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Summary

The Winnebago System, Wisconsin, supports one of the largest self
sustaining stocks of lake sturgeon, Acipenser fulvescens, in North
America.  Winter spearing harvest of the Winnebago sturgeon
population has been actively regulated since 1903 and actively
assessed since the 1940's.  While historic population assessments
have shown a steady increase in sturgeon densities in the system,
recent surveys indicated overexploitation of adult females.  From
1991-97, 13714 sturgeon were assessed through harvest and
spawning surveys to characterize the status of the current
population, and historical data from DNR files were reassembled
and analyzed to discern population trends over the last 40 years.  A
summary of management actions since 1903 was completed and
reviewed in the context of long term population trends.  1991-97
annual harvests averaged 1337 sturgeon with adult females
comprising 46% of the annual harvests from 1991-96 and 34% of
the harvest in 1997 following a reduction in the minimum size
limit.  With the higher size limit, estimated annual exploitation of
adult females was 2 to 3 times higher than that of adult males. 
Historic harvest and population trends showed the benefits of
conservative bag limits and harvest season lengths combined with
strict law enforcement, and habitat protection, which resulted in an
estimated 58% reduction in the annual harvest between 1955 and
1965 and a four fold increase in legal stock densities from 1955 to
1990.  The analyses of the historic data reinforced the necessity of
standardized long term harvest and population assessments for
effective management of sturgeon populations and fisheries.  Public
involvement is also identified as an integral component to effective
sturgeon management.

Key words:  Lake sturgeon, Acipenser fulvescens, management,
regulations, public involvement.

Introduction

The Lake Winnebago System, in east central Wisconsin, is home to
one of the largest self sustaining stocks of lake sturgeon, Acipenser
fulvescens Rafinesque, in North America.  The population supports
a popular recreational spear fishery each winter and has been
subject to hook and line, and setline fisheries in the past.  The
fishery has been regulated since 1903 and the sturgeon population
and harvest have been consistently monitored and managed since
the early 1940's (Schneberger and Woodbury 1946), (Probst and
Cooper 1954), (Priegel and Wirth 1975, 1978), (Folz and Meyers
1985). Studies conducted over the years have been primarily
concerned with ensuring that exploitation was maintained at a safe
level.  Information was used to increase the understanding of the
population dynamics of the Winnebago system lake sturgeon to
identify possible limiting factors and to make necessary adjustments
in harvest seasons and bag and size limits.

Since the early 1950's various studies have documented an increase
in Winnebago sturgeon stocks from 11500 (>102 cm) in 1959
(Priegel and Wirth 1975) to 25300 (>114 cm) in 1980 (Folz and
Meyers 1985) and to 46500 (>114 cm) in 1989 (L.S. Meyers,
Wisconsin Department of Natural Resources (DNR), personal
communication).  Harvest trends though, began to show a steady
decline in the relative number of trophy size (>45.4 kg) sturgeon
speared each year since the early 1970's.  Trophy size sturgeon
comprised 1.9% of the harvest between 1955 and 1969, falling
through the 1970's and early 1980's to 1.3%, and precipitously over
the last 13 years to 0.3% of the harvest.  Information from various
population assessments conducted in the 1950's, 1970's and 1980's
also showed a decline in the relative number of larger, older fish. 
As the largest fish in the population are typically mature females,
interest and concern led to an expansion of population and harvest
assessments beginning in 1991 along with a complete evaluation of
the long term impacts of harvest regulation changes on the lake
sturgeon population structure.

Study Objectives

  1) To summarize the history of Winnebago System lake
sturgeon regulatory and management actions,

  2) To characterize the current (1991-97) Winnebago System
lake sturgeon population and fishery,

  3) To examine historical population and harvest assessment
data for trends that may have been the result of various
regulatory, anthropogenic, and/or environmental factors,
that may have led to characteristics of the current
population.

Study Area

The Winnebago System is a large, eutrophic riverine-lake system in
east central Wisconsin Figure 1).  Lake Winnebago and the three
Upriver Lakes (Butte des Morts, Winneconne and Poygan),
collectively known as the Winnebago Pool Lakes, comprise 66845
ha of surface water, situated at the lower end of a 1554026 ha
watershed through which flow the Wolf and upper Fox River
Systems.  The lower 200 km of the Wolf River, along with its major
tributaries, and 60 km of the upper Fox River contain the spawning
and nursery grounds for the Winnebago Pool sturgeon population. 
Lake Winnebago has a maximum depth of 6.4 m and a mean depth
of 4.7 m.  The Upriver Lakes are also relatively shallow with a
maximum depth of 5.4 m and a mean depth of 1.8 m.  The
Winnebago Pool Lakes have a methyl orange alkalinity of 119 to
124 ppm, a pH varying from 7.7 to 8.5., and are characterized by
large, open pelagic areas with a soft sediment base and by poor
water clarity due to a lack of aquatic macrophytes, nonpoint
pollution, resuspension of sediments from wave action and algal
blooms.  In addition to lake sturgeon, the major species of the



Fig. 1:  Winnebago System, with lake sturgeon spawning sites.

Winnebago Pool fisheries community include freshwater drum,
walleye, sauger, yellow perch, white bass, trout perch and emerald
shiner.  Seventy-eight species of fish have been reported from the
Winnebago Pool Lakes.  The Winnebago system lies within 120 km
of two million people and receives heavy use from recreational
boaters and anglers (WDNR, Winnebago Comprehensive
Management Plan, 1989).

Methods

Historical Review of Winnebago System Lake Sturgeon Regulatory
and Management Actions

Historic information on regulatory and management actions
initiated to control the Winnebago System lake sturgeon fisheries
was found primarily in files housed at the Wisconsin Department of
Natural Resources (DNR) Oshkosh Service Center.  Information
was thoroughly reviewed and discussed, where possible, with
individuals who initiated or participated in the various actions.

Characterization of the Current (1991-97) Winnebago System Lake
Sturgeon Population and Fishery

The current Winnebago System lake sturgeon population and
fishery was examined through harvest and population assessments
conducted from 1991-97.  The 1991-97 assessments were designed
to provide data comparable to historic assessments and to also
provide estimated densities and age structure of males and females
in the spawning stock and the sex and maturity of harvested fish. 
Previous assessments conducted since the early 1950's, have

provided relatively consistent data on estimated densities of the
stock of legal sized fish, the size structure of the spawning stock,
and spearing harvest - numbers harvested and effort, size and age
distribution of harvested fish and estimated exploitation rates.

