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broad-scale monitoring program.

INTRODUCTION

Freshwater inland fisheries are important sources of an-
imal protein and income to millions of people worldwide
(Welcomme et al. 2010; Lynch et al. 2016). A significant por-
tion of these inland fisheries are recreational with at least 220
million recreational anglers worldwide (World Bank 2012;
Arlinghaus et al. 2015). The sustainable management of these
resources requires an understanding of their ecosystems, pop-
ulation dynamics, and use. This information can be collect-
ed through monitoring programs that evaluate not only the
populations but also track the ecosystem conditions that may
impact stock status (Francis et al. 2007).

The province of Ontario, Canada, has ~250,000 inland
lakes (>0.05 km?) distributed over ~1,076,000 km> (OMNR
1984). These lakes and their fishes are culturally, recreation-
ally, and economically important. This paper focuses on the
management of recreational fisheries that support 1.2 million
anglers and contribute Can$1.6 billion annually to the provin-
cial economy (OMNRF 2015). In 2005, the Ontario Ministry
of Natural Resources (now Ontario Ministry of Natural
Resources and Forestry [OMNRF)) instituted the Ecological
Framework for Recreational Fisheries Management (EFFM)
to address the need for a management approach that stream-
lines fishing regulations and balances the spatial and tempo-
ral variation of resources with the needs of communities and
anglers (Lester et al. 2003; OMNRF 2015). The EFFM and
overarching Ontario Provincial Fish Strategy: Fish for the
Future aim to improve the conservation and management of
fisheries and their ecosystems, and increase public participa-
tion in fisheries management (OMNREF 2015).

Elements of (1) landscape-level, (2) ecosystem-based, and
(3) adaptive management have been incorporated into the
EFFM to support these objectives. Landscape-level man-
agement recognizes that broad-scale forces such as environ-
mental variation, the mobility of anglers, and stresses such as
spreading invasive species distributions can render traditional
lake-by-lake approaches inadequate for effective management
(Lester et al. 2003; Deroba et al. 2007). A landscape approach
is especially necessary in jurisdictions like Ontario, where
thousands of lakes dotted across a massive geographic area
would be impossible to manage individually. Ecosystem-based
fisheries management, on the other hand, acknowledges the
complex ecological and socioeconomic pathways that lead to
dynamic states of fisheries (Larkin 1996; Pikitch et al. 2004).
It has been adopted as a guiding policy by the United Nations
Food and Agriculture Organization Committee on Fisheries
(FAO 2003; Patrick and Link 2015). Including ecosystem-
based fisheries management in the EFFM acknowledges
the ecological and human elements of recreational fisheries.
Adaptive management, which involves an iterative process of
learning, has been endorsed for natural resources for decades
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There are ~250,000 lakes in Ontario that support important cultural, recreational, and economic fisheries. In 2005, the Ontario
Ministry of Natural Resources and Forestry adopted the Ecological Framework for Recreational Fisheries Management to tackle
the heterogeneity of lake resources and angler mobility across the landscape, increase public participation in fisheries man-
agement, and streamline an ever-growing list of regulations. The Broad-Scale Monitoring Program for Inland Lakes began in
2008 to meet these goals. Essential elements of the program are: clear objectives, standardized sampling methods, operational
implementation, diagnostic indicators, standardized reporting, a multidisciplinary team, and adaptive monitoring. Fishes, zoo-
plankton, habitat, and angling activity are measured at each lake and provide the data needed to make evidence-based fisheries
management decisions. The data have benefited other provincial initiatives and provided significant contributions to the science
of freshwater ecology. Recommendations are provided for other jurisdictions considering the implementation of a standardized

(Holling 1978; Walters 1986). Inclusion of this concept in the
EFFM establishes a process by which learning through mon-
itoring within management cycles can be used to evaluate
management effectiveness and fine-tune future management
decisions. Ultimately, the integration of these three manage-
ment approaches in the EFFM recognizes that recreational
fisheries are complex and dynamic.

The Broad-Scale Monitoring Program for Inland Lakes
(BsM) was designed to support the EFFM and provide the
data necessary to make evidence-based management deci-
sions. Key elements of three management approaches are
incorporated into the monitoring design. First, hundreds of
lakes are selected for monitoring to understand the hetero-
geneity of lake types and resource distributions across the
landscape. Second, the physical, chemical, and biological
ecosystem conditions, and angler activities on each lake are
monitored. Third, it was established from the outset that the
monitoring would be cyclical and flexible to accommodate
changing management questions, environmental conditions,
and stresses.

This paper describes the recreational fisheries manage-
ment framework in Ontario with particular emphasis on the
BsM monitoring component. The benefits of this program to
other business areas within MNRF and windfall of scientif-
ic insights gained about fish and fisheries ecology, food web
dynamics, and climate change are highlighted. The lessons
learned are synthesized to provide recommendations for other
jurisdictions considering the implementation of a standard-
ized broad-scale monitoring program.

LANDSCAPE AND FISHES OF ONTARIO

Ontario spans 41-57°N and has significant latitudinal gra-
dients in climate, human activities, and fish species richness
(Chu et al. 2015; Figure 1). Mean annual air temperatures
range from —5 to 9°C and mean annual total precipitation
ranges from 240 to 1,150 mm with more in the lee of the Great
Lakes (Crins et al. 2009). Most of Ontario’s population (14.5
million people in 2019) is concentrated along the border of
the Great Lakes, while the northern region of the province
(>50°N or 42% of the total landmass) is home to only 24,000
people (Crins et al. 2009; OMNREF 2019).

