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Foreword

Foreword
The muskellunge (Esox masquinongy) enjoys an
almost mystical reputation among Ontario anglers. It's
elusive nature, voracious appetite, fighting qualities
when hooked and ability to attain an immense size all
contribute to its stature as one of the most highly
prized fish species in Ontario. In addition to its value
from a recreational aspect, muskellunge also provide
direct economic benefits estimated at several million
dollars in Ontario annually (Scott and Crossman
1973).
The distribution of muskellunge in Canada is
confined to small portions of northwestern Ontario
and western Quebec as well as the lower Great
Lakes and inland waters of southern Ontario
(Crossman 1978). They are known to exist in 302
inland lakes and several river systems in Ontario
(OMNR 1987).
Perhaps with no other species of fish is the
partnership more evident between researchers,
anglers and managers than is the case with
muskellunge. Muskies Inc. and, more recently,
Muskies Canada Inc., have a long and distinquished
history of data collection, public education and
support of muskellunge research.
Two earlier symposia have established benchmarks in
the knowledge of muskellunge and the fisheries they
provide. The "Coolwater Fishes of North America
Symposium" (AFS 1978) was held at St. Paul,
Minnesota in 1978. In 1984, the first major
collaborative effort to assemble and synthesize
information solely on muskellunge was the
"Managing Muskies" symposium held at LaCrosse,
Wisconsin (AFS 1986). Discussions are currently
underway for a second international muskellunge
symposium in 1997.

August 16-17, 1995. The workshop was organized by
the Science & Technology Transfer Unit, Ontario
Ministry of Natural Resources, and sponsored by
local chapters of Muskies Canada Inc. This workshop
was organized to assemble a mix of researchers,
managers, anglers and selected outdoor writers to
transfer results of current and ongoing muskellunge
research and discuss issues regarding management of
the species. The format included formal presentations
by 17 individual speakers from Quebec, New York,
Wisconsin and across Ontario. Presentations were
grouped according to the general topics of
management strategies, movements and habitat
utilization and status reports on different fisheries.
The second component of the agenda involved
breaking into informal discussion groups to discuss
two current management issues: (i) Muskellunge
Stocking: Is it a viable option? and (ii) Size limits: Do
they work?

The interest in muskellunge was evident by the fact
that at least 75 people attended the workshop. These
proceedings have been prepared to disseminate
information presented to those who were unable to
attend. It is hoped that this document will provide
useful information for future management of this
"noble" fish.

S. J. Kerr Aquatic Biologist Southern
Region Science & Technology Transfer Unit
Ontario Ministry of Natural Resources
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Welcome and Opening
Remarks
James G. Hamilton
Science & Technology Transfer Unit
Ontario Ministry of Natural Resources
50 Bloomington Road West
Aurora, Ontario
L4G 3G8
Good morning. I would like to welcome you to the
"Managing Muskies in the '90s" workshop. This
workshop was organized by the Southern Region
Science and Technology Transfer Unit whose role in
the Ministry of Natural Resources is to develop and
transfer science to managers and client groups. I
believe that hosting formal workshops such as this is
one means of effectively transferring new
information. Some of you probably attended a similar
workshop, "Bass Management in Ontario", which was
held last year at the Queen's University Biological
Station. I am also pleased that this workshop is a
collaborative effort with Muskies Canada. This
organization has a long and respected history
dedicated to promoting the conservation of
muskellunge and their habitats.
We have several objectives for this workshop. We
hope to provide a forum for formal and informal
discussion between anglers, managers and
researchers. We want to transfer information on the
latest muskellunge research and management efforts.
We wish to identify management problems (and
potential solutions), research needs and the potential
for cooperative projects. We also wish to formally
evaluate the workshop format as a science transfer
mechanism and identify topics for future workshops.
We also hope we are able to

promote continued good relations between
anglers and fishery professionals.
The format of the workshop has two components: a
series of formal presentations and informal discussion
group sessions. Seventeen speakers, from across
Ontario, Quebec, New York and Wisconsin, will
present papers on a variety of topics including
muskellunge ecology, management and status of
various stocks. Individual presentations will be
relatively brief (20-25 minutes) with some time for
questions from the floor. The second portion of the
workshop involves facilitated discussion on two
management issues: (1) Muskellunge stocking, and
(2) Size limit regulations. One of the benefits of this
gathering is the assembly of individuals all having a
common interest. Throughout the workshop I would
strongly encourage interaction and informal
discussions.

Where do we go from here? The proceedings of this
workshop will be edited, printed and distributed
sometime later this winter. I also understand that
discussions are currently underway to organize a
second international musky workshop in 1997.
Finally, I hope that we can expand our existing
partnerships to maintain ongoing muskellunge
research projects and initiate new collaborative
efforts.
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An Introduction to Muskies Canada
B. Powers
Muskies Canada Inc.
P. O. Box 814, Station C
Kitchener, Ontario
N2G 4C5
Introduction

Organizational Structure

Muskies Canada Sport Fishing and Research
Association (Muskies Canada Inc., MCI) was founded
in 1978 and incorporated in Ontario on March 20,
1981. The club functioned as a single entity until 1987
when geographic chapters were established. MCI is a
family club which annually averages 300 members in
our six chapters; five in Ontario and one in Quebec.
Our membership extends beyond the geographic
boundaries of the individual chapters, with members
living as far away as Alberta and the United States.
We pride ourselves in the cooperative attitude we
share between our chapters and we extend this
cooperation to other similar organizations, government
agencies, and business concerns. We believe that our
record of concern and cooperation with government
agencies is among the best for organizations of our
nature.

The National Executive Committee (NEC) governs all
of MCI's operations, with direct responsibility for all
of our national projects and programs. Some of these
responsibilities include production of our national
newsletter "The Release Journal", maintenance of our
angler logs, maintenance of our member release
program, maintenance of our public release program,
stores, and coordination of activities involving events
with a national focus.

The objectives of MCI are as follows:
(i) to enhance the sport fishery for muskellunge in
Canada;
(ii) to protect the muskellunge fishery in Canada
through the wise use of the muskellunge
resource, research, habitat protection,
improvement of habitat and spawning grounds,
and scientific and technical studies of the species;

(iii) to support the abatement of water pollution; and
(iv) to promote and exchange information about
musky among the angling public.

The chapters each have their own local executive
committees and function primarily on a local level,
but may also have involvement at the national level
which they coordinate through the NEC. The chapters
provide a location for musky anglers to exchange
information, socialize and educate themselves about
musky. The chapters provide local musky populations
with much needed protection and also carry out their
own local projects such as setting up educational
booths at sportman's shows, participating in visual
spawning surveys and telemetry research, installing
launch ramp signs, and conducting seminars.

The board of directors is comprised of all of the NEC
members and all of the chapter executive members.
The board of directors meets annually for two days in
January and it's responsibilities include setting and
amending policy and scheduling events for the
upcoming year. This meeting also provides an
opportunity to exchange information of a local nature
with members from all chapters.
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General Information

MCI is an angling club whose interests extend beyond
the mere catching of fish. We also share an interest in
the preservation of our target species, muskellunge,
and we hope to enhance musky populations by our
direct involvement in the management of the species.
The projects and programs which we manage are
designed to raise the public's awareness of the
muskellunge fishery as well as to protect it.
Our longest running and perhaps best known program
is our public release program. In this program,
members of the angling public who catch and release
a legal musky, apply for and receive a release crest.
To apply, one must send in their name, address, and
the particulars of their released musky to our National
Release Director. In order to be legal, a musky must
be of the minimum length limit in the area where it
was caught and it must have been caught during the
open angling season. When the application is
received, we send back a release crest along
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with a data sheet to be completed. This form is used to
compile information which we hope will be useful in
future muskellunge management. We have funded this
program through the years with the help of small
donations and grants, but primarily by raising the
money through various sources of our own. This is
currently our only truly national awareness program.
Some of our numerous other projects include radio
telemetry projects on two Ontario rivers, identification
sign projects in southern and eastern Ontario, a
population tagging project in the Montreal area, and
spawning habitat protection projects throughout
Ontario and Quebec. We annually participate in
numerous sportsman's shows throughout both
provinces and conduct seminars at other angling clubs
and with organizations such as Scouts and Guides.
More information on these and all of our programs
may be obtained by contacting one of our national
executive directors or a local chapter chairman.
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An Overview of Muskellunge Management in
Ontario
Cheryl A. Lewis
Aquatic Ecosystems Branch Ontario
Ministry of Natural Resources
380 Armour Road
Peterborough, Ontario
K9J 8M5
Introduction

The muskellunge (Esox masquinongy) has long been
one of Ontario's premier sport fish species. Its
ferocious fighting habits, its potential to reach very
large sizes, and its elusiveness to many anglers has
made it the stuff of fishing legends. Although
relatively few anglers actively fish for muskellunge
(compared to species such as walleye, Stizostedion
vitreum vitreum), musky fishing opportunities in
Ontario attract resident and non-resident musky
hunters to lakes and rivers wherever the species
occurs.
Ontario is widely recognized as one of the top
locations for wild muskellunge. There are 302
known muskellunge lakes in the Province of Ontario
(OMNR 1987), all of which contain populations
sustained by natural reproduction. Most of the
populations are native, although some lakes contain
populations that are the result of introductions of
eggs, fry, fingerlings, or adults (Table 1).

Table 1. Origin of muskellunge stocks in 302
Ontario lakes.
Origin of resident
muskellunge stock

Muskellunge lakes are concentrated in the southcentral and northwestern areas of the province (Fig.
1), with nearly half of the lakes being found in the
northwest. There are few muskellunge waters in the
northcentral, northeastern, or southwestern parts of
the province.
Muskellunge occur in lakes of all sizes, although
most lakes are between 10 and 1,000 ha (Table 2).
In general, the largest fish-the legendary trophiesare found in the largest waters.

Table 2. Distribution of lake size for 302 Ontario
muskellunge lakes.
Area class (ha)

Number of
lakes

< 10

13

10-100

84

100-1000

119

1000-10000

67

> 10000

17

Unknown

2

Percent of lakes

Muskellunge Management Strategies

Native

65

Introduced

24

Unknown

11

The management of muskellunge in Ontario is
based on a variety of mechanisms including habitat
and population inventory and assessment, habitat
protection, and population
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Fig. 1. Distribution of muskellunge in Canada (reproduced from Scott and Crossman (1973) with permission
of E. J. Crossman).

protection through harvest controls, stocking,
research, and education.
Inventory and Assessment

Most of the musky lakes in Ontario have been
inventoried using the provincial Aquatic Habitat
Inventory standards, or a modified version of this
approach. This inventory provides basic information
on species composition, lake morphometry and water
chemistry. In addition, the location of potential
muskellunge spawning marshes is usually identified.

A few lakes have received more intensive habitat
and/or population assessment. These tend to be
lakes within the Ontario Fisheries Assessment Unit
network and large lakes of provincial significance.
On such waters, population assessment through
creel surveys, angler diaries and index fishing has
provided more understanding of angler harvest,
fishing mortality, and its effect on population
status.
6

Assessment of muskellunge habitat tends to be rare.
Most work has focused on the identification of
spawning and nursery habitat through radiotelemetry
and seining. Habitat assessment has been hampered by
the difficulties associated with identifying musky
habitat and establishing evaluation measures.
Standards are lacking to assist staff in assessing
whether habitat is used by muskellunge.

Lack of recognized standards for the assessment of
populations and their habitats has constrained our
ability to collect and interpret the required data and to
compare habitat and population status across sites or
through time. In addition, the financial resources to
undertake such inventories have decreased
dramatically over recent years; studies which target on
muskellunge assessment are difficult to fund and
cooperative efforts among government and nongovernment agencies in this area are now essential.

An Overview of Muskellunge Management in Ontario

Habitat

The protection of muskellunge habitat is essential to
the continuing sustainability of the species in Ontario.
The historic loss of spawning marshes, coupled with
other stresses such as exploitation and competition,
makes the protection of remaining habitat critical.
In Ontario, once habitat has been identified, it is
protected through planning processes (plan input and
review; resource management plans), and through
application of legislation, regulations, and guidelines
(e.g., Fisheries Act, Timber Guidelines for the
Protection of Fish Habitat).

Harvest

Harvest of muskellunge is managed through the
normal suite of regulatory controls: seasons, catch and
possession limits, and size limits. In 1986, a
provincial muskellunge management committee
reviewed existing regulations for the species and
recommended a number of changes (OMNR 1986).
As a result, the creel limit was reduced from two fish
to one and minimum size limits were increased to
enhance protection of spawning-age females. The new
size limits were based on the data available at the time
on growth and maturity rates. There were three size
limits established: 102 cm (40 in) on the Great Lakes,
the St. Lawrence River, and selected lakes in the
northwestern part of the province; 94 cm (37 in) on
the Niagara River; and 86 cm (34 in) in all other
waters.
Since 1987, interest in higher size limits for
muskellunge has increased, especially among
dedicated musky anglers. In addition, the processes
for establishing regulations has become more
decentralized. Consequently, minimum size limits
have increased on boundary waters such as the
Ottawa River (104 cm FL - 41 in), the St. Lawrence
River and Lake St. Francis (112 cm - 44 in), and
Lake of the Woods (122 cm - 48 in), and on
Wabigoon and other northwestern Ontario waters
(132 cm

- 52 in). There have also been additional boundary
water restrictions, new catch-and-release regulations
(Lac Seul and others), and a conservation licence
with a zero catch and possession limit for musky.
Musky anglers and fisheries managers in several areas
of the province have expressed interest in establishing
more restrictive angling regulations to protect
muskellunge. The movement to higher minimum size
limits result in de facto "trophy fisheries" in many
areas.
Stocking

About two-thirds of the musky lakes in Ontario
contain native populations of that species (Table 1).
Others contain stocks which resulted from an
introduction of some life stage or are of uncertain
origin. However, virtually all lakes have muskellunge
populations which are sustained by natural
reproduction, and this continues to be the primary
management objective in the province. There has been
little stocking in recent decades. The Deer Lake Fish
Culture Station produced muskellunge fry and
fingerlings (Stoney Lake stock) until 1990 when the
facility was closed. Most of the Deer Lake production
was stocked into the Kawartha Lakes. Although there
was no assessment of this supplemental stocking, it is
believed that the size and number of fish stocked had
little effect on the naturally-produced population or on
the number of fish in the creel. It appears unlikely that
a muskellunge culture facility will be operated by the
province in the future.

Nevertheless, several waters continue to present
special challenges in terms of the potential role of
stocking. On both Georgian Bay and the St. Lawrence
River, there has been public interest in stocking
muskellunge to rehabilitate or supplement the native
stock. In both cases muskellunge exist at low densities
and there is evidence that the number of very large
fish has declined. However, a number of factors have
likely contributed to those declines, including
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exploitation and habitat change. The potential
benefits of stocking to augment these reduced
populations remain controversial. There are
particular concerns about the taking of wild
gametes from small wild spawning stocks for fish
culture purposes.
Research

Ontario has been fortunate to have a number of esocid
researchers working on various aspects of
muskellunge biology and ecology. Dr. Ed Crossman's
early work at Nogies Creek, and later research on
spawning and homing behaviour on Stoney Lake
provided a fundamental basis for our understanding of
the species. The cooperative work of Drs. Ed
Crossman of the Royal Ontario Museum and John
Casselman of the Ontario Ministry of Natural
Resources on the cleithrum project has facilitated new
understanding of muskellunge age and growth and its
relation to the species' distribution, angler harvest and
management. Research by Dr. Bernard Lebeau in
northwestern Ontario has contributed to the
understanding of spawning behaviour of the species
and spawning habitat characteristics and has helped
field staff with the identification and protection of
muskellunge habitat.

Education

A number of public education initiatives have
contributed to the management of muskellunge in
Ontario. Cooperative work with Muskies Canada Inc.
to provide angler diaries and research reports has
contributed much important information on trends in
harvest and release. Posters and brochures have
promoted and described sound release techniques, and
have shown anglers how to identify muskellunge and
pike (Esox lucius). Continuing efforts in this area are
required to increase the public awareness of the need
to protect muskellunge habitat, use good release
techniques, and avoid moving pike into new waters.
Partnerships among government and non-government
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agencies and the public are likely to generate the
most successful public information initiatives.

Challenges for the Future

As we work to ensure the sustainability of
muskellunge resources, we will continue to encounter
challenges. Effective habitat identification and
evaluation calls for initiation of new science, transfer
of existing science, and development of standards.
Similarly, standard approaches to population
assessment are required, including rapid assessment
techniques. This is made especially important because
of the cost of mounting targeted assessment programs
for this species, and the small number of angled fish
which are now harvested and available for sampling.

We also require information on the impacts of
invading species on muskellunge, including northern
pike and zebra mussels (Dreissena polymorpha).
Both of these species are currently expanding their
range into muskellunge waters.
We need to bring more clarity and consistency to the
process for establishing muskellunge regulations. The
current interest in trophy size limits must be examined
in light of the conservation requirements for the
species, the interests of the public at large, the socioeconomic implications, and the effects of post-release
mortality. All proposals for regulation changes need to
be developed objectively by clearly identifying the
intent of the regulations, examining the biology of the
species, predicting the range of outcomes of any given
regulation, and evaluating their effectiveness once
implemented. Simulation modelling can play an
important role in this context.
Finally, as resources within government decline,
development of effective partnerships is becoming
more important. Past experience with

An Overview of Muskellunge Management in Ontario

angling groups such as Muskies Canada Inc. has
demonstrated the contribution such groups can make
to understanding the biology and ecology of the
muskellunge, and to increasing public awareness of
the species. Involvement of such groups in habitat
identification, radiotelemetry studies of fish
movements, and catch-and-release studies should be
expanded and strengthened.
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Muskellunge Reintroduction Feasibility Study,
Spanish Harbour Area of Concern
Bernard LeBeau
BAR Environmental
Nicholas Beaver Park
R. R. #3 Guelph, Ontario
N1H 6H9

The objectives of the muskellunge (Esox masquinongy) reintroduction feasibility study are: (1) to
examine historical data on the muskellunge population of the Spanish Harbour area and determine
what changes may have occurred which lead to its extirpation; (2) to examine historical and recent
information on environmental conditions as it relates to muskellunge; (3) from this information
establish the most likely hypothesis for the extirpation of the muskellunge population and
determine whether or not the likely causes still persist; and (4) to determine the feasibility of
reintroducing muskellunge.
Introduction

There has been a significant impact on the lower
reaches of the Spanish River since the turn of the
century by log driving operations and, since 1905, by
waste discharges from E.B. Eddy Forest Products Ltd.
mill at Espanola. The last recorded log drive was in
1967. The implementation of secondary treatment at
the mill in 1983 and subsequent in-plant process
modifications resulted in significant improvements in
downstream environmental quality. Mining, milling,
and smelting operations in the Sudbury Basin have
been a major atmospheric source of heavy-metal
contaminants to the Area of Concern sediments. While
these sources still contribute contaminants to the Area
of Concern, significant reductions in effluent
discharges of contaminants and biological oxygen
demand (BOD), and atmospheric fallout deposition of
particular metals have occurred (Spanish Harbour
Remedial Action Plan (RAP) team 1993).

Among the responses to the Spanish Harbour Stage I
RAP report, was a concern that muskellunge (Esox
masquinongy) had not returned to the Area of
Concern. Recent creel survey data (1985 and 1987),
index netting (1989 and 1993) and electrofishing
(1994) have established that the muskellunge is still
absent while there has been a limited return of formerly
extirpated populations of channel catfish (Ictalurus
punctatus) and shorthead redhorse (Moxostoma
macrolepidotum). Habitat mapping completed in 1989
and further assessment conducted in 1991 utilizing
historical aerial photographs, did not establish any
cause and effect relationship between habitat loss and
the decline or disappearance of muskellunge. It was
therefore concluded that either no muskellunge exist
locally to reintroduce into the Area of Concern, or that
environmental conditions (sediment and water quality)
remain unfavourable to muskellunge.

The Spanish Harbour Public Advisory Committee is
interested in restoring the natural balance of the river.
The reintroduction of the once native muskellunge is
an important step
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toward reaching their vision of a rehabilitated
ecosystem. The Spanish Harbour RAP team have also
expressed an interest in reintroducing the prized
muskellunge into this Area of Concern. The reestablishment of muskellunge would provide a unique
trophy sport fishery, add to the local economy, and
aid in the balance of fish community structure. It was
for these reasons that a feasibility study was
undertaken (Lebeau 1995a).

muskellunge reposited at the Royal Ontario Museum;
(6) Dymond and Delaporte (1952) study; and finally,
(7) information from 1983 to 1994 fish-community
surveys which indicate that muskellunge remain
absent from the system. Estimated times and major
stressors affecting the Spanish River muskellunge
population are given in Fig. 1.

Environmental Conditions as they Relate to
Muskellunge
Historical Information on the Muskellunge
Population

The amount of available information on
environmental conditions of the Spanish River as
they relate to muskellunge is considerable.
Impaired water quality, loss of fish habitat,
degradation of fish and benthos populations, and
surficial sediment contamination are all integral to
the decline of the Spanish River muskellunge.
Current environmental problems and use
impairments affecting the Spanish Harbour Area of
Concern in relation to muskellunge reintroduction
are summarized in Table 1. Additional detail on
aspects of this section will be found in the Stage 1
Spanish Harbour RAP report (1993) and Lebeau
(1995a).

Fragmentary data on the Spanish River muskellunge
are available from the following sources: (1) the
Robinson Treaty of 1850; (2) official statistics of the
commercial fishery of muskellunge from 1867 to
1939; (3) the sport fishery from 1900 to 1950 as
reported from interviews with former commercial
fishermen (Loftus 1980) and from other Ontario
Ministry of Natural Resources (OMNR) reports; (4)
the historical spawning sites and activities of
muskellunge also reported from interviews with
former commercial fishermen (Loftus 1980); (5) the
single specimen of Spanish River

Muskellunge collapsed1
Commercial fishery1
Sport fishery1
Log-driving activities 2
waste discharged Kraft pulp effluent

Mill related activities 3
Years

1860

1880

1900

1920

1940

1960

1

Loftus (1980)

2

According to log-driving activities as described by Pitblado and Bowman (1991).

3

According to the Spanish Harbour RAP team (1993).

1980

2000

Fig. 1. Estimated times and major stressors affecting the muskellunge population of the Spanish Harbour Area
of Concern.
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Table 1. Selected impairment of beneficial uses defined by the Great Lakes Water Quality Agreement
(GLWQA) as they relate to the Spanish Harbour and muskellunge reintroduction. Impairment status is defined
as impaired (I), not impaired (NO or requires further assessment (FA) (Spanish Habour RAP team 1993).
GLWQA impairment of
beneficial use
Degradation of fish populations

I
FA

Degradation of
benthos

NI

FA
Restrictions on
dredging

Conditions in Spanish Harbour

Status

I

activities
Eutrophication or undesirable
algae

NI

Degradation of aesthetics

NI

Loss of fish and wildlife habitat

FA

Some historic fish species lost or present in low numbers.
Walleye fishery has recovered.
Hepatic mixed function oxidases are induced and serum
steriods are depressed in white suckers; reproductive
implications require further study.
Riverine benthic communities recovered from historic low
levels. No relationship between metal contamination and
harbour benthic communities. Benthic communities normal
relative to Blind River controls and baseline benthic data for
North Channel of Lake Huron. While sublethal bioassays
revealed no toxicity associated with sediments, elevated tissue
residues in native fauna suggest the potential for stress to
benthic species.
Additional assessment work being conducted by OMOE.
Metals exceed guidelines in nearshore zone of Area of
Concern and Whalesback Channel; PCBs less than
guidelines.
Trophic status mesotrophic; phytoplankton composition
normal; chlorophyll a concentrations low.
Foam
Cause and effect relationship between species losses and
loss of habitat cannot be established based on assessment
work undertaken.

Hypotheses of the Extirpation of the
Muskellunge Population

The following two hypothesis about muskellunge
extirpation were considered: (1) potential
spawning and nursery habitats were lost
following the population disappearance in the
mid-1940s; and (2) exploitation and pollution
played a role in the population extirpation.

(i)

Loss of spawning and nursery
habitat hypothesis

The species that would have populated the Spanish
River is the true muskellunge which inhabits the Great

River Basin. The preferred spawning sites consist
of littoral zones of large bays (depth 1-2 m) often
in proximity to islands (Lebeau 1992, 1995b). A
complex shoreline of deep bays and islands is
preferred as the turbulence generated in these
locales by wind and wave action maintains lotic
conditions (flowing-water conditions). Substrates
of dense detritus are critical, which may be due to
its dark colouration causing higher radiant-energy
absorption, thus generating warmer microhabitats.
Muskellunge also spawn over substrates of silt,
marl, muck, clay, rock and gravel with little or no
vegetation. In large rivers, spawning will occur
where the current is between 0.1 and 0.4 ms- t
(Lebeau 1992).

Lakes and the St. Lawrence
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Two high-potential spawning sites were located and
visited during a June 1995 reconnaissance (Fig. 2): (1)
the bay sheltered by Kirke Island, west of Indian John
Point, and (2) a large area encompassing the Spanish
River Delta, particularly the east end of Frenchman
Bay. Both sites contain important colonies of softstem
bulrush (Scirpus validus) which is utilized
considerably by muskellunge during spawning. The
use of this bulrush by muskellunge has been
confirmed in many studies in Ontario, Quebec, and
New York (Lebeau 1992).

Elsewhere in the North Channel, the Mississagi Bay
(Fig. 3) is also a high potential muskellunge spawning
site and an excellent location to be utilized as a
control site and reliable source of eggs.

(ii)

Exploitation and pollution hypothesis

Muskellunge was unquestionably exploited by two
active and potentially stressful fisheries. Not only did
the commercial fishery utilize pound nets to harvest
large numbers of muskellunge, but evidence suggests
that pound nets may have been deployed in spawning
areas. When the commercial fishery ended in 1939,
the population may have endured some 70 years of
commercial harvest. Similarly, by 1950, that same
population may also have endured at least 50 years of
fishing pressure by sport fishermen. For the North
Channel of Lake Huron, these activities can be
described as localized intensive fishing pressure.
However, the extent of the harvest from the
commercial and sport fisheries remains qualitative.

During the early 1940s, the sport harvests were
concurrent with the destruction of spawning and
nursery areas. From 1943, toxic effluent from the
Kraft pulp mill was blamed for numerous, periodic
spills resulting in fish kills in prime muskellunge
habitat, not only for adults in the lower Spanish River
but particularly for spawning and nursery habitats in
the river
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mouth. That annual muskellunge recruitment was
decimated is conjectural but most probable. Given the
cumulative stress, it is not surprising that the
muskellunge population collapsed.
Knowledge Requirements for the
Reintroduction of the Muskellunge
Population

The following aspects were detailed for a rational
approach to muskellunge reintroduction into the
Spanish Harbour Area of Concern: (1) water quality
and bioassays; (2) sediment data and bioassays; (3)
spawning and nursery habitat field surveys; (4) egg
source; (5) stocking of eggs, fry and fingerlings; (6)
hatchery culture for fall fingerling stocking; and (7)
population monitoring and assessment.
For a successful reintroduction of muskellunge, it is
imperative to determine whether or not the Spanish
Harbour Area of Concern can support a self-sustaining
population now and in the future. This is particularly
true considering that until the mid-1940s habitat
degradation was a contributing factor to the decline
and extirpation of the population. The biological
surveys required for the purpose of muskellunge
reintroduction are summarized in Appendix 1.
Muskellunge spawning and nursery habitats appear in
excellent condition in the Spanish River delta, yet the
species has not returned. The two most likely reasons
why muskellunge have not returned to this areas,
considering that there are many healthy populations
elsewhere in the North Channel of Lake Huron are
discussed below.
(1) Homing precision is such that muskellunge from
neighbouring populations do not disperse in the
short term (< 100 years) and establish new
populations nearby. This homing precision for
spawning has been documented during my
Ph.D. field work in northwestern Ontario
(LeBeau 1992). For three consecutive years,
from 1984 to 1986, a total of 37 radio-equipped
muskellunge

Muskellunge Reintroduction Feasibility Study, Spanish Harbour Area of Concern

Fig 2. Areas marked in the Spanish Harbour Areas of Concern are high-potential muskellunge spawning sites as
identified during the reconnaissance survey of June 1995.

Fig. 3. The area marked in the Mississagi Bay is a high-potential muskellunge spawning site (Will Samis and Wayne
Selinger, personal communications) and an excellent location to be utilized as a control site and reliable source of
muskellunge eggs.
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returned very precisely to their spawning sites.
This type of homing to spawning sites was
100% accurate. Thus, it is not surprising, on the
short term, that muskellunge may not recolonize
new areas within a large body of water.
(2) Even if muskellunge were recolonizing, levels of
toxicity in the water and sediments may still be
too high for them to have any reproductive
success. Indeed, the high-potential spawning
and nursery habitats located in the Spanish
River mouth, delta and in the Whalesback
Channel may still contain contaminants in the
water and sediments. For the purpose of
reintroducing muskellunge, it is questionable
whether or not the effluent plume from E.B.
Eddy Forest Products Ltd., as well as the
contaminated sediment in the Spanish Harbour,
will have a detrimental effect on the stocked
fingerlings and later on the eggs and fingerlings
from natural reproduction. The I % (100:1)
dilution zone of the
E.B. Eddy effluent plume is located in the
Spanish River delta. The plume at 0.1 %
(1000:1) dilution almost reaches Kirke
Island, another prime muskellunge spawning
habitat. It is therefore unclear until
toxicological testing occurs, if the Kraft mill
discharge will have any detrimental effect
on muskellunge reintroduction program.
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Appendix 1. Knowledge requirements for reintroducing muskellunge into the Spanish Harbour Area of Concern.

Knowledge Muskellunge
Requirements life stages
Water quality
data and
bioassays

Egg, embryo,
juvenile

Sediment data
Egg, embryo
and bioassays

Nursery habitat
Survey

Egg source from
A donor

Egg, fry and
fingerling
Hatchery
culture

Survey: existinga and needed

Existing: Surveyb of 1988: Chemical and biological samples were collected for a surveillance study.
Survey of 1991: Stations were from 2 to 25 km downstream of the effluent outfall at Espanola.
Receiving-water sublethal toxicity tests were performed (instead of effluent toxicity tests). Organisms:
Mayflies and fathead minnows.
Needed: Task 1. June surveys are needed to measure the DO on many sites at the water-sediment
interface to determine whether muskellunge eggs will be exposed to acceptable limits. Task 2. Water
quality sublethal testing. Muskellunge embryos need to be exposed to receiving waters containing effluent
concentrations of 1.0 and 0.1 %, which correspond to those present on spawning sites. After hatching,
embryos would be transferred to larger chambers and maintained under similar test conditions (Exposure
conditions: 13°C, photoperiod: 12h:1 2h).
Existing: Surveys` of 1974, 1980, 1986, 1987, 1988, 1989: Survey` of 1987: Station in 1 m depth, 0.5 km
east of Fletcher Island in the Spanish Harbour delta. Acute sediment tests were
performed. Organisms: Mayfly and fathead minnow. Survey of 1990: Five stations between Norquay
Island and Fleischer Island. Sublethal bioassays were performed. Organisms: Mayflies, chironomids and
fathead minnows.
Needed: Sediment quality sublethal testing. Sediment (elutriate) tests with muskellunge eggs and embryos.
Eggs would be exposed to elutriate leached from the sediment identical to those in the water quality tests.
Elutriate exposure solutions would be prepared with Frenchman's Bay and Kirke Island sediments and the
appropriate effluent concentration (1.0 and 0.1 %). Control exposures would be from a known muskellunge
spawning site in Mississagi Bay. Experimental conditions would be identical to those in water quality tests.
Exposures would last 21 days (17 days until hatching and four days for embryo development until swimup. Growth and survival would be documented. Results would determine if further effort is necessary, such
as bioassays using sediment samples directly, or in situ embryo experiments. If egg survival is within an
acceptable range of values, a reintroduction program would have a high probability of success. Optional
testing 1. Simulated laboratory in-situ exposure. Optional testing 2. Field in-situ exposure.

juvenile

Existing: There are three reports on the subject.
Needed: Some areas may need to be mapped on the east side of Whalesback
Channel. A complete set of habitat maps must be prepared with numbers and
locations of fingerlings to be released.

Egg

Existing: Survey of 1995. Three water bodies in the Blind River District (Serpent
Harbour, Mississagi Delta and Thessalon River) and one in the Espanola District (McGregor Bay) were
investigated. Utilizing an electroshocker boat, potential spawning sites were surveyed to obtain
spawning adults. Success at catching adult muskellunge was considered excellent. Needed: No
additional study required.

Egg, juvenile

Existing: A large body of literature is available on the subject.
Needed: No additional study required.

Egg, embryo, Existing: A large body of literature is available on the subject. A designated
juvenile
muskellunge facilityis no longer present in Ontario.
Needed: Task 1. A commitment. Task 2. Discussion and negotiation with a
private or government hatchery to produce muskellunge fingerlings.

Population
juvenile, adult
monitoring
and assessment

Existing: OMNR has an excellent methodology for monitoring and assessing fish population
Needed: Task 1. A commitment. Task 2. A monitoring program is recommended to determine
the success of the stocking program. Since the stocking of fall fingerlings is recommended, the
stocking program should be in effect for at least six years. A survey would begin the fall
following initial stocking, utilizing an electroshocker boat. Similar surveys would be conducted
each subsequent fall for a minimum of seven years to ensure that fingerlings caught in the last
year of survey are the result of a self-establishing population.

a

Survey stations are presented elsewhere (Figure 12 In Spanish Harbour RAP team 1993).
Existing stations are within 1 km of potential muskellunge spawning and nursery habitats.
c
Existing stations are within the potential spawning and nursery habitats for muskellunge.
b
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Changes in the Muskellunge Fishery and
Population of Lake St. Clair after an Increase
in the Minimum Size Limit
Don MacLennan
Lake Erie Management Unit
Lake St. Clair Fisheries Station
R. R. #2 Tilbury, Ontario
NOP 2L0
In response to high harvests and indications of stock declines in the late 1970s and early 1980s
the minimum size limit for muskellunge (Esox masquinongy) for Lake St. Clair was elevated
from 76 to 102 cm (30 to 40 inches) in 1987. This regulation change was implemented to
protect female muskellunge through two repeat spawnings and to support a muskellunge
management objective for a high quality trophy fishery based on natural reproduction. Changes
in the muskellunge stock and fishery of Lake St. Clair were demonstrated by calculating length
group specific indices of relative abundance. This analysis indicated that an immediate and
dramatic increase had occurred in the newly protected 76 to 102 cm length group (an average
annual increase of 15% with a doubling of the stock in seven years). Elevation of the minimum
size limit afforded important protection to this segment of the stock which represents the prime
breeding muskellunge. It also enabled a buildup of the spawning stock over the next four year
period (1987-1990), with subsequent enhancements to recruitment based on strong year-classes
occurring in 1991 and 1994. The dramatic turn-around in the Lake St. Clair muskellunge
fishery emphasizes the need for, and benefit of, appropriate size-based regulations and
effective angler catch-and-release initiatives. An angler diary program can make an extremely
valuable contribution to management of muskellunge through the provision of comprehensive
and cost-effective stock monitoring data. Favourable changes to musky habitat occurred during
the same period but the habitat contribution to musky production and abundance, relative to
changes in angling regulations and angler attitudes is unknown.
Introduction

Lake St. Clair is part of the Great Lakes
interconnecting waters with a surface area of
127,000 ha (1,110 km2), 75,000 of which are in
Ontario (Fig. 1). It has a mean depth of only 3.0 m,
is generally meosotrophic, and has many marshes
and wetland areas. The habitat of Lake St. Clair
supports a varied fish community of coolwater
(primarily percid and esocid) and warmwater
(centrachid) species.
Lake St. Clair is one of the most intensively
utilized lakes in North America. The human

population adjacent to the St. Clair system is
estimated at about 6.0 million. The recreational
fishery is the most intensive in southwestern
Ontario with a summer (June-August) mean
angler-effort of 300,000 rod-hrs or 4.0 rod-hrs ha 1
(1978-1992 angler surveys, Ontario waters).
Muskellunge (Esox masquinongy) in the angler
fishery represents the fourth most sought species
and one tenth of all summer angler effort, with an
average annual angler effort of 30,000 rod-hrs or
0.4 rod-hrs hat (1978-1992) and an annual catch of
over 2,500
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Fig. 2. Number of muskellunge in the angler
catch and harvest, Lake St. Clair angler survey
data, 1978-1982.

Fig. 1. Map of Lake St. Clair.
fish or 0.03 fish ha 1 (9.9 kg/fish) (1992 angler
survey).

Status and Management of Muskellunge in
Lake St. Clair Prior to Elevation of the Minimum
Size Limit

A 76 cm minimum size limit regulation for
muskellunge had been in place for the Ontario waters
of Lake St. Clair for many years prior to 1987. In the
early 1980s concern was mounting over the status of
muskellunge in Lake St. Clair. Angler fishery survey
data from 1978 and 1979 indicated a substantial level
of harvest with annual catches of about 1000 fish and
harvests of 700-800 fish (Fig. 2). About 80% of the
angler catch was kept. Relatively high harvests
continued into the 1980s. These harvests represented
annual yields of one muskellunge or 10 kg 100 ha-1.
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Angler fishery survey data from 1979 to 1983 (Fig.
3) showed a consistent trend of progressively
declining muskellunge angler catch rates (average
number of fish caught per rod-hr of effort by
muskellunge anglers, or CUE). The consistency of
the trend in angler CUES indicated that the
abundance of muskellunge in Lake St. Clair might
be declining significantly.
At about the same time (1985-1986) an Ontario
Ministry of Natural Resources (OMNR) committee
was reviewing angling regulations appropriate to
meet established objectives for the management of
muskellunge fisheries across Ontario (OMNR 1986).
This committee expressed concerns about the
reduction in the number and size of angler-caught
muskellunge,

10
1985 1986 1987 1988 1989 1900 1991 1992 1993 1994

Fig. 3. Muskellunge angler catch-per-unit-effort
(CUE), Lake St. Clair angler survey data, 19781983.
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In 1987, the OMNR revised muskellunge regulations
for the Ontario waters of Lake St. Clair by elevating
the minimum size limit from 76 to 102 cm and
reducing the daily bag limit from two to one per day
(possession limit remained at two). These changes
were instituted to protect female muskellunge through
two spawning seasons and thus support a management
objective for a high quality muskellunge fishery based
on natural reproduction.

