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Abstract 

 Worldwide, 17,000 invasive species drive biodiversity loss, and cost the global economy 

at least $1.4 trillion annually. The UN and Convention on Biological Diversity have declared 

invasive species a global initiative and requested increased data sharing on invasives. Existing 

worldwide and local databases focus on distribution, abundance, identification, and impacts of 

invasives, but not management activities. No database focuses on invasive management for the 

Niagara Region of Ontario, Canada. This study used sustainability science and the Ecosystem 

Approach Principles to guide the design of an invasive species management database. The goal 

of the study was to document current aquatic and riparian invasive 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 detection and control 

activities in the Niagara Region and make comparisons to recommended techniques in the 

literature; (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 management in the Niagara Region were contacted and 16 were 

interviewed in-depth. In 2017/2018 there were 35 separate control efforts reported, involving 10 

riparian invasives and two aquatic invasives, with most concentrated along the Niagara River. 

Collaboration efforts were minimal, occurring for only six specific projects. Recommendations 

from this study include: develop a regional invasive species plan; increase control efforts along 

the Welland Canal and Lake Erie shoreline; consider a wider variety of control techniques; and 

increase collaboration, information-sharing and resource-sharing among organizations. Overall, 

this database provides a baseline for the current state of aquatic and riparian invasive 

management activities in the Region, and can be used as a tool to identify resource-sharing 

opportunities, management efficacy, priority areas, areas of improvement, and future resource 
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needs. This can help Niagara progress towards achieving Aichi Biodiversity Target 9 and the 

United Nation’s Sustainable Development Goal Target 15.8.  

Keywords: invasive species management, invasive species database, sustainability science, 

Ecosystem Approach Principles, Niagara Region 
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Glossary 

Adaptive management – learning by doing; evaluating reasons for failure in prior experiences 

to improve efforts in the future 

Aquatic invasive – an invasive species that lives in water. Note that these species may not 

exclusively live in water, but are found there. Invasive species is defined below. 

Asian carp – includes all four species of Asian carp: grass carp, bighead carp, silver carp, and 

black carp 

Aspatial data – data that is not directly linked to a geographic location (Shellito, 2014). It can 

provide the what, when, or why for spatial (where) data. Examples can include the species, 

characteristics of the invasive species, environment affected, or type of invasive. 

Collaboration – process where groups with different interests work together to achieve shared 

goals and objectives  

Control – attempt to control an invasive; apply a control and hope it works. This differs in the 

regular use of the word control, which may imply an invasive is “under control” as in not 

spreading. 

Detect – “active or passive surveillance to find and verify the identity” of invasive species 

(Holcombe & Stohlgren, 2010, p. 37) 

Detected – an invasive has been found and is present in a particular area 

Eradicate – completely getting rid of an invasive species in a specified area, such that the entire 

discrete population is permanently removed (Parkes & Panetta, 2010) 

Established – an invasive species has a population that can survive and reproduce own, such that 

it can be self-sustaining in the wild (Clout & Williams, 2010)  

Evaluate – assessment of the effectiveness of a control or other management function to provide 

feedback that can be used to improve management decisions, strategies or activities (Grice, 

2010) 

Geographic Information System (GIS) – GIS is computer software that visualizes, analyzes, 

and maps spatial data (data tied to a geographic location on earth) (Shellito, 2014). It can 

visualize invasions, introduction pathways, and barriers (Joshi, de Leeuw, & van Duren, 2004). 

GIS can link spatial data (e.g. the location of an invasive species) to aspatial data to find patterns 

that can aid management. 

Information – see knowledge 

Information sharing – see knowledge sharing 

Interdisciplinarity environmental research – “research that involves scholars from different 

disciplines collaborating to develop terminology, research approaches, methodologies, or 
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theories that are integrated across multiple disciplines in order to address environmental 

problems” (Roy et al., 2013). 

Introduced species – a non-native species (not naturally occurring in the area) that does not 

cause harm 

Invasive – see invasive species 

Invasive species – a non-native species (not naturally occurring in the area) that causes harm to 

social-ecological systems by inflicting economic, environmental, and/or social damage 

Knowledge – data justified by beliefs. Note, that although some will argue knowledge is more 

than information, here the terms knowledge and information will be used interchangeably 

because Wang and Noe (2010) concluded that there is no practical distinction between the two. 

Knowledge sharing – an exchange of knowledge 

Manage – attempting to address an invasive species through detection, monitoring, control, or 

eradication 

Monitor – watching an invasive, but not doing anything to control them. Differs from the 

invasive ecology sense of the word meaning checking/evaluating the effectiveness of a control 

method. However, in this thesis that meaning will be described by the word evaluate. 

Propagule pressure – the probability of an invasive species establishing itself in an area and it is 

based on the number of invading individuals and the frequency that those individuals invade an 

area (Lockwood, Casey, & Blackburn, 2005; Blackburn et al., 2014).  

Riparian habitat – the interface between aquatic and terrestrial habitats, is associated with a 

water course, usually has hydrophilic vegetation communities, and can include wetlands 

Riparian invasive – an invasive species that may occupy riparian habitat at some point in its life 

cycle. Note that species may not exclusively occupy riparian habitat but are found there. Invasive 

species and riparian habitat are defined above.  

Sustainability Science – science that tackles global problems that require collaboration, 

knowledge sharing, multiple methods and a transdisciplinary lens to solve them (Bäckstrand, 

2003; Clark & Dickson, 2003; Kates, 2011).  

Transdisciplinarity – “a reflexive, integrative, method-driven scientific principle aiming at the 

solution or transition of societal problems and concurrently of related scientific problems by 

differentiating and integrating knowledge from various scientific and societal bodies of 

knowledge” (Lang et al., 2012). 

Wicked problem – complex problems that share certain characteristics including: it is difficult 

to agree on a problem definition, each problem is unique, fixing the problem often creates new 

problems, and there is no way to know when the solution is completed (Rittel & Webber, 1973; 

Woodford et al., 2016).  
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1.0 INTRODUCTION 

Invasive species are non-native species (not naturally occurring in the area) that cause 

harm to social-ecological systems by inflicting economic, environmental, and/or social damage 

(Invasive Species Advisory Committee [ISAC], 2006). They cost the global economy over $1.4 

trillion US dollars per year and are one of the top five drivers of environmental degradation and 

species extinction (Pimentel et al., 2001; Wilson, 2002). In terms of environmental damage, 

invasive species can prey on, kill, or outcompete native species (ISAC, 2006). The sea lamprey 

(Petromyzon marinus), for instance, is an invasive fish in the Great Lakes that sucks body fluids 

and blood from its prey including economically important native fish (Domske & O’Neill, 2003). 

Invasive species also negatively affect natural ecological processes, ecosystem services, and 

habitat (ISAC, 2006). Phragmites (Phragmites australis subsp. australis) is an invasive reed 

from Eurasia that modifies soil chemistry, water chemistry, erosion rates, fire regimes; decreases 

available nesting/spawning habitat (Ontario Ministry for Natural Resources and Forestry 

[ONMNRF], 2011); and clogs drainage ditches (Brisson, de Bois, Lavoie, 2010).  

 Worldwide, over 17,000 invasive species have been identified. In the Niagara Region of 

Ontario, Canada, at least 139 non-indigenous aquatic species have established themselves since 

the 1800s (Mills, Leach, Carlton, & Secor, 1993). This makes invasive species a locally to 

globally relevant problem. There are some challenges however in knowledge availability and 

sharing among organizations, institutions, and different levels of government, especially in the 

Niagara Region. Discussions during the 2017 Niagara Invasive Plant Management Strategy 

Workshop identified collaboration and knowledge sharing among organizations as challenges for 

managing invasives in the Niagara Region (Appendix A). This may limit the capacity of the 

Region to respond to the threats, attempt to manage, and possibly control invasives.  

The overall goal of this study was to determine the current state of aquatic and riparian 

invasive management activities in the Niagara Region and ultimately develop a usable tool to 

facilitate collaboration at the regional level. More specifically, the objectives of this study were 

to (1) inventory the current invasive detection and control activities in the Niagara Region and 

make comparisons to the recommended techniques in the literature; (2) examine perceived 

efficacy of control techniques; and (3) develop a database integrated with a GIS mapping 

component to improve the Region’s invasive species management by facilitating collaboration. 
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This study is important to A) develop a sense of what is being done in the Region, so that goals 

and objectives can be formed for invasive species work, and progress assessed from this 

baseline; B) identify gaps in invasive control; and C) identify stakeholders who share similar 

interests at tackling invasives to help identify potential new partnerships.  

While there are some international and regional databases for North America, Europe, 

and the United States of America (U.S.), no databases are currently available in the Niagara 

Region of Ontario, Canada. As well, there is no baseline knowledge of who is doing what and 

where to manage invasives in the Niagara Region. This study aims to contribute to address these 

gaps. The Niagara Region is an ecologically and economically valuable area that, like most 

regions in the world, suffers from invasive species. According to focus group sessions during the 

2017 Niagara Invasive Plant Management Workshop, the Region lacks collaboration for invasive 

species management. This introduction defines invasive species, their challenges, and steps that 

may be involved in invasive species management. Then, this research is situated in the context of 

available information on invasive species management in the Niagara Region and internationally.  

1.1 Defining Invasive Species 

 Invasive species share characteristics that give them a competitive edge against native 

species. They are usually generalists (can survive in a wide range of environmental conditions 

and feed on diverse food items), lack natural predators when establishing in a new environment, 

have a low susceptibility to disease, and a high reproduction rate (Powell, 2017). Not all 

introduced species become invasive. Domesticated species or species that humans depend on to 

survive or for economic purposes are not considered invasive (ISAC, 2006). 

 The term invasive species is dependent on perception in terms of what people perceive as 

harmful. This perception can depend on expertise and objectives of the individual (Cottet, 

Piégay, & Bornette, 2013). For example, the round goby (Neogobius melanostomus) is an 

invasive fish of the Great Lakes that is typically considered invasive because it preys on native 

fish, leading to reduced fish diversity; however round goby may not be considered harmful and 

invasive by some because it has the beneficial effect of eating invasive zebra mussels (Dreissena 

polymorpha) and quagga mussels (Dreissena rostriformis bugensis) (ONMNRF, 2012). While 

the term invasive species can differ based on perception, in this case the species dealt with here 
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are generally considered invasive based on a number of sources (Vaughan, Middleton, & Brown, 

2009; Centre for Agriculture and Bioscience International [CABI], 2018; Great Lakes Aquatic 

Nonindigenous Species Information System [GLANSIS], 2018; U.S. Geological Survey 

[USGS], 2018).  

  According to Environment Canada (2005), invasive species cost Canadians $20 billion 

in the forest industry, $7 billion in the Great Lakes, and $2.2 billion in agriculture, annually. 

Invasive species can also impact tourism and recreation through missed opportunities and 

reduced fishermen’s livelihoods (ISAC, 2006). In the Great Lakes region, $200 million are lost 

annually to invasives introduced by shipping. Of this, $48 million is lost due to reduced wildlife 

watching, and $124 million is lost due to reduced sport fishing (Lodge & Finnof, 2008). There 

are also direct costs of managing invasives. These include costs of pesticide use, biological 

control, labour for invasive species management, education, and monitoring (Environment 

Canada, 2005; ISAC, 2006). For example, hundreds of millions of dollars have been spent to 

remove zebra and quagga mussels from pipes and power plant intakes and to prevent them from 

biofouling drinking water (Domske & O’Neill, 2003).  

 Invasive viruses and bacteria can cause diseases, or invasives can carry diseases (ISAC, 

2006). The beds of invasive quagga mussels can store botulism, and botulism can be transferred 

up the food chain as other species like invasive round goby eat the mussels (Getchell & Bowser, 

2006). In order to reduce risks, governments and environmental organizations have tried to 

manage invasives through various initiatives and activities. The next section describes the 

various stages that are included in invasive species management plans.  

1.2 Invasive Species Management  

 Invasive species management involves predicting and identifying invasives and their 

introduction pathways, detecting and monitoring invasives, assessing management options, 

containing, eradicating, and controlling invasives, and evaluating management efforts (Table1). 

These components of invasive species management are described in Table 1 along with 

management tools that can be used for each component. Through knowledge sharing, databases 

can provide support for these management components (Ricciardi, Steiner, Mack, & Simberloff, 

2000; Graham et al., 2008).  
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Table 1 

Components of the Invasive Species Management Process and their Associated Tools 

Component  Definition of Component Tools 

Predict -Determine which species are entering 

a habitat, including invasive species 

-Models and watch lists 

Identify -Identify among those species, which 

are invasive 

-Watch lists, decision-making trees, 

and databases 

Assess Risk -Assess risk of invasion, implications, 

costs, management options 

-Risk assessments and economic 

models 

Detect -Detect invasive species in the field -Field surveys, eDNA barcoding, 

remote sensing, and 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 

Control  -Reduce the impact of an invasive 

species 

-Physical, chemical, biological, 

genetic, and gastronomic control 

methods 

Evaluate -Assess the efficacy of management 

actions 

-Research studies and experience 

Note. This table was prepared based on information from the following sources: Smith & 

Tibbles, 1980; Mansell et al., 1998; Great Lakes Fishery Commission (GLFC), 2000; Mooney & 

Hobbs, 2000; Djuricich & Janssen, 2001; Clout & Williams, 2010; Ling, 2010; Piola, Denny, 

Forrest, & Taylor, 2010; Nunez, Kuebbing, Dimarco, & Simberloff, 2012; Crowder & 

Hardwood, 2014; Carboneras et al., 2017; DFO, 2018a. 

 Predict: The first step of predicting which species will become invasive is challenging 

because there are many complex factors to consider (Mooney & Hobbs, 2000). Predictive 

models should consider required conditions to cross the barriers of invasion, and how climate 

change and globalization may affect invasion potential (Mooney & Hobbs, 2000; Early et al., 

2016). Additionally, there are many unknowns and interactions that are difficult to quantify. 

Despite these challenges, different tools are used to attempt to predict the introduction of 

invasive species.  
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 Kolar and Lodge (2002) propose a model to predict future Great Lakes invaders based on 

establishment success, spread rate, and impact. They review 66 fish species from the Ponto-

Caspian Sea and find 22 of them likely to be invaders due to their history of invasiveness 

(successful establishment, fast spread rate, and nuisance impact in the past), fast growth, and 

tolerance to a range of environmental conditions (Mandrak & Cudmore, 2013). Ricciardi and 

Rasmussen (1998) have developed a watch list to predict aquatic invasives of the Great Lakes-St. 