Historically, density estimates were derived for all legal size
sturgeon in Lake Winnebago.  In certain years, sturgeon (unsexed)
captured in DNR "sheepshead", Aplodinotus grunniens, removal
trawling operations, were tagged and released, and recapture data
were collected the following winter in the spear fishery.  After these
operations ceased in 1990, sturgeon tagged in the spring on the
Wolf and upper Fox Rivers during their spawning period were used
as the marked portion of the population for deriving density
estimates, with the recapture data collected the following winter
during the spear fishery.  Therefore density estimates attempted
after 1990 were for adult males and females in the spawning stock
only. 

Density estimates were derived using Chapman's modification of
the Petersen estimate according to Ricker (1975), with an
adjustment to account for spawning migration patterns. 

During the spawning periods of 1991-97, sturgeon were captured at
upriver spawning sites on the Wolf and upper Fox River using
handheld dip nets as the fish spawned along current swept, rocky,
river shorelines.  All captured fish were measured in total length to
the nearest half inch, sexed, tagged with a monel metal tag (size 49)
and released.  All males were sampled for age in 1992 and 1993
and all females were sampled for age in 1992-95. 

Harvest data were collected at registration stations as successful
spearers brought in their fish.  During the 1991-95 spearing
seasons, fish were registered by local taverns and restaurants, with
DNR fisheries staff sampling fish at stations every Saturday,
Sunday, Wednesday, Thursday and Friday of the season. 
Beginning in 1996, DNR fisheries staff assumed responsibility for
all registration operations which allowed every fish registered to be
examined.  In each year of the study all fish examined by DNR staff
were measured in total length to the nearest one half inch, and
weighed to the nearest half pound, checked for tag returns, and
sexed and staged.  The sex and stage of maturation of harvested fish
was determined using techniques and criteria developed by Bruch,
Dick and Choudhury (1997, in press).  In the 1991-94 seasons all
fish examined were sampled for age by removing the anterior ray of
a pectoral fin.  In 1995 and 1996, fish were randomly subsampled
by sex for age.

All fin bones were cross sectioned using an Isomet Low Speed Saw
and examined under a binocular scope to determine the number of
annuli present.

Harvest effort was estimated via aerial counts of spearing shanties
on the ice on the opening day of each spearing season. 

Minimal exploitation rates of the mature spawning stock were
developed from tag recapture data  from marks applied in the spring
tagging efforts in 1991-96, and recovered in the subsequent winter
spear fishery.  Dorsal fin scarring data collected during spring
assessments were used to develop a one year tag retention rate,
which in turn was used to adjust the expected number of marks
available in the harvestable population.

Total annual mortality rates (A) were derived from catch curves



according to Ricker (1975).
Historical Population and Harvest Assessment Data Review and
Analysis

All historic data from harvest and spawning assessments conducted
between 1941 and 1990 were also gathered from data files housed
at the DNR Oshkosh Service Center.  Data were tabulated and
analyzed to discern long term trends and changes in population size
and age structure.  No data exist on any set line or hook and line
harvests.

Historic trends on the following parameters were examined: 
estimated population densities, size distribution of males and
females in the spawning stock, annual harvest and harvest effort,
minimal exploitation rates, size and age distribution and condition
of harvested fish and total annual mortality rates. 

Density estimates for the Winnebago harvestable lake sturgeon
stock were calculated over the years by various researchers - Priegel
and Wirth (1975) for the period 1955-59, Folz and Meyers (1985)
for the period 1976-83, and Meyers for 1990 (DNR, personal
communication).

Size distributions of males and females in the spawning stock were
determined using total length data collected during spring spawning
assessments for the years 1954-64, and 1975-90.

Annual spear harvests from 1941-54 were estimated via creel
surveys, except for 1943-45 when no censuses were conducted. 
Since 1955, mandatory registration has provided records of annual
harvests. 

Harvest effort has been measured on Lake Winnebago since 1956,
and on the Upriver Lakes since 1952 via ice shanty counts taken
from the air on the first day of the spearing season. Spearing license
sales data also exist since the inception of the license in 1960, but
were not used as a measure of effort due to substantial
inconsistencies in license sales distribution and use patterns. 

Estimated historic exploitation rates of adult sturgeon were
developed from tagging studies conducted during spawning periods
from 1954-64 and 1975-90, with recapture data collected in
subsequent winter spear fisheries. 

Size distributions of harvested fish were calculated using total
length and weight data collected from harvested fish.  Age
distributions were calculated from age data collected during the
harvest assessments in 1953-1969, 1975-76, 1981 and 1986. 

Condition factors were calculated according to Carlander (1969)
using the formula:

K' = (105 * W)/Lb

where:
W = weight
L = total length
b = slope of the LogW on LogL regression.

Total annual mortality rates were calculated as described earlier.

All historical data were reviewed in the context of regulatory
changes and unusual environmental conditions to determine

coincidences and/or relationships between events and population
parameters.

Results

Summary of Winnebago System Lake Sturgeon Regulatory and
Management Actions

The sturgeon fishery of the Winnebago System appears to have
always been maintained through natural reproduction.  No records
were found to indicate sturgeon have ever been stocked into the
system.  Sturgeon have been regularly harvested from the
Winnebago System waters via spearing, hook and line, as well as
other methods since pre-European settlement (Probst & Cooper
1954).  Harvest regulation began in 1903 with the enactment of a
statewide minimum size limit for lake sturgeon of 8 lbs (3.6 kg),
with no bag limit on the number of fish an individual could harvest.
 All sturgeon  harvest on the Winnebago System was banned from
1915 through 1931.  While no records were found explaining the
specific justification for the closure, it can be safely assumed the
closure was enacted out of concern for preserving the sturgeon
stock.  The initial "modern day" spearing season for sturgeon on
Lake Winnebago took place in the winter of 1931-32.  Setline, as
well as hook and line seasons, were also established for certain time
periods on parts of the Winnebago System, but neither have been
legal since the 1950's.  The first spearing season on the Upriver
Lakes took place in 1952 as an annual season to replace the
abolished setline fishery.  At the time, the Upriver Lakes sturgeon
population was considered to be separate from the Lake Winnebago
population (Priegel and Wirth 1978) and was managed as thus. 

