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Abstract

The UN Convention on Biological Diversity has declared invasive species a global
threat and requested increased data sharing to prevent further impact. Existing
worldwide and local databases mainly focus on distribution, abundance, identification,
and impacts of invasive species, but very few record management activities. In the
Niagara region of Ontario, Canada, no database focuses specifically on invasive
species management. The goal of this study was to document current aquatic and
riparian invasive species management activities in the Niagara region and develop a
database that would become a tool to facilitate collaboration at the regional level.
The objectives were to (1) inventory current invasive species detection and control
activities in the Niagara region; (2) examine perceived efficacy of control techniques;
and (3) develop a database integrated with a GIS mapping component. Seventy-one
organizations involved in riparian/aquatic invasive species management in the Niagara
region were contacted and 16 in-depth interviews were conducted. In 20172018,
35 separate control efforts were reported, involving 10 riparian invasive species and
two aquatic invasive species, mostly concentrated along the Niagara River.
Collaboration efforts were minimal, occurring for only six specific projects.
Recommendations include develop a regional invasive species plan; increase
control efforts along the Welland Canal and Lake Erie shoreline; adopt a wider
variety of control techniques; and increase collaboration, information-sharing and
resource-sharing among organizations. Overall, the newly developed database provides
a baseline for the current state of aquatic and riparian invasive species management
activities in the region. It can also help bridge the gap between invasive species science
and decision-making by forming a tool to identify resource-sharing opportunities,
management efficacy, priority areas, areas of improvement, and future resource
needs. The database will enrich the global invasive species information network by
providing Niagara-specific information. The database could also act as a model for
tracking management activities of other invasive species and in other regions of
North America.

Key words: ArcGIS, community collaboration, data management, invasive species
database, riparian species, species control

Introduction

As of 2019, 187 nonindigenous aquatic species have established themselves
in the Great Lakes region (Sturtevant et al. 2019). Many of these species are
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considered invasive species because they are harmful in some way (Russell
and Blackburn 2017). They could potentially be in the Niagara region of
Ontario, Canada, an ecologically and economically valuable area that lies
within the Great Lakes region. Lack of information sharing, and collaboration
may limit invasive species managers’ capacity to respond to the threats of
invasive species and undermine attempts to manage and control them in
Ontario and specifically in the Niagara region (Sherman 2015). Databases can
provide support for invasive species management activities, by implementing
knowledge sharing (Ricciardi et al. 2000; Graham et al. 2008).

Researchers and international organizations have called for the creation
of invasive species databases (Ricciardi et al. 2000; Ramsar Convention
Secretariat 2002; United Nations Environment Programme [UNEP] and
Convention on Biological Diversity [CBD] 2002; Graham et al. 2008;
Holcombe and Stohlgren 2010). The aggregation of many local databases
can be combined to form a comprehensive global database of invasive
species. Some international and regional databases for North America,
Europe, and the United States include: the Global Invasive Species Database
(GISD), Global Register of Introduced and Invasive Species (GRIIS),
Global Invasive Species Information Network (GISIN), North American
Invasive Species Information Network (NAISN), National Institute of
Invasive Species Science (NIIS), and Nonindigenous Aquatic Species
(NAS). Within the vicinity of the Niagara region, local databases include
the Great Lakes Aquatic Nonindigenous Species Information System
(GLANSIS) and the Ontario Invasive Plant Council (OIPC) compendium,
which cover the Great Lakes region and Ontario, respectively. However,
GLANSIS focuses on mapping invasive species’ distribution rather than
control sites (National Oceanic and Atmospheric Administration [NOAA]
2018), and the OIPC compendium does not contain any organizations
specific to the Niagara region (OIPC 2012). No databases are currently
available specifically for the Niagara region of Ontario, Canada.

This study aimed to develop a local aquatic invasive species management
database for the Niagara region of Ontario. The database can contribute to
the global invasive species information network by documenting aquatic
invasive species locations and management strategies in the region, and
facilitating collaboration. It can also help bridge the gap between invasive
species science and decision-making by forming a tool to identify resource-
sharing opportunities, management efficacy, priority areas, areas of
improvement, and future resource needs. The objectives were to (1) inventory
current invasive species detection and control activities in the Niagara
region; (2) examine perceived efficacy of control techniques; and (3) develop
a database integrated with a GIS mapping component.

A major factor in the decision to make aquatic and riparian invasive
species the focus of this study was the economic and ecological importance
of water to the region. The Niagara region contains two of the Great Lakes
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Table 1. Components of the invasive species management process and their associated tools *.