Previously, the Michigan Department of Natural
Resources had elevated the minimum size limit for
muskellunge in the U.S. waters of Lake St. Clair from
76 to 91 cm in 1976, then to 97 cm in 1981 and, in a
bilateral move with Ontario, to 102 in 1987. In the
early to mid 1980s, Michigan anglers, primarily
members of the Michigan-Ontario Muskie Club
(MOMC), lobbied for a minimum size limit increase
to 102 cm and voluntarily observed a 102 cm
minimum size as they promoted a catch-andrelease
fishing ethic.

Elevation of the minimum size limit from 76 to 102
cm was implemented in 1987. After this regulation
change, angler fishery harvests of muskellunge
decreased from previous levels of 400-800 fish to
100-200 fish (Fig. 4a) and catch retention rates from
40-80% to 5-15% (Fig. 4b).
The increase in the minimum size limit and
attendant reduction in harvest was expected to
result in increased muskellunge abundance and
angler catch rates over the long term. The
Number of Muskey Harvested

The committee recommended establishing a
muskellunge management objective for a high quality
trophy fishery based on natural reproduction. They
concluded that to provide adequate reproduction to
maintain or enhance muskellunge resources, it would
be important that regulations be directed at protecting
prime breeding fish and particularly in providing
repeat spawners. Data from Lake St. Clair indicated
that female muskellunge started to mature at age five,
or a total length of 87.6 cm. To allow two repeat
spawnings, Lake St. Clair female muskellunge would
require protection to age seven, and a total length of
100.2 cm.

Response of the Muskellunge Fishery and
Population After the 1987 Elevation of the
Minimum Size Limit

1000
800
600
400
200
0
1978 1980 1982 1984 1986 1987 1989 1991

Fig. 4a. Muskellunge angler annual harvest (number
of fish) before and after elevation of the minimum
size limit in 1987, Lake St. Clair angler survey data,

1978-1992.

Harvest Rate
(% of Catch that is kelpt)

the relatively high growth rates and the truncated
population structure (i.e., an almost total absence of
older fish) in Lake St. Clair. These characteristics
suggested heavy exploitation, perhaps
overexploitation.

100%
80%
60%
40%
20%
0%
1978 1980 1982 1984 1986 1987 1990 1991

Fig. 4b. Muskellunge angler harvest rate (% of catch
kept) before and after elevation of the minimum size
limit in 1987, Lake St. Clair angler survey data,
1978-1992.
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process of stock rebuilding and improvements to the
fishery were expected to be in the order of one or two
muskellunge life-cycle generation periods, that is, in
six to ten years or by 1993 to 1997. It was estimated
that the process would involve an initial gradual
buildup of the spawning stock over three to six years
which would increase the stock's reproductive
potential. The enhanced reproductive potential would
elevate recruitment, which in turn would show up as a
higher abundance of fishable stock (age three to fouryear-old fish) in about six to ten years (1993 to 1997).

Time to Catch One Musky
(Hours)

Changes in the Muskellunge Fishery and Population of Lake St. Clair after an Increase in the Minimum Size Limit

35
30
25
20
15
10
1985 1988 1987 1988 1989 1990 1991 1992 1993 1994

Fig. 6. Time needed to catch one muskellunge
(EUC), Lake St. Clair sport diary program, 1985-

1994.

Instead, an immediate and continuous increase in
angler fishery muskellunge catch rates occurred.
Angler diary data from 1985 to 1994 (Fig. 5),
indicated that angler catch rates for muskellunge
declined modestly prior to the regulation change
(1985-1987), then increased dramatically after the
regulation change with an average increase of 16%
per year over the seven years from 1987-1994. The
effort (length of time in hours) needed to catch one
muskellunge (EUC) (Fig. 6) declined from over 31
hours in 1987 to 11 hours in 1994, a reduction of
nearly two-thirds. Interpreting angler CUE and its
reciprocal, EUC, as indicators of relative abundance,
it was apparent that muskellunge numbers had
increased significantly and quickly in Lake St. Clair.

It was first thought that the dramatic increase in
angler catch rates for muskellunge, after Ontario

Fig. 5. Muskellunge angler CUE, Lake St. Clair
sport diary program data, 1985-1994.
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had implemented an increase in the minimum size
limit, may have merely coincided with increases in
the muskellunge stock expected from Michigan's
previous minimum size limit regulation changes of
nine years and six years earlier (i.e., in 1976 and 1981
the minimum size limit was elevated from 76 to 91
cm and 91 to 97 cm respectively). However, this may
not have been true as harvest levels of 400-800 fish
and catch retention rates of 45-80% remained high in
the Ontario waters of Lake St. Clair after elevation of
the Michigan minimum size limit for muskellunge.

OMNR wanted to determine if it was possible to
demonstrate that the increase in the Ontario minimum
size limit was responsible for these dramatic changes
in muskellunge angler CUE and apparent stock
abundance. Perhaps changes in the stock related to the
potential effects of the regulation could be interpreted
through a detailed analysis of length group specific
changes in CUE as an indicator of relative abundance
changes in the protected and unprotected segments of
the stock.

Analysis of angler fishery data involved
partitioning the angler catch rates for
muskellunge (CUE) into the following three
length groups:

Changes in the Muskellunge Fishery and Population of Lake St. Clair after an Increase in the Minimum Size Limit

1) 76-102 cm - became protected by the
increased minimum size limit
2) > 102 cm - never protected (trophy fish)
3) < 76 cm - always protected
Considerable length sampling data had been
provided in association with angler diary catch and
effort data making it possible to determine reliable
length group specific CUE.
The 76-102 cm length group became protected from
harvest by the minimum size limit change in 1987.
Prior to the 1987 elevation in the minimum size limit,
muskellunge in this length group were the most
vulnerable to the fishery and typically represented
about 65% of the angler catch. The relative abundance
of muskellunge in this length group based on angler
CUE had been decreasing prior to 1987. After
becoming protected by the increase in the minimum
size limit in 1987, this trend reversed and this length
group exhibited a substantial annual increase in CUE.
The annual increase averaged 15% per year which
steadily continued through to 1994 (Fig. 7),
suggesting a doubling of the stock in seven years. This
group was the first to show such a significant change.
The large and steady increase observed in the 76 to
102 cm length group indicates elevation of the
minimum size limit must have afforded effective and
important protection to this segment of the population.

This would, however, be reasonable if the annual rate
of exploitation in this segment of the population was
reaching 20% or more. Such an estimate of the rate of
exploitation would be valid with harvests of 700 fish
per year from an estimated population of 3,500 fish,
which would have been plausible based on a
muskellunge density of just under one muskellunge
ha-1 over an area of about half the lake.

1) muskellunge that were caught, but not
harvested support future captures, that is, the
possibility of multiple captures of individual
muskellunge existed; and
2) the decline in harvest under catch-and-release
regulations, with future multiple captures that
directly supported the observed
increase in angler CUE.
The increase in the abundance of muskellunge and
angler CUE in this length group could not have
occurred as a result of increased recruitment this
soon after the regulation change. Thus, the increase
observed in angler CUE represents a decline in
fishing mortality and the attendant increased
probability of multiple recaptures taking place.
The length group exceeding 102 cm represents
muskellunge that were available to harvest removal
before and after the minimum size limit regulation
change. The relative abundance of muskellunge in this
group based on angler CUE was below that of the 76102 cm group reflecting incremental losses from both
fishing and natural mortality. The > 102 cm length
group shows a very slow degree of increase up to
1987, then a slightly faster, but still modest, rate of
increase from 1987 to 1990-91 (Fig. 7). In 1991-92,
an additional increase in the rate appeared (despite
some nonconformityiin the data points). I interpret the
elevation in the rate of increase as representing the
spillover of fish

0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

The rapid rate of increase of muskellunge in this
length group is predicated on some important, and
hitherto, unrecognized conditions:

Fig. 7. Muskellunge relative abundance by total
length group based on muskellunge angler CUE,
Lake St. Clair sport diary program, 1985-1994.

23

Changes in the Muskellunge Fishery and Population of Lake St. Clair after an Increase in the Minimum Size Limit

moving first slowly then more rapidly up from the
76-102 cm group into the > 102 cm group (i.e.,
recruitment). The sequence of smaller but escalating
increases in muskellunge abundance occurring in the
> 102 cm length group relative to the 76-102 cm
length group agrees with the observed and
interpreted changes in the 30-40 in length group of
the stock previously discussed.

the change in the minimum size limit (1985-87)
through 1991. In 1992 and 1993, five and six years
after the change in the minimum size limit, there was
a modest increase in angler CUE with a large increase
in 1994 suggesting additions from recruitment (Fig.
7).
Muskellunge scale samples submitted by angler diary
participants indicated a large increase in the relative
number of three year-old fish in 1994 (Fig. 8),
suggesting a strong hatch and recruitment from the
1991 year-class. At age three, these fish would have
been just below 76 cm and thus would show up in this
length group.

The last group of muskellunge with fish < 76 cm
and ages of one to three years, had the lowest angler
CUE relative to the other two length groups, despite
their obvious higher abundance, as a result of low
selectivity by the fishery. There was little or no
change in relative abundance based on angler CUE
from before

Looking at the dynamics of the muskellunge stock
by length groups (Fig. 7), the increase in angler
CUE and muskellunge abundance in the < 76 cm
length group in 1994 represents recruitment of the
strong 1991 year-class into the fishery. This would
coincide with temporal expectations. The regulation
was implemented
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Fig. 8. Muskellunge age composition (%) in the
angler catch, Lake St. Clair sport diary program,
1993-1994.
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Total Number Caught
from All Tows

This interpretation of a strong year-class in 1991
based on angler diary data was corroborated by
OMNR young-of-year (YOY) survey data. Although
the survey does not provide a continuous data series
(Fig. 9), no YOY muskellunge were caught in any of
the surveyed years from 1979 to 1994 except for
1991 and 1994. These two years may have produced
strong year-classes.

Percent of the Catch (%)

Although it was apparent that recruitment into the >
102 cm group was occurring, their numbers were still
quite small based on angler diary scale sample
submissions. This group was mostly age eight and
older, with some age seven fish and represented only
15% of the catch in 1993-94, with only 3% being age
ten and older (Fig. 8). MOMC records show the
number of muskellunge above 127 cm has only
recently been increasing. With this level of increase
expected to continue, the number of fish in this largest
length group should increase considerably over time,
ultimately providing the basis for a noteworthy trophy
angler fishery.
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-

1990 1991 1992 1993 1994

Fig. 9. Total number of YOY muskellunge caught
during the Lake St. Clair index netting program,
1979-1994.
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in 1987, building of spawning stock biomass
occurred over the next four year period, 1987-1990,
then dividends in terms of enhanced reproductive
potential leading to increased recruitment occurred.
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0.04

Assessment of Achievement of the
Muskellunge Management Objectives for Lake
St. Clair

In 1985, the musky review committee (OMNR 1986)
was concerned about the high growth rate of Lake
St. Clair muskellunge (Fig. 10). Length-at-age data
in 1993-94 indicated little apparent change in the
muskellunge growth rate (Fig. 10). Thus, the
population increase, while dramatic, has not largely
altered growth. This may suggest either that food has
not been limiting in this system or that the
population had been considerably depressed from
exploitation to a point that, after a doubling in stock
abundance over seven years, the population has not
begun to exhibit any of the density dependant effects
that would be associated with equilibrium
conditions.

Mean Total Length in
Centimeters (Inches)

Based on angler CUE (Fig. 11), the relative
abundance of muskellunge below and to a lesser
extent above the minimum size limit has shown a
steady increase over the seven years since elevation
of the minimum size limit. The apparent increase in
the stock both below and

0.02
0.01
0

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994

Fig. 11. Muskellunge angler CUE above and
below the 102 cm (40 inch) minimum size limit
(MSL), Lake St. Clair sport diary program data,
1985-1994.
above the minimum size limit, in contrast to
declining indices of abundance for muskellunge
prior to 1987, along with YOY data showing
improved recruitment in recent years, would
indicate that the muskellunge stock of
Lake St. Clair has not only been sustained by
this management regulation, but has been
increasing through natural reproduction.
The number of musky caught over 127 cm (50
inches) or 13.6 kg (30 pounds) may serve as a
measure of a trophy musky fishery. Records
maintained by MOMC anglers (Fig. 12) show the
number of muskellunge caught that were 127 cm
and over in total length averaged two fish through
the 1980s, with an increasing trend
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Fig. 10. Muskellunge mean length at age before
and after size limit change. OMNR (1986) and
Lake St. Clair sport diary data (1993-1994).

Fig. 12. Annual number of muskellunge caught
above 50 inches in length and above 30 pounds in
weight, Michigan-Ontario Musky Club, Lake St.
Clair data, 1978-1994.
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in the 1990s and a 1994 value of 14. The number
of muskellunge caught over 13.6 kg showed
similar changes with a 1994 value of 20. By these
measures, a trophy muskellunge angler fishery has
clearly been developing in Lake St. Clair.

Conclusion

I conclude that the appropriate size limit regulations
(which protected breeding female muskellunge)
combined with a growing muskellunge angler catchand-release ethic in Lake St. Clair resulted in
realization of a management objective to provide
trophy fishing opportunities from a stable selfsustaining muskellunge population. The dramatic
turn-around in this muskellunge stock and fishery in
Lake St. Clair underscores the need for, and the
benefit of, appropriate size-based regulations and
angler catch-and-release initiatives.

Sport Diary Program and Data

In 1984 it became apparent that neither a continuous
nor intermittent annual source of angler creel survey
data would be available. However, a continuous
series of angler data is essential to monitor the status
of muskellunge stocks and the effect of the change
in the minimum size limit. Furthermore, a source of
adequate biological data on the catch and harvest,
better then that which could be obtained from creel
surveys, was required.
An angler diary or sport diary program was
considered a potential alternative and effective
approach to creel surveys. It offered: (1) continuous
data on angler catch and effort data from which CUE
and biological data could be derived that could
represent an index of the trends in the entire fishery;
(2) increased opportunity to interact with sport fishery
user groups via meetings with sport fishery clubs to
recruit participants and provide program results; and
(3) cost-effectiveness at less than 1/20th the
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cost of an OMNR implemented or contracted onwater creel survey.
The sport diary program for Lake St. Clair was set up
by contacting primary muskellunge oriented
fishermen via sport fishery clubs (e.g., MOMC) and
charter boat operators. Although charter boat
operators were potentially a good source of
information, they were considerably less reliable than
sport fishing clubs. In 1994, 43 participants in the
Lake St. Clair sport diary program, expended 18,938
rod-hrs of effort, an average of 440 rod-hrs per angler;
with a catch of 1,624 fish (an average of 38 fish each)
and a harvest of only 22 fish (I% of all fish caught).
This group represents very ardent and dedicated
anglers who consistently contribute reliable
information.

Obtaining biological samples from creel surveys has
been difficult due to the low probability of
encountering a successful muskellunge fisherman.
Most muskellunge anglers spent many hours fishing
then leave soon after being successful in catching a
muskellunge. Lake St. Clair sport fishery diarists
provided length data from almost all fish caught. For
example, in 1994, sport fishery diary participants
submitted length data for 1,418 of the 1,624 fish
caught (typically over 90%). Recently the program
had been expanded to include collection and
submission of fish scale samples to support age
assessment and more detailed stock monitoring (yearclass and recruitment assessment, age structured
population dynamics, and growth and condition
assessment). Over 650 muskellunge scale samples
were collected in 1993-94.

Conclusion

Based on my experience on Lake St. Clair, I believe
that an angler diary program can make an extremely
valuable contribution to muskellunge management
by providing comprehensive and cost- effective
stock monitoring data.

Changes in the Muskellunge Fishery and Population of Lake St. Clair after an Increase in the Minimum Size Limit

Habitat Considerations

Habitat may also make an important contribution to
the management of muskellunge. A profound change
in the habitat of Lake St. Clair occurred after 1989 in
association with zebra mussel (Dreissena
polymorpha) colonization and longterm water level
changes. These factors have lead to a dramatic
increase in water transparency and the biomass and
distribution of macrophytes in Lake St. Clair.
Surveys in 1985 and 1994 indicated that the density
of muskgrass (Chara sp.) had increased 18 fold over
an extensive area off the east shore of Lake St. Clair.
Muskgrass has been reported to be a primary
substrate for spawning muskellunge (Dombeck et al.
1984). Macrophyte density in general increased five
fold, providing both nursery and adult habitat.
Muskellunge were not only more

abundant in the lake, but more ubiquitous in
distribution.
These habitat changes, which are favourable to
muskellunge, occurred almost simultaneously with
changes to size-based angling regulations and
changes in angler attitude. Although a strong case is
made for the apparent positive effects of the latter, it
must be tempered with the unknown and unquantified
impacts that these habitat changes have undoubtedly
had on the muskellunge population in Lake St. Clair.
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Sustainability of trophy muskellunge (Esox masquinongy) fisheries was examined from data collected from
more than 78,000 muskellunge caught by Muskies Inc. members over a 24 year period from 1971 to 1994 as
well as from more than 2,400 trophy muskellunge caught over a 16 year period from 1979 to 1994. The
latter is a subset of fish mounted by taxidermists who have submitted cleithral bones to the Cleithrum
Project. Over the past two decades, voluntary catch-and-release as practised by organized muskellunge
anglers has helped maintain the average length, weight, and age of trophy muskellunge. A simple predictive
relationship makes it possible to estimate mortality of trophy muskellunge populations by using observed
maximum age. Average annual mortality rate of trophy muskellunge populations ranged from 16% to 26%;
this corresponds to a maximum age of 26 to 16 years. Cleithrum Project data indicated that over the past 16
years, average maximum age of trophy muskellunge may have decreased by two years (23 to 21), associated
with an increase in annual mortality rate from 18% to 20%. This 2% increase in the annual mortality rate of
trophy muskellunge in the 21 to 23 age range is comparable to a decrease in recruitment of about 70%. To
compensate for a 2% increase in mortality of the largest, oldest trophy muskellunge in the 25 to 30 age
range, recruitment would need to be doubled. Harvest reduction and catch-and-release precedures, which
reduce mortality, are easier and more effective ways of sustaining or increasing the numbers of trophy
muskellunge than trying to supplement recruitment through stocking. Excessively large year classes are
required to produce very old, large trophy muskellunge, and if the quality of muskellunge fisheries is to be
maintained in the presence of increased angling pressure, handling mortality associated with catch-andrelease must be minimized.
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Introduction

Any factor that reduces angling mortality in fish
populations will increase longevity. This is essential if
the quality and trophy status of a fishery are to be
maintained and improved. Indeed, catch-and- release
will achieve this, with success being directly related to
survival of released fish. Catch-and-release was
originally a voluntary practice developed and promoted
by organized groups of specialist anglers such as
Muskies Inc. and Muskies Canada Inc. These anglers
avidly sought one of the largest freshwater sport fish in
North America-the musky-which is relatively rare and
can potentially reach a size that offers to many the
greatest freshwater sport angling challenge. In the
1970s, these dedicated anglers soon realized that if
record large fish were to survive, it was necessary to
release very large individuals, and voluntary catchand-release became an important standard practice.

Trophy muskellunge are very much older than
previously thought (Casselman 1979). Scales had
underestimated age and new and more reliable
techniques incorporating the cleithral bone confirmed
that the largest trophy fish were very much older,
approaching 30 years of age. This knowledge
confirmed that catch-and-release of moderate sized and
aged muskellunge was necessary if there were to be
record-sized fish, especially with increased angling
pressure. Muskellunge anglers not only originated the
concept of voluntary catch-and-release, starting in the
mid 1970s (Dent 1986), but have examined methods of
handling and release thoroughly (Gasbarino 1986), and
catch-and-release programs have been studied in detail
(Richards and Ramsell 1986).

Since the early 1970s, muskellunge anglers have
collected detailed information on their catches
(Davis and Davis 1995). In the mid 1970s, the
Cleithrum Project (Casselman and Crossman 1986)
was established at the Royal
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Ontario Museum (ROM), providing a repository for
biological data on harvested muskellunge. It was
designed to collect and archive data on trophy fish that
were mounted in order to capture information that
would otherwise be lost. The Cleithrum Project was
developed around the cleithrum, an indicator calcified
structure (Casselman 1979), which can provide
detailed age and growth data that can be used to assess
growth potential, ultimate size, and longevity. These
two data series have been continued and maintained to
the present and provide a substantial data base on
muskellunge from which to assess change in trophy
quality. For both sets of data, users of the resource
have been the sole contributors. For two decades,
musky anglers have provided details on muskellunge
that they caught. These data provide assessment
information that can be used by fisheries professionals.
Originally, it was unique to have user-supplied data,
but this approach is now considered acceptable, and it
is exemplary, given that prior to this time, muskellunge
managers had little more than a few scattered
envelopes containing a few fish scales and the scantiest
of information. The data provided by muskellunge
anglers provides an opportunity to evaluate voluntary
catch-and-release and its role in maintaining the status
of trophy muskellunge fisheries.

Study Objectives

The objectives of this study were to use catch
statistics on muskellunge maintained by Muskies Inc.
and data from the Cleithrum Project to (1) evaluate
change in trophy size; (2) examine the generalized
relationship between observed maximum age,
determined by using a reliable age determination
procedure involving the cleithral method, and
mortality rate in fish, to see whether it could be
applied to trophy muskellunge data submitted to the
Cleithrum Project; (3) compare changes in maximum
age and estimated mortality rate among waterbodies
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over time to see whether Cleithrum Project data can
be used to quantify change in the potential size and
trophy status of muskellunge populations; and (4)
recommend procedures to sustain and improve the
trophy quality of some muskellunge populations.

Materials and Methods

To examine changes in the size of trophy
muskellunge, we used catch data compiled by Davis
and Davis (1995) on fish caught by members of
Muskies Inc. over a 24 year period from 1979 to
1994. These carefully kept records made it possible
for us to examine changes in length and weight of
muskellunge caught by anglers targeting the species.
Cleithrum Project data were less extensive but more
precise and made it possible to examine changes in
size along with age over a 17 year period,
commencing just prior to 1979. Muskellunge from
the Cleithrum Project were defined as trophies
because most had been caught by anglers and were
considered to be of significant enough angling
achievement to be kept and mounted by taxidermists.
It was possible, from the Cleithrum Project samples,
to determine age using a validated technique
involving the cleithral method. Age interpretation of
the cleithra was conducted by either Mark Ruthven or
Chris Robinson, both experienced interpreters of
muskellunge cleithra.

Only those muskellunge for which cleithral bones
were available were analyzed to assess change in
trophy muskellunge. A total of 2,430 trophy
muskellunge from at least the 17 year period
commencing prior to 1979 and extending to 1994
were available. We realize that the length-weight data
from both sources are somewhat imprecise because
the measurements were made by numerous individual
anglers or taxidermists. To reduce variability,
Cleithrum Project weight data were calculated from
length data, using the length-weight relationship for

trophy muskellunge provided in Casselman and
Crossman (1986).
Mortality was calculated by using the "catch curve"
method of calculating the slope of the log of
diminishing numerical frequency with age. The
youngest age used to calculate the regression was
one greater than the modal age. We realize that the
mortality rate calculated by this method on these
types of samples may violate some basic
assumptions (e.g., the catch curves were constructed
over time and by nature are selective because
muskellunge anglers selectively harvest the largest
individuals). Even though this approach and the
numbers should be treated with caution, they at least
provide crude estimates of the mortality rate of
trophy muskellunge that would permit comparative
analyses. Similarly, it must be realized that
calculating mortality rate by combining individuals
from a number of populations is only a crude
approximation.

Hoenig (1983) has reported that there is a
generalized relationship between maximum age and
mortality rate for fish. This potentially useful and
powerful relationship was examined to determine
whether it could be applied to trophy muskellunge to
crudely estimate total mortality rate when an
observed maximum age was available. Maximum
age was used to estimate mortality rate of
muskellunge for various waterbodies, regions and
sources. Several procedures were used to estimate
maximum age. One method involved determining
maximum age by extrapolating the regression of log
catch on age. Another procedure simply used the
oldest individual in the sample, and a third method
used the upper 95% confidence limit of the age of
the six oldest individuals in the sample.

Actuarial values were constructed to assess the
change in numbers in relation to age that would be
associated with various mortality rates.
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Results and Discussion

Organized muskellunge anglers have long been
promoters of the voluntary catch-and-release concept
in sport fishing. They realized that to catch trophy
muskellunge, they needed to release smaller,
younger, legal-sized fish. Not only have they
implemented a successful voluntary release system,
they have also collected data that can be used to
evaluate the success of the program.

Muskellunge angling has increased over the years, as
has annual catch (Fig. 1). Muskies Inc. records
confirm that informed, organized anglers now release
most of their catch alive. In the early 1970s, up to 70%
of the muskellunge were retained; however, in 1994,
less than 0.5% of their catch was kept. This represents
a substantial decrease in the harvest and mortality of
muskellunge. In conjunction with this, progressively
larger individuals were kept (Fig. 2); at present,
muskellunge harvested by these dedicated anglers
approach a mean weight of 13 to 14 kg (30 pounds)
and a mean length of 115 to 120 cm (47 inches).

Fig. 1. Catch statistics on 78,386 muskellunge caught
by Muskies Inc. members, compiled by Davis and
Davis (1995) for a 24 year period, from 1971 to
1994. Total reported catch of muskellunge per year is
indicated by the solid line; dashed line indicates the
percent of these fish that were kept.

Chart not avaliable.
There is now evidence that voluntary catch-and-release
helps to maintain, and possibly increase, population
and trophy size. Over the past 21/z decades, the mean
length of muskellunge caught and released has
increased (Fig. 2). Anglers have gone to considerable
lengths to improve handling methods associated with
catching and releasing muskellunge (Gasbarino 1986)
and anglers report some quite specific recent examples
that confirm that catch-and-release produces larger
trophy fish (Sandell 1993, Mallo 1995). This has been
accomplished, in the most part, voluntarily and
without regulations, confirming that informed anglers
can help sustain sport fisheries.

Through taxidermists and trophy fish that have been
mounted, muskellunge anglers have also provided,
through the Cleithrum Project, data that can more
specifically test whether the
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Fig. 2. Mean length and weight for samples in Fig. 1.
Mean weight and length of muskellunge kept is
indicated, along with the length of fish that were
released.
quality of trophy muskellunge has changed over the
past 16 years. From the data on 2,430 trophy
muskellunge, there is no evidence that the mean
length (Fig. 3), weight (Fig. 4) or age (Fig. 5)
has shown any general trends during that period.
There is some year to year variation: size may
have decreased slightly in the early 1980s and
trophy muskellunge kept in 1987
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Fig. 3. Annual mean total length of 2,430 trophy
muskellunge submitted to the Cleithrum Project and
caught over more than a 16 year period from before
1979 to 1994. Data for muskellunge that were caught
prior to 1979 were combined. Extremes are indicated
by crossbars.
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Fig. 5. Annual mean age of the sample in Fig. 3. The
upper and lower extremes of the rectangles delineate
the 95% confidence intervals. Extremes are
indicated by crossbars. Age was determined by the
cleithral method.

International Muskellunge Symposium in 1986,
which may have helped educate anglers concerning
the importance of catch-and-release to longevity.
As well, some jurisdictions implemented a 95 cm
(40 inch) minimum size limit at the same time.
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Fig. 4. Annual mean total weight of the sample in
Fig. 3. Total weight was derived from the lengthweight relationship provided for trophy muskellunge
by Casselman and Crossman 0 986). The upper and
lower extremes of the rectangles delineate the 95%
confidence intervals. Extremes are indicated by
crossbars.

Catch-curve analysis was applied to samples of
trophy fish to obtain an approximation of
instantaneous total mortality rate. The analysis
assumes that the samples are drawn over a short
period of time and with minimal selectivity. This is
not true, but the samples may not be more biased
than many others drawn from what are assumed to
be less selective gear and methods. We accept these
limitations to obtain crude estimates of mortality
rate and maximum age. To obtain general estimates,
we used all 2,430 samples of trophy muskellunge in
the Cleithrum Project (Fig. 6) for which cleithral
age was available. They encompassed 20 ages from
11 to 30, and from them, we obatined an overall
calculated mortality rate of 18.2% and a predicted
maximum age of 30.

were significantly larger than in previous years. The
reason for this is unknown, but it immediately
follows publication of the
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Similar calculations were made for numerous
samples from various waterbodies and regions
(Table 1). Several of these are plotted on the
observed maximum age/annual mortality rate
relationship provided by Hoenig (1983) (Fig. 7).
Where sample sizes are large (Table 1), there was
good agreement between the data calculated on
large samples of muskellunge and Hoenig's
relationship. The deviation between the calculated
mortality rate and the predicted mortality rate from
the Hoenig relationship is a measure of the degree of
selectivity that muskellunge anglers exert on trophy
fish in the population. Deviation was much greater
for small samples indicating greater angling
selectivity. This also occurred for male muskellunge
from the Cleithrum Project, even though the sample
size was relatively large. If maximum observed age
can be estimated, the Hoenig relationship provides a
good approximation of the annual mortality rate of
muskellunge. The predicted mortality rate of

trophy muskellunge populations appears to
range between 16% and 26% (Table 1); this
corresponds to a maximum age that is the
inverse-26 to 16 years (Table 2).

MAXIMUM AGE (yr.)

Given that the maximum observed age for the
population is important in predicting mortality rate,
it remains to decide how to estimate it. If the
sample is large, catch-at-age analysis can be used
to predict the X-intercept of the log regressioin.
Another procedure would be to use the single
oldest individual in the sample, a method
recommended by Hoenig. We believe that it would
be less selective, however, to use several of the
oldest fish to estimate the upper 95% confidence
limit so we chose six. All three methods provided
results which were very

PREDICTIVE REG ESSION
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Fig. 6. Age frequency distribution (numbers) of the
overall sample of 2,430 trophy muskellunge provided
to the Cleithrum Project over more than a 16 year
period from before 1979 to 1994. Diminishing
frequency with age of fish greater than age 11 was
plotted on a log scale and was regressed to provide an
approximate mortality rate and a predicted mean
maximum age. The regression equation is provided,
calculated for 19 ages, from 11 to 30.
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Fig. 7. Generalized relation between annual mortality
rate and maximum observed age as determined by
Hoenig (1983) from 84 fish stocks. Ages from five
to 30 are plotted by two year intervals on the
negative power function, and for ages > 30, by five
year intervals. The log-log predictive equation is
provided. The estimated mortality rate, calculated
from age frequency distributions, is plotted against
the predicted maximum age for trophy muskellunge
from selected sources (waterbodies and regions),
including Cleithrum Project samples, 1979 to 1994
(separated by sex, and combined). Similar values are
plotted for Cleithrum Project trophy muskellunge
from eight selected waterbodies or regions.
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similar (Table 1), highly correlated, and were not
significantly different. Of the three methods, catchcurve analysis would be most time consuming,
difficult, and potentially the most biased. Assuming
that a sample is adequate, we recommend simply
using the age of the oldest individual or the age
derived from the upper 95% confidence limit on the
six oldest fish.
We calculated the mortality rate by year for the
samples submitted to the Cleithrum Project and
predicted maximum age to examine how trophy
muskellunge had changed with time. Although

trends appeared to exist (Fig. 8), neither mortality
rate nor maximum age showed a change that was
significant at the 95% level for the 16 year period
from 1979 to 1994. Maximum age showed a
negative trend significant at the 91 % level and
mortality rate a positive trend at the 89% level.
Maximum age of trophy muskellunge submitted to
the Cleithrum Project may be decreasing. If
additional data prove that this change is significant,
it is a decrease of two years, from 23 to 21 years of
age. This corresponds to a predicted increase in
annual mortality rate from

Table 1. Mortality rate, calculated from age frequency distributions and predicted from the generalized
predicted maximum age-mortality rate relation from Hoenig (1983) and various estimators of maximum age
for trophy muskellunge from selected sources (waterbodies and regions), including Cleithrum Project samples
combined from 1979 to 1994 and separated by sex. The number of samples used to calculate mortality rate is
indicated, using samples older than one > the modal age. All ages were determined by the cleithral method. All
data were calculated from Cleithrum Project samples except for the St. Lawrence River, which is for the period
1964 to 1983 (Casselman unpublished data) and Lac Seul (Casselman and Robinson 1995).

Waterbody

N

St. Lawrence River a
Georgian Bay (Lake
Huron) a
Lac Seula
Lake of the Woods

'

Kawartha lakes
Long Lake

Pioneer Lake

16.0

28

28

27

36

10.1

16.6

27

30

28

13

7.7

18.6

24

22

21

18.6

24

26

25

39

17.2

20.3

22

23

23

b

905

18.7

20.3

22

27

113

12.1

22.3

20

22

22

50

14.0

22.0

19

21

20

32

22.8

20.0

19

20

19

40

14.9

23.2

18

19

19

34

15.3

24.6

17

17

17

20

17.4

26.2

16

17

15

1216

18.2

18.6

30

30

29

862

17.3

18.6

29

30

29

133

15.7

23.4

19

21

21

a
b

b

Muskellunge Lake

8.8

12.1

'

South Twin Lake

36

50

b

Lake St. Clair

Maximum age (yr)
Oldest
Upper 95%
observed
(6 oldest)

'

Eagle-Wabigoon Lakes
Wisconsin waterbodies

Mortality Rate
Predicted
Calculated
Predicted

b

Cleithrum Project (total)
Cleithrum Project
(females)
Cleithrum Project (males)

a From the province of Ontario
b

From the state of Wisconsin
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Predicted annual
mortality rate (%)

50

8.3

45

9.2

40

10.4

35

11.9

30

13.9

29

14.4

28

14.9

27

15.4

26

16.0

25

16.7

24

17.4

23

18.1

22

19.0

21

19.9

20

20.9

19

22.0

18

23.2

17

24.6

16

26.2

15

27.9

14

30.0

13

32.3

12

35.0

11

38.2

10

42.1

9

46.8

8

52.7

7

60.3

6
5

70.5
84.8

We constructed actuarial tables to try to place these
trends in context (Table 3). An absolute increase in
the annual mortality rate of 2% (from 18% to 20%)
would require that recruitment be doubled to
maintain the number of record size trophy
muskellunge that would reach 25 to 30 years of age
(Table 3). This emphasizes the importance of
reducing handling mortality associated with catchand-release. A small decrease in mortality of large,
old fish has the same effect as a major increase in
initial recruitment. Indeed, harvest reduction and
improved catch-and-release procedures, which
reduce mortality, should be encouraged and applied,
as they are far easier and more cost-effective ways of
maintaining and even
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15
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15

5
1979 1981 1983 1985 1987 1989 1991 1993

Fig. 8. Predicted maximum age and annual
mortality rate calculated by year from the age
frequency distributions of trophy muskellunge in
the Cleithrum Project sample. A positive regression
between calculated mortality rate and year and a
negative regression between maximum age and
year were sifnificant only at the 11 % and 9%
probability level, respectively.

CALCULATED
MORTALITY RATE (%/yr.)

Maximum observed
age (yr)

18% to 20%. It appears that the mean age of
trophy muskellunge has remained constant,
although the maximum age has decreased slightly.
This seems plausible given the degree of angler
selectivity that occurs in the largest fish.

MAXIMUM AGE (yr.)

Table 2. Predicted annual mortality rate at
maximum observed age as determined from the
general predictive regression provided by Hoenig
(1983) for fish [In(Z) = 1.46 - 1.01 In(Age max)].
Five year intervals were calculated for ages from 50
to 30 and one year intervals from 30 to 5.

Table 3. Actuarial values indicating the diminution of numbres with age (years) and annual mortality rate
(percent) that can be applied to trophy muskellunge. Calculated to provide unity at age 35.

