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LAKE ONTARIO MANAGEMENT UNIT

1994 ANNUAL REPORT

Introduction

The Lake Ontario Management Unit (LOMU), is
part of the Great Lakes Branch, Operations Division,
Ontario Ministry of Natural Resources (OMNR).
LOMU is"OMNR's lead administrative unit for
ecosystem managemert on Lake Ontario and the St.
Lawrence River. Respansibility for program delivery
is shared with four CMNR Districts froming Lake
Ontario and the St. Lawsence River. LOMU consists
of three functional groups: Management, Operations
and Assessment, The 1934 Annual Report emphasizes
the results of fishsres surveillance programs
completed by the Assessment and Operatior. groups in
1994, and provides a synopsis of major Management
programs.

Primary responsibi’itdes of the Management group
include lake-wide menagement planming, fish
community management, fishery allocation and
regulation, commerciz. fishery managerrent, fish
stocking, native species restoration, habitat
management, Remedial Action Plans, First Nations
liaison, and public infcrmation/communication and
compliance. The Operations group provides
administrative and technical support for LOMU, and
two research groups atiached to the Rescarch. Science
and Technology Branch of OMNR. Administrative
support is also provided to the Warmwater
Community Ecologist ¢ Ajuatic Ecosystems Branch).

The Assessment group plays a fead role in
developing and maintzining OMNR's fisheries
surveillance programs and shares a responsibnlity with
Lake Ontario's broacer scientific community to
transfer science to ficheries management policy.
Many of the Assessment group's surveillance activities
are done in partnersdp with New York State
Department  of Environmental Conservation
{(NYSDEC), and the Unit=d States National Biological
Service (NBS), formzrly the USFWS. Several
programs are integratzd with research activities

conducted by the Lake Cntario Research group (LOR)
and the Great Lakes Salmonid Unit (GLSU).

Below is a brief overview of this report and the
Assessment growp's approach to Lake Ontario
fisheries surveillznce, .nelnding links to reszarch
programs, Significant management programs arz also
described. Included in Appendix A are Lists of
assessment project titlss. Lake Ontario reszarch
projects, LOMU saff. amd Glenora associates. Results
of the St. Lawrence River surveillance programs are
reported in a separate repert (Ontario Ministry of
Natural Resources and New York State Depzriment
of Environmental Conservation 1995).

Overview of Surveillance Programs
and Related Activities

Lake Ontario surveillance activities, repcrted in
the seven chapters that foilow, are grouped nnder
three section tites: Fish Commmunity Indexing,
Resource Use, ard Additional Topics.  The results
reported are of a summary nature, The first two
sections emphasize 1594 updates of selected fish
population, biclogical, and fishery indices and
statistics,.  In the final section we report on zebra
mussel related studies and habitat management
activities. The 1994 Annual Report organization
reflects our approach to Lake Ontario fisheries
surveillance. The hiphest priority for LOMU
Assessment is to develop and maintain indices of fish
population abuncance and biological attribates to
detect long-term fish community changes. We also
provide stock-specific information for species
requiring rehabiiitation sh as lake trout, and
economically imporlant species such as walleye,
whitefish, and y:=llow perch. Programs tkat are
designed with this intent are grouped under Section
I ( Fish Commun:ty Indexing) and include programs
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to monitor pelagic planktivores (Chapter 1), pelagic
piscivores (Chapter 2), and eastern Lake Ontario and
Bay of Quinte fish communities (Chapter 3).
Sampling is designed to ottain indices of abundance
and measure biolcgical characteristics such as age,
sex, weight, diet, and maturiry.

Lake Ontario pelagic planktivore abundance
and biological attributes (Chapter 1) are monitored
through hydroacoustic and mid-water trawling
programs carried out in par-nership with NYSDEC.
The stztus of pelagic piscivere populations (Chapter 2)
is determined by a fall index gillnetting program
targeting lake trout, analysis of spost fish harvest rates
for rainbow trout and chinook salmon, and stocking
records for all saimon and trout. Also, counts of
spawning rainbow trowl a: the Ganaraska River
provide direct enumeration of the size of this stock.
Growth and condition of ch:rook saimon and rainbow
trout are monitored at selected spawning runs. Wild
migratory salmonid recruitment and year-class
strength is determined from stream electrofishing
surveys.

Fish community indexing is more intensive in
eastern Lake Ontario anc the Bay of Quinte.
Depth-stratified giflnet and sottom trawling surveys
are completed during the summe: when there is a
tendency for stable water temperzture regimes and
some separation of cold and warmwater fish
assemtlages. Three major geographic regions are
recognized: Northeastern Lake Ontario, the Qutlet
Basin, and the Bay of Quinte. Walleye abundance is
also determined from catch-age analysis of angler
harvest data and periodic mark-recasture studies.

The other principal activitv of the LOMU
Assessment group is to monitor fisheries resource use.
Grouped under Section II (Resource Use) are
programs which monitor commercial (Chapter 4) and
recreational fisheries (Chapeer 5). Commercial fish
harvest sampling provides data to manage quota
allocations. Commercial harvest sampling also has
the potential to provide an independent index of
abundance of commercial stocks. The collection of
biological data from commercial catches will
eventually allow us to fully develop this approach.
Recreational fisheries monitcring focuses on the Bay
of Quinte walleye fishery and the boat fishery for
salmen and trout in western Lake Ontario.  Other
fishery components are surveved in some years.

Fishing effort statistics arz important for
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gauging public participation :n recreational fishing,
and provide feedback to mznzgers on the success of
stocking arograms, Changes in catch and harvest
rales revezl temporal and regional differences in fish
populatioz. abundances and angler preferences.
Catch-age analysis of the Bay of Quinte walleye
angling cata uwsed (o refine trend-through-time
estimates of the walleye popuiation size (Chapter 3).

The final section of the annual report is titled
Additional Topics. In this section we summarize
information from programs designed to enhance our
understanding of zebra mussel impacts (Chapter 6).
The zebra mussel program 1ndexes the distribution
and abundance of zebra acd quagga mussel, and
thereby decuments a case history of their invasion. In
Chapter 7 we bricfly describz some of Lake Ontario
habitat features and highlight ongoing and proposed
initiatives Zor habitat evaluation and management.

Researct: Links

The LOMU Assessmert group shares facilities
at Glenora with the Lake Dntario Research group
(LOR), under the direction of Dr. John Casselman,
and the Great Lakes Salmonxd Unit (GLSU), under
the direction of Dr. Michael Jones. Both Groups are
part of the Aquatic Ecosystems Research Section of
the Research, Science and Technology Branch. In
addition to acting as resource people on scientific and
management issues, a number of research projects
have direct application to te management of Lake
Ontario (Appendix 1). Before 1992, the LOR was
responsibis for fish communizy indexing programs in
the Bay of Quinte and Outlet Bzsin. The Lake Ontario
Research group retains responsibility for the
management of the historic daia, and conducts studies
to maintain the continuity af the historic data and
augment knowledge of fish community dynamics.

In 1994, studies were continued comparing
multifilament and monofilament gilinets. The results
will allow direct comparison of current and historical
indices af 2bundance. Field sampling for the seasonal
fish community indexing program could not be
completed in 1994, but analvsis of previous data
continued. This program provides infarmation on
seasonal fish migration and growth. The LOR group
also has an age and growtl rzsearch program. Of
particular relevance to the Assessment group is the
development and maintenznce of the CSAGES
computer software that alows for the capture,
archival, and analysis of digitized scafe and otolith
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age interpretation datz. In 1994, a number f training
session were held at Glenora to continue the transfer
of CSAGES technology to LOMU =znd other
provincial fisheries staff. Work on discriminating
stocks of lake whitefish based on scale and otolith
growth characteristics has enhanced our smrveillance
and manag=ment prog-ams specific to tte Bay of
Quinte and Lake Ontari> stocks. Studies of variation
in year-class strength 2ased on the examination of
archived calcified tissuzs of pike provided valuable
insight into Iong-term znvironmental change and its
effects on fish commmity dynamics in tae Bay of
Quinte and eastern Lake Ontario. Initial work on the
micro-chemistry and age interpretation of archived
American eel otoliths kas potential to provice clues to
the recent declines in egl recruitment.

Lake trout research conducted by LOR is
important to understanding factors impeding lake
trout rehabilitation im Lake Ontario. Research
includes assessment of spawning activity at the
Yorkshire Bar historczl site, in-situ bicassays to
investigate =arly-life history, and studies 12 identify
naturally produced yearling lake trout by examination
of their calcified tissue

The GLSU group has several programs
integrated with LOMU surveillance ojrograms.
Studies at Wilmot creek, examining salmcnid early
life history, and competition between Atlanric salmon
and resident salmonids are useful in the evaluation of
Atlantic saimon restoration efforts. The GLSU
developed a rapid assessment technique for measuring
salmonid densities in s:rzams, The Assessment group
routinely applies this technique to estimatz rainbow
trout smolt production in Ontario streams (Chapter 2).
Studies examining the growth and population
dynamics of Ganaraska River rainbow trout angment
the fishway surveillancs program. The studizs provide
insights into factors dztermining the size and age
composition of the spawning run and the response of
rainbow trout populations to ecosyster: change.
Updates of the computer models resulting from the
SIMPLE project, cochaized by Dr. M. Jones and Dr.
J. Koonce (Case Westerr University} and surported by
the Great Lakes Fishery Commission (GLFC) were
provided in 1994, This modelling tool predicts the
impact of varying levels of fish stocking on population
characterist:cs of salmon, trout, and alewife, and
continues to be important in managing the predator-
prey balance of Lake Ontario.

We alse worked cooperatively with exiernal
researchers. Dr. Lars Rudsam, Cornell University,
New York, is assistng us :n re-analysis of
hydroacoustic data from 1991-1994. This will result
in standard indices of aoundance of pelagic prey for
that period and more iz‘crmation on the distribution
and abundance of Afysis reficta. We are working
cooperatively with Dr. Robert Bailey, University of
Western Ontario, _ondon, to analyze the recent Bay of
Quinte mussel surveys and synthesize past mussel
survey information,

In 1994, many LOMU staff participated in the
OMNR provinciel walleye synthesis. LOMU staff
contributions and Lake Ontario surveillance data
featured prominently in the syntheses. Stafl also
participated in a number of workshops inchuding:
Provincial Fisheriss Assessment Unit Design Review
Workshop, Ecosysterr  Assessment  Workshop
sponsored by the GLFC, and a Catch-age Analysis
Workshop sponsered by the Lake Erie Technical
Committee,

Management Programs

Fisheries management activities affecting Lake
Ontario and the St. Lawrence River are coordinated
from the office of -he Lake Manager in Napanes, The
management programs described below were of
particular significance in 1994,

Commercial Fistery Management

The general approach to commercial fisheries
management is > support the commercial fishery
while conserving the rehabilitating fish stocks, In
addition to supporting stock corservation, licence
conditions arc intended to recuce problems of
incidental catch and cenflicts with other resource
users. Quota management ¢ontinues to be an essential
component of the commercial fishery program. In
1994, significant increases in quotas for lake whitefish
reflected substantial racovery of this species in eastern
Lake Ontario. There were also small increases in
walleye and lake berring quotas. Continued concern
about the status of eel and yellow perch stocks resulted
in reduced 1994 quotas for these species. In 1994,
further expansion of gillnet seasons for lake whitefish
was permitted through cooperative "test fishing"
programs. A more deiziled account of commercial
fish management, Harvest, and biological

Introduction
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characzeristics of the harvest can be found in Chapter
4. A royalty of two perceat of the value of the
commercial fish harvest was implemented on January
1, 1994, Negotiations were initiated with the local
industry to establish procedures for introduction of a
daily catch reporting (DCR) system in 1995.

Compijiance Programs

Compliance activities conducted by LOMU
conservation officers are primarily associated with
fisheries legislation ard regulations. In the
commercial fishery, emphass is placed on ensuring
compliance with licence conditions and quota
management, promoting ethicat fishing practices, and
resolving conflicts ‘with other resource users. In 1994,
major _nvestigations were ccnducted into over-quota
violations and illegal marketing of ecls with elevated
contaminant levels. Enfercement of the sport fishing
regulations concentrated on the Bay of Quinte walleye
fishery, Outlet Basin smallmouth bass fishery, and
western Lake Ontaric salmon and trout fishery,
Complance directed a1 shore angling, seasonal
spawning runs and nearshore angling in the Bay of
Quinte and Niagara area relied on liaison and
cooperation with OMNR District and Area Teams,

Review of Eastern Lake Ontario Walleye Angling
Regulfations

At the request of resource users, LOMU
conduczed a review of walleye angling regulations for
eastern Lake Ontario, with special emphasis on creel
limits for the Bay of Quinte. The review included
consultation with representatives of the Ontaric
Federation of Anglers and Hunters, local anglers,
commescial fishermen, tourist operators and the
Tyendinaga First Nation. In light of the various
stresses acting on walleye stocks, including increased
harvest by anglers and Tyendinaga Band members,
and potential impacts of zelwa mussel proliferation,
OMNR recommended a cautious approach to
changing angling regulations. Baszd on the consensus
achieved through the consuitation exercise, there will
be no change in the daily caich and possession limit
for Bay of Quinte walleye in 1995.

Fish Habitat Manzgemsant

LOMU is involved in fish habitat management
in a broad planning and adv:sory role. The greatest
level of activity is in designated Areas of Concern
(AOCs) through the Remedial Action Plan (RAP)
process. LOMU staff have provided input on fish

Introcuction

habitat for planning exercises of other agencies such
as the Canadian Coast Guard, Environment Canada
and the NBS. LOMU also contributed to the shoreline
management strategy of the "Materfront Fegeneration
Trust, for the Lake Ontario shareline from Burlington
to Trenton. OMNR District and Area Teams are
responsibie for review and aporoval functions relating
to shorelire alteration. However, LOMU staff serve in
an advisory capacity for largz scale proposals and
those which have potential offshore or deepwater
implications.

Remediai Action Flans (RAFs)

The Lake Ontario Management Unit is
responsiblz for coordinating OMNR's parzicipation in
Remedial Action Plans for the Niagara River,
Hamilton arbour, Metro Toronto, the Bay of Quinte
and the S. Lawrence River. The focus of OMNR's
participation in these RAPs is on restoration of
degraded aquatic habitat, with special emphasis on
protection and enhancement cf fish habitat and the
associated fish community. Surveillance arograms in
support of the Bay of Quinte RAP, are integrated with
LOMLU's assessment program { Chapier 3 and 7). For
most RAPs, OMNR District and Area Offices are
directly involved with inter-agancy RAP Teams in the
planning and delivery of surveiilance and remediation
activities, Principal areas of involvement include fish
community and habitat monitoring, habitat
rehabilitatton projects and partnerships with other
government agencies, non-government organizations,
and the pubolic.

Liaison with First Nations

The Unit is involved ix fisheries management
programs associated with Tyendinaga and Akwesasne
First Naticns. Fish stock status and resource use
information are provided to aborigimal liaison
specialists of MNR's Tweed and Kemptville Districts,
In 1994, LOMU siaff were directly involved with First
Nations in information exchange, providing advice
and assistance with fisheries arojects, and through
cooperative RAP projects. The Jnit was also involved
in deliberations regarding the conservation
implications of aboriginal harvest. A cooperative
program involving Tyendinaga. LOMU and Napanee
Area staff monitored the spring walleye harvest by
Tyendinaga Band members on Bay of Quinte
tributaries m 1994,

Lake Trout Rehabilitation



The Joint Plan for the Rehabilitaticn of Lake
Trout in Lake Ontario provides background and
direction for lake trout rehabilitation. in light of
recent ecalogical changes in Lake Omtario and
associated -eductions ic stocking of hatchery-reared
lake trout in 1993 and 1994, OMNR, NYSDEC and
NBS are committed to a review and update of the joint
plan. The cooperative monitoring program of these
agencies, which collects data on abundance, survival
and population structarz of lake trout, is rzported in
Chapter 2. Several naturally reproduced yearling lake
trout were captured in both Canadian and T.S. waters
during 1994 monitoring programs.

Atlantic Salmon Resfcration

OMNR has been involved in as Atlantic
salmon restoration program on Lake Oniario since
1987, with stocking of hatchery-reared fish at Credit
River and Wilmot Creek. Adult returns to these sites
to date have been disaspointing. An OMNR working
group, led by LOMU hss completed a comprehensive
review of the Atlantic salmon program, including an
evaluation of ecological feasibility and ccusultation
with a range of stakeholders. As a result of the review,
OMNR intends to refocus the program. Emphasis will
be placed cn learning more about the ability of early
life stages of Atlantic salmon to cope with existing
stream habitat and intzr-specific compet:tion (i.c.,
rainbow trout). This involves a renewed commitment
to the Great Lakes Salmonid Unit (GLSU).
Additional research sites are planned for 3anaraska
River and Luffins Creck for 1995.
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Pelagic Planktivores

T. Schaner
C.P. Schneider’

Overview

Alewife (Alosa pseudoharengus) anc rainbow
smelt (Osmerus mordax) are the principal pelagic
planktivores in Lake Cmtario. They are the main prey
of large salmonines, and alewife are also ircportant in
the diet of walleye. Over the past decade we have
witnessed a slow declire in the numbers of alewife and
smelt, which can be attributed to two factors. Firstly,
the nutrient loading irte the lake has decrzased as a
result of better sewage lreatment, and better land use
practices in the watershed. Secondly, the artificial
stocking of large salmcnines has, until recently, been
increasing. As a resalt, alewife and smelt found
themselves squeezed between reduced plankton
productivity (the main part of their diet) and increased
predatory pressure. The situation has recently been
further aggravated by the accidental introduction of
the zebra and quagga mmussels, which tend io divert
the energy flow from the pelagic to the benthic
community.