Component  Definition of Component Tools
. -Det i hich i teri habitat .
Predict _LCIETING WRICH Specles are entering a abitat, -Models and watch lists
including invasive species
Identify -Identify among those species, which are invasive -Watch lists, decision-making trees, and databases
. -Assess risk of invasion, implications, costs . .
Assess Risk v » 1mp ’ ’ -Risk assessments and economic models
management options
. . .. -Field surveys, eDNA barcoding, remote sensing, and
Detect -Detect invasive species in the field . i & &
invasive detection dogs
Monitor -Track invasive species distribution and abundance  -Field data and visualize them with GIS maps
Contain -Restrict an invasive species’ range -Quarantine facilities
Eradicate -Remove all individuals of an invasive species -Same techniques as control
. L . -Physical, chemical, biological ti t i
Control -Reduce the impact of an invasive species R CLEIEEL [0 G L, (I, S ey
control methods
Evaluate -Assess the efficacy of management actions -Research studies and experience

* This table was prepared based on information from the following sources: Smith and Tibbles 1980; Mansell et al. 1998; GLFC
2000; Mooney and Hobbs 2000; Djuricich and Janssen 2001; Clout and Williams 2010; Ling 2010; Piola et al. 2010; Nunez et al.
2012; Crowder and Hardwood 2014; Carboneras et al. 2017; DFO 2018.

and their connecting channel the Niagara River, along with a manageable
number of other waterways and ponds. In addition, the Niagara River has
been designated as a Ramsar Site (a wetland of international importance)
(Ramsar Convention on Wetlands 1971) on the United States side as of
October 2019, and is in the process of being designated on the Canadian
side. In this study, aquatic invasive species are invasive species that live
exclusively in water, while riparian invasive species are invasive species that
live along watercourses or waterbodies (U.S. Department of Agriculture
[USDA] 1996). Aquatic and riparian invasive species were classified as
such according to the databases listed in Supplementary material Table S1.
Of note is that in Sturtevant et al.’s (2019) study, some of the aquatic
species included wetland plants (facultative and obligate facultative), which
would be considered riparian in this study.

Materials and methods

The study area was the Ontario portion of the Niagara watershed. The
Niagara Region’s boundaries were used to define the limits of the study
area because the Region (capitalized only when referring to the regional
government) closely approximates the watershed boundaries. It includes
the Lake Erie and Lake Ontario shorelines, and the Canadian side of the
Niagara River. The Ecosystem Approach Principles (CBD 2000) provided a
broad context for decision-making in designing this study’s research
questions, as well as the structure and content of the database. The principles
served as a reminder to consider how invasive species management in the
Niagara region relate to larger issues, including the sustainability of its
social-ecological system.

For the inventory, a questionnaire (Appendix 1) was developed based on
invasive species management activities (Table 1) described in several sources:
OIPC best management practices (Ontario Ministry of Natural Resources
and Forestry [ONMNREF] 2011, 2016); Ontario’s Invading Species Awareness
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Program website (Ontario Federation of Anglers and Hunters [OFAH]
2018); Department of Fisheries and Oceans Canada [DFO] reports, like
those used in Asian carp control (Colm et al. 2018); activities described by
ONMNREF in their shared projects with OIPC, OFAH and DFO; invasive
species management efforts described in GISD (Invasive Species Survival
Group [ISSG] 2018) and the Centre for Agriculture and Bioscience
International [CABI] databases (CABI 2018); and invasive species
management efforts described in the literature by Smith and Tibbles
(1980), Great Lakes Fishery Commission [GLFC] (2000), Joshi et al. (2004),
Grice (2010), Ling (2010), and Crowder and Hardwood (2014).

Seventy-one potential organizations were identified for possible inclusion
in this study based on their environmental focus and interest in the
Niagara region, including governmental organizations (federal, provincial,
and municipal), the public educational sector (four school boards, one
college and one university), and environmental groups. Environmental
groups were included because preliminary research indicated they were
involved in invasive species work in the Niagara region. Private individuals,
businesses, and other organizations were excluded because it was not
feasible to accurately identify and contact the several thousand potential
subjects, given time and financial constraints. To identify specific members
of the survey population, internet searches, networking, and snowball
sampling were conducted. Ultimately, 16 organizations identified as part of
the survey population were interviewed in person or by phone, each for up
to 45 minutes. The mobile data collection application Collector for ArcGIS
was used during interviews for precise location of invasive management
activities.

Survey questions (Appendix 1) included the following:

1. Who is working on aquatic and riparian invasive species in the Niagara
region?
2. What species do they prioritize and why?

w

What techniques are being used to detect and control these invasive
species?

Where are control efforts occurring?

Are control efforts effective?

What are the costs associated with controlling these invasive species?

NS

Are organizations collaborating with one another to address these
invasive species?
8. Is invasive species activity increasing?