Age

5%

10%

11%

12%

13%

14%

15%

16%

17%

18%

19%

20%

21%

22%

23%

24%

0

6.02

39.95

59.07

87.72

130.87

196.13

295.35

446.92

679.62

1,036.76

1,605.97

2,485.19

3,828.70

5,979.83

9,333.44

14,843.09

1

5.72

35.95

52.57

77.19

113.85

166.66

251.05

375.41

564.09

851.78

1,292.73

1,972.15

3,024.66

4,66.27

7,232.95

11,260.75

2

5.43

32.36

46.79

67.93

99.05

145.06

213.39

315.34

468.19

695.46

1,047.11

1,577.72

2,389.49

3,638.13

5,589.37

8,573.37

13,273.28 129,349.48

3

5.16

29.12

41.64

59.78

86.18

124.75

181.36

264.89

388.6

5.72.74

848.16

1,282.18

1,887.70

2.837.74

4.266.41

6.515.76

9,954.96

4

4.9

26.21

37.06

52.61

74.97

107.29

154.17

222.51

322.54

469.65

887.01

1,009.74

1,491.28

2,213.44

3,302.06

4,951.98

7,466.22

63,381.24

5

4.66

23.59

32.98

46.29

65.23

92.27

131.05

186.91

267.71

385.11

556.48

807.79

1,178.11

1,726.46

2,542.60

3,763.50

5,599.67

44,366.24

6

4.43

21.23

29.36

40.74

56.75

79.35

111.39

157

222.2

315.79

450.75

646.23

930.71

1,346.66

1,957.80

2,880.25

4,199.75

31,056.81

7

4.2

19.11

26.13

35.85

49.37

66.24

94.66

131.88

184.42

256.95

385.11

516.99

735.26

1,050.39

1,507.51

2,173.80

3,149.81

21,739.77

8

3.99

17.2

23.25

31.55

42.95

56.69

80.48

110.76

153.07

212.34

295.74

413.59

580.86

819.31

1,180.78

1,652.09

2,362.36

15,217.84

9

3.79

15.46

20.69

27.76

37.37

50.47

66.41

93.05

127.05

174.12

239.55

330.87

458.88

639.08

593.8

1,255.59

1,771.77

10,652.49

10

3.61

13.93

18.42

24.43

32.51

43.4

58.15

78.17

105.45

142.78

194.03

264.7

382.51

496.47

666.23

954.25

1,326.83

7,456.74

11

3.42

12.54

16.39

21.5

28.26

37.33

49.42

65.66

87.52

117.08

157.17

211.76

286.36

388.8

529.93

725.23

996.62

5,219.72

12

3.25

11.26

14.59

18.92

24.61

32.1

35.71

55.15

72.64

96

127.3

169.41

226.24

303.27

408.05

551.17

747.47

3,653.80

13

3.09

10.15

12.96

16.85

21.41

27.61

30.35

46.33

60.3

78.72

103.12

135.53

178.73

236.55

314.2

418.89

560.6

2,557.66

14

2.94

9.14

11.56

14.65

18.62

23.74

25.8

36.92

50.04

64.55

83.52

108.42

141.2

184.51

241.93

318.36

420.45

1,790.36

15

2.79

8.23

10.28

12.89

16.2

20.42

21.93

32.69

41.54

52.93

67.65

86.74

111.55

143.92

186.29

241.95

315.34

1,253.25

16

2.65

7.4

9.15

11.35

14.1

17.56

18.64

27.46

34.48

43.4

54.8

69.39

88.12

112.25

143.44

183.88

236.5

877.28

17

2.52

6.66

8.15

9.98

12.26

15.1

15.84

23.07

28.62

35.59

44.39

55.51

69.62

87.56

110.45

139.75

177.36

614.09

18

2.39

6

7.25

8.79

10.67

12.99

13.47

19.38

23.75

29.19

35.95

44.41

55

66.3

85.05

106.21

133.03

429.87

19

2.27

5.4

6.45

7.73

9.28

11.17

11.45

16.28

19.71

23.93

29.12

35.53

43.45

53.27

65.49

80.72

99.77

300.91

20

2.16

4.86

5.74

6.8

8.08

9.61

9.73

13.67

16.36

19.62

23.59

28.42

34.32

41.55

50.42

61.35

74.83

210.63

21

2.05

4.37

5.11

5.99

7.03

8.26

8.27

11.48

13.58

16.09

19.11

22.74

27.12

32.41

38.83

46.62

56.12

147.44

22

1.95

3.93

4.55

5.27

6.11

7.1

7.03

9.65

11.27

13.2

15.48

18.19

21.42

25.26

29.9

35.43

42.09

103.21

23

1.85

3.54

4.05

4.64

5.32

6.11

5.98

8.1

9.36

10.82

12.54

14.55

16.92

19.72

23.02

26.93

31.57

72.26

24

1.76

3.19

3.6

4.08

4.83

5.25

5.08

6.81

7.76

8.87

10.15

11.64

13.37

15.36

17.73

20.47

23.66

50.57

25

1.67

2.87

3.21

3.59

4.03

4.52

4.32

5.72

6.44

7.28

8.23

9.31

10.56

12

13.65

15.55

17.76

35.4

26

1.59

2.58

2.85

3.16

3.5

3.89

3.67

4.8

5.35

5.97

6.66

7.45

8.34

9.36

10.51

11.82

13.32

24.78

27

1.51

2.32

2.54

2.76

3.05

3.34

3.12

4.03

4.44

4.89

5.4

5.95

6.59

7.3

8.09

8.96

9.99

17.35

28

1.43

2.09

2.26

2.45

2.65

2.87

2.65

3.39

3.69

4.01

4.37

4.77

5.21

5.69

6.23

6.83

7.49

12.14

29

1.36

1.88

2.01

2.15

2.31

2.47

2.25

2.85

3.06

3.29

3.54

3.81

4.11

4.44

4.8

5.19

5.62

8.5

30

1.29

1.69

1.79

1.89

2.01

2.13

1.92

2.39

2.54

2.7

2.87

3.05

3.25

3.46

3.69

3.94

4.21

5.95

31

1.23

1.52

1.59

1.67

1.75

1.83

1.63

2.01

2.11

2.21

2.32

2.44

2.57

2.7

2.84

3

3.16

4.16

32

1.17

1.37

1.42

1.47

1.52

1.57

1.38

1.69

1.75

1.81

1.88

1.95

2.03

2.11

2.19

2.28

2.37

2.92

33

1.11

1.23

1.26

1.29

1.32

1.35

1.18

1.42

1.45

1.49

1.52

1.56

1.6

1.64

1.69

1.73

1.78

2.04

34

1.05

1.11

1.12

1.14

1.15

1.16

1.18

1.19

1.2

1.22

1.23

1.25

1.27

1.26

1.3

1.32

1.33

1.43
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1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

37

25%

30%

23,565.95 283,973.53
17.697

184,784.97

90,544.63
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increasing the number of large trophy muskellunge
rather than trying to supplement their numbers
through stocking and recruitment. Trends may
indicate that the annual mortality rate of trophy
muskellunge has increased from 18% to 20% over
the past 11/2 decades. This corresponds to a decrease
in maximum age from 23 to 21 years. If this is true,
then an increase in recruitment of approximately 70%
would be required to offset this trend (Table 3).
This emphasizes the importance of developing better
catch-and-release procedures for trophy muskellunge.
Concerns about procedures have been expressed and
examined (Gasbarino 1986; Zebleckis 1986), but more
specific experimentation and controlled studies are
required. Such studies have been proposed by the
research committee of Muskies Canada Inc. (J.
Hutchins, Muskies Canada Inc., unpublished research
design). Mortality associated with catch-and-release
needs to be both reduced and quantified.

The largest trophy muskellunge in the population are
usually the oldest individuals. The largest year- classes
produce the greatest number of old individuals (Table
3); hence, extremely large year-classes are required to
produce the largest, oldest trophy muskellunge. If
catch-and-release methods can be improved to reduce
mortality, they would have the same effect as
increasing recruitment and would help maintain yearclass strength, longevity, and the size and number of
trophy fish in the population.

Conclusions

We conclude that:
•

Over the past two decades, voluntary catchand-release, as practised by committed
muskellunge anglers, has maintained the
average length, weight, and age of trophy
muskellunge.

• A simple inverse relationship between maximum
age and mortality rate applies to

38

trophy muskellunge. Average annual mortality rate
in trophy muskellunge populations ranged from
16% to 26%, which corresponds to maximum ages
of 26 to 16 years, respectively.
• Data from the Cleithrum Project indicate that, over
the past 16 years, maximum age of trophy
muskellunge may have decreased two years (23 to
21), reflecting an increase in annual mortality rate
from 18% to 20%.

• If annual mortality rate of record-sized
muskellunge 25 to 30 years old were increased
by 2%, it would be necessary to double
recruitment to compensate for this change.
• Harvest reduction and catch-and-release procedures,
which reduce mortality, are an easier and more
cost-effective way of maintaining and restoring
trophy muskellunge populations than trying to
supplement recruitment by stocking. If the
mortality rate of large muskellunge 21 to 23 years
old can be decreased by only 2% (20% to 18%),
this is comparable to increasing their initial
recruitment by approximately 70%.

• Only exceptionally large year-classes
produce the oldest, largest trophy
muskellunge.
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This paper summarizes the results of a volunteer angler log program carried out by Muskies
Canada Inc. (MCI) members from 1979-1993. At least 372 anglers contributed information
for a total of 74 different Ontario waterbodies. Reported muskellunge (Esox masquinongy)
angling effort was relatively evenly distributed over the open water (June - early
November) season, although the greatest effort was expended during October. Overall,
several large river systems accounted for most of the angling effort, although the Kawartha
Lakes sustained the greatest catches of muskellunge. Angling success varied from 0.044
fish per rod hour in October to 0.083 in June. The catch rate for the entire season (all
waterbodies combined) was 0.065. The reported release rate by MCI members was 96.0%.
The largest muskellunge reported during the 15 year period was a female fish measuring
144.8 cm (57.0 inches) in total length from Georgian Bay. Other information, including
physical characteristics of the capture site, incidence of lymphosarcoma and landing times
are summarized. Recommendations for future volunteer angler diary programs are offered.
Introduction

Muskies Canada Inc. (MCI) is a nonprofit sport
fishing club dedicated to the promotion of better
muskellunge (Esox masquinongy) fishing in Canada.
One of the objectives of the organization is to
collect and exchange information regarding
muskellunge and to support technical studies of the
species.
In addition to promoting the catch-and-release
philosophy, one of the fundamental activities of the
organization has been the maintenance of angler
logs by MCI members. Two forms have been
developed for the collection of information:
Angler Logs - Angler logs are utilized to
record details of angling activities over the
course of the fishing season. Information
recorded includes date of fishing trip, name
of waterbody fished, number of anglers,
hours fished, angling technique and landing

method, lure size and type, and the number
of fish caught and released.
(ii) Release Forms - Separate forms are to be
completed for each muskellunge which is
captured. The information which is
recorded includes the time and date the fish
was caught, name of waterbody, time
required to land the fish, whether
resuscitation was required, the size (total
length, girth and round weight) of fish, sex of
fish (based on external characteristics
described by LeBeau and Pageau 1989),
presence and location of lymphosarcoma, and
characteristics of aquatic habitat at the
capture site.
For any fish which were kept, members were
encouraged to remove the cleithra and submit
them with associated information on the fish to the
Cleithrum Project at the Royal Ontario Museum.
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Data Tabulation

MCI data were provided to the Ontario Ministry of
Natural Resources (OMNR) for tabulation and
summary. Information from individual angler logs
and release forms was assembled by waterbody and
collated for each year. Information on angling
activity, such angling effort, catch, and success rates,
were tabulated from the angler logs. Biological
information on angled fish was extracted from the
release forms.

Some data could not be included in this summary
for reasons of illegible handwriting, missing or
incomplete information (e.g., waterbody fished,
fishing effort), or obvious inaccuracies. Virtually
all data records are missing for two years (1986
and 1987). Other information which was recorded
but not felt to be of direct management
signficance (e.g., type of lure used) has not been
summarized at this time.

Reported Angling Effort and Catches

At least 372 anglers participated in this voluntary
program with information being collected for 74
different waterbodies. Over the 15-year period, a total
of 42,732.35 rod hours of angling effort was directed at
muskellunge by MCI anglers with a reported catch and
harvest of 2805 and 111 fish, respectively.

Angling effort and catch data were summarized
according to both seasonal and geographic
distribution. On a seasonal basis (Table 1), angling
effort was relatively consistent during the open water
fishing period (June-mid November). In most
jurisdictions, the season for muskellunge opened in
early to mid June. The greatest amount of angling
effort (23.4% of season total) occurred in October. A
substantial amount of angling effort occurred on
several larger waterbodies, including Georgian Bay
and the St. Lawrence River, during late fall.
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Muskellunge catches were spread uniformly across
the first four months of the fishing season. Catches
dropped later in the fall despite an increase in fishing
effort.
Traditionally, Georgian Bay and the Kawartha lakes
have probably provided the most popular
muskellunge fisheries in Ontario. In recent years,
however, there is evidence that muskellunge angling
activity is becoming more evenly distributed among
Ontario waters. This is especially evident in several
large river systems, particularly in eastern Ontario,
where, in recent years, reported angling effort has
increased substantially.
Summarized on a general geographic basis (Table
2), most angling effort (31.4% of total) was directed
at several large river systems in eastern Ontario but
the largest muskellunge catches (37.5% of total)
originated from the Kawartha lakes.

Table 1. Seasonal distribution of muskellunge
angling effort and catches reported by MCI anglers,
1979-93 (all waters combined). The table does not
include effort (920.25 rod hrs) or catches (102 fish)
for which the month was unknown.

June

Angling
effort
(rod hrs)
7,060.00

July

(16.9%)
7,360.0

(21.6%)
5504

(17.6%)
6,061.40
(14.5%)

(18.6%)
443
(16.4%)

Month

August
September

8,128.95
(19.4%)

October
November
Summary

Reported catch
(no. fish)
583

566
(20.9%)

9,790.55

432

(23.4%)

(16.0%)

3,411.15

175

(8.2%)

(6.5%)

41,812.10
(100 0%)

2,703
(100 0%)
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Table 2. Geographic distribution of muskellunge
angling effort (rod hrs) and catches (no. fish)
reported by MCI anglers, 1979-93.
Area

Angling effort
(% of total)

Catch
(% of total)

Lake HuronGeorgian Bay

10,234.50
24.00%

242
8.60%

Kawartha lakes

11, 312.75
26.50%

1,053
37.50%

Large Rivers

13, 436.95
31.40%

957
34.10%

Other inland lakes

7748.15

553

Angling Success

Angling success was calculated based on the reported
muskellunge catch-per-rod hr of fishing effort
(CUE). These values were calculated seasonally and
annually for individual waterbodies (Kerr in prep).
Catch rates (for all waterbodies combined) showed
(Table 3) that the best angling for muskellunge was
generally early in the season. Late summer and early
fall (August and September) also provided relatively
good success rates. On a seasonal basis, the overall
catch rate for muskellunge was 0.065 fish per rod hr.
This catch rate indicates high quality angling
compared to other North American muskellunge
fisheries.

Landing and Releasing Muskellunge

Perhaps one of the more unique pieces of information
derived from volunteer angler logs, was an
approximation of the time required to land a
muskellunge once hooked. MCI members are acutely
aware that a short playing time and careful handling
techniques greatly increases the probability for post
release survival.

Table 3. Muskellunge angling success reported by
MCI anglers, 1979-93 (based on information
combined for all waters over a fifteen year period).

Month
June
July
August
September
October
November
Entire Season

Cue
0.083
0.068
0.073
0.07
0.044
0.051
0.065

Based on 396 records of landing time which were
collected in 1992 and 1993, the mean landing time
was 4.5 min per fish. Individual landing times
varied from 0.5 - 40.0 min with the length of time
usually increasing in proportion to the size of the
fish.
In 85 instances, anglers noted that resuscitation was
required prior to releasing the fish. This was
particularly evident for larger fish (mean = 105.5 cm
(41.5 inches) total length; range = 71.1 - 144.8 cm
(28.0 - 57.0 inches) total length) despite being
played for only a few minutes before being landed.

Size of Angled Muskellunge

Although total length, girth, and round weight were
to be recorded on release forms for all angled fish,
most records only have the lengths of angled fish.
Many of the weight values were recorded only for
especially large fish thus the values presented here
(Table 4) are biased towards the larger fish.
The largest male muskellunge was a 119.4 cm
(47.0 in) fish captured in Elephant Lake in 1993.
The largest female fish was 144.8 cm (57.0 in) in
total length and angled from Georgian Bay in
1992. Only 5-6 min were required to land this 21.8
kg (48 lb) fish.
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Table 4. Size measurements of angled muskellunge
recorded by MCI anglers, 1979-93.
Total length
Sample size

2318 fish

Mean

91.7 cm (36.1 in)

Range

30.5 - 114.8 cm (12.0 - 57.0 in)

Round weight
Sample size

198 fish

Mean

9.0 kg (19.9 lb)

Range

1.4 - 21.9 kg (3.0 - 48.3 lb)

Girth
Sample size

736 fish

Mean

40.4 cm (15.9 in)

Range

10.2 - 71.1 cm (4.0 - 28.0 in)

One hundred and thirty-one muskellunge were sexed
largely on the basis on external characteristics. Of
these fish, 54.2% were believed to be females. Based
on size, females accounted for the vast majority
(87.0%) of the fish greater than 101.6 cm (40 inches)
which were angled (Table 5). This observation is
consistent with the fact that female muskellunge grow
faster and live longer than male fish (Scott and
Crossman 1973).

Incidence of Lymphosarcoma

Lymphosarcoma is a malignant cancer of lymphoid
tissue which often appear as blister-like sores. This
disease is highly seasonal and very contagious. It is
believed to be transmitted by physical contact during
spawning activities. Observations on the incidence of
lymphosarcoma and location of the tumors were
recorded for 2302 fish from 42 different waterbodies.
The highest incidence, based on a sample size of only
14 fish, was 21.4% from the Otonabee River. Overall,
1.9% of the fish sampled were infected. This rate is
generally low when compared to values reported for
North American muskellunge (Sonstegard 1976;
Sonstegard and Chen 1986). One fish, angled from
Stony Lake in 1982, had two tumors believed to be
lymphosarcoma. One tumor (about the size of a
baseball) was in the midsection of the fish while the
second (golf ball in size) was on the caudle peduncle.

Several other injuries and deformities are worthy of
mention. Scars (resembling sea lamprey
(Petromyzon marinus) scars) were recorded for
four fish, spinal deformities were noted in three fish,
two fish had a missing gill plate cover, and hook
wounds were observed in the mouth area of six
different muskellunge.

Table 5. Size distribution of male and female
muskellunge captured by MCI anglers, 1979-93.
Size range in cm (inches)

Males

Females

< 63.5 (25)

4

0

63.5 - 75.9 (25.0 - 29.9)

5

0

76.2 - 88.6 (30.0 - 34.9)

21

4

88.9 - 101.3 (35.0 - 39.9)

21

7

101.6 - 114.0 (40.0 - 44.9)

6

23

> 114.3 (45)

3

37

Summary
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60 males
(45.8%)

71 females
(54.2%)

Habitat Characteristics of Capture Sites

Three basic aquatic habitat parameters were recorded
for each angled muskellunge: substrate (hard, soft or
unknown), aquatic vegetation (presence or absence),
and water depths at the capture site. This information
is summarized in Table 6. These observations
generally conform to the shallow, heavily vegetated
habitats which muskellunge are known to inhabit
(Scott and Crossman 1973; Cook and Solomon 1987).
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Table 6. Habitat characteristics at muskellunge
capture sites.

whenever possible, several recommendations are
offered:

Substrate

• Stress the importance of writing legibly and filling
in forms completely to all participating MCI
anglers;

Sample size

2067 fish

Hard substrate

52.8%

Soft substrate

29.7%

Unknown

17.5%

• Adopt a booklet format which incorporates
information which is currently on two different
forms to eliminate duplication and make a more
convenient, weatherproof data repository for
anglers;

Aquatic vegetation
Sample size

2026 fish

•

Establish a computerized database to store and
utilize data which currently exists and that
which will be collected in the future;

Vegetation present

52.7%

Vegetation absent

47.3%

•

Review the information currently requested to
ensure that only data which have direct
application or relevance are collected; and

Sample size

2022 fish

•

Mean depth

2.2 m (7.3 ft)

Prepare an annual summary of MCI volunteer
information so that members are aware of the
information collected, to ensure that data are not
misplaced or lost, and that managers have the
most up-to-date information available.

Depth of capture

Depth of water @ capture site
Sample size
Mean depth
ft)

2021 fish
4.7 m (15.5

Acknowledgements
Recommendations for Future Programs

Volunteer angler programs can be a very costeffective means of obtaining information on specific
fisheries. Muskellunge are not adequately sampled by
standard creel survey or index fishing programs so
data gathered by anglers who target this species are
invaluable. Information collected by MCI members
over the past 15 year period undoubtedly represents
one of the most comprehensive sources of
information on muskellunge from Ontario waters.
The value of this data set increases with its
accumulation over longer periods of time. It is highly
recommended that this program be continued in the
future with efforts to maximize the participation of
muskellunge anglers.

In an effort to improve the quality of
information which is collected as well as
ensuring that the information is utilized

This data set was provided by Mike Sadiwynk,
National Release Program Director of Muskies
Canada Inc. Individual musky anglers who provided
information are gratefully acknowledged for their
efforts. Ben Slack, Co-operative Education Student
and Tiffany Lancaster, Forest Growth and Yield
Program, assisted in the collation and summary of
raw data. Charlie Olver provided helpful editorial
comments on the original manuscript.
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Scugog, Ontario
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Muskellunge (Esox masquinongy) in Lake Scugog were implanted with radio-transmitters in
1987 and 1988 to track movements over 14 months to help determine if the management
regulations in place were adequate to protect the muskellunge entering a spawning area via
culverts under a highway. Summer home ranges were established by the muskellunge and these
did not appear to change in the fall. Some fish exhibited pre-spawning behaviour by staging
close to the spawning area in the winter. The adult muskellunge entered the marsh in early April
and stayed ten days in 1987 and 25 days in 1988. No tracking evidence of fractional spawning
was noted and the adults had left the marsh well before the second Saturday in May, the opening
of walleye (Stizostedion vitreum vitreum) season.
Introduction

Lake Scugog, located in the Kawartha Lakes area in
Ontario, has a self-supporting muskellunge (Esox
masquinongy) population. Muskellunge were
commercially harvested in Lake Scugog (over
650,000 pounds in 1890) until the early 1900s (Scott
and Crossman 1973). Today, the muskellunge
population is under stress from habitat alteration
caused by land development, angling pressure and the
possible introduction of northern pike (Esox lucius).
The present management regime for muskellunge
includes a minimum size limit of 86 cm (33.9 in) and
an open season for muskellunge starting the first
Saturday in June. In Lake Scugog one of the known
spawning areas for muskellunge is Osler marsh (Fig.
1), a large wetland at the south end of the lake, which
is separated from the lake by two sets of culverts
under Highway 7A. The resulting causeway is a
popular fishing location for walleye (Stizostedion
vitreum vitreum) which has an open season starting
the second Saturday

in May. Muskellunge enter the marsh early in April
(Lewis 1984), but it was not known how long they
stay in the marsh. In addition, Lebeau (pers. comm.)
noted muskellunge from Eagle and Wabigoon lake
were fractional spawners. The timing of the two
spawning events in these two northwestern Ontario
lakes was separated by approximately two weeks. If
the muskellunge in Lake Scugog were also fractional
spawners (i.e., two or more interupted spawning
events) did the they leave the marsh and return to
spawn again? This led to the question of whether the
muskellunge were protected under the current
management regulations.

The objectives of this study were to collect biological
data on the muskellunge spawning population; to
describe spawning movements and document habitat
utilization in Osler marsh; and to analyze adult
seasonal movements and summer home ranges in
Lake Scugog.
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Methods

Three-foot hoopnets were set in the marsh south of the
culverts, immediately after ice out, to capture
muskellunge entering the marsh. The wings of the
hoopnets were anchored to shore to "funnel" all the
fish into the net. Biological data (length, weight, and
sex) were collected as well as a scale sample for aging.
In 1987, radio-transmitters were surgically implanted
into 15 female muskellunge, and in 1988, five males
were similarly tagged. The radio-transmitters had a
trailing antenna and were surgically implanted as
described by Ross (1982). The radio-transmitters were
in the 50.015 and 50.395 Mhz frequency and were
equipped with temperature sensors.

Fig. 1. The study area, Lake Scugog, showing
Osler Marsh and the location of the culverts under
Highway 7A.
Study Area

Lake Scugog is large inland lake (6374 ha) which is
connected to the Trent-Severn waterway. The water
flows north into the Scugog River, through the town
of Lindsay, and into Sturgeon Lake. Lake Scugog is a
shallow, eutrophic lake with a mean depth of 1.8 m
and a maximum depth of 7 m.

The proposed tracking schedule was daily for the
month of April and May, and twice a week during
the summer and fall. Tracking in the winter was
occasional as weather and ice travel allowed. In the
second spring season, tracking was also daily during
April and May, and twice a week during June. For
each fish location, the water temperature and time of
day were recorded and while fish were in the marsh,
the habitat type was noted. The marsh was divided
into three habitat types: open water, wild rice beds,
and fringe areas (within 1 m of either the wild rice or
cattails).
The fish locations were converted to X,Y coordinates
and plotted on a digitized map of Lake Scugog.
Home ranges were calculated for individual fish for
each month using the convex polygon method.

Results and Discussion

The primary fish species include muskellunge,
walleye, largemouth bass (Micropterus salmoides),
and smallmouth bass (Micropterus dolomieu). The
lake is heavily vegetated with Eurasian milfoil
(Myriophyllum spicatum) and Osler marsh is
dominated by cattails (Typha sp.) and has large areas
of wild rice (Zizania aquatica).
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In 1987, 131 muskellunge were caught in the
hoopnets at Highway 7A. The modal weight for
males was approximately 2500 g while the modal
weight for females was approximately 4500 g (Fig.
2A). Radio-transmitters were implanted into the
larger females (6000-8000 g) because the transmitters
were large
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(approximately 7 cm and weighed 80 g). The
modal length for males was 675 mm and 825 mm
for females (Fig. 2B) and the modal age was four
for males and seven for females
(Fig. 2C). Although the larger females were
selected for implanting the radio-transmitters, the
ages ranged from five to 11 years.

20
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Summer locations for the eight female muskellunge
tracked in 1987 ranged from very close to the
spawning site (1 km) to approximately 20 km away
(Fig. 3). Summer home ranges often overlapped
among these fish. Summer home ranges were
calculated for months with a minimum of eight
locations per fish. The mean summer home range size
was 0.5 km 2 and there was no significant difference
(p<05) in the monthly home range size except for the
month of May (Fig. 4). This same result also occurred
in the second year of the study. Although other radiotracking studies have shown that the summer home
ranges break down in the fall (Dombeck 1979, Minor
and Crossman 1978), this did not occur in Lake
Scugog. The summer home ranges are also smaller
than values cited in the literature. Fig. 5 shows the
relationship between lake size and home range size
from various radio-tracking projects (Dombeck 1979;
Minor and Crossman 1978, Miller and Menzel 1986,
Strand 1986). The home ranges for the muskellunge
from Lake Scugog fell below the expected line. Both
the smaller home ranges and the persistence of the
summer home range in the fall could be attributed to
the abundance of forage fish in Lake Scugog. The
availability of food has been identified as a factor
contributing to the size of a summer home range
(Dombeck 1979; Miller and Menzel 1986). If food is
abundant and close by, a predator may not move as
widely or expend as much energy searching for food.

Fig. 2. Biological data for muskellunge caught at
Highway 7A in April 1987.

Winter tracking occurred in the months of February
and March. Although the number of fish locations
was small, it is interesting to note that seven females
were located approximately two km away from the
spawning site (Fig. 6).

Three of these seven fish had summer home ranges
in the same approximate area, whereas, three fish
had summer home ranges at least six km away (Fish
#8 for example was approximately 12 km away
from her summer home range). The seventh fish
(Fish #15) was tracked up to 20 km from its location
in March

5
0
500 1500 2500 3500 4500 5500 6500 7500 8500 9500
Weight class midpoints (g)

O Males (n= S5) ® Females (n= 76) D Radiotagged (n=15)

O

525 575 625 675 725 775 825 875 925 975 102510751125
Fork length class midpoints (mm)
Males (n=55) ® Fenaler (.=76) D Radiotagged (n=15)

O Malea (n=55) ® Females (n=74) D Radiotagged (n=15)
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•

Man Home range

II

Maximum - Minimum

Fig. 5. Mean summer home ranges from various
muskellunge studies versus lake size. If the mean size
was not given the middle point of the ranges were
used.

Fig. 3. Summer home ranges for eight female
muskellunge tracked in 1987. The numbers represent
the fish numbers which were assigned.

of 1988. I suspect this fish spent the summer in the
Scugog river (> 20 km downstream from the lake) yet
returned to the same spawning location the next year.
Spawning areas and suspected spawning areas were
located based on movements of radio-tracked fish
and visual observations
(Fig. 7). Many radio-tracked fish were observed by the
east shore of the marsh and spawning activities were
also noted mostly along the eastern shoreline. The one
noted spawning area on the west side of the marsh did
have an extensive wild rice bed immediately east of it.
All of the spawning activity at this site was to the west
of this wild rice bed. All of the spawning sites had
western exposures and would warm up first in the
spring.

Mean Home range ® Maximum - Minimum

Fig. 4. Mean monthly home ranges for eight
female muskellunge tracked. Maximum and
minimum are home range sizes.
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The radio-transmitters were equipped with
temperature sensors to calculate the internal
temperature of the fish. This temperature was closely
related to the water temperature (usually within 0.5 1.0°C). The mean temperature of the radio-tracked
fish represents the average temperature of the water in
the marsh where the fish were present (Fig. 8). In the
spring of 1987,
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the mean temperature was already 12°C by April 10.
By April 14 the temperature was 16°C and spawning
activity was noted. On April 20 the temperature was
over 18°C and the fish were leaving the marsh and
returning to the lake. Fish movements away from the
culvert into the marsh were also plotted (Fig. 8). The
greater the distance away from the culvert the closer
the fish was assumed to be to a desired spawning
location. The mean distance increased to 1400 m
during the time of spawning in 1987. In total, the fish
stayed in the marsh for ten days.

Fig. 6. Winter home ranges for seven female
muskellunge tracked. The numbers represent the fish
number assigned.

In the spring of 1988, the ice went out in the marsh
earlier than 1987. The fish were first observed in the
marsh on April 2 and the temperature was 8°C. The
mean temperature increased to 13°C and the mean
movement was 1500 m from the culvert. Some prespawning activity was observed. On April 12, the
temperature began to decrease and by April 18 the
temperature was 4°C. During this cold weather, the
mean distance away from culvert decreased to 600
m. Most of the radio-tracked fish were observed in a
relatively deep (1.5 m) open area of the marsh.
Although the marsh $lowly warmed up between
April 18 - 27, fish did not move from this deeper area
and by April 28 the fish had left the marsh. The fish
stayed in the marsh for a total of 25 days. It is
suspect that the fish did not spawn in the marsh in
1988.
Fish movements in the marsh related to
temperature are summarized in Fig. 9. During
temperatures between 0-5°C, the muskellunge were
associated with open water but as the water
temperature warmed up, the association with wild
rice and the fringe areas increased. All observed
spawning behaviour was associated with proximity
to wild rice.
Conclusions

Fig. 7. Spawning areas (cross-hatched in concentric
circles) in Osler marsh identifed by radio-tracking
and visual observations.

The muskellunge in Lake Scugog established
relatively small summer home ranges and fish which
were tracked into a second year returned
51

Seasonal Movements of Muskellunge in Lake Scugog, Ontario

several muskellunge exhibited pre-spawning staging
as they were close to the culvert leading into the
marsh. The radio-tracked muskellunge stayed in the
marsh ten days in 1987 and 25 days in 1988 and had
left the marsh by April 28. There was no evidence of
fractional spawning.
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distance from culvert

•

man fish temperature

The present management strategy for Lake Scugog
includes a fish sanctuary at the culvert until the
second Saturday in May, and a season opening for
muskellunge on the first Saturday in June. It appears
these regulations are adequate for protecting the
muskellunge during the spawning period while they
are in the marsh.
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Fig. 8. Mean temperature of the fish determined by
the radio-transmitters during the spring seasons
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Spawning (1995) and reproductive success (1994 and 1995) of northern pike (Esox lucius) and
muskellunge (Esox masquinongy) were compared in two bays (Martin and Pentec6te) and one
tributary (Kinonge River) of the Carillon Reservoir on the Ottawa River. Eggs collected in 60 cm x
60 cm baskets served to determine spawning sequences and differential utilization of habitat. The
northern pike spawning sequence was similar at the three sites, the peak occurring between April 20
and 27. Muskellunge spawning peaked two weeks later in the Kinonge River (May 12-17) than in the
two bays (April 27-May 5). Martin Bay had a second spawning peak during the May 16-19 interval.
In the Kinonge River, northern pike egg deposition was more frequent in lentic, shallow, vegetated,
turbid sectors, and on clay and silt dominated substrates, whereas muskellunge egg deposition was
more frequent in lotic, less turbid sectors on sand substrates with no vegetation present. Spawning
habitat segregation was less pronounced in the two bays where trends in egg deposition of both
species relative to environmental variables was more similar. Young-of-the-year seine catches-perunit-of-effort suggest that northern pike reproductive success was nil in Martin Bay in 1994 and
1995; good in Pentec6te Bay and in the Kinonge River in 1994, but very low in 1995. Muskellunge
reproductive success was good in both years in the Kinonge River, but negligible in the two bays.
Introduction

The construction of the Carillon hydroelectric
facilities and the creation of the Carillon
Reservoir, on the Ottawa River, was accompanied
by erosion problems affecting approximately onethird of the 320 km of shoreline (including islands)
between Hull and

Carillon. To mitigate these impacts, Hydro-Quebec
(HQ) initiated a shoreline stabilization program
which consisted of spreading natural granular
material (0.5 - 30 cm diameter) in the most affected
stretches.
Environmental impact studies concerning this
project have not addressed potential negative
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Fig. 1. Map of the study area showing (dots) the spawning sites discovered in 1994 by radio-tracking adult
muskellunge and by egg collections. Three spawning and nursery sites discovered by age 0+ muskellunge seine
catches in 1994 are also indicated (triangles). A: Esocid egg sampling areas in Pentecote and Martin Bays in
April and May of 1995. B: Esocid egg sampling areas in the Kinonge River during April and May of 1995.

effects on the spawning and nursery habitat of
muskellunge (Esox masquinongy), a major component
of the fish community in this section of the Ottawa
River. Faced with the possibility that muskellunge
spawning and nursery habitat may be impacted by the
project, and considering the exceptional character of
the Carillon Reservoir muskellunge sport fishery, the
Ministere de L'Environnement et de la Faune du
Quebec has given the muskellunge a high priority
status in this river.
A collaborative study involving HQ, Muskies
Canada Inc., the Ministere de 1'Environnement et de
la Faune du Quebec (MEF), and Universite du
Quebec a Montreal was initiated in the fall of 1993.
The major objectives of the study were to: (1) locate
and characterize the
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spawning and nursery habitats of muskellunge in the
Carillon Reservoir; and (2) determine habitat use by
adults during other seasons of the year. To reach these
objectives 21 mature sized muskellunge were
captured by sport fishermen from Muskies Canada
Inc. and by our own field team in October-November
1993 and April 1994. They were radio-tagged with
external transmitters and tracked during the following
year. Other specimens were radio-tagged in the fall of
1994 and spring of 1995. The study is still ongoing.
As a result, four muskellunge spawning sites were
found in the Carillon Reservoir (Fig. 1) in the spring
of 1994 and later confirmed by the collection of eggs
(Monfette et al. 1994). During the summer of 1994,
three other muskellunge
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spawning/nursery areas, located in tributaries, were
identified based on seine catches of young-of-theyear (YOY) fish.
A wide range of habitats are used as spawning
grounds by Carillon Reservoir muskellunge. These
vary from a shallow, densely vegetated dead-end part
of Pentec6te Bay (Fig. 1) with no measurable current,
to Martin Bay, deeper, also densely vegetated and
located along the main channel of the river with water
velocities > 0.1 m sec t in the more open part of the
bay, to a hard bottom bar projecting from the
downstream end of Parker Island, bordering the main
channel of the river, but sparsely vegetated with water
velocities of 0.2 m sec-1, to tributaries of the Kinonge,
Blanche and Petite Nation rivers. The 1994 results
also show that several muskellunge spawning/nursery
areas are also being used by sympatric northern pike
(Esox lucius).

Among the numerous questions raised by the results
of the first year of study, resource partitioning
between northern pike and muskellunge in the
Carillon Reservoir seemed most interesting and has
become the third objective of the present study. The
literature on this problem is abundant and results on
the degree of segregation and food resource utilization
are sometimes contradictory. Some studies on
sympatric populations suggest that the two species use
distinct spawning and nursery habitats, muskellunge
occupying sites with moderate current, whereas
northern pike using sites with no measurable current
(Harrison and Hadley 1978; Osterberg 1985). On the
other hand, recent studies conducted on the St.
Lawrence River have shown that some bays are used
by both species as spawning and nursery habitats
(LaPan 1985; Farrell 1991) and that there can be
considerable overlap in the diet of 0+ juveniles of
both species (LaPan 1985).

This paper compares the spring 1995 northern pike
and muskellunge egg deposition sequence and the
environmental characteristics measured

at the egg sampling stations in three sites
representing a wide range of spawning habitats used
by both species in the study area (Pentec6te and
Martin Bays, and the Kinonge River). Reproductive
success, measured in terms of June-August seine
catches-per-unit-of-effort (CUE) of YOY of both
species, was also compared between sites.

Materials and Methods
Egg Sampling

Eggs of both species were collected with baskets
made of a 61 cm x 61 cm wooden frame, with
commercial nylon mosquito netting (approx. one mm
meshes) stapled on the bottom, and 6 mm square wire
netting on top. Two bricks attached to the wooden
frame served as sinkers. Numbered styrofoam floats
attached to the retrieving lines were used as position
markers.
The location of the sampling stations at each
spawning site was determined using a systematic
sampling strategy. Due to the large number of egg
baskets set at each spawning site (approx. 100), we
opted for fixed stations. In Pentec6te Bay, a 500 m
long x 100 m wide area located along the
southwestern shore was chosen as the sampling site,
eggs of both species having been found in this section
of the bay in the spring of 1994 (Fig. IA). Twenty
transects, each 100 m long, were positioned at fixed
intervals in the sampling area. Five baskets were
positioned at fixed intervals on each transect, the first
one at approximately 3-4 m from shore. In Martin
Bay, a 400 m x 400 m wide area located along the
western shore was chosen as the sampling site (Fig.
IA). A wider area was covered in this bay because our
knowledge of the location of egg deposition of
muskellunge and northern pike was less precise than
in Pentec6te Bay. Ten 400 m long transects were
positioned, each with ten baskets. Five baskets were
added to the northern face of
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the sampling area in order to cover a shallow
sector which could be used by both species.
The Kinonge River was not sampled for esocid eggs
in 1994. Sectors to be sampled for eggs in 1995 were
determined based on seine catches of YOY of both
species and on information from local residents on the
probable location of muskellunge spawning sites.
Four sectors were selected (see A-D, Fig. 1B). Five
transects (generally five baskets each. located at fixed
intervals and covering the width of the river) were
positioned in sectors A, B and C, and three transects
in sector D (tributary; three baskets each). Five
baskets were added approximately 1.5 km upstream
from sector C, near a beaver dam blocking potential
upstream fish migration, to verify possible esocid
spawning activity in this sector.