Concern for the d=clining prey populations has
prompted management agencies around the lake to cut
down stocking of salmonines starting in 2993, The
objective was to reduce the predatory pressure on
alewife and smelt by a half. Due to the varving life
histories of the stocked salmonines, the reduction in
prey demand can only be achieved graduailv, and it
still remains to be seen whether the stocking
reductions were sufficiert to allow prey populations to
sustain themselves. With the concern for the prey
populations on one hanc, and a mandate tc maintain
fishing opportunities on the other, careful
management and mon:toring of the prey fish is
critical.

Ontario Ministry of Natural Resources (OMNR),
in cooperation with New York State Department of

Environmental Conservaticn (NYSDEC), conducts
hydroacoustic surveys covering both the Ontario and
the New York sides of the lake. Most of the
information in this chapter comes from these surveys.
The U.S. National B-:ological Survey (NBS)
cooperates with NYSDEC ta conduct annual bottom
trawl surveys to assess alewife and smelt in the U.S.
waters of the lake. The results of these surveys form a
valuable seventeen year data series that provides an
independent assessment. znd an historic context for

our own observations.

The 1994 hydroacoustic estimate shows a possible
further reducticn in abundance of pelagic
planktivores. Of particmlar concern is the alewife
population, with two consecutive missing year-classes,
followed by a year-class of young-of-the-year (YOY)
fish that will probably also be reduced by next
summer,

Hydroacoustic Surveys

For four years now, the OMNR and NYSDEC
have conducted spring, summer, and fall
hydroacoustic surveys ccvering the entire lake. Each
survey consists 0 six cross-lake transects (Fig. 1),
during which we collect centinuous acoustic data,
midwater trawl samples of pelagic prey fish, and
temperature profil=s.

The acoustic data are collected at night, starting at
the 10 m depth at one shore and continuing across the
lake until the 10 m depth is reached at the opposite
shore. The acoustic equipment is set to process signal
down to a depth of 100 m. although few fish are
generally found d=eper than 50 m. With the present
configuration we can measurs fish from 1 m off the
bottom to within a few metres below the surface. At
night when the sampling is done, the bulk of the prey

1iNew York Slate Depariment of Environmental Consarvation, P.O. Box 292, Cape Vincent, NY, 13618, U.S.A.
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FIG. 1. Map of Lake Ontario showhg the kydroacoustic transects samplsd in 1994.

fish population is found in the water column, and
therefore the lack of coverage near bottom does not
present a problem. Our current inability to obtain
near-surface data, however. may lead to an
underestimate.

A trawler accompanies -he hydroacoustic boat,
sampling fish from scattering layers detected with the
echo scunder. The catches from m:dwater trawls are
used to establish species and size composition of the
acoustizally detected fish As = further aid in
interpreting the acoustic data, we aiso measure water
column temperature profiles, since both alewife and
smelt often exhibit strong temperature preferences.

Previous Hydroacoustic Estimates

In the spring of 1994 we discovered that our
420kHz equipment exhibited a sign:ficant attenuation
of the sound signal in the water column. Traditionally,
signal attenuation in fresh water is considered to be
negligible, however, in Lake Ontario, the
hydroacoustic estimates are semsitive to small
differerices in target size between Mysis and YOY
alewife and smelt. We compe:sated for attenuation in
the 1994 summer and fall estimates, but the
echosounder recordings from previous surveys had to
be reprocessed, and the new information has not yet
been analyzed. Therefore, the 1994 hydroacoustic
estimatz is reporied here without reference or
COMPparison to previous surveys.

Acoustic Estimates
The October 1994 acoustic esumate of pelagic

Pelagic Planktivores

prey-size targets was 4.5 billion, This number breaks
down into 3.3 billion YOY-size targets, and 1.2 billion
larger targets. However, 74% of the YOY-size targets
were detected in the offshore hypolimnstic waters,
where YOY alewife and smeht are not normally found.
We suspect that some of these targets, possibly a large
portion, are Mysis, and therefcre the estimate of 3.3
billion YCY fish should be reduced. Eliminating all
hypolimnetic YOY-size targets gives us zn estimate of
2 billion fish, composed of 848 million YOY fish and
1.2 billion older fish. This should be considered as a
minimum zstimate,

Trawl Catches

The caiches made in midwater trawls that
accompany the hydroacoustic data collection are used
to interprer the acoustic abumdance esrimates, The
catch-per-unit-effort statistics from these trawls
should be interpreted with caution, because the
trawling schedule is not irtended to provide an
unbiased index of abundance--we frequently trawl
through conspicuous concentrations of fish to
establish their size and species composition,
Nevertheless, we attempt to rzpresent all depths and
areas of the lake, and it appears that the information
on relative abundances of vanous size greups of fish is
consistent between successive sarveys, and with other
sources of information.

Alewife
The October surveys provide the first look at the
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new yeat-class of YOY fish, In October 1594, we saw
an unusual size distribution of small alew:fe (Fig. 2).
In the Kingston Basin we caught alewife in the 50 to
90 mm range, while in the rest of the laka, zspecially
in the New York watess, we caught small alewife in
the 30 to 50 mm range. The smaller fish were
obviously YOYs, but we have some doulss about the
age of the larger fish. Our previous experizmze tells us
that in October the size of YOY fish should
approximately correspond to the size of the larger
group (50-30 mm). Observations on a sample of fish
caught by the NBS in the New York waters near
Oswego at approximetely the same time, suzgest that
indeed there may bave been a bimcdal size
distribution of the 1994 YOY alewife. Ca the other
hand, assuming that ths growth rate of ycurg alewife
is decreasing, as we saw the previous year, and taking
into account size-select:ve predation by salmonines, it
is conceivable that last October there were yearling
alewife less than 90 mm long. Age structurzs collected
during the October servey, but not yet prccessed, will
resolve the question.

The [$93 year-class of alewife appears to have
successfullv survived tte winter of 1993-92, but failed
to survive the following spring and summer. Our
initial assessment of this group came from the 1993
October survey, when we saw them as YOY fish. They
appeared to be abundant but smali, and taeveforz the
prognosis for survival through the ummsually cold
winter was not good. During the 1994 spring survey
we were surprised to ca:ch good numbers of these fish,
now yearlings, in all parts of the lake. Howsver,
during our 1994 summer and fall surveys they were
largely mussing (with the possible exception of
Kingston Basin, see a>ove). We do not xnow what
caused the disappearance of this year-class — the two
likely factcrs would be predation, and loss of fitness
caused by their small s:ze in combination with a cold
winter.

The bulk of the olzer fish seen in all three 1994
surveys were 3-yr-olds and older. The absence of 2-yr-
olds was marked by the lack of fish in the 110 mm
range. Thiz was a further confirmation of observations
first made :n October 1292, and later in all three 1993
surveys, in which the 1992 year-class was essentially

FIG. 2. Lengh frequency distribution of alewife from micwater
trawls.
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SMELT SIZE COMPOSITION
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FIG. 3. Le-gth frequency distribufion of smelf from midwater
trawls.

missing from the catches. We suspect :hat in 1992
there was a reproductive fa_iure, or high mortality of
YOY fisn during their first summer,

Smeit

The smelt catches in ths 1994 spring survey
consistea largely of yearlings and 2-yr-ald fish (Fig.
3). In the subsequent sumuner and fall surveys,
however. the yearling smelt disappeared similar to
yearling alewife, and the bulk of the summer
population of smelt was mads up of 2-yr-old fish. In
the fall sarvey we caught re;atively gooa numbers of
YOY smelt in the 40 to 60 mm range, suggesting a
successfi 1994 year-class.

Discussion

Resules of the 1994 surveys confirm our continued
concern Zor the state of ihe pelagic orey stocks.
Alewife, -he more abundani cf the two species, will
essentialr be missing two vzzr-classes in 1995. The
1992 yea--class (3-yr-olds ir 1995) was very weak
from the onset, and the 1995 year-class 2-yr-olds in
1995) was reduced as yeariings in the early part of
1994. Qus first look at the 1594 year-class showed that
these YOYs were unusvaly small, and previous
experience indicates that th=y may suffer high over-
winter mortality, since aiewife smaller than
approximately 50 mm fork lzngth do not normally
survive the winter (R. O'Gorman, U.S. Dept. of the
Interior, Oswego Biological Station, Oswego, New
York 13126, personal comnmmunication). The pessi-
mistic sc=narto for 1995 is -aat an old population of
alewife, 4-yr-olds and older, will bear most of the
predation pressure in the sommer of 1995. The
oplimistic scenario is that the 1994 year-class will
survive the winter to help shoulder the predation
pressure n 1995, but will b2 reduced in the process,
similar to the previous yea-—class a year earlier. In
cither case, this will result in a much reduced
population of spawning adul's in 1995 and beyond.
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Pelagic Piscivores

Michael Rawson
Jim Bowlby
Ted Schaner

Overview

This chapter describes the status of the pelagic
piscivore community in Lake Ontario. Salmon and
trout (salmonines) are the primary members of this
community. These species are both ecologically and
economically important. They are actively sought by
anglers participating in a multi-million dollar
recreational fishery. As ierminal predators in the Lake
Ontario food web, thzir growth and procuction are
dependent on an adequate supply of alewife and smeit.
Currently the status of these prey species is unceriain,
Efforts are also underway to rehabilitate lake trout and
consideration is being given to the restoration of
Atlantic salmon. Therefore, monitoring of the pelagic
piscivore community is important to the management
of Lake Ontario’s aquatic ecosystem. In tais chapter
we report on the status of the most abundant
salmonines, chinook saimon, lake trout ard rainbow
trout.

Most of the salmonines in Lake Omtario are
stocked. Thus, stockir.g numbers provide a reasonable
indicator of recruitment to the pelagic piscivore
community. Salmonire stocking in Lake Cntario was
reduced substantially in 1993 and 1994 by the Ontario
Ministry of Natural Resources (OMNR} and New
York State Deparment of Enyvironmental
Conservation (NYSDEC). These actions were taken
in response to declines in zooplankton and
planktivorous prey fish over the past decade. The
stocking reductions are sxpected to result iz 2 45-30%
reduction in the consumption of prey fish by 1996.

For adult chinock salmon and rainbow trout we
have traditionally used angler harvest rates from the

boat angler fishery as an index of abundance. A series
of fishing derbies drives the boat angler fishery and
targets angler effort on chinook salmon and rainbow

- trout (Chapter 5). The harvest rate of chinock salmon

in 1994 was 10% less than in 1993 but 8% higher than
the recent 5-yr mean. A decline in the harvest rate of
1-yr-old chinook salmca may have resnited from the
stocking reductiors of the 1993 year-class.

The harvest rate of rainbow trout in 1994 was
unchanged from 1993 but was 19% lower than the
recent 5-yr mean. Counts of rainbow trout at the
Ganaraska River fishwar are moniored in cooperation
with OMNR Tweed Distnict (Ozk Ridges Moraine
Area Team). In 1994, the numter of rainbow trout
declined only slightly following a 50% decline from
the peak in 1989.

The juvenile salmonine stream index program was
conducted for a second vear. This program is carried
out in cooperation with the Great Lakes Salmonid
Unit (GLSU). This program indexes year-class
sirength and recruitment for wild salmonine
populations in Lake Ontario. Abundance of young-of-
the-year (YOY) rainbow trout was significamtly less
than in 1993 but yearling abundance was unchanged.

Lake trout populztions were monitored to
document the progress of the rzhabilitation effort
based on the Joint Plan for Rehabilitation of Lake
Trout in Lake On:ario (Schoeider et al. 1983). Most
of our information regarding lake trout in Lake
Ontario comes from a cooperative gill net program
conducted in the fall by the OMNR, NYSDEC, and
the United States National Biological Service (NBS).
The year 1994 macked the twelfth survey in New York
waters, and the tenth survey since OMNR joined the
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effort. The annual progress report is summarized here.
Indices of lake trout status such as catch-per-unit-
effort, {amprey wounding rate, and body condition
indicate a stable population Survival rate remains
above the rehabilitation target level of 60%. Of
particular significance in 1994 was the increased
number of naturally repraduced lake trout. A detailed
discussion of lake trout siatus is reported by Schneider
etal. (1995),

Growth and condition of _ake trout, rainbow trout,
and ckinook salmon were monitared to index the
availatility of their przy. In 1994, condition of
chincok salmon and rainbow trout continued to
increase and lake trout remained unchanged following
a period of decline in the mi¢-1980s. In contrast, the
mean size of 1-yr-old chinook salmon in the angler

harvest suggests that growth rates have been lower in
recent years. The mean size of spawning chinook
salmon and rainbow trout declined from 1993 to 1994,

Stocking

Changes in Lake Ontario over the sast decade
have resulted in a situation where the food
consumption by salmonines (predator demand) likely
exceeds the sustainable supply of their principal prey,
alewife and smelt (Anonymcus 1992). In response to
these changes OMNR and NYSDEC reduzed stocking
by approximately 50% from 1991 stocking levels. In
1994 OMNR and NYSDEC wogether stocked a total of
4,635,000 salmonines (Table 1 and 2).Chinook
salmon continued to dominate stocking followed by ~

TABLE 1. Saimon and trout stocked into Province of Ontario waters of Lake Ontario in 1991-94, and farget stacking numbers for 1995.

Target
Number of Fish Stocked Number
Species Age 1991 1992 1993 1994 1995
Atlantic salmon Yearling 28,495 34,758 42,366 49,502 0
Fry 0 0 15,000 17,310 160,000
Subtotal 28,495 34,758 57,366 66,812 160,000
Brown trout Yearling 380,914 257,366 191,591 227,996 170,000
Fall Fingerling 145,039 0 25,000 7,500 50,000
Spring Fingerling 0 0 1,867 0 )
Subrotal 525,953 257,366 218,458 235,496 220,000
Coho salmon Yearling 148,006 0 0 0 0
Fingerling 2,950 0 0 0 0
Fry 275,511 0 0 0 0
Subtotal 426,467 0 0 0 0
Chinoox salmen  Fingerling 593,631 604,755 500,784 474,981 450,000
Lake trout Yearling 1,092,196 931,226 567,988 333,131 520,000
Fingerling 0 195,074 0 0 0
Adult 0 0 0 1,816 0
Subtotal 1,092,196 1,126,300 567,988 533,131 520,000
Rainbow trout Yearling 125,070 64,378 35,850 28,000 100,000
Fall Fingerling 62,249 226,286 179,839 330,975 200,000
Subtotal 187,319 290,664 215,689 328,975 300,000
LAKE TOTAL 2,854,061 2,313,843 1,560,285 1.639,395 1,650,000

Pelagic Piscivores
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TABLE 2. Salmon and trout stocked into New Yaork watars of Lake Ontario in 1997-94, and target stocking numbers for 1995,

Target
Number of Fish Stocked Number
Species Age 1991 1992 1993 1994 1995
Atlantic salmon Yearling 178,000 169,305 135,280 150,550 162,500
Fingerling 0 0 30,000 37,500 37,500
Subtotal 178,000 169,305 165,280 188,050 200,000
Brown trout Yearling 381,880 415,170 445,350 401,640 425,000
Fall Fingerling 0 0 0 0 0
Subtotal 381,880 415,170 445,350 401,640 425,000
Coho salmon Yearling 97,000 94,100 95,670 91,590 90,000
Fingerling 131,750 445,000 99,970 223,000 155,000
Subtotal 228,750 539,100 195,640 314,590 245,000
Chinook salmon Fingerling 2,835,000 2,798,215 1,603,300 1,000,000 1,000,000
Lake trout Yearling 318,090 507,580 498,400 507,000 500,000
Fingerling 160,000 0 0 5,066 0
Subtotal 978,090 507,580 498 400 512,066 500,000
Rainbow trout:
Washington Yearling 519,300 430,000 379,930 415,250 431,000
Steelhead Fingerling 215,000 0 0 0 0
Subtotal 734,300 430,000 379,930 415,250 431,000
Domestic Yearling 81,550 84,850 38,020 92,000 100,000
Fingerling 28,900 0 0 0 0
Subtotal 110,450 84,850 88,020 92,000 100,000
Skamania Yearling 32,000 84,780 74,000 72,1530 82,000
Rainbow trout Subtotal 876,750 599,630 541,950 579,400 613,000
LAKE TOTAL 5,478,470 5,029,000 3,449,920 2,995,746 2.983,000

lake trout, rainbow trout, and brown trout (Fig. 1).
Detailed information about stocking in 1994 by
OMNR appears in Arp=ndix B.

The purpose of thz stocking reductions was to
decrease predator demand by 45-50% by 1996. Due to
the effect of fish stocked in earlier years, the reduction
in predator demand lags behind the reductions in
stocking. The stocking reductions in 1993 and 1994

were expected to reduce predator demand by 10% in
1994, 29% in 1935, but the full effect will nat occur
until 1996 (Fig. 2). Predator demand will be managed
at this level for the immediate future unless
observations of prey population status suggest that a
change is required.

A target stocking mwmber for each species was
identified by OMNR for 1994. The target was based on

Pelagic Piscivores
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the desired reducton in predator demand, species
preferences by anglers, and a continued commitment
to laks trout rehzbilitation and maintenance of an
Atlantic salmon program. Extensive public
consultation in 1992-93 indicated that anglers had the
greatest interest in chinook salmon but there was
considerable support for a diverse salmonine
community including rainbow trout, brown trout, lake
trout. and Atlantic salman.

Stocking of clkinook salmon by OMNR in 1994
was 5% above the target level of 450,000 fingerlings.
Chinook salmon were stocked at 10 locations along
the Lake Ontario waterfront to support fisheries from
Port Dalhousie to Wellington., The largest number of
chinock salmon was stockec into :he Credit River to
ensure adequate returris of mature fish for spawn
collection.