Ontario has the highest diversity of fishes in Canada (128
native and 17 naturalized species) with species richness in lakes
ranging from 1 to 49 species (Chu et al. 2015; OMNREF 2015).
The commonly targeted recreational sport fishes are cold-water
(prefer < 19°C) Lake Trout Salvelinus namaycush and Brook
Trout S. fontinalis, cool-water (prefer > 19 < 25°C) Walleye
Sander vitreus, Northern Pike Esox lucius, and Yellow Perch
Perca flavescens, and warm-water (prefer > 25°C) Smallmouth
Bass Micropterus dolomieu and other Centrarchids (DFO
2015).
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Figure 1. Cities and inland Fisheries Management Zones in Ontario, Canada.

MANAGEMENT CYCLE

With delegated authority from the federal government
of Canada, MNREF is responsible for fisheries management
decision making, and the administration and enforcement
of fishing regulations. The ministry also has a legal duty
to consult Indigenous communities when any proposed
activity or decision may adversely impact treaty rights
(Constitution Act 1982). Under the EFFM and using ex-
isting knowledge of the environment and angling pressure,
20 Fisheries Management Zones (FMZs) were established
as the primary units for management (OMNRF 2015;
Figure 1). Zone-specific regulations aim to benefit regional
recreational fisheries needs while incorporating community
and angler interests.

Fisheries goals and objectives for each FMZ are set with-
in fisheries management plans by MNRF after engagement
with FMZ Advisory Councils (Figure 2). Councils can include
Indigenous community members, academia, conservation
groups, resource stakeholders (e.g., angling groups, outfitters,
cottagers), retail businesses, and the general public (OMNRF
2015). Councils and MNRF discuss the goals, objectives, mon-
itoring results, and options for management actions (Figure 2)
but the monitoring and decision-making program authority
lies with MNREF.

Fisheries management plans are written using historical
information collated in background documents and BsM re-
porting products. They include goals, objectives, indicators,

benchmarks, and timelines for achievement (Table 1). Goals
are the long-term ecological and socioeconomic targets for
each FMZ. Objectives are more specific than goals and must
have measurable indicators, benchmarks, and realistic time-
lines for achievement. Indicators are quantifiable metrics (e.g.,
fish abundance) that can be used to track progress towards
the goals and objectives. Values for the indicators are often
derived from the BsM data, but other indicators, e.g., number
of public meetings hosted to raise awareness of best fisher-
ies practices, may be generated and tracked by MNRF staff
(Table 1). Benchmarks are reference values associated with
each indicator and can be based on historical information
or on data from the first cycle of BsM. Management actions
include harvest regulation changes, public education, rehabil-
itation and protection plans, stewardship, stocking, and en-
forcement that are applied to achieve the goals and objectives
for each zone (Table 1).

The FMZ background documents and draft plans are pre-
sented to councils through a series of information sessions.
Further public engagement is facilitated via open houses,
posts to the provincial environmental registry, and social me-
dia. During open houses, people meet at a specific time and
location to speak with MNREF staff to review and discuss plan
objectives and proposed regulation changes. The ministry uses
feedback from these engagements when preparing the final
plan and seeking Ministerial approval for decisions on man-
agement actions and regulatory changes.
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Figure 2. Adaptive fisheries management cycle outlined in
Ontario’s Provincial Fish Strategy: Fish for the Future.

The iterative process of planning and monitoring under
EFFM provides the data necessary to evaluate the effec-
tiveness of different management actions as data become
available (Figure 2). Adaptive management in Ontario is
passive. That is, the consequences of management are re-
peatedly evaluated (through monitoring), but no attempt is
made to impose experimental management actions specifi-
cally with the intention of learning (McDonald-Madden et
al. 2010). For example, in 2010, Lake Trout regulations in
FMZ 10 were changed from three fish any size (January 1 to
September 30) to two fish (only 1 > 40 cm; January 1 to the
first Monday of September). The Cycle 2 BsM data (2012
2017) indicated that the status of Lake Trout improved since
the regulation was implemented. Zones 10 and 11 have sim-
ilar landscapes, lake characteristics, fish communities, and
FMZ goals and objectives. Therefore, the seemingly effec-
tive FMZ 10 Lake Trout regulations were implemented in
FMZ 11 in 2020.

BROAD-SCALE MONITORING DESIGN

Rigorous monitoring designs should include: (1) clearly
defined objectives, (2) standardized sampling methods, (3)
operational implementation, (4) science development, (5)
standardized information management and reporting, (6) a
multidisciplinary team, and (7) adaptive monitoring (Hayes
et al. 2003; Legg and Nagy 2006; Field et al. 2007). Each ele-
ment is described here for the BsM program.

Objectives of the BsM Program

The four objectives of the program are to: (1) estimate,
with known confidence, the current status and trends in sel-
ected indicators (e.g., abundance, body size; sce OMNRF
2016) of Ontario’s fishery resources in lakes; (2) describe the
geographic distribution, extent, and characteristics of aquatic
resources in Ontario lakes; (3) identify natural and anthro-
pogenic stresses affecting the condition of aquatic resources,
and (4) provide reports on the state of fisheries and aquatic
environments.

Standardized Sampling Methods

Standardized methods that define when, where, what,
and how to sample are crucial to ensure comparisons can be
made among multiple lakes within and among FMZs (Bonar
and Hubert 2002; Bonar et al. 2009; Smith and Blackwell
2019). In Ontario, approximately 100-150 lakes are sampled
annually with FMZ reporting occurring on a 5-year cycle.
At the time of this publication, two cycles of sampling have
occurred, 2008-2012, 2013-2017, and the second year of
Cycle 3 is complete.

Where and How Many Lakes to Sample
Lakes are selected using a stratified-random, spatial sam-
pling design. The first level of stratification is FMZ. The sec-
ond level is lake surface area. Five lake size categories were
defined (20-100, 100-500, 500-1,500, 1,500-5,000, and 5,000—
250,000 ha, respectively) to ensure that small lakes, which are

Table 1. Examples of the goals, objectives, indicators, benchmarks, and actions that can be included in Fisheries Management Zone (FMZ) plans.

