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ABSTRACT 

The purpose of this study was to document changes in population density, 
growth, and harvest of northern pike (Esox lucius) in Escanaba Lake after im- 
plementation of a 22-inch size limit. The study covered a period of 5 years (1959- 
63) with no regulations and 9 years (1964-72) with a length limit. 

: Population densities of northern pike were estimated annually by mark-recap- 

ture methods. Growth rates and condition factors were estimated annually and 
total mortality rates were determined using catch curve techniques. A complete 
record of fishing pressure and harvest, obtained through a compulsory fishing 
permit system, allowed estimation of exploitation rates. 

After the size limit went into effect in 1964, mean population density of north- 
ern pike increased by at least 92% and mean biomass increased by 43% (4.9 to 7.1 
lb/acre). Most of this increase was due to pike under 22 inches; their densities 

increased by 99% while pike over 22 inches increased by 47%. Prior to 1964 total 
mortality rates were estimated at 60%; fishing mortality was 46% and natural 

mortality was 14%. Mean total mortality rates increased to 82% after implemen- 
tation of the size limit; natural mortality increased to 76% and fishing mortality 
declined to 6%. Based on average mortality rates before and after 1964, it was 

estimated that recruitment had increased by about 160%. 
Implementation of the size limit resulted in a marked reduction in harvest of 

northern pike. Mean numbers of harvested pike declined by 84% and total yield 
fell from 3.2 to 0.9 lb/acre. There was a decline in fishing pressure after 1964, but 
this did not appear related to the reduction in harvest. Numbers of pike over 22 

inches in the harvest remained about the same, but their mean weights declined 

from 3.4 to 2.7 lb. The only fishery statistic that improved after 1964 was the 
mean catch rate of pike over 22 inches; it increased from 0.4 to 0.8 pike/100 hours. 

After the size limit was implemented growth rates declined and age of matur- 
ity increased by about two years for both male and female pike. Mean lengths of 
Age 2 and 3 male pike declined by 19% and 20%, respectively, after 1964. Mean 

condition factors of adult pike declined steadily from 1959 to 1972, with the ex- 

ception of two years, when there was an apparent temporary increase in forage 
species. 

Panfish populations had been declining when the size limit was implemented. 
It is not known if reduction in fishing mortality on pike contributed to the contin- 
ued panfish decline. However, it was hypothesized that initial development of the 

pike population around 1957 precipitated the decline of panfish and that reduced 
growth rates of pike were related to a diminishing food supply. 

We used Ricker’s (1975) equilibrium yield model to compute the maximum 
theoretical yield that could be obtained with a size limit providing growth rates, 
recruitment, and natural mortality remain constant. The maximum theoretical 

yield was 34% greater than that predicted with no size limit; however, observed 

yield with a size limit declined by 73%. The disparity between theoretical and 
observed yields was probably due to reduced growth rates.
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Size limits have been imposed on limit in the remainder of the state. — Minimum size limits on fish may be 
northern pike Esox lucius Linnaeus Changes in size limits on northern pike implemented for a variety of reasons: , 
populations in Wisconsin waters since probably reflect changing public atti- e.g. restore a failing fishery, increase 
1909. Historically, the first length lim- tude rather than new findings. Among total catch from a healthy fishery, ef- 

its were applied statewide (Table 1) lay people and fishery managers alike, fect a change in size of harvested fish, 
and ranged from 12 to 20 inches. From there has been considerable difference etc. The objective of this study was to 

| 1954 to 1959, Wisconsin completely of opinion on the efficacy of size limits see if the population and the harvest of 
eliminated size limits on northern pike. in increasing harvests. This interest in ‘large’ northern pike could be in- | 

The period 1959 to date has been char- using size limits to improve northern creased through the application of a 
acterized by regional minimum size pike harvests provided the impetus for length limit. It was also an opportunity 

| limits, a 22-inch limit in the southeast, this study. to observe the effect of protecting 
18 inches in the northwest, and no size northern pike and resultant increased 

predation upon the panfish commu- 

| nity. Escanaba Lake was chosen for 
this study because a compulsory fish- 

. ing permit system had been in effect 
| since 1946, there was a long record of 
| TABLE 1. History of northern pike size harvest and fish population data, and 

limits in inland waters of no size limits had ever been imposed. 
Wisconsin. The 22-inch size limit on northern pike 
a was impemented in 1964 and analysis 

7 Size Limit of the size limit was based on harvest 
Year Inches and population parameters for 5 years 

a (1959-63) with no regulations and for 
1909 19 9 years (1964-72) with the length limit. 
1917 16 While Escanaba Lake provided an 
1936 20 apparently ideal setting in which to 
1937-52 18 conduct the study, a major change in 
1953 13 structure of the fish population oc- 

1954-59 None curred during the 1960’s that compli- 
1959 *99 cated interpretation of the results. 
1966 **1R Panfish densities attained high levels 

Oo in the late 1950’s and subsequently de- 
oe i. , , clined to low levels by 1966 (Kemp- 

*Specified counties in southeastern Wisconsin . . y ( P 
se «pe . .; . inger and Carline 1977). Although it 

Specified counties in northwestern Wisconsin . ; 
was not apparent at the time, the size 
limit was implemented during a period | 

2 of panfish decline.
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DESCRIPTION OF STUDY AREA 

Escanaba Lake is located on unde- waters ranges from 16 to 19 ppm and reproduction that created a sizeable 
veloped, state-owned land in the pH ranges from 6.2 to 7.3. Blooms of year-class-occurred in 1956. Successful 
Northern Highland region of central phytoplankton are common and reproduction in subsequent years led 

Vilas County. It covers an area of 293 aquatic macrophytes are present in the to the establishment of northern pike | 
acres, has a shoreline of 5.1 miles anda shallow areas (Append. A). The sport as a major predator in the lake. From | 
maximum depth of 26 ft. (Kempinger fish community includes most warm 1946-56, only eleven northern pike had | 
et al. 1975). Shoreline and bottom con- water fishes commonly found in the re- been harvested. By 1959 northern pike | 
tours are irregular and there are sev- gion (Append. B). accounted for 15% (5.7 lb/acre) of the | 
eral islands with rock bars and shoals. The northern pike was not native to total yield, while yields of walleye (3.8 
An inlet and outlet are present at high Escanaba Lake. Between 1937 and lb/acre), yellow perch (8.1 lb/acre), 

water stages, but migration of fish is 1941, approximately 547,000 northern and pumpkinseed (14.5 lb/acre) ac- 
unlikely. Total alkalinity of surface pike fry were stocked. The first natural counted for an additional 70% of the 

| total. 

| METHODS 

| POPULATION, length to weight, and multiplying by HARVEST , 
EXPLOITATION AND the population density. 
GROWTH oe Total annual mortality rates for in- Harvest data were obtained 

dividual year classes were calculated through a compulsory permit system. 