Over the years, the lengths of the Lake Winnebago and Upriver
Lakes spearing seasons and seasonal bag limits have been reduced
several times, and the minimum size limit was increased twice in
efforts to control harvest and maintain average annual exploitation
at or below 5% (Priegel and Wirth 1975).  The minimum size limit
was increased also as a means to protect young fish to allow them to
reach the size of sexual maturity before entering the legal stock. 
Recommendations to increase the minimum size limit over the
years were based on the assumption that harvests would be reduced
proportional to the percentage of fish, for example, under 102 cm
from a harvest with a 76 cm size limit, and reduced even further if
the minimum size limit would be increased to 114 cm.  In other
words, it was felt that if 20% of the fish from a harvest with a 76 cm
minimum size limit were less than 102 cm, raising the size limit to
102 cm would reduce the harvest by 20% (R. Probst, DNR,
personal communication), (Priegel and Wirth 1975). 

Numerous fisheries biologists and conservation wardens have
worked on the lake sturgeon of the Winnebago System since the
early 1940's with some level of work occurring regularly to this day.
 As different biologists came and went, various and sometimes
differing aspects of sturgeon management were emphasized by
each.  The public, especially the spearing public, has always been
interested in the sturgeon regulation and management programs and
has become increasingly involved in providing input into
management decisions.

The chronology of Winnebago System sturgeon regulatory and
management actions is listed in Table 1.



Table 1.
 Sturgeon regulatory changes and significant management actions
on the Winnebago System from 1903 to 1997.

  Pre
  1903 No Regulations.

  1903 8 lb (3.6 kg) minimum size limit.

  1913 14 May to 31 April open season, 20 lb round weight
minimum size limit.

  1915 All sturgeon harvest on the Winnebago System is
prohibited.

  1931 First regulated spearing season on Lake Winnebago,
open throughout the winter, 30 " (76.2 cm) minimum size
limit, 5 bag limit per person per season, tags $.05 each,
fishing license required.

  1932 Set line fishery opened on the Upriver Lakes, September
5 to October 31, 30" (76.2 cm) size limit, 5 bag limit per
person per season (spear and set line fisheries combined),
tags $.05 each, set line license required.

  1935 Wolf River hook and line season opened (Waupaca and
Winnebago Counties), September 5 to October 31, no
minimum size limit, 5 bag limit per person per season
(spear, set line and hook & line combined), tags $.05
each, fishing license required.

  1937 Wolf River hook and line season expanded to include
Shawano County.

  1939 Hook and line season on Wolf River shortened by two
weeks, September 5 to October 15

  1940 Hook and line 30" (76.2 cm) minimum size limit
initiated, and bag limit modified to allow only 1 fish per
day. (maintaining 5 per season limit),

  1941 Hook and line season closed on Wolf River.

First spear harvest creel census on Lake Winnebago.

Lake Winnebago spearing season reduced to one month,
February 1 through March 1.

  1942 First significant biological assessment conducted on the
sturgeon population and spearing harvest.

  1944 Hook and Line season reopened on Wolf River but in
Winnebago County only.

  1946 Hook and line season opened on all portions of Wolf
River (now including Outagamie County), retaining
previous season length of September 5 to October 15, 30"
(76.2 cm) size limit, bag limit of 5 per season,  and $.05
tags.

  1950 Hook and line, and spearing sturgeon tag fees increased
to $1.00 each.

  1952 Set line season on Upriver Lakes closed.

"Experimental" spearing season conducted on the
Upriver Lakes, 16 days February 15 through March 1,
30" (76.2 cm) minimum size limit, seasonal bag limit of
three, $.05 tags (Lake Winnebago retained the Feb 1 -
March 1 season and the bag limit of 5).

  1953 Hook and line seasonal bag limit on Wolf River reduced
to 3.

 Upriver Lakes spearing season reduced to 14 days .

  1954 Spearing seasonal bag limit on Lake Winnebago reduced
to 3.

First biological assessment conducted on the sturgeon
spawning stock (conducted annually until 1964).

  1955 Minimum size limit for spear fishery (Lake Winnebago
and Upriver Lakes) increased to 40" (101.6 cm).

Mandatory registration of all sturgeon harvested in spear
fishery (Lake Winnebago and Upriver Lakes); fish must
be registered on same day speared by 6:00 pm.

  1956 Spearing, and hook and line seasonal bag limit reduced to
2 fish.

Upriver Lakes spearing season reduced to 9 days.

Lake Winnebago spearing season reduced to 2nd
Saturday in February through March 1.

  1957 Spearing seasonal bag limit on the Upriver Lakes reduced
to 1 fish (2 fish limit retained on Lake Winnebago).

Upriver Lakes season length reduced to 5 days.

  1958 Spearing seasonal bag limit on Lake Winnebago reduced
to 1 fish .

Spear fishery closed on Upriver Lakes.

  1959 Upriver Lakes spearing season reopened for one year for
three days (On both Lake Winnebago and the Upriver
Lakes at this point there was a 40" (101.6 cm) minimum
size limit and a seasonal bag limit of 1).

Hook and Line season on the Wolf River closed.

  1960 Separate sturgeon spearing license is required at a cost of
$2.50; only persons age 14 and over could buy a spearing
license, and persons age 16 and over were also required
to possess a fishing license; a license could be purchased
before, or at anytime during the spearing season. 

  1962 Upriver Lakes new spearing season format implemented:
2 day season once every three years.

  1968 All transported sturgeon must be "openly exposed", i.e
they must visible in the transporting vehicle, to a person



in a passing vehicle.

  1971 Upriver Lakes spearing season format reconfigured again
to a 2 day season once every five years.

  1974 Minimum size limit increased to 45" (114.3 cm).

  1975 Annual spawning stock assessments re-established.

  1977 Sturgeon for Tomorrow, a private sturgeon conservation
organization, formed by local sturgeon spearers to
provide financial and political support for sturgeon
aquaculture and other management activities.

"Sturgeon Patrol" initiated in the spring using volunteers
(citizens, students, DNR staff, etc) to guard sturgeon
spawning sites on the Wolf River 24 hours a day during
the spawning period; funded by Sturgeon for Tomorrow.

  1980 Spearing license fee increased to $5.50; license has to be
purchased prior to season.

  1985 $1,500 minimum fine established for possession of illegal
sturgeon.