Data analysis

Data identifying controlled invasive species and techniques for their
detection and control were collected and tabulated for analysis. Responses
about invasive species priorities were pooled, and the number of organizations
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controlling aquatic and riparian invasive species was tabulated. Data on
costs and man-hours were summed to form a baseline for the Niagara region.
Control efficacy ratings were a self-reported measure to estimate how effective
a control method was at eradicating an invasive species. Respondents were
asked to choose whether a control got rid of 0-25%, 25-50%, 50-75%,
75-100%, or an unknown amount of the invasive species in the area where
they applied the control. Average ratings were calculated for each
organization and then for the Niagara region. Because the number of
respondents managing invasive species was small (n = 16), no meaningful
statistical analyses could be carried out on the data collected about control
technique efficacy. Content analysis identified common themes in the
responses to the open-ended question about barriers. The software
Cytoscape 3.7.1 was used to combine coordination and information
sharing activities to develop a network that showed which organizations
collaborated with which other organizations on specific invasive species.

Development of the database and ArcGIS Online map

From the data acquired in the first phase a database was constructed using
Microsoft Access (https://www.dropbox.com/sh/ylbswwdxbgygd9i/AADh
V35eD7ZSQ5X8tN2PodNRa?dl=0&preview=Brock_Brown_Lyn_2019_Ac
cess_Database.accdb) [note: to view the database, press the download button]
that included invasive species, detection and control techniques, control
location, control efficacy, organization involved, and organizational contact
information. This interactive system was designed to be publicly accessible
and user-friendly. Therefore, a version of the database was also made
available in Microsoft Excel (https://www.dropbox.com/s/buobz2hupmzI6jf/
Brock Brown_Lyn 2019 Excel Database.xlsx?dl=0) [note: to fully query the
database, download the file].

ArcGIS software was used (ArcMap 10.6.1, ArcGIS Online, and
Collector for ArcGIS) to create the map (http://www.arcgis.com/apps/web
appviewer/index html?id=beb4ee0f84f04b4ealf3dcc4842f966a&extent=-8906
143.4734%2C5282073.6101%2C-8771614.3036%2C5355300.2832%2C102100).
To display the invasive species control sites as points on the map, a
geodatabase feature class defining those points was made using ArcMap.
That feature class was shared as a service on ArcGIS Online, which was
downloadable into Collector. Collector was used to generate the control
site point data during interviews, and these data were synched with a
corresponding feature class in ArcGIS Online, which was then used to
develop the final web app map available online. This web application
allows users to find where invasive species are being controlled and
provides a pop-up box with information on controls, control efficacy and
organizational contacts. Users can filter the map to specify which control
locations they want to view, based on any combination of invasive species,
control type, control efficacy or organization. The open-access database
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and map are hosted by the Brock University United Nations Educational,
Scientific and Cultural Organization (UNESCO) Chair website: https://brocku.
ca/unesco-chair/research/invasive-species/.

Results

Of the 71 groups that were contacted, 55 did not meet the inclusion criteria
of detecting or controlling aquatic or riparian invasive species in the
Niagara region in 2017-2018. Of the 16 organizations interviewed, eight
only detected invasive species, and eight detected and controlled invasive
species. The majority of the species being detected or controlled were
riparian plants (n = 24), followed by fish (n = 6), aquatic invertebrates and
riparian insects (n = 3) (Table S2). When asked about top priority invasive
species, the typical response was that the priority invasive species were the
same ones as those being controlled. The exception to this was that the
DFO prioritized sea lamprey (Petromyzon marinus L., 1758) and Asian
carp, even though no control was occurring in the region.

Twelve organizations used visual surveys to detect riparian and aquatic
invasive species. Organizations reported using visual surveys because they
already knew where the invasive species were from fieldwork or others
reporting to them. Notable exceptions were that OFAH used public citizen
science reports from EDDMapS$ and these reports come from citizen scientists
who may use multiple detection methods, and DFO-AC used various
techniques for detecting Asian carp, including nets, electrofishing, and light
traps. CFIA was beginning to test cutting-edge unmanned aerial vehicles.
Other detection methods included chemicals, structured sampling, and
observation by anglers.

The DFO was the only group with a proactive program to detect invasive
species in that the aim of the program was to prevent the introduction of new
aquatic invaders through regular systematic surveys of waterways. However,
the DFO only had funding to focus on Asian carp and sea lamprey, neither
of which were currently present in the Niagara region. The DFO program
contrasts to other organizations’ detection methods which were more
reactive (non-systematic visual sightings of invasive species and their programs
focused more on controlling the spread of existing invasive species).