CMNR stocked 534,000 yearling lake trout in
1994 which was only 3% above the target of 520,000

Pelagic Piscivores

yearlings. Despite a 50% reduction from 1991
stocking levels, OMNR remains committed to lake
trout rehabilitation in Lake Ontario. Lake trout
stocking was concentrated ic. eastern Lake Ontario
where much of the potential spawning habitat for lake
trout exists. Lake trout were also stocked at Fifty Mile
Point and Cobourg Harbour bzcause of the proximity
to historical nearshore spawning shoals.

OMNR is shifting the genetic strain composition
of lake trout stocked into Lake Ontario. Historically,
Slate Island (Lake Superior) was the most readily
available strain from OMNZ2 s fish culture system.
Preliminary evidence suggested that the Seneca Lake
strain was a principal comributor to the limited
natural reproduction in Lake Ontario, and in future
this strain will be emphasized. In 1994, nearly 8% of
the fish stocked were from thz Seneca Lake strain with
the remainder being Slatc Island strain, The
proportion of Senecas stocked into Lake Ontario are
expected to increase as crood stock is further
developed and managed for greater production. By
1997, approximately 50% of lake trout will be Seneca
Lake suain with the remainder being equal
proportions of Slate Islaxd, Michipicoten, and
Mishibishu strains.

The stocking target for rainbow trout was 135,000
yearlings in 1994, Fish culmre production supplied
28,000 yearlings and 301,00C fall fingerlings. Because
of lower survival for fall fingzrlings, the total stocking
was equivalent to an estimat=d 76,000 yearlings. The
fall fingerlings and spring vearlings were stocked in
paired experimental releases to determine their
relative survival rates. Stocking locations were
primarily at the west end of the lake. Rainbow trout
stocking into the Humber and Rouge Rivers was
strategically located in the watersheds to support
OMNR's District Watershec Management Plans.
Much of the rainbow trout fishery east of Toronto is
supported by wild populations that reproduce naturally
in Lake Ontario tributaries. Rainbow trout are not
stocked in these tributaries in order to avoid the
negative impacts of stockiag on top of naturally
reproducing populations,

OMNR stocked 179,500 yearling brown trout
which was only 500 fish below the 1994 target. In
addition, 56,000 fall fingerlings were stocked in a
paired experimental release 0 determine the relative
survival rate of spring yearlings and fall fingerlings.
Brown trout were stocked a: 11 locations from Port
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Dalhousie to Collins Eay. The largest proportion of
brown trout was stocked into the west end of the lake
to support the areas that have shown the best returns
to the angler harvest.

The 1994 Atlantic saimon target number of 50,000
yearlings was stocked Tearling Atlantic saimon were
stocked into the Credit River and Wilmot Creek in an
attempt to develop spawning runs for egg collection.
A review of the Lak= Ontario Atlantic salmon
program by OMNR cetermined that the yearling
stocking program was not successful and will not
continue after 1995. Dver the next several years
stocking will support an experimental approach to
determine the potential of successfully restoring
Atlantic salmon into Lzke Ontario. In 1994, 17,000
fry were stocked imtc Wilmot Creek for these
experiments.

Chinook Salmon Status

Abundance Trends

The harvest rate of chinook salmon in the boat
angler fishery was 10% lower in 1994 than in 1993,
but was 8% higher then the recent 5-yr mean. Harvest
rate peaked in 1986 because of stocking increases in
the early 1980s, but declined through the late 1980s
despite continued high stocking numbers. Analysis of
harvest-at-age suggests that survival of stocked fish to
recruitment has declinzd during the period of high
abundance in the late 1930s (Bowlby et al. 19%4).

The total harvest rate was separated into
components for 1- and 2-yr-old and older fish to
examine the effect of stocking reductions in 1993.
The harvest rate of 1-yr-old fish declined by 42% from
1993 but was comparab.e to values seen in the early
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FiG. 3. Age-specific harvest rate of chinock salmon by boat
anglers in the Ontario wates of Lake Ontaro. The 2-yr-old
category includes sll fish Z-yr-old and oider.

1990s (Fig. 3). The proportion of 1-yr-old fish in the
harvest declined as well. While these declines are
consistent with reduced stocking, they may havz been
affected by other factors influencing angler selectivity
or catchability. Stocking reductions hzve not affected
the abundance of 2-yr-cld and older fish in 1994,
Their harvest rate incr=ased by 24% over the 1993
value. A decline in the harvest rate of 2-yr-old and
older chinook salmon resulting from reduced stocking
is not anticipated intil 2995 at the earliest.

Growth and Condition Trends

In recent years, the mean size of 1-yr-old chinook
salmon in the boat angier harvest has declined (Fig.
4). The mean length of 1-yr-old chinook salmen was
estimated from the August and September harvest size
distributions vsing MIX software (MIX 1988). Mean
lengths in 1990, 1993, and 1994 were below the
historical values. Reduced growth was zlso reported by
Bishop (1994a) for 1-vr-old male chinook salmon
returning to the Salmoa River in 1990 and 1993.

The chinook salmon spawning run was monitored
in the Credit River at the Streetsville Dem. The iength
and weight of male and female chinook salmon were
monitored for those fish selected for the Ringwood
Fish Culture Station spawn collecticn. The mean
length and weight of 2-year-cld and older fish in 1994
were slightly smalier than in recent years. Mean
weight of males declinec by 13% and females declined
by 7%. Body cordition was determined as the mean
weight after adjusting for length using analysis of
covariance as outlined bv Dimond and Bowlby (1992).
Condition was highest in the early 1380s and then
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FIG. 4. Mean length of 1-vr-old chinook salmon harvested by
boat anglers in the Oatario waters of Lake Ontario.
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declined to a relatively stable level since 1989 (Fig. 5).
In 1994, condition increased significantly from 1993
for males but did not differ for fermales.

Rainbow Trout Status

Abundance Trends

The harvest rate of rainbow trout in the boat angler
fishery did not differ s:gnificantly from 1993 but it
remained low relative to the harvest rates prior to
1991. Since the large majority of the harvest occurs
east of Toronto, harvest rate primarily reflects the
dynamics of the fishery in that area. Counts of
spawning rainbow trout zt the Ganaraska River
fishway also index abundance trends. In 1994 these
counts declined to 7709 fisn. Both the boat angler
harvest rate and the fish counts at the Ganaraska River
fishway suggest a declins in ~he abundance of rainbow
trout in recent years Fig 6) although the close
correspondence of the two indices may be spurious.

Rainbow trout seasonal and areal distribution
patterns are not well undersiood in Lake Ontario and
may differ considerably between vears. For example,
in 1994 the harvest rate declined by 62% in the areas
west of Toronto and increased by 58% east of Toronto,
compared to 1993 valuwes. The harvest in Ontario
waters consists of naturzily reproduced fish as well as
fish stocked by both OMNR and NYSDEC, although
fish with OMNR clips tave bezn kess than 5% of the
harvest in recent years. Resalts from a recent tagging
survey indicate that fish stocked in eastern New York
tribmaries contribute to the open-water harvest in
Ontario waters east of Toronto (Bisnop 1994b). While
rainbow abundance measures have declined in Ontario
recently, harvest rates in New 7York waters have
reached record high levels in three consecutive years
(Eckert 1995).

Growth and Condition Trends

Biological attributes =f the rainbow trout spawning
run were also monitored at the Ganaraska River
fishway. The mean length and weight of fish in the
spawning run declined m 1994, Eody condition was
highest in the early 1980s and has declined to a
relatively stable level since 1982 (Fig. 7). Body
condition increased significantly from 1993 to 1994
for males but did not differ for females.
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Stream Recruitment Index

In 1994, we samplzed 39 of the 40 sites established
in 1993 on streams along the northern shcre of Lake
Ontario. Field and analytical methods remained the
same as in 1993 (Bowlbty et al. 1994). In addition, in
1994 nine sites were sampled with the 3-pass removal
method (DeLury 1947). Pair-wise t-tests irdicated no
significant differences in population estimates
between the Jones and Stockwell (1995) method for a
single pass and the Dedury method for three passes for
yearling and older rairbow trout (P=0.513). However,
the Jones and Stockwell method estimated 37% fewer
young-of-the-yvear (YCY) rainbow trout than the
Delury method (P=0.057). Accordingly, we will
attempt to recalibrate the Jones and Stockwell
expansion equation for YOY when we have a larger
number of samples. Until then we recognize that our
estimates of YOY may be biased low.

We estimated 625,240 wild rainbow troct juveniles
in Lake Ontario tributa-y streams. This was 73% of
the estimate for 1993 (Fig. 8). Pair-wise t-tests
indicated significant dzclines in YOY, 2- vr-old, and
3-yr-old rainbow trout Yearlings did oot change
significantly between years. Wild rainbow trout were
found at almost all sites =xcept three sites in the Credit
River tributaries and cne on Graham Creek. One
stocked rainbow trout was observed at Black Creek.

One or two fin-clipped Atlantic salmon vearlings
were observed at eack: of Black Creek, Siiver Creek
and Orono Creek. Eighteen unclipped Atlantic
salmon YOY were obszarved at Wilmot, but these were
presumed to be stocked as part of an experimental fry
stocking.

Coho salmon were f5und in the Ganaraska River,
Shelter Valley Creek, Orono Creek, and Wilmot

Number/km

FIG. 8. Estimated number of juvenile rainbow trout by age in
Lake Ontario tributaries in Cntario.

Creek. We estimated 2593 wiid coho salmon in
Ontario streams, which was quite similar to 1993. We
believe these estimates are low. Coho salmon are
habitat specialists ard their distribution may be more
patchy than rainbow trout. However, the coho
estimates on a basin-w:.de basis are probably in the
right order of magnitude relative to rainbow trout.

No chinook saimon were observed in 1994. Brown
trout and brook trout were also observed at atout 9%
of the number of rainbow trout at the survey sites.
However, their numbers are not presented here since
we feel that they do not make a sigmificant
contribution to the Lake Cntario fish community.
Although brown trout make ep a sigrificant part of the
Lake Ontario fish community th2y are virtually all
stocked fish. The strain stocked m Ontario does not
have a strong mig-atory tendency (Bowlby 1991}

Lake Trout Status

Assessment of Stocked [.ake Trout

The overall abundance of mature lake trout,
measured from catches in standard gill net sets (CUE),

“remained relativelv stablz in 1994 (Fig. 9). Abundance
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Septemnber in Ontario and New Ycrk watars of Lake Ontario.
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trends in Ontario and New York waters have been
consistent with the stocking levels. In Ontario waters
abundance levels have been relatively stable since
1990 although it appears that the abundance of mature
males may still be increasing. In New York waters,
abundance levels have been relatively stable since the
mid-1980s.

Abundance of immature lake irout remained stable
in On:ario waters but decreased in New York waters.
This is consistent with the decline in the number of
yearling lake trout stocked by New York beginning in
1992, since lake trout are large enough to be captured
in the gill net survey as 3-yr-old fish. We expect the
stocking reduction by OMNR to result in lowered
immature abundance of matare fish in Ontario waters
in 1995,

Sea lamprey induced meortality in lake trout is
assessed by measuring the _ncidence of Al lamprey
wounds. Wounding rates have decreased in both
Ontario and New York waters since the mid-1980s. In
Ontario, the 1994 rate of 0.J04 wounds per fish was
the lowest rate observed. while in New York the 1994
rate of 0.011 dié¢ not differ from the record low
observed in 1993 (Fig. 10).

Angler harvest is the other major source of
mortality. We estimate that the open-water boat
fishery in Ontario waters harvests approximately
15,000 lake trout. In 1994, the central and western
Lake Ontario harvest was £563 lake trout, a nearly
two-fold increase since 1993 (Chapter 5). Harvest of
an additional 10,000 lake trout may be attributed to
the boat angler fishery in the Kingston Basin (Bowiby
and Mathers 1993). Lake trout harvest in the New
York waters has traditionallv been much higher than
in Ontario, although harvest declined in 1993 and
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FIG. 10. Number of A lamprey wounds per lake trout captured
during September gil ref surveys n Lake Ontario.
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1994 to approximately 22,000 fish,

Survival of adult lake traut continued to improve,
reflecting low losses to lamprey predation and to
angling fishery. Cohort-based survival rates are
estimated by following the dedine of a vear-class afier
they reach age-7. Survival for -he 1984 and 1985 year-
classes exceeded the rehabilitation target of 60% per
year.

The body condition of adu t lake trout in 1994 did
not differ from 1993 (Fig 11). Condition was
determined by calculating the predicted weight of a
700 mm lake trout using the length-weizht regression.
Predicted weight declinec from 1983 to 1986,
followed by an increase and levelling off in the early
1990s. -

Natural Reproduction

The occurrence of natusal reproduction of lake
trout in Lake Ontario has now been documented for
several years. Fry traps placed on spawning shoals in
eastern Lake Ontario have been catching naturally
produced emergent fry in increasing numbers since
1987. There were also the rare instances where
examination of calcified struzmres of oider unmarked
lake trout suggested that the fish were of wild origin.
Unmarked juvenile lake trout were also caught in
trawls in the past but their numbers did not exceed
levels that could be explained by rates of clip
regeneration and loss of codec wire tags (Elrod et al.
1995).

The vear 1994 was the first time that very young,
unquestionably wild lake trout showed up in trawis. In
addition to not being marked. these fish had distinct
colouration, and were smailer than their hatchery
counterparts. A total of three YOY and eight wild
yearling lake trout were canght in various trawling
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FIG. 11. Predicted weight (+ 35% I of a 700 mm (total fength)
fake trouf during September in Lake Dntarno.
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FIG. 12. Locations of tresd captures of suspecred naturafly
produced young-of-year (0 and yeariing (1) lake out in Lake
Ontario in 19%4. Each syrbol represents one fish.

programs conducted bty OMNR, NYSDEC and NBS
(Fig. 12). They were caught in every area of the lake
where trawling occur-ed, suggesting that successful
natural reproduction, and survival in the early stages
occurred lake-wide in 1993-1994,
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Eastern Lake Ontario and Bay of Quinte

Jim Hoyle
Jim Bowiby

Overview

Changes in the Lake Ontario fish community
from the turn of the century to 1970 were reviewed by
Christie (1973), and from 1970 10 1985 by Christie et
al. (1987). The fish community changed
tremendously during thcse years. For examgple, by the
1960s, populations of the lake's commercially
premium species, including lake trout, lake herring,
the deep-water ciscoes. lake whitefish, and walleye,
had collapsed. These species were largely rzplaced by
alewife, smelt, yellow perch and, in the Bay of Quinte,
white perch.

In eastern Lake Ontario and the Bay of Quinte
(Fig. 1), another dramartc turn of events has occurred
in the fish community i3 the last fifteen years. Lake
trout, lake whitefish and walleye once again have
risen to dominance whils alewife, smelt, yelow perch
and white perch, althoigh numerically stll abundant,
are now at much reduced levels. In the czse of lake
trout, the large populations now residing in eastern
Lake Ontario have, te dale, been supported by
stocking. However, the encouraging observation in
1994 of naturally reproduced lake trout surviving to
the yearling stage, bodes well for this species in the
future,

Fish Community Assessment
Programs

To help maintain a balanced fish community
and thereby avoid cztastrophic swings in species
abundance, monitoring current fish populazion status
and trends in species reiative abundance is =ssential.
Such information providzs a sound and scieatific basis
for taking appropriate fAisheries management action,
The Lake Ontario Maztagement Unit usss annual
summer index gilln2tting and botlom trawling
programs to detect lorg-term changes in taes eastern

Lake Ontario

Bay of Quinte

FIG. 1. Maps of easiemn Laxe Ontario jupper panel) and the
Bay of Quinte (jower panef) showing ‘isk community index
gifinetting and trawiing locajons. Degih-strafified gilnetting
locations are shown as bars; single depth gifnetting and trawling
locetions are represented by sircles.

Lake Ontario and Bay of Quinte fisa communities. By
providing trend-through-time iadices of species
population abundance, these programs also routinely
deliver timely, stock-specific information to fisheries
managers. For the deep waters of Lake Ontario's
Outlet Basin and the Bay of Quimte, the gillnetting
program has run for over 30 years, the trawling
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program for 20 years (Casselman and Scott 1992;
Hurley 1992). More recently, gillnetting operations
were initiated in the nearshore waters of eastern Lake
Ontario as far west as Brighton. The latter studies
initially focused on yellow perch, an important
commercial species at the time, bit expanded in 1986
to a wide range of depths. and thereby sampled a
diversz assemblage of warm- and cold-water species
(Hoyle 1992},

In 1992, fish commmmity studics on eastern
lake Ontario underwent a major program overhaul to
facilitate gear standardization, improved experimental
design, elimination of sampling redundancies, and
better program coordinaticn, wkile preserving the
continuity and integrity of the historic data series
(Hoyle 1992; Casselman and Scett 1992). Also in
1992, multifilament gillneis were replaced with
monofilament nets. Comparative petting studies have
been completed bl gear/species conversion factors
have not been finalized Fence. the trend-through-
time gillnet results presentzd here have not been
adjustzd to reflect this gear change and must be
interp-eted accord:ngly.

