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Abstract

Globally, timber production continues to dominate multiple-use forest management despite
evidence from many managed landscapes that ecological integrity and biodiversity are
not being sustained under that land-use model. This includes Algonquin Park where
two centuries of road building, logging, and aggregate mining have contributed to a
~82% (6200 km2) reduction in unlogged, roadless (>1 km from roads) habitat at a mean
decline rate of 32 km2/yr. There are at least ~5500 km of roads that fragment Algonquin
Park into 732 roadless habitats covering 18% of the Park’s area. Almost 40,000 ha of
these habitats are unprotected from logging. Decline of roadless habitat in Algonquin has
contributed to the impairment of ecological integrity and decline of at least 34 species across
all trophic levels, including at least 17 species-at-risk. Restoring the natural Algonquin
Park landscape would result in job losses; however, data suggest that new recreation–
tourism and research–education jobs would help to offset these losses. A new agency could
build on existing infrastructure to monitor, research, educate about, maintain, and restore
biodiversity and recreational resources in the greater Algonquin Park Region, with the
park as the central hub. Restoration could be focused on roadless areas as an “integrative”
indicator of ecological integrity.

Keywords: ecological integrity indicators; biodiversity; Algonquin Park; logging; mining;
roads and roadless areas; restoration

1. Introduction
1.1. The Problem

Known for integration and contiguous placement of regulated utilitarian and pro-
tection land uses, multiple-use forest management throughout the world continues to be
dominated by timber production and related ecological decline due in part to a failure to
use indicators to design effective biodiversity protection strategies [1–3]. An understanding
of ecological decline, assessed here by determining the condition (e.g., improving, stable
or declining) of ecological integrity and biodiversity, is essential to achieve sustainability
policy targets and desired conservation outcomes [4–6].

Except for Canada’s national parks [5], empirical, evidence-based assessment of biodi-
versity and ecological integrity is lacking throughout Canada and Ontario [3,7–10]. The
loss and degradation of ecological integrity in Canada has resulted in numerous nega-
tive, cascading impacts including landscape fragmentation, declines in bird (e.g., spotted
owl) and mammal species (e.g., woodland caribou), reduced carbon storage (above- and
below-ground), reductions in forest age, changes in tree species composition, and loss of
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traditional Indigenous foods and medicines [8]. Further, the governments of Ontario and
Canada have yet to implement a species at risk/wildlife conservation strategy or a broader
sustainable development strategy that includes a biodiversity protection component [9].

As a case in point, ecological integrity and biodiversity in Algonquin Provincial Park,
Ontario have been affected by road construction and use, aggregate mining, and forestry
activities for almost two centuries [11,12] and have yet to be formally and systematically
assessed for their sustainability impacts to Park ecosystems. Although recreation occurs
throughout Algonquin Park and can have negative effects on forest ecosystems (e.g., [13]),
numerous studies have found that recreation is not one of the primary drivers of forest
degradation, which include agriculture, fire, forestry/logging, fuelwood gathering, inva-
sive species, livestock grazing, and urbanization [14–18]. Algonquin is the only park in
Ontario that allows logging and is one of only two provincial or national parks in Canada
where logging is allowed. Duck Mountain Provincial Park in Manitoba is the other [19].

Despite provincial designation as a protected area and empirically documented eco-
logical impacts from logging activities, resource extraction in Algonquin Park continues
based on the assurance that these activities are being conducted sustainably [11,20,21]
while the claim has also been made that the entire Park is protected from resource extrac-
tion [22]. More critically, however, is that the Park’s natural habitats have been diminishing
at an accelerating rate as forestry mechanization and efficiency has improved over the last
200 years [23,24].

Impacts from logging and associated activities from use of a ~5500 km interior road
system in Algonquin Park have penetrated all trophic levels ranging across numerous
species groups and habitat types contributing to losses of biodiversity, carbon storage, and
forest productivity (e.g., [25–27]). A key to effective management of ecological integrity
and biodiversity in Algonquin Park and beyond is to understand the biogeography of
the remaining patches of roadless wildlife habitat (RWH) that represent areas of highest
ecological integrity and the threats to them [6,8]), which are currently unknown.