Egg baskets were set on April 14 in the Kinonge
River, April 15 in Pentecote Bay, and April 16 in
Martin Bay. Each site was visitied every three to five
days in rotation. On each visit, the quantity of
sediments that had accumulated in each basket was
evaluated visually using abundance indices ranging
from zero (absent) to four (very abundant i.e., basket
practically filled with sediments). Once sorted from
sediments and debris, eggs were counted in the field
and stored in numbered plastic vials containing river
water. Vials were kept in a cooler filled with river
water.

The diameter and viability of eggs were determined
the same day they were collected at our field station
under a binocular microscope. Egg diameter was the
criterion used to identify eggs of the two esocid
species collected on the first two visits at each site
(April 18 to
April 24). The frequency distribution of the egg
diameters of northern pike and muskellunge eggs
obtained from artificial fertilization conducted in
April and May of 1994 and 1995 (Fig. 2) showed that
eggs of the two species can be separated with
reasonable accuracy based on this criterion. However,
there is some overlap
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Pike

Muskellunge

Fig. 2. Frequency distribution of the egg diameter of
northern pike and muskellunge eggs obtained by
artificial fertilization in 1994 and 1995.

between the two egg diameter distributions and from
April 25 on, all eggs with a diameter larger than 2.9
mm were incubated in an aquarium filled with river
water. Each egg was put in individual flow-through
cylindrical chambers in plexiglass plates. Eggs that
did not hatch, or eggs damaged in the sorting
process were classified as unidentified esocids.
Eleutheroembryos were identified using yolk sac
pigmentation characteristics (Farrell 1991) which
were verified by the examination of specimens
obtained from artificial fertilization.
Depth (graduated pole), water velocity (Price Guerney
current meter; three measurements: 0.2, 0.6, and 0.8 x
height of water column), transparency (Secchi disk),
substrate type (Ponar dredge; visual and tactile
evaluation of dominant and sub-dominant
components), dominant vegetation, index of

vegetation abundance (absent, sparse, abundant),
and dissolved oxygen (oxymeter, Yellow Springs
Instrument Company) were measured at each egg
collection station. Depth was measured on nine of the
9-10 visits made at each site during northern pike and
muskellunge spawning; water transparency on seven
visits; vegetation on six visits; water velocity on three
visits; and substrate and dissolved oxygen on one
visit.
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Water temperature was determined at each visit on a
maximum-minimum thermometer immersed at each
spawning site--- More complete data on water
temperature variations were obtained from registering
thermometers (Hobo temperature; one at each
spawning site; set to take 20 measurements per day).
Because of logistical constraints (beginning of
sampling of age 0+ juveniles), egg sampling was
terminated on May 23 in Pentecote Bay (no esocid
eggs present in the baskets that day), on May 25 in the
Kinonge River (two muskellunge eggs present in two
baskets), and on May 29 in Martin Bay (one
unidentified esocid egg collected).

dominant component: fines (silts and clays) or sands.
Larger particle sizes were never the major substrate
components at the three spawning sites. Substations
had to be considered in the statistical analyses
involving vegetation to take into account changes in
abundance and dominance with time and with minor
displacement of baskets. For the statistical analyses,
vegetation identified to genus in the field was pooled
into four types: submerged (Myriophyllum,
Ceratophyllum, Potamogeton, Elodea, and
Vallisneria), emergent (Typha, Sparganium,
Eleocharis, and Sagittaria), floating (Nuphar and
Nymphaea), and Chara. Statistical analyses were
performed using the SAS package.

Sampling YOY Esocids

A bag seine (20---3 m long, 1.8 m high at the
extremities, 3.7 m high in the center, 12---7 mm
stretched meshes) was used to sample YOY of both
species. June-August catches of YOY northern pike
and muskellunge in standardized hauls at the three
sites in 1994 and 1995 were used as indices of
abundance and of reproductive success. In 1994, both
shores of the dead-end part of Pentecote Bay were
intensively seined along with the western shore of
Martin Bay (Fig. IA). The segment of the Kinonge
River between egg sampling sectors A and C (Fig.
1B) was also intensively seined in 1994--- In 1995, a
systematic sampling strategy was developed, using the
position of the egg sampling transects as seine
sampling stations, which were visited once a week
from early June to early August.

Results
Spawning Sequence

Statistical Analyses

Water temperature regimes at the three spawning sites
were relatively similar (Fig. 3). Martin Bay, however,
being closest to the main channel of the Ottawa River,
showed temperatures approximately 2°C lower than
at the two other sites during April and early May.
Northern pike eggs were collected on the first visit at
each spawning site (April 18-20; Fig. 3) indicating
that spawning may have been underway when
sampling began. Although trends in CUEs and
proportion of baskets with eggs differed somewhat in
the Kinonge River and Pentecote Bay, northern pike
spawning was probably maximal between April 20
and April 27 (Fig. 3) at temperatures varying between
8.4°C and 8.8°C in the Kinonge River; 5.9°C and
7.8°C in Martin Bay; and 8.4°C and 9.4°C in
Pentecote Bay. Northern pike spawning ceased
around May 10.

The proportion of stations with and without eggs over
the northern pike and muskellunge spawning periods
relative to classes of the environmental variables were
compared at each of three spawning sites, using x2
tests. Substrate types determined in the field were
pooled in two classes for the analyses, according to
the

Eggs in the diameter range of muskellunge were
collected during the first sampling interval in the two
bays (Fig. 3). Muskellunge spawning . reached a
maximum earlier in the two bays (between April 27
and May 5 in Pentecote Bay
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Fig--- 3. Northern pike and muskellunge egg deposition sequence at the three study sitres, represented by CUE
and proportion of stations with eggs (presence/absence). Water temperatures are also given for each site and
compared between sites--and between April 28 and May 3 in Martin Bay),
compared to the Kinonge River (maximum May 1217). However, the second peak observed in Martin
Bay (May 16-19) practically coincided with the peak
in the Kinonge River--- Water temperature variations
observed during the maximum spawning interval were
7---8-10°C in Martin Bay; 8---7-12---3°C in Pentec6te
Bay; and 11---2-13°C in the Kinonge River--- Water
temperature varied between 11---8-12---3°C during
the second spawning maximum in Martin Bay--Muskellunge spawning ceased during the May 18-23
interval in Pentec6te Bay and during the May 24-29
interval in Martin Bay. It had not yet terminated
during the last sampling interval
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(May 22-25) in the Kinonge River--- The overlap in
the spawning periods of northern pike and
muskellunge was more pronounced in the two bays
than in the Kinonge River in spite of the fact that
temperature regimes at the three sites were relatively
similar.

Differential Use of Spawning Habitat by
Northern Pike and Muskellunge

Only two of the 37 stations where esocid eggs were
collected in the Kinonge River were used by both
species, as compared with eight and five of 34,
respectively, in Martin and Petecote Bays--- In the
Kinonge River, northern pike spawned mostly in an
irrigation ditch draining
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into the river at the level of sector A, and in a shallow
bay near the confluence of a major creek with the river
(sector C, Fig. 1B)--- This creek was also used by
northern pike (sector D)--- Muskellunge egg
deposition occurred mostly in sectors B and C and also
near the beaver dam mentioned previously--In the Kinonge River, northern pike egg deposition
was significantly more frequent in the < 1 m depth
stratum than in the > 1 m stratum (Fig--- 4A), whereas
no significant differences were observed for
muskellunge. All the northern pike eggs collected were
found in the < 0---1 m sec- t velocity class (Fig--- 4B).
Muskellunge egg deposition occurred in both velocity
classes, but it was significantly more frequent in the >
0---1 m sec-1 current class. Northern pike egg
deposition was more frequent in the < 0---5 m
transparency class and on substrates showing fines as
the major component (Fig--- 4C and 4D). The > 0---5
m transparency class and substrates showing sands of
various dimensions as the major component were
utilized more frequently by muskellunge--- Northern
pike egg deposition was proportionally more frequent
at stations with sparse or dense vegetation than at
stations with no vegetation (Fig--- 4G); proportionally
Chara was utilized more than other vegetation types--Comparatively, muskellunge egg deposition
was more frequent at stations with no vegetation.

Segregation in spawning habitat was much less
pronounced in the two bays in 1995--- As already
mentioned, eight (of a total of 34 stations where esocid
eggs were collected) and five stations (of a total of 34)
were used by both species in Martin and Pentecóte
Bays respectively. In Pentec6te Bay, northern pike egg
deposition was slightly more frequent in the shallow
stratum and at stations somewhat closer to shore
(statistical differences observed when positions one
and two on the transects were pooled and compared to
positions three to five pooled), and where water
transparency was usually lower (Fig. 4A, 4C and 4E)-- The reverse situation was

observed in Martin Bay--- Northern pike more
frequently used the deeper, more transparent stations
located further away from shore (significant
differences for the latter variable being observed
when stations 1-3, 4-6 and 7-10 were pooled)--Muskellunge egg deposition did not differ
significantly relative to depth in the two bays (Fig--4A)--- It did differ significantly in Pentec6te Bay
(stations 1-2 versus 3-5); distant stations with higher
water transparency being slightly more utilized (Fig--4E)--- The number of stations with a measurable
current in the bays was too small to allow for
statistical comparisons. Also, all stations in both bays,
except for one in Martin Bay, showed fines as the
dominant substrate component. Statistical
comparisons were not possible for this variable--- Egg
deposition by both species was proportionally more
frequent at sites with no vegetation in Pentec6te Bay
whereas the reverse situation was observed in Martin
Bay (Fig--- 4F and 4G) where the proportions of
stations and sub-stations with vegetation present were
higher (Martin Bay: 65% versus Pentec6te Bay:
54%)--- In Martin Bay, northern pike egg deposition
was proportionally more frequent on submerged than
on emergent macrophytes and Chara. Among
submerged macrophytes, Myriophyllum was used
most frequently--- Muskellunge egg deposition in
Martin Bay was proportionally more frequent on
Chara than on submerged or emergent macrophytes.
In Pentec6te Bay, egg deposition was proportionally
more frequent on submerged macrophytes but the
emergent category and Chara were practically not
represented at this site.

Reproductive Success

Northern pike reproductive success was good in the
Kinonge River and Pentec6te Bay in 1994 (seine
CUEs of 0---97 and 0.85 per haul, Table 1), but very
low in 1995 (CUEs of 0---04 at both sites). No age 0+
northern pike were captured in Martin Bay in 1994 or
1995--- Muskellunge
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Fig. 4., Proportion of stations with and without eggs of northern pike (P) and muskellunge (M) in relation with
classes of the various environmental variables measured at the three study sites. Probability level of X2 values:
*P<0.05;**P<0.01;***P<0.001.
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reproductive success was similar in 1994 and 1995
in the Kinonge River (CUEs of 0.53 and 0---58,
Table 1). No age 0+ muskellunge were captured in
Martin and Pentec6te Bays in 1994 and 1995 despite
a substantial seining effort (150 hauls)---

Discussion

Dates and water temperatures during the maximum
spawning periods of northern pike and muskellunge at
our study sites in 1995 are within the published range
for each species although peak spawning in Martin
Bay occurred at rather low temperatures. Our results
show that the overlap in spawning periods of the two
species is more important in the two bays than in the
Kinonge River. Moreover, the sequence of northern
pike spawning was more similar at the three sites than
that of muskellunge which peaked 10-14 days later in
the Kinonge River than in the two bays. Also, two
peaks of muskellunge spawning, at an interval of 14
days, were observed in Martin Bay as compared to
one peak in Pentec6te Bay and the Kinonge River.

Muskellunge spawning may have lasted longer in
Pentecóte Bay than our egg deposition results indicate
however. A running ripe female was captured by our
field team on May 30, more than one week after the
last eggs were collected in Pentec6te Bay. The deadend part of the bay being more shallow probably
warms faster than the deeper, major body thus
creating a temperature gradient which may draw early
maturing fish. Spawning possibly occurred later in the
wider part of the bay which was not covered by our
egg sampling.

The temporal overlap observed in the spawning
period of the two species in the two bays is
comparable to the one observed by Farrell (1991) in
Marguerite marsh where egg deposition of northern
pike and muskellunge overlapped temporally during a
15-day period between May 13-27 and encompassed
nearly half of the muskellunge egg collection period

The spatial and ecological segregation of the two
species at spawning time is quite pronounced in the
Kinonge River with the presence of current probably
being responsible for this segregation. Comparatively,
segregation

Table 1. Seine catches of YOY northern pike and muskellunge at three sites in 1994 and 1995--- Effort is
expressed as the number of seine hauls; CUE is catch-per-unit-of-effort based on the number of specimens
per seine haul--Effort
Pentecóte Bay

Northern Pike
Muskellunge
1

Effort

1995
Catch

CUE

2
0

0.04
0.00

0
0

0.00
0.00

3
29

0.04
0.581

52
30
0

0.97
0.00

16

Northern Pike
Muskellunge
Kinonge River

CUE

31

Northern Pike
Muskellunge
Martin Bay

1994
Catch

51
0
0

0.00
0.00

40

80
34
21

0.85
0.53

1995 muskellunge CUEs in the Kinonge River were computed over the last 50 seine hauls, the fish being too small to
be retained in the net on previous samplings.
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in spawning habitat between northern pike and
muskellunge was practically nonexistent in the two
bays in 1995, although small differences between the
two species in their respective use of some
environmental variables was observed. The absence
of segregation in spawning habitat of northern pike
and muskellunge in the bays is probably due to the
fact that water levels on the Ottawa River are very
tightly regulated. Farrell (1991) also observed a
considerable overlap in spawning habitat of these two
species in bays of the St--- Lawrence River system
which is also a regulated system.
Our 1995 results must be put into perspective
however. Even though the Ottawa River is regulated,
water levels normally rise during early spring which
makes some lowland terrestrial habitats available for
northern pike spawning. In 1995, water levels
decreased during the major part of northern pike
spawning, increased later and remained relatively
high and stable during the muskellunge spawning
period. Results obtained in 1995 may thus represent a
rather extreme situation and habitat segregation
between the two species in bays may be more
pronounced under more normal hydrological
conditions--- Long term studies are needed to
determine the frequency of spawning habitat overlap
between the two species in the Carillon Reservoir.

Our results suggest that muskellunge use a wider
variety of spawning habitats than northern pike in the
Ottawa River system. This is probably related to the
fact that muskellunge can spawn in sites with
moderate water velocities and seem less dependent
than northern pike on vegetation for egg deposition.
Farrell (1991) also observed that muskellunge egg
deposition in bays of the St. Lawrence River was not
as related to vegetation as that of northern pike. He
also showed that muskellunge more frequently
utilized depths < 1.5 m than the 1.5 - 2.6 m depth
stratum compared to northern pike who utilized both
strata indiscriminately. Rather contrasting results
were obtained in the
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present study concerning egg deposition and depth;
muskellunge utilized the shallower and deeper strata
indiscriminately at the three sites studied. Northern
pike utilized the shallow stratum more frequently in
the Kinonge River and Pentec6te Bay as well as the
deeper stratum in Martin Bay, probably because of
the spatial distribution patterns of existing vegetation.
The major interannual differences in northern pike
reproductive success in Pentec6te Bay and the
Kinonge River cannot be explained at present. Nor
can the absence of reproductive success of northern
pike in Martin Bay and of muskellunge in both bays.
Future studies should be directed at identifying
possible sampling biases and/or factors limiting the
success of hatching and early development in these
bays. Indices of year-class strength of both species
should also be determined over a longer time series in
order to explore relationships with potential limiting
factors such as environmental variables and intra- and
interdependent density effects.

It can be inferred with reasonable confidence that the
shoreline stablization project noted at the beginning
of this study does not impact muskellunge spawning
habitat in Carillon Reservoir. In 1995, the species did
not use the very close, inshore stations in the two
bays. The situation may be different in shoreline
habitats bordering the main flow channel of the
Ottawa River where muskellunge may spawn closer
to shore as in the Kinonge River. However, since
muskellunge can spawn on a wide variety of
substrates, stablized sectors could possibly be used
under high water level conditions. The question of
possible impacts on nursery habitats remains
unanswered as such sites have not yet been found in
the reservoir.

Considering that, until now, significant reproductive
success for muskellunge has been demonstrated
only in tributaries of the Carillon Reservoir,
managers should give particular attention to the
protection of habitat and
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maintenance of good water quality in the
spawning tributaries. As mentioned earlier,
factors limiting reproductive success in bays
should also be investigated.
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Rideau River Telemetry
Study
Hedrik Wachelka
Muskies Canada Inc.
168 Glen Avenue
Ottawa, Ontario
K1S 3A4
The Rideau River supports an active muskellunge (Esox masquinongy) sport fishery. However,
it also faces heavy recreational use and increasing development pressures. Little is known about
the specific spawning habitats utilized by this population of muskellunge. This study was
conducted by a group of concerned anglers from Muskies Canada Inc. (MCI) to provide an
insight into critical spawning habitats used by these fish. External radio tags were attached to
ten fish. Immediate catch-and-release survival for the study fish was high. Preliminary results
suggest that spawning sites include bays, creeks and river bend areas.
Introduction

Methods

Muskellunge (Esox masquinongy) are one of the most
prominent sport fish species found within the Rideau
River and its canal systems in eastern Ontario. This
river system faces significant development pressures
along its shoreline and concern has been growing
within the sportfishing community about protecting
critical musky habitat--- Unfortunately, very little data
were available to identify critical habitat areas used by
muskellunge for spawning and nursery zones---

Study Site

In conjunction with local Ontario Ministry of
Natural Resources (OMNR) district offices,
Muskies Canada Inc. (MCI) members from the
Ottawa Valley chapter began a series of visual
spawning surveys. However, due to the dark colour
of the waters and the subsequent difficulty in
identifying various species of fish, these surveys
were not successful at finding spawning habitat used
by muskellunge.
A radio telemetry project was initiated with the
primary objective of recording spawning areas used
by muskellunge. MCI anglers were responsible for
tagging, monitoring movements and collecting data on
the tagged fish.

Data were collected on the spring movements of adult
muskellunge from 1993 to 1995 on the section of the
Rideau River bounded by the towns of Kemptville
and Kars, Ontario.
Along this section of river, the main channel
attains depths of 3 - 8 m. The perimeter of the
channel is bordered by much shallower areas
containing thick mats of aquatic vergetation.
Other physical features include a number of
significant bays and islands, and a series of
inflowing creeks.
Radio Tags

Fish were equipped with external radio tags. This
method of radio telemetry was selected because no
trained biologists were available to surgically
implant internal tags. It was felt that anglers would
have less difficulty using an external tagging
method.
A total of ten adult muskellunge, consisting of both
male and female fish, were tagged. These fish
ranged in total length from 85 to 108 cm.
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The muskies were angled by members of MCI during
organized outings in the autumn of the study years.
Near the capture site, fish were placed in an on-boat
holding tank filled with river water. This tank was
designed in such a way as to allow the head of the
muskellunge to be completely submerged in the
water while the dorsal section was partially exposed
for tag attachment. No anaesthetics were used and
only a floatation device was used to shield the head in
order to induce a calming effect on the animal.

Radio tags were attached to the fish by the following
procedures. Two mounting wires (from the radio tag)
were inserted through the flesh of the fish
immediately below and beside the dorsal fin. This
action was accomplished by inserting the wires into
hypodermic needles with the syringe end removed.
The transmitter was designed to rest evenly along the
back of the fish with the antennae protruding
alongside the caudal fin. Neoprene pads were used
wherever the transmitter came into contact with the
scales of the fish. These pads were pre-attached to the
transmitter via the mounting wires.

A flexible plastic plate (about the size of the transmitter and
with two holes drilled to correspond to the attachment wires

Frequency of monitoring was dependent on
volunteer assistance and occurred at least twice a
week during the study period.
Results
Catch-and-Release

This study provided an opportunity to gauge the
survival of angler-caught-and- released muskellunge.
Study fish were angled, handled, tagged, subsequently
revived, and released without the application of
anaesthetic or other chemical treatment. Other than
the process of tagging, the catch and release
procedures employed by the participating
muskellunge anglers would mimic angling stresses on
the muskellunge. All fish caught and released during
the month of October survived the immediate impact
of angling (and tag attachment) at least until the next
and subsequent monitoring period which ranged from
7-14 days after radio tagging. One exception occurred
when efforts were made to fasten an external
transmitter to one fish during a warm weather period
in the last week of June. The capture and tagging
procedures were exactly the same as those followed
during October. Although this particular fish revived,
swam away, and sounded as other tagged fish, it was
found floating downstream of the release site 1.5 days
after tagging. The tag was recovered.

from the transmitter) was used to act as a buffer and stopper
at the tie down site. When the wires were pulled through
the fish and then this plate, they were snugged tight and
tied off with a 2.5 cm (1 inch) tag end. The complete
instalment procedure usually took less than five min.

External Radio Tags

Tracking

A total of ten muskellunge. were tracked by
participants with various rates of success. Although
the expected tag life was a minimum of two years,
no fish were tracked for that long.

This study utilzed a Lotek receiver with both omni
and uni directional antennaes. Once a fish was
located, the observer would manoeuver the tracking
vessel within 3 m of the fish and record pertinent
information. Locational data were collected from
April to the end of May.

Four muskellunge in the study failed to provide
useable data. Two of these fish simply disappeared
either because of tag failure or tag removal by an
angler. Two other fish either died or lost their tags in
deep water over the winter months. Six muskellunge
provided data on
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potential spawning areas for at least one spawning
season. A limiting feature of external radio tags in
this study appeared to be the ability of the fish to
lose the tag before the expiration of battery life.

Spawning Habitat

The following areas (Fig. 1) appeared to receive
significant use during the spawning period and were
consistent with the characteristics of muskellunge
spawning habitat:
(i) Kemptville Creek - One study fish spent the
entire spawning period ranging throughout the
creek from its juncture with the Rideau River
through to the town bridge within the town of
Kemptville. The area outside of the creek mouth
and large shallow flat area on the opposite
shoreline was used by this study fish during the
remainder of the year. Other radio tagged fish
also frequented Kemptville Creek during the
spawning period--- This large tributary contains
many bottom substrates, various types and
densities of vegetation, and substantial sections
of shallow water. The mouth of Kemptville
Creek is also a preferred angling area for
muskellunge and must be considered a critical
habitat zone for all life stages of muskellunge.

Provincial Park. The area on the north shore of
the river is typified by heavy vegetation in the
summer and has only limited shoreline
development. The study fish were usually
located near the shore.
(iv) Beckett's Landing - This small embayment
begins at a very narrow section of river, a
former bridge location, and continues along the
northern shoreline to the projecting landfill at
the County Road 44 bridge. This section is also
situated on a river bend. The male study fish
that utilized this area was captured in the fall at
Kars having travelled approximately 7 km.

(v) Highway 16 Bridge - One of the study fish
used this area throughout the spring spawning
period. It utilized the shallow
areas above the bridge on the south shore
and later used the shallow zones at the
mouth of the embayment immediately
downstream on the north shore. As well,

(ii) McGahey's Bend - This area of the main river
has a large shallow bar on the inside bend of
the river channel beside a small airfield and,
on the immediately opposite shoreline, an
incoming creek with a shallow delta. During
the study period, a male fish ranged in this
area and a female fish visited this location
briefly. In April and May northern pike (Esox
lucius) and other muskellunge utilized this
area in addition to the study fish. There were
also sporadic sitings of study fish in the
vicinity of the incoming creek at McDermott's
Drain.

(iii) County Road 44 Bridge - This large shallow
embayment is the area from the landfill
associated with the County Road 44 bridge
downstream to Rideau River

Fig. 1. Identification of muskellunge spawning
habitats on the Long Reach of the Rideau River
based on telemetry findings, 1993-1995.
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another of the study fish visited this area during
the spawning period. During late May, tagged
fish began using deep water associated with the
channel around the bridge. This area is a prime
angling area for musky and should be considered
critical habitat for all life stages of the
muskellunge in the Rideau River.

vegetation--- They were not found in front of docks,
seawalls or other highly developed areas.
A total of ten separate attempts were made to angle
three different study fish during the spawning period.
These tagged musky all refused to strike a variety of
lures. On two occassions, muskellunge without
external radio tags followed the lures and on one other
occassion an immature muskellunge was angled.

Other Observations

The waters of the Rideau River warm up very
rapidly and, as a result, the spawning period in most
years falls between the last week of April and the
end of May. In view of this study, the first two
weeks of May appear to be a key time during most
years. Although no visual observations were made
of spawning activity, study fish were in very
shallow water at that time.
During the April-May spawning period, tracking
observations seemed to indicate that different sexes
of fish did not behave in a similar fashion. Although
the sample was small, males seemed to become
associated with specific areas while females
continued to move proportionally greater distances up
and down the river.
After spawning, some musky frequented thick,
rapidly growing weedbeds. In fact, some of the
musky resided in pondweeds that, from the surface,
were so thick as to appear matted--- Fish were
situated in the middle of these weeds in
1 m or more of water.
On many occasions, tracked muskellunge appeared to
show an aversion or avoidance of the tracking vessel.
This was especially evident in shallow water where it
didn't seem to matter whether the boat was propelled
by a gas or electric motor. In both cases, the tagged
fish would move away and generally not let the
tracker get within a 3-5 m radius--On the Rideau River, muskellunge found near the
shoreline in shallow water were associated with
cattails (Typha spp.) and other emergent
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Discussion

The results of this project have disclosed a number
of possible spawning habitats on this section of the
Rideau River. In the future these areas can be
sampled for eggs or young-of-the-year to further
document spawning success. The spawning zones
can be characterized into three categories:
(i) Inflowing creeks and their adjacent deltas;
(ii) Shallow flat areas associated with river
bends; and
(iii) Embayments.
Previous visual surveys in the river suggested that
island structures may also be utilized to some extent--All of the areas identified for the study fish had
substantial shallow areas with water depths of
approximately 1 m. There are a variety of bottom
substrates in these areas, all with remnant vegetation.
In addition, some of these areas may be affected by
slight water currents as muskellunge were not tracked
to the extreme ends of backbays.
The section of river documented by the study fish
(Beckett's Landing to James Island) supports a major
component of the Rideau River muskellunge sport
fishery and this viability is reflected by the diversity
of the spawning and other critical habitats still
available in this section of river. The data strongly
suggest that other similar habitats are available to
muskellunge in other sections of the river and could
support spawning fish---

Rideau River Telemetry Study

Shoreline development may have negatively impacted
some sections of the river. During the project, waters
below Kars were fished heavily but did not produce
any muskellunge. One fish which was tagged in this
area migrated upstream for spawning activity.

This project was carried out in its entirety by a group
of concerned anglers from MCI with very little
supervision from professional biologists or fisheries
managers--- This type of study was not meant to be
significant in terms of strict scientific data. However,
it can be very helpful to obtain initial habitat
information related to a specific waterbody, especially
where there are few historic data on record.

Studies of this type should be restricted to responsible
groups and limited to situations where other
alternatives such as visual spawning surveys have not
been successful at locating potential spawning
habitats. Smaller waterbodies are the most appropriate
candidates. Although the external tag methodology has
proved to be less efficient than internal radio tags, this
project has proved that it is a workable technique for
nonprofessionals.

the angler, can have a crucial impact on whether a
muskellunge will survive the stress related to an angler
capture and release. In this study, even with the
additional handling associated with tag attachment,
fish showed excellent rates of post release survival
when handled by experienced musky anglers during
the fall months. The identical angler practices carried
out under warm air and water temperatures seems
detrimental to post release survival--- In effect,
practices that work under cool conditions may not be
appropriate for summer fish handling. It is
recommended that muskellunge should be quickly
brought to the boat, handled minimally and left in the
water (with head remaining submerged below the
surface) for hook removal and release. The angled fish
should not be removed from the water.

Initial data has now been documented to identify
critical areas of muskellunge spawning habitat on a
major section of the Rideau River. With more
information available, it is hoped that fish habitat
and the Rideau River muskellunge will continue to
thrive.
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Catch-and-release practices by anglers help maintain
a muskellunge sport fishery. This concept has been
supported in Canada by MCI since 1978. Many
factors, mostly controlled by
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Radiotelemetry tracking of adult muskellunge (Esox masquinongy) was used to locate muskellunge
spawning and nursery habitats in the Thousand Islands region of the St. Lawrence River and to describe
post-spawning movements. From 1984 to 1989,47 adult muskellunge were radio tagged during the
spawning season at 22 sites. Radio-tagged fish were located at least once daily during the spawning
period. Capture sites of adult muskellunge and areas frequented by tagged muskellunge during the
spawning period were subsequently seined to document the presence or absence of young-of-the-year
(YOY) muskellunge. YOY muskellunge were collected at 13 of the 22 adult capture sites and also at an
additional 14 sites frequented by radio-tagged adults. Post-spawning muskellunge generally either
migrated upstream to Lake Ontario, remained in the vicinity of their respective spawning site, or moved
into deep water where they could not be located. Radio transmitters that functioned into the following
spawning season revealed a high degree of reproductive homing.
Introduction

The muskellunge (Esox tnasquinongy) is one of
the most respected and highly prized freshwater
sport fish. The St. Lawrence River supports one of
the few large, self-sustaining populations of
muskellunge in North America and data suggest
that this population is genetically unique
(Koppelman and Philipp 1986). In addition to its
ecological importance as the largest predatory fish
in the St. Lawrence River, the sport fishery for
muskellunge is also of great economic importance
to the communities

bordering the river. Using data from the 1976 New
York State angler survey (Kretser and Klatt 1981),
Menz (1981) estimated that there were 86,000
muskellunge angling days annually in the New
York waters of the St. Lawrence River. Menz
estimated that the value of the muskellunge fishery
to the two New York counties bordering the St.
Lawrence River exceeded 1.2 million U.S. dollars.
Complaints from organized angling groups and
guide associations regarding the quality of the
muskellunge fishery have surfaced repeatedly
since the 1950s. Unfortunately, a paucity of
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reliable historic data on St. Lawrence River
muskellunge has made if difficult to assess claims
that the quality of the muskellunge fishery has
declined. Comparisons of muskellunge catch rates
in trap nets from the 1950s to the present suggest a
decline in the muskellunge population (LaPan and
Penney 1991).
This work is part of a larger study focusing on the
status of muskellunge reproductive success and the
identification and characterization of muskellunge
spawning and nursery habitats. The primary
objective of this study was to investigate the utility
of radiotelemetry in locating muskellunge spawning
and nursery habitats in the Thousand Islands region
of the St. Lawrence River. A secondary objective
was to define post-spawning and seasonal movement
patterns.

Study Area

The St. Lawrence River flows northeasterly from its
origin at Tibbetts Point, New York, approximately
864 km to the Gulf of the St. Lawrence--- The first
172 km of the river forms the international boundary
between the United States and Canada. Our study was
conducted in the Thousand Islands region of the St.
Lawrence River between Tibbets Point and Chippewa
Bay, New York (Fig. 1). This portion of the St.
Lawrence River was largely unchanged as a result of
the construction of the St--- Lawrence Seaway and
Power Project in 1958.

Methods

Adult muskellunge were collected during the
spawning period utilizing 1.8 m Oneida trap nets,
Indiana trap nets, and 0.9 m hoop nets set in water
0.5 to 3.7 m deep. Netting sites were

Fig. 1. Study area in the Thousand Islands region of the St. Lawrence River
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selected to represent a range of habitat types found on
the New York shorline and on islands. In 1984, nets
were fished from the first week in April until the
second week in July. From 1985-1989, netting
commenced during the first week of May and ceased
during the first week of June. The total length (TL) of
each muskellunge was measured and the sex of the
fish was determined by extrusion of gametes when
possible.

to spot and dip net YOY muskellunge observed at or
near the water surface. More than 90% of the YOY
muskellunge collected were taken in this manner.

Collections of Spawning Adults

Trap and hoop nets were fished at 71 locations in the
Thousand Islands ranging from 12 km to 63 km
downstream from Tibbetts Point, New York--Multiple netting sites were required in large
embayments, resulting in 87 total net sites. A total of
74 adult muskellunge ranging from 660 mm to 1372
mm in total length were captured at 27 locations (Fig.
2).

From 1984 to 1989, 47 trapnet captured muskellunge
in spawning condition were fitted with external radion
transmitters (49 MHz) to locate potential spawning
sites. To eliminate the need for an anesthetic,
muskellunge were placed in darkness in a large
galvanized trough for approximately five minutes
prior to attachment of the transmitter. The transmitters
were attached externally below the dorsal fin using
techniques described by Dombeck (1979). The life
span of the transmitters varied considerably and
ranged from nine to 18 months. The majority of the
transmitters functioned for nine to 11 months and were
detectable, to a depth of 10 m, from an aircraft.

It appears that the number of muskellunge using a
given spawning area is relatively small. Trap net
catches of muskellunge on the spawning grounds
were relatively poor and never exceeded six fish in a
given area--- In addition, radio-tagged muskellunge
trapped at a particular spawning site typically
frequented other spawning sites in the area.

Movements of Spawning Adult Muskellunge

Number of
Fish

During the spawning period, radio-tagged
muskellunge were located by boat at least once daily
using an Advanced Telemetry Systems (Model
R2100) programmable scanning receiver and either a
Yagi or tuned loop antenna. On several occasions fish
were located every two hours over a 24 hour period.
After the spawning period, radio-tagged muskellunge
were located less frequently by aircraft.

Young-of-the-year (YOM) esocids were sampled
from 1983 to 1989 using 18.8 m long bag seines (1.8
m deep, 1.8 m3 bag, 6 mm bar mesh). Seine pulls were
standardized by hauling the seine over an area
approximately 30.5 m long by 12.2 m wide (372 m2 ).
In areas of dense vegetation, additional weights were
attached to the lead line of the seine--- In addition to
the two persons required to haul the seine, a third
individual walked immediately behind the seine

Radio transmitters were attached to 47
muskellunge at 22 netting sites from 1984 to 1989
(Table 1). A disporportionate number of
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Table 1. Summary of data collected from muskellunge radio-tagged in the Thousand islands region from 1984
to 1989 (* capture site distance from Tibbetts Point, ** U = upstream, D = downstream, *** transmitter
malfunction, **** lost transmitter)---

Distance (km)
from Lake
Ontario*
12.3
14.7
14.7
16.8
22.0
24.9
24.9
24.9
24.9
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
29.6
33.7
34.7
35.6
36.8
37.7
37.7
37.7
37.7
42.2
42.2
42.2
48.6
48.6
48.6
49.9
49.9
49.9
50.3
50.9
56.9
56.9
57.8
58.5
59.8
59.8
60.2
60.2
62.8
62.8
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Total
length
(mm)
1295
1181
1054
1219
1003
984
1041
1194
914
1022
921
921
851
940
1118
1245
1219
1156
1181
1143
1275
1080
1016
935
1270
1270
1118
1270
1194
1016
1207
1118
1270
1321
1168
1321
1321
1016
1300
1029
1219
1140
985
1321
1100
1372
1 100

Sex
F
F
M
M
M
F
?
F
M
F
F
F
F
M
F
F
F
F
F
F
F
F
M
M
F
F
M
F
F
M
F
M
F
F
?
F
F
M
F
F
F
F
M
M
M
F
M

No. of
fixes
13
11
20
29
23
25
13
21
8
16
24
3
22
4
***
36
23
14
12
19
25
21
28
16
16
13
3
39
17
30
18
26
14
11
35
21
4
28
4
17
17
10
16
16
13

Days
One-way
"spawning" migration (km)**
6
17
23
39
?
29
6
22
3
2
?
?
16
?
***
16
15
19
3
11
13
35
20
5
?
6
1
38
2
14
12
26
5
4
19
20
?
27
4
12
9
11
8
13
12

8.2D
18.9U
43.OD
9.8U
15.6U
20.OU
<5
174U
30.8U
324U
<5U
32.5U
<5U
244U
***
37.3U
32.1 U
8.9U
5.5U
42.6
5.8U
31.8U
32.1 U
26.2U
<5
8.OU
36---5U
20.2D
8.3U
<5D
5.OU
8.2D
42.1 U
13.OD
44.5U
65.2U
10.3D
<5?
<5
98.OU
98.OU
2.5D
69.3U
<5
75.2U

Returned to
to
spawning
****
Yes
Yes
Yes
Yes
Yes(winter
Yes
Yes
Dead?
Yes
Yes
Dead?
12.OU
Dead
Yes
Yes
Yes
Yes
Yes
Yes
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female muskellunge were tagged (30 females, 15
males, two unknown sex) to aid in locating
spawning areas. Three mortalities of radio-tagged
muskellunge were documented in the study, one
resulting from angler harvest.
Movements of radio-tagged muskellunge were
monitored at least once daily during the spawning
period. In a preliminary study conducted during 1984,
three radio-tagged (two males, one female)
muskellunge were located every two hours over
several 24 hr periods. The movements of these fish
within a large island embayment (40 ha) during the
spawning period suggested no preference for a
particular habitat type even though several discrete
habitat types exist within the bay.

Observations of radio-tagged muskellunge suggest
that they may spawn in more than one embayment or
area during a single spawning season. During the
preliminary study mentioned above, all three
muskellunge left the capture site at different times on
the same day, and all were located that evening in a
small embayment approximately 2 km to the west. All
three fish returned to the capture site on the following
day. YOY muskellunge were subsequently collected
in both embayments.

Thirty-six of the 47 muskellunge radio-tagged (25
females and 11 males) frequented an embayment or
area other than the capture site during the spawning
period. Subsequent sampling for YOY muskellunge
in these areas resulted in the location of 13
muskellunge nursery areas. In addition, nine
previously identified nursery areas were frequented
by at least one muskellunge netted and radio-tagged
in a different bay.