Description and examples of plan content

Examples of FMZ goals, which can reflect ecological or socioeconomic interests:
* Manage for the improvement of fisheries, including healthy natural fish populations, beyond a minimally sustainable condition, enhance urban

opportunities, and provide a safe food source.

+ Protect ecosystem, species, and genetic diversity within FMZ into the future.
+ Improve the general public's respect for natural resources, their awareness of ethical practices around aquatic ecosystems, and their knowledge

of regulatory principles and practices.

Examples of objectives that are more specific targets than goals because they include indicators and benchmarks used as

comparators to evaluate status:

e o o o o o

Increase the number of self-sustaining Lake Trout lakes in FMZ 10 above abundance benchmarks to 50% (from 32%) within 20 years.
Maintain the abundance of mature Walleye measured in Cycle 1 of broad-scale monitoring.

Increase the number of Walleye > 45 cm per North American gang to greater than the 2009 value within 10 years.

Develop a strategy to protect and improve fish habitat within management cycle.

Minimize the introduction and spread of aquatic invasive species within management cycle.

Promote awareness of the principles of species management and invasive species by producing a number of fact sheets and distributing via
websites, social media, stakeholder distribution networks, and hard copy.

Examples of management actions that are the interventions implemented to potentially meet the goals and objectives:
+ Allowable harvest of two Lake Trout (only 1 >40cm) from January 1 to the first Monday of September.
« Allowable harvest of four Walleye (None between 43 and 60 cm, and one fish >60 cm) between January 1 to the third Sunday in March, and third

Saturday in May to December 31.
* Maintain existing fish sanctuaries.

« Continue to apply provincial regulations, guidelines, and permit conditions to protect fish habitat, particularly with respect to flows and levels in
regulated waterbodies where it affects Walleye recruitment and productivity.

* Increase communication with stakeholders by conducting regular outreach activities focused on fisheries and compliance issues and by produc-
ing literature (fact sheets, status reports) suitable for posting to the web or for handing out at public meetings.
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more abundant in each FMZ, are not the majority of lakes se-
lected for monitoring. Very large lakes (e.g., Lake Nipigon and
Lake of the Woods, which are >250,000 ha) are not included
in BsM and are monitored individually. The third stratifica-
tion for selection is the presence of three recreationally im-
portant fish species: Walleye, Lake Trout, and Brook Trout.
With knowledge of the number of lakes with each species in
each FMZ (Table 2), it was decided that ~10% of the lakes
with each species would be sampled each cycle (every 5 years)
to measure trends in the populations through time (Figure 3).
An equal number of lakes are randomly selected each cycle as
“state lakes” for one-time sampling (Table 2). Although not
mutually exclusive, the data from “trend lakes” can be used to
report on the status of trends of fisheries populations through
time while the state lake data can be used to understand the
distribution and characteristics of aquatic resources, and the
state of stresses (e.g., invasive species) across the landscape.

The proportional approach standardized how many
lakes were allocated for sampling among zones and recog-
nized that the number of lakes with Walleye, Lake Trout,
and Brook Trout differ among zones (Table 2). However,
proportional approaches to determine sample sizes for these
types of monitoring designs may lack the statistical rigor re-
quired to detect change (Cohen 1988; Legg and Nagy 2006;
Field et al. 2007). To address this issue, power analyses were
conducted to determine the minimum number of lakes nec-
essary to detect a trend in abundance in the zones (Appendix
S1). The minimum number of lakes needed to detect a 1.5-
fold change in abundance were 20 lakes for Walleye and 10
lakes each for Lake Trout and Brook Trout. This minimum
was applied in FMZs that did not have many lakes with the
target species (Table 2).

What to Sample
Fishes, zooplankton, habitat, and angling activity are
measured for each BsM lake (Figure 4). Counts and lengths
are recorded for all fish species; weight, aging structures, and

tissue samples are collected for genetic and contaminant anal-
yses for recreationally important species. Lake bathymetry,
water chemistry, water clarity, and temperature and dissolved
oxygen profiles are measured to describe lake habitat. Aquatic
Invasive Species (AIS) are documented, and angler activity is
measured using aerial angler counts.

How to Sample

The sampling methods are standardized across the
program (Sandstrom et al. 2008). Large-bodied fishes are
caught using the standard North American (NA) multi-
mesh benthic gillnets that target species >20 c¢cm (Bonar
et al. 2009). Small-bodied fish species and young of the larg-
er-bodied species are caught using standard Ontario (ON)
multi-mesh gillnets (Sandstrom et al. 2008). Both nets are
deployed using a depth-stratified, random sampling design.
Zooplankton samples are collected using plankton nets and
examined in the laboratory for AIS, such as spiny water flea
Bythotrephes longimanus, and veligers of Dreissenid mus-
sels. Water samples for chemical analysis and Secchi disc
measurements are collected in the spring. All gillnetting,
summer Secchi measurements, temperature and dissolved
oxygen profiles, and zooplankton sampling occurs when
surface water temperature is greater than 18°C, after the
onset of thermal stratification (Sandstrom et al. 2008). To
estimate angler activity, the number of boats (recreation vs.
angling), number of anglers in a boat (where discernable),
ice huts, and open ice fishermen are counted via aerial flights
(Chu et al. 2016).

Operational Implementation
During Cycle 1 (2008-2012) and 2 (2014-2018), 726 and
688 lakes were sampled, respectively, with 570 being repeat-
ed trend lakes. Sampling at this scale requires 15-20 field
crews per year trained in the standard sampling methods and
safety practices. The sampling program also requires signifi-
cant operational logistics: equipment purchases, rentals, and

Table 2. Original design of the number of lakes monitored as part of the Broad-scale Monitoring Program for Inland Lakes in Ontario.