1.2. The Park

Home to many First Nations Algonquin People for 8000 years, as Canada’s first
provincial park, and as the foundation of the protected areas system in Ontario, Algonquin
Park (est. 1893) has long been considered Ontario’s “flagship” protected area ([28,29],
Figures 1 and 2).

At ~760,000 ha (7600 km2), it received ~1.1 M visitors seeking a recreational experience
in 2022. However, unlike all other provincial parks in Ontario, ~65% of Algonquin Park
(~4000 km2 of land) is open to logging and aggregate mining [30], despite the Ontario
government claim that the Park protects more than 1.9 million acres (760,000 ha) [22].
Permission for companies to log in the Park is currently granted and guided by both the
Provincial Parks and Conservation Reserves Act [31] and the Algonquin Forestry Authority [AFA]
Act [32]; however, the AFA began operating in 1974.

As the primary authority over Park management, the Provincial Parks and Conservation
Reserves Act [31] prioritizes both ecological integrity and biodiversity; however, ecological
integrity is the highest priority. The purpose of the Act is to

“Permanently protect a system of provincial parks and conservation reserves that includes
ecosystems that are representative of all of Ontario’s natural regions, protects provincially
significant elements of Ontario’s natural and cultural heritage, maintains biodiversity
and provides opportunities for compatible, ecologically sustainable recreation. . .” “main-
tenance of ecological integrity shall be the first priority and the restoration of ecological
integrity shall be considered” [31].

The Act defines ecological integrity as
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“a condition in which biotic and abiotic components of ecosystems and the composition and
abundance of native species and biological communities [biodiversity] are characteristic
of their natural regions and rates of change and ecosystem processes are unimpeded”.
It “includes, but is not limited to, (a) healthy and viable populations of native species,
including species at risk, and maintenance of the habitat on which the species depend;
and (b) levels of air and water quality consistent with protection of biodiversity and
recreational enjoyment” [31].

Figure 1. Protected and Unprotected Roadless Areas (1 km buffer) in Algonquin Park, Ontario [33,34].

Figure 2. Roads and Roadless Areas (1 km buffer; *: 400+ ha) in Algonquin Park and the Georgian
Bay-Lake Nipissing Region, Ontario.
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1.3. Purpose and Objectives

The legislated requirement to sustain ecological integrity and biodiversity in natural
condition within Ontario parks and nature reserves was evaluated using Algonquin Park
as a case study by assessing declines for indicators of ecological integrity and for species
(biodiversity) using results from published and unpublished literature, and from original
empirical analysis. Original data were composed of roadless areas (RAs), or RWH, which
is an “integrative” indicator of ecological integrity that does not account for any individual,
specific indicator but represents an amalgamation of the many factors (e.g., soil erosion,
tree high-grading, dust, noise, etc.) that cause reduced wildlife habitat quality within road
buffer zones. In general, RWH represents the least-disturbed portions of a landscape and
by default has the highest ecological integrity [35,36].

The objectives of this study of Algonquin Park were: (1) to address: (a) the decline
of biodiversity and ecological integrity using available data (published and unpublished
literature) as well as original data from this study and (b) prospects for ecological restoration
focusing on RWH; (2) to conduct an assessment of RWH as an integrated indicator of
ecological integrity; (3) to determine RWH conservation status; (4) to map RWH; (5) to
compare and contrast RWH in Algonquin Park to RWH in a similarly sized, adjacent
unprotected region.

2. Methods
All available roads data and the GIS software program ArcMap (10.8.1) were used to

buffer roads and logged areas by 1 km within Algonquin Park. This buffer width (1 km)
was the most encountered buffer width in the literature (e.g., [37–39]) and it matched a
buffer width used by the only other Ontario-focused study to map roadless areas [37].
Roads data were obtained from: Ontario GeoHub, the Ministry of Natural Resources and
Forestry Road Network dataset, the Ontario Railway Network dataset, Algonquin Forestry
Authority, the Wilderness Committee-Ontario, and through Google image visual road
surveys. Previously logged areas were added to the buffered areas using Ontario Forest
Resources Inventory data [40].