  1986 Sturgeon registration hours extended to 7:00 pm during
the spearing season.

  1991 Expanded harvest and population assessments initiated
on Lake Winnebago, the Upriver Lakes and the Wolf and
upper Fox Rivers.

  1992 Winnebago Citizens Sturgeon Advisory Committee,
comprised of representatives of 30 sturgeon spearing and
conservation organizations from the Winnebago region,
established to work with DNR fisheries and law
enforcement staff in the development and implementation
of regulations and management actions.

  1993 Angling through a sturgeon spearing ice hole prohibited
(due to serious illegal hooking problems during the 1992
spearing season).

  1996 Emergency rule reduces Lake Winnebago spearing
season to nine days with the possibility of extension if the
average water clarity on the 3rd day of the season is less
than 10 feet (Average water clarity was >12 ft, therefore
the season ran only nine days).

  1997 Series of new rules went into effect as the 1st phase of the
developing Safe Harvest Management System for
Winnebago sturgeon:

      The Lake Winnebago spearing season length is reduced
to 16 days, beginning the second Saturday in February
(no change in the Upriver Lakes season format);

   The minimum size limit is reduced to 36" (91.4 cm);

Successful spearers are required to accompany their fish
to a registration station, and to stay within a specific road
boundary around the lake until their fish is registered;

The covering of large ice holes (spearing holes) with
shanties is prohibited during periods other than 48 hours
before and continuing through the open spearing season;

Hours of sturgeon spear harvest registration are reduced
by one hour to close at 6:00 pm.

Status of the Current (1991-97) Winnebago System Lake Sturgeon
Population and Fishery

To assess the status of the 1991-97 Winnebago System lake
sturgeon population and spear fishery 13,714 sturgeon were
captured and/or handled through various assessments (Table 2).

Table 2
Number of lake sturgeon sampled for size, sex and age, 1991-97.
Year Survey

Type
Number
sampled
for size

Number
sampled
for sex

Number
sampled
for  age

1991 Harvest 806 245 233
1991 Spawning 200 200 0
1992 Harvest 525 247 247
1992 Spawning 426 426 131
1993 Harvest 1643 428 428
1993 Spawning 442 442 372
1994 Harvest 700 374 374
1994 Spawning 720 720 96
1995 Harvest 3173 1225 622
1995 Spawning 1401 1401 120
1996 Harvest 1221 1198 912
1996 Spawning 819 819 0
1997 Harvest 1290 1288 292
1997 spawning 348 348 0
TOTAL 13714 9361 3827

Population Characteristics, 1991-97

Estimated Densities of Adult Stock

The 1995 lake sturgeon population within the Winnebago System
was estimated at 43841 adult males (26867 to 87682 95%CI), 7850
adult females (4194 to 24979 95% CI) and an unknown number of
juvenile fish.  In attempting to collect the necessary data to develop
density estimates for the adult sturgeon stock in the Winnebago
System, a number of difficulties were encountered during the study:
 1) marking an adequate number of females during the spring
spawning run;  2) unreported recaptures during the 1991-1995
spearing seasons;  and 3) discovering, during the 1996 Upriver
lakes season, that all the fish marked in the spring may not make it
back to Lake Winnebago by the February spearing season.  Tag
return data showed that in some years adult fish remain in the
Upriver Lakes on their post spawn migration back towards Lake
Winnebago, especially if there is a good food supply such as the
high gizzard shad populations during the winters of 1990-91 and
1995-96, which the sturgeon foraged heavily on.  Measures were
taken to address these difficulties - increasing marking effort in the



spring, having fisheries staff register all harvested fish to ensure tag
recaptures are noted, and realizing the best and maybe the only
reliable estimates may come from the years with an Upriver Lakes
season.

Size and Age Structure, Mean Length at Age of Adult Males and Females

The mean total lengths of adult males and females captured in
spawning assessments from 1991-97 were 137 cm and 159 cm,
respectively.  Mean age in the spawning stock was 21 for males
with a range of 12 to 44 years.  Mean age of adult females was 29
with a range of 20 to 59 years.

Fig. 2: Lake sturgeon mean total length at age, Winnebago System
1991-97.

Mean length at age of each sex (mature and immature stock
combined) shows males and females exhibiting similar growth rates
up to age 20, after which the growth rate of males decreases (Figure
2).  Males apparently have a substantially shorter life span with very
few fish reaching 40 years of age.  While females from the
Winnebago System have been found to reach an age of 80+ years
(D.J. Folz, DNR, personal communication), during the course of
the current study, few were found in excess of age 50.

Mortality Rates of Adult Stock

Estimated total annual mortality rates of the adult stock were 16.7%
for males age 17 to 28, and 17.3% for females age 26 to 36.  Out of
407 males from the spawning stock sampled for age, only 4 were
older than age 30.  Out of 312 adult females sampled for age, only
11 were older than age 40.

Characteristics of the Spear Fishery, 1991-97

Harvest and Effort

Total harvests for each year, 1991-97 are listed in Table 2.  Annual
harvests averaged 1337 fish (25725 kg) with a total for the period
1991-97 of 9358 (180078 kg).   The 1995 harvest of 3,173 fish was
the highest since mandatory registration began in 1955 (Figure 8). 
Spearing effort on Lake Winnebago ranged from 2238 shanties in
1992 to a record number of 3779 in 1997 (Figure 9).  Lake
Winnebago shanty counts for the remaining study years were:  1991
- 3131; 1993 - 3615; 1994 - 3400; 1995 - 3760; and 1996 - 3708. 
Opening day ice shanty counts for the two Upriver Lakes spearing
seasons held in 1991 and 1996 were 629 and 1656, respectively. 
The 1656 shanty count of 1996 was surpassed only once in the

history of the Upriver Lakes spear fishery with a count of 1,789 in
1986.

Estimated Minimal Exploitation of Adult Stock

Estimated minimal exploitation through the 1992-97 period
averaged 3.2% for adult male sturgeon and 6.0% for adult female
sturgeon for the period 1993-97.  Tag retention rates were 0.912 for
males and .800 for females.  Based on observations each spring of
the condition of tags on previously marked fish it was felt that most
of the tag loss occurs within the first year, after which the tags
become "in-grown" on the dorsal fin.  Tag retention was highest in
fish in which tags were inserted well into the fleshy area at the base
of the dorsal.