Known Walleye, Lake Trout,
and Brook Trout lakes

10% sample (minimum)

Total number of lakes

FMZ n lakes Wa LT BT Wa (20) LT (10) BT (10) Trend sample State sample
1 107 3 4 3 3 4 NA 7 3
2 11,930 504 101 9 50 10 NA 60 281
3 407 28 0 4 20 NA NA 20 10
4 4,456 842 126 4 84 13 NA 97 105
5 3,497 782 468 0 78 47 NA 125 82
6 2,066 288 136 105 29 14 11 54 49
7 2,058 290 113 144 29 1" 14 54 48
8 2,986 401 61 28 40 10 NA 50 70
10 3,230 123 561 649 20 56 65 141 76
1 984 115 140 53 20 14 NA 34 23
15 2,133 146 391 428 20 39 43 102 50
16 362 22 2 20 20 NA NA 20 9
17 134 29 0 1 20 NA NA 20 3
18 613 103 56 3 20 10 NA 30 14
Total 34,972 823 823

FMZ=Fisheries Management Zone; BT=Brook Trout; LT=Lake Trout; Wa=Walleye.
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Figure 4. Fish, zooplankton, habitat, and angler activity data collected for each lake surveyed as part of the Broad-scale

Monitoring Program for Inland Lakes in Ontario.

maintenance, hiring of crews, organization of travel, food,
and accommodations, and aerial flight coordination. These
tasks require a team of operational supervisors, technicians,
and biologists and emphasizes the importance of sufficient
staffing for program delivery.

Science Development
Science development is an integral part of the program and
requires an ongoing commitment to fund and conduct the re-
search necessary to develop diagnostic indicators and improve
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the efficiency of the design. Several biological and ecological
indicators are calculated using the BsM data, e.g., trophic
status, abundance estimates of different species, and species
diversity indices (OMNRF 2016). Mortality and biomass
reference points that are standard indicators for stock assess-
ments worldwide (Caddy and Mahon 1995) have been devel-
oped for Walleye (Lester et al. 2004; Lester et al. 2014) and
are being developed for Lake Trout, Brook Trout, Northern
Pike, and Smallmouth Bass. Ultimately, these reference points
will be used to populate Kobe (phase) plots that describe the



status of populations within each FMZ (Maunder and Aires-
da-Silva 2011).

Other examples of science development efforts include
calibrations of the NA nets to netting protocols and con-
figurations used in the past (e.g., Giacomini et al. 2020).
Development of a contact retention selectivity tool for the
NA nets (Walker et al. 2013). Evaluations of double-gang
versus single-gang ON net configurations, and the addi-
tion of a pelagic netting component to improve netting
efficiency.

Standardized Information Management and Reporting

Standardized information management and reporting is
just as important as the standardized methods used to col-
lect the data. This includes management of fundamental (e.g.,
geographic data), field, and post-field (e.g., water chemistry
and aging results) data. A centralized database is maintained
to store data as well as automate some of the data quality
assurance/quality control, and queries for standardized re-
porting. Reporting products are crucial for transferring field
results and diagnostics to planners, the public, and councils.
Standardized BsM reports scale from individual lake to pro-
vincial summaries and have different schedules for release
(Table 3).

Multidisciplinary Team

Program delivery requires (1) field crews and supervi-
sory staff for coordinating field work, (2) data clerks, data
analysts, database developers, and geographic information
system specialists for information management, (3) policy
analysts, fisheries biologists, and research scientists for sci-
entific design, diagnostic indicator development, and report-
ing standards, and (4) biologists for planning, management,
and engagement with the FMZ advisory councils. External
partnerships were also established with the Ministry of
Environment, Conservation, and Parks to process the water
chemistry samples and share results, and the Arnott Lab at
Queen’s University to search the zooplankton samples for in-
vertebrate AIS.

Adaptive Monitoring

The field component of BsM is an adaptive process re-
sponding to knowledge gained during each field season and
funding realities (Figure 5). For example, during the first years
of Cycle 1, it became apparent that surveys in remote northern
lakes (FMZ 1, 2, and 3; Figure 1) were beyond the financial
scope of the program. Access to these remote lakes required
long-distance aerial transport of crews and equipment and
was not sustainable in the long-term. The decision was made
to exclude those zones from the program, but to encourage
community-based monitoring of lakes near Indigenous com-
munities with MNRF’s Far North Branch.

After Cycle 1, the small lake size categories were changed
from 20-100 ha and 100-500 ha to 5-50 ha, 50-500 ha, be-
cause lakes <50 ha were difficult for crews to access. It was de-
cided that lakes >50 ha would be selected for Walleye and Lake
Trout trend lakes. However, lakes 5-50 ha with Brook Trout
would still be used as trend lakes for that species, because they
are typically found in these small lakes and rarely coexist with
Walleye or Lake Trout.

After Cycle 2, a 10-year design review was conducted
to determine where modifications could be made given two
cycles of monitoring. The original minimum target of 20
Walleye and 10 Brook Trout lakes were not met in some zones.
As there are no additional funds to sample more lakes in the
under-sampled zones, it was decided that a new, equitable
minimum sample size of lakes was required for the program.
The new minimum was set at 25 trend lakes per species, based
on achieving an effect size of 0.5, alpha = 0.1, and power = 0.8
for a two-tailed paired ¢-test (Steidl et al. 1997; Lougheed et al.
1999; Di Stefano 2003).

The status of the state lake monitoring was also scru-
tinized during the 10-year review. During Cycle 1 and 2,
113 and 183 state lakes were surveyed, respectively. This
effort fell well below the original target of 823 state lakes
per cycle. However, state lakes are needed to meet the objec-
tives of the program. Additionally, examination of the fish
abundance data indicated that most trend lake populations
were reasonably stable between 5-year cycles. Therefore, it

Table 3. Standard reporting products and their content generated from the Broad-scale Monitoring Program (BsM) for Inland Lakes in Ontario.