All areas not included within the buffered areas were considered RWH (e.g., [37–39])
defining the areas of highest ecological integrity remaining in Algonquin Park. All buffered
corridors (included hydro lines and railways) are referred to as “roads” in the remainder
of this paper. Trails and portages were not buffered. Old roads viewed on imagery that
were not connected to the continuously linked road network (separate road segments) were
excluded from the analysis since they may potentially be in restoration mode.

The Georgian Bay-Lake Nipissing (GBLN) Region boundaries (Figure 2) were created
by shifting the northern boundary of the Georgian Bay Fringe area [41] further northward
to match the northern latitude of Algonquin, by leaving the western boundary located
along the Lake Huron coastline, and by moving the eastern boundary further eastward to
achieve a size similar to the Park from ~622,500 ha to 763,268 ha to more closely match the
761,046 ha size of Algonquin Park.

Species declines and indicators of ecological integrity [42–45] were the focus of the
literature review given their key-metric status in the Provincial Parks and Conservation
Reserves Act [31]. The ecological integrity scorecard utilized by the Northeast Temperate
Network [6] and five criteria relating to drivers of forest degradation and loss of ecosystem
services [17] guided selection of ecological integrity indicators. The sustainability of
species populations and ecological integrity were evaluated by categorizing them as either
improving, stable, or declining (or negative value) as developed and applied by Parks
Canada [5].
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3. Results
3.1. Roadless Wildlife Habitat

Over two centuries, RWH in Algonquin Park declined by 82% at a mean rate of
~32 km2/yr. (~6200 km2/200 yrs; Figure 3). The remaining 732 RWH patches varied in size
from 0.1 ha to 51,327 ha for a total of 136,704 ha covering 18% of the Park’s area (Figure 2;
Table 1) resulting from at least ~5500 km of forest access roads, which is slightly less than
the 5800 km of roads in Algonquin Park reported by [46]. The highest concentration of
RWH in Algonquin was in the central portion of the west side (Figures 1 and 2) where
very little RWH was found along the western border and in the southern pan-handle areas.
On the east side of the Park, the largest patch of RWH surrounded Lake Lavieille, and
two other mid-sized patches of RWH were located a few km southeast of this lake. Five
mid-sized patches of RWH were scattered along the northern Park boundary and numerous
other small patches of RWH were distributed primarily throughout the northern portion of
the Park.

 

Mean  rate 

of decline = 

~32 km2/yr 

~2068 

y = −3179.5x + (7 × 106) 

Figure 3. Rate of Decline of Roadless Wildlife Habitat in Algonquin Park, Ontario from 1830 to 2025.

Table 1. Comparing Roadless Area Metrics in Algonquin Park with those in the Georgian Bay-Lake
Nipissing Region, Ontario.

Region Total Area (ha) Total Area
Protected (ha) Total RA * (ha) RA

Protected (ha)
RA

Un-Protected (ha)

Algonquin Park (AP) 761,046 175,150 (23%) 136,704 (18%) 96,848 (13%) 39,854 (5%)

Georgian Bay-Lake
Nipissing (GBLN) 763,268 120,019 (16%) 181,321 (24%) 64,467 (8%) 116,854 (15%)

Difference 2222 (GBLN
0.3% larger)

55,131 (AP
46% larger)

44,617 (GBLN
33% larger)

32,381 (AP
50% larger)

77,000 (GBLN
193% larger)

* RA = roadless area, defined as all areas 1 km from a road (primary, secondary, tertiary) with a minimum size of
0.1 ha.
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Of all RWH patches, 568 were smaller than 10 ha, 164 were larger than 10 ha, 34 were
larger than 400 ha, three were larger than 10,000 ha, and one was larger than 50,000 ha.
The two largest patches of RWH were located adjacent to Highway 60, one to the north
(51,327 ha), which is ~99% protected, and one to the south (16,721 ha), which is completely
protected. The RWH patch adjacent to the northern and eastern shores of Lake Lavieille
near the center of the Park was the third largest at 15,892 ha and was mostly protected.