Low numbers of females tagged in 1991 prevented an exploitation
estimate to be calculated for adult females using the 1992 harvest
data.  Rates for both sexes were obviously higher in high harvest
seasons.  Exploitation was lower for both sexes, especially for adult
females, in 1996 and 1997.  Estimated exploitation rates for adult
males during the 1996 and 1997 seasons were 1.8% and 1.7%,
while the rates for adult females in the same seasons were 5.1% and
5.3%.  The rates developed prior to 1996 were likely
underestimates due to registration stations missing tags on
harvested fish, despite a $10.00 reward offered by Sturgeon for
Tomorrow.  Following the 1991-95 harvest assessments, when local
tavern and restaurant owners were responsible for registering fish,
and fisheries staff subsampled the harvested fish at stations for sex
and age, a number of tags returns would be sent in to the DNR
office, sometimes months after the harvest.  These tags had been
missed by the registration stations.  A comparison of the 1995 daily
tag return rates for DNR staffed vs unstaffed stations revealed  that,
indeed, stations registering fish without DNR staff present missed
an average of 14.4% of the tag returns.  Therefore, rates developed
from tag return data from the 1996 and 1997 seasons would be the
most accurate, as DNR fisheries staff registered all harvested fish in
those years.

Sex Ratios of 1991-97 Harvests

Male sturgeon comprised an average of 38% of the harvests from
1991-96 and were primarily adult fish (Figure 3).  Both adult
females (> 140 cm) and juvenile females made up substantial
portions of the harvests from 1991-96, comprising 46% and 16%,
respectively.  In 1997 the proportion of adult females in the harvest
dropped to 34% with juvenile females comprising 25% and males

Fig. 3: Lake sturgeon sex ratios, Winnebago System spear harvest
1991-97.
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more balanced males to females as  more males were harvested in
the Upriver Lakes fisheries than in the Lake Winnebago fisheries. 
The average sex ratio for the 1991 and 1996 Upriver Lakes seasons
was 54.3% male and 45.7% female, while the average sex ratio for
the 1991-97 Lake Winnebago harvests was 38.5% male and 61.5%
female.
 
Maturity data from the 1991-97 Lake Winnebago harvests revealed
that most of the males with fully developed testes (M2 stage) and
nearly all of the females with fully developed ovaries (F4 stage)
migrate out of Lake Winnebago prior to the spearing season.  This
pre-spawn movement begins in the fall with fish moving out of
Lake Winnebago through the Upriver Lakes and into the Wolf and
upper Fox Rivers to stage in deep holes (3 to 9 m) for the winter
(D.J. Folz, DNR, personal communication).  Maturity data from the
Upriver Lakes harvests of 1991 and 1996 revealed that a substantial
portion of these fish remained in the Upriver Lakes during those
winters feeding on an unusual abundance of gizzard shad.  In the
1991 and 1996 Upriver Lakes harvests an average of 60.2% of all
males were stage M2, and 33.5%  of all females were F4 stage.  Of
all fish examined from the 1991-97 Lake Winnebago harvests an
average of only 12.9% of all males were stage M2 and 2.3% of all
females were stage F4.

Size and Age Distribution of Harvested Fish

The mean size of males in the harvest was 135 cm and 15.6 kg from
1991-96, and 133 cm and 13.4 kg in 1997.  Females averaged 148
cm and 22.3 kg in 1991-96, and 142 cm and 18.3 kg in the 1997
harvest.  Figure 4 illustrates the length frequency distribution of
males and females harvested from 1991-96.  Analysis of variance

Fig. 4: Lake sturgeon total length frequency, Winnebago System
spear harvest 1991-96.

and subsequent least significant difference pairwise comparisons of
means found the mean lengths and weights of both males and
females harvested in 1997 were significantly less (.05) than those of
males and females harvested during the previous six seasons. 
Males harvested from 1991-96 had a mean age of 21 years, ranging
from 10 to 39 years, while harvested females had a mean age of 25
years, ranging from 12 to 51 years.

Historic Population and Harvest Trends

Sturgeon Population Characteristics, 1954-90

Estimated Densities of Legal Sized Stock

Figure 5 illustrates estimated changes in densities of legal stock (all
fish larger than 102 or 114 cm) from 1956 through 1990, and the
estimated size of the adult stock in 1995.  Estimates throughout the
35 year period indicate at least a fourfold increase in densities of
legal fish.

Fig. 5: Lake sturgeon estimated population densities, Winnebago
System 1956-95.

Size Structure of the Spawning Stock

Mean total length of males and females in the spawning stock has
changed substantially over the last 40 years.  Adult males were
found to average 137 cm in total length in 1954-64, 132 in 1975-
84, 135 in 1985-94, and 138 in 1995-97 (Figure 6).  Adult females
were

Fig. 6: Adult male lake sturgeon mean total length. Winnebago
System 1954-97.

found to average 164 cm in 1954-63, and 160 cm in all periods
1975-97 (Figure 7).  Both sexes exhibited a relatively large mean
total length in the mid 1950's when spawning assessments first
began, as well as a pronounced decrease in mean size over the 20
year period from 1954-74. 

Since 1974 though, the mean length of males has been steadily
increasing, while the mean length of females has remained static. 
Analysis of variance and pairwise comparisons of means via the
Tukey (HSD) test found no significant difference (.05) between
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mean total length of males captured in 1954-63, to males captures
in 1995-97, but did find significant increases in length (.05) from
1975 to 1995.  Females also experienced a significant decrease
(.05) in

Fig. 7: Adult female lake sturgeon mean total length, Winnebago
System, 1954-97
.
total length from 1954 to 1975, but did not experience the increase
in mean total length enjoyed by the males from 1975 to 1995.  No
significant differences were found between mean total lengths of
females captured from 1975 to 1995.

Spear Harvest and Fishery, 1941-90

Harvest and Spearing Effort

Sturgeon harvest estimates for 1941-54 and registrations for 1955-
90 for the Winnebago Pool Lakes are illustrated in Figure 8.  Since
mandatory registration began in 1955, annual harvests ranged from
8 fish in 1969 and 1973 to 3173 fish in 1995.  Annual harvests
averaged 1249 fish for the period 1955-59 dropping to a mean

Fig. 8: Winnebago System lake sturgeon harvest, winter spear
fishery 1941-97

annual harvest of 501 fish from 1960-64.  Mean annual harvest
within five year periods 1965-69 through 1985-89 remained
between 510 fish per year and 761 fish per year.  From 1990
through 1997 however, mean annual harvest increased to 1209
sturgeon registered per year.