In terms of riparian invasive species, the groups controlling the most
riparian invasive species were the Niagara Parks Commission (NPC) (n = 10)
and Friends of Malcolmson Eco-Park (FOMEP) (n = 3). Only one riparian
invasive species was controlled by Hamilton Naturalists’ Club (HNC),
Canadian Food Inspection Agency (CFIA), Niagara College, Town of
Niagara-On-The-Lake Irrigation Committee (NOTL Irrigation Committee),
and Niagara Peninsula Conservation Authority (NPCA). Ontario Power
Generation (OPG) was the only organization controlling any aquatic invasive
species in the Niagara region in 2017-2018. The OPG was controlling two
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Table 2. Types of control used in the Niagara region for aquatic/riparian invasive species in
2017-2018.

Invasive Species Chemical Control ~ Physical Control
Quagga Mussel (Dreissena rostriformis bugensis) X X
Zebra Mussel (Dreissena polymorpha) X X
Common Buckthorn (Rhamnus cathartica) X

Dog-strangling Vine (Cynanchum rossicum) X

Emerald Ash Borer (Agrilus planipennis) X

Garlic Mustard (Alliaria petiolata) X
Hemlock Woolly Adelgid (Adelges tsugae) X
Oriental Bittersweet (Celastrus orbiculatus) X

Phragmites (Phragmites australis subsp. australis) X X
Purple Loosestrife (Lythrum salicaria) X
Tartarian Honeysuckle (Lonicera tatarica) X

Tree of Heaven (dilanthus altissima) X

species: quagga mussel (Dreissena rostriformis bugensis Andrusov, 1897)
and zebra mussel (Dreissena polymorpha Pallas, 1771).

NOTL was the only municipality undertaking some sort of invasive
species management efforts (e.g., limited mowing of some scattered patches
of phragmites (Phragmites australis ssp. australis Trin. Ex Steud). Niagara
College did limited-intermittent control of phragmites in a couple of
patches for teaching purposes. None of the Niagara school boards were
participating in invasive species management efforts, and neither was
Brock University (2018, personal communication).

Thirty-five separate control efforts were reported and included in the
database. Of the 42 riparian/aquatic invasive species detected in the
Niagara region in 2017-2018, only 12 were controlled by at least one
organization at one site. This meant less than 30% of the detected invasive
species in 2017-2018 were subject to some control activity. The species
most often controlled included common buckthorn (Rhamnus cathartica L.)
and phragmites. Three organizations attempted to control phragmites.
Tartarian honeysuckle (Lonicera tatarica L.) was controlled by two
organizations, as was purple loosestrife and hemlock woolly adelgid
(Adelges tsugae Annand, 1928).

Across the organizations, the only types of controls employed were
chemical and/or physical. Six organizations were using physical control,
while four organizations were using chemical control in the Niagara region.
Phragmites, quagga mussel, and zebra mussel were the only invasive
species that had more than one type of control applied (chemical and
physical) (Table 2).

Spatially, invasive species were being controlled along the Niagara
Parkway (n = 7), at the Niagara Glen (n = 5), Malcolmson Eco-Park (n = 3),
generating stations (n = 2), Grimsby Wetlands (n = 1), around Niagara
College (n = 1), Queenston docks (n = 1), and Saint Johns Conservation
Area (n = 1) (Figure 1). Within the Niagara region, the 16 organizations did
not control any invasive species along the Welland Canal, Lake Erie or
Lake Ontario shoreline, or in creeks.
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Figure 1. Screenshot of ArcGIS Online web map app. This shows 2017-2018 aquatic and riparian
invasive species control sites in the Niagara region of Ontario, Canada.

Seven organizations reported cost information. Total man-hours spent
controlling aquatic and riparian invasive species in the Niagara region in
2017/18 was estimated at 4,570. The total direct expenses were CAD
1,216,718/year. Direct costs were primarily for chemicals, mowing,
installation of control treatment infrastructure, and labour.

With respect to barriers, five organizations mentioned that lack of
funding prevented them from managing invasive species. Four organizations
mentioned lack of man-power and two mentioned herbicide laws and
logistics. Lack of interest and “science not being able to fix the problem”
were mentioned by one organization. However, five organizations said
there were no barriers preventing invasive species management.

Organizations provided mixed responses to the question of invasive
species activity, in terms of distribution and abundance. Overall, more
participants reported that invasive species populations were increasing
(n = 8 organizations) than decreasing (n = 3 organizations). Five stated
that invasive species distribution and abundance remained the same. Note
that answers from this question were not truly comparable because some
respondents answered for overall invasive species populations versus specific
invasive species populations (e.g., NPC answered that overall invasive
species populations were increasing, while HNC answered that phragmites
populations were increasing).