from catch curves (Ricker 1975). In- _ permits were issued to anglers without 
~ --- Northern pike were captured with — -stantaneous total mortality rates (Z) charge at a checking station located at an 

fyke nets during the spring spawning were estimated from the slope of the the only landing on the lake. At the end 
season and were marked by fin removal regression of age and natural log of fish of onch, trip anglers submitted their 
or by affixing an aluminum strap tag to numbers. Mortality rates for the 1957 catch for inspection by Department 

the preopercular bone. Ages were de- and 1958 year classes were calculated personnel, fishing hours were recorded, 
termined from scales collected at time using population estimates at succes- and scale samples were obtained from 
of marking. From 1957-63, densities of sive ages. For the 1962-66 year classes, all fish. Marks were recorded for popu- 
Age 1+* males and Age 2+ females numbers of northern pike captured in lation ‘and exploitation rate calcula- 
were estimated by the Petersen fyke nets were used to construct catch tions. All fish were measured to the 
method. Proportions of marked fish in curves. Exploitation rates were esti- nearest 0.1 inch total length (TL) and 
the population were determined from mated from the proportion of marked weighed to the nearest 0.01 pound 
the sport fishing harvest. After the size fish caught by anglers. Exploitation In this report. th fi hi . me . . : woe port, the fishing year is 
limit went into effect, it was possible to rates were calculated for individual co- considered to begin and end with the 
estimate only the number of northern horts from 1957-63 and for fish over 22 disappearance of ice cover in the 

pike over 22 inches using the Petersen inches from 1964-72. Instantaneous spring, usually between April 15 and 
method. Densities of fish less than 22 rates of natural mortality (M) were 30 and therefore consists of a season of 

inches were then estimated using the calculated following Ricker (1975). open-water fishing plus the winter fish- 
Schnabel method. Netting periods Estimated mean weights of northern ing season onmediatel followin | 
ranged from 6 to 12 days. Prior to 1964, pike Ages 2-8 from 1961-62 were used Harvest data were onal zed wth re- 
standing crops of northern pike were to calculate instantaneous growth rates spect to both numb ore and total 
calculated by multiplying the average (G). Total lengths in inches (TL) and weights of fish caught. To avoid confu- 
weight of harvested fish by the spring weights in pounds (W) of northern sion we have adopted the convention 

population estimate. After implemen- pike caught throughout the fishing sea- whereby ‘catch’ refers to numbers of 

tation of the size limit, standing crops son were used to calculate condition fish harvested and ‘vield’ refers to their 
were calculated by determining mean factors (R): total weight y 
length of fish caught in nets, converting a 

—_—_ R=W x 10° 
*Plus sign should be read as ‘and all older 3) 
age groups’. TL 3



POPULATION DENSITY 

. . WITHOUT SIZE LIMIT RESTRICTIVE 22-inch SIZE LIMIT 

The northern pike population from | | 
1959-63 was sustained mostly by two 2,500 | | | 

strong year classes. The first known re- EEJPoPULATION 22-inches AND LARGER | 
production by northern pike occurred | | 

_ in 1956, but few of this cohort were W 2,000 
captured in nets. The first large year a : | | 

class was produced in 1957 and this age or | 
group accounted for over 90% of the rE 1,500 | 
total population in spring, 1959. The 9 | 
1958 and 1959 year classes were weak, 4 1000 | | 
hence the adult population decreased a | 

from 1959-61 (Fig. 1, Table 2). When oD | : 
the strong 1960 year class recruited to > 500 | 
the fishery in 1962, the adult popula- a | = 

: tion increased by nearly 400 percent. ee = ee 

Recruitment of the 1961 y ear class was O'"1959 1960 1961 1962 1963 1964" 1965 1966 1967 1968 1969 1970 1971 1972 
exceeded by total mortality of Age 3 YEAR 
fish, so that the adult population de- 

clined from Oe fOpwlation ae *Population of northern pike included in years of no 
mass closely parallele ensity Irom length limit. The 22-inch minimum size limit began 

1959-63 and ranged from 1.7 to 8.9 Ib/ in spring of 1964 and would not have affected 
acre annually. density. : 

| FIGURE 1. Northern pike population estimates, Escanaba Lake. 

| TABLE 2. Estimated spring density and standing crop of northern pike in Escanaba Lake. 

. Number _ Weight (Ibs.) _ 

All Sizes 22 Inches and Over All Sizes 22 Inches and Over 

Year Total Per Acre Total Per Acre Total Per Acre Total Per Acre | 

1959 1,200 4.1 45 0.1 2,600 8.9 130 ~—60.8 
1960 450 1.5 140 0.5 1,600 5.5 460 1.7 
1961 250 0.9 190 0.6 500 1.7 520 2.0 
1962 1,200 4.1 100 0.3 2,100 7.2 380 1.4 
1963 700 2.4 70 0.2 900 3.1 210 0.7 
1964* 1,100 3.8 80 0.3 990 3.8 250 0.9 

Average 

(4959-64) 81728104482 

1965 1,950 6.7 70 0.2 2,635 9.0 200 0.7 
1966 1,900 6.5 140 0.5 2,280 7.8 400 1.4 

1967 1,200 4.1 40 0.1 1,800 6.1 100 0.3 
1968 700 2.4 200 0.7 1,225 4.2 500 1.7 
1969 1,200 4.1 300 1.0 1,800 6.1 800 2.7 

1970 2,300 7.8 200 0.7 2,300 7.8 500 1.7 
1971 1,800 6.1 70 0.2 2,250 7.7 200 0.7 
1972 1,500 D.1 200 0.7 2,250 7.7 600 2.0 

Average EE 
(1965-72) 1,569 0 5.2 0 168 OT TIS 

*Population of northern pike included in years of no length limit. The 22-inch minimum size limit began 

in spring of 1964 and would not have affected estimated density during the spawning season, 

4 |



Spring population estimates from in fishing mortality of Ages 1-3 north- was in the process of building up. 