Since aerial spearing shanty counts were first made on Lake
Winnebago in 1956, the number of shanties has increased nearly
2.5 times from an average of 1602 or one shanty per 34.8 ha for the
first four years of counts, 1956-59, to an average of 3661 or one
shanty per 15.2 ha for the last four years, 1994-97 (Figure 9). 
Shanty counts in some years on Lake Winnebago are quite low due
to poor ice condition, adverse weather, and/or poor travel condition
on the ice.  Shanty counts on the Upriver Lakes during the 16
seasons held there since 1952, show much higher densities than
Lake Winnebago, with an average of 888 or one shanty per 12.5 ha
from 1956-59 (three seasons), to a count of 1656, or one shanty per
6.7 ha during the last season held in 1996.

Fig. 9: Sturgeon harvest effort measured through ice shanty counts,
Winnebago Pool Lakes 1952-97.

Estimated Exploitation

Exploitation of the spawning stock calculated for  year periods from
1952-56 to 1992-96 showed a dramatic decrease in the estimated
exploitation rate, from relatively high levels, for both sexes from the
mid 1950' to the early 1960's, with a subsequent rise beginning in
the mid 1980's (Figure 10).  The increase in estimated exploitation
in the mid 1980's was especially acute for mature females, peaking
in the early 1990's.  Since 1995 estimated exploitation rates for both
sexes have decreased.

Fig. 10: Estimated minimal exploitation rates, Winnebago System
lake sturgeon 1955-97.

Size and Age Distribution, and Condition of Harvested Sturgeon

Mean total length of harvested sturgeon has been steadily
increasing since 1951 from 125 cm in 1951-54 to 136 cm in 1955-
64, and then again to 140 cm in 1974 (Figure 11).  The increases
coincide with increases in the minimum size limit from 76 cm to
102 cm in 1955, and from 102 cm to 114 cm in 1974-84.  The
increases in mean size from the period 1985 to 1995 coincides with
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the 1985 implementation and strict enforcement of the $1,500 fine
for possession of an undersize sturgeon.  Analysis of variance and
subsequent pairwise comparison of means (HSD) found the
increases in mean size of harvested fish resulting from the increases
in the minimum length limit to be significant at the .05 level. 

Fig. 11: Lake sturgeon mean total length, Winnebago System spear
harvest 1951-96.

Length frequency distributions of fish harvested from the periods of
the three different minimum length limits illustrate the changes in
mean size and the shift in the mode of the distribution towards
larger fish while the upper end of the frequency range remained
static (Figure 12).

Fig. 12: Lake sturgeon total length frequency, Winnebago System
spear harvest 1951-94.

Mean age of sturgeon harvested ranged from 23.3 years for the
period 1991-96 to 19.8 years for the period 1965-69.  The pattern
of mean ages generally followed the pattern of mean total length of
harvested fish - increasing as the size limit was increased.  Mean
ages of harvested fish along with minimum and maximum ages for
seven sample periods from 1953 to 1996 are listed in Table 3. 
Analysis of variance and pairwise comparisons of means (LSD)
found the mean age of sturgeon harvested in 1991-96 to be
significantly higher (.05) than in any other period sampled.  From
1953 to 1996 minimum ages of harvested fish increased from 6 to
10 while maximum ages, after initially rising from 49 to 75 (in
1960) consistently decreased to 51.

Table 3
Mean age, minimum and maximum age, sample size, and

standard deviation of the mean for sturgeon harvested via
the Winnebago System spear fishery 1953-96.

Time Period Mean
Age

Min-Max
Age

N SD

1953-54 20.6 6-49 738 8.5
1955-59 22.9 8-68 3981 7.5
1960-64 21.2 7-75 2522 8.8
1965-69 19.8 6-56 2745 8.8
1975-81 20.2 9-55 706 6.9
1982-90 22.2 11-55 239 7.3
1991-96 23.3 10-51 2828 5.2

Mean condition of harvested sturgeon remained relatively stable for
the period from 1951-79 (Figure 13).  Since 1980 condition has
generally decreased, although also becoming slightly more variable.
 Condition has been calculated separately for harvested males and
females since 1991, and while there are differences between the
sexes with females generally having a higher mean condition, the
mean condition of both sexes followed the same trend.

Fig. 13: Lake sturgeon mean condition factor (K), Lake Winnebago
1951-94.

Sturgeon Length at Age

Sturgeon length at age, using unsexed or combined sex samples,
shows similar patterns from harvest aging data collected in 1954-56
and in 1993-94.  Generally a 20 year old sturgeon from both
periods would be approximately 134 cm, with a 35 year old fish
being approximately 164 cm.  The 1993-94 data did show greater
lengths at age for fish between 20 and 35 years of age compared to
fish of the same ages in 1954-56.

Estimated Total Annual Mortality Rates

Total annual mortality rates (A) calculated from catch curves
developed on unsexed harvest aging data over the last 40 years,
shows a sharp rise in estimated total annual mortality rates from
1953-54 (A=0.143) to 1955-59 (A=0.221), followed by a
substantial decline in the rate, as measured in 1975-81 (0.098). 
Since 1981 though, the total annual mortality rate has risen sharply
again to an estimated A of 0.186 for the 1991-96 time period
(Figure 14).
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Fig. 14: Lake sturgeon catch curves, Winnebago System harvest
data 1953-96.