Lawrence River system based on four criteria: donor regions, introduction pathways, biological 

suitability, and invasion history. Large scale shipping patterns determine donor regions and the 

Ponto-Caspian Sea is considered the top donor region. Ballast water is identified as a top 

introduction pathway to narrow down the watch list. Another example of invasive species watch 

lists as a predictive tool is the “100 worst invasive alien species” created by the International 

Union for Conservation of Nature (IUCN) Invasive Species Specialist Group (ISSG) (Lowe, 

Browne, Boudjelas, & DePoorter, 2004).  

Faulkner, Robertson, Rouget, and Wilson (2014) use models to make watch lists that 

predict what species may become invasive in developing countries. Their watch list method 

includes a list from species that have a history of invasion, environmental suitability and 

propagule pressure. Because this model is designed for developing countries their data come 

from open-access databases (the Global Invasive Species Database (GISD) and the Global 

Register of Introduced and Invasive Species (GRIIS)), and is supported by a free GIS software, 

DIVA-GIS. The testing of this method in South Africa shows a 91% model specificity (correctly 

identified true positives and true negatives) and 32% model sensitivity (correctly identified false 

negatives and false positives). 

 Identify: There are two parts to identification, first noticing a species as invasive, then 

positively identifying it (Carboneras et al., 2017; Simpson et al., 2009). For the first part of 

identification (noticing a species as invasive), watch lists, databases, or decision-making 

processes can help. For example, Carboneras et al. (2017) have developed a decision tree for 

European countries to help identify whether a species is invasive, by asking simple questions 

about the species range, introduction, establishment, and impact.  

 The second part of identification (positively identifying an invasive species) is 

challenging, especially for programs relying on citizen science. The Department of Fisheries and 



6 

 

Oceans (DFO) Canada has released a new app, Baitfish Primer, to help fishermen identify 

whether their bait is illegal based on whether it is invasive (DFO, 2018b). Databases are also 

addressing identification of invasives. For example, the Invasive Plant Atlas of New England 

(IPANE), a citizen science database, provides different levels of training for identifying New 

England invasive plants (Simpson et al., 2009). By providing training, databases increase the 

likelihood that inputted data are accurate and updated. Another database, the Early Detection and 

Distribution Mapping System (EDDMapS) uses citizen science to map invasive species of the 

U.S. and Canada. EDDMapS provides training in the form of Microsoft PowerPoint 

presentations and fact sheets on how to report an invasive species and how to input the data. It 

allows pictures to be uploaded with a species record to verify the occurrence. Experts verify data 

collected by citizen scientists to maintain data accuracy (Sherman, 2015; The University of 

Georgia Center for Invasive Species and Ecosystem Health, 2018). 

 Assess Risk and Detect: Once identified as an invasive, risks of introduction and 

establishment, and potential impacts are assessed (DFO, 2018a). DFO has conducted a risk 

assessment for grass carp (Ctenopharyngodon Idella) (a type of Asian carp) in the Great Lakes 

basin (Cudmore et al., 2017). When a potential invasive is identified, organizations search for 

and attempt to detect its location(s). Traditionally, this is done with field surveys by visually 

looking for an invasive or listening for it (Dejean et al., 2012). However, this relies on 

individuals’ species identification skills (ability to discriminate invasives from non-invasives), 

which can be challenging for species not easily detectable because of camouflage or microscopic 

size (Working Dogs for Conservation [WD4C], 2018). Other technologies are available to help 

detect invasive species like eDNA, remote sensing, and invasive detection dogs (Joshi et al., 

2004; Cross, Lowe, & Gurgel, 2011; WD4C, 2018). Detected individuals or populations can then 

be added to databases.  

 DNA barcoding detects species based on their DNA (Cross et al., 2011). It often uses 

eDNA (environmental DNA or DNA extracted from an environmental sample like a water 

sample). DNA barcoding can determine whether an invasive species population contains hybrids, 

determine the place of origin for an individual, validate taxonomy, and allow comparisons 

among species based on their DNA (Cross et al., 2011). A main advantage of DNA barcoding is 

early and fast detection. The Great Lakes eDNA monitoring program has alerted officials to the 
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presence of Asian carp that otherwise would have gone undetected (Jerde, Mahon, Chadderton, 

& Lodge, 2011). For example, after detecting Asian carp eDNA above the Chicago Sanitary 

Shipping Canal electrical barrier, a 93-day search and survey by electrofishers was conducted to 

find and eradicate a lone Asian carp individual (Jerde et al., 2011). DNA barcoding should be 

expanded to other aquatic invasives to increase detection speed and accuracy.  

 Lillesand, Kiefer, and Chipman (2015, p. 1) state that “Remote sensing is the science and 

art of obtaining information about an object, area, or phenomenon through the analysis of data 

acquired by a device that is not in contact with the object, area, or phenomenon under 

investigation”. Remote sensing with invasive species can involve using a spectral signature 

(unique reflectance pattern) to identify and differentiate invasive from non-invasive species 

(Lillesand, Kiefer, & Chipman, 2015), or combining remote sensing with GIS to map invasive 

distributions or impacts (Joshi et al., 2004). For example, remote sensing has been used to create 

a spectral signature for tamarisk (Tamarix spp.), an invasive wetland plant in the U.S. This 

allows tamarisk to be detected among other plants, facilitating mapping of its distribution and 

predicting its range expansion (Evangelista, Stohlgren, Morisette, & Kumar, 2009). Remote 

sensing could be advantageous for managing riparian vegetation, and aquatic species like 

invasive mussels.  

 Dogs can detect invasive species that are practically invisible to the human eye such as 

mussel veligers (WD4C, 2018). In Alberta, handler-dog pairs do routine boat inspections for 

microscopic mussel veligers to prevent zebra and quagga mussel introductions. In a test of 

human versus dog inspector, humans found 75% of mussels attached to boats, while dogs found 

100% (WD4C, 2018).  

 Monitor: After an invasive has been detected, organizations monitor its distribution and 

abundance (Grice, 2010). EDDMapS includes a database with locations of the detected species 

linked to a GIS which is used to visualize/map invasive species distributions, track range 

changes over time, and is easily updated. Databases like the Database of Island Invasive Species 

Eradications (DIISE), GLANSIS, and GISD also combine GIS capabilities and serve as a 

platform to share maps (Pagad, Genovesi, Canevali, Scalera, & Clout, 2015; National Oceanic 

and Atmospheric Administration [NOAA], 2018). Databases can also help prioritize 

management efforts by combining monitoring information of invasive species distribution and 
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abundance with models and habitat maps (Holcombe & Stohlgren, 2010). Field monitoring 

techniques are usually the same as detection techniques. For example, fish can be monitored or 

detected with nets or electrofishing (Invasive Species Centre [ISC], 2018).   

 Contain: Once an invasive’s distribution is determined, organizations may attempt to 

contain an invasive by restricting its range or spread (Grice, 2010). This involves quarantine, 

usually in a holding facility (Maynard & Nowell, 2010). Containment is typically only feasible 

for invasives in the beginning stages of invasion, when they have a restricted range to prevent 

further range expansion (Grice, 2010). Containment should be focused towards areas with high 

invasive abundance or sensitive areas such as rare ecosystems or habitats for species at risk 

(Grice, 2010).  

 Eradicate: Eradication is the complete elimination of a species in an area and can be 

accomplished after a species is contained (Parkes & Panetta, 2010). Eradication is often only 

feasible if an invasive is not permanently established; the removal rate of an invasive species is 

greater than the rate of increase; and there is no immigration or net negative effect by eradication 

efforts (Zavaleta, Hobbs, & Mooney, 2001; Grice, 2010).  

 Control: If eradication is not possible, control is the next option, where first a feasibility 

study weighs the cost of the control against the cost of the invasive species’ impacts and 

considers control availability and stage of the invasion process (Grice, 2010). Different types of 

control include: physical (e.g., mowing, dewatering, burning), chemical (e.g., pesticides, 

herbicides, piscicides), biological (release of natural enemies), genetic (sterilization), and 

gastronomic (mainly for human consumption) (Table 2).  

Table 2 

Control Techniques for Aquatic and Riparian Invasives  

Control Type Techniques Pros Cons 

Physical 

Control 

(sometimes 

referred to as 

mechanical 

control) – 

remove the 

invasive 

-Dewatering 

-Smothering 

-Heating 

-Mowing 

-Flooding 

-Burning 

-Barriers 

-Spraying 

-Can be a cheaper 

option 

 

-Can worsen the invasive 

problem if invasive ecology is 

unknown or disregarded e.g. 

burning or mowing 

-Labor-intensive 

-Not selective 

-May have to reintroduce desired 

species after 
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-Scraping  

Chemical 

Control – apply 

chemicals 

-Herbicides 

-Pesticides 

-Piscicides 

-High effectiveness 

-Can be selective e.g. 

lampricide 

-Can be effective as a 

sole control  

-Needs to be repeatedly applied 

-Non-target effects  

Biological 

Control – 

natural enemies 

of the invasive 

predate on the 

invasive 

-Natural 

enemies/predators 

of the invasive 

species 

-Highly selective 

-Environmentally 

friendly 

-Sustainable 

-Lack of appropriate risk 

analyses and testing before 

introducing a biological control 

-Complex interactions among 

species and ecosystems 

-Biological control species can 

move to new food sources and 

have non-target effects 

-Often the biological control 

must be introduced, so it itself 

could become invasive 

-Will never completely eradicate 

an invasive, just reduce their 

numbers 

Genetic Control 

– genetically 

manipulate the 

invasive  

-Release 

sterilized 

individuals of an 

invasive species, 

so eventually the 

population 

becomes non-

breeding 

-Selectivity -Ethics 

-Often need to combine with a 

physical control to isolate 

individuals for sterilization  

Gastronomic 

Control – 

people eat the 

invasive 

-Human 

consumption 

-Increase awareness of 

invasive species 

-Potential to lead to 

total eradication  

-Can create market demand for 

invasive species as food items 

 

Sources: Mansell et al., 1998; Smith & Tibbles, 1980; GLFC, 2000; Djuricich & Janssen, 2001; 

Ling, 2010; Piola et al., 2010; Nunez et al., 2012; Crowder & Hardwood, 2014.  

Successful control actions for a specific invasive species should also be integrated into a 

database to help save time, energy, and labour. GISD has some basic information on control for 

invasive species in their database (ISSG, 2018). With the knowledge of failed controlled 

attempts, groups dealing with the same invasive species can avoid repeating mistakes. Control 

efforts can also be prioritized with information from databases like GISD (Ricciardi et al., 2000; 

ISSG, 2018). It is important for organizations to assess the effectiveness of control measures, so 

that they may choose the best available option (ONMNRF, 2011; ONMNRF, 2016).  
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 Evaluate: Evaluating the effectiveness of management actions is important to practice 

adaptive management, where organizations learn from their experiences and use those lessons to 

improve management in the future (Organ, Decker, Riley, McDonald, & Mahoney, 2012; 

Fabricius & Currie, 2015). Evaluation can occur by assessing the efficacy of management 

actions through research, analyses, and/or experience (ONMNRF, 2016). Meloche and Murphy 

(2006) researched which control method was best for tree of heaven (Ailanthus altissima) at 

Rondeau Provincial Park, ON. They set up experimental plots for four treatments (hand-pulling 

and mulching, cut stump, cut stump and glyphosate, and EZJect system using glyphosate) plus a 

control plot (no intervention). To assess control efficacy, new shoot growth was measured, and 

financial costs of control were analyzed. Based on their research, cut stump and glyphosate 

combination was the most effective control with acceptable operating costs. The Niagara Region 

has no literature on the evaluation of invasive management actions. This study provides some of 

that information to help guide the Region towards best management practices. Overall, this 

section described the steps of invasive species management, and how databases can play a role 

throughout this process.  

1.3 The Need for Invasive Species Databases 

 Researchers and international organizations have identified a need for invasive species 

databases (Ricciardi et al., 2000; The Ramsar Convention on Wetlands Resolution VIII/18, 2002; 

United Nations Environment Programme [UNEP] & Convention on Biological Diversity [CBD], 

2002; Graham et al., 2008; Holcombe & Stohlgren, 2010;). Early et al. (2016, p. 5) mention that 

“Regional sharing of data on the status of IAS [Invasive Alien Species] within a country’s 

borders, outcomes of threat assessments and effective management practices in a timely manner 

would benefit all nations’ IAS control plans.”  

 Because of their global impacts on biodiversity, social-ecological systems and human 

wellbeing, invasive species have been included in several international and national conventions 

and strategies, such as Target 15.8 of the United Nations (UN) Sustainable Development Goals 

(SDGs) (United Nations [UN], 2015). Target 9 of the CBD Aichi targets states that “By 2020, 

invasive alien species and pathways are identified and prioritized, priority species are controlled 

or eradicated, and measures are in place to manage pathways to prevent their introduction and 

establishment” (CBD, 2010, p. 8).  
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 Article 8(h) of the CBD (2009, online) mentions that “Each contracting Party [including 

Canada] shall, as far as possible and as appropriate, prevent the introduction of, control or 

eradicate those alien species which threaten ecosystems, habitats or species.” Article 8(h) 

measures include: considering invasives with trade and climate change, prioritizing invasives, 

preventing introduction, mitigating impacts of invasives, and cooperating internationally (UNEP 

& CBD, 2002). Of particular note is the call for development of invasive species databases, 

“States should assist in the development of an inventory and synthesis of relevant databases, 

including taxonomic and specimen databases, and the development of information systems and 

an interoperable distributed network of databases for compilation and dissemination of 

information on alien species [invasive species] for use in the context of any prevention, 

introduction, monitoring, and mitigation activities” (UNEP & CBD, 2002, p. 259). 

 Agenda Item 10.11 of UNEP and the Convention on Migratory Species (2014) requests 

international collaboration to address potential effects of invasive species and climate change on 

migratory species. The Ramsar Convention on Wetlands Resolution VIII/18 (Invasive Species 

and Wetlands) (2002) focuses on wetlands and invasive species. It invites parties to address 

invasives in wetlands by assessing risk, identifying wetland invasives and their impacts, and 

cooperating in the transboundary management of wetlands. It acknowledges efforts by the CBD-

Ramsar 3rd Joint Work Plan 2002-2006 to increase information on aquatic invasives. Moreover, 

it encourages the development of web-based sources of information on invasive management, 

distribution, and identification to assist with eradicating/controlling wetland invasives. 

1.4 Elements to Include in Invasive Species Databases 

Several recommendations have been made for what to include in invasive species 

databases. According to best practices for invasive species databases by Simpson et al. (2006) 

and Graham et al. (2008), databases should include: species profile information (including a 

description of an invasive, its impact, and photos) to help identify an invasive; spatial 

information regarding invasive occurrences or their associated activities to provide a context of 

where a species is located; and defined terms to reduce confusion. A bibliography is useful to 

help users find out more information (Ricciardi et al., 2000; Simpson et al., 2006). Metadata also 

provide users with a way to check data accuracy (Holcombe & Stohlgren, 2010). Metadata are 

important because data accuracy is a challenge for invasive species databases (Graham et al., 
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2008). Species identification training like that done by EDDMapS or IPANE can further help 

maintain data accuracy because it can improve invasive species identification by those inputting 

(Graham et al., 2008).  