The network analysis from this study revealed that 39 organizations
were linked by invasive species-related collaborative activities in the region
(Figure 2). Note that these results reflect this study’s analysis rather than an
official network in the region. Additionally, the network only contains
collaborative efforts by interviewed organizations. Figure 2 may not depict
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Figure 2. Network of invasive species collaboration efforts in the Niagara region, Ontario, Canada.
Nodes represent organizations and edges represent specific invasive species-related collaboration
efforts. Abbreviations for organizations are as follows: CA_Gov (Canadian Government); CBSA
(Canadian Border Services Agency); CFIA (Canadian Food Inspection Agency); CFS (Canadian
Forest Service); Cons_Auth (Conservation Authorities); DFO-AC (Department of Fisheries and
Oceans Canada, Fisheries and Aquatic Sciences); DFO-SL (Department of Fisheries and Oceans
Canada, Sea Lamprey Control Centre); DUC (Ducks Unlimited Canada); F_Nation (First Nations);
FOMEP (Friends of Malcolmson Eco-Park); Funders (Funders); GLFC (Great Lakes Fishery
Commission); GMWHC (General Motor Wildlife Habitat Council); HNC (Hamilton Naturalists’
Club); IPCC (Invasive Phragmites Control Centre); ISC (Invasive Species Centre); L Trust
(Land Trusts); Municip (Municipalities); N_College (Niagara College Canada); NCC (Nature
Conservancy of Canada); NNC (Niagara Nature Clubs (Bert Miller Nature Club, Niagara Falls
Nature Club, and the Peninsula Field Naturalists)); NOTL (Niagara-On-The-Lake Irrigation
Committee); NPC (Niagara Parks Commission); NPCA (Niagara Peninsula Conservation
Authority); OFAH (Ontario Federation of Anglers and Hunters); OMAFRA (Ontario Ministry
of Agriculture, Food and Rural Affairs); ON Nature (Ontario Nature); ONMNRF (Ontario
Ministry of Natural Resources and Forestry); OPG (Ontario Power Generation); Priv (Private
Land Owners); QRA (Queenston Residents Association); Region (The Niagara Region); Res
(Researchers); ROM (Royal Ontario Museum); Seaway (Seaway); TUC (Trout Unlimited
Canada); USA_Gov (USA Government); USACE (U.S. Army Corps of Engineers); and
USFWS (U.S. Fish and Wildlife Service).

all collaborative efforts by non-interviewed organizations. Collaboration
efforts were limited to six invasive species management projects occurring
in the Niagara region: hemlock woolly adelgid control at Niagara Glen
(NPC and CFIA); Asian carp management projects (DFO-AC and OFAH);
phragmites control in Grimsby (HNC and NPCA); garlic mustard (Alliaria
petiolata Bieb.) control at the Queenston docks (NPC and Queenston
Residents” Association (QRA)); sea lamprey control (DFO-SL, U.S. Army
Corps of Engineers (USACE), U.S. state agencies and ONMNREF; and
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invasive species monitoring (NPC, CFIA, and Niagara Nature Clubs (Bert
Miller Nature Club [BMNC], Niagara Falls Nature Club [NFNC], and the
Peninsula Field Naturalists [PEN]). Ten organizations reported some
coordination activities in 2017-2018 (Table S3).

All organizations reported that they shared information, although the
amount and types of information shared varied among organizations.
Twelve organizations shared information with 32 cited partners. The
information was about scientific findings, monitoring, funding, projects,
advice, certifications, and scheduling. No information sharing was mentioned
that dealt with planning or decision-making specifically, although there
was probably information sharing on joint projects. Seven organizations
shared information with the public through the Invading Species Awareness
Program website, reports/publications, or workshops. There was an apparent
lack of information sharing by the organizations studied with the education
sector: only one organization shared information at a research conference.
Lastly, two organizations made their information available upon request.

For all control efforts occurring in the Niagara region in 2017-2018, the
average control efficacy rating was 61.2-86.2%. There were not enough
control efficacy ratings to run any statistical analyses due to the limited
number of control efforts undertaken by only a few organizations. No
relationship could be found between average organizational control efficacy
rating and the number of groups they coordinated with. NPC coordinated
with the most groups (n = 9), and its average organizational control
efficacy rating fell in the middle (62.5-87.5%). In comparison, OPG
coordinated with the fewest number of groups (n = 1), but had one of the
highest organizational control efficacy ratings at 75-100%.

