitat. (1979) Robert L. Hunt Weber and Betty L. Les 

No. 116 Characteristics of scattered wetlands in relation to 
duck production in southeastern Wisconsin. 
(1979) William E. Wheeler and James R. March 

Copies of the above publications and a complete list of all technical bulletins in the series are available from the Bureau of 
Research, Department of Natural Resources, Box 7921, Madison, WI 53707.
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