1964-72 were determined from multi- ern pike. Year classes produced from 

ple mark-recapture procedures. Dur- 1962-66 were all well represented in 

ing this period growth rates were de- net catches, but cannot be readily com- 

clining and age at maturity was pared to population estimates of year FISHING PRESSURE, 

increasing. On the basis of fyke net _ classes prior to 1964 (Table 3). It is ap- HARVEST. AND | . 

catches (Table 3), it appeared that parent that there were no year class ’ 

northern pike were not fully vulnerable failures after the size limit went into EXPLOITATION RATES 

to the nets until Age 4, whereas during effect, and recruitment to maturity was | 

the early part of the study they were probably as good as it was prior to Fishing pressure in Escanaba Lake 

fully vulnerable at Age 2. Therefore, 1964. was influenced by availability of 

Schnabel estimates from 1964-72 are | panfish. Prior to 1964, yellow perch 

useful for assessing numbers of mature : and pumpkinseed were sufficiently 
fish, but underestimate total popula- TOTAL MORTALITY abundant to attract fishermen, and 

tion size. Even though estimates are fishing pressure was high, ranging from 

negatively biased, it is apparent that There was a substantial increase in 63 to 90 hr/acre (mean = 75) (Table 
the population increased substantially total annual mortality of northern pike 4). By 1965, panfish densities had de- 
after implementation of the size limit after the size limit went into effect. clined and fishing pressure dropped to 
(Table 2). The mean population size Mortality rates of fish from the 1957 a mean of 44 hr/acre from 1964-72. It is 
from 1965-72 (1,569) was 92 percent and 1958 year classes were about 60%, unlikely that the decline in fishing 

greater than the 1959-64 mean (817), but it should be noted that estimated pressure was directly related to imple- 
and population biomass increased by densities of the 1958 year class were mentation of the size limit, because 
43%. Most of the increase in popula- based on small sample sizes and 95% panfish were the most sought after 
tion size was due to fish less than 22 confidence limits were broad (Table fishes in the lake. 
inches. Mean numbers of fish under 22 3). Mortality rates of the 1962-66 year Implementation of the 22-inch size 
inches increased by 99% while those classes continually increased from limit severely limited the number of le- 
over 22 inches increased by 47%. 69% to 91%. Much of this was natural gal size northern pike available to an- 

We did not attempt to estimate mortality, because after the size limit glers and catches declined commensu- 
densities of individual age groups after went into effect, only a small propor- rately. From 1959-63, anglers 
1964, because of the difficulties in aging tion (about 10%) of the population harvested an average 2.0 northern 
older fish and the uncertainties of | was subjected to fishing mortality. It is pike/acre at a catch rate for all sizes of 
when age groups were fully vulnerable conceivable that total mortality would 2.7/100 hr (Table 5). With the size 

to netting. The problem of comparing have increased, even if a size limit had limit, average annual catch fell by 84% 
recruitment rates before and after 1964 not been implemented, because during and average yield declined 73%, from 

-was further complicated by differences the early years of study the population 3.2 to 0.9 lb/acre (Table 6). The reduc- 

TABLE 3. Mortality rates of northern pike calculated as the slope of age versus loge of fish numbers. 
po | - (Numbers of fish shown for the 1957 and 1958 year classes are population estimates; lower —— 

and upper 95% limits are in parentheses. Those for the 1962-66 year classes are numbers 

of fish captured in fyke nets in spring.) 

Ages Used Instantaneous Total 
Age to Rate of Total Annual 

TS Calculate Correlation Mortality Mortality 

Year Class 2 3 4 5 6 7 Mortality Coefficient (Z) (%) 

1957 1,213 6511 132 90 2-5 -0.98 0.915 60 

(1,140- (439- (112- ( 68 
1,286) 588) 152) 112) 

1958 128 49 21 3-5 -0.99 0.903 59 

( O- (38-  ( 0- 
360) 65) 43) 

Means 0.910 60* 

1962 370 466 451 163 44 1 4-7 -0.99 1.163 69 

1963 1 144 245 188 19 4 4-7 -0.96 1.463 717 

1964 394 112 163 161 28 1 4-7 -0.92 1.703 82 

1965 1 34 184 124 2 1 4-7 -0.94 1.977 86 

1966 6 194 339 108 3 4-6 -0.96 2.363 91 

Means 1.734 82* 

*Calculated from mean Z. 

2



tion in catch was probably unrelated to 
reduced fishing pressure (Fig. 2, line 
fitted by least squares), because from | 

1008 8 tote catch oa ott . nh TABLE 4. Total fishing pressure and rates of exploitation 

lated (ee 0.35). However "during of northern pike in Escanaba Lake during the 

the same period northern pike density periods under no size limits (1958-63) and 
in spring and total catch were strongly under the 22-inch size limit (1964-72). 
correlated (r? = 0.78). Thus, the re- . nen ne 
duction in northern pike harvest after Fishing Pressure 

1964 was due to the decreased numbers Year Hours Hours/Acre Rate of Exploitation 
of legal size fish available; i. e., a mean 
of 0.5 fish/acre 22 inches and over com- | 
pared to 2.8 fish/acre of all sizes prior 1958 26,368 90 0.50 
to imposition of the size limit. — 1959 21,979 75 0.64 

Implementation of the size limit did 1960 22,214 76 0.27 
not result in a substantial increase in 1961 18,497 63 0.44 
harvest of northern pike over 22 1962 22,367 16 0.49 - 
inches. Mean annual total catch of pike 1963 20,796 71 0.45 
over 22 inches decreased slightly from NU SUE EEEUSNOEIIC 
98 to 93 fish, although catch rate in- _ Average 
creased from about 0.4 to 0.8 fish/100 (1958-63) 22,037 7 0.46 — 
hrs (Table 5). Mean lengths and } 
weights of pike harvested prior to 1964 1964 12,769 44 0.40 
were less than after the size limit. 1965 10,775 37 0.53 
Mean weights and lengths of pike over 1966 13,716 AT 0.56 
22 inches declined from 3.4 to 2.7 lb 1967 14,437 49 0.42 

and 24.2 to 23.3 inches, respectively, 1968 9,898 34 0.31 
and mean yield dropped from 334 to 1969 11,150 38 ) 0.53 
255 Ib (1.1 to 0.9 lb/acre). Thus, the 1970 14,695 50 0.52 
only fishery statistic that increased af- 1971 16,246 56 0.45 — 
ter the size limit went into effect was 1972 11,271 38 0.24 
the catch rate of pike over 22 inches. ee 

| All other fishery statistics declined, Average | 
most notably total yield and mean size (1964-72) 12,773 44 0.44 

| of pike over 22 inches. I 

Fishing mortality accounted for | 

most of the total mortality prior to | 

1964. Exploitation rates ranged from 
| 27 to 64% (mean = 46) while total | 

mortality was estimated at 60%. Be- 
cause of their rapid growth, northern 
pike recruited to the fishery at an early 
age, males as Age 1 and females as Age 

2. For fish Age 2 and older, exploita- & YEARS WITH A MINIMUM 22-inch SIZE LIMIT 
tion rates remained approximately the © YEARS WITHOUT SIZE LIMITS 
same throughout their life. After the 
size limit was implemented, mean ex- 
ploitation rate of legal size fish was bd 

44%, nearly the same as prior to 1964 = 60 
(Table 4). However fish over 22 inches we aa a 
accounted for about 10% of the mature Ki a eee 
population, so that exploitation rate of . —_s e °@ | 

all mature fish was about 6%. From 2 40 a 

1964-72 mean total mortality was 82%; < 
hence, mean rate of natural mortality o a e 

was 76%, substantially greater than x a 

the mean of 14% prior to 1964. ™ 20 

GROWTH RATES, 

MATURITY AND 5 
CONDITION FACTORS 20 40 60 £0 

FISHING PRESSURE (hrs/acre) 

After the size limit was imple- | 

mented, population density of north- 
ern pike increased, and growth rates , 
declined. Prior to 1964 most fish a 

reached 22 inches at Age 4 (Table 7). FIGURE 2. Relation of fishing pressure 
In subsequent years growth rates de- (1958-72) to annual exploitation of legal 

6 clined and it was increasingly difficult northern pike in Escanaba Lake.