Discussion

Status of the 1997 Winnebago System Lake Sturgeon Population and
Fishery

The 1997 lake sturgeon population finds itself in the interesting
dilemma of being at the crest of a four decade rise in densities,
while at the same time experiencing apparent overexploitation of
adult females exhibited by a nearly complete lack of large, old fish
(>50 years of age) in the population.  Males, on the otherhand,
appear to be responsible for a large share of the density increases
over the last 15-20 years, and have every opportunity to live to an
old age, but do not as apparently their relatively high natural
mortality rate results in few living past the age of 40.  Recruitment
(which is not measured) has obviously been good over the last forty
years to allow for the buildup of the sturgeon stock - it has likely
been enhanced by the spring Sturgeon Patrol and the 4 to 5 fold
increase in Wolf River sturgeon spawning sites resulting from the
placement of riprap shore protection.  As a result of consistent
recruitment, densities have increased but sturgeon biomass may
have reached a level to effect a decrease in overall condition of
sturgeon in the population.  The decrease in condition though, does
not seem to have impacted growth in terms of unsexed length at
age.  Fish that historically were consistently found to have the
lowest condition were many (but not all) of those harvested during
the Upriver Lakes spearing seasons, which led early biologists to
believe that the Upriver Lakes population was distinct from the
Lake Winnebago sturgeon population.  Tag return data over the
past 15 years (DNR files, Oshkosh) and recent Wolf River surveys
(Bruch, Wolf River sturgeon assessments, 1994-96) strongly
indicate that the Upriver Lakes sturgeon population is not a separate
stock as previously thought, but instead a nursery stock of juveniles
that are gradually working their way down to Lake Winnebago over
a 10 year period.  These new data suggests that the most appropriate
strategy for management of the Winnebago sturgeon population and
fishery is from a system-wide perspective.

The spear fishery on both Lake Winnebago and the Upriver Lakes
has grown in popularity and annual harvests have risen since 1990
to the point of concern, especially regarding the harvest of adult
females.  Improvements in water quality, likely the result of a
number of water quality improvement actions over the last two
decades, such as sanitary sewers, urban stormwater management,
and implementation of agricultural erosion and waste controls, have

resulted in more seasons with good winter water clarity.  As water
clarity has improved the average annual harvest has increased. 
Newly documented pre-spawn migration patterns strongly suggest
that females (adults and juveniles) have likely always made up a
substantial portion of the spearing harvest from Lake Winnebago. 
Sex and maturity data collected on the harvest since 1991 has
provided key insights into the actual impact of the spear fishery on
the sturgeon population, with the realization that with a 114 cm size
limit, adult females have been making up nearly half of the harvest
while only comprising a relatively small portion of the harvestable
population.  Record shanty counts have been set in three of the last
five years and shanty occupancy rate has likely also increased with
an observed increase in immediate family members, children and
grandchildren, entering the fishery in the last 10 years.  The current
estimated total annual mortality rate for females, 17.3%, and
relatively high recent mature female exploitation rate are further
evidence that the harvest patterns are affecting the female stock.

Long Term Impact of Harvest Regulations

Reviewing the history of regulations enacted to control or shape the
sturgeon harvest on the Winnebago System is vital to understanding
how we arrived at the sturgeon population we have today, as well as
to understanding which regulations result in the desired impact and
which ones do not.  Of course having a time series of sound
population and harvest assessment information is critical to
examining the impact of regulations.  Also, having adequate
enforcement of and compliance by users of, existing regulations is
critical to ensuring the regulations are having the desired impact.

While no data exist to verify the effectiveness of the harvest ban
enacted in 1915, just the act itself does indicate that the Wisconsin
state government at the time adopted the philosophy, or better yet,
an attitude that sturgeon stocks in the state had value and needed
protection.  When sturgeon harvest was finally legalized again on
the Winnebago System in 1931 bag and size limits were set that
were likely thought at the time to be reasonable yet restrictive
enough to provide some protection to the stock.  Poaching was said
to be widespread throughout this time period.  Even though
conservation wardens had been enforcing laws since the turn of the
century, their numbers were relatively low and areas quite large (K.
Corbett, DNR, personal communication).  In the early 1940's the
first biologists were hired to study the Winnebago sturgeon stocks
and evaluate the effectiveness of harvest regulations. 

The first comprehensive set of regulations enacted with a
complement of biological assessment data allowing for evaluation
were those implemented in the 1950's when the set line and hook
and line seasons were closed, the spearing season was shortened,
the seasonal bag limit was reduced to one fish, and the minimum
size limit was increased.  The Upriver Lakes spearing season was
also opened but within 10 years was scaled back to a two day
season once every three years.  At that time there were still fish in
the population that hatched in the 19th Century.  The most obvious
and immediate impact of the enactment of these rules was a 58%
reduction in the average annual harvest.  The primary goal of
harvest reduction had been attained likely as a result of the
decreases in season length and bag limit.  While the increase in the
minimum size limit from 76 to 102 cm may have been responsible
for some of the harvest reduction and seemed reasonable at the
time, the increase definitely shifted spearing effort on to larger fish.
 A sharp rise in the total annual mortality rate in the late 1950's
coincides with the increase in the size limit despite the 58%

0

1

2

3

4

5

6

10 15 20 25 30 35 40 45 50
Age

Ln
 o

f C
at

ch

53-54 55-59 75-81 91-96

1975-81
1953-54

1991-96

1955-59



reduction in overall numbers of fish harvested.

In the early 1970's biologists and conservation wardens were still
concerned about immature sturgeon being harvested in the spear
fishery, and enacted another increase in the minimum size limit in
1974 from 102 to 114 cm in an effort to protect the fish until they
could reach the size of maturity.  This increase further squeezed
increasing spearing effort on to even larger fish that comprised an
even smaller component of the entire sturgeon population.  As the
average size of the fish in the harvest increased, the relative number
of large trophy fish in the population, and thus in the harvest,
decreased.  The trend of increasing average size of harvested
sturgeon accelerated with the 1985 enactment of the $1500 fine for
possession of an illegal or sublegal size sturgeon.  This fine
typically grows to $3000 after adding court and other associated
costs.  From 1974 to 1985, with the relatively low fine during that
time period, it is likely that spearers may not have been as careful in
judging whether a sturgeon coming "through their hole" was legal
size or not.  It is also likely that from 1974 to 1985 some number of
sublegal fish were taken off the lake without being registered.  The
implementation of the $1500 fine did make spearers better judges of
the size of sturgeon swimming through their ice holes, but mistakes
undoubtedly did happen from time to time, probably resulting in the
fish being "kicked off" the spear and back down the hole.  While
there are no records of the number of fish kicked off, surveys
conducted by Sturgeon for Tomorrow indicate that in some years
the "kick off" rate could be as high as 25% to 30% of the harvest
(W. Casper, Sturgeon for Tomorrow, personal communication). 
Despite whatever spearing mortality was occurring in the 1980's
though, the legal stock of sturgeon was growing in numbers and
estimated total annual mortality rates were relatively low, although
we do not know what the sex-specific effect of "kick offs" in the
Lake Winnebago spear fishery was.