In addition to determination of relative fish

abundance in the fish commanity index gillnetting
and trawl:ng programs descnibed above, we have also
traditionally estimated zbsolute abundance for
walleye, A walleye markrecapture program was
conducted periodically frcm 1985 to 1992. The
mark/reczpture program provided direct walleye
populatiom estimates to grovng-truth the index netting
results. We also employed a young-of-the-vear (YOY)
walleye index of abundance based on Bay of Quinte
bottom trawling, to proj=ct walleye population
estimates into the future (Mathers 1993). Beginning
in 1992, we supplemented :his approach to walleye
management with a catch-age modet (CAGEAN,
Deriso e al. 1985) which calculates walleye
populatica estimates using Bay of Quinte angler
harvest data. Although the CAGEAN model has been
calibrated to the walleye marl/recapture results,
CAGEAN has the advantagz that it can be updated on
an annual basis with only ang er harvest data. In this
chapter we provide CAGEAN estimates of walleye
populatioa size from 1979 to 1994. We also provide a
projected estimate for 1995 based on CAGEAN
estimates of population size znd mortality during 1994
for 3-yr-zlds and older, ard, for 2-yr-olds, a new
walleye index of year-class strength in Bay of Quinte
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FIG. 2. Mean (+/ 2 SE) water ternperainres at which eastern Lake Ontario and Bay =f Quinte fish communrdly members were caplured in
glinefs. These "preferred” water temperatures may be biased high for the warm-watar species because, i Tiuch of the Bay of Quinte,
water temperatures are isothormal, and cpportunities for fish to actively select "prefarred” famperatures are scarce.

Fish Community Indexingc: Eastemn Lake Ontario



3.3

bottom trawls.

For a summarv cf standardized gil.net/trawl
catch-per-unit-effort or 1994, orgamized by
geographic area (Northezst, Outlet Basin. and the Bay
of Quinte), see Appeadix C. In this chapter, we
report on the current mwake-up of the eastern Lake
Ontario and Bay of Quinte fish commuanities, and
provide updated trends in abundance for several fish
species of local management interest including lake
whitefish, lake herring, smallmouth bass. yellow
perch, and walleye,

Gilinets

We used gillnets to index the abundance of the
larger, active, bottom dwelling fish species. Analysis
of gillnet catches relatrve to water temperatures at
depth of the gear indicates that the eastern Lake
Ontario and Bay of Quimte fish-communities separate
neatly into cold- and warm-water inhabitants, except
for alewife and yellow ae-ch which occupy a very wide
range of water temperziures (Fig. 2).

Alewife and vellow perch numerically

dominate in both cold- and warm-water gilinet
catches, except in the deepest areas of the Outlet Basin
(Table 1). The cold-water fish community was very
similar in all geographic areas sampled, with lake
trout and lake whitefish being the most abundant,
Lake herring and burbot are curreatlv at low levels of
abundance. The warm-water community is highly
variable among geographic areas. ~ Warm-water
species catches are verv low in ‘he Northeast with
largest catches being near the eastern most part of this
area. Here, walleye and smailmonth bass are caught
in moderate numbers at the edge of the range of larger
populations occupying the Outlet Basin. Walleye
catches in the Outlet Basin rival midsummer catches
in the Bay of Quinte. The Bay of Quinte community
also has large populations of white perch, white sucker
and freshwater drum,

Trawis

Bottom trawling. conducted in the deepest
waters of the Qutlet Basin (cold-water community)
and in the Bay of Quinte (mainly a warm-water

TABLE 1. Eastern Lake Ontailo cold- and warmi-weier fish communities for three major geographic areas. Cnly the most abundant svecies
are included. Numbers represent mean catches-per-standard gilnet ift for the last three years (1992, 1993 and 1984). A standard gillnef
Iift represents the sum of catches in ten mesh sizes 1 1/2" to 6 " at 1/2" imtervals) with catches adjusted to represent 100 m of net far each
mesh size. The Qutlet Basm "Deep” gilinet sets iriude afl nets set at stations EB02 and EB06. Otherwise, ‘or the cold-water fish
community aff gillnets set st water femperatures <15 C were included. The warm-water fish commurity included gilinets set at water
temperatures >= 15 C. The Northeast inciudes rets set at Brighton, Wellington and Rocky Point: the Qutlet Basin includes nets set af Flatt
Point, Grape Island and Mehiie Shoal, and the Bay f Quinte include nets set at Conway, Hay Bay and Big Bay. Species “preferred” (see
Fig. 1) temperatures are inFzated as are the mean hoftom temperatures (C) at which gilnets were sst i the three geographic areas

Northeast Outlet Basm Bay of Quinte
Preferred
temperature Cold Warm Deep Cold Warm Cold Warm

Lake whitefish 9 i3 1 51 45 3 23 0
Lake trout 10 1 22 243 106 5 40 1
Rainbow smeit 11 1 1 8 3 ¢ 5 0
Lake herring 12 2 1 2 7 G 9 2
Burbot 12 2 0 ] 0 0 0 1
Alewife 14 205 227 178 492 541 224 239
Yellow perch 18 50 233 0 180 338 651 778
Smallmouth tass 20 0 7 0 2 7 0 3
White sucker 21 1 4 0 1 7 29 33
Walleye 21 1 9 0 10 101 10 130
Freshwater drum 23 D 3 0 1 5 0 29
White perch 23 0 0 0 1 5 10 440
Northemn pike 23 D 1 0 0 2 4 6
Mean bottom temperature 10 18 9 11 17 12 20

Fish Community Indexing: Eastern Lake Ontario
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community except in the lower portion), is most
effective for catching the smaller bottom dwelling
species and the young individuals of larger species.
Therefore, this gear providss useful information on
forage species and indicators of year-class strength for
larger species.

Alewife, smelt and wout-perch are the most
abundant species in the deep waters of the Outlet
Basin (Table 2). Young lake whitefish are also
abundant. Bottom trawling in the Bay of Quinte
indicaes a more diverse community. Most abundant
species include alewife, trout-perch, white perch,
yellow perch, gizzard shad and spottail shiner.
Moderate numbers of young walleye and freshwater
drum are also caught as are the bottom dwelling
brown bullhead and whitz sucker, Cold-water species,
including young lake whitefish and lake herring as
well as smelt, are found in the deeper waters of the
lower Bay of Quinte.

TABLE 2. Fish communities in the "Deep” waters of the Qutlet
Basin and in the Bay of Quinte as measured by botiom trawls.
Only the mast abundant species are included. Numbers
represent mean caiches-per-iraw for the last three years (1992,
1993 and 1994). Trawis are of 172 mile i length for the Outlet
Basin and 1/4 mile in length for the Bay of Quinte. Bay of Quinfe
traw! calches are divided inic three regions, upper (Trenton,
Belleville, Big Bay and Deseranto sites), middle (Hay Bay), and
lower (Conway), and representing a progression from shaflow,
warm-waler, eutrophic condifans n the upper bay to deep, cold-
water, rore ofigotrophic congitions in the lower bay.,

Outlet Basin Bay of Quinte
Deeg Upper Middle Lower
Alewife 1023 142 76 149
Gizzard shad 0 104 1 0
Lake whitefish 15 o 0 235
Lake herring 1 0 0 6
Rainbow smelt 623 0 1 13
White sucker 0 4 6 7
Spottail shiner 42 61 12 0
Brown bullhead 0 30 9 0
Trout-parch 52C 87 79 276
White perch 0 142 49 16
Pumpkinseed 0 6 i 0
Yellow perch 0 103 24 13
Walleye 0 24 13 14
Freshwater drum 0 i4 5 0

Fish Community Indexing: Eastern Lake Ontario

Species Population Trends

Here we provide an ipdate on the population
status of several species of current management
interest including lake whitefish, lake herring,
smallmouth bass, yellow pe-ch and walleye. Also we
note the catch of three year.ing, naturally reproduced
lake trout in our bottom trawis.

Population trends for seme species are assessed
in other, more targeted, programs and reported
elsewhere. Alewife and smzit are assessed in a lake-
wide hyvdroacoustic/mid-watsr trawling program
(Chapter 1 in this report,. Adult lake trout are
monitored in a lake-wide iadex gillnetting program
(Chapter 2 in this report). The current status of
salmon and trout inhabiting the open waters of Lake
Ontario is also reported in Chapter 2. Additional
stock status information for commercially important
species can be found in Chapter 4.

Lake Whitefish

Lake whitefish ar= the most important
commercial fish in Lake Ontario (Chapter 4 in this
report). . There are two large spawning stocks of lake
whitefish in eastern Lake On:ario; one spawning in
Lake Ontario proper along the south shore of Prince
Edward County, the other spawning in the Bay of
Quinte.

YOY whitefish are mositored in bottom trawls
at Timber Island and Conway for lake and bay
whitefish stocks, respectively (Fig. 3). Small year-
classes were observed, sporadically, throughout the
1970s and early 1980s. Since the mid-1980s,
moderate (o large year-classes have frequently been
produced, especially for th= bay stock. Very large
year-classes, associated with extremely cold over-
wintering conditions, were abserved for both lake
whitefish stocks in 1994,

The two whitefish stocks intermix as adults
during midsummer in the deep waters of the Outlet
Basin. Here, their collective abundance is monitored
in gillnets (Fig. 3). Catches were down in 1994, We
interpret the decline as being related to a reduction in
the number of small-sized Bsh (29% of the catch in
1994 were 1- and 2-yr-old fish compared with 44%
and 57% in 1992 and 1993, respectively), and to
increased variability in our index of abundance
associated with reducing the number of index netting
locations, beginning in 1991, The low gillnet catches
of small whitefish are associated with poor year-
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Lake Whitefish
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FiG. 3. Lake whitefish isdices of abundance. Upper panel
shows year-class strength of Lake Ontario and Bay of Quinfe
stocks as represented by YOY cafch-per-trawl (acjusted fo 12
min duration). at Timber Is‘aad and Conway, respeztively, 1974
to 1994, No frawling was conducted in 1989, Middle panel
shows cafch-per-standarc glinet lift for juvenile ard aduif lake
whitefish from deep-watzr giinetting locations i ihe Ouffet
Basin, Lake Cntario, 1974 te 1994. Cafches were cakculated as
the sum of the catch of eight gilnet panels (1 1/2" to 5* with 1/2"
intervals), each of which were 50 & in length. There were six
netting locations prior to 1967, three in 1991 and ‘we since 1991,
therefore catches in later years were weighted based on the
relative proportion of the caiches at each site in previaus years.
Lower panel shows calch-per-standard gillnet lift for juvenile and
aduft fake whitefish from Ncrtheast (1988 fo 1994 and Outlet
Basin (1986 to 1994) giinet sampling locations. A standard
@ilinet iRt represents the surm of cafches in eight mesh sizes (1
12" to 5~ at 1/2” intervals) with calches adjusted to represent
100 m of net for each mesh size. The Northeast inciudes nets
set at Brighton, Wellingter and Rocky Point; and the Qutiet
Basin includes nets set at Fiatt Point, Grape Isiand and Melville
Shoal.

classes of both stocks in 1993 ard of the lake stock
since 1991 (Fig. 3). Larger catches of small whitefish
are anticipated in 1995 as the very strong 1994 year-
classes recruit to the gillnets

Lake whitefish catches are also monitored in
the nearshore waters of the Qutlet Basin and in the
Northeast but only in more recant years (Fig. 3).
Catches were also down in these two areas.

Lake Herring

Historically, Iaxe herring supported an
important commercial fishery in Lake Ontario but this
fishery collapsed during the 1940s. We anticipated
that lake herring, like lake whitefish, would increase
in abundance following declines in alewife and smelt
in the late 1970s. Tc date. this has not happened.
There was an increase in herring abundance in a
localized area of the Qutlet Basin (Prince Edward
Bay) in the late 1980s bui caiches declined after
peaking in 1990 (Fig. 4). Ages were interpreted for a
small number of fish caughs in this area during the
peak years of 1990 anc 1991—eight of twelve fish
were from the 1987 vear-class. It appears that a
locally strong year-class of lake herring was produced
in 1987 but these did rot show up in bottom trawling
in the Qutlet Basin (Fig. 4). Note that large year-
classes of lake whitefish were also produced in 1987
{Fig. 3).

Prior to 1990, lake herring had nct been
observed in bottom trawls. Small numbers have been
observed in 1990, 1991 and 1993 at the Conway site
in the lower Bay of Quintz (Fig. 4). In 1994, a
significant number of YOY Iake herring were caught,
along with large numbzrs of YOY lake whitefish, at
the Conway site. Relative to the large year-classes of
lake whitefish observed since the mid-1980s, the 1994
lake herring year-class could be considered of
moderate size.

We expect to see more lake herring in the near
future,

Smallmouth Bass

Smallmouth bass populations. along with lake
trout, provide an important recreational fisherr in the
QOutlet Basin. Their abundance in gillnets has
decreased since 1991 (Fig. 5). The reason for the
decline is not clear. Smailmouth bass abundance has
remained steady in the Northeast but at lower levels
than in the Qutlet Basin (Fig. 5).

Fish Community indexing: Easiern Lake Oniario
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Lake Herring
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FIG. 4. Lake herringindices of aburidance. Upper panel shows
catch-per-standard gifnet T for adult Iake herming from the Flatt
Point gillnet sampling locaton 'n Prince Edward Bay, Lake
Ontavio (1386 to 1994). A standard gilnet it represents the sum
of catches in eight mesh sizas (1 1/2" to 5 * at 1/2" intervals) with
catches adjusted to represent 10 m of net for each mesh size.
Lower panel shows year-class strength of lake heming as
represented by YGY catch-perdrawl (adjusted to 12 min
duration), at Conway i the wowe~ Bay of Quinte, 1982 fo 1994.
No trawiing was concicted i 1989.
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FIG. 5. Catch-per-standard gifinet §ft for adult smafimouth bass
from Northeast and Qutlet Basir gllnef sampling locations. A
stanc'ard giinet it represents the sum of catches in eight mesh
sizes (1 172" to 5 " at 1/2" wntervals) with catches adjusted fo
represent 100 m of net for eec mesh size. The Northeast
inciudes nets set at Brighton, Welington and Rocky Point, and
the Outlet Basin includes nets sat at Flatt Point, Grape Island
and Melvile Shoal.
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Yellow Perzh

Yellow perch are found throughout eastern
Lake Ontario and the Bay of Quinte. Their
abundance, which dechined dramatically in the early
1980s after peaking at historically high levels, now
remains at comparativelv low levels,

In the Nertheast, yellow perch abumdance has
been monitored in gilin=ts for many years at Middle
Ground, and since 1988 at several additional sites
(Fig. 6). Commercially marketable-sized veliow perch
(>7.5 inches) are particularly scarce, even though
large numbers of small fish have been observed in
some vears. Gillnet catches in the Qutiet Basin have
been fairly steady since 1986 but lowes: catches
occurred in 1994 (Fig 3). Largest catches of yellow
perch now come from the Bay of Quinte, but 2ven here
marketable-sized fish dc not make up a lar2e portion
of the total catch (Fig. 5.

Walleye

Bay of Quinte walleye are the target of onz of
Lake Ontario's largest recreational fisheries rsee
Chapter 5 in this report). The walleye population is
unique in that adult fish migrate to Lake Ontario
immediately following spawning in the Bay of Quinte.
The adult fish move tack into the bay in e fall to
overwinter.

Wallzye population size increased saarplv in
1980, with recruitment of the 1978 year-class, and has
remained stable in recen: years (Fig. 7). The 2-yr-old
component of the 1995 orojected populatiar estimate
was based an an index cf walleye year-class strength,
for the 1993 year-class, as measured in Bay of Quinte
bottom trawls. Traditicnally the index of vear-class
strength was based on YOY fish only. For 1994, we
introduce a new index that is based on tracking
walleye year-classes, in the bottom trawis, for a
number of sears (up to 4-yr-olds, Fig. 7). Thus, the
projected pcpulation est:mate for 2-vr-old walleye in
1995 was based on an irdex of year-class strength for
the 1993 yzar-class that was observed, in botiom
trawls, as YOY in 1593 and as yearlings in 1994,
This index should mors accurately reflect racruitment
to the population than an observation of YOV alone.

The new index of walleye year-class strength
suggests mare stable recruitment in recent vears than
the YOY imdex that we 1ave traditionally wszd, and is
more conssstent with the amount of year-class
variation in the CAGEAN population estimates (Fig.

Vialleye
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FiG, 7. Bay of Quinte walleye population estimates for 2-yr-olds,

‘ reprasenting fish about to recruit to the recreational fishery, and

for 3-yr-oid and older fish, representing the fishable population
(upper panel). The popufao: estimates were based on catch-
at-age analysis and cajibraled with mark/recapture resulls.
Lower pane! shows fwo mndices of wslleye year-class strength:
the first is mean YOY catch-per-irawl (6 min duration} at three
Bay of Quinte sites, Big Bay, Hay Bay and Conway, 1978 fo
1994 (no trawfing was conducted in 1989), and the second is
based on tracking the mean calch-per trawi (least-squares
means) of each year-class from young-of-the-year up fo 4-yr-
olds (1977 to 1894). The .atter index was used fo project
walleye population estimates Jor 1895.

7.). Moreover, it was significantly correlated with our
Jolly-Seber mark-recapture population estimates
(p=0.01).

Note that our CAGEAN population estimate
and our new index of year-class strength, for a
particular year-class, improve with the number of
years a year-class has been observed in the
fishery/bottom trawls. Therefore, our Bay of Quinte
walleye population estimates for the more recent
years/year-classes will flactnate as additional years of
harvest/bottom trawl data are added. This sort of
fluctuation accounts for some of the minor differences
between walleye population size estimates presented
this year compared with last year (Hoyle and Rawson
1994).