Making a database open-access is essential to reach a large audience including the public, 

organizations, and researchers. Less than half of invasive species databases are freely available 

(Crall et al., 2006). Databases should use a standardized data entry format like the Invasives 

Information Network (I3N), so that databases are cross-searchable amongst one another (Graham 

et al., 2008; Simpson et al., 2009). Another important feature is local management of a database 

by an identified individual or group to increase the likelihood that it will be updated regularly. 

Providing incentives for updating content, such as a salary or acknowledging those who update 

content on a website, increases chances of updating and maintaining a database (Simpson et al., 

2006; Costello et al., 2014). Finally, partnerships are essential for increasing usership and 

funding for a database. By partnering with other databases through links/cross-searchability, 

databases often increase their own visibility and usership (Simpson et al., 2006). Incorporating 

these database elements can help fill the need for invasive databases at not only an international 

level, but also a regional level.  

1.5 Invasive Species of the Niagara Region 

The Niagara Region could benefit from an invasive species database because invasives 

are a local issue in the Region and its watershed (Figure 1). Numbers of invasive species vary 

depending on the reports. According to Thompson (2008), there are 185 invasives in the Great 

Lakes, while the Government of Canada (2004) reports 160 species, and Domske and O’Neill 

(2003) at least 145 species for the last 200 years. Conservatively, it is safe to say that since the 

1800s, at least 139 non-indigenous aquatic species have been identified in the Great Lakes (Mills 

et al., 1993). In the last 10 years, 51 possible aquatic and riparian invasives have been reported in 

the Niagara Region, ON, Canada by EDDMapS or the Niagara Parks Commission (NPC) (Table 

3) (Vaughan et al., 2009). This makes invasive species a locally and globally relevant problem. 

There was no current list of aquatic and riparian invasive species found within the Niagara 

Region. Appendix B formed a potential list, and was made from compiling information from the 

Nonindigenous Aquatic Species (NAS) database and GLANSIS.  
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Figure 1. Map of the Niagara Region, Ontario, Canada showing the limits of the study area 

(Niagara Peninsula Conservation Authority [NPCA], 2018a). The study area includes the 

political boundaries of the Niagara Region, the Niagara River and Lake Erie and Lake Ontario 

shorelines. 

Table 3 

Riparian and Aquatic Invasives Reported in the Niagara Region, Ontario, Canada Based on 

2008-2017 Occurrences from EDDMapS and a 2009 NPC Report 

Type of Invasive Invasive Species Reported 

Occurrences 

Reported by:  

Aquatic Chinese Mystery Snail 

(Cipangopaludina chinensis) 

1 EDDMapS 

Aquatic Common Carp (Cyprinus carpio) 2 EDDMapS 

Aquatic Curly-leaved Pondweed 

(Cylindrospermopsis raciborskii) 

14 EDDMapS & NPC 

Aquatic Eurasian Watermilfoil (Acentria 

ephemerella) 

2 EDDMapS & NPC 

Aquatic Freshwater Jellyfish 

(Craspedacusta sowerbyi) 

4 EDDMapS 

Aquatic Goldfish (Carassius auratus) 2 EDDMapS 

Aquatic Grass Carp (Ctenopharyngodon 

idella)  

5 EDDMapS 

Aquatic Round Goby (Neogobius 

melanostomus) 

19 EDDMapS 

Aquatic Rudd (Scardinius 

erythrophthalmus) 

14 EDDMapS 

Aquatic Water Soldier (Stratiotes aloides) 1 EDDMapS 

Aquatic White Perch (Morone Americana) 1 EDDMapS 

Aquatic Zebra Mussel (Dreissena 

polymorpha) 

1 EDDMapS 
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Riparian Bittersweet Nightshade (Solanum 

dulcamara) 

94 EDDMapS & NPC 

Riparian Black Alder (Alnus glutinosa) - NPC 

Riparian 

 

Bush honeysuckles [this includes 

Tartarian honeysuckle] (Lonicera 

tatarica) 

57 EDDMapS & NPC 

Riparian Canada Thistle (Cirsium arvense) - NPC 

Riparian Cleavers (Galium aparine) - NPC 

Riparian Common Mullein (Verbascum 

thapsus) 

- NPC 

Riparian Common Ragweed (Ambrosia 

artemisiifolia) 

- NPC 

Riparian Common Teasel (Dipsacus 

fullonum L.) 

- NPC 

Riparian Creeping Buttercup (Ranunculus 

repens) 

- NPC 

Riparian Creeping Jenny (Lysimachia 

nummularia) 

- NPC 

Riparian Dog-strangling Vine (Vincetoxicum 

rossicum) 

1 EDDMapS 

Riparian European Buckthorn (Rhamnus 

cathartica) 

126 EDDMapS & NPC 

Riparian European Highbush-Cranberry 

(Viburnum trilobum) 

- NPC 

Riparian European Stinging Nettle (Urtica 

dioica L.) 

- NPC 

Riparian Flowering Rush (Butomus 

umbellatus) 

2 EDDMapS 

Riparian Foxtail Barley (Hordeum jubatum 

L.) 

- NPC 

Riparian Garlic Mustard (Alliaria petiolate) 131 EDDMapS 

Riparian Glossy Buckthorn (Rhamnus 

frangula) 

- NPC 

Riparian Goutweed (Aegopodium 

podagraria) 

- NPC 

Riparian Gypsy Moth (Lymantria dispar 

dispar) 

1 EDDMapS 

Riparian Hemlock Wooly Adelgid (Adelges 

tsugae) 

1 EDDMapS 

Riparian Hybrid Cattail (Typha x glauca) 11 EDDMapS 

Riparian Japanese Barberry (Berberis 

thunbergii)  

8 EDDMapS & NPC 

Riparian Manitoba Maple (Acer negundo) 56 EDDMapS 

Riparian Narrow-leaved Cattail (Typha 

angustifolia) 

14 EDDMapS 
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Riparian Phragmites (Phragmites australis 

subsp. australis) 

3 EDDMapS 

Riparian Purple Loosestrife (Lythrum 

salicaria) 

5 EDDMapS & NPC 

Riparian Reed Canary Grass (Phalaris 

arundinacea) 

- NPC 

Riparian Rough-fruited Cinquefoil 

(Potentilla recta L.) 

- NPC 

Riparian Spotted Knapweed (Centaurea 

nigra) 

- NPC 

Riparian Stinking Willie (Senecio 

jacobaea L.) 

- NPC 

Riparian Swallow-wort (Vincetoxicum 

rossicum) 

- NPC 

Riparian Tall Morning Glory (Ipomoea 

purpurea) 

- NPC 

Riparian Tansy (Tanacetum vulgare) - NPC 

Riparian White Mulberry (Morus alba L. 

(Moraceae)) 

- NPC 

Riparian Wild Cucumber (Echinocystis 

lobata) 

- NPC 

Riparian Yellow Archangel (Lamium 

galeobdolon) 

11 EDDMapS 

Riparian Yellow Iris (Iris pseudacorus) 2 EDDMapS 

Riparian Yellow Nut Sedge (Cyperus 

esculentus) 

- NPC 

Note. Invasives are categorized as riparian or aquatic based on a review of invasive species 

databases and the literature (Vaughan et al., 2009; CABI, 2018; GLANSIS, 2018; USGS, 2018). 

Species may not exclusively occupy that habitat but are found there. Reported occurrences were 

only provided by EDDMapS.  

1.6 Improving Invasive Species Management in Niagara 

This research addresses a gap in invasive species management and knowledge. As 

previously demonstrated, databases are crucial resources that serve as knowledge exchange 

platforms to improve invasive species management efforts and coordination. Over time, the 

aggregation of many local databases can form a comprehensive global database of invasive 

species. But as a first essential step, research on what it is done and how organizations in a 

region work and perceive the issue with invasives is needed. This study will help contribute to 

this need by first understanding the actions being taken in the Niagara Region and then 

developing a local invasive species database that can contribute to the global invasive species 

information network.  
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 To date, there are no invasive species databases that focus on the management of invasive 

species in the Niagara Region of Ontario, Canada. A queryable database with an interactive map 

would provide knowledge on who is doing what and where to manage invasives in the Niagara 

Region. By including organizational contact information in the database, organizations can 

contact one another to collaborate in terms of sharing resources; prioritizing sites/invasives to 

manage; and finding and addressing gaps in where invasives are not being managed. 

Furthermore, a database based on organizations’ experiences controlling invasives and their 

effectiveness doing so, may lead organizations to collaborate and use best management practices. 

Overall, a database like this could provide a powerful collaboration tool for invasive species 

management in the Region.  

1.7 Connecting Sustainability Science and the Ecosystem Approach with This Study 

 This study used sustainability science as a way to approach invasive management issues. 

Sustainability science tackles global problems that require collaboration, knowledge sharing, 

multiple methods and a transdisciplinary lens to solve them (Bäckstrand, 2003; Clark & Dickson, 

2003; Kates, 2011). This study takes on an approach in between transdisciplinary and 

interdisciplinary research. According to Roy et al. (2013), interdisciplinary environmental 

research “involves scholars from different disciplines collaborating to develop terminology, 

research approaches, methodologies, or theories that are integrated across multiple disciplines in 

order to address environmental problems”. While, Lang et al. (2012) state that transdisciplinary 

research is “a reflexive, integrative, method-driven scientific principle aiming at the solution or 

transition of societal problems and concurrently of related scientific problems by differentiating 

and integrating knowledge from various scientific and societal bodies of knowledge”. This study 

demonstrates transdisciplinary and interdisciplinary features because multiple sectors including 

governmental, non-governmental, and educational were involved in contributing knowledge to a 

database that could be used as a tool to facilitate collaboration. As well, this study drew on 

multiple disciplines in its design: sustainability science with the use of the Ecosystem Approach 

for consideration of broader issues like collaboration, adaptive management, and appropriate 

scale to design this study; biology and environmental science in the content of the database that 

dealt with invasive species, their control, and these effects on the environment; computer science 

and geographic science to create the database and map; and psychology to design the 
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questionnaire. However, this study cannot be considered fully transdisciplinary because these 

external groups were not involved in the design of the database itself.  

 Invasive species management is precisely the kind of problem sustainability science 

seeks to address. Invasives can be considered “wicked problems” as defined in the literature, 

because there is frequently no wrong or right solution due to the large number of stakeholders 

with their various interests, fixing the problem often creates new problems, and there is no way 

to know when the solution is complete (Rittel & Webber, 1973; Woodford et al., 2016). 

Invasives may have become a “wicked problem” because of globalization and climate change 

(McNeely, 2013). The increased global movement of humans and goods due to globalization has 

increased the movement of species that tag along with them (Hulme, 2009). Niagara’s waters are 

vulnerable to the entry of new invasive species due to the shared border with the U.S. and the 

shipping route from the St. Lawrence Seaway to the Great Lakes (Domske & O’Neill, 2003). 

Climate change is predicted to facilitate the northward spread of many species, including 

invasive ones (Smith et al., 2012). Climate change and invasive species interact to produce many 

effects, including creating positive feedback loops, changing the range of invasives, changing 

which species are invasive, and changing ecosystem management options (Shutter & Post, 1990; 

Julien, Skarratt, & Maywald, 1995; Hellmann, Byers, Bierwagen, & Dukes, 2008; Kiesel, 2014; 

Ziska et al., 2011; Ware et al., 2016). Solutions will require transdisciplinary knowledge sharing, 

collaboration, and various methodological approaches.  

 Sustainability science emphasizes collaboration to create implementable solutions to 

complex problems like this (Kates, 2011). Improving the potential for collaboration was an 

important stimulus for creating this study’s database, so that organizations might contact others 

from the database to find new partners to collaborate with in knowledge and resource sharing.  

As well, sustainability science stresses using adaptive management when addressing 

environmental problems like invasives (Clark & Dickson, 2003; Kates, 2011). The current study 

will provide a database that can encourage adaptive management, by giving organizations the 

opportunity to discover the effectiveness of certain control methods, and possibly use that 

information to adapt and improve their own management practices. Also, the database’s easily-

accessible contact information could encourage direct communication and information sharing 

about successful and unsuccessful techniques.  
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Invasive species have been declared a global problem by the UN (2015) and CBD (2002). 

This global problem will require a global solution implemented at the local level. These types of 

problems are exactly where sustainability science fits in because they need collaboration and a 

holistic perspective to create transdisciplinary knowledge that can be converted into action using 

many methods (Clark & Dickson, 2003; Kates, 2011).  

2.0 METHODS 

2.1 Goals and Objectives 

 The overall goal of this study was to determine the current state of aquatic and riparian 

invasive management activities in the Niagara Region of Ontario, Canada and ultimately develop 

a usable tool to facilitate collaboration at the regional level. This was addressed through three 

objectives (1) inventory the current invasive detection and control activities in the Niagara 

Region and make comparisons to the recommended detection and control techniques in the 

literature; (2) examine perceived efficacy of control techniques; and (3) develop a database 

integrated with a GIS mapping component to improve the Region’s invasive species 

management by facilitating collaboration. The objectives were met by gathering data from 10 

research questions.  

The Ecosystem Approach Principles (CBD, 2000b) provided a broader context for 

decision-making in designing this study, the Research Questions, and the database’s structure 

and content. A summary of the 12 guiding principles can be found in Figure 2. The principles 

served as a reminder to consider how invasive species management in the Niagara Region relates 

to larger issues including sustainability of its social-ecological system. The principles were also 

useful when drafting specific questions because the principles brought forward factors that might 

not otherwise have been thought of or included. For example, the principles affected the way of 

thinking about the geographic area for the study. Principle 7 refers to the importance of 

appropriate scale and led to changing the study to a watershed scale, rather than individual rivers 

or lakeshores. 

12 Principles of the Ecosystem Approach 

Principle 1: The objectives of management of land, water and living resources are a matter of 

societal choice. 

Principle 2: Management should be decentralized to the lowest appropriate level. 
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Principle 3: Ecosystem managers should consider the effects (actual or potential) of their 

activities on adjacent and other ecosystems. 

Principle 4: Recognizing potential gains from management, there is usually a need to 

understand and manage the ecosystem in an economic context. Any such ecosystem 

management programme should: 

a) Reduce those market distortions that adversely affect biological diversity; 

b) Align incentives to promote biodiversity conservation and sustainable use; 

c) Internalize costs and benefits in the given ecosystem to the extent feasible. 