TABLE 5. Fishing success and catch of northern pike from Escanaba Lake. | 

Northern Pike 22 Inches and Larger Total Catch - : , 

Avg. Size* Avg. Size* | 
Year No. Per Acre Per Hour (inches) No. Per Acre Per Hour (inches) | 

| 1958 44 0.1 0.002 23.4 935 3.2 0.035 16.0 | 
1959 155 0.5 0.007 23.7 882 3.0 0.040 19.8 © | 
1960 97 0.3 0.004 24.1 152 | 0.5 0.007 22.8 
1961 98 0.3 0.005 24.4 294 1.0 0.016 19.3 

1962 122 0.4 0.005 25.3 691 2.3 0.031 19.6 
1963 70 0.2 0.003 23.6 688 2.2 0.031 17.5 

Avg. 98 0.3 0.004 — 24,2** 599 2.0 0.027 18.4** 

Northern Pike with . 
22 Inch Minimum Size Limit 

Avg. Size* | 

Year No. Per Acre Per Hour (inches) 

1964 62 0.2 0.005 23.4 | 

1965 70 30.2 0.006 23.3 
1966 70 380.2 0.005 23.5 
1967 31 0.1 0.002 23.1 7 | | 
1968 81 0.3 0.008 22.9 
1969 217 0.7 0.019 23.3 
1970 148 0.5 0.010 23.2 

, 1971 62 0.2 0.004 23.1 
1972 103 0.3 0.009 23.4 

Avg. 93 0.3 0.008 23.3** | 

*Total Length 
**Weighted Average . 

TABLE 6. Yield (pounds) of northern pike from Escanaba Lake. | 

Northern Pike 22 Inches and Larger | Total Yield 

Year Weight Per Acre Avg. Weight Weight Per Acre Avg. Weight 

1958 140 0.5 3.2 928 3.2 1.0 
1959 513 1.8 3.3 1,680 5.7 1.9 
1960 328 1.1 3.4 446 1.5 2.9 
1961 339 1.2 3.5 582 2.0 2.0 
1962 465 1.6 3.8 1,219 4.2 1.8 
1963 217 0.7 3.1 834 2.8 1.3 

Avg. 334 1.1 3.4 948 3.2 1.6 

Northern Pike with 
22 Inch Minimum Size Limit 

Year Weight Per Acre Avg. Weight 

1964 193 0.7 3.1 

1965 197 0.7 2.8 

1966 194 0.7 2.8 
1967 83 0.3 2.7 
1968 205 0.7 2.5 | 

1969 577 2.0 2.7 

1970 380 1.3 2.6 
1971 155 0.5 2.5 

1972 307 1.0 3.0 

Avg. 255 0.9 2.7 ]



to accurately read scales from Age 5+ 
fish; however, it appeared that near the 
end of the study most northern pike | 
did not reach 22 inches until Age 8. Re- 

delayed maturity. 
Sree eoed. ae Ws fret matured *. TABLE 7. Mean total lengths (TL) of mature and | | 
Age 1 and females as Age 2. By 1967 immature male and female northern pike 

males first matured at Age 3 and fe- captured in fyke nets during spring. * | 
males at Age 4. OS 

The best quantitative information nb 
we have on reduction in growth rates is Year 2 3 4 5 6 7 8 
from Ages 1-3 northern pike. Average OO a i 
lengths of these age groups in 1958-64 1961 13.4 21.1 22.5 24.4 26.2 28.0 30.5 

were consistently larger than those 1962 15.3 181 20.1 28.7 26.1 26.8 29.3 | 
from 1965-72 (Table 8). An Analysis of . 
Variance was applied to the yearly av- 1963 14.7 183 21.1 23.6 25.6 

erage length data for Age 2 and 3 MeanTL 14.5 19.2 21.2 23.9 26.0 27.4 29.9 
northern pike (using all values except (inches) 

, those in parens where sample size was 
less than 5). This showed the 1965-72 Mean 0.638 1.55 2.138 3.14 4.11 4.87 46.45 

_ Calculated group to be significantly shorter Weigh 
(P <.01 for males;P <.05 for females,) eights 
than those before the 22-inch size (Ib.) 

limit, in 1998-64. Age 2 and 3 males | *Mean weights were calculated from the equation: LogeW = 

were 19 and 20% shorter, respectively, -9.07 + 3.218 LogeL, where W is mean weight in pounds and L is 

and fem ales were 22 and 13 7: shorter. total length in inches. Data for regression equation were taken 
| By weight, the size reduction was 38% from harvested fish. 1961-63. 

and 55% for Age 2 and 3 males. ° — 
To standardize the expression of | 

weight loss in terms of condition fac- 
tors, these were plotted for the years 

TABLE 8. Mean total length (inches) of northern pike, Ages 1-3, in 

Escanaba Lake. 

. Age 1 Age 2 Age 3 

Year Male Female Male Female Male Female 

1958 12.1 20.2 | 
1959 17.8 19.7 20.6 21.2 

| 1960 (15.1)* (16.4) 21.1 23.8 
1961 13.4 (21.2) (23.5) (21.0) (25.3) 
1962 14.1 16.9 22.7 (20.5) 
1963 (13.6) 15.6 18.6 19.2 17.3 

1964** (11.8) 15.5 19.6 

Average 
(1958-64) 13.2 17.2 19.2 20.6 20.8 

1965 13.3 (20.1) 18.7 20.6 
1966 (12.7) 15.3 16.2 16.6 (17.8) 
1967 16.0 18.4 

1968 17.4 (17.5) 
1969 12.6 15.2 15.5 18.0 

1970 (11.7) 13.1 (14.1) 14.9 17.2 
| 1971 14.4 16.0 17.3 

1972 17.2 17.4 

Average 
(1965-72) 13.3 13.9 15.7 16.5 18.2 

*( ) Less than 5 fish in sample; not included in average. | 

** Growth of northern pike included in years of no length limit. The 22-inch 

minimum size limit began in spring of 1964 and would not have affected 
growth rate. 
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| 1900 * 1958-72 for fish measuring 22.3-23.2 1958 1960 I962 1964 1966 I968 1970 1972 : YEAR inches only (Fig. 3). Condition stead- 
| ily declined (trend line fitted by least 

7 | squares) except for the years 1964 and 
| 1972 when there were unusually strong 

: year classes of perch. Whether the size 
— limit extended the decline that typi- 

FIGURE 3. Mean condition factor of angler- cally occurs in years following estab- 
caught northern pike in Escanaba Lake. Data lishment of a fish population is un- 
taken from fish between 22.3 and 23.2 inches known. At any rate the size limit — 
in total length. | seemed not to forestall this decline. 