Fish Community Indexing: Eastern Lake Ontario
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Lake Trout

In an effort to rehabilitate lake trout in Lake
Ontario, about 1/2 millior vear.ing lake trout are
stocked into the Canadian waters of eastern Lake
Ontario annually (see Chapter 2 and Appendix B).
Bottom trawling in the deep-waters of the Qutlet Basin
revealed that, of 56 yearling lzke trout captured, three
were of native origin. The three fish were identified
as being of native origin based on their lack of coded
wire nose tags and fin clips, and based on a variety of
morphological features The thres native lake trout
were caught during three separate netting occasions
{June 28, July 20 and September 7} but all at the same
sampling location. Only ons other yearling lake trout
(hatclery origin) was caugh: at this same site.

The three native lake trout had fork lengths of
116, 101 and 142 mm, and weights of 14, 9 and 30 g.
The naturally reproduced lake trout were much
smaller than stocked fish of -he same age (Fig. 8), and
may therefore be at a compe:itive disadvantage.

Also in the summer of 199<, fisheries agencies
in New York State reported the capture of seven
yearliag and two YOY native laxe trout. The fish
were widely distributed across the New York waters of
Lake Ontario.

These naturally reproduced fish, although
caught in small numbers, represent by far the most
sigmficant occurrence of lake trout natural
reproduction in Lake Ontario since rehabilitative
efforts began.

Laka Trout

Yearlings:

97 110 130 150 -F> 120 210 230 250
Fork Length-class nm}

FIG. 8. Frequency distribution of rearling lake trout fork length-
classes (mm) caught in Quiet Basin battom trawis. Naturally
reproduced fish are contrasted with stockad fish,

Fish Community Indexing: Zasiern Lake Ontario
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Commercial Fisheries

Jim Hoyle
Phil Smith
Sandra QOrsatti

Overview

The commercial fishing industry on the Canadian
waters of Lake Ontario harvests about $1,000,000
worth of fish annually. small relative i¢ the other
Great Lakes. but locally significant since it is confined
mainly to the northeast corner of the lake. Records of
commercial fish harvest on Lake Ontario date back to
1867 (Baldwin et ai 1979). The provincial
commercial fisheries oiodernization program was
introduced in 1984, The principal feature of this
program, as it affected the Lake Ontario commercial
fishery, was individual species harvest quotas.

This chapter on Lzke Ontario’s 1994 commercial
fishery deals with three areas: i} management and
licencing, ii) commercial harvest summarv, and iii)
biologicai characteristizs of the harvest. Our approach
to commercial fish management and licencing in
recent years on Lake Cntario, including qucta setting,
fishing seasons, gear restrictions, size limits, and
harvest reporting, was documented by Hoyle et al.
(1994). In the present report we focus an regulation
changes in the commestial fishery pertinent 10 1994,
We also report the 1994 commercial harvest (weight
and value) by species, and provide length and age
distributions for lake wkitefish, eel, yellow perch and
walleye harvests--four of the most important quota
species,

Management and Licencing

The overall management direction of commercial
fish management on Lake Omtario is to support and
assist the commercia. fishing industry where
consistent with the conservauon and rehabilitation of
fish stocks. In acdition to protection of fish stocks,
licence conditions attempt to reduce problems of
incidental catch, and minimize conflicts with other
Tesource users.

Quota Management

Decisions on commercial allocation are made on a
quota zone basis (Fig. 1). Fish species for which
direct harvest controls are necessary to meet fisheries
management objectives arz placed under quota
management (Table 1.  These species include
premium species (e.g., lake whitefish, eel, black
crappie, yellow perch), species with large allocations
to other users (e.g.. walleye), and species at low levels
of abundance or requiring r=habilitation (e.g., lake
herring).

In 1994, the commercial allocation for lake
whitefish was again increased, in light of continued
recovery of this species, Walleye quotas were also
increased, primanly to allow marketing of walleye
caught incidentally during the gillnet fisheries for lake
whitefish and white perca in Quota Zones 2 and 4.

Continued concerns about the status of yellow
perch and eel stocks resilted in reduced commercial
quotas for these two species i 1994. Quotas for both
species were reduced approximately 10% from 1993
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Lake Ontario

FKa. 1. Cammercial fish quota zones on the Canadian waters of Lake Ontaric.

TABLE 1. Commerciat harvest qootas #ib) for the Canadian waters of Lake Ontario, 1994. For Quota Zone 1 ee and black crappie include
quota from Consecon _ake, Juowa Zone 6. See Fig. 1 for a map of the quota zones. Quota for species swech as buheads and sunfish in
Lake Onlario embeyments (e.g., Cast Lake, West Lake, Wellers Bay) are not given here but their 1994 harves® tofals are included in Table
3

Quota (Ib) by quota zone
1 2 3 4 8 Total
Lake whitefish 34,800 384,390 76,300 102,500 800 598,790
Lake herring 11,430 14,200 4,800 3,700 0 34,180
Round whitefish 8,000 0 H 0 0 8,000
Eel 45,830 247320 72,370 40,830 3,600 410,650
Black crappie 3,940 15,450 11,250 800 2,400 34,140
Yellow perch 48,830 148,910 99,580 67,250 11,500 376,070
Walleye 4,620 47,760 0 13,890 300 66,570

allocations.

Round whitefish was placed under quota
management for the first time in 1994. A total of
8,000 Ib was allocated to Quota Zoze 1 licences.

Fishing Seasons

Most season restricttons for the commercial fishery are
applied to gear rather taan on fish species. These
seasons are intended pnimanly to reduce problems of
incidental catch and to minimize zear conflicts with
other resource users (e.g.. anglers and boaters).

Commercial Fisheries

Walleye is the only commercial fish species with a
closed season.

In response to requests from the industry, where
cooperative ftest fishing demonstrated low incidental
catch rates, some expansior Jf gillnet seasons was
authorized in 1994 (Table 2). Commercial seascns for
impounding gear in 1994 weze generally consistent
with those of 1993 (see Tablz 3 by Hoyle et al. 1994).

Gear Resirictions
Generally, no additional commercial gear is being
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licenced on Lake Omzrio. Some fishermen in the
impounding gear fishery exchanged hoopnets for
trapnets (at a ratio of 3:1) to better access lake
whitefish during fall soawning runs. An experimental
electrofishing permit for eels was authorized for Quota
Zone 2 for the period pay 5 to July 31, 1994,

Size Limits

Size limits are placed on some commercial species
to ensure conservatioa of fish stocks, to prevent the
harvest of fish having zigh contaminant lzvels or to
assist in allocation among user groups.

In 1994, the maximum size limit for walleye
remained at 24 inches. The minimum size limit was

standardized at (6 inches for both the gillaet and
impoundment gear fisheries.

Commercial Harvest Summary

The 1994 Lake Ontario commercial fishing season
was much improved over the 1993 season in terms of
both total landings and dollar value of the fishery.

The total harvest of all species exceeded 1.2
million Ib (Table 3). The total ianded value of the
harvest reboundec from the very low level realized in
1993 to over $1.2 million, the highest level in several
years. This increase can be attributed to strong
markets, high fisk prices, and significant increases in

TABLE 2. Commercial harvest fishing seasons for gilnet ficences on the Canadian waters of Laka Ontarie, 7994. For impoundmment gear,

see Table 3 in Hoyle ot al. {(*394).

Mesh Size mm (in)

Minimum Maximum Time period Fish specizs
Quota Zone I:
572 1/4) 66 12 5/8) July 2510 Aug 31  Any species for which the licence is valad other thar: lake whitefish, lak=
N herring, walleye and carp,
76 (3) 833 1/4) Dec 1toDec20  Any species for which the licence is valid other than walleye,
114 (4 1/2) 114 74 1/2) Oct 28 to Nov 30 Any species for which the licence ts valad.
203 () uimited Jan 1 to Dec 31 except Carp
Weller's Bay
Quota Zone 2:
572 1/4) 83314 Jan 1 to Apr 30 Any species for which the licence is valid otaer than lake whitefish, waileye
Jul [ toDec 3]  andcarp.
114 (4 1/2) 127 (5) Jan 1 to Jan 20 Any species for which the licence is valid other than walleye.
Nov 1 to Dec 20 Any species for which the licence is valid.
203 (8) uxiimited Jan 1 1o Dec 31 except Carp
West Lake
Quota Zone 4:
57 (2 1/4) 66 {2 5/8) Jan11oMay 12 Any species for which the licence is valid other than lake whitefish, lake
herring, walteye and carp.
76 (3) 833 1/4) Jan 1to Mar 20 Any species for which the licence is valid.
Dec | to Dec 31
QOct 11 to Oct 31 Any species for which the licence is vali other than walleye.
Mar 21 to Apr 30
114 (4 1/2) 114 :4 1/2) Jan 1 to Mar 20 Any species for which the licence is valid.
Dec 1 to Dec 31
Aug2310Sep 10 Anyspecies for which the licence is valid otaer than walieye.
203 () ualimited Jan 1 to Dec 31 Carp
Quota Zone 8:
66 (2 5/8) 83 3 1/4) Jan 1 to Sep 30 Any species for which the licence is valid.

Nov 1 to Dec 31

Commercial Fisheries
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the commercial harvest of premiam species such as
lake whitefish and yellow perch. Even the lower value
species, such as sunfish, white perch and bullheads,
experienced seasonally strong prices, with associated
increases in harvest.

Again in 1994, lake whitefish was the most
important commercial species on Lake Ontario, both
in terms of harvest weight and total dollar value.
While yellow perch harvest continued to be at a low
level relative to levels observed through the 1980s, the
high prices paid to fishermen for this species in 1994
meant that yellow perch remained an important
component of the fishery. Eel was the third most
important species in terms cf landed value, in spite of
the fact that cel harvest declined in all quota zones in
eastern Lake Ontario,

Biological Characteristics
of the Harvest
Biological characteristics of the harvest were

monitored for four imporant quota species: lake
whitefish, eel, yelow perch and walleye. Sampling

activities focused on those guota zones, seasons and
gear types where harvest was greatest for each species.
As such our surveys covered -he majority of the total
annual narvest for the four species--lake whitefish
(85% of the harvest), eel (€5%5), yellow perch (67%),
and walleye (61%).

Lake Whitefish

Lake whitefish harvest peaked in the early 1920s.
From 1930 to the early 1960s the harvest was
sustained at about 420,000 Ib annuailly prior to
crashing to insignificance in the 1970s (Christie
1973). _ake whitefish populations have recovered in
recent years thanks to good recruitment of both major
spawning stocks (Lake On:ario and Bay of Quinte
spawning stocks, Chapter 3 1n this report).

The 1994 lake whitefish harvest was 452,601 b,
representing 76% of the 563,790 Ib quota. Much of
the tota. harvest (54%) ccmzs from Quota Zone 2
during tne lake whitefish spawning run in November
and December (Fig. 2). Thz main gear type used in
this fish=ry is 4 1/2 inch gillnets. The fact that the
fishery focuses on the spawning population, using a

TABLE 3. Gommercial fish harvest (ib) and value (8) for fish species in the Canadiar. waters of Lake Ontarie. 1994,

Commercial harvest (Ib) by quota zone Price

Species 1 2 3 4 6 8 Total per lb Value
Black crappie 512 5,307 3,059 35 44 49 9,006 2.16 $19,423
Bowfin 4.72: 3,001 6,480 0 1343 0 15,545 0.24 $3,680
Brown bullhead 3,122 23,556 151,580 4,573 5,087 435 216,353 0.37 $79,047
Carp 4,473 2,471 11,408 58 48 0 18,438 0.23 $4,329
Channel catfish 80 2,789 2,352 192 0 383 5736 0.30 $1,752
Eel 11,186 104,273 22,136 13,502 264 4,129 155,230 1.55 $240,854
Freshwater drum 76" 7,974 10,567 5,728 0 173 25,209 0.14 $3,552
Lake herring 3,085 5,399 1,797 2,727 0 0 13,0606 0.52 $6,758
Lake whitefish 25,134 283,857 66,041 77,569 0 0 452,631 0.91 $413,541
Rock bass 2,835 7,335 3,986 231 327 1,438 16,132 0.34 $5,424
Round whitefish 0 3 0 0 0 0 3

Suckszrs 36 4,204 8,608 705 0 475 14,028 0.10 $1,356
Sunfish sp 13376 18,489 17,829 277 6,980 0 56,951 0.56 $31,994
Walleye 3450 28,200 0 3420 0 17 35,088 1.54 $54,130
White bass 1 7 211 718 0 325 1,232 090 $1,138
White perch 431 3,071 19,815 29,671 0 3,820 56,808 0.56 $32,024
Yellow perch 6,132 47298 53,806 42508 0 1,595 151,41 2.50 $378,259
Scrap 0 0 1,095 0 0 455 L5533+ 0.00 $0
Total 1,243,697 $1,277.262

Commercial Fisheries
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-2ke Whitefish
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FIG. 2. Lake whitefish size distributions of the 1994 commercial
harvest from Quota Zones 2, 3 and 4 for the seasons and gear
lypes indicated, The y-awis represents the percent of the
sample (sampe size indiceted in parentheses) for the season
and gear type indicated. Eighty-five percent of the annual iake
whitefish harvest occurred in the seasons and gear types
shown.

highly selective gear type. results in the harvest of a
relatively narrow size range of fish (Fig. 2) consisting
of relatively few age-classes (4- to 7-vr-olds, Fig. 3).

Differences in size znd age distributions for the
other major lake whitefish fisheries (Fig. 2 and 3) can
be accounted for by differences in geographic area
(and therefore the stock exploited), season (and
therefore whether only spawning fish or the entire
population is exploitzd), and gear type used. Some
highlights for these other fisheries include the
following. The trapnet and hoopnet fisheries of Quota
Zones 2 (May) and 3 (October/November) harvested a
wider size range of fish than the gillnet fisheries. The
widest size of fish came from Quota Zone 3 (Bay of
Quinte, Fig. 2) where large numbers of 3-yr-oid fish
were included in the harvest {Fig. 3). The 1989 year-
class was poorly represented in ail fisheries.

Mean age of the 1994 harvest in the Quota Zone 2
gillnet fishery (5.9 yr) is less now than for the 1988
harvest (7.0 yr) but similar to the 199¢ harvest (5.7 yr)
as reported by Brown and Casselman (1992). The
mean age of the 1994 Quoia Zone 3 harvest (5.2 yr) is
somewhat older than that of 1988 (4.9 yr) and 1990
(4.6 yr).

Most of the Ontario lake whitefish harvest occurs
at, or near, spawning time. Therefore, depending on
the location, the harvest exploits mainly Lake Ontario
{Quota Zones 1 and 2) or Bay of Quinte (Quota Zone
3 and Quota Zone 4 in the August/September fishery)
spawning stocks. A low rate of mixing between the
two stocks occurs at spawning time (12% for both
major spawning areas, Brown and Casselman 1992),
The exception is the winter harvest from Quota Zone
4. Using the techniqu= described by Brown and
Casselman (1992), we measured a mixture of 75%
Bay of Quinte stock and 25% Lake Ontario stock for
this fishery in 1994.

Mean length-at-otolith-age (calender) of the
harvest is somewhat largsr in Quota Zone 2 (Lake
Ontario stock) than for the other fisheries {mainly Bay
of Cuiinte stock, Fig. 4).

Eel

The 1994 ¢¢l harvest was 155,490 Ib, representing
38% of the 409,952 1b quota. The largest eel harvest
was taken from the Queta Zone 2 hookline fishery
from June to September (60% of the total annual
harvest). The harvest consisted of large adult eels,
with an average size of 200 mm total Jength (Fig. 5).

Commercial Fisheries
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FIG_ 3. Leke whitefish age distribvtions of the 1994 commercial
harvest fram Quota Zones 2. 3 and 4 for the seasons and gear
types indicated. The y-sxis represents the percent of the
sampia for the season and gear type mdicated. Sample sizes,
indicaied in parentheses, are the rumber of fish sub-sampled
for age interprotation (ofofiths), from the larger size distribution
sampies given in Fig. 2. Mean ages are also shown,
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FIG. 4. Lake whitefish fork length-at-age for the quota zones
and seasons indicated.
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FIG. 5. Eef size distributions of the 1994 commoercial harvest
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lype indicated. Sixty-five percent of ‘he annual eef harvest
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New eel recruits to tre Lake Ontario fishery must
come from the Atlantic Ocean via the St. Lawrence
River. Their abundance is monitored at the R.H.
Saunders Generating Station eel ladder. Ee. counts at
the ladder declined tre-nendously from 1983 up to
1993. The 1994 cel coant (163,521 fish, mean total
length = 493 mm), being the highest for several years
(Kentell 1995), providez some encouragemznt for an
otherwise declining fishery,

Yellow Perch

Historic trends in yethow perch commercial harvest
were recently describec by Hoyle (1993). Yellow
perch commercial harvest fluctuated around 125,000
Ib from the early 1900s to the mid-1960s when a
tremendous increase in harvest occurred, and was
sustained until the earlv 1980s. Yellow perch harvest
declined through the m:d-1980s. The 1994 harvest
was 151,341 1b, representing only 40% of available
quota (376,060 1b) for ths species. Although the 1994
harvest was 40% highe- than 1993, we attribute this to
increased fishing effort associated with the much
higher market value (about $2.50/It) in 1994
compared to 1993 ($1.01/1b).

For the first time in many years yellow perch
harvest from Quota Zone 2 (47,298 1b) wes not the
largest for all quota zones. The largest harvest
(53,806 1b) came from thz Bay of Quinte (Quota Zone
3),while the highest harvest relative to quota occurred
in Quota Zone 4 (63%). Yellow perch harvest (6,134
1b) was especially low in Quota Zone 1 relative to
quota (48,830 Ib).

The size structures of the yellow perch harvest
were similar for Quota Zones 2 and 4 with mean sizes
of just under 200 mm fork length (Fig. 6). Quota Zone
1 harvested very small £sh {mean size less than 190
mm). The widest range of sizes and the largest fish
came from Quota Zone 3 (Bay of Quinte).