Principle 5: Conservation of ecosystem structure and functioning, in order to maintain 

ecosystem services, should be a priority target of the Ecosystem Approach.  

Principle 6: Ecosystems must be managed within the limits of their functioning. 

Principle 7: The Ecosystem Approach should be undertaken at the appropriate spatial and 

temporal scales.  

Principle 8: Recognizing the varying temporal scales and lag effects that characterize 

ecosystem processes, objectives for ecosystem management should be set for the long term.  

Principle 9: Management must recognize that change is inevitable. 

Principle 10: The Ecosystem Approach should seek the appropriate balance between, and 

integration of, conservation and use of biological diversity. 

Principle 11: The Ecosystem Approach should consider all forms of relevant information, 

including scientific and indigenous and local knowledge, innovations and practices. 

Principle 12: The Ecosystem Approach should involve all relevant sectors of society and 

scientific disciplines.  

Figure 2. A summary of the 12 guiding Ecosystem Approach Principles. This figure is based on 

the CBD (2000b) Ecosystem Approach Principles, for more information visit: 

https://www.cbd.int/ecosystem/principles.shtml. 

The Ecosystem Approach is an integrated management strategy to balance the 

conservation, sustainable use, and equitable sharing of benefits of an ecosystem, where an 

ecosystem is the interaction between biotic communities and their abiotic environment (CBD, 

2000c). The Ecosystem Approach Principles are useful because they help consider larger 

ecological and social issues to more effectively and adaptively manage ecosystems and their 

problems like invasive species. No organizations or literature in the Niagara Region mentioned 

using the Ecosystem Approach in regards to addressing invasives; however, many environmental 

organizations outside of the Niagara Region use the Ecosystem Approach (Boudjelas, 2010). For 

example, the 5th Joint work Plan 2011-2020 of the CBD and the Ramsar Convention on 

Wetlands (2011) uses an Ecosystem Approach at a global scale when considering wetlands and 

their ecosystem services. Provincially, the OIPC applies the Ecosystem Approach to its invasive 

plant best management practices. They use the Ecosystem Approach to help set priorities, restore 

the ecosystem, maintain species and genetic diversity, practice adaptive management by 

encouraging monitoring and assessment of control and consider ecosystem values when 
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managing invasive plants (Sherman, 2015). This study used the Ecosystem Approach in its 

design, but a number of other steps were also taken to design and conduct this study (Figure 3). 

In the next sections, the different steps of the flow chart are explained in detail.  

 

Figure 3. Flow chart showing the steps of this research methods. 

2.2 Identify Potential Invasive Species in the Region  

Based on the ISC, OFAH and OIPC websites (2018), there are three types of invasives: 

aquatic, riparian, and terrestrial, including agricultural and forest. The decision to make aquatic 

and riparian invasives the focus of this study was based on a number of factors including the 

economic and ecological importance of water to the Region with two of the Great Lakes and 

their connecting channel the Niagara River, along with a manageable number of other waterways 

and ponds. Aquatic invasives are important because they cost the Great Lakes region $200 

Prepare database and map (section 2.12)

Analyze data (section 2.11)

Conduct interviews (section 2.10)

Contact organizations (section 2.9)

Identify study area (section 2.8)

Pre-test questionnaire (section 2.7)

Design questionnaire (section 2.6)

Obtain ethics approval (section 2.5)

Identify organizations (section 2.4)

Identify management activities (section 2.3)

Identify potential invasive species in the Region (section 2.2)
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million annually (Lodge & Finnof, 2008). Riparian invasives were also included because they 

occur immediately adjacent to these waterways and organizations involved in waterways 

management are usually active with the riparian areas as well. Preliminary research indicated 

that, in fact, most invasive management work in the Niagara Region was being done in riparian 

areas. A riparian habitat is defined as the interface between aquatic and terrestrial habitats, is 

associated with a water course, and usually has hydrophilic vegetation communities (Gregory, 

Swanson, McKee, & Cummins, 1991; Fischer, Martin, Ratti, & Guidice, 2001). Riparian habitat 

can also include wetlands (Fischer et al., 2001) like the Great Lakes coastal wetlands of Niagara 

(Canadian Wildlife Service [CWS], 2002; ONMNRF, 2017) and drainage ditches (Province of 

British Columbia, 2018). Riparian invasives are important due to the unusually high biodiversity 

in this zone also described as the “heart of the drainage basin” (Naiman, Decamps, & Pollock, 

1993, p. 210). Riparian habitat can also improve water quality, stabilize stream banks, and 

maintain hydrological and thermal regimes (McCleery, Moorman, Wallace, & Drake, 2012). 

According to Raedeke, 70% of vertebrates use the riparian corridor sometime during their 

lifecycle (as cited in Naiman et al., 1993). Wetlands also contribute $14 billion annually to 

Ontario through their ecosystem services (ONMNRF, 2017). In this study, aquatic and riparian 

invasive species were classified as such based on the databases and sources listed in Table 4.  

Table 4 

Resources Used in This Study to Classify Invasive Species as Aquatic or Riparian 

Resource Author Year 

Compendium of Invasive Plant Management in Ontario OIPC 2012 

Edible Wild Food website Edible Wild Food 2018 

GISD database GISD 2018 

GLANSIS database GLANSIS 2018 

ISC website ISC 2018 

Invasive Species Compendium database CABI 2018 

NAS database U.S. Geological Survey 2018 

Ontario Federation of Anglers and Hunters (OFAH) 

website 

OFAH 2018 

Ontario Invasive Plant Council (OIPC) website OIPC 2018 

Ontario Ministry of Agriculture, Food, and Rural Affairs 

(OMAFRA) website 

OMAFRA 2018 

Draft: Environmental Land Management Plan for the 

Niagara Parks Commission: Stage 1 

Vaughan et al. 2019 
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2.3 Identify Management Activities 

To address objectives #1 and #2 of inventorying current detection and control activities 

and control efficacy, a questionnaire was developed based on invasive management activities 

described in OIPC best management practices (ONMNRF, 2011; ONMNRF, 2016); invasive 

management activities used in efforts like the water soldier eradication project that are described 

on OFAH’s invading species awareness website (OFAH, 2018); techniques described in DFO 

reports, like those used in Asian carp control (Colm, Marson, & Cudmore, 2018); activities 

described by ONMNRF in their shared projects with OIPC, OFAH and DFO; invasive 

management efforts described in GISD (ISSG, 2018) and CABI databases (CABI, 2018); and 

invasive management efforts described in the literature by: Smith & Tibbles (1980), GLFC 

(2000), Joshi et al. (2004), Grice (2010), Ling (2010), and Crowder & Hardwood (2014).  

In terms of management activities to be included, other databases like GISD, IPANE, and 

EDDMapS exist to predict, identify, and monitor invasives, so these activities were ruled out 

from being the focus of this database. Detection and control activities became the focus of this 

database because they have not been a central component of existing invasive species databases 

that cover the Niagara Region, and so making these activities the focus allows this database to 

contribute to the existing information network on invasives. Furthermore, there have been recent 

advancements in detection and control techniques, so it would be interesting to see if the Niagara 

Region was incorporating these recent techniques. Specifically, this study was concerned with 

current invasive management, so only detection or control activities that occurred in 2017/2018 

were included.  

2.4 Identify Organizations 

Potential organizations were identified for inclusion in this study based on a number of 

factors including practicality, and an environmental focus. Ecosystem Approach Principles 11 

and 12 guided the search for organizations. Principle 11 requires information sharing among 

different types of groups that may have knowledge of and practice in the area of invasive 

management. Principle 12 advocates for inclusion of all relevant stakeholders, but it was not 

practical to include everyone who might have an interest in Niagara Region’s invasive 

management. More specifically, private organizations were excluded because it would not be 

feasible to accurately identify all members. Private landowners were excluded because as of 
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2016 the Niagara Region had a population of 447,888 (Niagara Region, 2018a) and according to 

the 2011 census there were 23,912 registered businesses in the Niagara Region (Niagara 

Connects, 2018), including 1,928 farms and wineries (The Niagara Guide, 2018; Niagara 

Region, 2018b), many of whom are landowners with irrigations ponds. It would be nearly 

impossible to determine accurately which ones were involved in invasive management.  

Organizations included in this study were: governmental organizations, the public 

educational sector, and NGOs with an environmental focus and located in the Niagara Region. 

Governmental organizations were included because most of the Niagara Region’s waterways are 

under the jurisdiction of some government body: federal, provincial, or municipal. The education 

sector, including four school boards, one college and one university, was included because it was 

expected that they would be managing invasives given the land they care for, and the presence of 

environmental programs in their schools (e.g., invasives are included in the DSBN Grades 1-8 

curriculum (Ontario Ministry of Education, 2007). Environmental groups were included because 

preliminary research indicated they were involved in invasive species work in Niagara. 

 To identify specific members of the survey population (governmental, non-governmental, 

and educational organizations with a potential interest in invasive species management in 

Niagara), internet searches, networking, and snowball sampling were conducted. For internet 

searches, specific search terms are shown below.  

• invasive species AND Niagara 

• invasives AND Niagara 

• invasive species AND Niagara Region 

• invasive species management AND Niagara 

• invasive species management AND Niagara Region 

• invasive species AND Great Lakes 

• invasive species management AND Great Lakes  

• Great Lakes invasives 

• environmental AND Niagara 

• environmental organizations AND Niagara  
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As well, the online Ontario Environment Network Directory (2018) was queried with the 

term “Niagara”. These searches produced a list of organizations whose websites were visited and 

read for any mention of invasive species. Networking with existing contacts Lynda Goodridge 

and Marcie Jacklin from the Bert Miller Nature Club involved asking them who was involved in 

Niagara Region’s invasive management, and the provided organizations’ websites were reviewed 

to check if they managed invasives. Contacts with some of the identified organizations resulted 

in additional leads.  

Snowball sampling was used to identify additional participants because snowball 

sampling is useful for sensitive issues because these issues require insider knowledge to find 

participants (Biernacki & Waldorf, 1981). Snowball sampling was accomplished by asking 

current participants if they had recommendations for who to contact about participating, after 

they finished the interview.  

2.5 Obtain Ethics Approval 

This study was reviewed by the Brock University Ethics Board, and it was considered 

exempt from Board oversight because people were being interviewed within their professional 

capacity and the data were going to be public; however, standard ethical principles still applied 

(Appendix C). Participants received a letter of invitation and necessary information to make an 

informed decision of whether to consent to participate. As well, participants could choose not to 

answer any question. 

2.6 Design Questionnaire 

A questionnaire was designed so that each question related to one specific research 

question, while taking into account downstream analysis (Table 5). The research questions 

included the following: who is working on aquatic and riparian invasives in the Niagara Region; 

what techniques are being used to detect and control these invasives; where are control efforts 

happening; are they effective; what are the costs associated with controlling these invasives; and 

are organizations collaborating with one another to address these invasives (Table 5)? The 

following example illustrates how each question on the questionnaire related to one of the 

specific research questions, how the data collected would be analyzed, and how they related to 

specific Ecosystem Approach Principles. For instance, the research question “Which detection 



25 

 

techniques organizations use” was addressed with the survey question “What techniques are you 

using to detect the presence of invasive species?” The data analysis involved comparing the 

reported techniques from participants to those identified and discussed in the literature to identify 

areas of improvement and new techniques that could be used (Table 5). 

The complete questionnaire can be found in Appendix D. Briefly, Research Question A 

(Table 5) was influenced by Principle 12, which emphasizes the issue of including all relevant 

stakeholders at a local, national, regional and international level in planning, decision-making, 

carrying out coordinated activities, and sharing information (CBD, 2000b; CBD, 2004). Principle 

11 also was used to structure this research question, because many types of groups and 

knowledge were considered for inclusion. Research Question B and Principle 5 both consider 

conservation and restoration activities in the context of species interactions with each other and 

with the environment (CBD, 2000b). Principle 4 also influenced Research Question B, as it 

referred to the monetization of ecosystem services (CBD, 2000b). Monetizing the loss of 

ecosystem services due to invasives can guide the prioritization process.  

Table 5 

Relationship Between Research Questions and Individual Questions on the Questionnaire, as 

well as the Ecosystem Approach Principles Used to Help Develop and Analyze these Questions.  

Research 

Question 

Question on Questionnaire Analysis Ecosystem 

Approach 

Principles 

A) Who works 

on aquatic and 

riparian invasive 

species 

management in 

the Niagara 

Region? 

Not a direct question on the 

questionnaire. This is the 

sample population identified 

through internet searches 

and snowball sampling, and 

confirmed by contact with 

the organization. 

Listed and categorized those 

involved in aquatic and 

riparian invasive species 

management in Niagara, 

including contact information. 

11 & 12 

B) What species 

do they 

prioritize and 

why? 

1a. Which invasive species 

does your organization 

spend the most resources 

on? 1b. Why? 

 

Pooled responses to get a 

picture of what the priority 

invasive species are for local 

organizations. Discussion 

compared local priorities with 

those identified in the 

literature. Analyzed 

contributing factors to making 

a riparian or aquatic invasive 

4 & 5 
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species a priority species in 

Niagara.   

C) What 

methods of 

detection do 

they use? 

2. What techniques are you 

using to detect the presence 

of invasive species? 

Compared to the literature to 

identify gaps and areas of 

improvement for new detection 

techniques that could be used.  

3, 6, 7 & 8 

D) What 

methods of 

control do they 

use? 

i. Which invasive species do 

you make efforts to control? 

3a. What control techniques 

do you use for the invasive 

species? 

Compared to the literature to 

identify gaps and areas of 

improvement for new control 

techniques that could be used.  

3, 6, 7 & 8 

E) How 

effective are 

invasive control 

methods? 

3c. In the area you applied 

the control/targeted, how 

much of the invasives did 

you get rid of? All? ¾? ½? 

¼? None? Choose 0-25%, 

25-50%, 50-75%, 75-100%, 

unknown.  

Control efficacy was averaged 

for all control efforts. Control 

efficacy was averaged for each 

organization to see if there was 

a relationship between control 

efficacy and collaboration 

efforts. 

9 

F) What is the 

specific 

geographic 

location of their 

invasive control 

efforts? 

3b. Where you are using 

each control technique?  

Produced GIS map. 7 

G) Do they 

collaborate with 

others to control 

invasives? 

4a. Does your organization 

coordinate with other 

outside 

groups/organizations to 

address any invasive 

species?   Y    /    N  

4b. If yes, then, who do you 

coordinate with and how? 

4c. Does your organization 

share information about 

invasives with any other 

groups?    Y    /    N  

4d. If yes, then, who do you 

share information with and 

what do you share? 