Despite Algonquin’s “protected/park” status, many RWH areas remain available
for logging. Of the 136,704 ha of RWH in the Park, 39,854 ha (29%) were unprotected;
of the 34 RWH patches greater than 400 ha, 21 were not protected; and of the 698 RWH
areas less than 400 ha, 524 were unprotected (Figure 1). When compared with the nearby,
similar-sized GBLN region (Figure 2), Algonquin Park RWH falls short by 44,617 ha with
136,704 ha (18% of the Park) of RWH compared with 181,321 ha (24%) of RWH in the GBLN
region (Table 1).

3.2. Literature Review
3.2.1. Decline in Ecological Integrity

Indicators of ecological integrity were obtained from studies that have assessed and
documented forest habitat (communities and ecosystems) changes in Algonquin Park since
pre-settlement (Table 2). For example, ref. [26] found declines in conifer abundance, forest
canopy cover, site productivity, large snags, large logs, forest biomass, super-canopy trees,
and early successional riparian habitat. Focusing on historical (19th Century) changes in
eastern white pine forests in Algonquin Park, ref. [27] found that tree density declined by
88%, stand area declined by 40%, and mean tree diameter declined 61% from 73.4 cm to
44.5 cm DBH (Table 2). Finally, more than 200 alien plants have been introduced into the
Park by humans [47]. For example, the gypsy moth has been transported to Algonquin’s
rare red oak stands on vehicles using logging roads, and fishing access to interior lakes
via logging roads has resulted in the introduction of the alien rusty crayfish from the
United States.

Table 2. Decline of Species and Ecological Integrity in Algonquin Park, Ontario.

Species and Ecological Integrity
Metrics

Quantity/
Change References

Species Declines

Mammals 4 beaver [25], deer [25], moose [48], eastern wolf [49]

Birds 12

barred owl [50], blackburnian warbler [50], black-throated blue
warbler [51], brown creeper [52], gray jay [53], oven bird [51],
parula warbler [50], red-shouldered hawk [54], saw-whet owl

[50], white-winged crossbill [50], wood thrush [50] and
yellow-bellied sapsucker [51]

Fish 1 brook trout [55]

Crustaceans 1 crayfish [56]

Insects 3 bees [57,58], click beetles [58], and hoverflies [58]

Trees 13

American elm [59], basswood [59], black cherry [59], eastern
hemlock [50], eastern white pine [26,27], jack pine [60],

larch/tamarack [61], northern white cedar [61], red oak [59,60],
red pine [50,62], red spruce [63], and yellow birch [61,64]

Decline in Ecological Integrity Indicators

Roadless wildlife habitat −82% this study
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Table 2. Cont.

Species and Ecological Integrity
Metrics

Quantity/
Change References

White pine density −88% [27]

White pine tree diameter −61% [27]

White pine stand abundance −40% [27]

Super-canopy trees decrease [26]

Large snags decrease [26]

Large logs decrease [26]

Carbon storage/forest biomass decrease [26]

Riparian habitat decrease [26]

Conifer forest decrease [26]

Canopy cover decrease [26]

Site productivity decrease [26]

Species-at-risk (residents only) +17 [60]

Non-native, alien species +200 [47]

3.2.2. Species Declines

In Algonquin Park, 13 tree species began to decline at some point after ~1830 when
logging started (for many species, see [65], Table 2). They include American elm [59],
basswood [59], black cherry [59], eastern hemlock [50], eastern white pine [26,27], jack
pine [60], larch/tamarack [61], northern white cedar [61], red oak [59,60], red pine [50,62],
red spruce [63], and yellow birch [61,64].

These tree species declines, in association with other environmental impacts of logging,
have contributed to habitat changes resulting in negative impacts on 12 bird species includ-
ing barred owl [50], blackburnian warbler [50], black-throated blue warbler [51], brown
creeper [52], gray jay [53], oven bird [51], parula warbler [50], red-shouldered hawk [54],
saw-whet owl [50], white-winged crossbill [50], wood thrush [50] and yellow-bellied sap-
sucker [51].