We feel that lower productivity, compared with the
1970s and early 1980s, i= currently the primary factor
limiting the abundance of commercially marketable-
sized yellow perch in the main lake. It appears that
the large annual yellow perch gillnet harvests of the
late 1970s and early 1980s can no longer be supported
in the open-waters of Lake Ontario,

Walleye

Like lake whitefish. walleye commercial harvest
declined during the 1560s. The annual harvest
remained very low until their resurgence beginning in
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FIG. 6. Yellow perch size disiibutons of the 1994 commercial
harvest from Quota Zones 1, 2, 3 and 4 for the seasons ard
gear fypes indicated. The y-axis represerts ihe percent of the
sample (sample size indicated in parentheses) for the season
and gear fype indicated. Shay-seven percent of the annual
yellow perch harvest occurred in the seasons and gear t/pes
shown.
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FIG. 7. Upper panel, walleye size distnibution of the 1994
commercial harvest from Quota Zones 1 and 2 hoopnels and
trapnets for the May to July season. The y-axis represents the
percent of the sarnple (sampée size indicated in parentheses)
for the season and gear type indicated. 3ixty-one percent of
the annual walleye harvest occurred from May fo July in
hoopnsts and trapnets. Lower panel, walleye age distribution
corresponding to the size distribufon in upper panel. Sample
size, indicated in parenthesis. is fre mumber of fish sub-
sampled for age interpretation (sca'es).

1978. Tight commercial harvest controls were
intrcduced in 1981, with a complete prohibition on
harvest for the years 1984 to 1988 inclusive. A small
walleye commercial harvest was re-instituted in 1989,

In 1994, the harvest was 35,088 Ib, 53% of the
available quota (66,570 1b), and was taken mainly by
the trapnet/hoopnet fishery in Quota Zones 1 and 2,
and an incidental catch allowance taken during the
various lake whitefish gillnet fisheries. The walleye
harvested frem the trapnet/hoopnzt fishery in Quota
Zones 1 and 2 were larger and older (Fig. 7) than
those observed in the last two years (Hoyle et al.
1994},

Commercial Fisheries
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Recreational Fisheries

Paul J. Savoie
Jim Hoyle
Mike Rawson

Overview

Surveys of recreaticnal fisheries are used to
monitor trends in fishing effort and catch. They are
useful in gathering demographic, socioeconomic, and
angler behavioral infermation valuable in resource
management decision making. Fisheries managers
rely on recreational fishing survey information to
detect changes in fish distribution and species
composition that can 2e used to refine stocking
policies or update fishing regulations. By measuring
changes in catch and karvest rates, and biological
characteristics of the fisa harvested, angler surveys
provide information on the status of fish populations.
These surveys monitor 7ish abundance, growth, and
levels of natural production, that supplements

information from cther sarveillance programs.

There are twc major recreational fisheries in
Canadian waters of Lake Ontario: the Bay of Quinte
walleye fishery, and the _ake and tributary salmonine
(salmon and trout) fisherv.

Angler surveys have been concucted on the Bay of
Quinte periodically since 1957 (Fig. 1). There is a
winter ice fishery and a three secason, open-water
fishery on the bar. The ice fishery in the Bay of
Quinte has been monitored biennially from 1982 to

-1988 and annualy since 1988. The open-water

fishery has been momitored annually since 1979,
Traditionally, walleve make up the bulk of the angling
harvest. Fishing pressure was minimal on the Bay of
Quinte when walleye populations were very low in the

Province

of Ortanio

Fert Znihousie New York State
Section

= = —]
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Fig. 1. Geographic areas ccvered by the Bay of Quinte and western Lake Ontario angler surveys in “594 {the 5 western Lake Cntario

angler interview sites are indizated by arrows).
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late 1960s and 1970s, and no arngling surveys were
conducted at that timg. With the resurgence of
walleye since 1978, a .arge sport fishery has
developed. Results of the 1994 angler surveys on the
Bay of Quinte indicate that total walleye angler effort
continues to grow annually (Jver 1 miilion hours of
fishing effort in 1994) whise the numbers of walleye
harvested appears to have levelled off at about 150,000
fish,

Monitoring of the lake salmonine fishery is centred
around western Lake Ontario, launch daily, boat
angier surveys (Fig. 1). Thesc surveys began in 1977,
and are restricted to anglers who trailer their boats to
launch ramps. Early surveys were confined to specific
fishing derbies and regtons. Annual surveys (April to
September, inclusive} were first implemented in 1987,
In 1939 this launch daily boat fishery was estimated to
reprzsent 25% of the salmonine angling effort in
Canadian waters of Lake Ontario and the lower
reaches of its tributaries (Savoie and Bowlby, 1991).
Since 1987, the western Lake Ontario angling effort of
affiliated charter boat operaiors has been indexed by a
mail-in questionnaire. Other components of the shore
and marina-based fishzries, inciuding the eastern
Outlet Basin, are scheduled to be sampled on a 5-year
rotation and are not reportea here.

Boat anglers enjoyed an excellent spring fishery
and a good fishing season overall. With the exception
of a 1992 low (attributed to poor weather conditions),
the combined salmonine harvest rates have not
changed significantly since 1987. The western Lake
Ontario quality of fishing has remained relatively
constant over the past 8 yezrs. The international
stocking cutbacks of 1993 and 1994 have not yet
significantly affected the fisnery. Despite these facts,
the western Lake Ontano harvest continues to decline
in response to decreasing ansler effort.

Chinook salmon continued to dominate this
fishery. Rainbow trout lake trout, brown trout and
cohe salmon all contributed s:gnificantly to a fishery
which varied considerably on 2 seasonai and regional
basis. The St. Catharines and Hamilton sections were
the only areas of the lake where angling effort and,
coho salmon catch and harvest, increased from 19293,
The loss of the Toronto Star Great Salmon Hunt
resulted in a significant reduction in fishing effort
particularly in the Bluffers Park and Port Credit
sections. In 1994 there were some significant
improvements in brown trout harvest rates in the
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Wellington, St. Catharines and Hamilton sections of
the lake. Of the five sect:ars monitored Wellington
had the best harvest rates b far for lake trout, brown
trout and chinook salmon. The Bluffers Park section
had the best harvest rates for rainbow trout, with
Wellington a very close second. More changes are
expected in the near future as the Lake Ontario fishery
adjusts to ecological and sccioeconomic changes and
the recent international stocking reductions.

A summary of the 1994 survey results for the Bay
of Quinte walleye and ths western Lake Ontario
salmonine fisheries is presented below.

Bay of Quinte Walleye Fishery

Bay of Quinte recreational angling surveys are
conducted annually during t1e walleye angling season
{January | to February 28 and first Saturday in May to
December 31). Angling effort is measured using
aerial counts during ice fishing surveys, and a
combination of aerial counts and on-water counts
duting cpen-water surveys. On-ice and on-water
angler interviews provide information on
catch/harvest rates and biological characteristics of the
harvest. In 1994, as in most recent years, the on-
ice/on-waler interviews ccmponent of the angler
surveys consisted of index surveys based on the
geographic (ice fishing survey) or seasonal (open-
water survey) patterns Jf fishing effort and
catch/harvest rates observed daring full surveys. Full
surveys are scheduled evesy 5 years. The last full
surveys were completed in the summer of 1988, winter
1989, and winter and summer 1993) Ice angler
interviews are conducted in one geographic area, and
results are extrapolated to represent the whole Bay of
Quinte. Open-water angler interviews are conducted
in May and July, and the r=sults are extrapolated to
represent the entire oper-water walleye fishing
season. Aerial counts, to estumate total angling effort,
are conducted across all gecgraphic areas, and in afl
seasons, every year. Detailed survey designs are
reported by Mathers (1994ai. and Hoyle (1994) for on-
ice and on-water surveys, respectively,

Ice Fishery

Ice angling effort was est.mated to be 355,858 rod-
hours (Table 1). This lev=! of effort is about the
average abserved in the two previous years, suggesting
that ice angling effort may nzve peaked after having
increased since 1982 (Fig. Z) An estimated 31,060
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Table 1. The seasonal distrsution of angling effort and wallaye
cafch and harvest for Bay of Quinte ice and open-water
recreational fisheries, 1994. “ice fishing walleye catch and
harvest totats represent ex‘rapolations from a partial geographic
on-ice survey to the whole 3ar of Quinte (note that aeral counts
to determine fishing effort encompassed the whole Bay of
Quinte), and are based on the geographic distribution of fishing

success observed in 1953 **Open-water fishing effort and .

walleye calch and harves! rer June, August and fafl seasons
represent axtrapolations Sssed on the seasonal pattern of
fishing effort and success chserved in 1993.

Season Effort Catch  Harvest
irod-
hours)

Ice fishery:

Ice fishing-total* :55,858 31,060 8,557

Open-water fishery:
Opening weekend 106,116 22,591 13,918

May 293,560 138,100 75,600
June** 75,531 23,197 12,585
July 56,037 38,540 18,944
August** 91,581 28,086 20,223
Fall** 58,232 7,018 2,858
Open-water total £81,058 257,531 144,128
Annual total 1,036,916 288,591 152,685
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Angling Effort (rod-hours x 1000)
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Fig. 2. Angling effort duripg the Bay of Quinte ice and open-
water recreational fisheries 957 to 1994,
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Fig. 3. Walleye harvast durng the Bay of Guinte jce and open-
water recreational fisheries, 1357 ‘o 1994,

o
&

e
n

—0— peraer T

——a |

I

1855 1980 1962 1570 1575 1980 1985 1880

o
-

=
N

HUE {fish-per-rod-hour)
=
w

o
-

-Fig. 4. Walleye harvest-per-anit-effort (HUE) during the Bay of

Quinte ice and open-water raocreational Rsheres, 1957 to 1994,

walleye were caught of which 8557 were harvested
(Table 1). This level of harvest, and the harvest-per-
unit-effort (HUE) of 0.024 walleye-per-rod-hour are
the lowest observed since 1988 (Fig. 3 and 4). The
average walleye harvested during the ice fishery was
553 mm fork length, weighed 2.2 kg and was 6-yrs-
old.

Extrapolation of on-ice angler interview results
from one geographic arza, te the entire Bay of Quinte
assumes that fishing seccess (and biological
characteristics of the walleve harvest) in the index
area, relative to the rest .of the Bay of Quinte, remains
constant from year-tc-year. The shift in angler
distribution from 1989 1c 1994, as measured by aerial
angler count dawma (Fig. 5), suggests that this
assumption may neot hcld true. A comparison of
angler success rates in the winter of 1989 (Mathers
and Bowlby 1990) with those of 1993 (Mathers
1994b), indicates that the geographic pattern of
walleye fishing success is highly variable. Hence,
extrapolations of the 1394 winter walleye catch and

Recreational Fisheries
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harvest to the whole Bay of Quinte must be viewed
with caution. Future cn-ice surveys must include
wider geographic coverage to obtain accurate walleye
harvest estimates for the whole Bay of Quinte.

Open-wafer fishery

Open-water fishing effort was estimated at
681,058 rod-hours, the highest ever observed (Table
1). The trend in angling effort (Fig. 2) suggests that
the open-water walleye fishery continues to grow. The
increase in angling effort, over the last several years,
can be accounted for by fishing effort in May alone
(Fig. 6). Walleye catch was estimated at 257,531 fish
of which 144,128 were harvested. This level of
harvest has been steady over the last three years (Fig.
3). Because angler effort has increased and walleye
harvest has remained steady, walleye HUE has
declined. The HUE of 0.212 walleye-per-rod-hour
observed in 1994 is the lowest observed since 1987
(Fig. 4). The average walleve harvested during the
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Fig. 7. Comparison of the seasonail distribution of angler effort
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Fig. 8. Comparison of the seasonal distribution of wafleye
harvest for the open-water recreational fishery in 1988 and
1993.

open-water fishery was 397 mm fork length, weighed
0.8 kg and was 4-yrs-old.

Althongh most of June was not surveyed directly in
1994, anscdotal evidence suggests that walleye catch
rates were high. Angler effort and walleye harvest for
June were higher in 1993 than in 1988 (Fig. 7 and 8).
These results suggest a trend of increasing angler
effort and walleye harvest .n June. Consideration
should be given to including June in our annual open-
water angling surveys.

Western Lake Ontario Boat Fishery

The 1994 survey of the salnonine fishery focused
primarily on the launch daily boat anglers in Canadian
waters of western Lake On:ario. This survey was
based on completed trip angler interviews from April
to September at five boat launching ramps: Port
Dalhousi=, Hamilton, Port Credit, Bluffers Park and
Wellington. As a cost saving measure, the Port
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Darlington site {(surveved by angler interviews in
1993) was monitored by boat trailer count only in
1994, In order to captewe regional differences in the
character of this fishers the lake was divided into 5
sections, the boundaries of which are indicated in
Fig.1. Counts of parked boat trailers at the five
surveyed ramps, and an additional 34 ramps, from
Queenston (Niagara River) to Wellington (Prince
Edward County), were used to determine the relative
distribution of fishing eort, and to expanc catch and
harvest statistics indexec by the five surveyed sites. In
1994 , the five angler interview sites reprzsented an
estimated 40% of the laanch daily boat angling effort
for western Lake Ontario. This survey was also
divided into five temporal strata in order to compare _
seasonal differences in the fishery. Detailed survey
protocols were repored by Savoie (199za, 1994b,
1994¢). In 1994, the western Lake Ontario angling
effort of affiliated charter boat operators ccotinued 1o
be indexed by a mail-in questionnaire, Affiliated
charter captains were asked to report the number of
fishing trips conducted by month and port.

Lake-Wide Results

The 1994 western Lake Ontario launch daily boat
angling effort was estimated at 406,898 rod-hcurs.
The salmonine catch was estimated at 70,750 fish with
a catch-per-unit-effort “CUE) of 0.174 fish-per-rod-
hour of effort (Table T}. Salmonine release rates
averaged 48% in 1994. The harvest was estimated at
36,810 fish with an HUE of 0.091 fish-per rod-hour of
fishing effort. Chinook salmon continued te dominate

the western Lake Ontario taunch daily boat fishery,
comprising 61% of the harvest (Fig. 9). Raintow and
lake trout represented 16% and 12% of the harvest,
respectively. Brown tront comprised 7% of the
harvest while coho salmon accounted for only 4% of
the western Lake Ontario harvest. Atlantic saimon
did not significantly contribute to the harvest. In
1994, there were a few non-salmonine incidentally
harvested, mostly walleye and white bass (Tabie 2).

In 1994, 134 affiliated charter boat operators

conducted an estimated 2986 fishing trips in <vestern
Lake Ontario.

Seasonal Comparisons

There were significant differences n the
geographic and temporal distribution of salmonine
boat fishing effort. In 1994, 29% of the launch daily
boat angler effort was along the Bluffers Park section

Fig. 9. Lake-wide harvesied species mix, from the 1994
western Lake Qntario launch dafy boat fishery.

TABLE 2. Launch daily bcar angler catch and harvast statistics for westem Lake Ontario, 1994, based on 1,973 compisted trip intarviews,
Catch-per-uni-effort (CUE) and harvest-per-unit-efiort (HUE) are reported as number of fish caught or H-arvested-per-rod-hour of fishing

efforf. Refease rafes are given in percentages.

Relzase
Species Catch Harvest CUE HUE Rate (%)
Chinook salmon 43,003 22,410 0.1057 0.0551 43
Rainbow trout 10,895 5,747 0.0268 0.0i41 47
Lake trout 10,411 4,563 0.0256 0.0t12 56
Brown trout 4,019 2,492 0.0099 0.0061 33
Coho salmon 1,819 1,383 0.0045 0.0034 24
Atlantic salmon 157 134 0.0004 0.0003 15
Unknown salmonine 446 81 0.0011 0.0002 na
Total salmonine 70,750 36,810 0.1739 0.0905 48
Total non-salmonine 5,088 438 0.0125 0.0011 9!

Recreational Fisheries
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Hamitton
25%

Fig 30. Regional distribution of fishing effort, from the 1994
westem Lake Ontario launch dailv boat fshery.

(Fig. 1 and 10). The Hamilton section was a close
second at 25%, followed by St. Catharines (18%), Port
Credit (17%) and Wellir.gton (11%). The period from
mid-July to September 30, accounted for 59% of the
western Lake Ontario kzunch daily boat angler effort
and 58% of the harvest ia 1994 (Fig. 11A). There was
a lake-wide lull in fisting effort and harvest from
early June to mid-July.

St. Catharines Section

The fishery in thas section of the lake was
characterized by a strong soring component,
dominated by chinook salmon with a mix of lake trout,
coho salmon and brown tront (Fig. 11B). Lake trout
and zoho salmon harves: in the St Catharines section
was largely confined to April and May. There was
almost no harvest for the period from mid-June to
mid-August. From mid-August to the end of
Septzmber there was & chinook salmon and brown
trout fishery. The brown trout fishery in this section
of the lake was largely confined to April and
September.

Hamilton Section

The April to early June fashery in this section of
the lake had a mix of lakz trout, chinook salmon, coho
salmon and brown trout (Fig. 11C). Unique to this
area is the fact that coho salmon remained available
into August. The latter part of the fishing season was
dom:nated by a chinook salmon fishery. Similar to St.
Catharines, the brown trout fishery was largely
confined to April, May and September.

Port Credit Section

Ninety percent of the launch daily salmonine
harvest in this area occurred from mid-July to the end
of September, and was confined largely to chinook
salmon and rainbow treut (Fig. 11D). The
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termination of the Toronto Star Great Salmon Hunt in
1994 was a contributing factor in the reduction of
fishing effort in the Port Cred:t section.