Used this information to 

identify more opportunities for 

collaboration and coordination 

in Niagara. In discussion 

assessed the correlation 

between current coordination 

efforts and control efficacy. 

Summed the number of 

organizations that coordinated. 

Summed the number of groups 

who shared information. 

Created a network diagram to 

display collaboration efforts. 

Created a subnetwork diagram 

to show collaboration efforts 

among the interviewed 

organizations only. Summed 

the number of collaborative 

interactions each organization 

had. 

2, 3, & 12 
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H) What are the 

estimated costs 

including money 

and personnel 

time spent? 

5. Please provide a ball-park 

estimate of the following 

invasive species control 

costs.  

5a. Estimate the # of man-

hours/year dedicated to 

controlling the invasive 

species. 

5b. Direct expenses 

controlling the invasive 

species ($)/year.  

For # of man-hours/year and 

direct expenses ($)/year, 

summed the values.  

 

4 

I) What barriers 

exist that 

prevent 

management of 

an invasive 

species? 

6a. Which invasive species 

do you want to manage, but 

there are barriers preventing 

you from managing these?  

6b. What are these barriers? 

Took frequency counts for the 

number of times specific 

barriers were mentioned. 

Compared to the literature to 

identify current issues and 

future resource needs for 

invasive species management 

in Niagara.  

9 

J) Is invasive 

species activity 

(in terms of 

distribution and 

abundance) 

increasing? 

7. Do you see a pattern of 

invasive species activity 

increasing, decreasing or 

staying the same? 

Responses were not amenable 

to analysis. 

5 & 9 

 Design of Research Questions C and D, was influenced by Principles 3, 6, 7, and 8. 

Principle 3 stresses considering the impact of management activities on the ecosystem (CBD, 

2000b), leading to consideration of the impact of certain detection and control techniques. For 

example, phragmites grows near standing water and using chemicals as a control could result in 

leaching into the water and polluting it (ONMNRF, 2011), or having negative effects on non-

target species, such as decreasing native species survival or reproduction (ISAC, 2006). Principle 

6 mentions managing ecosystems within their limits (CBD, 2000b). This was important for 

considering detection and control techniques, to make sure these management activities were not 

outside the ecosystem’s limits. For example, it might not be feasible to rely totally on chemical 

control of phragmites because so much chemical would be needed, and it might overwhelm the 

local ecosystem. Detection and control of invasives must be considered at the appropriate spatial 

scale (Principle 7) (CBD, 2000b). This related to Research Question C and D, in that a detection 

area should be defined at a scale that ensures organizations can effectively detect invasives that 

are present (Wisconsin Department of Natural Resources, 2018). Principle 8 was relevant to 
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developing these questions, because it was a reminder that organizations must deal with 

managing ecosystems on a long-term temporal scale (CBD, 2000b), and that invasives are not a 

short-term issue. For example, the longer-term solution of genetic control by sterilizing certain 

members of a population may be more sustainable than the more immediate results gained from 

applying chemicals several times in a season. Similarly, sampling waters for invasives’ DNA 

may make more sense in the long term, rather than walking over each area to visually detect 

invasives.  

 Research Question E deals with the efficacy of control methods. It was influenced and 

justified by Principle 9 that focuses on adaptive management (CBD, 2000b) because 

organizations should assess the efficacy of their management efforts to modify their actions as 

needed based on the success or failure of previous actions. Research Question F regarding the 

specific location of control sites also relates to Principle 7 that deals with the importance of 

spatial scale in ecosystem management (CBD, 2000b). Mapping existing control efforts shows 

the gaps where control is lacking in relation to the watershed as a whole, and where they need to 

be addressed in the future. 

 Research Question G asks about collaboration and Principles 2, 3, and 12 played a part in 

its inclusion. Principle 2 states that all stakeholders should be included, and local interests should 

be balanced with wider public interests (CBD, 2000b). Principle 3 introduces the effects of 

environmental activities on other ecosystems (CBD, 2000b), and this can be developed through 

collaboration with other levels of government or groups like Ducks Unlimited Canada and others 

in the study population that have wider geographic interests. Principle 12 led to inclusion of 

collaboration questions because it is a clear statement of the importance of collaboration among 

all relevant sectors of society and scientific disciplines (CBD, 2000b).  

 Inclusion of Research Question H dealt with Principle 4 about the benefits of monetizing 

environmental costs and benefits (CBD, 2000b), using the logic that society may have a better 

understanding of the value of its ecosystems and their management if there is an associated price 

tag. Question H aimed to provide some of the data needed for cost analyses related to Principle 4 

by asking Niagara invasive managers to put a dollar value on invasive management activities. 

Inclusion of Research Question I, concerning barriers to more effective invasive management, 
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was motivated, in part, by Principle 9’s recognition of the value of adaptive management and the 

need for recognition of problems so they can be analyzed and solved (CBD, 2000b). 

 Research Question J was about increasing or decreasing invasive activity in terms of 

distribution and abundance and related to Principle 9 which highlights the role of change like the 

spread of invasive species and climate change in affecting ecosystems and their management. 

Climate change may be altering invasive species activity (Ziska et al., 2011) and it was hoped 

that this question may help elucidate that. Question J was also guided by Principle 5 that 

recognizes the importance of the dynamic relationships between and among species and 

environments, as well as physical and chemical interactions. Invasive species activity could 

change depending on interactions with other species, like predation, competition, hybridization 

or reproductive interference (ISAC, 2006). All of these interactions are important factors in 

invasive species management, and the question of a growing or decreasing invasive presence.    

The questionnaire design was guided by Oishi’s (2011) recommendations including: only 

putting one issue in each question, neutral phrasing of questions, and when making closed-ended 

questions, providing exhaustive mutually exclusive options. The choice of open versus closed-

ended questions on the questionnaire was determined by many factors. Closed-ended questions 

included Questions i, 1a, 2, 3a, 3b, 3c, 4a, 4c, 5a, 5b, 6a, and 7. These questions were closed-

ended because it made it easier to quantify the data, and respondents were more likely to answer 

the question because it required less effort (Vinten, 1995). Specifically Question 3b about control 

techniques and 3c about control efficacy were closed-ended because this information would be 

mapped and included in the database; and using closed-ended questions reduced the storage size 

of the map and database, improving the performance and efficiency (Microsoft, 2014) of each.  

Questions 1b, 4b, 4d, and 6b were open-ended because the purpose of some of these 

questions was to provide insights; there was an undefined number of possible answers; answers 

from open-ended questions would be meaningful because expert opinion was being used 

(invasive species management professionals); and it was possible to thoroughly analyze answers 

because there was as limited management population (Vinten, 1995). 
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2.7 Pre-test Questionnaire 

Pre-testing was used to refine the questionnaire (Oishi, 2011). Three people were asked 

the draft questions to determine how long it took to administer the entire questionnaire, and to 

solicit feedback on individual phrasing, so as to best obtain the desired responses and data from 

participants. The three people who were asked the draft questions were Marcie Jacklin, a retired 

librarian with environmental background, Alison Waller, a committee member, and Tim Brown, 

a family member.  

2.8 Identify Study Area 

The study area was chosen based on an area that had an appropriate scale and clear 

boundaries. Ecosystem Approach Principle 7 referring to the appropriate scale, influenced 

selection of the Niagara Region as the study area. When dealing with water issues, the most 

appropriate scale is generally at the watershed level (Nowak, Norma, & Mulla, 2006). The 

political boundaries of the Niagara Region include almost all of the Niagara watershed, so to 

establish clear and defined boundaries for the study, the Niagara Region boundaries were chosen 

as the study’s geographic boundaries (Figure 1). For administrative reasons, only the Canadian 

side of the Niagara watershed was included in this study. The Niagara Region included Lake Erie 

and Lake Ontario, their shorelines, and the Canadian side of the Niagara River (Niagara Falls 

Tourism, 2018).  

2.9 Contact Organizations 

 Organizations identified as part of the survey population were contacted to participate 

and informed of benefits and risks of the study, so they could make an informed decision for 

whether to participate. Organizations were then contacted by phone or email (Appendix E) to 

introduce the study and screen them for eligibility. Organizations were informed of the study’s 

benefits, how the data would be used, potential risks and that participation was voluntary, as 

included in the invitation letter submitted to REB. Once they agreed to participate they were sent 

an email including the letter of invitation (Appendix E) and a request to schedule an interview.  
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2.10 Conduct Interviews 

In-person and phone interviews were conducted using best interview practices. 

Interviews took up to 45 minutes and were conducted in person or by phone. In-person 

interviews were preferred because it allowed for people to use a stylus to precisely pinpoint 

invasive management locations using Collector for ArcGIS, a mobile data collection app. This 

avoided potential inaccuracies of the researcher attempting to place a specific geographic 

location based on a verbal description. Colombotos (1969) reports that in-person interviews are 

better than phone interviews for complex topics. In-person interviews also provide face-to-face 

contact to notice confusion and allow for clarification (Kirsch & Brandt, 2002). A problem with 

in-person interviews might have been social desirability bias, where people answered to make 

themselves look good, compared with more impersonal telephone interviews. Kirsch and Brandt 

(2002) and Zhang, Kuchinke, Woud, Velten and Margraf (2017) suggest that there is no 

consistency in any method. Therefore, the combination of phone and in-person interviews was 

considered to have a negligible effect in this study. Basic interview practices were followed as 

set out by Oishi (2011). Interviews were conducted in a personable, professional and 

conversational manner, and the questioner’s tone was neutral. Questions were read from the 

questionnaire to keep phrasing consistent, and probes and prompts were used to clarify 

responses. 

Participants did not remain anonymous because interviews were done in person, and 

respondents were not promised confidentiality because the identity and responses of respondent 

organizations were intended for inclusion on a public database. Respondents, of course, always 

had the option to not answer specific questions.    

2.11 Analyze Data 

 Not much data analysis was done due to the small number of respondents who were 

actually controlling invasives in the Niagara Region. Nominal data identifying controlled 

invasive species and controlled techniques were collected and tabulated for analysis and 

inclusion in the database (Table 5). Nominal data from responses about invasive priorities were 

pooled, and number of organizations controlling aquatic and riparian invasives were summed for 

use in the discussion. The interval data on costs and man-hours were summed to form a baseline 
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for the Niagara Region and use in the discussion. Because the number of respondents managing 

invasive species was so small (n=16), no meaningful statistical analyses could be carried out on 

the interval data collected about control technique efficacy. Control efficacy ratings were a self-

reported measure to get at how effective a control was at eradicating an invasive. Respondents 

were asked to choose whether a control got rid of 0-25%, 25-50%, 50-75%, 75-100%, or 

unknown amount of the invasive in the area they applied the control. An overall control efficacy 

rating was taken for all control efforts reported for the Niagara Region. As well, control efficacy 

ratings were averaged for each organization to examine a possible relationship between an 

organization’s average control efficacy and their coordination efforts.  

 Responses to the open-ended question about barriers were analyzed for common themes 

based on verbatim notes. As a first step, the verbatim notes were entered in Microsoft Excel, and 

word frequency counts were performed, but frequency counts did not display any obvious 

thematic patterns. The second step was to review the barrier responses looking for themes 

previously identified by the literature such as lack of resources (financial and human), lack of 

information, and aversion to herbicide use. The third step in analyzing the barrier responses was 

to review the responses again looking for themes or ideas not mentioned in the literature.  

 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 invasives. From this, interviewed organizations were selected to form a 

subnetwork. The degree or number of interactions each node (organization) had with other nodes 

(organizations) was recorded. Collaboration on invasive species management projects were 

described. The number of groups coordinating and the number of groups sharing information 

were summed. To document the extent of current collaboration in terms of information sharing, 

information sharing was broken down by who they shared information with and the type of 

information shared. 

Some issues arose outside of specifically answering questions on the questionnaire. For 

example, for three participants, the idea of invasive detection dogs as a detection technique was 

brought up and their reactions were recorded.  
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2.12 Construct the Database and ArcGIS Online Map  

To address objective #3, a database and GIS map app were constructed as a tool to aid in 

information dissemination and collaboration. Prior to administrating the questionnaire, a 

database structure was developed to ensure that all of the relevant data would be collected. First, 

the question “What is this database going to do?” was asked. In this case, the database would 

allow users to easily learn who was doing what about aquatic and riparian invasive species in the 

Niagara Region; where they were doing it; and how successful their efforts were. Then, who was 

going to use the database had to be determined. Potential users were not limited to government, 

non-governmental, and educational organizations. A user could be anyone interested in learning 

about controlling invasives and who might be able to help with information and/or resources. 

Users could be of any level of computer sophistication, from experienced professional database 

users to private individuals with virtually no computer expertise. People who do not know how 

to create databases with Access can still open the Access database file and view the data. Those 

without computer expertise could use the map. Next, the information to be stored within the 

database was chosen as the following: invasive species, detection and control techniques, control 

location, control efficacy, organization involved, and organizational contact information.  

 Subsequently, the relationships among the information components were displayed in a 

diagram with boxes representing each table and its fields (Figure 4). The fields display as 

columns in the tables. For each table, parameters were assigned for each field, including type of 

data in the field, and length (number of characters). Each field/column has rows called records. 

For example, in the Invasives table [labelled “Inv”] there is a field/column for common names 

[labelled “CommName”], with one of its rows/records named “phragmites” (Figure 5).  
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Figure 4. Relationships between tables in the Microsoft Access database. Each box represents a 

table, and its fields. Primary key is indicated with the key symbol. Plain lines indicate one-to-one 

relationships, while one to infinity lines indicate one-to-many relationships.  

 

Figure 5. Invasive table in the database, showing the record displayed for an invasive species 

like phragmites, which includes the common and scientific name. 

 Tables were linked using shared fields. For example, the table “Control” had a field for 

invasives [labelled InvC] that contained the same data entries as the field “Inv” in the Invasives 

table, so the two tables could be linked (Figure 6). This linking was done with “joins” that use 

primary keys generated by the Access software. Once the tables were linked, a query structure 

was set up that allows searches to be made that can access any of the tables in the database 

(Figure 7). Users could search for an invasive by its common name, scientific name, 

organization, control techniques, detection techniques, location of control, or control efficacy. 

Searches could be done by typing in search terms or using the “find” button, and filters that sort 
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the data in ascending or descending order. For an example, refer to the search results for 

common buckthorn in Figure 7. 

 

Figure 6. Control table in the database showing the records for phragmites. Note that “InvC” 

refers to the invasive’s common name.  

 

Figure 7. Query example in Microsoft Access. This shows the database can be searched by any 

field including: invasive species, control technique, detection technique, and organization. Here, 

common buckthorn was searched to find out what detection and control techniques were being 

used by which organizations to manage it.  