These data suggest that adult muskellunge may
broadcast spawn over a relatively large area. The
average distance between areas frequented by
muskellunge during the spawning period was 2.56 km
(variance of 1.95 km) and ranged from 0.75 - 7.8 km.
In the St. Lawrence River, this

behavior may be the result of a relatively low
population density in concert with a very large area
with an abundance of suitable spawning habitat.
Although a variety of habitat types were sampled,
spawning adult muskellunge are typically captured in
embayments with no measurable water current. Water
temperatures in these embayments warm more rapidly
in the spring than those in the main channel and the
thermal regime in each bay is somewhat unique
depending upon its size and orientation to the river
channel and prevailing winds. These areas are
typically 2---0 m or less in depth and have substrates
composed of varying proportions of organic detritus,
sand, and clay. Vegetation at the muskellunge
spawning and nursery sites studied typically included
stands of Typha and Scirpus along the shoreline as
well as a number of submergent species (Table 2).
These same habitat characteristics are also found in
areas apparently not utlized by muskellunge, however.

Muskellunge spawning was not observed, but is
thought to have occurred at water depths less that 2.0
m over a variety of substrates and vegetative types of
varying densities. Studies conducted by Farrell (1991)
documented muskellunge spawning in the Thousand
Islands through the collection of naturally spawned
eggs with hand nets, an egg sled, a box enclosure, and
egg trays. Muskellunge eggs were collected at two
discrete study sites in < 1---5 m of water. Substrates at
the study sites included silt, sand, clay, and boulders.
Vegetative composition and density at the sites varied
and muskellunge did not appear to select for specific
types or densities of vegetation.

Post-Spawning Movements

Following spawning, muskellunge radio-tagged in
the Thousand Islands region generally either
migrated upstream to Lake Ontario, remained near
their respective spawning area, or moved into deep
(> 10 m) water where they could not be detected.
Radiotelemetry tracking results are
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summarized in Table 1. Of the 47 muskellunge radiotagged, 23 migrated upstream to the Cape Vincent eastern Lake Ontario region immediately following
spawning. Fig. 3 illustrates the relationship between
capture site distance from Lake Ontario and the
distance travelled upstream following spawning--The farthest migrations (one way) documented were
two fish that migrated from Chippewa Bay upstream
to Pillar Point in Lake Ontario, a total distance of 98
km. These two fish (one male and one female) were
captured in the same trap net on the same day. The
male left the spawning ground in Chippewa Bay three
days before the female, and had migrated 98 km to
Pillar Point

12 days later. The female was located at Pillar
Point 17 days later. Both fish remained in that area
throughout the summer months.
Migratory fish generally remained upstream until the
late fall or winter months (November to January),
and then returned to areas adjacent to their respective
spawning (capture) sites--- Only seven fish in our
study have exhibited downstream movements greater
than 5 km following spawning.
Minimum travel distance/hour for migrating
muskellunge was difficult to assess due to the need
for, but infrequent, tracking by aircraft. The
maximum observed distance travelled

Table 2. Aquatic vegetation found in muskellunge spawning and nursery areas in the Thousand islands region
of the St. Lawrence River.
Family
AI ismataceae

Species

Common name

Sagittaria graminea

Grass-leaved arrowhead

Sagittaria rigida

Stiff arrowhead

Ceratophyllaceae

Ceratophyllum sp.

Coontail

Characeae

Chara sp.

Muskgrass

Composita

Bidens sp.
Megalodonta beckii

Beggartick
Water marigold

Cyperacea
e
Gramineae

Scirpus heterochaetus

Bulrush

Phalaris arundinacea

Reed canary grass

Haloragidaceae

Myriophyllum sp.

Water milfoil

Hydrocharitacheae

Anacharis canadensis
Vallisneria americana

Canada water weed
Tapegrass (wild celery)

Lemnaceae

Lemna trisuca

Duckweed

Najadaceae

Najas flexilis
Potomageton berchtoldii
Potomageton confervoides
Potomageton crispus
Potomageton gramneus
Potomageton pectinatus
Potomageton richardsonii
Zanachellia palaustris

Bushy naiad
Curly-leaf pondweed
Variable-leaf pondweed
Sago pondweed
Richardson's pondweed
Horned pondweed

Nymphaeaceae

Nymphaea odorata

Fragrant (white) waterlily

Ranunculaceae

Ranunculus sp.

Water buttercup

Typhaceae

Typha sp.

Cattail
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Reproductive Homing
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Reproductive homing in muskellunge has been
documented in Stony Lake, Ontario by Crossman
(1990).
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Fig. 3. Relationship between capture site distance
from Lake Ontario and the distance traveled upstream
by post-spawning muskellunge.
upstream by a muskellunge in a 24 hour period was
19 km (0.8 km/hr).
Migrating muskellunge may "navigate" using
landmarks. Four areas were identified where
muskellunge migrating upstream could be located by
aircraft, irrespective of their capture site. Fifteen
muskellunge migrating upstream were located
northwest of Carleton Island, five near Tibbett's Point,
six in the Grenadier Island area, and three west of
Point Peninsula (Fig. 1). In seven instances, migrating
fish were located at two of these four points. One fish
was located at all four points.
Upstream post-spawning movements were also
observed in Ontario waters of the Thousand Islands
region. Two of three muskellunge radio-tagged on
the north side of Grindstone Island in 1987 migrated
32 and 42.5 km upstream, respectively, following the
spawning period. By January, both fish had returned
to a popular muskellunge angling area adjacent to
the site where they were thought to have spawned---

Our data suggest that muskellunge in the Thousand
Islands region are also capable of homing to the
same spawning area from year to year. However, the
life spawn of the radio transmitters used in the study
seldom permitted tracking beyond nine months.
Twenty transmitters continued to function into the
following spawning season and 14 of 20 fish either
returned to the site of capture or an embayment
frequented during the previous spawning season.
The average minimum distance travelled by homing
muskellunge (two way) was 63.1 km (variance =
50.3 km) and ranged from 8 km to 156.8 km. Five of
the remaining six muskellunge never moved from
the area where they had migrated to following
spawning, suggesting that the fish died or the
transmitters were either shed or removed by anglers.

One male muskellunge, netted and tagged during the
1983 spawning period, was caught and released by
an angler 20 km upstream in September, 1983. This
fish was recaptured again at the original tagging site
during the 1984 spawning period.
An additional five transmitters functioned until
January or February and two of these fish had
already returned to an area adjacent to where they
were thought to have spawned. The minimum
distances travelled (two way) by these fish were
85.1 km and 52.5 km, respectively.
An exceptionally long-lived transmitter
permitted us to observe a "complete" cycle of
seasonal movements. Fig. 4a and 4b illustrate the
movements of a female muskellunge (1156 mm
TL) which was radio-tagged in Carrier Bay on
May 23, 1986. This fish remained in or within 5
km of Carrier Bay for
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Fig. 4a. Movements of a female muskellunge (1156 mm) radio-tagged in Carrier Bay on May 23, 1986--All dates pertain to 1986.

Fig. 4b. Movements of a female muskellunge (1156 mm) radio-tagged in Carrier Bay on May 23, 1986--All dates pertain to 1987.
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16 days during which time it is assumed to have
spawned (YOY muskellunge were collected in Carrier
Bay). Ten days later, the fish was located near Wilson
Bay in eastern Lake Ontario, a distance of 27.5 km
(Fig. 4a). The fish returned to an area approximately 2
km from Carrier Bay during November of 1986, and
remained in that area until the following spawning
season. On May 23, 1987 (Fig. 4b), the fish was
located in Carrier Bay, where it remained for ten days
(Fig. 4b). This fish was subsequently located in
Bayfield Bay on June 9 and off Fox Island, in eastern
Lake Ontario, on June 25.

Muskellunge Nursery Areas

All sites where adult muskellunge were netted and
those frequented by radio-tagged muskellunge
during the spawning season were sampled for YOY
muskellunge during July and August from 19831989. Additional sites were also sampled on an
exploratory basis.
A total of 88 potential nursery sites were seined and
35 of these areas yielded catches of YOY
muskellunge. Of the 35 nursery areas identified, 13
were located in areas where spawning adult
muskellunge were netted and 14 were in areas that
were not sampled for adults but were frequented by
radio-tagged muskellunge during the spawning
season. Five muskellunge nursery areas were
documented at trapnet sites that did not yield catches
of adult muskellunge. The remaining three nursery
sites were located during exploratory sampling.

The probability that a muskellunge nursery area will
be used from year to year is quite high. Thirteen
muskellunge nursery areas were sampled for YOY
muskellunge each year over a three year period to
determine if use of nursery sites was consistent. Nine
sites produced catches of YOY muskellunge during
all three years and the remaining four sites yielded
YOY muskellunge catches in two of three years. This

information was instrumental in justifying measures
to protect muskellunge spawning and nursery
habitats.

Habitat Protection

All muskellunge nursery areas identified in this study
were designated significant coastal fish and wildlife
habitat under the provisions of New York State
Environmental Conservation Law. The Thousand
Islands region has long been a popular area for
seasonal residences and tourism. Consequently, much
of the shoreline on the mainland and islands has a
great deal of cultural development. As a result of this
legislation, applications for permits to dredge,
construct docks, bulkheads and breakwaters, etc. in
muskellunge nursery areas are carefully scrutinized
and are often modified to mitigate adverse impacts to
these habitats.
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1994 St. Lawrence River Muskellunge Nursery
Habitat Inventory
Anne Bendig
St--- Lawrence River Fisheries Unit
Ontario Ministry of Natural Resources
P. O. Box 605
Brockville, Ontario
K6V 5Y8
Potential muskellunge (Esox masquinongy) nursery habitat sites were investigated by seining and
electrofishing in 1994. Five new nursery sites were located and documented. Six young-of-the-year
(YOY) muskellunge were captured at three locations by seining--- These locations included the Iroquois
marina in Lake St. Lawrence, as well as Lancaster Island and Owen Island in the Thousand Islands area.
YOY muskellunge were captured at two locations by electrofishing. These were near the Johnstown
elevators in the Middle Corridor and Wolfe Island (a bay east of McDonnell's Bay). Electrofishing
proved to be a valuable technique particularly in areas that are too deep or too heavily vegetated to
seine. Since this inventory program began in 1989, the total number of muskellunge spawning and
nursery sites on the Ontario side of the St--- Lawrence River which have been documented is now 23.
The dominant aquatic vegetation found at the 23 sites was Vallisneria spp. (95% of sites), Ceratophyllum
spp. (68% of sites), Scirpus spp. (59% of sites), and Myriophyllum spp. (50% of cites). This program has
also documented nursery habitat of other fish species. The information collected through this program
has proven valuable to Ontario Ministry of Natural Resources (OMNR) managers in reviewing
development proposals, protecting fish habitat, substantiating resource protection litigation, and
updating wetland evaluations.
Introduction

In 1989 a program was initiated to locate and
document muskellunge (Esox masquinongy)
nursery and spawning habitat on the
St. Lawrence River by the Ontario Ministry of
Natural Resources (OMNR), the New York State
Department of Environmental Conservation
(NYSDEC) and the College of Environmental
Science and Forestry at the State University of New
York. The ultimate objective of this program is to
protect confirmed nursery areas from any adverse
habitat alterations. In addition, this program
documents nursery habitat of other fish species and
the types of aquatic vegetation found in these
locations. This

information is useful for protecting these
sensitive fish habitats.
A total of ten muskellunge nursery areas have been
identified in the Ontario waters of the Thousand
Islands, six sites in the Middle Corridor and two
sites in Lake St. Lawrence between 1989 and 1993
(LaPan et al. 1990; MacMahon 1991; Hendrick
1992; Hendrick et al. 1992; Bendig 1994). The
sites located in the Thousand Islands include
Halsteads Bay, Grenadier Island, Stave Island,
Sugar Island, the mainland across from Chimney
Island, and Holliday Bay and Oak Point on Wolfe
Island. In the Middle Corridor nursery sites were
located at Sawmill Creek, an area east of Sawmill
Creek, two sites near Johnstown, Presq'uile
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Muskellunge Young-of-the-Year Sites

Fig--- 1. Muskellunge YOY nursery sites in the St. Lawrence River, 1989-1994.
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Island, and the mainland across from Prison Island
or McLachlan Creek wetland. In Lake
St.Lawrence, nursery sites were located at
Morrison Island and Hoasic Creek.
Methods

Two methods were utilized for investigating potential
muskellunge nursery sites in 1994. Seining occurred
from August 10 to August 26 and electrofishing,
which was used as a new technique in 1993, was
repeated in 1994 from September 1-8. Electrofishing
with a boat has the advantage of being able to search
areas that are too deep or too thickly vegetated for
seining.
The seine net was 18.3 m long, 1.8 m deep fitted
with a 1---8 m bag and a PVC brail at each end to
aid pulling. Stainless steel chain lengths of 0.3 m
were attached every 3 m to the lead line to prevent
the bottom of the seine from rolling up as it passed
over the vegetation. Two people pulled the seine and
one or two other people walked behind the seine
with a dip net searching for juvenile muskellunge at
the water's surface and ensuring that the net was
fishing effectively.
Electrofishing was done using OMNR's Smith Root
6.1 m electrofishing boat. Amperage ranged from
6.8 to 11.6 amps and voltage ranged from 320 to
380 volts. Each run was approximately 800 seconds
and there were one to four runs at each site
depending on the amount of suitable habitat.
The total catch was identified and enumerated as an
adult or young-of-the-year (YOY). All fish species
were documented and released. Unknown specimens
were collected and sent to the Royal Ontario Museum
for identification. Total lengths were measured on all
sport fish. Subsampling occurred when there were
more than twenty individuals of any species per haul.
The dominant submergent, emergent, and floating
aquatic vegetation, and percent coverage was
indicated on a habitat map as well

as the substrate for each site seined--- Each site was
photographed. Copies of the habitat maps and field
collection records listing all species captured at each
site were distributed to the appropriate area biologists
to assist them in reviewing development proposals.
The original habitat maps and photographs are kept
on file at the St--- Lawrence River Fisheries Unit in
Brockville.

Results and Discussion

There were a total of nine sites seined and seven sites
electrofished for YOY muskellunge. Six YOY
muskellunge were captured at three locations by
seining. The locations were the Iroquois marina in
Lake St. Lawrence and Lancaster and Owen Islands in
the Thousand Islands area. Two YOY muskellunge
were captured at two locations by electrofishing.
These sites were the Johnstown elevators in the
Middle Corridor and Wolfe Island (a bay east of
McDonnell's Bay). Five new muskellunge nursery
areas were located and documented in 1994. Similar
to previous years, few YOY muskellunge were caught
at each site due to their elusive nature and difficulty
of capture--- One YOY muskellunge was caught at
four of the new sites and four were caught at one of
the sites. Between 1989 and 1994 the average number
of YOY muskellunge caught per site on the
St.Lawrence River has been 1.9. Craig and Black
(1986) also reported a low capture rate of YOY
muskellunge (1.4/site) in Georgian Bay, Lake Huron.
One site investigated in 1994 by seining did not result
in any YOY muskellunge being caught--- Later, the
same site was electrofished due to the presence of
aquatic vegetation frequently found at muskellunge
nursery sites on the St.Lawrence River and one fish
was captured.

The areas seined and the number of YOY
muskellunge caught from 1989 to 1994 are
summarized in Table 1. The areas electrofished and
the number and total lengths of YOY
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Table 1. St. Lawrence River YOY muskellunge seining sites and results, 1989-1994.
Site
(A) KINGSTON AREA
WOLFE ISLAND
McDonnell Bay
Bay east of McDonnell Bay
Holliday Bay
Oak Point
Button Bay
Irvine Bay
Bayfield Bay
Barrett Bay
Treasure island
(B) BROCKVILLE AREA
THOUSAND ISLANDS
Sugar Island
Halstead's Bay

Stave Island

Landon's Bay
Bay east of Landon's Bay
Bay east of Glen
Lancaster Island
Owen Island
Mulcaster Island
Hill Island
GRENADIER ISLAND
near Grape Island
at Ferman's Point
near Squaw Island
Bay west of Ferman's Point
at Parks Canada Dock (N)
Bay west of Pitch Pine Point
Bay opposite Baggage island
Bay north of Willoughby Pt.
Bay across from Tar Island
Near Van Buren Island
South side
Hill Island
Mal lorytown
E. of Mallorytown (Mainland
across frp, Chimney Island)
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Total length
(mm)
of fish

Date

#
Seines

30/07/90
23/08/94
01/08/90
03/08/90
02/08/90
30/07/91
26/08/94
07/08/90
29/07/91
24/08/94
02/08/91

5
2
5
3
3
1
2
4
2
2
3

0
0
4
1
0
0
0
0
0
0
0

71,76,80,77
68
-

25/08/92
27/07/89
09/08/89
10/08/89
31/07/90
24/08/92
11/07/89
13/07/89
18/07/89
25/07/89
26/07/89
19/08/92
13/07/89
17/07/89
01/08/91
24/08/92
21/08/92
16/08/94
16/08/94
17/08/94
15/08/94

1
1
3
1
3
2
4
1
1
1
10
2
1
3
3
2
1
1
2
2
1

1
0
2
2
1
2
0
0
0
0
1
0
0
0
0
0
1
1
0
0

113
85,85
85,48
70
113,83
-

17/08/93
08/08/90
18/08/93
09/08/90
22/08/89
18/08/93
18/08/93
19/08/93
19/08/93
24/08/89
24/08/89
24/08/89
25/08/89
22/08/91
02/08/91

2
6
2
8
6
1
1
1
1
2
2
3
3
4
2

0
0
1 seen
0
0
1
0
1
0
0
0
1
0
0
0

11/08/921

2

# YOY musky caught

75 (I caught and 1
sighted)

100
107
96
119
114
123
cont'd
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Table 1 (cont'd)
Site
Jones Creek
Lily Bay (Molly's Gut)
Ivy Lea Wetland
Bostwick Island
Dobbs Island
Fair Point

# Seines

11/08/92
13/08/92
16/08/98
23/08/93
24/08/93
24/08/93

2
2
1
1
1
1

0
0
0
0
0
0

8
4
1
1

4
5
3
0

(C) MIDDLE CORRIDOR (GRENVILLE
AREA) JOHNSTOWN
Provincial Park
14/08/90
East of Prov. Park
15/08/90
31/07/91
Johnstown Creek (mouth)
28/08/92
Cardinal
Mainland Bay (across from Prison
17/08/92
Island)
McLachlan Creek Wetland
12/08/93
Presquile Island
14/08/92
Sawmill Creek
East of Sawmill Creek
Wells Creek Bay
Gallop Canal
Bradleys Creek Bay
Iroquois Marinal
LAKE ST. LAWRENCE
Doran Creek (mouth)
Hilliard Creek (mouth)
(D) CORNWALL AREA
Chrysler Park
East end Morrison Island
Hoasic Creek
Hoople Island
Mouth to Hoople Bay

# YOY musky
caught

Date

16/08/89
10/08/93
09/08/93
18/08/94
11/08/93
0/08/94

1

87,100,93,96
91,96,106,112,10
110
-

1

2
2

1 seen
6

9
2
4
1
2
2

190
278
0
0
0
4

18/08/92
18/08/92

1
1

0
0

22/07/91
16/08/90
24/07/91
26/07/91
26/07/91
25/07/91
26/07/91
26/08/92
26/08/92

4
2
5
1
1
3
2
1
1

0
1
1
0
0
0
0
0
0

muskellunge caught in 1993 and 1994 are presented
in Table 2. The survey sites, effort, number of YOY
muskellunge caught, and catch-per-unit-of-effort
(CUE) for electrofishing in 1993 and 1994 are
outlined in Table 3. The locations of the
muskellunge nursery areas found since 1989 are
indicated in Fig. 1. A total of 23 muskellunge
nursery areas

Total length
(mm)
of fish

102
82,78,72,80,83
(1 sighted but not
caught)
82,92,105,102

134
80
-

have been documented in the Ontario waters of the
St. Lawrence River between 1989 and 1994.
Hendrick (1992) reported that at the six
locations where YOY muskellunge were
captured in 1992 there were six common
aquatic plant species found at each of those
sites. These included Scirpus spp.(bulrush),
Typha spp.(cattail), Vallisneria spp.(wild
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Table 2. St. Lawrence River YOY muskellunge electrofishing sites and results, 1993-94.
#YOY musky
caught

Total length (mm)
of fish

08/09/94

1

145

07/09/94
07/09/94
02/09/93
02/09/93
06/09/94

0
0
0
0
0

02/09/94
02/09/94
31/08/93
31/08/93

1
0
3
0

01/09/93
01/09/93

0
0

01/09/94

0

WOLFE ISLAND
Bay east of McDonnells Bay
THOUSAND ISLANDS
Bostwick Island
Hay Island
Grenadier Island (north of Poverty Is., south side)
Grenadier Island (east of Squaw Is., north side)
Grenadier Island (north side, bay west of Ferman's Pt.)
MIDDLE CORRIDOR
Johnstown elevators
Cardinal/Casco
Sawmill Creek/Galop Canal
Presqui'le Island
LAKE ST. LAWRENCE
Doran Creek
Hilliard Creek
LAKE ST. FRANCIS
Renshaw Island
celery), Elodea spp.(waterweed), Ceratophyllum
spp.(coontail) and Myriophyllum spp.(milfoil). The
vegetation type, density, and substrate for each site
where YOY muskellunge were found between 1989
and 1994 is listed in Appendix 1. The vegetation type
and percent occurrence for those sites where YOY
muskellunge were found is summarized in
Fig. 2--- Vallisneria spp. was found at 95% of the sites
followed by Ceratophyllum spp. (68%), Scirpus spp.
(59%) and Myriophyllum spp. (50%). Vallisneria spp.
was also the most dominant vegetative species found
in the Niagara River muskellunge nursery habitat
survey conducted in 1992-93 using an electrofishing
boat (Culligan et al. 1994). Presence of these types of
aquatic vegetation at a site could indicate the
possibility of a muskellunge nursery area and should
be investigated further.
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Date

86
150,158,168
-

Percent Occurance

Site

elo. pot. nup. typ. val. oho. sci. Nai. cer. ali. myr. hip. epar.
VegetationType

Fig--- 2. Occurrence of aquatic vegetation at YOY
muskellunge nursery sites on the St--- Lawrence
River, 1989-1994--- Vegetation codes are provided in
Appendix 1.
Nursery habitat of other species including yellow
perch (Perca flavescens), smallmouth bass
(Micropterus dolomieu), largemouth bass
(Micropterus salmoides), northern pike (Esox
lucius), walleye (Stizostedion vitreum vitreum),
pumpkinseed (Lepomis gibbosus), rock bass
(Ambloplites rupestris), white sucker
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Table 3. Survey sites, effort, number of YOY muskellunge caught and CUE for 1993 and 1994 St--Lawrence River electrofishing projects.
Site
WOLFE ISLAND
Bay east of McDonnell's Bay
THOUSAND ISLANDS
Bostwick Island
Hay Island
Grenadier Island (north of Poverty Is. south side)
Grenadier Island (east of Squaw is. north side)
Grenadier Island (north side of bay west of
Fermons Pt.)
MIDDLE CORRIDOR
Johnstown grain elevator
Cardinal/Casco
Sawmill Creek and Galop Canal
Presqui'le Island
LAKE ST. LAWRENCE
Doran Creek
Hilliard Creek
LAKE ST. FRANCIS
Renshaw Island
Summerstown

Effort1

Date

# of YOY caught

CUE 2

08/09/94

800

1

4.5

07/09/94
07/09/94
02/09/93
02/09/93
06/09/94

1,600
800
2,200
2,000
2,400

0
0
0
0
0

02/09/94
02/09/94
31/08/93
31/08/93

2,450
2,300
2,000
1,050

1
0
3
0

01/09/93
01/09/93

1,450
1,250

0
0

-

01/09/94
01/09/94

500
820

0
0

-

-

1.5
5.4
-

1 Effort expressed in terms of electrofishing seconds.
2 CUE expressed in terms of YOY muskellunge per hour of electrofishing effort.

(Catostomus commersoni), brown bullhead (Ictalurus
nebulosus), bluegill (Lepomis macrochirus), and
black crappie (Pomoxis nigromaculatus) have also
been documented. The information collected through
this program has proven valuable to OMNR
managers in reviewing development proposals,
protecting fish habitat, substantiating resource
protection litigation, and updating wetland
evaluations.
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Appendix 1. Survey sites, date, depth, substrate, vegetation density, and type for YOY muskellunge habitat sites
on the St. Lawrence River, 1989 - 1994.
Site

Date

Depth

(m) Substrate

Vegetation
Density

Vegetation Type

(A) KINGSTON AREA
WOLFE ISLAND
Holliday Bay
Oak Point
Bay east of McDonnell Bay
(B) BROCKVILLE AREA

01/08/90
03/08/90
08/09/94

0.5-1.2
0.5-1.2

sand,muck
muck
silt,muck

sparse-mod.
sparse-mod.
dense

Sugar Island

25/08/92

0.5-1.2

sand,silt,muck,rubble,

moderate

Halstead's Bay

09/08/89
10/08/89
31/07/90
24/08/92

0-2.0
0.2.0
0.5-1.2
0.5-1.2

boulder
sand
sand,muck
sand
sand,silt,rock-rubble

dense
dense
sparse
sparse-mod.

Stave Island
Lancaster Island
Owen Island
GRENADIER ISLAND
near Van Buren Is.
Ferman's Pt.

19/08/92
16/08/94
16/08/94

0.5-1.2
0.5-1.2
0.5-1.2

sand
silt,muck
silt,muck

moderate
moderate
moderate

24/08/89
18/08/93

0-2.0
0.5-1.2

sand
sand,silt,muck

dense
moderate-dense

Bay west of Ferman's Point

18/08/93

0.5-1.2

sand

moderate

Bay west of Pitch Pine
Point
East of Mallorytown
(Mainland across from
Chimney Island)
(C) MIDDLE CORRIDOR
(GRENVILLE AREA)

19/08/93

0.5-1.2

sand,silt

moderate

11/08/92

0.5-1.2

sand,muck

moderate-dense

Johnstown-Prov. Park
east of Prov. Park

0.5-1.2
0.5-1.2
0.5-1.2
0.5-1.5

sand,muck,rock
sand,muck
sand,muck

Johnstown elevators

14/08/90
15/08/90
31/07/91
02/09/94

Mainland across from

17/08/92

0.5-1.2

Prison Is (McLachlan
Creek Wetland)

12/08/93

Sawmill Creek
east of Sawmill Creek
(Gallop Canal)
Presqui'le Island

0.5-1.2

Iroquois marina

10/08/94

0.5-1.2

silt,clay,gravel,rubble
boulder

Morrison Is.(East end)

16/08/90

0.5-1.2

clay,muck

Hoasic Cr.

24/07/91

0.5-1.2

sand,muck,silt

Val.,Cha.,Pot.,Typ.
Nup.,Sci.,Cha.,Pot.
Val.,Myr.,Cer.

THOUSAND ISLANDS
Sci.,Typ.,VaI.,Alis.,Cer.,Myr.,
Nup., Elo.
Val.
Val.
Sci.,Val.,Cha.
Val.,Sci.,Typ.,Cer.,
Myr.,Pot.,Elo.
Val.,Sci.,Cer.,Myr.,Elo.
Val.,Myr.,Elo.,Nup.
Val.,Myr.,Elo.,Cer.,Nup.
Val.,Nup.,Cha,
Val.,Sci.,Alis.,Nup.,
Cha.,Naj.,Cer.
Val.,Sci.,Elo.,Pot.,Cer.,
Myr.,Cha.
Val.,Alis.,Cha.,Sci.,Cer.
Val.,Sci.,Typ.,Elo.,Cer.,
Myr.,Nup.

moderate
moderate

Val.,Typ.,Pot.,Cer.,Hip.
Val.,Sci.
Val., Pot.,Myr.,Typ.,Spar.
Cha.,Val.,Typ., Myr.,Elo.,Nup.

muck,rock

moderate

VaI.,Sci.,Typ.,Elo.,Myr.,Cer.,

0.5-1.2

sand,silt

dense

Nup.,Lem.,Alis.
Val.,Sci.,Cer.,Myr.

16/08/89

0-2.0

muck

-

10/08/93
31/08/93
14/08/92

0.5-1.2

sand,gravel,rubble,rock moderate
sand,silt,clay,muck
dense
silt,muck,rubble,boulder moderate
moderate

Val.,Typ., Naj.,Cer.,Cha., E lo.
Val.,Sci.,Typ.,Cer.,Elo.,Pot.,
Spar.
VaI.,Sci.,Typ.,Cer.,Myr.,Naj.,
Nup.

(D) CORNWALL AREA
LAKE ST. LAWRENCE
Sci.,Val.,Pot.
moderate

Val., N aj.,Cer.

Alis. - Alisma (water plantain)

Hip. - Hippuris (marestail)

Pot. - Potamogeton (pond weed)

Cha. - Chara (muskgrass)
Cer. - Ceratophyllum (coontail or hornwart)
Ele. - Eleocharis (spike rush)

Lem. - Lemna (duckweed)
Myr. - Myriophyllum (milfoil)
Naj. - Najas (bushy pondweed)

Sci. - Scirpus (bulrush)
Spar. - Sparganium (bur-reed)
Typ. - Typha (cattail)

Elo. - Elodea (waterweed)

Nup. - Nuphar (water lily)

Val. - Vallisneria (wild celery)
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Muskellunge Stocking in Wisconsin:
At the Crossroads
Terry L. Margenau
Wisconsin Department of Natural Resources
P. O. Box 309
Spooner, Wisconsin
54801
After nearly a century of muskellunge (Esox masquinongy) propagation in Wisconsin, hatchery
production is capable of meeting the stocking needs of management. Stocking of fertilized eggs,
fry, fingerlings, or yearling age muskellunge can each be used in developing a cost-effective
stocking strategy if environmental conditions of a specific waterbody are known. While low
post-stocking survival rates have been a management problem, stocking efforts still contribute
to the sport fishery. However, future stocking strategies need to consider the implications of
stocking with regard to natural stocks of muskellunge and other fishes.
Introduction

Stocking of cultured muskellunge (Esox
masquinongy) has been part of the management of
this species in Wisconsin for nearly a century, with
the first propagation attempts occurring in 1899
(Nevin 1901) The cost of the muskellunge program
during these early years was minimal. Accounts from
state Fish Commission meetings (circa 1900) reveal
the first muskellunge eggs were ordered taken "at a
cost not to exceed $125" (Oehmcke 1949). During the
past century, muskellunge culture in Wisconsin has
improved and grown. In the period 1985-1991,
Wisconsin Department of Natural Resources
(WDNR) hatcheries annually produced an average of
approximately 150,000 large fingerling muskellunge
(> 19.1 cm) with an annual cost of over half a million
dollars.

The impact and need of early stocking efforts was
unknown. Considering the pollution free era, the use
of restrictive regulations may have been adequate to
protect populations from overharvest (Oehmcke
1949). However, some felt muskellunge populations
in Wisconsin were exploited to the point of
extermination in many

lakes, and stocks of muskellunge were reduced to
such an extent that its future had become a matter of
much concern (Nevin 1901). Nevertheless, the
perception that stocking improves fishing was
prevalent during the program's infancy. In a 19011902 Biennial Report (referenced in Oehmcke 1949)
on the Minocqua Hatchery, Superintendent James
Nevin noted "The results of our labors during the
past two years with this noble game fish are now
apparent. Large numbers of small muskellunge
weighing from one to two pounds have been caught
in the waters which we stocked. More small fish of
this species have been taken in these waters this year
than was ever caught before in the same period."
Paralleling this philosophy, anglers also related
stocking with improved fishing, and with time,
social or political pressure to stock sometimes
outweighed the need for stocking (Dombeck et al.
1986).

Fishable populations of muskellunge exist in 728
lakes and over 2575 km (1600 miles) of streams in
Wisconsin (WDNR in review). Stocking occurs in
over 75% of these waters (WDNR in review). Most
stocking supplements
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what is considered insufficient natural reproduction,
while the remainder supports fisheries with no natural
recruitment. The purpose of this paper is to provide a
review of stocking research on muskellunge in
Wisconsin, muskellunge stocking strategies, and pose
questions that may help guide the muskellunge
stocking and research program into the next century.

Economics - Size at Stocking

Cost-effectiveness in muskellunge stocking is defined
as a product that makes the maximum contribution to
the adult population per hatchery dollar spent. From a
simple cost perspective, stocking at the earliest life
stage possible (i.e., either fertilized eggs or fry) results
in the lowest financial investment. However, a costeffective stocking strategy requires more than a low
initial investment. Larger (and older) cultured
muskellunge require a greater initial investment for
rearing costs, but higher survival rates after stocking
could make them more cost-effective.

Early stocking strategies were limited by fish culture
technology and most stocking was done using two to
four-day-old fry hauled to area lakes in 45.5 1 (10
gallon) milk cans (Oehmcke 1949). While fingerling
culture was attempted in the early 1900s it was not
until the 1940s that large numbers of fingerlings were
produced annually (Oehmcke 1949). Most fingerlings
produced during this period were < 12.7 cm
(5 inches) and many fish were stocked at 5.1 cm (2
inches), when pond cropping was initiated. Later
improvements in pond culture (Johnson 1958) made
production of larger fingerlings possible, but still
erratic due to environmental conditions in rearing
ponds (Klingbiel 1986).

Research evaluations of muskellunge stocking began
in the 1970s. Evaluations included stocking of
fertilized eggs, fry, different sized fingerlings, and
yearling age fish.
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Stocking of fry and fertilized eggs have shown
inconsistent results. Two of five egg stockings and
two of six fry stockings resulted in measurable
survival until fall (Hanson et al. 1986). Hanson et al.
(1986) suggested that fry or eggs are often
vulnerable to catastrophic post-stocking mortalities,
which coupled with ongoing daily mortality can
result in too few numbers of fall fingerlings to
produce a year class. Still, egg or fry stocking can
be a viable strategy under the proper environmental
conditions--- In one of the study lakes used by
Hanson et al. (1986) for egg/fry stocking (Patterson
Lake, Washburn County) a self-sustaining
population of muskellunge has resulted from one
year each of egg and fry stocking.

Most muskellunge culture efforts in Wisconsin are
directed toward fingerling production. Hanson et al.
(1986) summarized the results of 68 fingerling
stockings in Wisconsin. This work suggested that, in
general, larger fingerlings survive better than small
fingerlings. However, there were exceptions. Serns
and Andrews (1986) found that stocking of 10.2 cm
(4 inch) fingerlings can contribute to the sport fishery
in lakes with low predator densities and adequate
forage. Hanson et al. (1986) concluded that predicting
the outcome of a given fingerling stocking was
limited due to unknown parameters affecting survival
such as predator abundance, forage availability, and
habitat limitations.

Similarly, cost-effectiveness of fall fingerling
stockings is difficult to predict. Margenau (1992)
found that even though stocking larger fingerlings
may result in higher survival, the additional costs to
rear them to larger sizes does not necessarily
outweigh improved survival. Estimated costs of
rearing fingerling muskellunge ranged from $1.45 for
a 20---1 cm (7.9 inch) fish to $3.05 for a 28.7 cm
(11.3 inch) fish (Margenau 1992).
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Stocking of yearling age muskellunge was conducted
in Wisconsin from 1946 to 1962 but discontinued when
improved rearing techniques produced fall fingerlings
nearly as large as spring yearlings. Evaluations of the
yearling program during this period were limited. Helm
(1960) found 17% and 1.7% of stocked yearlings
returned to the creel in two lakes--- Hoff and Serns
(1986) found stocked yearling muskellunge
significantly more effective at adding fish to the
angler's creel than fingerling stocking in Escanaba
Lake, Wisconsin--- However, Escanaba Lake was
under liberalized regulations (no minimum size limit)
and many muskellunge creeled were harvested before
they reached the legal size limit for most waters during
that time (76.2 cm; 30 inches). A research study
initiated in 1987 was designed to further investigate not
only survival of yearling muskellunge, but to compare
how cost-effective yearling stocking was to the
traditional stocking of large fall fingerlings (Margenau
1992). With estimated production costs of
$2.83/fingerling and $4.66/yearling (1988 US dollars),
yearling stocking was still one to four times more costeffective in three lakes when fish reached 18-months of
age--- Nevertheless, survival of yearling fish after
stocking was lower than expected, especially where
larger resident predators exist. Interestingly,
monitoring the stocked cohorts of fingerlings and
yearlings from 18-months of age to maturity (ages 5-6)
indicated the ratio of fingerlings to yearlings in the
catch remained somewhat consistent. These findings
suggest relative survival from 18-months to the adult
fishery is largely determined for stocked muskellunge
of these sizes by the time they are between one and two
years of age (Margenau unpublished data). Hence, by
the time muskellunge reach 45---7 - 50.8 cm (18-20
inches) in length they are large enough that their
vulnerability to common predators decreases
substantially (i.e., they enter a size refuge).

The concept of stocked muskellunge growing into a
size refuge by the end of their second year suggested
the possibility of rearing muskellunge in predator-free
ponds for a second summer and stocking them as 18month fall yearlings. In April, 1991 a total of 618
spring yearling were transferred into a separate
hatchery pond at the Spooner Hatchery and reared until
fall. A total of 551 (89.2%) fall yearlings were
removed in October for stocking into five lakes. Mean
length and weight of fall yearling was 51.1 cm (20.1
inches) and 724 g. Total cost for fall yearling
muskellunge was $15.15/fish (1991 US dollars).
Preliminary evaluation of relative survival at age five
of fall yearlings vs. spring yearlings in the five lakes
suggested higher survival for fall yearlings, but costeffective comparisons cannot be made until more fish
reach maturity. A concern for the use of fall yearlings
in a stocking program is the necessity to use a pond for
two years. Unlike spring yearlings, which are removed
in April thus allowing ponds to be reused again that
year, fall yearling require a second growing season in a
pond. If fall yearling production is pursued as a
management strategy, transfer of spring yearlings from
a hatchery pond into an outlying pond operated by an
angling club might be a more feasible option.