Additional negative impacts to species due to logging activity in the Park have been
documented for eastern wolf [49], moose [48], deer [25], beaver [25], brook trout [55],
crayfish [56], bees [57,58], hoverflies [58], and click beetles [58]. Lastly, 17 species-at-risk
(resident species only) were documented in 2010 [60], which is a low estimate since during
the last 15 years additional species in Algonquin have likely become at-risk.

4. Discussion
4.1. Regional Comparison of Roadless Wildlife Habitat

Theoretically, given its protected status, Algonquin Park should have a higher level of
ecological integrity (more RWH) than the nearby GBLN region, which is similar in size to
Algonquin Park. However, compared to the Park, the GBLN had an additional 44,617 ha of
RWH indicating that biodiversity and ecological integrity were being sustained better there
than in Algonquin Park. Many factors may have contributed to this including: (1) logging
for white pine square timbers in the GBLN region started about 30 years after it began in
Algonquin Park [66], (2) the railway in the GBLN region was not established until about
20 years after the railway was built in Algonquin [66], and (3) the productivity of the forests
in the GBLN region is generally lower than in the Park due to thinner soils and a higher
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abundance of rock barrens [67,68]. Although RWH was much more abundant in the GBLN
region, only 36% of RWH in the GBLN region is protected compared with 71% protection
for RWH in the Park.

4.2. Multiple-Use Forest Management

With logging and aggregate extraction allowed in 65% of Algonquin Park and
35% zoned for recreation and biodiversity, resource extraction is the central management
principle for the Park, which has been managed more like a working (logging allowed)
“provincial forest” than a “provincial park”. In contrast and as described by legislation [31],
parks in Ontario are places where ecological integrity, not resource extraction, is prioritized
as the central management principle. For its ~193 million acres of “national forests” (e.g.,
Sequoia National Forest) the U.S. Forest Service manages in the same multiple-use fashion as
in Algonquin Park where logging, mining, recreation, and biodiversity protection occur
within the same regulated landscape [69].

As with national forests, Algonquin Park could be re-designated the “Algonquin
Provincial Forest”, which would be a more accurate functional description; however,
legislation would need to be amended or passed to accomplish this. Continuing with
traditional extraction-dominant, multiple-use forest management for Algonquin Park
will likely lead to continuing forest degradation similar to recent findings of ecological
decline for (1) a portion of northeastern Ontario (79,000 km2) managed primarily for timber
production [3] and (2) numerous examples of resource extraction at the national level [8].

4.3. Sustainability of Ecological Integrity and Biodiversity

Declines of species and ecological integrity are pervasive events that have been re-
ported throughout the world (e.g., [70–72]). The evidence of ecological decline in Algonquin
Park includes: 34 species declines, declines in 12 ecological integrity indicators, a decline
of 82% in roadless wildlife habitat at a mean rate of ~32 km2/year (~6200 km2/200 yrs),
the presence of ~200 alien species, and 13 of the declining tree species remain available for
logging in the Park. Large areas of RWH were rare in Algonquin Park. A total of 568 of
732 RWH areas were smaller than 10 ha, only one patch of RWH was larger than 50,000 ha,
three RWH areas were larger than 10,000 ha, and 40,000 ha (29%) remain unprotected from
logging and aggregate mining. A more comprehensive overview of human activity and
its impacts in Algonquin Park was provided by [12], who point to Algonquin Park as an
important test case of ecological sustainability.

Assessing effects of timber-focused, multiple-use forest management on ecological
integrity in northeastern Ontario by quantifying old-growth forests (>100 yrs), rates and
variability of natural disturbance, woodland caribou populations, and American marten
populations, ref. [3] found no evidence of ecological sustainability indicating that forest
degradation has been occurring and continues in that region. Loss of breeding bird habitat
for 66% (35) of the 54 most common bird species between 1985 and 2020 in temperate
forests of eastern Canada was strongly associated with the reduction in old-growth forests
resulting from forestry activities [73]. At the global level, the Living Planet Index reported
a 73% decline in wildlife populations since 1970 due primarily to habitat loss [74].