 

 To make the invasive control sites map, ArcGIS software was used (e.g., ArcMap 10.6.1, 

ArcGIS Online, and Collector for ArcGIS). In order to display the invasive control sites as points 

on the map, a geodatabase feature class defining those points had to be made using ArcMap. 

That feature class was shared as a service onto ArcGIS Online, which could be downloaded onto 

Collector. Collector was the platform to collect the point data locating control sites during 

interviews, and these data were synched with a corresponding feature class in ArcGIS Online. 

ArcGIS Online was then used to develop the final Web App Map that will be available to users 

online.  

 For the invasive control sites, a point feature class was made in ArcMap that specified 

only points could be plotted, not polygons or lines. The default coordinate system of WGS 1984 

Web Mercator (Auxillary Sphere) was used for the map because there was no need to change it, 

as it retained the shape of features (Shellito, 2014) like the water bodies. This would allow 

organizations to precisely indicate where invasive control projects were occurring within and 

around water bodies, so that others could accurately see where invasive control was occurring in 

the Region. Within the point feature class, fields were formed for invasive species, control site, 
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type of control, control description, control efficacy, and organization contact information. Data 

attributes could then be entered for each field, including text, length of field, and number of 

characters.  

 The data type was text for all fields and, according to good practices in database design 

(Esri, 2017), the length of field was minimized to make the feature class more efficient and better 

able to perform on ArcGIS software (Microsoft, 2014). These fields specify information that can 

be inputted into forms using Collector. The feature class was then added as a layer to the map. 

For faster and more accurate data entry, and to maintain data consistency, domains were made 

within the geodatabase that contained specified lists of invasive species, control type and control 

efficacy (Esri, 2018). This avoided typographical errors or inconsistent spellings (e.g., Round 

goby, round Goby, Round_goby, Roundgoby, etc.) and allowed entries such as Round Goby to 

be recalled and shared by ArcGIS software in queries, filters and other tools. To make the 

domains, the defined list of possible data entry options was entered as coded values and this 

information was repeated in the description. This created a drop-down menu of possible options 

for a field. The domains were then associated with their appropriate fields under field properties.  

 The feature class was saved as a .mxd file so it could be uploaded to ArcGIS Online, 

which served as an intermediary platform to upload and synch maps from different Esri software 

products. Before sharing the feature class as a service on ArcGIS Online, the geographic extent 

of the feature service was selected and a standard Esri topographical basemap of the Niagara area 

was chosen. Using an ArcGIS Online account on ArcMap, the feature service was published, and 

the map was uploaded to ArcGIS Online from where it could be downloaded to Collector for use 

in the field. 

 Collector is an Esri software program to collect spatial data in the field, that easily 

integrates with the suite of ArcGIS software. Collector can ease the data collection process by 

entering data into forms (Esri, 2018). Collector plots spatial data and at the same time allows the 

aspatial data (data not directly tied to a geographic location) (Shellito, 2014) to be entered into 

forms, instead of separately entering aspatial data in a table and uploading this into ArcMap, and 

then uploading GPS points into ArcMap and linking the aspatial data with the spatial data. The 

form is a derivative of the feature class from ArcGIS Online. This was set up, so an invasive 

species control location could be plotted on Collector, then Collector displayed a form to enter 
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information on the invasive, its control, control efficacy, and organizational contact. The 

domains made in ArcMap mean these fields have drop-down menus to choose an option for a 

field. Collector also provides offline use (Esri, 2017). 

 This map was made available for offline use, so that invasive control locations could be 

directly plotted on the map during an interview, even if the computer lacked an internet 

connection (Esri, 2018). After each interview, the map on Collector was synched with its 

corresponding map on ArcGIS Online. 

 After the interviews were completed, the feature class service on ArcGIS Online was 

transformed into an ArcGIS Online Web App, to make the map more targeted and accessible for 

a general audience. A web app provides more limited tools, analyses and other functions than the 

full online map service (Esri, 2018). This web app allows users to see where invasive species are 

being controlled and provides a pop-up box with information on controls, control efficacy and 

organizational contacts (Figure 8). 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. 
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Figure 8. Screenshots of map and pop-up box. The map shows where aquatic and riparian 

invasive species are being controlled in the Niagara Region, Ontario, Canada. 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.  

 To make the Web App, a “Filter” widget was made with expressions for invasive species, 

control type, control efficacy, and organization. Users filter the map by picking their filter 

criterion from a drop-down menu which is derived from the domains set up in ArcMap (Figure 

9). An “About” filter was also created to provide information on what the map shows, how to get 

started, how to use the map and the key for the field names used in the pop-up box. For more 

sophisticated users, metadata were added to the Web App, as dictated by good database and 

mapping practices (Holcombe & Stohlgren, 2010). A summary of the author credits, map 

description and tags were added, as well as contact and citation information, creation date and 

definitions. The end result was an accessible interactive map that could be filtered by a wide 

range of users. 
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Figure 9. Illustrates how the filter for the Web App works. Users can filter the map’s invasive 

control locations by invasive species, control type, control percent effectiveness or organization. 

The open-access database and map will be published online on the Brock University 

United Nations Educational, Scientific and Cultural Organization (UNESCO) chair website after 

the defence. For now, the map can be found at http://arcg.is/1LzHHO. The database can be found 

in a separate file called “Brock_Brown_Lyn_2019_Access_Database”, and for those who do not 

have Access, an Excel version of the database is in a separate file called 

“Brock_Brown_Lyn_2019_Excel_Database”. Three videos introducing the database and map are 

found in separate files called “Brock_Brown_Lyn_2019_Getting_Started_Access_Database”, 

“Brock_Brown_Lyn_2019_Getting_Started_Excel_Database”, and 

“Brock_Brown_Lyn_2019_Getting_Started_Map”. Finally, for users to find out more 

information, a resource list to be posted on the UNESCO website can be found in a separate pdf 

file called “Brock_Brown_Lyn_2019_Resource_List_For_Website”. This database might be 

maintained by future SSAS students or the UNESCO Chair communication agent.  

3.0 RESULTS 

3.1 Groups Working on Aquatic and Riparian Invasives in the Niagara Region 

Seventy-one groups were contacted, but 55 did not meet the inclusion criteria of detecting 

or controlling aquatic or riparian invasives in the Niagara Region in 2017/2018, so were not 

interviewed (Appendix F). Of the 16 interviewed (Appendix G), eight only detected invasives, 

and eight detected and controlled invasives. That meant only 11% of the potential interview 

population was doing field work to control invasives. Organizations who only detected invasives 

http://arcg.is/1LzHHO
https://www.dropbox.com/s/4k2ra7jot4gcg8o/Brock_Brown_Lyn_2019_Access_Database.accdb?dl=0
https://www.dropbox.com/s/buobz2hupmzl6jf/Brock_Brown_Lyn_2019_Excel_Database.xlsx?dl=0
https://www.dropbox.com/s/jtvjrszp2n0ta69/Brock_Brown_Lyn_2019_Getting_Started_Video_Access_Database.mp4?dl=0
https://www.dropbox.com/s/npkz3zpu7h3s635/Brock_Brown_Lyn_2019_Getting_Started_Video_Excel_Database.mp4?dl=0
https://www.dropbox.com/s/2wycu9uzr8u5xw3/Brock_Brown_Lyn_2019_Getting_Started_Video_GIS_Map.mp4?dl=0
https://www.dropbox.com/s/t9y0yy3dczlfech/Brock_Brown_Lyn_2019_Resource_List_For_Website.pdf?dl=0
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might have done so because of a lack of invasive populations to control, a lack of resources to 

control them, or control was not their priority/primary mission. 

In terms of riparian invasives, the groups controlling the most riparian invasives were: 

NPC (n = 10 invasives), Friends of Malcolmson Eco-Park (FOMEP) (n = 3), only one invasive 

species for: Hamilton Naturalists’ Club (HNC), Canadian Food Inspection Agency (CFIA), 

Niagara College, Town of Niagara-On-The-Lake Irrigation Committee (NOTL Irrigation 

Committee), and NPCA. Only four of the 16 interviewed groups dealt with aquatic invasives: 

Department of Fisheries and Oceans Canada Sea Lamprey Control Centre (DFO-SL), 

Department of Fisheries and Oceans Canada Great Lakes Laboratory of Fisheries and Aquatic 

Sciences (DFO-AC), ONMNRF, and OFAH. The DFO was the only group proactively detecting 

invasives and they only focused on Asian carp and sea lamprey, neither of which were present in 

Niagara. Ontario Power Generation (OPG) was the only organization controlling any aquatic 

invasives in the Niagara Region in the past year. They were controlling two species: quagga and 

zebra mussels. 

There was limited municipal invasive species management. Niagara-On-The-Lake was 

the only municipality undergoing some sort of invasive management efforts (limited mowing of 

some scattered patches of phragmites). As well, there was a lack of invasive species management 

efforts done by the education sector. None of the Niagara school boards were participating in 

invasive species management efforts, and neither was Brock University (personal 

communication, 2018). Only Niagara College did limited intermittent control of phragmites in a 

couple of patches for teaching purposes. 

Based on unsolicited comments from at least ten organizations, there appeared to be a 

difference in who other organizations assumed was managing invasives in the Niagara Region 

compared to reality, and an overestimate of how much invasive management was being done 

regarding aquatic and riparian invasives. People from at least seven organizations made 

unsolicited comments that they thought the NPCA was managing invasives in the Niagara 

Region. For example, NPC indicated they believed the NPCA was monitoring aquatic invasives 

(personal communication, C. Burant, NPC Project Manager, Forest Health, October 31, 2018), 

but the study results showed that in 2017-2018, the NPCA did almost nothing (one small area of 

purple loosestrife (Lythrum salicaria) hand-pulled at the St. Johns Conservation Area). People 
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from at least three organizations made unsolicited comments that they thought the ONMNRF 

was managing invasives in the Niagara Region (personal communication, 2018), but the data 

showed that the ONMNRF was not controlling any aquatic or riparian invasives in Niagara in 

2017/2018. 

According to Becky Cudmore, Senior Science Advisor on aquatic invasive species and 

the Manager for DFO’s CEARA, “For addressing aquatic invasive species in the Great Lakes, 

DFO is currently funded to address Asian carps. Currently, ONMNRF addresses aquatic plants, 

and most invertebrate arrivals are mitigated through Transport Canada’s Ballast Water 

Regulations. The national Aquatic Invasive Species Regulations address AIS [Aquatic Invasive 

Species] in Canada in terms of import and spread” (personal communication, B. Cudmore, 

December 10, 2018). 

3.2 Priority Invasives for Organizations in Niagara Region 

 The majority of invasives being detected or controlled were riparian plants (24), followed 

by fish (6), aquatic invertebrates and riparian insects (3) (Table 6). When asked about top 

priority invasives, the typical response was that the priority invasives were the same ones as 

those being controlled. The exception to this was that the DFO prioritized sea lamprey and Asian 

carp, even though no control was occurring in Niagara.  

 

Table 6 

Aquatic and Riparian Invasive Species Recorded in This Study that are being Detected versus 

Controlled in the Niagara Region, Ontario, Canada in 2017/2018 

Type of Invasive 

(Aquatic/Riparian) 

Taxa group  Invasive Species Detected  Controlled  

Aquatic Fish Asian Carp (Ctenopharyngodon idella) Y N 

Aquatic Invertebrate Chinese Mystery Snail (Cipangopaludina chinensis) Y N 

Aquatic Plant Eurasian Watermilfoil (Myriophyllum spicatum) Y N 

Aquatic Fish Goldfish (Carassius auratus) Y N 

Aquatic Fish Koi (Cyprinus Carpio) Y N 

Aquatic Bird Mute Swan (Cygnus olor) Y N 

Aquatic Invertebrate Quagga Mussel (Dreissena rostriformis bugensis) Y Y 

Aquatic Reptile Red-Eared Slider (Trachemys scripta elegans) Y N 

Aquatic Fish Round Goby (Neogobius melanostomus)  Y N 

Aquatic Fish Rudd (Scardinius erythrophthalmus) Y N 

Aquatic Fish Sea Lamprey (Petromyzon marinus) Y N 

Aquatic Plant Water Soldier (Stratiotes aloides) Y N 

Aquatic Invertebrate Zebra Mussel (Dreissena polymorpha) Y Y 

Riparian Insect Asian Longhorned Beetle (Anoplophora glabripennis) Y N 

Riparian Plant Burdock (Arctium minus) Y N 
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Riparian Plant Common Buckthorn (Rhamnus cathartica) Y Y 

Riparian Plant Common Knapweed (Centaurea nigra) Y N 

Riparian Plant Common Mullein (Verbascum thapsus) Y N 

Riparian Plant Common Teasel (Dipsacus fullonum L.) Y N 

Riparian Plant Common Toadflax (Linaria vulgaris) Y N 

Riparian Plant Creeping Jenny (Lysimachia nummularia) Y N 

Riparian Plant Crown Vetch (Securigera varia (L.) Lassen) Y N 

Riparian Plant Curled Dock (Rumex crispus) Y N 

Riparian Plant Dog-strangling Vine (Cynanchum rossicum) Y Y 

Riparian Insect Emerald Ash Borer (Agrilus planipennis) Y Y 

Riparian Plant Garlic Mustard (Alliaria petiolata) Y Y 

Riparian Plant Glossy Buckthorn (Rhamnus frangula) Y N 

Riparian Insect Hemlock Wooly Adelgid (Adelges tsugae) Y Y 

Riparian Plant High Bush Cranberry (Viburnum trilobum) Y N 

Riparian Plant Manitoba Maple (Acer negundo) Y N 

Riparian Disease Oak Wilt (Ceratocystis fagacearum) Y N 

Riparian Plant Oriental Bittersweet (Celastrus orbiculatus Thunb.) Y Y 

Riparian Plant Phragmites (Phragmites australis subsp. australis) Y Y 

Riparian Plant Purple Loosestrife (Lythrum salicaria) Y Y 

Riparian Plant Reed Sweet Grass (Glyceria maxima) Y N 

Riparian Plant Staghorn Sumac (Rhus typhina) Y N 

Riparian Plant Tartarian Honeysuckle (Lonicera tatarica) Y Y 

Riparian Plant Tree of Heaven (Ailanthus altissima) Y Y 

Riparian Plant White Poplar (Populus alba) Y N 

Riparian Insect Woodwasp (Sirex noctilio) Y N 

Note. In the Niagara Region in 2017/2018, 40 aquatic/riparian invasive species were detected, 

and 12 of these were controlled.  