Post-Stocking Survival

Low survival of stocked muskellunge has been a
problem for all age and size groups. Most of the
mortality occurs shortly after stocking. For
fingerling muskellunge, mortality is generally
attributed to stress associated with stocking, or
predation.
Pond seining, handling, and transport have been
considered a potential mortality factor for cultured
muskellunge. Miles et al. (1974) found that the initial
harvesting of muskellunge from ponds produces the
greatest amount of physiological stress on fish and
that many of these symptoms still persist after several
days.
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Miles et al. (1974) also suggested holding fish in a
salt (NaCl) solution to alleviate some of these
physiological stress symptoms. Cooler temperatures
also can lower stocking mortality. Johnson (1982)
recommended stocking muskellunge later in the fall
when temperatures are < 18.3 C (65° F). Observed
direct mortality of muskellunge resulting from pond
removal has been minimal in Wisconsin using these
guidelines.
Indirect mortality of stocked muskellunge has been
a chronic problem. If fish are in a stressed condition
when released into lakes, their behavior may be
altered such that they become vulnerable to
predators. Hanson and Margenau (1992) used radio
telemetry to determine post-stocking movement and
behavior of fingerling muskellunge. They noticed
that for the first days following stocking, fingerlings
seemed to lack an avoidance behavior when
approached. However, by the end of the tracking
period (30 d) fingerlings were very evasive when
approached. Preferred habitat for stocked fingerlings
was water depths < 3 m (10 feet) where emersed
vegetation such as bulrush (Scirpus spp.) and trunks
and branches of downed trees were located (Hanson
and Margenau 1992).

The use of in-lake holding pens to allow stocked
fingerlings time to recover from stress has been
evaluated. Johnson (1982) held fingerling in
enclosures for 48 hours at a density of one fish/0.046
m2 (0.5 ft 2) but survival was not improved. Johnson's
(1982) study may not have held fish long enough for
handling stress to subside, or at too high a density
where fish were crowded. Margenau (1993) held
fingerlings for four days at a lower density (one fish/
4.6-15.3 m2 (50-165 ft 2)) and also enclosed preferred
inshore habitats such as bulrushes--- Survival of penheld muskellunge several months following stocking
was no different that fingerlings stocked in the
standard fashion (direct release at access sites). It
seemed in Margenau's (1993) study that enclosures
may
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have protected fingerlings from some predators
during the four-day period but also made them more
vulnerable to others such as great blue heron (Ardea
herodias) and river otter (Lutra canadensis).
Scatter-stocking (i.e., dispersing fingerlings along the
shoreline of a lake) has been evaluated in comparison
with the standard direct release at access sites.
Johnson (1982) found no significant difference in
short-term survival using the two methods in six
lakes. Similarly, Margenau and Snow (1984) saw no
apparent advantage of scatter-stocking compared to
direct release based on angler returns in Murphy
Flowage. Two scatter-stockings had returns to the
angler's creel of 0.5% and 1.5% compared to an
average of 2.0% for eight years of direct release
stocking.

Other factors have also been suggested as affecting
post-stocking survival. Insufficient energy reserves to
overwinter can be a potential mortality factor for
stocked muskellunge. Jonas et al. (in press) found a
15% energy loss in fall stocked fingerlings over
winter. In addition, mortality seems to be greater for
smaller individuals in a stocked cohort (Johnson and
Margenau 1993)--- Progeny from different parent
populations may also have differing survival rates
which are expressed genetically--- Margenau and
Hanson (in press) found short-term survival of
Mud/Callahan fingerlings greater than that of Lac
Courte Oreilles fingerlings even though Lac Courte
Oreilles muskellunge had better growth rates.
Introductions using progeny from different
populations may not only result in survival
differences, but genetic introgression with resident
muskellunge may occur and affect fitness of the
entire population.
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The Cross-roads

Pond culture of muskellunge in Wisconsin has reached
a point where production is maximized and the natural
variability in pond production, while still present, has
been reduced to acceptable levels. With the renovation
of the Woodruff Hatchery (completed in 1994) and the
new Spooner Hatchery scheduled to be ready for
production in 1996, rearing muskellunge to meet or
exceed quotas will be possible. The important question
then becomes not how many "can" we raise but how
many and what size "should" we raise--- Research has
demonstrated many of the hatchery products (eggs, fry,
fingerlings, and yearlings) can be cost-effective under
the right environmental conditions. While production
over the past several decades has been geared largely
toward large (> 19.1 cm) fall fingerlings, cultured
muskellunge of other ages can be used for specific
needs--- Hence, managers are charged with
determining which of the hatchery products best suits
the conditions of a given water body.

Muskellunge management will need to redefine its
goals with regards to culture, and determine what role
stocking will play in achieving these goals. There is a
growing concern that some waters are excessively
stocked, or unnecessarily stocked with muskellunge.
These concerns, while still largely unsubstantiated, will
warrant management attention in the future. What
densities of muskellunge do we wish to establish? How
do muskellunge impact other fish populations when
high densities of muskellunge are created through
stocking? Are high densities responsible for reduced
growth rates resulting from stocking in low
productivity waters? What genetic effect does stocking
muskellunge have on the fitness of populations where
natural reproduction still occurs? Finding answers to
questions such as these will help guide the
muskellunge culture program to provide healthy
muskellunge fisheries in the next century.
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Survival of muskellunge (Esox masquinongy) from the egg stage to early fall juvenile was compared
for three modes of origin including natural reproduction, advanced fry stocking, and small fingerling
stocking. Natural reproduction of northern pike (Esox lucius) was also compared with muskellunge.
The egg deposition estimate for northern pike (1,240,300) was over twenty times that of muskellunge
(56,000). Survival of northem pike to fall juvenile, however, was estimated to be zero. In comparison,
natural muskellunge reproduction contributed 33% of the fall juvenile abundance. Differences in
spawning preferences may explain the variability in recruitment. Both strategies of muskellunge
stocking contributed to the fall population with post-stocking survival greatest for fingerlings (38.6%)
and lower for advanced fry (2.94%). The advanced fry stocking accounted for 56% of the fall juvenile
population however. When evaluating survival from the egg stage to fall juvenile, advanced fry were
most successful. Fingerling survival from eggs was lower because of high mortality during culture. We
conclude fry stocking may be a more cost effective strategy where survival is sufficient.
Introduction

The St--- Lawrence River supports an important
muskellunge (Esox masquinongy) fishery centered in
the Thousand Islands region. Evidence suggests a
reduction in angler catch of muskellunge and has
raised concern about the population status (LaPan and
Penney 1991). Proposed mechanisms explaining
muskellunge declines include negative interactions
with northern pike (Esox lucius). Throughout their
range, many muskellunge populations have been
extirpated or are supported wholly or in part by
stocking programs (Dombeck et al. 1986). Managers
of the St. Lawrence River population emphasize the
importance of a self-sustaining population but are
interested in stocking as a tool in population
rehabilitation.

In order to assess the effectiveness of a stocking
program, a direct comparison of stocking strategies and
natural reproduction is required. In addition, the
potential for negative interaction between northern pike
and muskellunge in a shared spawning and nursery
location is of interest. To examine their relative success
we compared natural survival from the time of
spawning to early fall.

Studies of survival from eggs through juveniles exist
for northern pike (Carbine 1944; Franklin and Smith
1963; Forney 1968) in spawning marshes. The studies
used weirs to monitor movements of mature northern
pike to and from spawning marshes and emigration of
juveniles. In the St. Lawrence River, flooded shorelines
are used for northern pike spawning and there is a
consistent use of permanently flooded littoral
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habitats in embayments (Farrell et al. 1996).
Unfortunately, the morphometric features of most
embayments prevent the use of controlling
structures to monitor spawning activities. Other
methods are needed to obtain estimates of esocid
egg density and the subsequent age-0 abundance
necessary to evaluate natural survival.
The objectives of this study were to estimate
survival of wild northern pike and muskellunge from
the egg stage to fall juvenile and compare success of
muskellunge fry and fingerling stocking to natural
with natural reproduction.
Methods
Egg Deposition Estimates

Estimates of natural egg density were made in Rose
Bay, near Cape Vincent, New York, using egg traps
tended weekly during the northern pike and
muskellunge spawning periods
(Fig. 1).

Fig. 1. Geographic location of the study site at
Rose Bay, Cape Vincent, New York.
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Egg traps were constructed of pine boxes (406 mm
x 406 mm x 76 mm) with small (1.6 mm) mesh
nylon stapled to the base and plastic aquanetTM
mesh (6.4 mm) stapled to the top. Two bricks were
secured to each end of a trap with 355.6 mm (14
inch) cable ties. Forty to fifty egg traps were fished
from May 7 to June 20 1994. Eggs were removed
from traps, transported to a laboratory, measured
and individually incubated. Species identities were
determined from egg sizes (Farrell et al. 1996) and
secondarily from yolk sac pigmentation of posthatched larvae (Auer 1982).

Egg retention efficiencies of egg traps were
estimated by seeding five traps with 20 artifically
fertilized muskellunge eggs over a seven-day
period. Egg traps were seeded at an offsite location
with similar habitats and spawning was assumed
not to occur.
An aerial photograph was taken on May 1 from an
elevation of 64 m and used to determine the types
and areas of available spawning habitats in Rose
Bay. Egg traps were randomly set within the
different habitat types. Habitat types delineated from
the aerial photograph were ground-truthed at each
egg trap set. Ground truthing consisted of
determination of vegetation genera and percent
coverage adjacent to each egg trap set. The density
of eggs captured per habitat type and habitat area
were used to generate total northern pike and
muskellunge egg deposition estimates. Egg
abundance was determined by <<<< (polygon area)
(eggs m-2 ) / (trap efficiency) where i = habitat
polygon and t = each time period.
A shallow backwater area could not be sampled with
egg traps and was sampled with standard handnet
hauls inside a 0.61 m2 screen enclosure (Forney
1968). Three handnet hauls were made weekly at
twelve randomly selected locations in the backwater
area on four occasions between May 6 and June 9--Each enclosure site was seeded with 20 northern pike
eggs soaked in red food coloring. The number of red
eggs
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recovered in each haul was used to determine
sampling efficiency at each enclosure site. The egg
density in the enclosure was multiplied by the area
of the backwater habitat and sampling efficiency to
determine total egg deposition.
Culture, Marking and Stocking of Muskellunge

St. Lawrence River strain muskellunge were captured
in trapnets. Eggs were stripped from females and
fertilized with milt from two male fish. The number
of eggs taken was estimated using a volumetric
displacement method. Eggs were incubated in
hatching jars at the Ellis International Laboratory in
Clayton, New York. After hatching, yolk sac fry were
transferred to the New York State Department of
Environmental Conservation (NYDEC) Oneida Lake
Fish Culture Station near Constantia, New York.
Cultured fry were divided into three rearing tanks:
two for advanced fry culture and one for fingerling
culture. Advanced fry were immersed in a bath of 200
mg L- I oxytetracycline (OTC) with buffers for a 6hour duration. A batch of fifty fry were held for four
days following immersion and were preserved in 95%
ethanol. These fish served as controls to evaluate the
success of the OTC marking procedures. On July 10,
2,960 advanced fry, having a mean length of 27---3
mm, were stocked in Rose Bay at a density of 750
fish hat. Fingerling muskellunge (mean length =
67.8 mm (s.d. = 6.9 mm), mean weight = 0.81 g, N =
44) were released on August 12 at a density of 11.25
fish hat. The lower portion of the caudal fin of the
fingerling fish was clipped prior to release.

Survival Evaluation and Determination of Origin

Age-0 esocids were captured between August 8 and
September 16 in a bag seine (18---3 m x
6.4 mm mesh)--- A Schnabel multiple mark-recapture
estimator was used to determine fall age-0 esocid
abundance in Rose Bay. Northern pike and
muskellunge captured were fin-clipped and released.
Recaptures were

recorded during each period and a population
estimate was calculated for September 10.
All non-fingerling origin age-0 muskellunge, captured
in the final sampling period (N = 26), were preserved
in 95% ethanol--- Pairs of lapillae and sagittae bones
were dissected from preserved fish and mounted on
slides in heated permountTM . The otoliths were
individually prepared by thin sectioning on an orbital
sander with 500 grit emery paper--- Both sides of the
sagittae were ground along the mid-saggital plane.
Only one side of the lapillae were ground. The
otoliths were mounted in non-fluorescing oil and
viewed under 400x with transmitted ultraviolet (UV)
light. The transmitted UV light activates the OTC
incorporated into bony tissues of immersed fish
resulting in visible fluorescence indicating their
hatchery origin--- Fish captured without otolith
fluorescence or lower caudal clips were considered
wild fish.

Survival for all modes of origin for muskellunge,
including natural reproduction as well as fry and
fingerling stocking, from the egg stage was used to
make a direct comparison of their contributions to fall
age-0 abundance.
Results and Discussion
Egg Deposition Estimates

Habitat polygons were delineated from the aerial
photograph taken on May 1 (Fig. 2). Available
spawning habitat consisted of patches of the previous
season's submersed macrophyte growth, emergent
vegetation, and bare substrate (Table 1). In the
shallow inshore areas of Rose Bay, much of the
submersed vegetation had been scoured leaving only
the rooted emergent vegetation (i.e., Typha sp. and
Scirpus sp.) and a small patch of Potamogeton sp.
The remaining inshore area was mainly a bare
substrate containing low densities of aquatic
vegetation. Deeper areas of Rose Bay supported
dense mats of submersed vegetation.
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The efficiency of enclosure sampling was estimated
to be 31.7% for northern pike and 39.6% for
muskellunge eggs seeded and recovered in three
handnet sweeps at twelve locations. Northern pike
egg densities averaged 41.4 fish m-2 on May 6 and
42.1 fish m-2 on May 20, and egg deposition was
estimated at 57,000 eggs in the backwater habitat
(Table 3). The total northern pike egg deposition for
Rose Bay was estimated at 1,240,300.

Northern pike spawning was unusually late during
1994. This was likely due to cold water
temperatures. Northern pike demonstrated strong
selection for dense submersed vegetation for
spawning. Nearly all eggs which were collected
were in vegetated areas in the backwater area, a
small inshore vegetation patch, and the large
offshore vegetation patch--- Muskellunge spawning
was sparse and occurred only in shallow habitats.

Fig. 2. Spawning habitat polygons present in Rose
Bay--- Habitats were delineated from aerial
photographs taken on May 1, 1994.
Eggs were sampled with egg traps in the habitat
polygons during seven periods extending from April
18 to June 23. From May 7 to June 5, 125 northern
pike eggs were captured in 13 egg traps (mean = 9.7
eggs, s.d. = 11.2). Between June 4 and June 23,
muskellunge eggs were collected in six traps (mean
= 4.2 eggs,
s.d. = 6.8). The egg trap egg retention efficiency
was estimated to be 91 % for five traps over one
week--- Estimates of total egg deposition, derived
from egg traps, were 1,185,000 for northern pike
and 56,000 for muskellunge (Table 2).
On May 4, it was discovered that northern pike were
crossing through a road culvert and spawning in a
small backwater area. Box enclosure samples were
taken during four periods between May 6 and June 9
resulting in a catch of 198 northern pike eggs--Low water levels may have prevented muskellunge
from spawning in the backwater area. Local
residents did, however, describe observing
muskellunge using the area in previous years.

Table 1. Delineation of available spawning
habitat including aquatic vegetation, type, and
area from an aerial photography of Rose Bay,
New York, on May 1, 1994--Sampling
Polygon

Vegetation Type

Area
(m2)

Al

Deep submergent

1,2,3,4,7,8

15,384

A2

Deep submergent

1,2,3,4,7,8

6,354

B

Shallow submergent

1,4,7,8,10

557

C

Emergent-Submergent

5, 7,10

112

D

Emergent

5,6,7,10

260

E

Emergent

3,5,7,8,10

965

F

Open Substratum

1,2,3,4,5,7,

55,500

8,10
G

Backwater Emergent

12579

* Aquatic Vegetation Species Legend

1. Myriophyllum sp.
3. Lemna sp.
5. Typha latifolia
7. Potamogeton sp.
9. Carex sp.
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Species
Present*

669

2. Ceratophyllum demersum
4. Chara sp.
6. Scirpus sp.,
8. Elodea canadensis
10. Alisma sp.
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Table 2--- Summary of northern pike and muskellunge egg collections with egg traps and total egg
deposition estimates for habitats present in Rose Bay, New York.
Habitat Polygon
Polygon
Area (m z)

No. Egg
Traps

Area (m2)
Sampled

No. Eggs
Collected

Eggs m-2

Estimated No.
Eggs

Al

15,384

24

3.84

59

15.40

1,091,800

A2
B
C
D

6,354
557
112
260

8
18
14
13

1.28
2.88
2.24
2.08

0
53
0
0

0.00
18.04
0.00
0.00

0
67,600
0
0

965
55,500

15
63

2.40
10.08

14
1

5.83
0.99

10,400
14,661

15,384
6,354
557
112
260
965

24
8
18
14
13
15

3.84
1.28
2.88
2.24
2.08
2.40

0
0
2
18
0
1

0.00
0.00
0.69
8.04
0.00
0.42

0
0
1,760
4,620
0
1,660

63

10.08

4

0.40

48,000

Northern Pike

E
F
Muskellunge
Al
A2
B
C
D
E
F

55,500

Table 3. Northern pike egg deposition estimates for
the backwater area in Rose Bay. Estimates were
determined from three consecutive handnet sweeps
in a screened enclosure.
Date
May 6,
1994
May 11,
1994
May 20,
1994
June 9,
1994

No.
Hauls
12

Area No. Eggs
(m2) Collected

m- Estimated
Eggs No. Eggs

4.8

63

12

4.8

0

0.00

0

12

4.8

64

13.30

28,139

4.8

0

12

13.10 27,700

0.00

0

Fall Esocid Abundance, Survival and Origin
Despite the greater spawning effort by northern
pike, estimates of survival to fall juvenile was near
zero. The age-0 northern pike estimates could not be
made because only one individual was captured.
The low northern pike survival could be explained
by their emigration from the bay or use of deeper
habitats beyond the limits of the seining gear. It is
more likely that

differences in spawning preferences of northern pike
and muskellunge affected recruitment due to
environmental conditions. Deepwater spawning by
northern pike may have resulted in high mortality of
fry following swim-up. The contribution of
deepwater spawning by northern pike to year class
formation needs further attention.
Seventy-eight age-0 muskellunge were captured in
54 seine hauls between August 8 and September 16.
Nineteen muskellunge were recaptured one or more
times. On September 10, the age-0 muskellunge
population estimate (95% confidence interval) was
155. Based on the analysis of 26 otoliths extracted
from muskellunge captured on September 16,
natural muskellunge reproduction accounted for
33% of fall age-0 muskellunge. The 2,960 advanced
fry stocking added an estimated 56% to the fall
juvenile abundance; the 44 fingerlings stocked
contributed the remaining 11 %.
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A direct comparison of survival from the egg stage
including stocked fish indicated greatest success for
stocked fry (Fig. 3). A low survival from egg for
stocked fingerlings is explained by high mortality
during culture due to a Columnaris infestation. Poststocking survival, however, was greatest for
fingerlings at 38.6% (95% confidence interval)
compared to 2---9% for advanced fry.

Ll Egg Adundance
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Muskellunge stocking did provide a large
contribution to the fall juvenile abundance.
Fingerling stocking provided the greatest poststocking returns but fry stocking was the most costeffective approach. Since natural reproduction
contributed significantly to the age-0 muskellunge
population we suggest that stocking be used only as
a means of population rehabilitation.
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Muskellunge (Esox masquinongy) are found in a variety of different fish community and habitat
types in Lake of the Woods, but their overall distribution in the lake is sparse. Angling effort for
muskellunge increased dramatically during the 1980s, probably in response to increased publicity
and improvements in lake navigation. The relative importance of musky angling has continued to
increase, despite recent declines in overall angling effort. A reported improvement in musky
angling quality on Lake of the Woods since 1980, both in terms of average size of fish angled and
numbers of fish caught, may be due to reductions in commercial gill netting activity and angling
harvest rates and to increases to minimum size regulations in 1987 (1020 mm) and 1992 (1220
mm). Relatively high harvest rates of large northern pike (Esox lucius) which are vulnerable to
musky angling techniques, declined after a maximum size limit (one fish over 700 mm) for this
species was introduced in 1989.
Introduction

Study Area

The muskellunge (Esox masquinongy) has been a
target species of anglers since sport fishing first
developed on Lake of the Woods in the early
1900s. Today, this fishery attracts anglers from
across the continent with its reputation as one of
the top ten muskellunge waters in the world.

Lake of the Woods covers a total surface area of
384,700 ha. Based on the surface area,
approximately two-thirds of the lake lies within the
province of Ontario. The lake is located in the
northwestern portion of the province where the
boundaries of Ontario, Manitoba and Minnesota
intersect (Fig. 1). The Rainy River which enters the
lake at the extreme southeast corner of the lake
supplies over 70% of the inflow while dams at the
north end control outflow into the Winnipeg River
system.

Restrictions on commercial fishing and increases in
minimum size limits during the last two decades
have had major impacts on muskellunge
populations and their management on Lake of the
Woods. It is the purpose of this paper to review the
current status of this fishery and to identify some
recent trends which have emerged in response to
management actions.

Overall, Lake of the Woods is a relatively
shallow, mesotrophic lake having a
morphoedaphic index (Ryder 1965) of 10.5,
derived from a mean depth of 7---9 m and 83 mg
L- t total dissolved solids (TDS). However, these
same values can range from 3.8-13.3 (MEI), 4.913.1 m (mean depth) and 45-138 mg L-1 (TDS) at
different basins around
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Fig. 1. Location of Ontario sectors on Lake of the Woods.
the lake. Based on observed differences in lake
morphometry, water chemistry, fish community, and
resource user patterns, the Ontario portion of Lake of
the Woods has been arbitrarily divided into six
separate sectors for fisheries assessment purposes.

Materials and Methods

Information on angling effort, harvest, and catch
rates were obtained from both lake-wide and sectorspecific creel surveys which were conducted on
Lake of the Woods, Ontario, during 1983-94.
Surveys followed a roving non-uniform probability
sampling design (Malvestuto et al. 1978) and
extended from the
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third Saturday in May until the end of September in
each year--- In 1988, a co-operative musky angler
diary survey, involving local tourist lodges, provided
detailed catch information for both muskellunge and
northern pike (Esox lucius) including fish size,
capture and harvest rates. Additional data on sizes of
muskellunge reportedly caught by Lake of the Woods
anglers were obtained from the published annual
records of Muskies Inc. for 1982 and 1987, and from
a diary survey of Minnesota resident musky anglers
conducted by the Minnesota Department of Natural
Resources during 1986-89 (Younk and Cook 1992).
Muskellunge ages were interpreted from cleithra
(Casselman 1979) which had been extracted from fish
caught by anglers.

Recent Trends in the Lake of the Woods Muskellunge Fishery

Current Status

Muskellunge are native to Lake of the Woods and are
found in a variety of the different habitat and fish
community types from oligotrophic basins, such as
Whitefish Bay, through to the highly productive
shallow waters of Sabaskong Bay--- However,
muskies tend to be rare in the open areas of Big
Traverse Bay at the south end of the lake--- Overall,
populations are localized and their distribution is
sparse. For example, only ten muskellunge were
caught in a total of 1,391 index gill net lifts during
annual fish community sampling throughout Lake of
the Woods from 1962 to 1991--- In contrast, 4,916
northern pike were taken in the same nets. Individuals
or small groups of fish have often been observed
during the summer within relatively small areas of the
lake, often in the vicinity of sites with a water current,
such as narrows or channels between islands (V.
Macins, pers. comm.). Many of the traditional angling
locations which are frequented by musky fishermen
consistently produce fish from year to year.

Long time anglers and guides have reported a steady
improvement in muskellunge angling on the Ontario
waters of Lake of the Woods, both in the number and
size of fish caught, since the early 1980s (D--Johnson, pers. comm.). This trend has followed a
reduction in commercial gill netting activity,
especially in the north and central portions of the lake
(sectors 1 and 2 respectively), beginning with the
introduction of walleye (Stizostedion vitreum vitreum)
quotas in 1978 and quotas on other commercial
species in 1984. Subsequent buy-outs of over 15
licenses by the Ministry of Natural Resources during
the last decade have left about 28 commercial
fisheries, located primarily in the southern sectors (5
and 6) of the lake. Muskellunge have not been part of
the commercial catch on the lake since the early
1900s, however, fish are caught incidentally in gill
nets set for other

species. A recent decline in muskellunge abundance
has been observed by anglers in the Shoal Lake
Narrows-Labyrinth Bay area of Shoal Lake although
commercial gill netting on this lake has been banned
since 1983 in an attempt to foster recovery of the
overexploited walleye population (Roos et al. 1984)-- A decrease in the number of muskies caught and/or
reportedly seen has corresponded with observed
changes in fish community structure, especially an
increase in northern pike and smallmouth bass
(Micropterus dolomieu) abundance, following the
decline in walleye.

Growth and Maturity

Mean total lengths-at-age for Lake of the Woods
muskellunge, older than age seven, are similar to
calculated average values (Fig. 2) for this species
(Casselman and Crossman 1986). Growth of younger
fish appears to be slower although this may reflect the
limited number of samples. All male and female
muskellunge, aged four years and older, were found
to be mature. Muskellunge are reported to reach
sexual maturity at between three to five years of age
(Scott and Crossman 1973).

1400
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Total Length (mm)

Results and Discussion
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--x-- North America
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19

Fig. 2. Mean length-at-age of Lake of the Woods
muskellunge compared with the North American
average (Casselman and Crossman 1986).
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Angling Effort

Angling effort for muskellunge followed general
trends in overall fishing effort on Lake of the Woods
during the last decade, although it has not varied as
dramatically (Fig. 3). Musky angling effort more than
doubled from estimates of 43,600 angler-hrs in 1983
to 96,950 angler-hrs in 1986 and 85,000 angler-hrs in
1987. This change likely occurred in response to
increased publicity of the trophy musky angling
available in northwestern Ontario lakes, notably
Eagle, Wabigoon, and Lake of the Woods, during the
early 1980s. Also, the publication of the Canadian
Hydrographic Series lake charts for Lake of the
Woods in 1979 increased public awareness of the lake
and made it more accessible to visiting anglers.
Angling effort for muskellunge declined to about
41,000 angler-hrs in 1992 but increased to over
74,400 angler-hrs by 1993. A significant decline in the
total angling effort for all species between 1986-87
and 1992-93 has been attributed to the effects of
unusually poor summer weather and to weak
economic conditions associated with a recent
recession in local tourism.

Musky angling effort followed a similar pattern on
most sectors during 1983-93 (Fig. 4), with

Sector 1

----

Sector 2

--+--

Sector 3

--*--

Sector 4

--[]--

Sector 5

--x--

Sector 6

--v--

Total

--^--

Year

Fig. 4. Comparison of muskellunge angling effort
(angler-hrs) by sector, 1983-94, on Lake of the
Woods, Ontario.

the exception of Sectors 2 and 6 where effort did not
decrease in 1992 and Sector 5 where effort did not
recover after 1992. Although its importance has
declined relative to other sectors, Sector 4 (Sabaskong
Bay) has traditionally been the most popular musky
fishing area on the lake. Musky angling effort in this
sector ranged from 7,400 to 38,500 angler-hrs year -1
and between 0.4-2.1 angler-hrs ha -1 yr 1 during 198393. Sector 6 (North West Angle) and Sector 3
(Whitefish Bay) ranked close behind in 1993. Our
survey results are underestimates of actual effort as
they do not cover a small but growing portion of
annual musky angling activity which occurs in the fall
between the end of September and freeze-up (midNovember).

1000)

[] Musky
lll All Species

Fig. 3. Comparison of muskellunge angling effort
(angler-hrs) and total angling effort, 1983-93, on
Lake of the Woods, Ontario.
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The relative importance of musky angling, as part of
the total open-water angling effort on Lake of the
Woods, increased from 5.2% of all angling effort in
1983 to 9.6% in 1993 (Fig--- 5a, 5b). Inclement
weather and the economic recession appear to have
had less impact on deterring musky anglers than
other fishermen during 1992 and 1993. Musky
angling effort increased in all areas, especially in
Sectors 1, 3, and 6 where its percentage
representation more than tripled during the decade
(Fig. 5b). Angling for muskellunge accounted for
13.3%,
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-+- Sector 2
-[]- Sector 4
-x- Sector 5
-^- All
Sectors

--- Sector 1
-*- Sector 3
-o- Secotr 6
-^- All
Sectors

Fig. 5a. Relative percentage of total effort (anglerhrs) attributed to muskellunge anglers on sectors 2, 4
and 5 of Lake of the Woods, Ontario, 1983-94---

Fig--- 5b--- Relative percentage of total effort
(angler-hrs) attributed to muskellunge anglers,
1983-94, on sectors 1, 3 and 6 of Lake of the
Woods, Ontario.

11.5%, and 13.5% of all open-water angling
effort during 1993 in Sectors 3, 4, and 6,
respectively--- It further increased to 26% in
Sector 6 during 1994.

representation declined from 83.8% in 1983 to 74%
in 1993 (Fig--- 6).

Angler Composition

Changes in angler composition, in terms of
residency and base of operations, occurred during
the study period--- While non-residents (NR) of
Canada, primarily from the mid-western United
States who were guests at Ontario tourist resorts
continued to account for the majority of musky
anglers, their overall

Slight declines were also observed in participation by
non-resident campers and cottagers. Musky angling
activity by Ontario residents increased, particularly
in Sector 1 which lies closest to Kenora. The
percentage of non-residents who used a Minnesota
base of operations, but fished in Ontario waters, also
increased from 4.6% in 1983 to 13% in 1993.
Although overall effort in Ontario waters by
Minnesota-based anglers has decreased in

1983

1993

NR resort
Ont. resident 0.8
Nres. cottager 3.9
Minn.-based 4.8
13
Fig--- 6. Percent residency and base of operations of muskellunge anglers interviewed on Lake of the
Woods, Ontario.
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recent years, quality musky fishing opportunities in
the Ontario sectors of Lake of the Woods continue
to attract increasing numbers of Minnesota-based
musky fishermen. The largest increase in angling by
this group occurred in Sectors 2 and 6 which are
adjacent to Minnesota resorts in the North West
Angle.
Angling Success Rates

Annual angling success rates (catch-per-unit effort
(CUE) expressed as fish caught per angler hr-1) for
Lake of the Woods muskellunge, based on both kept
and released fish, ranged from 0.014 to 0.028 in lakewide creel surveys and was 0.057 in the 1988 angler
diary survey (Table 1). Trends in CUE were not
observed, as catch rates varied by season, by year, and
by lake sector. Angling success in Sabaskong Bay
(Sector 4) averaged 0---031 and ranged from 0.016 to
0.046 during 1983-93. These rates are low when
compared to CUE estimates of 0.03-0.07 for the
Kawartha Lakes (Deacon 1996), 0.065 from Muskies
Canada Inc. angler log information (Kerr 1996), and
0.073 and 0.078 respectively for nearby Kakagi and
Kishkutena lakes.

Changes in Minimum Size Limits

Minimum size regulations for muskellunge were
increased from 711 mm (28 inches) to 1020 mm (40
inches) total length in 1987 for Lake of the Woods and
other selected waters throughout Ontario. Daily bag
limits were reduced to one fish per day, with a
personal possession limit of two fish. Minimum size
regulations were further increased to 1220 mm (48
inches) total length in 1992 for Lake of the Woods and
other nearby trophy waters--- Length frequency
comparisons of muskellunge reportedly caught by
Lake of the Woods anglers, before and after
introduction of the 1020 mm minimum size limit
(Figs. 7 & 8), suggest that the average size of fish had
increased. Total lengths of fish in the angling catch
averaged 917 mm (36.1 in) during 1983-86, 973 mm
(38.3 in) in 1987, and 990 mm (39 in) during 1988-89.
The percentage of fish greater than or equal to 1020
mm also increased, from 27.4% during 1982-86 to
39.5% in 1987 and 50.5% in 1988-89. As these
comparisons rely entirely on data collected by anglers
themselves, we were unable to verify if, in fact, the
1020 mm minimum size limit has increased numbers
of large fish available to anglers or if these results
reflect an angler bias to report only fish larger than the
40 in

Table 1. Comparison of estimated musky angling
effort, catches, harvest rates, and CUE (no.
fish/angler-hr) from Lake of the Woods, Ontario,
1983-93. All estimates are from lake-wide creel
surveys with the exception of 1988 which is based on
an angler diary survey.
Effort

Catch Harvest

%

CUE

Year (angler-hrs) (# fish) (# fish) Kept (# fish/hr)
1983

43,642

1222

133

10.9

0.028

1986

96,950

1309

474

36.2

0.014

Total length (mm)

1987

85,017

1148

155

13.5

0.014

[] 1982-86

1988

4,667

266

21

7.9

0.057

1992

40,929

1016

15

1.5

0.025

1993

74,441

1202

25

2.1

0.016

Fig. 7. Length comparison of muskellunge catches
during 1982-86 and 1987, Lake of the Woods,
Ontario--- Values include both released and harvested
fish.
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Fig. 8. Length comparison of muskellunge angling
catches during 1987 and 1988-89, Lake of the
Woods, Ontario--- Values include both released and
harvested fish---

minimum size limit. While data to evaluate the
impacts of the 1220 mm minimum size limit are
currently being collected, long-time musky anglers
and guides on Lake of the Woods have observed a
trend to larger average size and increased numbers of
fish in the 762-1320 mm (30-52 inch) size range in
recent angling catches (C--- Bell, pers. comm.).
The percentage of muskellunge harvested by
anglers during creel surveys decreased, following
successive increases in the minimum size limit
(Table 1). Harvest rates of 10.9% in 1983 and
36.2% in 1986 declined to around 13.5% and 7.9%
in 1987 and 1988 after introduction of the 40 in
minimum size limit. Harvest rates further declined
to 1.5% and 2% in 1992 and 1993, respectively,
following the 1992 increase in minimum size to 48
in. Declines in harvest rates can also be attributed
to greater support for a catch-and-release ethic
among anglers.

Northern pike

Northern pike, caught incidentally by musky
anglers on Lake of the Woods during the 1988
angler diary survey, were found to be

Fig. 9. Length comparison of northern pike caught by
musky anglers and northern pike anglers during a
1988 angler diary creel on Lake of the Woods,
Ontario. Values include both harvested and released
fish.

significantly larger than northern pike taken by
other anglers targeting that species (Fig. 9).
Northern pike caught by fishermen seeking that
species averaged 608 mm total length and 1.8 kg in
weight while northern pike taken by musky anglers
averaged 783 mm and 3.4 kg in weight. The largesized baits and tactics used to catch muskellunge
would appear to be more effective for large northern
pike than conventional methods. However, northern
pike catch rates by musky anglers (0.014-0.119)
were considerably lower than the CUE (0.1680.250) for northern pike caught by other anglers .

A high percentage of northern pike caught by
musky anglers, prior to 1989, were harvested.
Harvest rates of between 41---1 % and 84.2% were
observed during surveys in 1983-88 (Table 2).
These rates declined to 25% in 1992 and 11 % in
1993, likely in response to an increased acceptance
of the catch-and-release ethic for species other than
muskellunge and the introduction of a maximum
size limit for northern pike in 1989. This regulation
allows for possession of only one northern pike
larger than 700 mm total length (27.5 inches) in a
six fish per day catch limit. Removal of large
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northern pike by muskellunge anglers, as reflected by
high harvest rates in the 1980s, should not be
surprising as this species has been viewed as an
undesirable competitor with muskellunge for many
years (Graff 1986; Inskip 1986). Young-of-the-year
(YOY) northern pike are reported to be a natural
predator of YOY muskellunge (Inskip 1986) and
high northern pike densities can restrict survival of
stocked muskellunge in Wisconsin lakes (Margenau
1996). Data from this study suggest that some form
of maximum size limit is required to maintain quality
northern pike fisheries, especially where angling for
muskellunge also occurs.

Table 2. Comparison of estimated northern pike
catch, harvest rates, and CUE (no--- fish caught hr-)
by musky anglers from Lake of the Woods,
Ontario, 1983-93. All data is from lake-wide creel
surveys with the exception of 1988 which is based
on an angler diary survey.