Reporting standard

Description of content

Target audience and
reporting timeline

Field work communications

Lake Bulletins

Lake Synopses

Data Reports

Zone Reports

Provincial summaries

Flyers notifying the public of upcoming BsM survey activities and can describe the
lake(s) to be sampled, the methods used for sampling (e.g., gillnets), and or how the
data are used to inform management decisions

Web-based documents posted to Fish ON-line (Available: https://bit.ly/34bzYRI);
Ontario Ministry of Natural Resources and Forestry (MNRF)'s interactive public web-
site that can be used to search for lake information including fishing regulations,
lake-specific BsM results, access points, and bathymetric maps

Documents containing lake-level summaries of fisheries population, fish com-
munity, habitat, and angler activity data collected during BsM surveys (OMNRF
2016). These documents can be used to inform Fisheries Management Zone (FMZ)
planning

Documents containing the raw data for all ecological and angler activity data col-
lected for each lake surveyed within each FMZ per cycle. These documents can be
used to inform FMZ planning.

FMZ level summaries of all ecological and angler activity data. These documents
can be used to inform FMZ planning

Inform state of the resource reports such as the State of Ontario Biodiversity
Report (OBC 2015)

Local communities; released
annually

Public; released annually

MNREF staff for FMZ planning;
released per cycle

MNREF staff for lake-specific
and FMZ planning; released
per cycle

MNRF staff and Councils for
zone planning; released per
cycle

MNRF and public; release
dependent on provincial
reporting timelines
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Figure 5. Timeline of adaptive monitoring changes to the Broad-scale Monitoring Program for Inland Lakes in Ontario.

Table 4. Number of lakes sampled as part of the Broad-scale Monitoring Program for Inland Lakes in Ontario. Some lakes were sampled for
more than one species so values in the columns may not add up to totals.

Cycle 1 Cycle 2 Cycle 4 Cycle 5

Trend Trend Trend
FMZ Wa LT BT State Wa LT BT State State Wa LT BT
1 3 NA NA NA NA NA NA NA NA NA NA NA
2 NA 2 NA NA NA NA NA NA NA NA NA NA
3 13 NA NA NA NA NA NA NA NA NA NA NA
4 76 16 NA 6 65 14 NA 41 50 25 25 NA
5 84 49 NA 1 53 36 NA 25 50 25 25 NA
6 30 15 10 38 24 10 10 21 75 25 25 25
7 31 14 10 NA 40 16 13 10 75 25 25 25
8 36 10 NA 18 38 10 NA 28 50 25 25 NA
10 20 53 55 NA 23 35 53 30 75 25 25 25
1 20 14 NA 8 21 12 NA 13 50 25 25 NA
15 29 22 11 15 18 13 10 NA 75 25 25 25
16 19 1 NA 8 18 NA NA 2 20 20 NA NA
17 22 NA NA 6 20 NA NA 1 25 25 NA NA
18 24 15 NA 13 20 12 NA 3 50 25 25 NA
Total 726 688 595 595

BT=Brook Trout; FMZ=Fisheries Management Zone; LT=Lake Trout; Wa=Walleye.

was decided that the program will shift to alternating trend
and state cycles. Cycle 3 (2018-2022) is a transitional cycle
during which trend lakes sampled in Cycle 1 and 2 would
be re-surveyed to meet reporting commitments to councils,
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and lakes will be added to meet the 25 lake minimum
FMZs where 25 lakes were not sampled in Cycle 1 and 2.
Cycle 4 (2023-2027) will be a state cycle and Cycle 5 would
be a trend cycle (Table 4).

i

n



INFORMING BSM PROGRAM OBJECTIVES, AND PROVINCIAL
AND INTERNATIONAL INITIATIVES

In addition to fisheries objectives met by the program,
BsM has significantly improved our understanding of fish
species distributions. Netting data confirmed extant and
new populations for three species being considered for as-
sessment by the Committee on the Status of Endangered
Wildlife in Canada: Pygmy Whitefish Prosopium coulte-
rii, Northern Sunfish Lepomis peltastes, and Deepwater
Sculpin Myoxocephalus thompsonii. Additionally, the dis-
covery of Threespine Stickleback Gasterosteus aculeatus in
a northern lake represents a range extension of more than
350 km. The data also indicated that either our understand-
ing of some species distributions is incorrect or there have
been losses in some lakes. For example, Brook Trout were
expected to be found in 98 and 80 lakes during Cycles 1 and
2, respectively, but were not detected in 18 and 5 of those
lakes, respectively.

In response to the global Strategic Plan for Biodiversity
2011-2020 (CBD 2010), many jurisdictions regularly report
on the state of their biodiversity. Cycle 1 BsM data were used

to generate alien aquatic species, water quality, and state of
fisheries indicators included in the 2015 State of Ontario’s
Biodiversity Report (OBC 2015). Alien species (species not
native to Ontario or species introduced beyond their native
range) were detected in 46% of the lakes sampled in Cycle
1 (Figure 6), and mortality estimates generated from BsM
data indicated that Walleye fishing mortality exceeded pre-
dicted sustainable levels in southern FMZs (Figure 7).

The BsM data have also been analysed to show that ter-
restrial protected areas confer some benefits to lake fish com-
munities (Chu et al. 2018; Lamothe et al. 2019). This has
implications for the design of freshwater protected areas to
meet the Convention on Biological Diversity targets to protect
at least 17% of terrestrial and inland water areas around the
globe by 2020 (CBD 2010). Chu et al. (2018) also demonstrat-
ed that community size spectra can be used to measure eco-
logical integrity (composition, function, and structure); the
maintenance and restoration of ecological integrity is an over-
arching goal for protected area management within MNRF
and internationally (Parrish et al. 2003; Provincial Parks and
Conservation Reserves Act 20006).