Greater frequency of clear water winters in the late 1980's and into
the 1990's resulted in a number of record or near record harvests. 
Exploitation of adult females tripled and the overall total annual
mortality rate doubled.  Using expanded harvest assessment data
including sex and maturity of harvested fish, another set of
comprehensive regulation changes similar in scale to those enacted
in the 1950's were enacted between 1992 and 1997.  The spearing
season was shortened to nine days in 1996 and then to a set 16 days
in 1997 and the minimum size limit was decreased from 114 to 91
cm.  Other regulations included a strengthening of laws on the
transportation of unregistered fish and use of spearing shanties
before the spearing season, a prohibition of angling in a spearing
shanty, and a reduction of the daily sturgeon registration hours. 
The package was enacted as Phase 1 of an effort to develop and
implement a comprehensive Safe Harvest Management Program for
the lake sturgeon population of the entire Winnebago System
including the Wolf and upper Fox Rivers and the Upriver Lakes. 
The impact of the new regulations was seen in 1997 with adult
females dropping from 46% of the harvest with a 114 cm minimum
size limit and longer season, to 34% of the harvest with a 91 cm
size limit and a shorter season, and seeing the exploitation of adult
females decreasing to the recommended 5% level.  

Phase 2 of the new regulation package will involve management of
the two day Upriver Lakes harvest which is scheduled to occur
again in the year 2001.  Continued aggressive harvest and
population assessment will allow other short term impacts to be
determined, as well as allow potential long term impacts to be
forecast with some degree of confidence.

The vital components contributing to the success of the Winnebago
Sturgeon Management Program are:

     1) Sound, long term, biological assessment of the lake
sturgeon population and harvest.  As those that work on
sturgeon know, it generally takes decades of consistent
data to determine trends and the lasting impacts of
management actions and/or regulations with these
species.  Sound assessments conducted fairly consistently
since the 1940's provide a strong data base for decision
making.

     2) Strong, effective enforcement of harvest and other
resource protection laws.  Conservation law enforcement
officials have made a commitment and a consistent effort
to enforce sturgeon harvest and habitat protection laws.

     3) Sincere, meaningful involvement of the "sturgeon" public
in the overall development and implementation of the
sturgeon management program.  This involvement needs
to be facilitated by the responsible government agency
and also needs to be comprehensive enough to involve all
significant sturgeon interests with a stake in the
management of the common stock of sturgeon.  The
DNR has made a commitment to actively involve
sturgeon interests in the management program through
the Sturgeon Advisory Committee, sturgeon workshops
and presentations, and various information/education
activities.  Public interest, energy and resources may also
manifest themselves in organizations like Sturgeon for
Tomorrow which can be tremendous allies in developing
and implementing an effective sturgeon management
program. 

     4) Protection and enhancement of sturgeon habitat within
the Winnebago System and natural reproduction. 
Fortunately dams built on the system were placed far
enough upstream that the impact on sturgeon is
negligible, and the fact that Winnebago has a long
tradition of the sturgeon spear fishery and population has
helped to prevent placement of new dams and other
losses of critical habitat.  The population has remained
robust, despite some harvest problems, due to strong,
consistent natural reproduction.

Public Involvement in Sturgeon Management

If it were not for the desire of individuals to harvest sturgeon there
would, of course, be no need for a management program.  As a
natural fishery resource, sturgeon have various values, which have
also somewhat changed over time.  These values motivate harvest,
which in turn, due to the sturgeon's high susceptibility to
overharvest, put sturgeon stocks at some level of threat from
overexploitation.  Regulations attempt to limit harvest as well as
protect the habitat the fish depend upon, but regulations are only as
effective as the effort put into enforcing them and the willingness of
the users to comply with them.  The responsible government must
make a commitment to management and to enforcement.  The users
also need to make a commitment to sturgeon preservation and
regulation compliance.  Providing the government has made a real
commitment to management and enforcement, a management
system is most likely to break down at the user level with users not



accepting and/or understanding the management program and not
complying with harvest regulations.  The challenge, which of
course becomes more complex in interstate or international
situations, is to effectively involve the various parties interested in a
sturgeon stock in the assessment of management issues and the
development and implementation of management strategies and
actions.  The Winnebago System Sturgeon Management Program is
a case study, albeit a relatively simple one compared to some of the
complex issues biologists are attempting to deal with in the Caspian
or in Europe, which can perhaps provide some basic insight into
how a management program working with the pubic can be made
most effective.  Sturgeon assessment data, habitat protection and
enhancement, regulations and enforcement are all made more
effective when the "users" have understanding and ownership of the
resource and the management strategies designed to positively
affect the resource.

Synopsis

The lake sturgeon population and fishery of the Winnebago System
has been the subject of an evolving, living management program
that has attempted to address key issues of the day and has provided
relative long term stability to the sturgeon stocks.  The incremental
and iterative management and regulatory actions taken since 1903
were likely always made with the best available data and
understanding of those data at the time.  A number of decisions and
actions stand out as key events in the development and maturation
of the Winnebago sturgeon management program: 

      * prohibiting sturgeon harvest in 1915,
      * reopening harvest seasons in the early 1930's,
      * hiring of professional biologists in the late 1940's,
      * closing the set line fishery in 1952,
      * decreasing the seasonal bag limit from 5 to 1 and

shortening the harvest season in the late 1950's,
      * implementing mandatory registration of harvested fish in

1955,
      * the establishment of Sturgeon for Tomorrow in 1977 as a

citizen advocacy group for sturgeon management and
research,

      * implementing the "Sturgeon Patrol" in 1977 to protect
spawning fish,

      * initiating the $1500 fine in 1985 for the possession of
illegal sturgeon,

      * expanding the sturgeon harvest and population
assessment in 1991 to include sex and maturity of
harvested fish,

      * establishing the Winnebago Citizens Sturgeon Advisory
Committee in 1992 to assist in the development of and
compliance with new regulations and management
actions,

      * shortening of the season in 1996 and 1997, and
      * reducing the size limit in 1997.

The current population of sturgeon in the Winnebago system is a
product of the aforementioned decisions and actions, and therefore
a living testament to the effectiveness of those decisions and
actions.  While there is currently some concern about the long term
stability of the female spawning stock, the Winnebago System
Sturgeon Management Program is addressing those concerns with
the management, public involvement, and regulatory actions taken
from 1991 through 1997.
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