Year

Effort
Catch Harvest
CUE (no.
Kept
(angler-his) (# fish) (# fish)
fish/hr)

1983

43,642

5214

2144 41.1

0.119

1986

96,950

3903

3285 84.2

0.040

1987

85,017

5454

3231 59.2

0.064

1988

4,021

86

42 48.8

0.021

1992

40,929

2374

593 25.0

0.058

1993

74,441

1042

115 11.0

0.014
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The Lac Seul Trophy Muskellunge
Fishery
Paul MacMahon
Science & Technology Transfer Unit
Ontario Ministry of Natural Resources
R. R. #1 Thunder Bay, Ontario
P7C 4T9
In recent years, Lac Seul, in northwestern Ontario, has been the site of a fast growing trophy fishery
for muskellunge (Esox masquinongy). Concern about the sustainability-of this fishery prompted a
catch-and-release regulation to protect the fishery while studies were initiated to investigate the
status of the muskellunge population. Preliminary data indicates angler catch-per-unit-effort (CUE)
declined by more than 50 percent in a three year period. Compared to other trophy musky
populations, the fish are fast growing with a high theoretical maximum length. There is a possibility
that despite the catch-and-release regulation, the trophy fishery may not be sustainable at recent
levels of angling effort.
Introduction

Recently, Lac Seul muskellunge (Esox
masquinongy) have generated a great deal of
interest among anglers and resource managers. The
following is an account of the "birth" of the
muskellunge fishery and the publicity that
followed, a summary of efforts to protect and
manage this trophy fishery, and a preliminary
review of data collected during recent field studies
conducted to assess the status of the muskellunge
population.
Lac Seul

Lac Seul is a large crescent shaped reservoir
located in northwestern Ontario (Fig. 1). It was
flooded in 1935 to provide greater water storage
capacity for several hydro generation stations
located further down the English River System.
Water levels typically vary 2-3 m annually. They
are lowest in the early spring, generally rise
throughout the open-water season, peak just prior
to freeze-up, and are drawn down during

3.6 kg of fish ha t yr t (Table 1). Lac Seul has a high
shoreline development factor (36), and numerous
shoals, and consequently, a relatively large and
varied littoral area. The fish, community consists
primarily of esocids, percids, coregonids,
centrarchids, catostomids, and cyprinids. Rainbow
smelt (Osmerus mordax) began colonizing Lac Setil
about 1991.
Table 1. Physical and chemical characteristics of
Lac Seul, Ontario.
Area
145,000 ha
Maximum depth

47.2 m

Mean depth

7.1 m

Total dissolved solids

60.0 mgl-1

Morphoedaphic index

8.54

(MEI)
Secchi disk depth
Reservoir
characteristics

0.7 - 2.9 m
water levels fluctuates
2 - 3 m annually

the winter months. The lake is moderately
productive with a morphoedaphic index (MEI) of
8.54 and an estimated allowable yield of
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The Sport Fishery

Lac Seul supports a large sport fishery with over 40
main base lodges and more than 12 outpost camps.
Tourists account for approximately 85 percent of the
total angling effort. The majority of of tourist anglers
reside in the American Midwest. A 1992 roving creel
survey indicated that the fishery is mainly for walleye
(Stizostedion vitreum vitreum) and northern pike
(Esox lucius) (Fig. 2). Although small in comparison
to the walleye or pike fisheries, the muskellunge
fishery has grown tremendously in recent years. The
majority of the muskellunge fishery is concentrated in
a 10,000 hectare area of Lac Seul (see Fig. 1,
LUMNAR study area). LUMNAR is the project name
for a cooperative three year study by Lakehead
University (Thunder Bay, Ontario)
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History of the Muskellunge Fishery

Muskellunge have always been present in Lac Seul,
but until recently they were very lightly exploited.
Roving creel surveys in 1985 and 1986 estimate
anglers spent only 36 and 551 hours, respectively,
targeting muskellunge (Fig. 3). Local OMNR staff
observed very few muskellunge anglers during most
of the 1980s and felt that the majority of muskellunge
were caught incidentally by walleye and northern
pike anglers. Recent reports suggest there was a small
fraternity of avid muskellunge anglers exploiting Lac
Seul during this period. These anglers apparently
found the muskellunge to be quite large and relatively
easy to catch. By the late 1980s their "secret" started
to become
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Effort (angler-hrs x 1000)
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Fig. 2 . Total estimated angling effort directed at four
fish species by anglers fishing Lac Seul during the
1 9 9 2 open water season (May 17-September 30).
Effort is measured as the number of hours anglers
spent fishing for a specific fish species. Estimates
were calculated from data collected during a roving
creel survey using CREESYS (Version 3.3) software
(Lester and Trippel 1 9 8 5 )

Year

Fig. 3. Total estimated angling effort directed at
muskellunge by anglers fishing Lac Seul during the
1 9 8 5 , 1 9 8 6 and 1 9 9 2 open water seasons.
Effort is measured as the number of hours that
anglers spent fishing specifically for muskellunge.
Estimates were calculated from data collected during
a roving creel survey using CREESYS (Version 3.3)
software (Lester and Trippel 1 9 8 5 ) .

common knowledge among the American midwest
muskellunge angling community. While these
circumstances surrounding the early growth of the
fishery are unconfirmed, it is clear Lac Seul quickly
became very popular among muskellunge anglers.
OMNR enforcement staff observed a dramatic
increase in musky angling on the lake from 198991 (F. Cole, pers. comm.). Creel survey results
estimate muskellunge angler effort was 11,788
hours in 1992. This represents a dramatic increase
in effort from the mid-1980s. Following
discussions with several anglers and taxidermists in
the American midwest, it became apparent that
many muskellunge 127-145 cm (50-57 inches)
were being harvested.

perhaps the last remaining bastion of super fish on
the Canadian Shield." During the same period, the
Sioux Lookout district office was inundated with
inquires from sport anglers, professional sportsmen,
and a variety of media and commercial interests
seeking information on the fishery and how to
access it. Staff felt the publicity would lead to an
unprecedented level of angling pressure and the
muskellunge regulations in place at that time (a
minimum size limit of 86 cm (34 in), a daily caught
limit of 1, and a possession limit of 2) would be
inadequate to protect the fishery. A similar set of
circumstances led to the rapid decline of the
Wabigoon Lake, Ontario, muskellunge fishery a
decade earlier (Sein 1991) and local managers did
not want this situation to be repeated at Lac Seul.

Reports of large, easily caught muskellunge
combined with the fast growing popularity of the
fishery, resulted in a tremendous amount of media
attention during the winter of 1991-92. Several
magazines (e.g., In Fisherman and Musky Hunter)
published articles and television stations aired
programs (In-Fisherman and Simply Fishin') that
touted Lac Seul as "...

Coincidently, the Lac Seul Management Plan was
under review and the public consultation phase was
about to begin. District staff took advantage of the
opportunity and sought public comments on a
proposal to reduce the muskellunge daily catch and
possession limit to zero (catch-and-release fishing
only), beginning in the spring of 1992. The
regulation change
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was intended as a temporary measure during which
the muskellunge population, for which no
information was available, could be studied and a
management strategy developed and implemented.
The angling public and lodge owners supported the
proposed regulation change which came into effect
in the spring of 1992.

1992 diary returns represented a fairly high
percentage of the total creel effort and CUES
were essentially the same.
Table 2. Muskellunge angler effort catch and
CUE data for the LUMNAR study area of Lac
Seul, 1992-94.

Recent Muskellunge Studies

In 1992 MNR implemented a three year muskellunge
angler diary program. The - following spring, a three
year study, known as LUMNAR; was initiated to.
examine the population and make recommendations
on. how to manage for a high quality trophy fishery.
.
Angler diaries were distributed to muskellunge
anglers by four tourist outfitters and .. documented
theanglers fishing efforts and success during fishing
trips that typically lasted one week. Muskellunge
angler diary program,.: data are summarized in Table
2. Included for comparison are the 1992 roving creel
survey ; , effort and catch and harvest data that
pertains to the LUMNAR study area. The roving
creel data indicates. that over 70% of the
muskellunge angling effort on Lac Seul (8393 hours)
occurred in the study area. That is equivalent. to 0.8
hours of effort hat. In Sabiskong Bay, the area of
Lake of the Woods that attracts .the greatest number
of muskellunge anglers, angling effort ranged from
0.8 - 2.1 angler-hrs ha- t (T. Mosindy, pers. comm.).

In the first year of the diary program, 51 anglers
completed and returned diaries. The diaries
documented 3862 hours of effort, or 46 % of the
total effort estimated by the creel survey. Mean
catch-per-unit-effort (CUE) was 0.025 and 0.023 for
diary anglers and creel survey anglers, respectively.
With any voluntary angler diary program there is
always a concern that the diary information may be
biased. I believe, however, that this was not a
problem in the study as the
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Year
1992 .
(roving creel)
1992
(angler diary)
1993
(angler diary)
1994
(angler diary)

Effort
Catch
(Angler hrs) (# fish)
8393

197

CUE (# fish
Per angler
hr/#angler
hrs per fish)
0.023/43

0.014/73

Mean diary CUE declined from 0.025: to 0.011during the three years of the program. It is unclear if
this precipitous decline is indicative, of a reduction
in muskellunge, abundance; or due to other factors.,
Stanley (1989). found angling success improved
with experience. This would not explain the decline
in CUE as angler experience increased during the
program. Diary anglers had a mean of 2.3 and 3.5
seasons previous experience fishing Lac Seul in
1993 and 1994, respectively.. Alternatively, the
:
decline in CUE may have been due to increased
wariness by muskellunge Beukema (1970). studied
hook-avoidance of northernpike, a closely related
species, angled by hook and line using spinners and
live fish as bait. He found once pike were caught
with a spinner it took significantly longer to catch
them a second or third time. He concluded, pike
were quick to. learn to avoid an artificial lure (diary
anglers only reported using artificial baits): Radio
tagged muskellunge in the St. Lawrence River were
very successful at avoiding trapnets after initial
capture (S. LaPan, pers. comm.). Perhaps the
proportion of previously caught fish in the
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population increased throughout the study,
making them less susceptible to recapture.

160
140

Angling quality on Lac Seul was similar to other
trophy muskellunge fisheries. Mean CUE varied
from 0.016 to 0.025 on Lake of the Woods
between 1986 and 1989 (Mosindy 1996). During
the same period, CUE averaged 0.018 on Eagle
Lake, Ontario (J. Younk, unpub. data). A creel
survey of the Wolfe and Howe Island areas of
the St. Lawrence River indicate CUE averaged
0.021 in the fall of 1990 (MacMahon 1991).

The size distribution of fish caught (Fig. 4)
ranged from 70 to 145 cm (28-57 inches) total
length.. Mean length varied little among years
and averaged 106 cm. However, the size
distribution of fish changed .considerably. In
1992 and 1993; over 80% of the recorded catch
was between' 90 and 130 cm total length. In
contrast, only 58% of the 1994 catch was within
the same size range.
The LUMNAR field program included
telemetry studies to locate spawning areas,
location and characterization of nursery areas,
and efforts to capture and sample muskellunge

1 0 1 9 9 4 0 1 9 9 3 [ ] 19 9 2

67.5 72.5 77.5 62 5 67 5 92 5 97.S 102 5107.5112.5117.5122.5 127 5 132.5 137.5 142.5 147 5
Total Length (cm)

Fig. 4. Total length of muskellunge reported
caught by Lac Seul angler diary participatns,
1992-94. 1992, 1993 and 1994 data are
represented by the white, grey and black bars,
respectively. Sample size (n) and mean total
length (x) for each year are also presented.
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Fig. 5. Back-calculated mean total length at age
and growth rate for 26 muskellunge from Lac
Seul. The 95% confidence interval (dotted
lines) about the average estimated length
(closed circle) is illustrated for ages with six or
more individuals. The non Bertlanffy growth
equation for estimated average length is given
and the curve (solid line) is illustrated for the
range of ages used in the calculation.
of all sizes using dipnets, trapnets and sport
fishing gear.
Some preliminary growth' data obtained from
calcified tissues recovered from muskellunge
caught and sampled during the first two years of
the study and from cleithra catalogued in the
Cleithrum Project (Casselman and Crossman
1986) are available. A non Bertalanffy growth
curve and equation for muskellunge age 1-18 is
presented in Fig. 5. The growth curve was
constructed from back- calculated lengths that
were corrected for age at annulus formation. For
a description of this technique see Casselman and
Crossman (1986). Mean total lengths were
calculated for age-classes with six or more
samples Age interpretations were conducted on
12 scale samples that exhibited no resorption or
erosion and on 16 cleithra from fish age 13-18
years (for amore technical explanation see
Casselman and Robinson 1986). The growth
curve indicates Lac Seul fish grow relatively fast
and with little variation. The theoretical
maximum length (L) is quite large at 146 cm.
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A comparison of growth among several Ontario
trophy muskellunge populations and the North
American average reported by Casselman and
Crossman (1986) indicates growth of younger fish
are similar among trophy-producing water bodies
(Fig. 6). However, between ages 9-11 Lac Seul fish
begin to grow more quickly than the other
populations and reach a greater maximum length.

Conclusion

The LUMNAR study is presently in its final year of
data collection. The zero possession limit will remain
in place for at least one more season while the data
are analysed and a muskellunge management strategy
is developed and implemented. There has been
overwhelming support from the muskellunge angling
public for the zero possession limit and many anglers
have requested that OMNR make the regulation
permanent. Others anglers have encouraged OMNR
to implement a very large minimum size limit, in the
range of 137.2 - 147.3 cm (54 - 58 inches).
Regardless of their suggestions for regulations,
virtually all anglers

felt very strongly that it is important to protect the
trophy potential of this unique fishery. However,
possession limits and size limits may not be enough to
ensure the trophy status of this fishery.

The fast growth of the larger fish suggests the
muskellunge population may be small. If this is true,
there is the potential at high levels of effort for a
relatively large proportion of the population to be
caught and released in a given year. We know some
muskellunge die following catch-and-release angling.
Beggs et al. (1980), for example, observed a 30%
angling mortality of muskellunge 61 to 92 cm total
length following handling and release. It is generally
accepted that larger fish take longer to "play" and
release, have greater potential to be injured during
handling, and are often held out of the water while
photographs are taken. These activities can contribute
significantly to post-release mortality rates.
Accordingly, it is highly probable that despite the
catch-and-release regulation, the boom in the fishery
has led to an increase in total mortality of
muskellunge.

The data presented in this report are preliminary and
further analysis is under way. However, the data raise
some concern about the maintenance of this trophy
muskellunge fishery. More information is required to
determine if the observed decline in CUE is due to a
reduction in muskellunge abundance or to some other
factors, and if the trophy fishery is sustainable at
recent levels of effort.
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diamonds; Casselman and Crossman 1986).
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Muskellunge in Georgian Bay and the North
Channel
Arunas P. Liskauskas
Lake Huron Management Unit Ontario
Ministry of Natural Resources
611 Ninth Avenue
East Owen Sound, Ontario
N4K 3E4
The waters of Georgian Bay and the North Channel of Lake Huron represent one of the most substantial
areas that support muskellunge (Esox masquinongy) populations in North America. In spite of the
importance of this area to muskellunge, very little information is available on the current status of many
of these muskellunge populations. Recent initiatives aimed at compiling and summarizing existing
information on muskellunge in Georgian Bay have been undertaken (e.g., Muskies Canada Inc. fishing
logs, the Cleithrum Project). In addition to these information sources, numerous unpublished Ontario
Ministry of Natural Resources (OMNR) reports contain information on muskellunge populations which
have not been consolidated into one document. A review of this information shows that several studies
are available that document the distribution of muskellunge spawning and nursery areas for a very
limited portion of Georgian Bay and the North Channel. Most of the remaining information is in the
form of incidental catches from index trapnetting and creel surveys. For most areas of Georgian Bay and
the North Channel, the existing information is not adequate to make any meaningful assessments of
muskellunge populations. The ability to make effective management decisions on this important
resource in the future requires a more substantial and coordinated effort at data collection.
Introduction

The waters of Georgian Bay and the North Channel
of Lake Huron comprise a vast area with diverse
habitats that support numerous muskellunge (Esox
masquinongy) populations. The abundance of
islands, submerged reefs, deepwater refuges, and
shallow productive embayments and river deltas
provide the habitat diversity required by this
species. The fact that these waters account for a
majority of the record muskellunge reportedly
caught in the province, including the current line
class record of 29.5 kg (65 lbs.), attests to the
productive potential of the area.

Thus, it is ironic that available information on
muskellunge populations in most of Georgian

Bay and the North Channel is scarce. This is not to
suggest that the interest in this species has waned.
In fact, a number of user groups, prominent among
them being Muskies Canada, have raised concerns
over the sustainability of these trophy 'musky'
waters in light of increasing pressure from anglers
as well as habitat alterations associated with
commercial and recreational shoreline
development. In response to these concerns, a
number of recent initiatives have provided some
much needed information to the existing
muskellunge data base.

The Ontario Ministry of Natural Resources
(OMNR) has recently summarized angler log
data that has been collected and maintained by
Muskies Canada (Kerr 1996). Most of the
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information from Georgian Bay comes from the
Severn Sound area. Another important muskellunge
data base has been compiled through the the
Cleithrum Project initiated by the OMNR and Royal
Ontario Museum in 1979 (Casselman and Crossman
1986; Crossman and Casselman 1996). This effort
has provided biological data from trophy
muskellunge, some of which originated from
Georgian Bay and the North Channel. Additional
muskellunge information exists in a limited number
of published and unpublished OMNR reports.
There has long been a need to consolidate all the
available muskellunge information on Georgian Bay
and the North Channel. A Georgian Bay
muskellunge working group was established in 1989
to address management issues affecting musky
populations. Unfortunately, the group disbanded and
did not identify and compile the available
information on muskellunge populations in
Georgian Bay. It did, however, provide the
framework for the current effort to assemble and
document additional information on muskellunge
populations from Georgian Bay and the North
Channel that supplements the previously mentioned
data bases.

Fig. 1. Areas of Georgian Bay and the North
Channel of Lake Huron for which muskellunge
surveys are cited in this paper.

Background

(a) Severn Sound

The area covered by this paper is large and diverse
and encompasses many OMNR administrative
jurisdictions (Fig. 1). This explains in part the
reason why much of the available information is
scattered or found in unpublished internal reports.
Fish population assessment surveys directed
specifically at muskellunge are few and much of the
remaining information is in the form of incidental
catch records from index trapnetting and creel
surveys directed at other species. The following
information will be presented on a geographical
basis starting with southern Georgian Bay, namely
the Severn Sound area where the largest amount of
data exists, and then proceeding

Severn Sound is located in the extreme southeastern
portion of Georgian Bay. The area is renowned for
its trophy muskellunge potential and provides
critical spawning and nursery habitat. Severn Sound
has been identified by the International Joint
Commission as one of the "Areas of Concern" in the
Great Lakes due to water pollution problems (Severn
Sound Remdial Action Plan (SSRAP) 1988). As a
result, a number of fish community and habitat
surveys have been conducted (SSRAP 1993a). These
surveys have provided some additional information
on the muskellunge populations in the Severn Sound
Area.
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along the eastern shore of Georgian Bay and finally
on to the North Channel where the least amount of
muskellunge information is available.
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Trapnet Surveys

The diverse fish community of the Severn Sound area
has been monitored by a spring index trapnetting
survey that has been ongoing since 1975 (SSRAP,
1993b). These surveys have been monitoring the
changes in relative proportions of the fish community
represented by predator, benthic and panfish species
as described by Reckahn and Thurston (1991). This
survey has not targeted muskellunge specifically and
therefore provides only incidental catch accounts of
muskellunge which may not accurately reflect their
relative abundance. Incidental trapnet catches of
muskellunge have ranged from 0 to 18 fish per year
(Fig. 2). It is difficult to discern any particular trend in
the available data, however, it is interesting to note
that the highest level of catches occurred during the
mid 1980s when water levels were on the rise in the
Great Lakes. In recent years muskellunge continue to
be captured, but in low numbers.

Most of the angling effort directed at muskellunge
occurs in the fall and at offshore areas which are not
covered by the existing creel surveys (R. Craig, pers.
comm.). The catch and effort data for muskellunge
from the existing Severn Sound creel surveys should
therefore be considered as incidental. Muskellunge
continue to be caught in the Severn Sound in low
numbers and it appears that a greater proportion of
fish caught are being released in recent years (Fig. 3).

70
60

50
40
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20
10
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[] released [..] harvested • % released

Fig. 3. Muskellunge creel survey information from the
Severn Sound, Georgian Bay, from 1975 to 1992.
zb
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Fig. 2. Incidental muskellunge trapnetting CUE and
numbers of muskellunge observed from the fish
community index trapnetting program on Severn
Sound, Georgian Bay, 1975 to 1995.

Creel Data

Angler creel surveys have been conducted in the
Severn Sound area on an irregular basis since 1975.
The creel surveys primarily target the popular spring
and summer nearshore fisheries.

The use of fishing guides was at one time a common
practice in the Georgian Bay area. Many of the lodges
and resorts found along the eastern shore of Georgian
Bay commonly employed local fishing guides that
would provide their guiding services to interested
lodge patrons. Many of these guides maintained
records of the length and weight of muskellunge
caught by their clients (R. Craig, pers. comm.).
Records from 1949 to 1984 are located in OMNR files
(Fig. 4). This interesting data base provides one of the
few available longterm data series of muskellunge in
the Georgian Bay area. The number of fish caught and
recorded in a given year varied from zero to 44. There
are
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Fig. 4. Mean weight and numbers of muskellunge
reported caught from Georgian Bay fishing guides
from 1949 to 1984.
several peak periods of reported catches: 1964, 1973
and 1978. As data collection methods were not
standardized, it is difficult to determine whether these
peaks in reporting represented changes in muskellunge
abundance. There does appear to be a gradual increase
in the mean weight of muskellunge being caught over
the duration of the recorded catches.

Radio Telemetry

In an attempt to determine the extent and distribution
of muskellunge spawning habitat in the Severn Sound
area, a study was initiated in 1981 using radio tagged
muskellunge (Black 1981). A total of six muskellunge
were surgically implanted with radio transmitters
during the late summer and fall of 1981 (Fig. 5). A
fairly wide range in sizes of muskellunge were
captured during the study (Table 1). Fall movements
of two of these fish were monitored after release and
in the subsequent spring the movements of four of
these muskellunge were also monitored (Fig. 6).

Table 1. Age, weight, and sex of radio tagged
muskellunge in Severn Sound, 1981.
Sex
Musky
Age
(M=male,
Weight (g)
identification
(yrs)
F=female,
?=unknown
M25
8+
9980
?
M53

4+

2000

?

M55

6+

6350

F

M57

?

3855

M

M61

6+

4760

M

M62

3+

1600

M

During the fall monitoring, the distance from the
point of release varied from 0.5 to 2.7 km for the two
muskellunge that were successfully tracked. In the
subsequent spring, four of the muskellunge were
relocated and their movements monitored. Most
observations were made from April 26 to May 19
during which time water temperatures increased from
5 to 19°C. These fish were found at various depths
ranging from 1 to 4.5 m, but rarely close to shore. On
the occasions when nearshore areas were frequented,
waters were usually too turbid to allow adequate
observations to confirm spawning activity. The
distance from the original point of capture varied
from 0.8 to 2.4 km (Fig. 6). Fish seemed to survive
the stress from transmitter implantation and were able
to spawn in the subsequent year of monitoring. The
results of the study provided a very preliminary
indication of muskellunge movement patterns and
helped in identifying some potential muskellunge
spawning areas.

Spring Spawning Surveys

A cooperative program aimed at identifying and
inventorying muskellunge spawning areas along the
north shore of Severn Sound was initiated in 1990
between the OMNR and Muskies Canada (Craig and
McIntyre 1990). The program consisted of OMNR
staff and Muskies Canada volunteers surveying
sections of shoreline by
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Fig. 5. Muskellunge radio tagging sites from the Severn Sound area of
Georgian Bay, 1981.

Fig. 6. Fall 1981 and spring 1982 muskellunge radio tracking sites from the Severn Sound area of
Georgian Bay. Numbers over filled circles refer to the number of days after release that muskellunge
were located. Release site is denoted by the letter r.
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helicopter and boat, respectively (Fig. 7). The
shoreline to be surveyed was divided into sections,
each about 6.5 km in length. The survey period lasted
from 4-6 weeks as soon as open water was available.
Each section of shoreline was surveyed at least once a
week. The entire shoreline was also observed once a
week by helicopter. Locations of musky and habitat
description parameters were recorded for each outing.
Over the three years of the program, more than 110
km of shoreline was surveyed and a total of 28
muskellunge were observed spawning. As the
program relied heavily on volunteers, the amount of
manpower and coverage varied over the duration of
the program (Table 2).

The program was successful in documenting
numerous potential spawning areas. Weather played a
role in the level of coverage and in the ability to
positively identify fish when waters became turbid.
Some fish were observed

spawning whereas in other instances they were
found in aggregations offshore. Fish were observed
when temperatures ranged from 8 to 20°C.
The information on muskellunge spawning areas in
Severn Sound is in addition to a report by Craig and
Black (1986) which identified numerous potential
muskellunge nursery areas and provided a description
of fish community associations and vegetation
communities at these sites. Much of this information
has been incorporated into the SSRAP document, An
Interim Fish Habitat management plan for Severn
Sound' (SSRAP,1993b). The purpose of this
document is to provide a useful tool to planning
authorities when efforts are being made to both
conserve and develop habitat. The document clearly
indicates that nearshore development can result in the
loss or destruction of fish habitat and can adversely
affect the fish community, especially major predators
such as

Fig. 7. Areas covered during the muskellunge spawning survets in the Severn Sound area of Georgian Bay,
1991-93. Numbers below filled circles refer to the number of fish observed at those locations.
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Table 2. Observation time, coverage area, number of fish observed and survey dates for the three years
(1990, 1991, 1992) of spawning surveys conducted by OMNR and Muskies Canada in the Severn Sound
area of Georgian Bay.
Area covered (km)

Number of fish
observed

Period covered

99.2

45.5

6

April 21 - May 14

Helicopter

7.5

45.5

10

April 11 - May 8

1991

Boat
Helicopter

59.5
7.5

26
26

7
4

April 20 - May 12
April 11 -May 8

1992

Boat
Helicopter

15.5
0.0

39
0

1
0

May 2 - May 16
-

Year
1990

Observation
Boat

time
(hours)

(c) Moon River

muskellunge. Shoreline areas in the Severn Sound
have been given special designations that will
hopefully protect critical shoreline areas, promote
the rehabilitation of disturbed or altered shorelines
and require planners and developers to proceed with
caution in areas requiring more information. The
hope is that such steps will assist in efforts to
preserve and sustain the current muskellunge
populations in the Severn Sound area.

The mouth of the Moon River lies within the Thirty
Thousand Islands area of eastern Georgian Bay (Fig.
1). This area is characterized by numerous islands,
embayments, and submerged shoals. It has long
been a popular destination for avid muskellunge
fisherman and has yielded some of the largest
muskellunge caught from Georgian Bay, including
the current 29.5 kg (65 lb.) line class record fish
caught in 1988. The amount of biological data on
muskellunge for this area is also limited.

Twelve Mile Bay is a long inlet situated in eastern
Georgian Bay, 30 km south of Parry Sound (Fig. 1).
The surrounding area is characterized by numerous
small islands and shoals. A trapnetting program,
primarily targeted at assessing smallmouth bass
(Micropterus dolomieu) abundance, was
conducted in 1981, 1984 and 1985. Incidental
catches of muskellunge were reported each year
(Fig. 8).

CUE

(b) Twelve Mile Bay

0.35
0.3
025
0.2
0.15
0.1
0.05
0

1981

1982

1983

1984

1985

Year
A limited creel conducted in 1990 revealed that
during the summer fishery (June - September)
muskellunge were caught incidentally and that
targeted muskellunge angling was limited in this
area (Table 3).

[] CUE

o Number of Fish

Fig. 8. Incidental muskellunge trapnetting CUE
and numbers of muskellunge observed from the
fish community index trapnetting program on
Twelve Mile Bay, 1981 to 1985.
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One early attempt to gain insight into the
muskellunge resource in the Moon River area was
undertaken in 1960 (Dube and Rettie 1960).
Biological information on muskellunge was
obtained from guides and camp owners in the area.
A total of 200 anglers were interviewed who
accounted for 1,026 angler-hours of effort, resulting
in a catch of 24 muskellunge. The size of
muskellunge ranged from 3 to 15 kg with a mean of
8.3 kg. It required, on average, 43 hours to catch a
muskellunge.

Table 3. Estimated muskellunge effort, catch per
unit effort (CUE) and number of muskellunge
caught and kept from creel surveys conducted in
the Moon River, Twelve Mile Bay and Pointe Au
Baril areas of Georgian Bay.
Location Year

Number Number
Angler
CUE
Caught Kept
Hours*

Moon River 1984 4048
33212
1988 7934
65636
Twelve
1990 199
Mile Bay
6833
Pointe Au 1989 2173
Baril
78497

.006
.005
.004
.001
.000
.003
.001

19
27
30
56
0
23
46
112

3
3
2
2
0
0
2
2

* For each creel survey year, the first value refers to
effort directed specifically at muskellunge and the
second value is non-targeted effort.
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Trapnet Surveys

On the Moon River and Blackstone Harbour, an
index trapnetting program has been in place since the
late 1960s monitoring the abundance of walleye
(Stizostedion vitreum vitreum) during their spring
migration. Although directed specifically at walleye,
muskellunge are caught incidentally during many of
these sessions (Fig. 9). No consistent trends are
apparent.

0.16
0.14
0.12
Nu,ber of Fish

More recent creel data are also available for the
Moon River area (Table 3). The results of these
surveys conducted in 1984 and 1988 are not directly
comparable. The duration of the surveys varied and
the 1984 survey did not fully cover the fall fishing
season which has traditionally been popular among
devout muskellunge anglers. Angler-effort directed
specifically toward muskellunge represented about
12% of the entire angler-effort invested in this area
for both years of the survey. Angler success rates
represented by CUE's were similar for both surveys
and it took, on average,

213 hours to catch a musky in 1984 and 264
hours in 1988. Nevertheless, it would appear that
muskellunge are still highly sought by anglers in
the Moon River area.

0.1
CUE

Creel Surveys

0.08
0.06
0.04
0.02
0

[] C UE

--- Number of F i s h

Fig. 9. Incidental muskellunge trapnetting CUE and
numbers of muskellunge observed from the fish
community index trapnetting program on the Moon
River, 1968 to 1994.
(d) P o i n t Au B a r i l

Point Au Baril is another popular fishing area with
numerous tourist camps and cottages. The area is
typical of Georgian Bay shoreline composed almost
entirely of rock and boulders with moderate to steep
slopes. The Shawanaga basin is situated in this area
and represents an expanse of open water containing
numerous rocky islands and submerged shoals.
Information on muskellunge in this area is limited.
However, muskellunge catch rates were among the
highest recorded from available creel
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information on Georgian Bay (Table 3). Both
targeted and incidental muskellunge catches were
substantial.

and weight was also requested in addition to the
location of where fish were caught. A standardized
questionnaire was mailed to all participants requesting
this information and their preferred option for reducing
the harvest of this sport fish.

(e) Magnetewan River

The mouth of the Magnetewan River near the
community of Britt is a popular fishing area with a
significant amount of effort directed at
muskellunge. Index trapnetting has been conducted
in this area for several years since 1984 and is
primarily concerned with the assessment of walleye
populations during the spring spawning run.
Incidentally-caught muskellunge are seen in quite
high numbers compared to other index netting
projects and provide some of the only data
available on muskellunge in this area (Fig. 10).

A total of 41 responses were received accounting for a
catch of 61 musky of which 49 or 80% were kept. The
Moon river area accounted for a majority (64%) of the
documented muskellunge caught with the Britt area
contributing another 23% of the total muskellunge
catch. The reported weight of harvested musky ranged
from 2.7 to 18.6 kg and averaged 10 kg. The mean
weight of musky caught from each of the areas was
very similar (Fig. 11). The most favoured option for
reducing harvest was size limits, with sanctuaries and
reduction in daily possession limits ranking close
behind. The results of the survey provided an
indication that the area supports good populations of
muskellunge supported by natural recruitment as
reflected by the wide range in sizes of muskellunge
reported caught by anglers.

16
14

10
8
6

Number of Fish

12

4
2
0
[] CUE

A summary of available incidental muskellunge
catch rates from trapnetting projects throughout
Georgian Bay is shown in Fig. 12. No trends are

---- Number of Fish

Fig. 10. Incidental muskellunge trapnetting CUE
and numbers of muskellunge observed from the fish
community index trapnetting program on the
Magnetewan River, 1984 to 1989.

16
14
12
10
8
6

(f) Eastern Georgian Bay

4
2

River

Moon

Five
Mile
Bay

Snug
Harbour

Pointe
au Baril

Bayfield

0

Brit

A survey of tourist and camp operators along a large
section of eastern Georgian Bay from the mouth of the
Moon River in the south to the community of Britt in
the north, was undertaken in an attempt to determine
muskellunge catch, harvest, and release rates
(Thurston 1983). Additional biological information
such as length

Fig. 11. The mean weight and location of
muskellunge reported caught from a 1983 survey on
eastern Georgian Bay.
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Chart is not
avaliable.

Fig. 12. Incidental muskellunge trapnetting CUE and
numbers of muskellunge observed from fish
community index trapnetting programs on the Moon
River, Severn Sound, Twelve Mile Bay and
Magnetewan River, Georgian Bay from 1968 to
1995
apparent which is not surprising given the different
nature of the programs, variability of catches, and
missing data points. Muskellunge continue to be
present in most of Georgian Bay, however, very little
is known about the current status of these
populations.
(g) Northern Georgian Bay and the North
Channel

Northern Georgian Bay and the North Channel are
areas in which information on muskellunge is
extremely limited. Habitat characteristics in this area
provide all of the vital requirements for muskellunge
production and are very similar to those found in
southern and eastern Georgian Bay. Some of these
characteristics are summarized in a paper dealing with
a proposal to reestablish muskellunge populations that
were historically found in abundance in the Spanish
River mouth area (LeBeau 1996). Other large rivers in
this area such as the Mississagi and Serpent Rivers
continue to support muskellunge populations.
Virtually no population assessment information is
available from these areas. In the Blind River area, a
recent attempt has been made to map out the
distribution of muskellunge populations
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(Fig. 13). Much of this information was obtained from
muskellunge fishing guides, tourist operators, avid
anglers, and limited MNR assessment data. The
numbers and size of muskellunge spawning habitats
are quite extensive in this area. There is very little
information on muskellunge population status.
As part of the review for assessing the prospects for
re-establishing muskellunge in the Spanish River,
some limited electrofishing was conducted in the
North Channel and northern Georgian Bay. This
initiative was to determine whether there existed a
suitable donor population that could be used for
stocking purposes in the Spanish River. Three
locations were electrofished in the spring of 1995. The
mouths of the Mississagi and Serpent rivers and
McGregor Bay (Table 4, Fig. 14). Muskellunge were
either captured or observed spawning at each of these
locations at catch rates which would suggest fairly
stable population levels. It appears that suitable doner
sites exist.

Table 4. Electrofishing effort and biological
information from the exploratory survey of the
Mississagi River, Serpent River, and McGregor
Bay areas of the North Channel and Georgian Bay,
Lake Huron, 1995.
Running
Location
Mississagi
River
Serpent River
McGregor Bay

# of
time # of fish
sites (min.) observed
5
5
70

132.
2
125.0
136.7

Size
range
(kg)

3

up to

5

11.3
6.8 to

5

11.3+
4.5 to
23

Summary

Considering the vast area of potential muskellunge
habitat found in Georgian Bay and the North Channel
and the limited amount of
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Fig. 13. The locations of known muskellunge habitat and presumed muskellunge spawning areas in the North
Channel area of Lake Huron.

Fig. 14. Areas covered during the 1995 exploratory muskellunge electrofishing survey in the North Channel and
Georgian Bay, Lake Huron.
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information on muskellunge populations for much
of this area, the need for expanding the current
muskellunge data base cannot be overemphasized.
It is difficult to establish the current status of many
of the muskellunge populations in Georgian Bay
and the North channel based upon the current
available information. The full extent of
muskellunge spawning and nursery habitat has not
yet been established. Progress has been made in
some areas such as the Severn Sound, but even here
the inventory is not complete.
As most of the information presented in this paper is
in the form of incidental muskellunge catch data, the
need for targeted effort at muskellunge should be a
prime consideration in the future. A clearer picture of
the status of many of the muskellunge populations
discussed may result from the integration of all
available muskellunge data bases compiled for this
workshop proceedings.
The OMNR, Muskies Canada and the Ontario
Federation of Anglers and Hunters, by way of the
establishment of the Georgian Bay Muskellunge
Working Group, identified a number of information
requirements. Collectively, we need to improve our
knowledge base of muskellunge spawning and
nursery habitats, determine current exploitation levels
and establish if they are sustainable, determine the
extent of habitat loss, and compile more angler data.
These needs still exist. It is hoped that a workshop
such as "Managing Muskies in the '90s" will generate
the momentum necessary to address many of the
existing muskellunge information needs. This
information is essential if we are to effectively
manage muskellunge populations in Georgian Bay
and the North channel.
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The Kawartha Lakes Muskellunge Fishery
Lois Deacon
Kawartha Lakes Fisheries Assessment
Unit
Ontario Ministry of Natural Resources
322 Kent Street West
Lindsay, Ontario
K9V 4T7
Muskellunge (Esox masquinongy) are believed to have been one of the original dominant
species in the Kawartha lakes fishery of southcentral Ontario. Historically, muskellunge have
sustained both commercial and recreational fisheries. Creel surveys conducted by the Kawartha
Lakes Fisheries Assessment Unit suggest that each of the Kawartha lakes sustains several
thousand hours of muskellunge angler effort and catches of up to 1800 fish annually.
Muskellunge angling success during the summer (June-August) fishery ranges from 0.01 to 0.09
fish per angler hour. Sizes of muskellunge from the Kawartha lakes are generally smaller than
from other large muskellunge fisheries elsewhere in southern Ontario. Although muskellunge
numbers have probably declined since the turn of the century, the Kawartha lakes still provide
high quality muskellunge fisheries. Potential impacts resulting from the recent invasion of
northern pike (Esox lucius) will be closely monitored.
Introduction

The Kawartha lakes region of south-central Ontario is
a popular recreation area for residents of southern
Ontario and the north-eastern United States. These
lakes are part of the Trent-Severn Waterway that links
Georgian Bay (Lake Huron) and the Bay of Quinte
(Lake Ontario) via the Trent and Severn River
systems. The Kawartha lakes extend from Canal Lake
in the northwest to Rice Lake in the southeast (Fig. 1).

Most of the Kawartha lakes are shallow, productive,
nutrient-rich lakes overlying soft organic bottom
sediments. The six lakes studied intensively by the
Kawartha Lakes Fisheries Assessment Unit (KLFAU)
of the Ontario Ministry of Natural Resources
(OMNR) range from mesotrophic Balsam Lake,
through the meso-to-eutrophic Pigeon-BuckhornChemung complex, to the eutrophic Rice Lake. Lake
Scugog is a eutrophic headwater lake at the southwest
corner of the system. Physical and

chemical characteristics of these lakes are
summarized in Table 1.
The original fish community of the Kawarthas was
probably dominated by muskellunge (Esox
masquinongy), smallmouth bass (Micropterus
dolomieu), and sunfish (Lepomis spp.). Carp
(Cyprinus carpio), largemouth bass (Micropterus
salmoides), bluegill (Lempomis tnacrochirus), black
crappie (Pomoxis nigromaculatus), northern pike
(Esox lucius) and various cyprinid (Cyprinidae)
species have invaded the fish community since the
late 1800s. Walleye (Stizostedion vitreum vitreum)
were successfully introduced by the provincial
government between the 1920s and 1940s and
populations are now self-sustaining.
The Kawartha lakes have a long history as popular
and productive fisheries. As early as 1876, 510
angling permits were issued to residents for the Lake
Scugog Division, 392 for Rice Lake, and 337 for the
Peterborough-Victoria Division (Ontario
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Fig. 1. Location of the Kawartha lakes in south-central Ontario. The Kawarthas extend (west - east) from
Canal Lake to Rice Lake and include Lake Scugog.
Department of Lands and Forests 1965). The numbers
of muskellunge present in the Kawartha lakes were
sufficient in the 1800s to support a commercial
fishery. Between the years 1880 and 1900 there was
an annual muskellunge harvest from Lake Scugog of
91,686 kg (approximately 13,475 fish) and 36,799 kg
(approximately 5,408 fish) from Rice Lake and the
Trent River (Crossman 1986).