Percent of lakes
with alien species
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Figure 6. Percent of lakes with alien (aquatic invasive species and native species introduced outside of their range) species
surveyed as part of the Broad-scale Monitoring Program for Inland Lakes in Ontario.
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ADVANCEMENTS IN SCIENCE WITH BSM

Between 2012 and 2020, 27 scientific primary publications
have been produced using BsM data (Appendix S2). These
publications span a variety of disciplines, e.g., Tunney et al.
(2012) used BsM data to explore food web responses to chang-
ing climatic conditions. Alofs et al. (2014) found a reduction
in the distributions of small-bodied prey fishes coincident
with the northward expansion of Centrarchids in Ontario.
Gutowsky et al. (2019) examined the interactions among mul-
tiple pressures impacting Walleye populations. Nienhuis et
al. (2014) found that the presence of zebra mussels Dreissena
polymorpha affected the condition, growth, and relative abun-
dance of some game fish species. Given the range in environ-
mental conditions and lake types, the findings from Ontario
likely improve our understanding of lakes in other temperate
and boreal regions of the world.

RECOMMENDATIONS FROM LESSONS LEARNED
The key lessons learned since BsM was initiated are
presented here as they may inform the implementation
or continuation of similar monitoring programs in oth-
er jurisdictions. The lessons are ranked from most to least

important from the perspective of what is required to sus-
tain BsM.

Clearly communicate the objectives and deliverables of the
monitoring program and do not overcommit. From the outset,
communicate within the agency how policy, management,
and monitoring are linked, what is in and out of scope of
the monitoring program, and how it informs other agency
initiatives. The ecosystem-based monitoring approach ap-
plied in BsM has spillover benefits for other business areas
(e.g., protected areas and land use planning, and biodiver-
sity reporting). However, BsM is not a panacea to under-
stand every lake issue that may arise across the province.
Individual lake-level monitoring and management happens
for nine lakes and two lake chains (Ottawa River [FMZ 12]
and Winnipeg River) where there are significant pressures
from commercial and recreational fisheries and/or human
development within their watersheds. Lakes with impend-
ing anthropogenic pressures, e.g., industrial development,
or lakes identified for protection or restoration can also be
managed locally (OMNREF 2015). Hayes et al. (2003) noted
a similar situation in Michigan where local-scale needs may
arise and conflict with larger-scale monitoring. They suggest

Percent of lakes with high
fishing mortality on Walleye
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Figure 7. Percent of sampled Walleye lakes in each Fisheries Management Zone with Walleye fishing mortality equal to or
greater than natural mortality based on the first 5-year cycle of Ontario’s Broad-scale Monitoring Program for Inland Lakes.
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that for these cases, discussions among affected organiza-
tional levels should produce a rational basis for deciding
the allocation of sampling resources. In Ontario, separate
allocations exist, but the feedback loops where local studies
may inform broad-scale efforts or vice versa have not been
established and require continual discussions among differ-
ent arms of the agency.

Synchronization of the monitoring and management cycles
takes time. Data reporting, soliciting council membership en-
gagement, and decision making are not impulsive processes.
After 10 years, FMZ plans are either complete or in progress
for 10 of the 12 FMZs. Agencies initiating or maintaining
these broad-scale programs have the responsibility to encour-
age and maintain engagement with interested parties.

Investment and internal and external support are key to
maintaining the monitoring program. Dedicated stable and
long-term funding is required to support these types of mon-
itoring programs, but vocalized internal and external support
are equally important. Within the agency, continual down-
ward and upward communication, and upper management
support are necessary to uphold the value of the program.
Partnerships with other agencies, public groups, and aca-
demic partners maximize the potential utility and value of
the monitoring data, and contribute to the viability of the
program.

A clear governance structure will improve program efficien-
¢y. In agencies where the monitoring and science section may
be separate from the management and regulatory section,
terms of reference defining roles and responsibilities of staff
and lateral communication between sections will contribute
to the effective use and interpretation of the data while ensur-
ing the data also meet the original and shifting management
needs.

CONCLUSION

Inland freshwater fisheries have been important to humans
for generations. Maintaining these resources requires evi-
dence-based decisions that have been encouraged for decades
in natural resource management and conservation (Holling
1978). Evidence-based management has been practiced in
Ontario for some time (OMNR 1983). The EFFM and BsM
are an integration of science, monitoring, reporting, and man-
agement that aims to maintain sustainable recreational fisher-
ies that address cultural, ecological, and socioeconomic needs
for generations to come.

ACKNOWLEDGMENTS

The authors thank the two reviewers and science editor
for their constructive comments that improved the manu-
script. This program would not exist without the efforts and
support of MNRF staff, especially Bob Bergmann, Greg
Deyne, Warren Dunlop, Peter Hulsman, Cheryl Lewis, Dave
Maraldo, Terry Marshall, Steve McGovern, Bev Ritchie,
Sandra Orsatti, Brian Shuter, Mark Sobchuk, and Frank
Kennedy (all retired). In addition, the authors thank Dave
Brown, Michelle Gillespie, Brian Jackson, Kevin LeBlonde,
Dan Lix, George Morgan, Steve Peters, Jay Wright, and Steve
Vandermeer as well as the crews who work rain or shine to col-
lect the fundamental data for this program. Funding for this
program is provided by the ministry’s Fish & Wildlife Special
Purpose Account supported by the resident and non-resident
anglers and hunters of Ontario.