Biuffers Park Section

The relatively small spring component of the
fishery that exists in the Elaffers Park section was
confined to brown trout (F:g. 11E). Rainbow trout
show ur earlier and in larger numbers in this section
of the lake than any other. -Chinook salmon still make
up the bulk of the harvest from mid-June onwards.
The period from mid-July t¢ the end of September
accounted for 88% of the harvest in the Bluffers Park
section. The chinook salmon fishery drops off earlier
at Bluffers Park comparec to Port Credit, as the
salmon stage near the Credi: River mouth prior to the
spawning run (Fig. 11D, 11E;. With Port Darlington
having been dropped as an angler interview site in
1994, we believe that the r1id-season rainbow trout
harvest in this section may have been underestimated.
Past surveys indicated that tae Bluffers Park and Port
Darlington sites had virtuatly identical harvested
species mix. However, the seasonal character of the
Port Darlington fishery differ=d significantly, in that a
higher proportion of rainbow trout were harvested
from mid-June to mid-July. We recommend that future
surveys include an angler imterview site in the Port
Darlington to Port Hope area.

Wellington Section

The first 3 months of tae fishing season in the
Wellingten sector revolves exclusively around lake
trout (Fiz. 11F). In 1994, the 5-week period from July
16 to August 19, accounted Zor 65% of the salmonine
harvest which included very few lake trout. The
balance of the fishing harvest was evenly spread
among ths rest of the season. The Wellington area
was unique in that brown trcut were harvested almost
exclusively from mid-July to mid-August.

Regional Comparisons
Chinook Salmon

The Bluffers Park and Hamilton sections of the
lake together, accounted for 54% of the chinook
harvest (Fig. 12A). The Port Credit section had the
lowest chinook HUE. The ¢arlier timing of a new
fishing derby (The Salmon Masters Tournament)
combined with later staging of chinook salmon at the
Credit River mouth (due to colder than average water
temperatures) may account for the relatively low HUE
in the Port Credit section. Ey far the best chinook
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Fig. 11. Seasonaf compariscns of harvest by lake seclion, from the 1994 western Lake Ontario launch cally noat fishery.

fishing was in the Wellington section, where the HUE
was. at least 42% higher than the remainder of the
lake, although it was largely confined to a 5-week
period from mid-July to mid-August (Fig. 11F).
Rainbow Trout

The Bluffers Park section took 59% of the rainbow
trout harvest and had tae highest HUE (Fig. 12B).
Wellington was a distant second for rainbow trout
harvest (20%). bul enjoved an HUE only slightly lower
than Bluffers Park. The St. Catharines, Hamilton and

Port Credit sections combined, only accounted for
21% of the lake-wide raimbow trout harvest.

Lake Trout

The Wellington s=cdon alone accounted for 55%
of the lake trout harvest, with Hamilton second at 29%
(Fig. 12C). The lake tront HUE at Wellington was
3.3 times higher than Hamilion. The St. Catharines,
‘Bluffers Park anc Port Credit sections combined,
accounted for only 16% of the western Lake Ontario
lake trout harvest.

Recreational Fisheries
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Brown ~rout

The Wellington section accounted for 33% of the
brown trout harvest and HUE was almost 1.4 times
higher than the second place, St. Catharines section
(Fig. 12I). The St. Catharines and Hamilton sections
combined, accounted for 49%: of the lake-wide brown
trout ha-vest.

Coho Salmon

The Hamilton and St. Catharines sections together
accountec for 95% of the coho salmon harvest (Fig.
12E). Ths Hamilton section also had the highest HUE
for cohc salmon. No coho salmon were observed in
the harvest in either, the Blufers Park. or Wellington
sections This was the first iime, in the 8-year history
of survers in these areas, tha: coho salmon were absent
from th: harvest. With the discontinuation of the
Canadian coho stocking prozzam in 1992 (Chapter 2)
and decrzased fishing effort, it may be that our
reduced survey effort of recent years can no longer
detect the low incidence of coho harvest. Experienced
anglers Jishing the area from Wellington to Colborne
did ackncwledge that coho salmon were very rare in
1994. The results of the 1995 survey may help to
clarify this situation.

Recent Trends
Effort

The 1994 salmonine boat fishing effort declined by
23% compared to 1993, the lowest in 10 years (Fig.
13). Effort decreased from 1982 to 1984 and was
followec by a dramatic rise from 1984 to 1986,
coincident with increased stocking of salmon and
trout. Effort peaked in 1982, and has declined since.
Lake-wide stocking levels have hovered around 8.2
million 1+/- 5%} fish from i 784 to 1991 and were cut
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Fig. 13. Vwostern Lake Ontario lawnch daily boat angler effort
and salmorine harvest trends fror: 1982 to 1994,
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to nearly half that level by 1994 (Chapter 2). It will
take several years (depending on age at stacking and
longevity of a given species) for fish stocked at
reduced levels in 1993 znd 1994 , to enter the fishery
and potentially impact CUE and HUE. The
discontinuation of the Toronto Star Great Salmon
Hunt resulted in reduced fishing effort in 1994, The
declining trend in angling effort may be due to a
general decline in the economy, the false perception
that recent stocking cuis have already had a negative
impact on the fishery, and concern over coztaminants
in fish. Some anglers in the Hamilian io St.
Catharines area may b= shifting their effort to the
improving walleye fishe-y in eastern Lake Erie.

The 1994 western Lake Ontario affiliated charter
boat effort declined by 4% compared to 1993. This
decline in effort was despite a 24% ixcrease in
membership from 1993 (Fig. 14). Anecdotal
information suggested that the 1994 decline in the
charter boat business was largely duz to the
termination of the Toronto Star Great Salmon Hunt.
The 1994 level of effort was the lowest observed in the
8-year history of our survey. The charter boat

CE 77 OSCGA [T 1sA
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component of the fishery has been particularly
sensitive to the decline in the economy. The longer-
term decline in charter boat effort was related to a
declining trend in asscdation membership. Charter
boat effort increased from 987 to 1989. At tha: time
there were four associators in existence. Effort has
declined since, with the Scarborough Charterboat
Association (SCEA: d:isbanding in 1990 and the
Eastern Ontario Charterboat Association (EQOCBA)
disbanding by 1992, keaving only the Independent
Sportfishing Assoctaticn ({ISA) and the Ontario
Sportfishing Guides' Association (OSGA) to continue
to the present (Fig 14).

Catch, Harvest, andd HUE

The 1994 catch and catch rates decreased by 25%
and 3% , respectivelv, compared to 1993 (Savois and
Mathers, 1994). Salmonine release rates averaged
48% in 1994 as compared 10 52% in 1993, The 1994
harvest declined by 20% compared to the previous
year (Fig. 13). The magnitude and species mix of the
harvest has varied considerably since 1982, In the
early 1980s the harvest was smaller and dominated by
coho salmon. In respcnse to changes in stocking

" deocBa [ Jsc3a  ——{——EFFORT

7 20

17 16
=)
S

1 12 -—
»
m
A
=)

1 8 -
=
]

{a

0

1891 1992 1993 1994

Fig. 14. Western Lake Orfzrio affifiafed charfer haat membership and effort trends, 1987 to 1994 (Scerberough Charterboat Association
(SCBA-dishanded 1990), Eastern Ontario Charterteat Association (EQCBA-disbanded 1992), indepencen* Sportiishing Association (ISA),

Ontario Sportfishing Guides' Association (OSGA})
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strategies, harvest increased dramatically by the mid-
198Cs (Fig. 13). Harvast was relatively stable from
1987 to 1991, then began tc decline in 1992, a trend
which contimied to the present.

Ey the mid 19805 chinoox salmon clearly
dom:nated the fishery (Fig. 13). Chinock salmon
harvest decreased by 30% from 1993 to 1994. The
1994 lake trout harvest almost doubled compared to
1993. Rainbow trout harvest decrzased by 23% from
1993 to 1994. Brown trout harvest increased by 130%
from 1993 to 1994. The 1994 coho salmon harvest
declined by 43% from th2 pravious year.

The 1994 salmon and trout HUE increased by 4%
compared to 1993 (Fig. 15). The quality of the
western Lake Ontario salmonine fishery, as measured
by HUE, peaked in 1984 but has remained relatively
stable since 1987, with the exception of a low in 1992
which was attributed to inclement weather (Fig. 15).
The decline in harvest since 1991 is therefore related
to decreased angler effort and not to any significant
decline in the quality of fishing (Fig. 13).

While the total salmonine HUE has been relatively
stable in recent years, there have been some species-
specific changes. The chinook salmon HUE decreased
by 1€% from 1993 to 1994 (Fig. 16+. Chinook salmon
HUE has fluctuated about & fixec level since 1988.
The 1994 chinook salman harvest rate is higher than
observed in 1988 (Fig. 16). The 994 rainbow trout
HUE was the same as the previous year. Rainbow
trout HUE increased dramaticatly from 1982 to a peak
in 1984, dropped significantly the following year,
remained relatively constant until 1991, and then
declined further to the present levzl (Fig. 16). The
coho salmon HUE declinea by 27% from 1993 to
1994 The 1994 coho salmmn HUE was the second
lowest observed in our 13-year data series, only 1992
was lower. Coho salmon HJE wes highest in 1982,
then declined sharply the following year as Pacific
salmon stocking shifted to chinook (Fig. 16). Coho
salmon HUE has gradually declined from 1983 to the
present, The Ontario Ministry of Natural Resources
discontinued coho salmon stocking in Canadian
waters of Lake Ontario :n 1992. The 1994 lake trout
HUE was 1.5 times that of 1993 (Fig. 17). The 1994
lake trout HUE was the second highest observed in our
13-year data series, only 1984 was higher. The brown
trout HUE almost doubizd from 1993 to 1994 (Fig.
17). The 1994 brown trout HUE was the second
highest observed in our 13-vear data series, only 1984
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was higher. The cold spring and late fall may have
been the primary factors comtributing to the improved
HUE for both the brown and lake trout fisheries,
which are concentrated in April and September.
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Zebra and Quagga Mussel Studies

Ted Schaner
Tom Stewart

Overview

Lake Ontario fisheries surveillance programs are
designed to detect changes in fish communities and
associated fisheries over time, including changes that
may result from invasion of zebra and quagga mussel
(Dreissena polymorpha and D. bugensis). To increase
our ability to relate potzatial changes to the effects of
Dreissena we implemented studies documenting the
mussels’ abundance, and their effect on the early life
history of lake whitefish.

The density studies bave been ongoing since 1990,
the year following the discovery of the first Dreissena
in Lake Ontario. The prcgram evolved from surveys of
planktonic Dreissena larvae (veliger larvae), to diving
surveys measuring deansities of settled mussels in
western Lake Ontario, and later as the colonization
progressed, to diving surveys of the whole lake
{Schaner 1991, 1992a, 1992b; Stewart ¢t al. 1994), In
1994 we surveyed mmissel populations in the Bay of
Quinte. The surveys documented the overall increase
in abundance of the mussels since 1990, the spread of
the mussels from the densely colonized eastern and
western extremes of the lake to the north-central
shore, the late but rapid colonization of the Bay of
Quinte, and the presence of quagga mussel.

The studies examimng effects of Dreissena on the
fish community focused on the mussels’ interaction
with larval lake whitefish (Hoyle 1992, Stewart et al.
1994). This cheice was based on the strength of
existing research and surveillance programs, the
opportunity to contrast the response of Bay of Quinte
whitefish stocks to those of Lake Ontario, and the fact
that whitefish are a species of provincial significance
that are not being extensively studied outside of Lake
Ontario. Three years of data have been accumulated
since 1991 (Stewart et al. 1994) We did not make

direct observations of whitefish larvae in 1994, and
thus no results are reported in this chapter. We did,
however, keep up the collection of background data on
lake whitefish egg densities as part of the mussel
density studies, and we Lkope to continue larval
whitefish observations in the future,

Colonization of Lake Ontario, 1990-
1993

Extensive areas of Laxe Ontanio were colonized by
Dreissena within a relatively short time. The first
mussel was sightec in Port Weller in November 1989,
and the following summer there were numerous
sightings of Dreissena from areas throughout the lake.
Most reports, as well as the highest densities observed
at the time, came from U.S. sources. They spanned
most of the south shore of tae lake, from Niagara in
the west all the way o Oswego in the east. On the
Canadian side, sightings were concentrated in the
western basin berween Niagara and Toronto, but
mussels were also reported from the Kingston Basin
and the Bay of Quinte The 1990 OMNR survey of
Dreissena veliger larvae in Canadian waters
confirmed the presence of mussels in the western
basin, though only a single veliger was found in the
Kingston Basin and rone in the Bay of Quinte. In the
two following vears, 1991 and 1992, the general
distribution pattern in Canadian waters remained the
same, but the densities were increasing. Both, the
1991 veliger surveys, and the 1991 and 1993 diving
surveys suggested that the nighest mussel densities
were found in the Torcmto-Niagara area in the west,
and somewhat lower concentrations were found in the
Kingston Basin arza in -he 2ast. Colonization of the
intervening areas along the ncrth shore of the lake was
delayed, and densities there were lower, It appears that
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the Bay of Quinte remained free of Dreissena until
1993.

The colonization pattern can be readily interpreted
in terms of prevailing lake currents. The Niagara
River, carrying Lake Erie water, was probably the
major original source of Dreissena veligers. The river
discharge into Lake Cntario is generally deflected
eastward along the south shore, but wind-generated
lake currents can a: times carry it to the west
(Anonymous 1985). The rapid spread of Dreissena
along the U.S. south shore, and in the Niagara-
Toronto area is consistent with these currents. The
early concentrations o Dreissena in the Kingston
Basin could have been due to contamination by the
heavy shipping traffic in the area, or to veligers
carried by currents along the south shore. The north-
central shore of the lake is the least likely to receive
water from the heavily colonized southwest region,
and prevailing currents indicate that it should be
colonized from the northeast and Kingston Basin
regions. Accordingly, the north-central shore lagged
behind the rest of the lake.

Bay of Quinte Survey, 1994

The delay in colonization of the Bay of Quinte was
unexpected. The bay is kighly productive, and a prime
candidate for zebra mussel colonization. A single
settled Dreissena, as weil as veliger larvae were found
in the Picton area (lower bay) as early as 1990, The
bay empties into the Xingston Basin, which had
significant populations 3f Dreissena since 1991, and
there is intensive boat raffic between the two areas. In
spite of the favourable conditions, it was not until the
fall of 1993 that we received the first reports of major
Dreissena colonies in the bay.

In the fall of 1994 OMNR conducted a diving
survey of Dreissenc densities in the bay and
surrounding areas. Processing of materials collecied
during this survey has not been completed, but data
from divers' reports provide us with provisional
density estimates. The heghest densities were found in
the upper bay in the Trenton to Belleville area. The
densities here exceeded 100,000 individuals.m?, the
highest densities measured during any of our diving
surveys on Lake Ontaric so far. The densities in the
middle and lower bay were lower, on the order of
10,000's individuals.m™. In the Bay of Quinte,
Dreissena reached high densities very rapidly, and we
should expect to start observing significant effects of

the mussel soon.

Zebra vs Quagga

The distinction between zebra mussel (Dreissena
polymorpha) and quagga mussgl (D. bugznsis)
became known in 1992 (May and Marsden 1992). Life
history studies made sinze the discovery revealed two
major differences between the two species: quagga
musse! tend to inbabit ceepar and cooler waters, and
unlike the zebra mussel, the quagga mussel will
readily colonize scfi substrate.

We now know that cuaggas were present in Lake
Ontario alongside the zebra mussel sincz the start. The
first quagga in our survey series was found in a 1990
sample from the Niagara area. Re-examination of
materials collected a year later, during the 1991
western basin survey. revealed that less than 1% of the
collected Dreissera were quagges. The 1993 survey
encompassed the ertire lake, and showed that the
proportion of quaggas in the western basin remained
below 1%, but proportions in the Kingston Basin
reached up to 30%. In citing thess numbers, it should
be noted that based on the best information availabie
at the time, we r=strictzd the sampling depths and
favoured hard subst-ate, thereby biasing the survey
against finding quaggas.

The presence of quagga mussel changes the
predictions for ecosystem impacts of Dreissena. In the
past we felt that tke russel's oopulation in Lake
Ontario was going to be lim:ted to a relatively narrow
band around the perimeter of the lake through a
general lack of suitgblz hard sibstrates at depths
beyond 20 m. Quegges ability to colonize deep
unconsolidated subsirazes increases the potential
biomass and impact of tt.e invader.
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Habitat

Alastair Mathers

Overview

The structure and fiusction of fish communities is
influenced by the quantiy and quality of fich habitat.
Ecosystem management requires that we evaluate and
manage fish habitat. Open lake and nearshore
habitats in Lake Ontano's ecosystem can be classified
by physical structure, water quality, and temperature.
The open lake habitat af Lake Ontario is important for
primary production and zooplankton grazing. In
addition, planktonic and piscivorous fish feed in this
region during many times of the year. The nearshore
of the lake, which includ=s both exposed and sheltered
zones, serves several important habitat functions. The
substrate in the exposed nearshore zone provides
spawning grounds fcr important cold-water fish
species including lake trout and lake whitefish,
Sheltered nearshore zowes provide spawning grounds
for a variety of warm-, cool- and cold-water fish
species. All nearshore zones contribute greatly to the
primary production of the iake and many fish utilize
the nearshore benthic and planktonic habitats as
nursery, tefuge and feeding habitats.

This chapter providzs background information and
status of each of these kabitat categories. In addition,
new and ongoing initiatrves for habitat evalvation and
management will be described.