Muskellunge were stocked in the Kawarthas for many
years until the closure of the provincial muskellunge
hatchery at Deer Lake in 1990. Stocking was done
primarily with fry, with some fingerling stocking at a
low level (less than one fingerling ha t of lake surface
area).
Today, the Kawartha lakes are heavily exploited by
anglers, receiving between 20 and 65 angler-hrs ha t of
annual effort (Deacon 1992). A wide variety of fish
species are commonly
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sought by anglers including walleye, smallmouth and
largemouth bass, muskellunge, bluegill, pumpkinseed
(Lepomis gibbosus), rock bass (Ambloplites
rupestris), black crappie, and yellow perch (Perca
flavescens). The majority of fishing pressure occurs
between May and October, except on Lake Scugog
which also supports a winter fishery for walleye.

Methods

Data were collected as part of the KLFAU program.
Creel surveys were conducted using a rovingstratified design. Open-water surveys began on the
opening of walleye angling season (the first Saturday
in May) and ran until at least Labour Day in
September, hence the opening of the muskellunge
angling season on the first Saturday in June was
included in each survey.

The Kawartha Lakes Muskellunge Fishery

Table 1. Physical and chemical characteristics of the lakes monitored by the Kawartha Lakes Fisheries
Assessment Unit.

BALSAM

BUCKHORN CHEMUNG

PIGEON
(excluding
Bald Lake)

RICE
(excluding
Otonabee R)

SCUGOG

Latitude

44 °35'

44 °29'

44 °25'

44 °27'

44 °12'

44 °10'

Longitude

78 °50'

78 °23'

78 °22'

78 °30'

78 °10'

78 °50'

Surface area (ha)

4,665

3,191

2,280

5,349

10,018

6,374

Perimeter (km)

48.0

29.0

71.0

99.0

64.0

51.0

42.0

6.0

24.0

46.0

31.0

Island shoreline (km)

15.0

Maximum depth (m)

14.9

9.4

6.7

17.4

7.9

7.0

Mean depth (m)

5.0

2.1

2.4

3.0

2.6

1.8

TDS (mg/L)

78.0

121.0

148.0

121.0

130.0

MEI

15.50

57.70

61.70

40.10

8.3

2.3

2.6

2.2

Secchi depth (m)

In some years, creel surveys were conducted from the
first Saturday in May until November 15, representing
complete open-water season coverage. Complete creel
surveys were conducted on Rice Lake in 1987, Lake
Scugog in 1988, Pigeon Lake in 1989 and Balsam
Lake in 1990. Data presented for the complete openwater season are for one year on each lake.

There were several years of spring-summer (opening
of muskellunge season in June to Labour Day in
September) surveys for each lake. The data presented
are the mean of three to five years of spring-summer
creel surveys conducted between 1977 and 1994. The
spring-summer data did not represent the complete
muskellunge fishery, however, these data were used to
generate indices based on several years of data. The
June-August fishery accounted for 58% of the effort
targeting muskellunge and 60% of the muskellunge
caught for the four lakes combined (Table 2). In all
lakes, the indices were underestimates of the complete
season data as the September and October portion of
the fishery was not included.

50.10
1.9

156.0
86.70
0.7

The June-August indices represented the majority of
the effort and catch for Balsam and Scugog lakes,
while most of the effort and catch in Pigeon and Rice
lakes occurred in the September-October fishery.

Creel survey data were entered and analyzed using
CREESYS (Lester and Trippel 1985). Fish
attribute data were entered and analyzed using
FISHNET (Lester et al. 1989).
The target species for the creel surveys were primarily
walleye, smallmouth and largemouth bass, yellow
perch, bluegill, pumpkinseed, and rock bass. To
determine if the creel survey data could be used to
examine the muskellunge fishery, we compared
observed and estimated effort and catch data for Lake
Scugog which has a muskellunge fishery typical of
the Kawartha lakes. Effort by anglers seeking
muskellunge varied between seasons in Lake Scugog
from an estimated effort of 2,238 angler-hrs in July
and August 1988 to 531 angler-hrs in October 1988
(Table 3). These data were estimated from
observations collected from a low of 27 anglers
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Table 2. Proportion of effort and catch of muskellunge in spring-summer (June-August) and fall (SeptemberOctober) angling seasons.
Lake
BALSAM (1990)

PIGEON (1 989)

RICE (1987)

Targeted effort
(angler-hr)

Season
June - August

2,880

102

September - October

(74%)
1,008

(78%)
28

(26%)

(22%)

June - August

13,169
(56%)

815
(45%)

September - October

9,733
(42%)
2,839
(37%)
4,888
(63%)

1,011
(55%)
15
(31%)
33
(69%)

June - August

3,640

308

September - October

(65%)
1,939
(35%)

(85%)
54
(15%)

June - August
September - October

SCUGOG (1988)

Targeted catch
(# fish)

in October to a high of 86 anglers in July and August
(Table 3). The observed catch of muskellunge
ranged from two in October to 11 in July and
August. While the numbers of anglers interviewed
and muskellunge caught were small relative to other
species more commonly sought in the Kawarthas, it
appears that the muskellunge information obtained
during the creel surveys is sufficient for evaluation
of the muskellunge fishery.

Index trapnetting data were collected in May and June
between 1978 and 1994 using 1.8 m trapnets set in the
littoral zone. Nets were set in the same sites within
each lake during each survey year. The total number
of net-nights fished varied between lakes and between
years. Annual values are the mean of 25-70 net nights
of fishing effort. All muskellunge captured were
sampled and released alive. Data were entered and
analyzed using FISHNET (Lester et al. 1989).

Table 3. Effort and catch by anglers seeking muskellunge in Lake Scugog in 1988.
EFFORT
Observed

angler-hrs)
Estimated

June

74

1,402

3

81

38.00

July - August

127

2,238

11

227

86.00

September

147

1,408

4

29

54.00

October

38

531

2

25

27.00

Season
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Results

Complete open-water angling season creel
surveys
Each of the Kawartha lakes surveyed received
several thousand hours of angler-effort directed at
muskellunge (Fig. 2). Angler-effort was highest on
Pigeon Lake (22,902 angler-hrs). Effort by anglers
seeking muskellunge was highest in the summer
months (July and August) in Balsam, Pigeon, and
Scugog Lakes. In Rice Lake more angler-effort
occurred in September and October than in the
summer.

xxx BALSAM …. PIGEON

//// RICE

++++ SCUGOG

Fig. 3. Estimated catch in each month by anglers
seeking muskellunge during the complete openwater angling season.
July - August and highest in Rice Lake in July,
August and October.
Spring-summer creel surveys

Fig. 2. Estimated effort in each month by anglers
seeking muskellunge during the complete openwater angling season.

The total number of muskellunge caught over the
complete open-water season was 48 in Rice, 130 in
Balsam, 362 in Scugog, and 1,826 in Pigeon. The
catch of muskellunge was higher in Pigeon Lake
over the open-water season than in the other
Kawartha lakes with more than half of the catch in
this lake taken in September
(Fig. 3).
Catch of muskellunge per-unit-effort (CUE) varied
between lakes and seasons, with the early season
fishery (June) in Pigeon Lake having the highest
CUE (Fig. 4). Muskellunge CUE was highest in
Balsam and Scugog lakes during

The mean spring and summer (June-August) anglereffort targeting muskellunge was highest in Pigeon,
Scugog, and Buckhorn lakes (Fig. 5). The amount of
muskellunge angler-effort was low relative to the
total angler-effort for all species. Effort by anglers
seeking muskellunge

0 . 16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0
JUNE
Xxx

BALSAM

JULY
AUG
SEASON
…. PIGEON

\\\

RICE

+++ SCUGOG

SEPT

Fig. 4. Estimated catch-per-unit-effort (CUE) by
anglers seeking muskellunge during the complete
open-water angling season.
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were caught incidentally than by anglers seeking this
species, largely because the amount of angler-effort
targeting muskellunge was small relative to that of
anglers seeking other species. These spring-summer
catches are underestimates of the annual
muskellunge catch, especially for Pigeon and Rice
lakes (Table 2)

0

2.e

2

The mean muskellunge CUE by anglers
targeting muskellunge during the spring and

a

Fig. 5. Estimated effort by anglers seeking
muskellunge during the June-August fishery.
Values above each bar indicate the total anglereffort (angler hrs ha-1) for all fish species
combined.
was seven percent of the total angler effort in
Pigeon Lake and four percent or less in the other
lakes. Over the survey years from 1977 to 1994
effort directed at muskellunge decreased in each
lake and was less than four angler-hrs ha t (Fig. 6).

The estimated catch of muskellunge during the
spring and summer in several of the Kawartha
lakes is shown in Fig. 7. More muskellunge

EFFORT (ANGLER-HR/HA)

--- Balsam

-+-Buckhorn -*- Chemung -[]- Pigeon -X- Rice -^- Scugog

Fig. 6. Estimated effort by anglers seeking
muskellunge during the June-August fisheries
between 1977 and 1994.
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XXX NON-MUSKY ANGLERS
[] MUSKY ANGLERS
Fig. 7. Estimated catch by anglers seeking
muskellunge during the June-August fishery. The
catch for each lake is the mean of several surveys
conducted between 1977 and 1994.

summer angling season across the survey years was
between 0.05 and 0.09 fish per angler-hr, except in
Rice Lake where CUE was less than 0.01 fish per
angler-hr (Fig. 8).

The mean spring and summer season harvest of
muskellunge was highest in Lake Scugog and
Pigeon lakes where approximately 400 fish were
harvested from each lake, each survey year (Fig. 9).
More muskellunge were kept by anglers seeking
other species except in Lake Scugog where anglers
targeting muskellunge harvested more of this
species (Fig. 9).

Percent Kept
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XXX NON-MUSKY ANGLERS

Fig. 8. Estimated catch-per-unit-effort (CUE) by
anglers seeking muskellunge during the JuneAugust fishery. The CUE for each lake is the mean
of several surveys.

XXX NON-MUSKY ANGLERS

[]

MUSKY ANGLERS

Fig. 10. Percent of muskellunge kept during the
June-August fishery by anglers seeking either
muskellunge or other fish species. Values
presented are the means of several surveys.

[] MUSKY ANGLERS

Fig. 9. Estimated harvest by anglers seeking
muskellunge during the June-August fishery. The
harvest for each lake is the mean of several surveys
conducted between 1977 and 1994.

Anglers seeking other species kept, on average,
between 11 and 18% of the muskellunge they
caught (Fig. 10). Anglers seeking muskellunge kept,
on average, a higher proportion of their
muskellunge catch (20 to 41 %) except in Chemung
Lake (9%) (Fig. 10). There was a decrease over the
survey years in the proportion of muskellunge
harvested by all anglers. In Lake Scugog, for
example, anglers kept only 3% of muskellunge
caught in the 1993 spring and summer angling
season (Fig. 11).

[] NON-MUSKY ANGLERS -+- MUSKY ANGLERS
Fig. 11. Percent of muskellunge kept during the
June-August fishery on Lake Scugog in each of
five survey years.
Trapnet data

The mean catch of muskellunge per 24 hour
trapnet set increased over the survey years in most
lakes except Rice Lake (Fig. 12). Mean trapnet
catches were as high as one fish per 24 hour set.
The mean size of muskellunge captured in trapnets
was similar across the four lakes sampled (Table 4).
The size of trapnetted fish (mean fork length of 787
mm) was smaller than the size of fish reported by
taxidermists for
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CUE (MUSKELLUNGE PER 24-HOUR SET)

78 79 80 81 82 83 84 85 88 87 88 89 90 91 92 93 94
YEAR
-[]- Balsam + Buckhom -*- Rice -[]- Scugog

Fig. 12. Mean catch of muskellunge in 24 hour sets
of 1.8 m (6 foot) trapnets. Trapnets were set in the
littoral zone in May and June between 1978 and
1994.

muskellunge harvested from the Kawartrths
(total lengths of 101 to 122 cm) (KLFAU
unpublished data).
Table 4. Mean fork length of muskellunge
captured in 24-hour sets of 1.8 m (6 foot)
trapnets.

through the Kirkfield liftlocks (between Canal and
Balsam Lakes) in 1989 were not successful. One male
northern pike (824 mm fork length) was caught in a
KLFAU trapnet set off Indian Point in Balsam Lake in
May of 1993. A natural hybrid, the tiger muskellunge
(Esox masquinongy x E. lucius) (1,050 mm fork
length) was caught at the same net site in May of
1994. A northern pike (838 mm total length) was
caught by an angler in the east end of Rice Lake in
1992. While there have been a number of anecdotal
reports of other northern pike being caught in the
Kawartha lakes, any of the fish suspected to be
northern pike which were provided to OMNR for
examination proved to be small muskellunge.

The first angler-effort targeting northern pike was
observed in Balsam Lake in 1990 when three anglers
indicated to the creel survey crew that they were
seeking northern pike. No northern pike have yet
been recorded caught during any of the creel
surveys.
Summary

Northern pike in the Kaw artha lakes

Muskellunge were abundant in the Kawarthas for
many years (Crossman 1986). It appears that numbers
have declined since the early part of the last century.
This decline may be due to the extensive commercial
fishery which existed in the 1800s (Crossman 1986)
and to changes in the fish community composition
following the successful introduction of walleye
during the 1920s-1940s. The number of muskellunge
caught annually in the sport fishery over the last 20
years is still high relative to other waterbodies in
Ontario.

Small numbers of northern pike have been found in
the Kawartha lakes. One northern pike was captured
in Stony Lake in the 1980s (E.J. Crossman, pers.
comm.). Staff from the Lindsay OMNR office
confirmed northern pike to be present in Canal Lake
(west of Balsam Lake) in the 1980s. Efforts by
OMNR aimed at putting a barrier to northern pike
migration

Each of the Kawartha lakes receives several
thousand hours annually of angler-effort targeting
muskellunge. The level of effort by anglers seeking
muskellunge in the Kawartha lakes is low relative to
that for other species such as walleye and bass. A
large proportion of the angler-effort aimed at
muskellunge occurs

Balsam

769.60

SAMPLE
SIZE
(# fi h)
165.00

Buckhorn

756.90

107.00

Rice

779.80

9.00

Scugog

787.40

337.00

LAKE
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during the spring and summer season (June to
August) in Balsam, Pigeon, and Scugog lakes. The
large number of vacationers visiting the Kawartha
lakes probably contribute to this high spring-summer
effort. Many muskellunge are caught by anglers
seeking other species. One of the attractions of these
Kawartha lakes is that even inexperienced anglers
have the possibility of catching a muskellunge.
The release rate of muskellunge has increased
dramatically over the last two decades, such that very
few fish are now kept by anglers. This high release
rate results in fewer fish being sampled during present
day creel surveys. The reduction in number of fish
harvested by anglers is reflected in the increased
trapnet catches of muskellunge.
Northern pike are present in extremely small
numbers in several of the Kawartha lakes.
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Background

The cleithrum, a bone associated with the pectoral fin
girdle, is used in the interpretation and analysis of
various kinds of life history information for individual
muskellunge and other species in the group to which
that species belongs. The first information package
used to introduce the Cleithrum Project was sent out in
1979 after we received from the Canadian Wildlife
Service a list of taxidermists in areas of Ontario and
Manitoba from which specimens of muskellunge
would likely be submitted for mounting. Muskies Inc.
and Larry Ramsell, an archivist of trophy muskellunge
data, provided names of taxidermists, mainly in
Wisconsin and Minnesota. Direct contact with
Muskies Canada and its members helped spread the
word about the project. The introductory package
included instructions for the removal, cleaning,
documentation and submission of the cleithrum.
Taxidermists were asked to participate by obtaining
permission to remove the cleithrum from one side of
muskellunge and large northern pike brought to them
for mounting. In return, they were told that they would
receive information on the age and growth of the fish
which they could offer to their customers.

Age and Growth Determination of Esocids

For species in the family Esocidae, the large, flat
cleithrum provides the best opportunity to interpret
accurately the passage of time (Casselman 1979).
This is especially true in the muskellunge which in
many populations could have a life expectancy of at
least 30 years. Research on northern pike has
revealed that as the animal grew larger, especially
after becoming sexually mature, ages derived from
scales became increasingly more unreliable. Age
determinations in the past from scales rarely
exceeded 18 or 20 years. In addition, the reliability of
the interpretation of growth and age is not biased by
advancing years. Another advantage of this bone in
this group of fish is that the bone grows in length at a
rate approximately one-tenth that of body length
(Casselman and Crossman 1986). One need only
measure, in millimetres, the distance from the focus
to each annulus and convert those measurements to
centimetres for an approximation of the length of the
animal at each age. Since males and females grow at
different rates and for different numbers of years, it is
sometimes possible to determine the sex of the
animal from the growth record on the
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bone. Another interesting point is that the shape of the
bone differs in the muskellunge, the northen pike, and
the hybrid "tiger muskellunge" (Casselman et al.
1986). As a result, it is possible to detect errors in the
identification provided with bones submitted to the
project. This has implications for law enforcement.

We felt that the considerable increase in fishing
pressure from specialist anglers made it imperative
that we develop additional information on growth,
year-class strenth and true life expectancy for the
muskellunge across the whole of its distribution.
Organized muskellunge anglers had wholeheartedly
adopted the very effective concept of catch and
release, which we had encouraged. One of the
consequences, however, was that far fewer data on
large specimens became available. Most of the greatly
reduced number of muskellunge killed were to be
mounted. As a result, it was necessary to suggest to
anglers that fish should not necessarily be killed for
data, but that every effort should be made to ensure
that fish killed should yield as much information as
possible. The submission of cleithral bones from fish
killed for any purpose was a way to achieve this.

A further point was the willingness of resource
agencies to reconsider minimum size regulations on
the basis of the life history information on populations
in single lakes or groups of lakes as opposed to one
minimum size statewide and provincewide. If this
biologically based concept was to work, individual
management plans were necessary, and more
information on more populations would be required.
On the whole, anglers as a group come into contact
with more muskellunge than a research or
management biologist could ever hope to during
routine fisheries data collection. Angler interest in this
project can be considered as appropriate component of
a public involvement or partnership philosophy in
regard to natural resource management.

Gradually the project became better known as a result
of articles in various newsletters, and individual
unaligned anglers became contributors. Research and
management biologist submitted cleithra for ages or
for corroboration of their age interpretations and the
project was acknowledged in the publication of the
results.

Contributions to the Cleithrum Project

The single largest contributor to the Cleithrum Project
is Ron Lax, a taxidermist in Conover, Wisconsin. Lax
has contributed more samples than all taxidermists
from Ontario combined. In the period covered by the
Project Report for 1993-1994, Lax contributed 249 of
the total 279 samples received from the United States.
The rate of contributions waxes and wanes. The
reasons for this appear to be: (1) contributors claim to
have thought that only a fixed number of bones was
wanted and discontinue their contributions; (2)
discouragement arising from a long interval between
submission of cleithra and the return of results; and (3)
potential contributors indicating that taxidermists claim
that it is impossible to make a first class mount if a
cleithrum is removed. The fallacy of the last is obvious
in the praise received from customers by Mr. Lax. The
disappointment of contributors arises from the fact that
signficant work on the project has been possible only
when there has been an outside grant to support the
salary of an assistant to help with correspondence and
data collection. Grants for technical assistance in the
past have been made available by the Environmental
Youth Corps program of the Ontario Ministry of
Natural Resources. Funds for various project supplies
have been provided most recently by the Ontario
Federation of Anglers and Hunters. The Royal Ontario
Museum (ROM) provides a variety of support services.

The project is relatively inactive at present
without an assistant and with very few
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contributions arriving. The most recent progress report
indicated that the present totals of cleithra are as
follows:

in LaCrosse, Wisconsin (Casselman and
Crossman 1986).

Current Cleithrum Project Activities

All species

4,656

Muskellunge

3,518

Muskellunge capture in Canada

1,372

Muskellunge captured in the USA

2,146

"Tiger muskellunge" (all sources)

281

Northern pike (all sources)

857

Almost all hybrids originate in the United States and
almost all northern pike are from Canada.

At present the entire collection of muskellunge
cleithra is being subjected to a very detailed analysis
for other publications. We are (1) updating the age
and growth standards for the species with a much
larger data set than was presented in 1986; (2)
examining maximum age and longevity as a quick
and easy indicator of mortality rate and a measure of
the status and sustainability of trophy muskellunge
fisheries; (3) examining the factors that affect yearclass strength and growth of trophy muskellunge; and
(4) building a long term growth chronology for the
species.

Dissemination of Information

Information derived from the collection has regularly
been provided to individual contributors, to Muskies
Inc., and to Muskies Canada. Regular requests are
made by natural resource agencies for information
useful in developing management strategies for
specific populations. One of the latest requests
involved muskellunge in Lac Seul, Ontario. We were
able to provide, from the Cleithrum Project archive at
the ROM, more cleithral bones and data collected
prior to the recent study that was initiated on Lac Seul
(10) than have been collected during the intensive
graduate study that is currently underway (6). These
additional archived data were invaluable in providing
statistically valid documentation of age, growth and
longevity of this important trophy muskellunge
fishery (Casselman and Robinson 1995). This is just
one example of how this assemblage will help
muskellunge studies in the future, especially as catch
and release becomes more widely applied and
successful and more trophy fish are released. The first
summary of detailed results from the Cleithrum
Project was part of the published contributions to the
International Symposium on muskellunge, held

Results for all cleithral interpretations are now being
entered directly from a pair of digital-reading calipers
into computer programs called CSAS and CSAGES,
developed by
J. Casselman and K. Scott of the Ontario Ministry of
Natural Resources. The information on length, weight,
age and growth for individual fish will be compared
with latitude of capture and with fluctuation in daily
temperature over a period of 50 years from three
locations, north to south. By this means, it will be
possible to relate growth rates of muskellunge across
its range to latitude and temperature variations.
The computer program uses a wealth of information
about individual muskellunge and also generates
some very interesting graphic interpretations of that
information. In 1988 a 65 pound muskellunge was
caught in the Moon River. We had this record fish at
the ROM in order to make a mould for the
preparation of models. That enabled us to acquire
the cleithrum and interpret parts of the growth
history of the fish. It revealed that the fish was 29
years old when caught. It had hatched in 1959.
Cleithral growth (Fig. 1) revealed that, during its
early life (up to age 5), it grew
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extremely rapidly. After that, growth slowed down but
increased again several years before capture. Specific
years deviated somewhat from this trend. For example,
during 1967, growth increased substantially over the
former few years. During these years there was a decrease
in growth rate, probably coinciding with first maturity.
The decrease in growth rate in later years probably
reflects the conversion of food energy for maintenance
and the development of eggs, with a disproportionate

CALCIDIED STRUCTURE RADIUS (mm-ACTUAL)

increase in weight as opposed to length.

m -1.7616

muskellunge. We need more and continued
contributions, particularly cleithra from the largest,
oldest individuals, which have the greatest amount
of life history information. The greatest problem is
the obvious one-unlike scales, cleithra cannot be
taken from fish that are to be returned alive to the
water. The next step we contemplate is an attempt to
increase participation from other regions. We would
like to encourage contributions from Quebec by
translating the information package into French and
distributing it in that province. There has been a
concern in the past about expanding publicity when
we had no dedicated technical assistance, for fear of
receiving a number of cleithral bones which would
have to wait some time for analysis and reply. If you
know of someone with a little knowledge of
computers who would like to commit some
volunteer to help maintain and rejuvenate this
valuable archive of esocid data please advise either
of the authors.

L= - 128.26

-A

a - C/2

- PEA

0 - PSA

O - Other
- Edge

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
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Fig. 1. Anterior cleithral radius at age, indicating
year class and annual increments for cleithral bone
from muskellunge Cleithrum Project number
con418. Muskellunge was caught by K. O'Brian,
October 16, 1988, Georgian Bay. Interpretation
conducted by Mark Ruthven. The general von
Bertalanffy growth curve is indicated by a solid line,
with each annulus plotted and cleithral growth
parameters provided. The number above indicates
the extent of the translucent zone associated with the
annulus, or year mark. The number below indicates
the annulus number. Graphics provided by an output
utility of CSAS. Calcified structure age 300.
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• control populations of panfish and coarse fish
We approached the question of muskellunge (Esox
species (i.e., by functioning as a top predator in
masquinongy) stocking systematically. The positives
the community structure);
and negatives of stocking a top predator such as
• create a fishery and perhaps a self-sustaining
muskellunge were reviewed. We then discussed
population where none existed before (with
several questions which related specifically to the
the potential for trophy-size fish if
stocking of muskellunge. Time restraints did not
muskellunge are stocked);
permit a thorough discussion of this topic although
• create and/or maintain put-and-take fisheries
many points were raised which bear further
near urban areas;
consideration. As our group included professional and
nonprofessional people from Ontario and outside the
province a wide range of ideas were offerred. In
keeping with the open nature of the discussion, the
comments are reported as presented and discussed.

The positive and and negative aspects of
muskellunge stocking programs which were
identified during our general discussion session
were as follows:

Positives Aspects

Fish culture and subsequent stocking of a top
predator, such as muskellunge, can:
• restore fish populations if the native stock has
disappeared (rehabilitation stocking);
• preserve genetic strains;
• rehabilitate a stressed fishery by diverting fishing
pressure away from species being rehabilitated;

• be used to address and possibly meet angler
demands;
• provide socio-economic benefits;
• provide a resource that research can be
undertaken on (i.e., to learn more about the
species itself, reaction to environmental
impacts, etc.);
• be used to provide a bioindicator (i.e.,
indicator of health of receiving waters,
contaminant levels, etc.);
• help ensure that knowledge pertaining to
muskellunge biology and management and to
technology (i.e., culture and stocking
techniques) is maintained;
• indirectly, contribute to increased knowledge of the
habitat of the receiving waters (i.e., prior to
stocking, ideally should know if the habitat can
support the species-but this is not always the
case);
• be used to demonstrate to the angling public that
angling licence funds are being used for
fisheries management purposes (i.e., address
concerns regarding disposition of angling
licence revenues);
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• be used to involve individuals/groups in fisheries
management activities (i.e., fish culture and/or
stocking in this instance) with the potential of
having these participants becoming involved in
other techniques such as habitat rehabilitation;

• create the "hatchery effect" in the stocked fish (i.e.,
behavioural and physiological) compared to wild
strains of the same species;

• lead to increased awareness of the species,
environment, etc. (e.g., stewardship values);

• increase the risk for the spread of diseases from
stocked fish to wild strains (a very real problem
if there is a lack of or inadequate disease control
mechanisms at fish culture facilities, especially
private operations;

• have educational value (i.e., provide a resource
that can then become a topic for discussion);
and

• create angling pressure which may spill over to wild
stocks thereby leading to increased pressure on,
and a possible overharvest of, these fish;

• provide employment to those who culture and
stock the fish.

Negative Aspects

Fish culture and subsequent stocking of a top
predator, such as muskellunge, can:
• mask the health of the ecosystem and can lead to
a loss of biodiversity;
• place increased pressure on the ecosystem itself
which might affect its ability to sustain
muskellunge;
•mask the real cause of decline of fish stocks (i.e.,
band-aid approach can lead to complacency and
actions to address the real problems may be
deferred or not taken);
•have an impact on brood stocks of wild
strains;
• increased competition between hatchery-reared
and wild strains of fish for food, cover, and
spawning areas.);
• lead to imbalances in the fish community (e.g.,
too many top predator species);

• cause unintentional introductions into water bodies
which could lead to undesired impacts on resident
populations;
•lead to a loss of the genetic fitness and genetic
diversity of stocks if supplemental stocking
occurs (i.e., same species of fish is stocked "on
top of existing native populations);
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• reduce the effectiveness of "catch-and-release"
programs as many anglers are less likely to
release a fish that has been stocked (or
perceived as being stocked) than a fish that is
wild,

• perpetuate a general myth that stocked fish
provide many more fish on the "end of the line"
than do wild fish (i.e., all fish caught "must"
have originated from the stocking program-no
credit is given to natural recruitment from wild
strains);
• create false expectations about the size and quality
of a fishery; largely due to the "paper fish"
stocked (i.e., the numbers of fish that survive to be
caught are substantially smaller than the number
that were initially stocked);
•provide only a limited food source for
humans;
• create pressure to undertake assessment of a
stocking program (since such programs should
be assessed to determine the effectiveness of this
technique) thereby creating competition for
limited funds;
• can create unrealistic expectations by anglers (e.g.,
quality standards) which can lead to increased
pressure to continue the program (given limited
budgets, this may be at the expense of other
fisheries management activities);
•lead to a questioning of the feasibility of
stocking any fish species, muskellunge
specifically;
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• be very costly (muskellunge culture and
stocking is very labour intensive and
expensive);
• create concerns among animal rights groups (i.e.,
belief that angling is a "cruel" sport and any
activity that creates or contributes to this type of
activity is condoned);
• create political pressures to continue this program
regardless of any concerns and/or
recommendations made by resource managers
(thereby jeopardizing other programs if budgets
are limited);
• be contrary to government direction pertaining
to stocking initiatives (in some jurisdictions);
• lead to a loss of credibility by the public (i.e.,
resource managers ability to manage resources
properly might be questioned); and
•have a possible effect on human health (e.g., through
bioaccumulation of contaminants).

Discussion

Several points were discussed about the use of fish
stocking as a tool for managing muskellunge.
Although we did not have enough time to permit a
thorough discussion of the various points expressed,
insight into the use of stocking muskellunge was
provided.
The aforementioned positives and negatives were
reviewed to determine if any of these were unique to a
stocking program (i.e., would not apply if a different
management technique was used). Only four positives
were identified which were unique to stocking
programs. These include:

• creating a fishery where none existed before (i.e.,
introductions);
• providing a put-and-take fishery near urban
settings;
• preserving genetic strains of fish which may be in
danger of being lost in the wild (i.e., preserves
genetic strain until pressures

causing the decline of the wild stock are
addressed); and
• providing employment for those who work in fish
culture and stocking programs (e.g., hatchery staff,
biologists, etc.).
Having identified the positives that were applicable
only to fish culture/stocking, the next step was to
review various types of fisheries and determine how
important fish stocking was relative to the type of
fishery that was being provided. One other factor was
considered at this stage and this was whether any of
the negative aspects might be used to negate the use of
fish culture/stocking when managing muskellunge
populations.

The final analysis of whether fish stocking should
be used when managing muskellunge took the
form of questions and answers. The questions and
responses follow:
Question - Is stocking of muskellunge a viable
management option?

Group Consensus - YES, but only when this tool is
applied in a responsible manner.
Question - What is meant by the term
"responsible"?

Group Consensus - The term "responsible" as
linked to fish culture/stocking of muskellunge is
related to stocking objective (i.e., put-and(delayed)
take, restoration, rehabilitation, introductions,
supplemental and refugia).
Question - Should fish culture/stocking be used
to create a put-and-(delayed)take
muskellunge fishery?

Group Consensus - The overall consensus seemed to
be negative however some felt there could be limited
consideration to the culture and stocking of "tiger"
muskellunge (E. lucius x E. masquinongy) in an
urban context.
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Question - Should fish culture/stocking be used to
restore or rehabilitate a muskellunge fishery?

Group Consensus - The answer was a qualified YES.
Fish stocking should only be done when it is tied
directly to other management options. The use offish
stocking as the only management tool can be
considered as a band-aid solution and will do
nothing towards addressing the real cause of a
fishery decline. It is imperative that fish stocking be
considered as a tool, not the management objective.

assessment and suitable donor stock should be
available. One final check should be a consideration
of the positives and negatives (see earlier discussion)
related to the stocking program.

Question - Should fish culture/stocking be used to
supplement existing populations?

Group Consensus - A resounding NO came
from the group.
Question - Should fish culture/stocking be used for
refugia purposes?

Question - Should fish culture/stocking be used as
a means of introducing muskellunge?

Group Consensus - YES, but only when the intention
is that the population being introduced will
eventually become self sustaining. Also, any
introductions should be subject to risk
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Group Consensus - YES, provided the stocks being
maintained
do
not
change
genetically,
physiologically or behaviourally over time. If they
do, the unique characteristics we hope to retain
would be lost.
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Size Limit Regulations: Do They Work?
Facilitator - Cheryl A. Lewis
Aquatic Ecosystems Branch Ontario
Ministry of Natural Resources
380 Armour Road
Peterborough, Ontario
K9J 8M5
This session focussed on identifying and briefly
discussing the concerns, issues and efficacy of the
current set of muskellunge (Esox masquinongy) size
limit regulations in Ontario.
Six issues and concerns were identified:
1. Objectives for Size Limits and Other
Regulations

There was some debate about the purposes of
regulations. For example, should musky be managed
simply for sustainability, or should the species be
managed across the province as a trophy species?
Many participants believed that muskellunge should
be managed as a trophy species. There was some
discussion about how to define a "trophy" and,
generally, it was felt that trophy sizes need to
recognize differential growth potential among
individual waterbodies (e.g., a trophy in the
Kawarthas would be smaller than a trophy in Lac
Seul). Some participants believed that trophy fisheries
would result in more economic benefits by attracting
anglers.
There are several concerns with this approach. One
was the ethical issue of promoting catch-and-release
beyond that required simply for the perpetuation of
self-sustaining stocks. Is it ethical to promote
fishing for fun (i.e., catch-and-release) so that larger
fish can be caught in the longer term?
A second concern with managing musky as a
trophy species on a provincial basis are the social
and economic ramifications associated

with the fact that the opportunity to catch and keep
a legal sized musky would likely be eliminated in
many waters.
Most size limit regulations currently in place were
designed to protect female muskellunge until they had
the opportunity to spawn at least twice. However,
recent data may suggest the need to re-examine
whether that objective is being met in some waters
(e.g., Niagara, Ottawa and Rideau Rivers).

2. Pros and Cons of Size Limit Regulations

An attempt was made to identify some of the
concerns about size limit regulations. These
concerns are:
• there is some public demand for higher size limit
regulations;
managers will need to provide clear objectives
and rationale for any size limits which are
established;
• need to determine the best type of size limit
regulation (i.e., minimum, maximum, slot, etc.);
•minimum size limits need to mesh with the
maturation process of the fish.
• need to manage for the fastest growing fish by
considering the maximum size at age instead
of the average size at age;
• growth potential is important for defining what is a
"trophy" in individual waterbodies;
• there may be ethical concerns about
managing solely for "trophy" fisheries;

159

Size Limit Regulations: Do They Work?

• waterbody specific regulations, such as size limits,
increase the need for public education; and
• size limits need to be evaluated after they have been
established to examine changes in growth, density
effects, and impacts on other aquatic communities.

3. Post-Release Mortality

5. Public Awareness and Education

We discussed the need to provide more information to
the general public. Although muskellunge enthusiasts
have a great deal of knowledge about the species, the
non-specialist may have little or none of this
information. Some of the knowledge gaps which were
identified included:
• identification of muskellunge from northern pike;

One of the basic underlying assumptions with the
catch-and-release philosophy is that, with short
playing times and proper handling techniques, postrelease mortality of angled fish is low. It was
suggested that musky angling specialists were likely to
cause lower release mortality than general anglers.
There is little documentation of this assumption for
muskellunge. Apparently there is currently some
activity among various Muskies Canada chapters to
address this issue. Overall, it was felt that this topic
represented an important research need requiring the
initiation of a well designed study (i.e., evaluate postrelease mortality of both "good" and "bad" releases) .
This study was recognized as a potential partnership
research opportunity.

• proper catch and release techniques;

4. Data Requirements for New Regulations

6. Other Regulatory Issues and Concerns

The group agreed that accurate data are required to
formulate new regulations and and to evaluate or
support any changes to existing regulations. We
recognized that implementing effective size limit
regulations on individual waterbodies would require a
lot of information (e.g., maturation rates, growth
potential, etc.) which currently does not exist. It is
imperative that maximum biological data be obtained
from all muskellunge which are harvested.
Continuation of the MCI angler log and release
program as well as the Cleithrum Project are necessary
to expand the angler generated muskellunge database
which currently exists. There was also discussion
about the possibility of mandatory reporting of
muskellunge harvests.

Although the focus of the session was on size limit
regulations, there were a number of other issues and
concerns, pertaining to muskellunge regulations,
which were identified. These were:
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• influence of media reports on angler-effort;
• alternatives to mounting fish;
• vulnerability of muskellunge to heavy
angling; and
•current muskellunge regulations (i.e., open
seasons, size and possession limits.)
Reaching this broader audience is a major challenge.
Several ideas for more effective communication were
suggested. These included posting signs at public
access points (some MCI chapters are doing this
already), using the annual fishing regulation summary
to communicate messages, and having displays at
fishing/outdoors shows.

• public interest for new regulations (e.g., gear
restriction, musky tags, etc.);
• concern about broad based regulations: Can they
work?;
• consultation requirements for new or amended
regulations which increase the complexity and
time frame of the process;
• need for uniformity in regulations (can be too
complex);
• should reduce the muskellunge possession limit
to one fish;
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•

Consider mandatory catch-and-release
regulations where a muskellunge could
only be harvested if the angler possessed a
musky tag;

•

Maintainance of early season angling
opportunities for northern pike;

•

Season opening dates which better reflect
actual spawning periods;

•

Effectiveness of regulations in the face of northern
pike invasion? (e.g. Kawartha lakes); and

•

What are the impacts of going too far in protecting
muskellunge populations? (e.g., stunted musky,
impacts on other fish species, reduced
oppertunities.).
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