Development of the northern pike magnitude of this increase. However, it tality from 1964-72 was due to natural 
population in Escanaba Lake had a appears that the increased number of mortality. Prior to 1964 natural mor- 
marked effect on the sport fish commu- northern pike was due not only to a re- tality was about 14%. Based on the av- 
nity (Kempinger et al. 1975; Kemp- duction in fishing mortality, but also to erage exploitation of 6% and average 
inger and Carline 1977). Changes in changes in rates of natural mortality total mortality of 82% (Table 3), nat- 
abundance of prey species, in turn, had and recruitment. ural mortality increased to about 76% 
an influence on northern pike. Inter- Prior to 1964, fishing mortality from 1964-72. Therefore, decreased 
pretation of data on effects of the size (46%) accounted for much of the total fishing mortality as a result of the size 
limit must be made in light of these annual mortality (60%). Although limit was more than compensated for 
changes in the fish community. fishing mortality on legal size fish by an increase in natural mortality, 

changed little after the size limit was from 14 to 76%. 
implemented, the impact of fishing on We were unable to determine 
the entire population was negligible, changes in recruitment rates, because 

POPULATION DENSITY about 6% were harvested annually. after the size limit went into effect 
AND GROWTH Because the actual population was growth rates declined, age at maturity 

probably greater than the estimated increased, and vulnerability to capture 
Density of northern pike increased _— population, actual fishing mortality by fyke nets of Ages 1-3 fish changed. 

by at least 90% after the size limit must have been less than 6%. A major However, if we assume the population 
went into effect. Because of the diff- — consequence of the size limit was a sub- was in a steady state, recruitment rates 
culty in estimating numbers of imma- stantial reduction in fishing mortality. can be estimated from average total 
ture fish, we could not define the exact The gradual increase in total mor- mortality rates and population sizes 9
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prior to and after 1964. Mean popula- When yellow perch along with other panfish species 

tion density prior to 1964 was 817 and declined in Escanaba Lake, so did the fishing pres- 

total annual mortality was 60%. In a sure. The increase in density of northern pike at- 

steady state, annual recruits would tributed to the prey decline 

equal annual deaths, so the expected 
number of recruits would be: 
817 X 0.60 = 490. From 1964-72 
mean density was 1,569, mean total 

, mortality was 82%, so that expected 
recruitment would have been: 
1,569 X 0.82 = 1,287; a 162% in- . : 
crease over presize-limit recruitment. lishment of the northern pike popula- If the hypothesis that predation by 
This should be a minimum estimate of tion, adding to the already dense popu- northern pike significantly influenced 
recruitment, because population esti- lation of walleyes, was responsible for survival of juvenile centrarchids and 
mates represent mature fish and age at high mortality of juvenile centrarchids yellow perch is correct, then reductions _ 
maturity increased by about 2 years af- and yellow perch (Kempinger et al. in prey populations and a decline in 

ter the size limit was implemented. 1975; Kempinger and Carline 1977). growth rates of northern pike would be 
The increased recruitment after From 1959-72 only one year class of likely outcomes. Aquatic vegetation in 

1964 was probably unrelated to the size yellow perch survived in sufficient Escanaba Lake is confined to protected 
limit. Although densities of adult numbers to have an impact on catch bays, while much of the shoreline offers 
northern pike increased after 1964, we rates of the sport fishery. Over this pe- little protective cover for prey species. 
do not believe that an increased riod of 13 years none of the four species This apparent lack of cover coupled 

number of spawners led to improved of centrarchids produced a year class with increasing northern pike densities 
recruitment, because a relatively small that influenced the sport fishery. We in the mid 1960’s could account for 
number of adult pike are capable of have suggested that a small number of drastic declines in abundance of perch 
producing large year classes. For exam- prey adults were able to produce and centrarchids. 
ple, the large 1957 year class was pro- enough juveniles to sustain walleye If one accepts the hypothesis that 

duced by a population of adults that and northern pike populations, but increased densities of northern pike 

were too sparse to permit estimation of mortality on juvenile prey was suffi- caused the decline in forage fish, the 
their density. If year class production ciently high to allow only a small next question is ‘did establishment of 
by northern pike was most influenced number to survive to adulthood. the size limit contribute to the contin- 
by abiotic factors as in some walleye Changes in condition factors of ued decline of panfish populations?’ — 
populations (Busch et al. 1975), then northern pike provided additional evi- a question that can not be resolved at 
increased recruitment after 1964 may dence that declining growth rates were present. It was clear that the size limit 
have been dug to the vagaries of cli- related to reduced food supply. From resulted in a marked reduction in fish- 

matic conditions. 1958-72 there was a continual decline ing mortality. However, the reduction 
Based on mean lengths of Ages 1-3 in condition factors of northern pike in fishing mortality was more than com- 

northern pike, condition factors, and with the exception of 1964 and 1972. pensated for by increased natural mor- 

age at maturity, it was clear that During those two years walleye finger- tality. The process that the size limit 
growth rates declined substantially af- lings exhibited the fastest growth that did not influence, yet was most impor- 
ter the size limit went into effect. Re- has been recorded from 1958-72. Juve- tant, was recruitment, which more 
duced growth rates occurred as popu- nile yellow perch were the predomi- than doubled after 1964. The compen- 
lation density increased, suggesting nant food of walleye fingerlings, and satory increase in natural mortality af- 

that growth was density-dependent growth rates of walleye were directly ter 1964 may have been more of a re- 
and that the food supply was being ef- related to perch density (Morsell sponse to increased recruitment than it 
fectively cropped by northern pike. In 1970). Thus, the relatively high condi- was to decreased fishing mortality. If 
recent summaries of changes in the tion factors of northern pike during recruitment had not increased during 
sport fish community of Escanaba these years was likely due to an im- the study, it would have been possible 

10 Lake, it has been suggested that estab- proved food supply. to determine if the size limit enhanced



| | | 

| | 
TABLE 9. Northern pike harvest, population and exploitation rates from selected lakes. | 

Oo | 

No. of _sarvest No. of © ______—Population Exploitation 

Lake Acreage Regulation Years No./Acre Lb./Acre Years No./Acre Lb./Acre Rate 

Escanaba, 293 No Size Limit 6 Range 0.5-3.2 1.5-5.7 6 Range 0.9-4.1 1.7-8.9 0.27-0.64 