ORCID

Cindy Chu "= https://orcid.org/0000-0002-1914-3218

REFERENCES

Alofs, K. M., D. A. Jackson, and N. P. Lester. 2014. Ontario freshwater
fishes demonstrate differing range-boundary shifts in a warming cli-
mate. Diversity and Distributions 20:123-136.

Arlinghaus, R., R. Tillner, and M. Bork. 2015. Explaining participation
rates in recreational fishing across industrialised countries. Fisheries
Management and Ecology 22:45-55.

Bonar, S. A., and W. A. Hubert. 2002. Standard sampling of inland fish:
benefits, challenges, and a call for action. Fisheries 27(3):10-16.
Bonar, S. A., W. A. Hubert, and D. W. Willis. 2009. Standard methods for
sampling North American freshwater fishes. American Fisheries

Society, Bethesda, Maryland.

Caddy, J. F., and R. Mahon.1995. Reference points for fisheries man-
agement. Food and Agriculture Organization of the United Nations,
Fisheries Technical Paper. No. 347. FAO, Rome.

CBD (Convention on Biological Diversity). 2010. Decision adopted by the
conference of the parties to the Convention on Biological Diversity at
its tenth meeting X/2: the strategic plan for biodiversity 2011-2020
and the Aichi biodiversity targets. Available: https://bit.ly/30kRyBr.
(September 2017).

Chu, C,, L. Ellis, and D. T. de Kerckhove. 2018. Effectiveness of terrestrial
protected areas for lake fish community conservation. Conservation
Biology 32:607-618.

Chu, C., N. P. Lester, H. Giacomini, B. J. Shuter, and D. A. Jackson. 2016.
Catch-per-unit-effort and size spectra of lake fish assemblages re-
flect underlying patterns in ecological conditions and anthropogen-
ic activities across regional and local scales. Canadian Journal of
Fisheries and Aquatic Sciences 73:535-546.

Chu, C., C. K. Minns, N. P. Lester, and N. E. Mandrak. 2015. An updated
assessment of freshwater fish biodiversity, the environment and hu-
man activities in Canada. Canadian Journal of Fisheries and Aquatic
Sciences 72:135-148.

Cohen, J. 1988. Statistical power analysis for the behavioral sciences, 2nd
edition. Lawrence Erlbaum, Mahwah, New Jersey.

Constitution Act. 1982. Schedule B to the Canada Act 1982 (UK), 1982,
c11.

Crins, W. J., P. Gray, P. W. C. Uhlig, and M. C. Wester. 2009. The ecosys-
tems of Ontario, part I: ecozones and ecoregions. Ontario Ministry
of Natural Resources SIB TER IMA TR-01, Peterborough, Ontario,
Canada.

Deroba, J.J., M.J. Hansen, N. A. Nate, and J. M. Hennessy. 2007. Temporal
profiles of Walleye angling effort, harvest rate, and harvest in
northern Wisconsin lakes. North American Journal of Fisheries
Management 27:717-727.

DFO (Fisheries and Oceans Canada). 2015. Survey of recreational fishing
in Canada, 2015. Available: https://bit.ly/3cleTNQ. (January 2020).

Di Stefano, J. 2003. How much power is enough? Against the develop-
ment of an arbitrary convention for statistical power calculations.
Functional Ecology 17:707-709.

FAO (Food and Agriculture Organization of the United Nations). 2003.
Fisheries management. The ecosystem approach to fisheries. FAO
Technical Guidelines for Responsible Fisheries 4(Suppl. 2):1-112.

Field, S. A., P.J. O'Connor, A. T. Tyre, and H. P. Possingham. 2007. Making
monitoring meaningful. Austral Ecology 32:485-491.

Francis, R. C., M. A. Hixon, M. E. Clarke, S. A. Murawski, and S. Ralston.
2007. Ten commandments for ecosystem-based fisheries scientists.
Fisheries 32:217-33.

Giacomini, H. C., N. Lester, P. Addison, S. Sandstrom, D. Nadeau, C. Chu,
and D. de Kerckhove. 2020. Gillnet catchability of Walleye (Sander
vitreus): comparison of North American and provincial standards.
Fisheries Research 224:105433.

Gutowsky, L. F., H. C. Giacomini, D. T. de Kerckhove, R. Mackereth, D.
McCormick, and C. Chu. 2019. Quantifying multiple pressure inter-
actions affecting populations of a recreationally and commercially
important freshwater fish. Global Change Biology 25:1049-1062.

Hayes, D., E. Baker, R. Bednarz, D. Jr Borgeson, J. Braunscheidel,
A. Harrington, R. Hay, J. Waybrant, J. Breck, A. Nuhfer, and M.
Bremigan.2003. Developing a standardized sampling program: the
Michigan experience. Fisheries 28(7):18-25.

Holling, C. S. 1978. Adaptive environmental assessment and manage-
ment. John Wiley and Sons, London.

Fisueries | www.fisheries.org 117


https://orcid.org/0000-0002-1914-3218
https://orcid.org/0000-0002-1914-3218
https://bit.ly/30kRyBr
https://bit.ly/3cIe1NQ

Lamothe, K. A., K. M. Alofs, and C. Chu. 2019. Evaluating functional di-
versity conservation for freshwater fishes resulting from terrestrial
protected areas. Freshwater Biology 64:2057-2070.

Larkin, P. A. 1996. Concepts and issues in marine ecosystem manage-
ment. Reviews in Fish Biology and Fisheries 6:139-164.

Legg, C.J., and L. Nagy. 2006. Why most conservation monitoring is, but
need not be, a waste of time. Journal of Environmental Management
78:194-199.

Lester, N. P., A. J. Dextrase, R. S. Kushneriuk, M. R. Rawson, and P. A.
Ryan. 2004. Light and temperature: key factors affecting Walleye
abundance and production. Transactions of the American Fisheries
Society 133:588-605.