3.3 Detection of Invasives in Niagara Region 

Twelve organizations used visual surveys to detect riparian and aquatic invasives (Figure 

10). Other detection methods included electrofishing used by three organizations (DFO-AC, 

DFO-SL, and ONMNRF), EDDMapS used by two organizations (DFO-SL and OFAH), and 

traps used by two organizations (insect traps by CFIA and fish traps by DFO-AC). Remaining 

detection techniques were used by one organization (nets were used by DFO-AC, chemicals 

were used by DFO-SL, structured sampling was used by CFIA, and fishermen observations were 

used by DFO-SL). Of particular note is that the CFIA was starting to use Unmanned Aerial 

Vehicles (UAVs). The idea of invasive detection dogs casually came up with three participants 

outside of the formal interview question and answer period, and all of them responded in a 

positive manner. Note that only three participants opinions were received about detection dogs 

due to the timing of the interview. 
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Figure 10. Frequency of reported detection techniques by organizations in the Niagara Region, 

Ontario, Canada for aquatic and riparian invasive species in 2017/2018. Note. Electrofishing 

includes backpack or boat electrofishing. EDDMapS includes direct reporting to EDDMapS and 

indirect reporting through the Invading Species Hotline. Traps include light traps and insect 

traps. Nets include trammel, fyke, seine, trap, hoop, trawl, and bongo nets. The chemical used 

here was granular bayluscide. Structured sampling includes ball, branch, and grid sampling. 

3.4 Control Activities of Invasives in Niagara Region 

Thirty-five separate control efforts were reported (see ArcGIS Online map). Of the 40 

riparian/aquatic invasives detected in the Niagara Region in 2017/2018, only 12 were controlled 

by at least one organization at one site (Table 6 and ArcGIS Online map). This meant 30% of the 

detected invasives in 2017/2018 were controlled. Three organizations controlled phragmites. 

Common buckthorn (Rhamnus cathartica) was also controlled by three organizations. Tartarian 

honeysuckle (Lonicera tatarica) was controlled by two organizations, as was purple loosestrife 

and hemlock wooly adelgid (Adelges tsugae) (Figure 11).  
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Figure 11. Number of organizations who controlled each riparian and aquatic invasive species in 

the Niagara Region, Ontario, Canada in 2017/2018. 

Across the organizations, the only types of control employed were chemical and/or 

physical. Six organizations were using physical control, while four organizations were using 

chemical control in the Niagara Region (Figure 12). Phragmites, quagga mussel, and zebra 

mussel were the only invasive species where more than one type of control was being applied 

(chemical and physical) (Table 7). For phragmites, combined chemical and physical control 

(glyphosate (Roundup) and mowing) was done by HNC. For quagga and zebra mussel, the 

combined chemical and physical control (chlorine and UV light) was done by OPG at Decew 

Station 2. The nine other invasives being controlled in the Niagara Region were controlled with 

only a single control method. The following invasives were only chemically controlled by their 

respective organizations: common buckthorn (FOMEP, NPC, and OPG used Garlon (Triclopyr 

(3,5,6-Trichloro-2-pyridinyloxyacetic acid)), dog-strangling vine (Cynanchum rossicum) (NPC 

used Roundup) emerald ash borer (Agrilus planipennis) (NPC used a resin), oriental bittersweet 

(Celastrus orbiculatus) (FOMEP used Garlon), Tartarian honeysuckle (FOMEP and NPC used 

Garlon), and tree of heaven (NPC used Garlon). Garlic mustard (Alliaria petiolata) and hemlock 

wooly adelgid were only physically controlled by NPC with hand-pulling and burning 

respectively, while purple loosestrife was physically controlled (hand-pulled) by HNC and NPC. 

As well, even though phragmites was controlled chemically and physically by HNC, NPC only 

chemically controlled it with Roundup (glyphosate) and Niagara College and NOTL Irrigation 

Committee only physically controlled it (hand-pulling and mowing, respectively). At the OPG’s 
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three other Niagara Region locations (Sir Adam Beck 1 station, Sir Adam Beck 2 station, and the 

Pump generating station) quagga and zebra mussel were only chemically controlled (chlorine). 

 

Figure 12. Number of organizations in the Niagara Region, Ontario, Canada who used each type 

of control in 2017/2018. 

Table 7 

Type of Control Used in the Niagara Region, Ontario, Canada for Aquatic and 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 Wooly Adelgid (Adelges tsugae)  X 

Oriental Bittersweet (Celastrus orbiculatus Thunb.) X  

Phragmites (Phragmites australis subsp. australis) X X 

Purple Loosestrife (Lythrum salicaria)  X 

Tartarian Honeysuckle (Lonicera tatarica) X  

Tree of Heaven (Ailanthus altissima) X  

 

3.5 Control Efficacy 

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. For all control efforts 

occurring in the Niagara Region in 2017/2018, the average control efficacy rating was 61.2-

86.2%. Table 8 shows reported control efficacy ratings for aquatic and riparian invasive species 
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control that occurred in the Niagara Region. Phragmites was the only invasive species with more 

than one organization (HNC, Niagara College, and NOTL Irrigation Committee) controlling it, 

and more than one type of control was used (chemical and physical control). Across the 

organizations controlling phragmites, the control rated as the most effective (75-100%) was 

glyphosate and mowing (Table 8).  

Table 8 

Reported Control Efficacy Ratings by Organization for Control of Aquatic and Riparian Invasive 

Species in the Niagara Region, Ontario, Canada 

Invasive Species Efficacy 

Rating 

Control Technique Organization 

Quagga Mussel (Dreissena 

rostriformis bugensis) 

75-100% UV light OPG 

75-100% Continuous chlorine treatment OPG 

Zebra Mussel (Dreissena 

polymorpha) 

75-100% UV light OPG 

75-100% Continuous chlorine treatment OPG 

Common Buckthorn 

(Rhamnus cathartica)  

 

75-100% Cut to stump and treat with 

triclopyr 

NPC 

75-100% Cut to stump and treat with 

triclopyr 

OPG 

Dog-strangling Vine 

(Cynanchum rossicum) 

75-100% Glyphosate NPC 

Garlic Mustard (Alliaria 

petiolata) 

25-50% Hand-pull NPC 

Hemlock Wooly Adelgid 

(Adelges tsugae) 

75-100% Cut and burn hemlock trees NPC 

Phragmites (Phragmites 

australis subsp. australis) 

 

75-100% Glyphosate and mow HNC 

0-25% Physically remove Niagara 

College 

0-25% Outplant with native species Niagara 

College 

0-25% Mow Town of 

NOTL 

Irrigation 

Committee 

Purple Loosestrife (Lythrum 

salicaria) 

75-100% Hand-pull NPCA 

50-75% Hand-pull NPC 

Tartarian Honeysuckle 

(Lonicera tatarica) 

25-50% Cut to stump and treat with 

triclopyr 

NPC 

Tree of Heaven (Ailanthus 

altissima) 

50-75% Cut to stump and treat with 

triclopyr 

NPC 
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Note. Control efficacy ratings were obtained by asking “In the area you applied the 

control/targeted, how much of the invasives did you get rid of? All? ¾? ½? ¼? None? Choose 0-

25%, 25-50%, 50-75%, 75-100%, unknown.” 

3.6 Locations of Control Activities 

Spatially, the most invasives were being controlled along the Niagara Parkway (n = 7 

invasives), with pockets of control also occurring 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 13 or ArcGIS 

Online map). In terms of drainage ditches, limited control along Concession 1 was mentioned. 

Within the Niagara Region, no invasives were controlled along the Welland Canal, Lake Erie or 

Lake Ontario shoreline, or in creeks. The invasive species that were controlled at the most sites 

were common buckthorn (n = 7 sites), phragmites (n = 5), zebra and quagga mussels (n = 4), 

Tartarian honeysuckle (n = 3) (Figure 14 or ArcGIS Online map). 

 

Figure 13. Screenshot of ArcGIS Online Web Map App showing 2017/2018 aquatic and riparian 

invasive species control sites in the Niagara Region, Ontario, Canada.  
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Figure 14. Number of sites aquatic and riparian invasive species were being controlled in the 

Niagara Region, Ontario, Canada in 2017/2018. 

3.7 Collaboration Among Organizations 

Thirty-nine organizations formed a network of invasive species-related collaborative 

activities in the Region (Figure 15). A subnetwork of the interviewed organizations is shown in 

Figure 16. The lines represent collaborative or information sharing efforts for specific invasive 

species that are indicated by the legend. Highlighted organizations represent the organizations 

that were interviewed in-depth. For example, HNC collaborated with NPCA and the Invasive 

Phragmites Control Centre (IPCC) on phragmites. Collaboration efforts were limited to six 

invasive management projects occurring in the Niagara Region: hemlock woody 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 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 ONMNRF; and invasive monitoring 

(NPC, CFIA, and Niagara Nature Clubs (Bert Miller Nature Club, Niagara Falls Nature Club, 

and the Peninsula Field Naturalists) (Appendix H). Niagara College also collaborated with 

partners on various projects, although no specific projects were named. Three organizations 

reported getting outside expert advice on specific projects (HNC, NPC, and NPCA). Ten 

organizations reported some coordination activities in 2017-2018 (Appendix H). The CFIA and 

DFO-SL had eight collaborative interactions surrounding invasives with other organizations in 
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the Region (Figure 17). This was followed by Niagara College with seven collaborative 

interactions, and then NCC, NPC, OFAH, and ONMNRF each having six collaborative 

interactions.  

  

 

 Legend 

 AC  Asian Carp 

 /////////////////////// GM  Garlic Mustard 

 GF Goldfish 

 HWA Hemlock Wooly Adelgid 

 NS Not Specified 

 Phrag Phragmites 

 ============ SL Sea Lamprey 

 

Abbreviation Organization 

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 
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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 

USFWS U.S. Fish and Wildlife Service 

Figure 15. Network of invasive species collaboration efforts in the Niagara Region, Ontario, 

Canada. Nodes represent organizations and edges represent specific invasive species-related 

collaboration efforts. Interviewed organizations are highlighted. Abbreviations for organizations 

are defined in the chart. 
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Figure 16. Subnetwork of interviewed organizations’ invasive species collaboration efforts in the 

Niagara Region, Ontario, Canada. Nodes represent organizations and edges represent specific 

invasive collaboration efforts. Organization abbreviations and legend are in Figure 15.  

 

 

Figure 17. Number of collaborative interactions dealing with invasive species each organization 

in the Niagara Region, Ontario, Canada had with other organizations. Note. Only organizations 

with at least two interactions were included in this graph.   
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There was no overall pattern in the number of organizations coordinated with and 

average organizational control efficacy rating (Table 9). NPC coordinated with the most groups 

(n = 9 groups), and its average organizational control efficacy rating fell in the middle (62.5-

87.5%). In comparison, OPG coordinated with the fewest groups (n = 1 group), but had one of 

the highest organizational control efficacy ratings at 75-100%. Note that there was a discrepancy 

in the number of control efficacy ratings given by each organization to calculate average 

organizational control efficacy. For example, NPC had 14 control efficacy ratings that were used 

to calculate its average organizational control efficacy versus the CFIA only had one control 

efficacy rating to calculate its organizational average. Additionally, HNC, NPCA, OPG, and 

CFIA had an average organizational control efficacy rating of 75-100%, but there was a wide 

range in the number of groups they coordinated with (OPG coordinated with one group versus 

the CFIA coordinated with seven groups). Given the small number of organizations who could 

provide control efficacy ratings (n = 7 organizations), no relationship could be found between 

average organizational control efficacy rating and the number of groups they coordinated with.  

Table 9 

Relating Organizational Coordination Efforts with their Average Control Efficacy Ratings 

Organization # of Groups they are 

Coordinating with 

Average 

Organizational 

Control Efficacy 

Rating  

# of Control 

Efficacy Ratings 

HNC 3 75-100  1 

Niagara College 6 0-25 2 

NPC 9 62.5-87.5 14 

NPCA 3 75-100 1 

OPG 1 75-100 9 

CFIA 7 75-100a 1 

NOTL Irrigation 

Committee 

Unknown 0-25 1 

FOMEP 2 Unknownb 3 

Note. # of control efficacy ratings = the total number of control efficacy ratings given by an 

organization across all of its invasive species control activities. When calculating the # of groups 

they are coordinating with, Niagara Nature Clubs (NNC) counted as three groups because it was 

made of the Bert Miller Nature Club (BMNC), Niagara Falls Nature Club (NFNC), and the 

Peninsula Field Naturalists (PFN). a The control efficacy rating by the CFIA is also counted once 

by NPC because it was a joint project, where NPC carried out the control work. bFOMEP does 

not have any control efficacy ratings because control is being carried out 2018-2020.  
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All organizations reported that they shared information, although the amount and types of 

information shared was limited. Twelve organizations shared information with 32 cited partners. 

The information was about scientific findings, monitoring, funding, projects, advice, 

certifications, and scheduling (Appendix H). No information sharing was mentioned dealing with 

planning or decision-making specifically, although information sharing on shared projects might 

encompass this. Seven organizations shared information with the public through the Invading 

Species Awareness website, reports/publications, or workshops. There was an apparent lack of 

information sharing with the education sector; only one organization shared information at a 

research conference. Lastly, two organizations made their information available upon request.  

3.8 Control Costs of Invasives in Niagara Region 

 The total number of annual man-hours spent on controlling aquatic and riparian invasives 

in the Niagara Region was estimated at $4,570 man-hours/year (n = 7 organizations). The total 

direct expenses spent on controlling these invasives in Niagara was $1,216,718/year (n = 7 

organizations). Costs were primarily due to the cost of chemicals, mowing, installation of control 

treatment infrastructure, and labour.  

3.9 Barriers to Invasive Species Management 

 Five organizations mentioned lack of funding as a barrier that prevented them from 

managing invasives. 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 (Figure 18). However, five organizations said there were no 

barriers preventing invasive species management. Of the seven organizations that mentioned an 

invasive they would like to manage, but could not because of barriers, the most common 

invasive mentioned was phragmites (4), followed by zebra mussel (2) (Figure 19).  
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Figure 18. Frequency that organizations named barriers preventing them from managing aquatic 

and riparian invasive species.  

 

 

Figure 19. Frequency that organizations named aquatic and riparian invasives that they wanted 

to manage, but there were barriers preventing them from managing them.  

3.10 Invasive Species Activity Pattern 

 Organizations provided mixed responses in the trends for invasive species activity, in 

terms of distribution and abundance. Overall, more participants reported that invasive species 

activity was increasing (n = 8 organizations) than decreasing (n = 3) (Figure 20). Five stated that 

invasive activity remained the same. Note that answers from this question were not truly 

comparable because some respondents answered for overall invasive activity versus specific 

invasive activity (e.g., NPC answered that overall invasive activity was increasing versus HNC 

answered that phragmites activity was increasing). 
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Figure 20. Frequency that organizations reported invasive species activity in terms of 

distribution and abundance as increasing, staying the same, or decreasing.  