Wisconsin Avg. 2.0 3.2 Avg. 2.8 4.9 0.46 

Size Limit 9 Range 0.1-0.7 0.3-2.0 8 Range 0.1-1.0 0.3-2.7 0.24-0.56 

22 inches Avg. 0.3 0.9 Avg. 0.5 1.3 0.44 

Murphy 180 No Size Limit 15 Range 0.9-4.5 1.8-11.5 15 ‘Range 2.4-49.2 4.5-54.5 0.03-0.50 : 

Flowage, Avg. 2.8 6.0 Avg. 10.9 15.6 0.26 : 

Wisconsin . | | 
| 

Nebish, 94 No Size Limit 21 Range 0.01-0.6 0.04-2.7 4 Range 1.2-1.6 0.12-0.23 

Wisconsin Avg. 0.2 0.9 Avg. 1.4 - 0.19 

Bucks, 83 No Size Limit 1 Range 9.6 9.8 D Range 12.4-49.3 13.3-36.8 0.15-0.21 

Wisconsin Avg. 31.9 26.9 0.18 | 

Size Limit 9 Range 1.6-1.9 5 Range 13.3-28.0 14.9-25.8 | 
18 inches Avg. 1.1 1.8 Avg. 22.8 22.1 | 

Heming, 640 No Size Limit 16 Range 0.8-11.5 1.2-4.8 | 

Manitoba Avg. 3.4 3.0 . | 

George, 456 No Size Limit 3 Range 4.5-9.7 3.8-10.0 | 

Minnesota Avg. 7.8 7.6 | 

Lac Court 5,040 No Size Limit 5 Range 0.4-1.1 . | | 
Oreilles, : Avg. 0.8 : 

Wisconsin Size Limit 7 Range —‘1.0-2.5 | 
18 inches Avg. | 1.6 : 

Cedar & 1,044 No Size Limit 2 Range 1.0-3.0 : 

Gilbert | | , Avg. 2.0 3 
. Wisconsin | 

predation by northern pike on panfish in average annual catch, and harvest of were a function of the food supply. 
| populations. Resolution of this ques- northern pike greater than 22 inches Similarly, in Escanaba Lake, total an- 

tion will likely result from analysis of changed little. Prior to the size limit, nual mortality increased as forage 
data collected after removal of the size average annual yield was 3.2 lb/acre, abundance declined. However, in- 
limit on northern pike. which was well within the range of creased mortality may have been a 

northern pike yields reported from compensatory response to increased 
other waters (Table 9). High yields of recruitment. We have no way of sepa- 
northern pike from Murphy Flowage, rating out the effects of food supply 

SPORT FISHERY Wisconsin (Snow 1974) and Bucks and recruitment on total mortality. It 
Lake, Wisconsin (Snow and Beard was clear from Bucks Lake and Esca- 

Northern pike was the most heavily 1972) reflect the fact that flowages naba Lake studies that significant re- 
exploited species in Escanaba Lake tend to be highly productive, probably ductions in harvest followed imple- 
(Kempinger et al. 1975). Their prefer- because of their extensive littoral ar- mentation of size limits on northern 
ence for littoral habitats and voracious eas. pike. 
feeding habits probably account for The only thorough study on size 
their vulnerability to sport fishing. limits that can be compared to this re- | 
Within the range of observed fishing port is that from Bucks Lake, where an 
pressure (34-90 hrs/acre), exploita- 18-inch size limit resulted in an 82% EQUILIBRIUM YIELD 
tion rate of legal size fish did not decrease in yield. In our study, yield 
change appreciably (Fig. 2); the slope declined by 73%. Northern pike in Several mathematical models have 
of the regression equation was not sig- Bucks Lake grew slower than those in been developed whereby one can read- 
nificantly different than zero Escanaba Lake, but size limits at both ily examine predicted yields from dif- 
(P >0.05). Similarly, exploitation lakes protected pike until Age 4. It is ferent combinations of fishing inten- 
rates of walleye in Escanaba Lake were noteworthy that in both populations sity and age of recruits to the fishery 
not significantly influenced by fishing total annual mortality did not decline (for review, see Gulland 1969). Accu- 
pressure (Kempinger et al. 1975). as a result of reduced fishing mortality. racy of predicted yields under a given 

After the 22-inch size limit went Snow and Beard (1972) suggested that set of conditions will often depend 1] 
into effect there was an 84“. reduction population size and mortality rates upon how well inherent assumptions of |



| TABLE 10. Equilibrium yield calculations per 790 lbs. of recruits when | 

instantaneous growth (G).and natural mortality (M) are | 

unchanged. 

a 

Approximate Mean Weight Population 

Age of Recruits Size Limit Yield Catch of Catch Biomass 

to Fishery (inches) (ib.) (no.) (1b. ) (Ib.) 
| | 

| 2 14.0 1,350 930 1.45 1,820 

2+ 17.8 1,620 780 2.08 3,080 

| 3 18.3 1,660 750 2.22 3,360 

3+ 20.8 1,800 620 2.88 4,810 

4 21.1 1,810 600 3.03 5,120 

A+ 23.2 1,800 490 8.70 6,885 

5 | 23.6 1,780 460 3.84 6,945 

o+ — 24.5 1,600 360 4.45 8,370 

6 25.6 1,540 340 4.57 8,640 

a | 

| the model are met. Ricker’s (1975) which was the mean biomass of Age 2 decrease in growth rates and kept nat- 

equilibrium yield model can be readily northern pike in 1961 and 1962. ural mortality and recruitment con- 

used for many sport fisheries because Calculated peak yield (1810 lb) Oc- stant, the theoretical yield with a 22- 

long records of harvest are not needed curred when northern pike were first inch size limit was 63% less than the 

| and basic inputs often can be obtained harvested as Age 4 (Table 10), which yield with unchanged growth rates and 

within a single year. Data needed are approximated a 21-inch size limit. no size limit — a close approximation 

age-specific growth rates, exploitation However, calculated yields varied little to the observed reduction in yield. : 

rates, and total annual mortality. Basic when northern pike were first har- The other two assumptions of the 

assumptions of the model are that vested between Age 3+ and Age 4+. model that were not met were constant 

growth rates, recruitment, and natural Predicted peak yield: was about 34% recruitment and natural mortality. Af- 

mortality do not change as fishing mor- greater than expected yield with no ter the size limit went into effect, re- 

tality and age of recruits at first harvest size limit, and number of fish caught cruitment more than doubled and nat- 

are varied. We used data from this would be 35% less than that with no ural mortality increased from about 14 

study to compute the theoretical maxi- limit. In calculating equilibrium yield | to 76%. It would appear that these 

mum yield using Ricker’s model and it is assumed that growth rates are con- changes offset each other and that 

compared the theoretical yield with ac- stant and, as a year class is protected most of the reduction in yield could be | 

tual yields. from fishing, natural morality remains accounted for through decreased | 