These forest-related ecological declines have been accelerating over time in part
through the application and further improvement of modern logging systems [23,24]. A
decline of 82% for RWH in Algonquin Park far exceeds reported rates of species population
declines (e.g., 66% and 73%), possibly indicating that some wildlife species can effectively
use road buffer zone habitat. The extent to which degradation of RWH caused by roads,
their uses, and their associated impacts facilitates species declines in the Park is unknown
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but can be determined through effective ecological monitoring programs. It has been
established, however, that recreation is not a major driver of forest degradation [14–18].

Halting ecological decline in Algonquin Park, northeastern Ontario, and beyond
will require transforming social, political, economic, and cultural institutions and norms
through innovative styles of governance and non-conventional approaches to resource
management and land use decision-making [3,8,9,75]. Key challenges to accomplishing
this transformation include re-focusing current government emphasis on natural resource
extraction to biodiversity conservation, facilitating a whole-of government approach, shift-
ing to a bio-centric mindset, supporting Indigenous-led conservation, decarbonization, and
increased and continuing financial investment by government [9,76].

4.4. Restoration

Accelerating decline of global ecological health [77–79] emphasizes the need to create
and maintain intact parks and nature reserves for the ecological services they provide
to humanity now and into the future, among numerous other values [5,80]. As far back
as 1931, J. R. Dymond, professor of zoology at the University of Toronto, recommended
strict nature protection for Algonquin Park and is credited with the establishment of the
Park’s nature reserve system as well as the research infrastructure and interpretive public
education program [81].

Continuing with status quo resource extraction in Algonquin Park will further degrade
high quality wildlife habitat at a mean rate of 32 km2/year resulting in more impoverished
biodiversity and ecological integrity over time. Restoring Algonquin to a more natural
condition would make a significant contribution (6200 km2) to the national and provincial
30 × 30 Land Protection Strategy [82,83] that specifies protecting 30% of Ontario’s lands and
waters (adding 20 million ha) by 2030, which provides benefits to human health, wealth,
and security [70,84].

If the restoration policy option of the Provincial Parks and Conservation Reserves Act [31]
was followed to restore Algonquin Park to a more natural condition, logging and aggregate
mining would be discontinued [47]. Due to the current economic value of logging in the
Park [11], this policy option has not yet been taken by the Ontario government. However,
excluding logging from Algonquin would not be an unprecedented policy change since
logging in Quetico Provincial Park and in Killarney Provincial Park was banned in 1971 and
later in 1989 logging was banned in Lake Superior Provincial Park [85] in favor of protecting
biodiversity and recreation values, among others.

Economic data for Algonquin Park and surrounding region suggests that development
of recreation-based tourism has the potential to contribute a large portion of new jobs that
could replace at least some of the jobs lost should logging and mining be removed from the
Park [47,86]. For example, [86] estimated that annual tourism spending during 1999 and
2000 in the Algonquin Park area was approximately $20 million—$8 million in labour
income, $12 million in gross domestic product, which supported 300 local jobs. If additional
high-quality recreational resources in and adjacent to Algonquin were developed (e.g., [87]),
economic benefits could be expanded and increased significantly [47].

4.5. Applied Research and Outreach

If logging ceased in Algonquin Park the provincial Crown corporation (AFA) that
conducts forest management planning and oversees logging by contractors in the Park
would become obsolete. However, AFA infrastructure and personnel could be repurposed
into the “Algonquin Biodiversity and Recreation Authority” (ABRA) that would have
on-the-ground responsibility to monitor, research (including outreach), educate about,
maintain, and restore biodiversity and recreational resources in the Park.

https://doi.org/10.3390/biosphere2010001
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Given the two centuries of logging within a myriad of forest, lake, stream, and wetland
community types that interact throughout the Park, ABRA could become a scientific hub
of field-based, experimental research focusing on biodiversity, ecological integrity, and
nature’s response to logging and the documented ever-growing risk of wildfire (and other
disturbances) with the goal of supporting ecologically sustainable logging and biodiversity
conservation in the greater Algonquin Region outside of the Park itself. With a long and
respected history of field research in the natural sciences [20] that spans at least 80 yrs.
and thousands of publications, Algonquin Park is well-positioned as a focus for further
research and development to address critical natural resource management issues at all
scales from local to global [88].