Lester, N. P., T. R. Marshall, K. Armstrong, W. I. Dunlop, and B. Ritchie.
2003. A broad-scale approach to management of Ontario’s recre-
ational fisheries. North American Journal of Fisheries Management
23:1312-1328.

Lester, N. P., B.J. Shuter, P. Venturelli, and D. Nadeau. 2014. Life-history
plasticity and sustainable exploitation: a theory of growth com-
pensation applied to walleye management. Ecological Applications
24:38-54.

Lougheed, L. W., A. Breault, and D. B. Lank. 1999. Estimating statistical
power to evaluate ongoing waterfowl population monitoring. Journal
of Wildlife Management 63:1359-1369.

Lynch, A.J.,S.]J. Cooke, A. M. Deines, S. D. Bower, D. B. Bunnell, I. G. Cowx,
V. M. Nguyen, J. Nohner, K. Phouthavong, B. Riley, and M. W. Rogers.
2016. The social, economic, and environmental importance of inland
fish and fisheries. Environmental Reviews 24:115-121.

Maunder, M. N., and A. Aires-da-Silva. 2011. Evaluation of the Kobe
plot and strategy matrix and their application to tuna in the EPO.
Unpublished IATTC Scientific Advisory Committee document SAC-02-
11, LaJolla, California.

McDonald-Madden, E., Baxter P. W., R. A. Fuller, T. G. Martin, E. T. Game,
J. Montambault, and H. P. Possingham. 2010. Monitoring does not
always count. Trends in Ecology and Evolution 25:547-550.

Nienhuis, S., T. J. Haxton, T. C. Dunkley, C. MacNeil, and M. Campbell.
2014. An empirical analysis of the consequences of zebra mussel in-
vasions on fisheries in inland, freshwater lakes in Southern Ontario.
Management of Biological Invasions 5:287-302.

OBC (Ontario Biodiversity Council). 2015. State of Ontario’s biodiver-
sity 2015: summary. A report of the Ontario Biodiversity Council,
Peterborough, Ontario, Canada. Available: http://sobr.ca/report/.
(January 2020).

OMNR (Ontario Ministry of Natural Resources). 1983. The identification
of overexploitation. Report of SPOF Working Group Number 15.
OMNR (Ontario Ministry of Natural Resources). 1984. Water quantity re-
sources of Ontario. Queen’s Printer for Ontario: Ontario Ministry of

Natural Resources, Toronto.

OMNRF (Ontario Ministry of Natural Resources and Forestry). 2015.
Ontario’s provincial fish strategy: fish for the future. Fisheries
Policy Section, Species Conservation Policy Branch, Ontario
Ministry of Natural Resources and Forestry, Peterborough,
Ontario, Canada.

OMNREF (Ontario Ministry of Natural Resources and Forestry). 2016.
A guide to the lake synopsis: Cycle 1: 2008-2012. Ministry of
Natural Resources and Forestry, Science and Research Branch,
Biodiversity and Monitoring Section, Peterborough, Ontario,
Canada.

OMNRF (Ontario Ministry of Natural Resources and Forestry). 2019.
Far North of Ontario. Available: https://bit.ly/36i4Nqg. (December
2019).

Parrish, J. D., D. P. Braun, and R. S. Unnasch. 2003. Are we conserving
what we say we are? Measuring ecological integrity within protected
areas. BioScience 53:851-860.

118 Fisueries | Vol. 46 © No. 3 ® March 2021

Patrick, W. S., and J. S. Link. 2015. Myths that continue to impede
progress in ecosystem-based fisheries management. Fisheries
40:155-60.

Pikitch, E. K., C. Santora, E. A. Babcock, A. Bakun, R. Bonfil, D. O. Conover,
P. Dayton, P. Doukakis, D. Fluharty, B. Heneman, E. D. Houde, J. Link, P.
A. Livingston, M. Mangel, M. K. McAllister, J. Pope, and K. J. Sainsbury.
2004. Ecosystem-based fishery management. Science 305:346-347.

Provincial Parks and Conservation Reserves Act. 2006. S.0. 2006, c. 12

Sandstrom, S., M. Rawson, and N. Lester. 2008. Manual of instructions
for broad-scale fish community monitoring; using large mesh gillnets
and small mesh gillnets. Version 2008.9. Ontario Ministry of Natural
Resources, Peterborough, Ontario, Canada.

Smith, B. J., and B. G. Blackwell. 2019. Adoption of AFS standard meth-
ods: the South Dakota experience. Fisheries 44:567-75.

Steidl, R. J., J. P. Hayes, and E. Schauber. 1997. Statistical power
analysis in wildlife research. Journal of Wildlife Management 61:
270-279.

Tunney, T. D., K. S. McCann, N. P. Lester, and B. . Shuter. 2012. Food web
expansion and contraction in response to changing environmental
conditions. Nature Communications 3:1105.

Walker, S., P. Addison, S. Sandstrom, and N. Lester.2013. Contact re-
tention selectivity of three types of gillnet gangs. Ontario Ministry
of Natural Resources, Aquatic Research and Monitoring Section,
Aquatic Research Series 2013-07, Peterborough, Ontario, Canada.

Walters, C. J. 1986. Adaptive management of renewable resources.
Macmillan, New York.

Welcomme, R. L., I. G. Cowx, D. Coates, C. Béné, S. Funge-Smith, A.
Halls, and K. Lorenzen. 2010. Inland capture fisheries. Philosphical
Transactions of the Royal Society B 365:2881-2896.

World Bank. 2012. Hidden harvest: the global contribution of capture
fisheries. World Bank Report 66469-GLB, Washington, D.C.

SUPPORTING INFORMATION
Additional supplemental material may be found online in
the Supporting Information section at the end of the article.
Supplementary Material [[H


http://sobr.ca/report/
https://bit.ly/36i4Nqg