The underlying rationale of the unchanged. Thus, when year classes growth rates. 

equilibrium yield model is that to at- were protected to Age 4, population We have suggested that protection 

tain maximum sustained yield, a newly biomass increased from 1,820 to 5,120 of northern pike and their subsequent 

| recruited year class should not be ex- lb, or a 180% increase. population build-up led to a decline of 

ploited until it reaches maximum bio- The 22-inch size limit imposed on panfish populations, the major prey of 

mass. A year class will attain maximum northern pike in Escanaba Lake was northern pike. The limited littoral area 

biomass when instantaneous rates of close to the size limit that was pre- in Escanaba Lake may have offered ju- 

growth and natural mortality are dicted to produce maximum yields venile panfish little cover and made 

equal. Mean size of individuals at this (Table 10). However, when the size them vulnerable to predation. In lakes 

point is defined as the critical size. limit was in effect there was 73% de- with extensive cover, protection of 

We used average instantaneous crease in yield rather than a 34% in- northern pike could conceivably lead 

growth (1961-63) and mortality rates crease. Population biomass increased to higher rates of predation on panfish 

from 1960-63 to compute equilibrium after 1964, but not as much as pre- without severely depleting their num- 

yield. Average annual total mortality dicted, 43 vs. 180%. One of the major bers. 
was 60% and exploitation rate was reasons for the difference between ac- Difference between actual and pre- 

46%. The year was divided into two in- tual and predicted yield was a decline dicted yields was dramatic and this 

tervals, May to September and Sep- in growth rates. disparity, we believe, underscores the 

tember to the following May. During Growth rates of Ages 2 and 3 north- need to consider possible consequences 

the May to September interval 88% of ern pike decreased by 38 and 55%, re- of compensatory changes in growth or 

annual growth and 83% of the fishing spectively, when data from 1962-64 natural mortality when using the equi- 

mortality occurred. Mean weights of and 1969-71 were compared. Prior to _ librium yield model to assess effects of 

individual fish at midpoint of intervals 1964, northern pike reached 22 inches changing regulations. Where northern 

were calculated assuming constant in- as Age 4, but after growth rates de- pike populations are relatively dense, 

stantaneous growth rates. Catch in clined, they did not attain 22 inches the probability of compensatory de- 

numbers was estimated from the quo- until Age 8. Thus, the size limit pro- clines in growth would appear high, if a 

tient of yield and mean weight at inter- tected northern pike throughout most size limit were implemented. Even 

val midpoint. The annual biomass of of their life and few were eventually where populations are not dense, the 

12 recruits at Age 2 was taken as 790 lb, harvested. When we simulated a 40% most prudent approach to effect a de-



crease in fishing mortality might be to vary, depending upon prevailing ex- length limit may allow excessive har- 
_ start with a modest size limit and in- ploitation rates, growth rates, and vest in some lakes and under-utiliza- | 
crease it gradually as conditions dic- structure of the fish community. It tion in others. We recognize that 
tate. seems unreasonable to assume that a length limits can be an effective man- 

The questions of where size limits single length limit can produce desira- agement tool, but we suggest that they 
can be used to improve harvest and ble results over a wide range of lake ~ be implemented only where data indi- 
how appropriate size limits should be types and fishing pressures. Even re- cate they are necessary and even then, 
determined will be continuing gionally, large differences among lakes size limits should initially be conserva- | 
problems in management of Wisconsin can be anticipated, so that a uniform tive. | 
waters. The effect of size limits will : 

| SUMMARY 

1. This study was conducted over a 14- 6%, and natural mortality in- during the midst of a decline in 
year period to determine changes in creased from 14 to 76%. panfish abundance, but it is not 
population density, growth, and d. Recruitment rates more than known if the size limit contributed 
harvest of northern pike after im- doubled. to the continued decline in panfish. 
plementation of a 22-inch size limit. e. Mean annual fishing pressure de- We hy pothesize that initial devel- 

| 2. After the size limit went into effect clined from 75 to 44 hr/acre, but opment re eae Pop lation P hd 
the following occurred: did not apparently influence har- cipitated’ the decline in pantish an .; , , f vik that reduced growth rates of pike a. Mean population density of pike vest of pike. ; , . : , during the later part of the study increased by 92% and biomass f. Mean annual yield of pike de- were related to a diminishing food . . g foo | increased from 4.9 to 7.1 lb/acre. clined from 3.2 to 0.9 lb/acre. supply. 
b. Mean population density of pike 8. Average catch (in numbers) of 4. Ricker’s (1975) equilibrium yield 

| 22 inches and over increased pike over 22 inches did not model suggested that yield could be 
47% but the percent of the pop- change appreciably, but catch increased by 34% with a 22-inch 

- ulation in that category re- —sFate increased from 0.4 to. 0.8. limit, when in fact, the observed — 
mained unchanged. pike/100 hr, and mean weight yield declined by 73%. Reduced 

oe decreased from 3.4 to 2.7 lb. growth rates of pike appeared to be c. Mean total annual mortality in- . . é . h. Growth rates of pike declined. responsible for the difference be- creased from 60 to 82%, fishing , ; ; . . tween theoretical and observed mortality decreased from 46 to 3. The size limit was implemented yields 
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APPENDIX A | 

| Known Macrophytes Present in Escanaba Lake | | 

Najadaceae — Pondweed | Cyperaceae — Sedge 
Potamogeton amplifolius, Scirpus acutus, Hardstem | 

| Large-leaf pondweed bulrush | 
| Potamogeton gramineus, Va- Scirpus sp. 

| : riable pondweed Pontederiaceae — Pickerelweed | 
Potamogeton pusillus Pontederia cordata, Picker- 
Nayjas flexilis, Bushy pond- elweed 

- | weed | Polygonaceae—Buckwheat 
Alismaceae — Water Plantain Polygonum natans, Smart- 

: : Sagittaria latifolia, Arrow- weed | 
head Nymphaeaceae — Water Lily 

: Sagittaria teres, Dwarf ar- Nymphaea odorata, White 
~ rowhead water lily 

Butomaceae — Flowering Rush Nuphar variegatum, Yellow 
| Vallisneria americana, Wild water lily | 

celery | 

APPENDIX B | 

Known Fish Species Present in Escanaba Lake 

UMBRIDAE-MUDMINNOW CATOSTOMIDAE-SUCKER Micropterus dolomieui 
Central mudminnow, Umbra White sucker, Catostomus Lacepede 

limi (Kirtland) commersonti (Lacepede) Largemouth bass, 
ESOCIDAE-PIKE ICTALURIDAE-FRESHWATER Micropterus salmoides 