Water Quality

Lake Ontario, the lowermost of the Great Lakes,
receives inputs of toxic substances and nutrients from
upstream sources. Water quality is also atfected by
local industry, urban dzvelopment, agricnitare, and
landfill leachate.

Eutrophication has been one of the mast obvious
forms of degradation of the aquatic habitat of Lake

Ontario in the past (Christie 1972). In particular, the
water quality of most of the sheltered nearshore zones
has been strongly affected by cultural eutrophication
since the 1940s amd possibly earlier. Nuisance algae
blooms have resuled in decreased water clarity and
reduced the abundance of beds of rooted aquatic plants
in many sheltered nearshore zones, such as the Bay of
Quinte. Consequently there has been a decline in the
abundance of piscivorous fish species associated with
weed beds such as largemouth bass and northern pike
(Hurley and Christ-e 1977).

Some improvements to water quality have been
observed since the implementation of secondary and
tertiary sewage treatmert during the early 1979s in
many sheltered nearshore zones such as the Bay of
Quinte. However, :n most of these zones clear waters,
rooted aquatic macropnytes, and a diverse fish
community have not rerurmed.  In Hamilton Harbour
hypolimnetic waters are anoxic during the summer
months (Victor Cairns, Department of Fisheries and
Oceans, Canada Czntre for Inland Waters, P.O. Box
5050, Burlington. Ontario. L7R 4A6, personal
communication - 1995} It is to be hoped that future
management actions, sucn as further reductions in the
inputs of phosphcrus, will restore a2 more natural
balance to these systems. Remedial Action Plans are
actively pursuing reductions in phosphorus input in
the Hamilton Harbour, Toroato waterfront, and the
Bay of Quinte.

The signs of eutrophscation of the open lake and
exposed nearshore zones are not as obvious as in the
sheltered nearshore zones. One specific example is the
spawning beds in the exposed nearshore zones have
been degraded by demse mats of Cladophora, a
nuisance algal typical of entrophic systems (Whillans
1980). Also, steady changes in the nutrient levels and
lower trophic levels durng the past decade suggest
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that the trophic status of the open lake and exposed
nearshore zones is changing towards a more
oligotrophic state (Anonymous 1992). Total
phosphorus levels have declined by 25% during the
past decade and there have also been declines in both
particulate organic carbon and particulate organic
nitrogen. The algal community composition has
changed in both the nearshore and offshore zones and
coincident with this change there has been an 18%
reduction in the annual rate of shotosynthesis during
the 1980s. Chlorophyll o concentrations have
decreased in recent years. and Secchi depths (a
measure of water clanty) have increased by 20%.
Zooplankton producticn is thought to have been
reduced by 50% (Anonymous 1992). The trend
towards reduced nutrients m Lake Ontario has
significant implications for the future levels of fish
production in the open lake, especially terminal
predators that are sport fish (IJC 1988; Flint 1989,
Hartig et al. 1991, Anonymous 1992; Jones et al.
1993).

Thermal Habitat

Water temperature is one of the most important
factors determining the distribnzion of fish and other
aquatic organisms. The thermal habitat of Lake
Ontario is not uniform. Durinz the spring vertical
thermal bars of relatively warm water develop in the
exposed nearshore areas. This concentrates the spring
runo:f with associated contaminants, turbidity, and
increased nutrient levels in the nearshore zone during
a period of high biological productivity (Allen 1977).

Summer surface water temperatures in Lake
Ontario warm in either a soath or east direction, and
the warmest temperatures are found along the shallow
south shore zones and in the eastern outlet basin
(Stewart 1990). The coolest water is found in the
shallow zones of the north shore of central and
western Lake Ontario and in the deep waters in the
extreme western Lake Ontaric. Cooler areas are
associated with higher variation in temperature and
shallower thermoclines. The corresponding link to
differing fish community structure has not been firmly
established for Lake Ontario, however, the limited
evidence is supportive {Stewart 1951),

Mazumder and Taylor (1994) found a relationship
between Secchi depth and th= depth of the epilimnion
for Great Lakes. As discussec above, increases in
water clarity have already been detected in Lake

Habitat

Ontario and future increases appear likely. Therefore
is seems likely that the thermal habitat may be affected
by the future changes in tke nutrient levels in Lake
Ontario. Warm water outfiows from hydro-electric
generation plants, and deecwater cooling proposals
have the potential to influence the thermal regime of
the lake. However, the physizal impacts of deepwater
cooling at the scale currently proposed are currently
thought to be small (Boyce et zl. 1993).

Physical Habitat

Although Lake Ontario is the smallest of the
Laurentian Great Lakes, based on volume it is the
twelfth largest lake in the world, it has the largest
drainage basin relative to its size of all the Great
Lakes, and is second only to Lake Superior in terms of
depth relative to size. The bottom topography of the
lake is relatively smooth with the exception of the
Duck-Galoo Sill which resu_ts in a distinct separation
between the Kingston Basin and the remainder of the
lake. This separation results in unique water quality
characteristics in the Kirgston Basin (Kerr and
LeTendre 1991).

Eighty-five percent of the lake perimeter is
characterized by regular (dearly linear) shorelines
sloping rapidly into desp wazer (Whillans 1980). This
shoreline configuration tenzs to lead to a relatively
low biological productivity (Ryder 1965). In the
majority af the lake (excluding the Kingston Basin)
the nearshore zone (C to 10 m depth) is found in a
narrow 0.5 to 1.5 km wide band. This represents only
7% of the total surface area. Most of this zone is
unsuitable for rooted aquadc plants because of
exposure to wave action and large-scale shifts in
sediments during storm events (Whitlans 1980),
Embayments which are a rotable exceptions to this
include Hamilton Harbour, Toronto waterfront,
Presqu'ile Bay/Wellers Bay, East Lake, and West Lake
which are zll sheltered by barrier beaches or islands.

In contrast, the shoreline in the Kingston Basin is
highly irregular and the nezrshore zone (0 to 10 m
depth) represents 31% of the basin's surface area.
The largest arcas of shallow water in the Kingston
Basin include the Bay of Qunte, and Prince Edward
Bay. The sheltered nearshore zones in all areas of the
lake tend to support acuatic macrophytes and
relatively diverse warm-water aquatic communities.

The nearshore subsirate of Lake Ontario consists
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of extensive glacial sediment and bedrock overlaid
with relatively small, discrete deposits of post-glacial
sediment. The nearshore between Niagara and
Whitby is a mosaic ¢ glacial drift (39%), bedrock
(23%), gravel (9%), saxd (12%), silt-sand (10%), and
silt-clay (7%) (Rukavinz 1969). The subsirate along
the north shore, from Whitby to Wellington, is
comprised primarily of giacial sediments (£3%), sand
(25%), and bedrock (20%). Sand accumulation is
most extensive in tke vicinity of the Presqu'ile
Peninsula, the areas fronting East and West Lakes,
and at stream mouths (Rukavina 1970). Th= substrate
from Wellington to Kingston is generally bedrock
{80%) with occasional deposits of fines in protected
areas (Balesic 1979).

The status of the plysical habitat is difficult to
assess since little h.s:orical data are available.
However, several specific examples ¢ habitat
degradation are known. Arcas where [ractured
bedrock and glacial drift are swept clezn of fine
materials were historically used as spawnirg sites for
several offshore fish species including lake whitefish,
lake herring, and lake tcut {(Whillans 1980}. Much of
the nearshore habitat ir the Toronto area has been
destroyed by mining for construction aggregate and
filling or armouring of the shoreline. This has
occurred in the rest of the lake, primarily where
urbanization has occarred along the shoreline,
Agricultural land-cleanng was widespread in the Lake
Ontario watershed during the early nineteenth
century. This led to extensive soil erosion ard siltation
of stream and nearshore spawning grounds. Several
of the fish species, including lake sturgeon, Atlantic
salmon and walleye, which historically inhaoited Lake
Ontario, migrated up st-eams to spawn. Numerous
dams for saw and grist mills were constructed
blocking upstream migrations of fish (Bridger and
Oster 1981) and contrituted to the decline of these
important fish populations.

Habitat Initiatives

Recent initiatives o describe the Lake Ontario
habitats include the North Shore Descriptive Model
which is being developed by the Waterfront
Regeneration Trust. ~his model will des:ribe geo-
physical characteristics which control the .org-term,
large-scale evolution of the north shere. Nine
shoreline units were ideatified when this model was
used in a preliminary characterization of the Lake

Ontario shoreline betwzen Burlington Beach and
Wellers Bay. Biological characteristics and processes
will be linked to these naits. however, these data are
extremely limited. Management stratzgies for each of
the shoreline units will aiso be described.

The Environmental Sensitivity Atlas for Lake
Ontario’s Canadian Shoreline was published by
Environment Canada {Conservation and Protection
Branch, Environmental Protection Ontario Region)
for use in response to spills of oil and other hazardous
materials. The atlas described areas of fish migration
and spawning, as well as other important habitats.
However, the sensitivity ranking of the shoreline is
based on factors such as cil residencs time, cleaning
potential, and exposurz, It does not consider the
relative importance of these habitats to fish or wildlife.

Others initiatives incinde, draft Guidelines for
Collecting Baseline Aquatic Habitar Data in Great
Lakes Areas of Concern which have been develcped as
part of the Remedial Action Plan {RAP) process.
Aquatic habitat mapping has already been undertaken
in the Bay of Quinte and the Metro Toronto Aeas of
Concern {AOC). Habitat rehabilitation projects have

"been initiated in all five Lake Ontario AOC's (see

Management Programs :n the Introduction of this
Report).

Discussion

The Lake Ontario watershed is home to the “argest
concentration of people in all of Canada. Human
activities along the shoreline and upland areas have
already profoundly chenged aquatic habitats along
parts of Lake Ontario. Ir addition, there continues to
be tremendous pressure for the development of
remaining aquatic resources. Changes to aquatic
habitats have the potential te affect both the varieties
of organisms which will inhabit these habitals and
their productivity.

The habitat initiatives described above will
improve our ability to protect and rehabilitate the
aquatic resources of Lake Ontario, but add.tional
information is required. The Lake OCntario
Management Unit has an imporiant rcle to play in this
regard and we hope to develop partnershups to
enhance ongoing initiatives. For example, one
approach would be to expand upon the North Shore
Descriptive Model to include the entire Canadian
shoreline of Lake Ontario. [t is important to establish

Habitat
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standard methodologies for collection of habitat
evaluation and habitat use data, particularily for the
nearshore zone. Our knowledge of Lake Ontario fish
communities and survey methodologies could
contribute to development of these data. We see a
need to promote mechamsms that znsure that current
information is readily availzble, and will accumulate
over time. Establishment o” standard methodologies
for collection, storzge, and retrieval of habitat and
associated fish community data would be a first step,
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APPENDIX A1. Assessment programs conducted by the Lake Ontario Management Unit and the Research, Science
and Technology Branch af Glenora between April 1, 1994 and Aprif 1, 1995,

Assessment Prcgrams

Hydroacoustics and t-awling survey (NYSDEC/OMNR)
Project Leader: Ted Schaner

Eastern Lake Ontaric and Bay of Quinte fish community index netting program
Project Leader: Jim Hoyle

Cooperative lake trout gillnetting (NYSDEC/OMNR/NBS)
Project Leader: Ted Schaner

Salmonid recruitment index
Project Leader: Jim Eowlby

Salmonid recreational boat angler survey
Project Leader: Paul Savoie

Charter boat survey
Project Leader: Mike Rawson

Credit River coho/clanook monitoring
Project Leader: Mike Rawson

Ganaraska River rainbow trout monitoring
Project Leader: Jim Eowlby

Bay of Quinte recreational angling survey
Project Leader: Jim Hoyle

Commercial harvest sampling
Project Leader: Jim Hoyle

Bay of Quinte zebra mussel density index
Project Leader: Tom 3tewart

Cooperative angler sportfish contaminant sampling
Project Leader: Mike Rawson

St. Lawrence River Projects

St. Lawrence River fish community indexing
Project Leader: Anne Bendig



Appendix A

St. Lawrence River muskellunge nursery and spawning habitat assessment
Project Leader: Anne Bendig

Cormnwall eel ladder monitoring
Project Leader: Anne Bendig

St. Lawrence River boat fishing effort survey
Project Leader: Anne Eendig

Thousand Islands creel survey
Project Leader: Anne Eendig

Special Projects
Walleye Synthesis:
Participants: Jim Bowiby
Alastair Mathers
Sandra Orsattii
Mike Rawscn

Research Programs

Seasonal fish community dynamics of eastern Lake Ontario
Project Leader: Dr. John Casseiman

Lake trout rehabilitation studies
Project Leader: Dr. John Casselman

Comparison of monofilament and multifilament gillnets
Froject Leader: Dr. John Casselman

Lake whitefish stock discrimination studies
Froject Leader: Dr. John Casselman

Development of a calcified structure age and growth data extraction software (CSAGES}
Project Leader: Dr. John Casselman

Factors affecting year-clzss strength and abundance of Northern Pike, Esox fucius, in ths Bay of Quinte
and Eastern Lake Ontario, 1971-1992.
Project Leader: Dr. John Casselman

American ecl growth and year-class chronologies
Project Leader: Dr. John Casselman
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Modelling predator-prey interactions among Lake Ontario offshore pelagic fish species
Project Leader: Dr. Michael Jones

Evaluating constrains to the restoration of Atiantic salmon populations in Lake Ontarig
Project Leader: Dr. Michael Jones

Development and testing of reliable methods for the determination of stream salmonid
bicmass and abundance
Project Leader: Dr Michael Jones

Investigations of hife history variations in naturalized steelhead populations in the Great Lakes
Project Leader; Dr. IMichael Jones

Development of models relating stream habitat and watershed characteristics w preduction of
stream salmonids
Project Leader: Dr. Michael Jones
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APPENDIX A2, Staff of the Lake Ontario Management Unit, staff of the Aquatic Ecosystems Research Section and
graduate students and associates located at Glenora in 1994,

Management and Compliance Staff at Napanee

Phil Smith, Lake Manager

Ron Harvey, Compliance Supervisor

Joanne Kerr, Secretary

Rick Todd, Conservation Officer

Mike MacDonald, Coaservation Jfficer

Bruce Chenier, Conservation Officer

Sandra Orsatti, Management Biclogist

Alastair Mathers, Management and Planning Biologist
Andy Smith, Biologist

Leslie Cope, RAP Program

Other Compliance Staff

Brad Labadie, Conservation Officer, Maple
Ken Forster, Conservation Officer, Cambridge

Assessment Staff at Glenora

Tom Stewart, Assessment Supervisor
Ted Schaner, Assessment Biolog:st
Jim Bowlby, Assessment Biologist
Jim Hoyle, Assessmem Biclogist

Assessment and Operations Staff at Maple

Paul Savoie, Assessment Biologist

Mike Rawson, Assessment Biclogist
Sandra Malcic, Assessment Biologist
Rob Dalziel, Special Projects Technician

Assessment and Operations Staff at Brockville
(St. Lawrence River Fisheries Unit)

Anne Bendig, Assessmant Biolopist
Sean Bond, Technician
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Operations Staff at Glenora

David Jeffrey, Operations Supervisor

Linda Blake, Admincstrative Clerk

Carol Ward, Secretary/Administrative Support/Library
Ken Scott, Computer Systems and Database Manager
Kelly Sarley, Data Processing Technician

Wayne Miller, Semor Technician-Base Operations
Dawn Walsh, Senior Technician-Field Operations
Chuck Wood, Senior Technician-Marine Service

Jeff Church, Age & Growth Interpretation Technician
Dale Dewey, Resource Technician

Steve Lawrence, Rescurce Technician

Tim Shannon, Resource Technician

Steve Welham, Technician

Terry Cronin, Technician

Randy Gurnsey, Technician

Ambrose McCambridge, Technician

Tom Lawrence, Technician

Elaine Lockwood, Technician

Shane Lockwood, Technician

Lisa McWilliam, Technician

Sean Corrigan, Techuician

Laura Fietz, Techniczan

Alan Mclntosh, Boat Captain

Vaughan Jamieson. Technician, Commercial Fish, Fish Culture

Research Staff at Glenora

Dr. John Casselman, Senior Research Scientist

David Brown, Research Project Biologis:

Lucian Marcogliese, Research Graduate Student

Dr. Michael Jones, Research Scientist (Salmonid Unit)

Les Stanfield, Research Project Biologist (Salmonid Unir)

Mike Stoneman, Res=arch Technician (Salmonid Unit)

Christine VanderDussen, Research Graduate Student (Salmonid Unit)
Janice Clarkson, Reszarch Graduate Student (Salnonid Unit)

Fisheries Policy Branch Staff at Glenora

Cheryl Lewis, Warmsvater Community Ecologist
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fic catch-per-standard gitlnet lift, northeastorn Lako Ontarie, 1994,

io#-epaci

Spac

Middle

Ground

on

Wellin

Rocky Pois

Main Duck Sill

ton

Bri

18 28
412

13
319

28
214

18
186

13
438

18 28
263

13
49

28
155

13 18
“u7

356

8
415

Site Depth (m)

11

87

442

890

7%

11

791

211

Ale

10

Gizzord shad

10

10

36 20

7

Chinook salmon

Atlantic salmon

Brown roul

13

53 185
33

116 20

75

85

169
24

2t 59 58 124
105 28 18

244

16

Lake trout

18

10

Lake whitcfish

Lake herring
Round

10

0

itefish

Rainbow smelt

14
49

Northern pike
White sucker
Carp

Brown bullhead
Channel catfish
Burbot

0

White perch

Rock bass

30

17

27

61

Smallmouth bass
Yollow porch

Walleye

303 160 233

720

453

289 11

212

28

122

33

21

13

Freshwater drum
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