The data were successfully integrated into a database using Microsoft
Access (https://www.dropbox.com/s/4k2ra7jot4gcg8o/Brock_Brown_Lyn_
2019_Access_Database.accdb?dl=0) [note: to view the database, press the
download button] and Excel (https://www.dropbox.com/s/buobz2hupmzI6jf/
Brock Brown_Lyn 2019_Excel Database.xlsx?dl=0) [note: to fully query the
database, download the file] as described. The map (http://www.arcgis.com/
apps/webappviewer/index.html?id=beb4ee0{84f04b4ealf3dcc4842966a&ex
tent=-8906143.4734%2C5282073.6101%2C-8771614.3036%2C5355300.283
2%2C102100) was successfully produced into a web app as described in
Methods. It displays where aquatic and riparian invasive species were being
controlled in the Niagara region in 2017-2018. For each control site, there
is a pop-up box of information on the invasive species, the control, control
efficacy, organization, and contact information (Figure 3).

Discussion
How does this study contribute to invasive species management?

This study is the first attempt to develop an aquatic/riparian invasive
species database specifically for the Niagara region of Ontario, Canada.
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Figure 3. Screenshots of map and pop-up box. The map shows where aquatic and riparian invasive species are being controlled in
the Niagara region. When users click on a point, a pop-up box appears displaying information on the invasive species being
controlled, the type of control, control effectiveness, and contact information.

Practically, this forms a foundation and baseline for the current state of
aquatic and riparian invasive species management initiatives in the Niagara
region. This database already has an international presence since the
official websites of several major organizations in Canada and the U.S.
have added links to this study’s database, including the Environmental
Protection Agency (EPA) (https://www.epa.gov/greatlakes/invasive-species-
great-lakes), USDA (https://www.invasivespeciesinfo.gov/resources-indexed
1%5B0%5D=field_location%3A163&page=9), NOAA (https://www.glerl.noaa.
gov/glansis/additionalResourcesPartners.html), Invasive Species Centre
(https://www.invasivespeciescentre.ca/), and the Canadian Council of Invasive
Species (https://canadainvasives.ca/programs/resources/). Databases can
operate at different spatial scales with the role of local databases being to a
create richer and more accurate global database network (Simpson et al.
2009). The Niagara Aquatic and Riparian Invasive Species Control Database
is now a part of the global information network on invasive species made up
of over 150 databases (Ricciardi et al. 2000; Sellers 2004; Deriu et al. 2017).
Locally, this study’s database can help bridge the gap between invasive
species management science and decision-making to determine which control
methods are effective and appropriate given the situation and location. For
example, an environmental club in the Niagara Region that wants to
address common buckthorn but does not know where to start, could view
the database, and see that another group like the NPC is controlling
common buckthorn with triclopyr, and that this strategy is 75-100 percent
effective. The club could contact the NPC to gain insights into the invasive
species control technique, specifics on timing and application, and costs.

What are the major findings?

The most striking findings were the limited invasive species work
occurring in the Niagara region and the unorganized nature of the
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management response to aquatic and riparian invasive species. These
findings have serious implications for the future of invasive species
management in this part of Ontario and beyond.

What detection and control methods should be used in the Niagara region?

Even though 42 invasive species were detected in the Niagara region in
2017-2018, techniques like eDNA, remote sensing, and invasive species
detection dogs can increase detection abilities, speed, efficacy, and ensure
more invasive species are found that may bypass human eyes (Joshi et al.
2004; Alvarez-Taboada et al. 2017; Klymus et al. 2017; Shields and Austin
2018; Working Dogs for Conservation 2018). Early detection is an essential
part of tackling an invasive species problem proactively, because preventing
invasive species from becoming established is much cheaper than trying to
eradicate an established population (Leung et al. 2002). An example of
effective proactive management is the Canadian Federal Government’s Asian
Carp Program. In 2009-2010, when a lone silver carp (Hypophthalmichthys
molitrix Valenciennes, 1844) was detected with eDNA above the Chicago
Sanitary and Shipping Canal, this led to surveys, containment and
eradication (Jerde et al. 2011). The Asian carp early detection and rapid
response program should be a catalyst to inspire more proactive management
of aquatic and riparian invasive species.

Many organizations that detected invasive species took no control steps.
Of the 42 detected invasive species, only 12 were controlled in any way.
Organizations were not asked why they did not engage in control efforts,
but this question should be included in future studies. This study speculates
possible reasons for the low number of controlled species relative to the
number of detected species. 1) Time lags in detection reporting versus
control implementation. Crooks (2005) notes that time lags within the
invasion process may lead managers to perceive a lower risk of invasion,
and stall decision-making and action surrounding control efforts. 2) Some
detections may not trigger control because of different invasive species,
priorities, impacts, or lack of required resources to control invasive species.
3) Trebitz et al. (2017) discusses the tradeoff between allocating resources
for detection or control, and brings up that the resources for both usually
come from the same pot. Therefore, organizations in this study may have
been allocating more resources for detection rather than control.