Northern pike, Esox lucius CATFISH (Lacepede) 
| Linnaeus Black bullhead, [ctalurus Black crappie, Pomoxis 

Muskellunge, Esox masqut- melas (Rafinesque) nigromaculatus 
nongy Mitchill GADIDAE-CODFISH (Lesueur) 

CYPRINIDAE-MINNOWS AND Burbot, Lota lota (Lin- PERCIDAE-PERCH 
CARP naeus) Iowa darter, Etheostoma ex- 

Northern redbelly dace, GASTEROSTEIDAE- ile (Girard) 
Phoxinus eos (Cope) STICKLEBACK : Johnny darter, Etheostoma 

Golden shiner, Notemigonus Brook stickleback, Eucalia nigrum Rafinesque 
crysoleucas (Mitchill) inconstans (Kirtland) Yellow perch, Perca flaves- 

Common shiner, Notropis CENTRARCHIDAE-SUNFISH cens (Mitchill) 
cornutus (Mitchill) Rock bass, Ambloplites Logperch, Percina caprodes 

Bluntnose minnow, rupestris (Rafinesque) (Rafinesque) 
Pimephales notatus Pumpkinseed, Lepomis gib- Walleye, Stizostedion ut- 
(Rafinesque) bosus (Linnaeus) treum vitreum (Mitchill) 

Fathead minnow, Bluegill, Lepomis COTTIDAE-SCULPIN 
Pimephales promelas ~ macrochirus Rafinesque Mottled sculpin, Cottus 

14 Rafinesque Smallmouth bass, bairdi Girard
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TECHNICAL BULLETINS (1973-77) * 

No. 61 Overwinter drawdown: Impact on the aquatic veg- No. 82 Annual production by brook trout in Lawrence 

etation in Murphy Flowage, Wisconsin. (1973) Creek during eleven succesive years. (1974) Rob- 
Thomas D. Beard ert L. Hunt _ 

No. 63 Drain oil disposal in Wisconsin. (1973) Ronald O. No. 83 Lake sturgeon harvest, growth, and recruitment in 

Ostrander and Stanton J. Kleinert Lake Winnebago, Wisconsin. (1975) Gordon R. 
No. 64 The prairie chicken in Wisconsin. (1973) Freder- Priegel and Thomas L. Wirth 

ick and Frances Hamerstrom | No. 84 Estimate of abundance, harvest, and exploitation 

No. 65 Production, food and harvest of trout in Nebish of the fish population of Escanaba Lake, Wiscon- 
Lake, Wisconsin. (1973) Oscar M. Brynildson and sin, 46-69. (1975) James J. Kempinger, Warren S. 

James J. Kempinger Churchill, Gordon R. Priegel, and Lyle M. Chris- 
No. 66 Dilutional pumping at Snake Lake, Wisconsin — a tenson 

potential renewal technique for small eutrophic No. 85 Reproduction of an east central Wisconsin pheas- 

lakes. (1973) Stephen M. Born, Thomas L. Wirth, ant population. (1975) John M. Gates and James 
James O. Peterson, J. Peter Wall and David A. B. Hale 

Stephenson No. 86 Characteristics of a northern pike spawning popu- 

No. 67 Lake sturgeon management on the Menominee lation. (1975) Gordon R. Priegel 
River. (1973) Gordon R. Priegel No. 87 Aeration as a lake manag T. L. Wirth 

No. 68 Breeding duck populations and habitat in Wiscon- No. 90 The presettlement vegetation of Columbia County 

sin. (1973) James R. March, Gerald F. Martz and in the 1830’s (1976) William Tans 

| Richard A. Hunt No. 91 Wisconsin’s participation in the river basin com- 
No. 69 An experimental introduction of coho salmon into missions. (1975) Rahim Oghalai and Mary Mullen _ 

| a landlocked lake in northern Wisconsin. (1973) No. 92 Endangered and threatened vascular plants in | 
Eddie L. Avery Wisconsin. (1976) Robert H. Read 

No. 70 Gray partridge ecology in southeast-central Wis- No. 93 Population and biomass estimates of fishes in Lake 
~ consin. (1973) John M. Gates Wingra. (1976) Warren S. Churchill 

No. 71 Restoring the recreational potential of small im- No. 94 Cattail—the significance of its growth, phenology, 

poundments: the Marion Millpond experience. and carbohydrate storage to its control and man- 
(1973) Stephen M. Born, Thomas L. Wirth, Ed- agement. (1976) Arlyn F. Linde, Thomas Janisch, 

mund O. Brick and James O. Peterson and Dale Smith 
No. 72 Mortality of radio-tagged pheasants on the Water- NO. 95 Recreational use of small streams in Wisconsin. 

| loo Wildlife Area. (1973) Robert T. Dumke and (1976) Richard A. Kalnicky 

Charles M. Pils No. 96 Northern pike production in managed spawning 
No. 73 Electro fishing boats: Improved designs and oper- and rearing marshes. (1977) Don M. Fago 

ating guidelines to increase the effectiveness of No. 97 Water quality effects of potential urban best man- 
boom shockers. (1973) Donald W. Novotny and agement practices; a literature review. (1977) 

Gordon R. Priegel Gary L. Oberts 
No. 75 Surveys of lake rehabilitation techniques and ex- No. 98 Effects of hydraulic dredging on the ecology of na- 

periences. (1974) Russell Dunst et al. tive trout populations in Wisconsin spring ponds. 
No. 76 Seasonal movement, winter habitat use, and popu- (1977) Robert F. Carline and Oscar M. Brynildson 

lation distribution of an east central Wisconsin No. 99 Effects of destratifying lake on the distribution of 
pheasant population. (1974) John M. Gates and planktonic crustacea, yellow perch, and trout. 

James B. Hale (1977) Oscar M. Brynildson and Steven L. Serns 
No. 78 Hydrogeologic evaluation of solid waste disposal in No. 100 Use of arthropods to evaluate water quality of 

south central Wisconsin. (1974) Alexander streams. (1977) William L. Hilsenhoff 
Zaporozec No. 101 Impact upon local property taxes of acquisition 

No. 79 Effects of stocking northern pike in Murphy Flow- within the St. Croix River State Forest in Burnett 

age. (1974) Howard E. Snow and Polk Counties. (1977) Monroe H. Rosner 
No. 80, Impact of state land ownership on local economy No. 102 Wisconsin Scientific Areas, 1977/Preserving na- 

in Wisconsin. (1974) Melville H. Cohee tive diversity. (1977) Clifford E. Germain, William 
No. 81 Influence of organic pollution on the density and E. Tans and Robert H. Read 

production of trout in a Wisconsin stream. (1975) 

Oscar M. Brynildson and John W. Mason 

*Complete list of all technical bulletins in the series available from the Department of Natural Resources 

Box 7921, Madison, 

5500 - 31 80082 - 78 Wisconsin 53707
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