The foundation of this multidisciplinary field-based research program includes three
operational field research stations: the Lake Opeongo Harkness Fisheries Lab, the Lake
Sasajewun Wildlife Lab, and the Swan Lake Forest Ecology and Silviculture Lab, as well as
an acclaimed visitor centre and museum [81]. As an example of potential future work, field
studies in the Park could build on forest ecology results (e.g., [27,89]) to improve forest
regeneration and tree growth in managed forest stands outside of Algonquin resulting in
silvicultural and harvesting techniques that are more productive and more sustainable. In
response to increasing fire hazard probability in the Algonquin–Muskoka region [90], ABRA
could also become a centre for applied fire ecology (e.g., [91–93]) and management with
research and community outreach capacity. Thus, in addition to job creation in recreation
and tourism, some applied research programs could also have positive economic spin-offs
and provide community services that would help to offset forestry job losses in the Park
under a “no logging” policy.

4.6. Limitations and Roadless Wildlife Habitat as an Integrative Indicator

Ideally, indicators of ecological integrity and biodiversity would be identified through
field-based empirical studies [6]. For this study, however, all data except for RWH were
obtained from the literature, which constrained the literature indicators to those available
from previous studies. In addition, this assessment is limited spatially in that ecological
declines documented in the literature have unknown spatial extent.

The strength of this study, however, is that RWH, which is strongly related to ecological
declines (e.g., [84]), have been mapped at 100% spatial coverage for the Park. Once RWH
and road buffer zones are identified and mapped, more detailed field studies can focus on
the locations and questions of highest priority. The primary challenge is choosing the right
questions to guide effective biodiversity protection, obtaining sufficient program support,
and providing useful results quickly [4,94].

To avoid ecological decline and facilitate ecological restoration, ref. [4] proposed using
a conceptual ecological integrity continuum, or gradient, combined with effective indicators
of ecological integrity as a framework to develop conservation targets and actions for both
protected and unprotected landscapes. Simplistic examples of this approach are provided
by the Ontario Biodiversity Council [95] and for Canada’s national parks [5]. Studies to
select effective indicators of ecological integrity for any given landscape ecosystem(s) are
useful but require substantial time and funding.

Given the acceleration of global ecological decline [77–79] and the steady loss of
funding for and under-funding of natural resource management agencies to conduct field-
based empirical science/monitoring recently [9,75,96–98], ecological integrity baseline field
studies will likely become the exception rather than the rule.

An efficient, effective, and more accessible alternative to integrity baseline field studies
focusing on individual indicators (e.g., stream chemistry, tree biomass, etc.) would be to use
RWH as an “integrative” indicator of ecological integrity [8,35,37] for the following reasons.
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1. Roads cause cascading impacts on ecosystems through landscape fragmentation,
wildlife habitat degradation and loss, chemical pollution, and invasive species spread
among other negative ecological impacts (e.g., loss of water and air quality, higher soil
erosion losses, degraded recreational experiences, etc.) that decrease with distance
from road and human infrastructure edges [8,35]. Negative effects extend up to 14 km
from a road in some cases (e.g., caribou [99]).

2. Due to substantial distance away from roads, infrastructure, and associated impacts,
RWH functions to maintain ecosystem integrity and biodiversity. It also enhances
landscape connectivity and provides resistance and resilience to extreme weather and
disturbance events [100]. However, more studies are required to better understand the
ecology of road buffer zones and their impacts on RWH, which varies by landscape
type as well as by road type and use.

3. RWH maps (using analytical geographic information systems—GIS) are simple,
straightforward, measurable, cost-effective, and provide 100% study area coverage,
which facilitates monitoring and evaluation of land-use management effectiveness
and progress towards meeting landscape protection goals [101].