Of the 12 controlled invasive species only two were aquatic. This study
considers the limited number of aquatic invasive species control efforts a
major gap, given there are potentially 187 nonindigenous aquatic species in
the Great Lakes region (Sturtevant et al. 2019). This problem is being
further exacerbated because new aquatic invaders enter the Great Lakes at
a rate of 0.25 species/year (Sturtevant et al. 2019).

In 2017-2018, the 16 organizations in the region relied exclusively on
physical control, chemical control or both. Even though it was not specifically
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asked why organizations in the region use physical and chemical control
techniques and not biological (Crowder and Hardwood 2014), genetic
(Thresher et al. 2019), or gastronomic control techniques (Nunez et al.
2012), three possible reasons can be speculated. 1) Physical and chemical
control techniques are favoured because they are effective, so there is no
incentive to change. 2) Physical and chemical control techniques are the
most common (Kettenring and Adams 2011; OIPC 2012), so the region
may use them because of their popularity. 3) Physical and chemical control
are proven methods as opposed to other methods that can be risky. This
study therefore recommends that local organizations in the region should
branch out to control methods like gastronomic, biological, and genetic
controls because best practices of invasive species management set out by
ONMNREF (2011), Sherman (2015), and ONMNREF (2016) advocate using
multiple control methods rather than solely relying on one.

Where are the current invasive species control efforts taking place?

There appears to be no baseline inventory of invasive species and their
locations in the Niagara region. Such an inventory could be used to track
invasive species’ expansion and/or control. The results suggest that many
aquatic and riparian invasive species could potentially be going unnoticed
and unchecked in the region. Spatially, the most invasive species control
efforts were concentrated along the edge of the Niagara River. These efforts
were driven by the NPC who owns and manages much of the land along
the Niagara River. Based on the 16 interviewed organizations, no invasive
species were detected or controlled along the Welland Canal and no invasive
species work was occurring along the Lake Erie or Lake Ontario shoreline,
except for the DFO-AC work.

This study concludes that the Welland Canal is considered a major gap,
especially since it has been identified as a top dispersal pathway for aquatic
invasive species between Lake Erie and Lake Ontario (Kim and Mandrak
2016). In 1989, it was the Welland Canal that allowed zebra mussels to move
from Lake Erie to the Lake Ontario drainage basin (Griffiths et al. 1991).

This study recommends that the Lake Erie shoreline should be among
the priorities for invasive species work within the Niagara region because it
is one of the largest waterbodies shared by the U.S. and Canada, and it can act
as a major vector for aquatic invasive species. This is demonstrated with 67
confirmed established aquatic invasive species, and a potential 54 aquatic
invasive species that have been collected or have an unknown status in the
Lake Erie drainage basin, according to the GLANSIS database (NOAA 2018).

How much is being spent on invasive species management
in the Niagara region?

This study found that the 16 organizations in the Niagara region spent
CAD 1,216,718 in direct expenses and 4,570 man-hours controlling aquatic
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and riparian invasive species in the region. This forms a baseline of how
much is spent in terms of dollars and man-hours per year to control
aquatic and riparian invasive species in the Niagara Region. To provide
context, the 2017-2018 Canadian federal budget allocated CAD 43.8 million
over the next five years to combat aquatic invasive species (McGuire 2018).
In comparison, in 2017, the U.S. spent CAD 4.19 billion (USD 2.996 billion)
on invasive species activities (National Invasive Species Council Secretariat
2018), and Australia spent CAD 3.42 billion (AUD 3.77 billion) from 2011
to 2012 (Hoffmann and Broadhurst 2016). Despite the amount being
spent, lack of funding and man-power were the two most common barriers
named that prevented organizations from managing invasive species. Martin
and Blossey (2013) confirm the same barriers existed for phragmites
management in 285 land properties in the U.S.

How do local invasive species priorities compare with those at the
provincial and national level?

The Compendium of Invasive Plant Management in Ontario (OIPC 2012)
reports garlic mustard, buckthorn species, dog-strangling vine (Cynanchum
rossicum Kleo, 1929), and giant hogweed (Heracleum mantegazzianum
Sommier and Levier, 1895) as the top invasive species priority for control
provincially. Of the four priorities named in the Compendium, three were
controlled in some fashion in the Niagara region, with the exception being
giant hogweed because it was not detected in 2017/2018.