4. Roads, buffer zones, and RWH provide a conceptual and spatial structure for the
design of ecological monitoring programs where “distance from road or human
infrastructure” (road buffer) is one of the wildlife habitat variables to be assessed and
evaluated as a potential influence on wildlife habitat quality. Ideally, monitoring data
can be used to adjust buffer zone location, shape, and width to sustain ecological
function within the buffer zone and within RWH areas.

5. RWH assessment and management is the most cost-effective approach to protecting
biodiversity and maintaining carbon stocks [38] and was chosen as the means of
achieving EU 2020 biodiversity strategy targets [100].

As a key component of transformative change, a roads mitigation strategy for Canada
(and provinces) is required to reduce ecological impacts from the more than 1.5 M km of
logging and resource access roads, 88% of which are found in British Columbia, Ontario,
and Quebec [102]. This mitigation strategy should include: (1) recognition by govern-
ments and industry that road expansion (all road types) into RWH areas is incompatible
with maintaining ecological integrity and biodiversity, and with meeting Canada’s and
provincial nature protection commitments; (2) a policy of no new road building (any type)
within RWH areas; (3) road decommissioning targets that recognize wildlife habitat re-
quirements and facilitate habitat restoration; and (4) monitoring studies to determine how
roads contribute to cumulative ecological impacts at local to regional scales [8].

5. Conclusions
The decline of 12 ecological integrity indicators and 34 species in Algonquin Park

likely indicates significant problems with the effectiveness of the Park management strat-
egy, which is committed to sustaining ecological integrity and biodiversity. For two cen-
turies, Algonquin Park has been undergoing fragmentation from continuous road building
(~5500 km), road use, and forestry activities reducing the Park’s RWH to 18%, a loss of at
least 624,000 ha (decline of 82%) with potential extinction by ~2068, around four decades
from now. Almost 40,000 ha of Algonquin’s highest quality wildlife habitat are unprotected
from logging and the nearby unprotected GBLN region has 33% more RWH cover than
does the Park.

Restoring a provincial park landscape from logging is not unprecedented in On-
tario (e.g., Quetico, Lake Superior, Killarney parks) and under that scenario, the AFA as
forestry manager could be repurposed into a new agency that would have on-the-ground
responsibility to monitor, research, educate about, maintain, and restore biodiversity and
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recreational resources in Algonquin Park. It could become a scientific hub of field (evidence)-
based, experimental research focusing on biodiversity, ecological integrity, and nature’s
response to human disturbance that can be applied to develop more productive and less
damaging forestry practices throughout the Greater Algonquin Region.

Community outreach in fire ecology, safety, and management would provide a service
that will become standard with increasing global temperatures and subsequent increasing
wildfire risk. Employment opportunities will likely be created by developing and operating
research and outreach programs. The new agency could also further develop a wide-range
of recreational resources within the Park, such as car campgrounds, wilderness camp-
sites, and mountain bike trails to meet increasing public demand for outdoor recreation
infrastructure, likely also creating jobs.

In the context of the current triple planetary crisis (biodiversity loss, planet warming,
pollution [103]), the best option to minimize these crises at all scales, from local to global, is
to uphold common park management standards for Algonquin Park and remove logging
and aggregate mining. Continuing with current AFA resource extraction practices com-
bined with accelerating pressures such as a warming climate, more frequent and powerful
storms, more frequent and hotter fires, and increased risk of forest pests will only further
accelerate decline of biodiversity and ecological integrity in Algonquin Park.

Non-conventional, transformational policies and decision-making are required to halt
ecological decline in Algonquin Park, the Province of Ontario, and beyond including a
rethinking of the extraction-dominant, multiple-use forest management model. The recent
acceleration of global ecological decline and the under-funding of agencies to conduct field-
based empirical science could be effectively addressed by using RWH areas as an integrative
indicator of ecological integrity. This would improve efficiency, lower costs, and provide
100% study area coverage through application of an analytical GIS database that facilitates
quantitative conservation progress assessment. A central element of successful RWH
protection is a roads mitigation strategy that keeps RWH areas road-free and decommissions
roads in a way that facilitates effective wildlife habitat restoration.
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