The Canadian legislation/leading authorities list serves as a comparison
for the Niagara region, and may introduce some new priority invasive
species that the region could pursue (Table S4). Prioritized invasive species
in the Niagara region were not completely aligned with legislation and
recommendations by leading authorities like those listed in the DFO’s 2015
Fisheries Act, or the OIPC’s best management practices (ONMNRF 2011,
2016). Participants stated that priority species were based on the invasive
species being controlled. This study speculates that this may demonstrate
one of the following: (1) Confirmation bias whereby organizations are sure
they are managing the right species, (2) Organizations have not considered
re-prioritizing species, or (3) Participants were unsure of how priorities were
originally made. In contrast, the literature’s method of prioritizing invasive
species is based on invasion potential, impacts, and risk assessments (Ricciardi
and Rasmussen 1998; Kolar and Lodge 2002; McGeoch et al. 2016; Carboneras
et al. 2017). For example, the DFO runs ecological-social risk assessments
to prioritize aquatic invasive species like Asian carp (Cudmore et al. 2017).

Who should assume responsibility for each aspect of invasive
management in the Niagara region?

Sherman (2015) recommends that a combination of governmental agencies
at local, provincial, and federal levels, conservation authorities, local
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community groups, private consultants and landowners should collaborate
to manage invasive species. Overall in the Niagara region, local
environmental groups like NPC, FOMEP and HNC were undertaking
significant invasive species management efforts, which contrasted with
efforts taken by governmental bodies. Only one out of a possible 12
municipalities was doing anything; however, even this is ending. As of
November 2018, the Niagara-On-The-Lake Town Superintendent of
Environmental Services, Brett Ruck said, “There is no money budgeted for
2019 [towards phragmites control]” (Coles 2018, p. 9). Provincially, it appears
that the ONMNRF had a responsibility to deal with invasive species under
the Ontario Invasive Species Act (2015), the Fisheries Act (2015) and
Annex 6 of the Canada-Ontario Agreement on Great Lakes Water Quality
and Ecosystem Health (Environment Canada and the Ontario Ministry of
the Environment and Climate Change 2014). However, ONMNREF did not
do any invasive species control work in 2017-2018 in the Niagara region.
At the federal level, according to the Senior Science Advisor on aquatic
invasive species and the Manager for DFO’s Centre of Expertise for
Aquatic Risk Assessment (CEARA), “For addressing aquatic invasive species
in the Great Lakes, the DFO is currently funded to address Asian carps...
and most invertebrate arrivals are mitigated through Transport Canada’s
Ballast Water Regulations” (B. Cudmore, December 10, 2018, personal
communication).

How should invasive species management in the Niagara region move
forward?

Discussions have started with a non-governmental organization working in
the Niagara region to maintain the database and add some new components.
It is also envisioned that future Brock University graduate students could
help maintain and update the database through yearly interviews with
participating organizations in the region. Future Brock University graduate
students could also expand the geographic scope to the U.S. side, and
explore the bi-national coordination of aquatic and riparian invasive species
work along the Niagara River and the Great Lakes. Another possible study
could increase the population of interest to include private groups like
landowners, agriculture and businesses. This may shed light on cooperative
policies that should be drafted among private, government, and volunteer
organizations to improve invasive species management and coordination.

Recommendations

1. More local, provincial, and federal governmental bodies especially
municipalities, the Niagara Region, the ONMNRF, and the federal
government should participate in helping to control these invasive species.
One organization should be appointed to facilitate this collaboration so
that all can be held accountable.
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2. Provincial organizations should place more emphasis on the
management of aquatic invasive species.

3. Local, provincial, and federal organizations should expand areas
where invasive species are managed, especially to the Welland Canal and
Lake Erie shoreline.

4. The Niagara Region should do a region-wide ecological-social risk
assessment similar to that done for Asian carp by Cudmore et al. (2017) to
prioritize which invasive species to control, while taking into account
national level priorities.

5. Local, provincial, and federal organizations should achieve earlier
detection of invasive species through the use of innovative techniques such
as invasive species detection dogs, eDNA, and remote sensing.

6. Local organizations should diversify control methods because it has
been shown that multiple control types have more effective results.

7. Organizations should improve collaboration in invasive species
management by sharing more information regarding planning and
decision-making among organizations, and making use of databases such
as the OIPC compendium and DFO Asian carp genetic database.

8. The Niagara Region should create an invasive species plan modelled
after St. Thomas’ Phrag Free City. In 2013, St. Thomas created a goal to be
“phrag free” by 2020. The city budgeted CAD 13,000 annually towards this,
mapped the phragmites infestation and identified priority areas of concern.
Using glyphosate, the city eradicated 90% of the phragmites at the initial
lake of concern (Collins 2017).

9. The database should be maintained and updated. This could be
accomplished through collaborative efforts between the authors of this
study and another organization such as OFAH or OIPC. Alternatively,
future Brock University graduate students could maintain the database.
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