 The data were successfully integrated into a database using Microsoft Access as 

described (Link to download Access database files or see Appendix J for an Excel version and 

links to introductory videos). Figure 21 shows how the invasive species query appears in the 

database, displaying the invasive species, its scientific name, detection and control techniques, 

control site, control efficacy, organization, and organizational contact information. The map was 

successfully produced into a Web App as described in the methods (Link to view ArcGIS Online 

map). The map 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 22).  

 

Figure 21. Screenshot of the database’s invasive species query. This query provides information 

on the invasive species’ scientific name, detection techniques in the Niagara Region, additional 

comments on detection, site where the invasive is being controlled, the type of control applied 

and a description of it, control efficacy rating, organization, and organizational contact.  
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https://www.dropbox.com/s/4k2ra7jot4gcg8o/Brock_Brown_Lyn_2019_Access_Database.accdb?dl=0
https://www.dropbox.com/s/buobz2hupmzl6jf/Brock_Brown_Lyn_2019_Excel_Database.xlsx?dl=0
https://www.dropbox.com/sh/y1bswwdxbgygd9i/AADhV35eD7ZSQ5X8tN2PodNRa?dl=0
http://arcg.is/1LzHHO
http://arcg.is/1LzHHO
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Figure 22. Screenshot of a close-up of aquatic and riparian invasive species control sites along 

the Niagara River, and the pop-up box that appears if a control site point is clicked on. 
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4.0 DISCUSSION 

Overall this study met the goal of determining the current state of aquatic and riparian 

invasive species detection and control activities in the Niagara Region of Ontario, Canada, and 

developed a usable tool for aquatic and riparian invasive species management that could 

facilitate collaboration at the regional level. The most striking findings were the limited invasive 

species work occurring in the Niagara Region. Of the invasive species management activities 

that were examined, prevention and awareness activities were not included, although they are 

critical activities that help fight invasives (ONMNRF, 2016). Of the 40 riparian/aquatic invasives 

detected in the Niagara Region in 2017/2018, only 12 were controlled. Visual surveys dominated 

as the detection method for invasives in the Region, and the only control types employed were 

chemical and/or physical. There also seemed to be a general assumption that the NPCA and 

ONMNRF were managing invasives in the Region.  

4.1 Objective 1 - Inventory of Invasive Species Management Initiatives in the Region 

 The first objective of this study was to inventory the current invasive detection and 

control activities in the Niagara Region and make comparisons to the recommended detection 

and control techniques in the literature. As previously listed in the introduction, 51 aquatic and 

riparian invasives are likely to be found in the Niagara Region because they have been reported 

here by EDDMapS or the NPC in the last 10 years. In 2017/2018, 40 of the 51 riparian/aquatic 

invasives were detected in the Niagara Region. The top invasives being controlled in the Region 

were phragmites, common buckthorn, Tartarian honeysuckle, and purple loosestrife. In 

comparison, the Compendium of Invasive Plant Management in Ontario (OIPC, 2012), reports 

garlic mustard, buckthorn species, dog-strangling vine (Cynanchum rossicum), and giant 

hogweed (Heracleum mantegazzianum) as the top invasives controlled provincially.  

There was a general assumption that the NPCA was doing invasive work in its 41 

conservation areas and watershed totalling 7,091 acres (NPCA, 2018b). The NPCA did one six-

hour invasive control project in the St. Johns Conservation Area. The Conservation Authorities 

Act (1990) has no explicit reference mandating conservation authorities to address invasive 

species (Smith, Bazely, & Yan, 2014).  
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The ONMNRF was another group that other organizations assumed was doing more 

work than in reality. Only 11% of the potential population of participants was doing any field 

work to control riparian invasives in 2017/2018. Only the OPG controlled aquatic invasives in 

the Niagara Region in 2017/2018. The ONMNRF has a responsibility to deal with invasives, 

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 (2017). 

Based on the Senior Science Advisor on aquatic invasive species and the Manager for 

DFO’s CEARA’s statement about how aquatic invasive species work is divided up, ONMNRF 

should address aquatic invasive plants (personal communication, B. Cudmore, December 10, 

2018). However, ONMNRF has not been doing any invasive species control work in the past 

year in the Niagara Region. In the 2015/2016 Environmental Commissioner of Ontario (ECO) 

annual report, ECO assessed Ontario’s invasive species management from 2012-2016 throughout 

the province including that by the ONMNRF. Overall, ECO (2016, p. 29) stated that “There is 

little indication that the Ontario government is taking concrete actions to prevent the introduction 

of invaders, detect them early on in an invasion, or manage and monitor species that are already 

doing damage.” In terms of management activities, the 2015/2016 ECO report did not mention 

ONMNRF performing any invasive control activities in the Niagara Region. Two eradication 

projects were undertaken by ONMNRF from 2012-2016 on water soldier (Stratiotes aloides) and 

water chestnut (Trapa natans), but neither of these were in the Niagara Region (ECO, 2016). As 

of 2009, Credit Valley Conservation (CVC) (2011) noted that the ONMNRF has not been 

regionally coordinating invasive species management in Ontario. ECO (2016, p. 35) concluded 

that the ONMNRF’s commitments to invasive species management “do not reflect the necessary 

urgency to address the sheer scale and scope of the problems”.   

Cudmore also mentioned that Transport Canada has ballast water regulations to minimize 

the risk of aquatic invasive species introductions (personal communication, B. Cudmore, 

December 10, 2018). Under the Shipping Act (2011) to minimize aquatic invasive species 

introductions, ships must do one of the following with their ballast water: 1) a mid-ocean ballast 

water exchange 200 nautical miles from shore, 2) treat it, 3) release it with the sediment in a 

reception facility, or 4) keep it on board in Canadian waters. Vessels also must undergo a ballast 

water inspection, when they enter Canadian waters. However, according to the St. Lawrence 
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Seaway Management Corporation, who carries out these ballast water inspections, no ballast 

water management (inspections, treatment, ballast water exchange) occurs in the Niagara 

Region. Instead Niagara derives benefits from ballast water management that occurs in Montreal, 

or earlier in the St. Lawrence-Great Lakes Seaway. Furthermore, ballast water inspections do not 

involve directly looking for aquatic invasives, instead they measure salinity, and assume that if 

salinity is at a high enough level than that will kill the aquatic invasives (personal 

communication, representative at St. Lawrence Seaway Management Corporation, December 11, 

2018).  

Two local environmental clubs FOMEP and HNC were controlling some riparian 

invasives. This shows how groups do not have to be large to control invasives. Small projects 

can be undertaken by citizens, as volunteers, but it is the sum of these “small” projects that 

makes a difference in fighting invasives.  

Surprisingly, municipalities were doing relatively little to nothing about invasives. The 

only municipality doing anything was Niagara-On-The-Lake with limited control of phragmites. 

However, in November 2018, the Niagara-On-The-Lake Town Superintendent of Environmental 

Services, Brett Ruck said “There is no Town program to control phragmites. Work conducted to 

date, including cutting has been done as maintenance requirements or as testing on the plant. 

There is no money budgeted for 2019 [towards phragmites control]” (Coles, 2018, p. 9).  

As well school boards and schools were not involved with invasives. For Brock 

University, the only mention of invasive species in their Environmental Sustainability Plan 2018 

is that “Plant species are chosen with native species as a first priority and only non-invasive non-

native species are chosen.” The only educational group doing anything was Niagara College, and 

this was severely limited, especially considering the presence of various environmental programs 

there like an ecosystem restoration and environmental management and assessment program, 

office of sustainability, sustainability committee, and an entire website on their campus 

sustainability initiatives (Niagara College, 2018).  

The results suggested that many aquatic and riparian invasives could potentially be going 

unnoticed and unchecked in the Niagara Region. Considering that only two aquatic invasives 

(quagga and zebra mussel) were being controlled in the Region and considering previous 

estimates of invasives in the Region, 99% of aquatic invasives in the Niagara Region were not 
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being controlled. This problem is being further exacerbated because a new aquatic invader may 

enter the Great Lakes every six to nine months (CVC, 2011).  

Clearly, the decision of who should be responsible for managing aquatic and riparian 

invasives is complex, given that they span multiple jurisdictions and involve many authorities 

and responsibilities (CVC, 2011). The Niagara Invasive Plant Management Strategy Workshop 

(2017) asked the question of who should manage invasives, but there was no consensus 

(Appendix A). Perhaps, multiple organizations in the governmental, non-governmental, 

education and private sector should be involved in invasive management, and there should be 

one organization to facilitate and who oversees that others are held accountable. 

4.2 Objective 2 – Use of Detection and Control Techniques and Control Efficacy 

 The second objective was to examine perceived efficacy of control techniques. 

Overwhelmingly, organizations in the Niagara Region relied on visual surveys to detect 

invasives. Most organizations reported using visual surveys because they already knew where 

the invasives were from fieldwork or others reporting to them. Notable exceptions were OFAH 

used EDDMapS and DFO used various techniques for detecting Asian carp like nets, 

electrofishing, and light traps. CFIA was on-the-cutting-edge starting to test out UAVs. New 

detection techniques like this can increase detection abilities, speed, efficacy, and ensure more 

invasives are found that may bypass human eyes. Of the 51 invasives potentially in the Region, 

11 may not have been detected in 2017/2018 because organizations relied so heavily on visual 

surveys. If other detection techniques were used like eDNA, remote sensing, and invasive 

detection dogs more invasive species may have been detected. Organizations positively 

responded to the idea of trying some these new detection techniques like invasive detection dogs. 

 Organizations in the Niagara Region relied exclusively on physical control, chemical 

control or both. Even though it was not specifically asked why organizations in the Region use 

physical and chemical control techniques and not biological, genetic, or gastronomic control 

techniques, four possible reasons can be speculated as to why. 1) Physical and chemical control 

techniques are favoured because they are effective. The Invasive Plant Control Database 

(Midwest Invasive Plant Network [MIPN], 2018) compared the efficacy of various control 

methods for invasive plants and often rated chemical and physical control techniques as the most 
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effective. If these techniques work, organizations in the Region would likely lack an incentive to 

change their control methods. 2) Physical and chemical control techniques are the most common 

(Kettenring & 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. Biological control agents can be risky because they can have non-target effects 

that damage the ecosystem or native species (Simberloff, 2012). Gastronomic control can be 

risky because this method has the potential to enhance the invasive problem by creating a market 

demand for an invasive species and may even motivate people to introduce the species in other 

areas (Nunez et al., 2012). 4) Wilson and Tisdell (2000) have argued chemicals may continue to 

be used despite their negative consequences on the environment and people’s health because 

these costs are externalized. However, this argument is unlikely to apply to the Region because 

most organizations in this study were environmentally-oriented and would have been careful that 

chemical use avoided harmful environmental effects.  

The Region used physical and chemical control methods, but there are more techniques 

within these control types and ways to enhance these techniques. Furthermore, the following 

control methods were not used in the Region in 2017/2018 and may offer more control options in 

the future: gastronomic, biological, and genetic control. 

 Physical Control. Neither smothering or heating were used in the Region in 2017/2018. 

Smothering, by covering an invasive with a tarp to block oxygen/light, has been used to control 

riparian invasive plants like phragmites in Ontario (ONMNRF, 2011) and to control invasive 

carpet sea squirt (Didemnum vexillum) in New Zealand (Coutts & Forrest, 2007). Heating water 

to more than 70°C can kill aquatic invasive species; however, it may not be effective for open 

water environments or invasives with hard shells (Piola et al., 2010). 

 Chemical Control. Chemical control was widely used in the Region, but chemical 

efficacy can be increased when combined with dewatering or chemical attractants/repellants. 

Dewatering can be used with chemicals to improve control efficacy by reducing the amount of 

chemicals needed to treat an area. In Australia, for example, a combination of dewatering and 

chemicals successfully eliminated rainbow trout (Oncorhynchus mykiss) and brown trout (Salmo 

trutta) from small streams (Ling, 2010). As well, chemical attractants or repellants can restrict 

the area requiring chemical treatment, by attracting invasive fish to certain waterways and 
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repelling them from others (Smith & Tibbles, 1980). These have been used in the Great Lakes 

sea lamprey control program to reduce the amount and area over which lampricide is applied 

(Smith & Tibbles, 1980).  

Gastronomic Control. Gastronomic control has gained traction with recent campaigns to 

eat invasive lionfish (Pterois) in the “Eat Lionfish” campaign by NOAA, or Asian carp in the 

“Target Hunger Now!” campaign by the Illinois Department of Natural Resources (Nunez et al., 

2012). There is a misconception that Asian carp taste bad because they are bottom-feeders like 

common carp (Cyprinus carpio). However, they are not bottom-feeders and people have 

preferred Asian carp over catfish in blind taste tests (Wall, 2013).  

 Biological Control. Round goby is an invasive with a potential to act as a biological 

control for zebra mussels (Djuricich & Janssen, 2001). However, one important consideration 

with biological control is conducting a risk analysis prior to introduction. Unknown complex 

interactions between species make it difficult to predict possible knock-on effects, and field 

testing takes a lot of time and effort to do at the necessary scale (Simberloff, 2012). The Asian 

carp experience shows how important it is to get biological control right. Asian carp were 

originally introduced as a biological control species for algae in the United States (Lieberman, 

1996). Now, Asian carp is a top invasive species in the U.S. and threatens to invade the Great 

Lakes (Cudmore et al., 2017). 

Genetic Control. Genetic control has been used for sea lamprey within the Great Lakes 

region in a male sterilization catch-and-release program (Smith & Tibbles, 1980). Sterilization 

can be produced in fish with triploidy where their genome is mutated, and three sets of 

chromosomes are produced (instead of the normal two sets of chromosomes in diploid 

individuals) (Tiwary, Kirubagaran, & Ray, 2004). Triploidy can be induced by heat, cold or 

hydrostatic pressure shock. Hydrostatic pressure shock has been used to induce triploidy in the 

invasive common carp. Triploidy may be detected genetically by counting chromosomes, or 

visually detected. For example, triploid bighead carp (Hypophthalmichthys nobilis) and grass 

carp have facial deformities in comparison to their normal diploid counterparts (Tave, 1993). 

 Overall, within the Niagara Region, the majority of control efforts only used one control 

method. Best practice often advocates using multiple control methods rather than solely relying 

on one (ONMNRF, 2011; Sherman, 2015; ONMNRF, 2016). An example of this integrated 
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management approach that was already mentioned was using chemical attractants and repellants 

with lampricide (Parkes & Panetta, 2010).  

4.3 Control Location 

Spatially, most invasives were controlled along the edge of the Niagara River. No 

invasives were being detected or controlled along the Welland Canal and no invasive work was 

occurring along the Lake Erie or Lake Ontario shoreline, except for the DFO-AC work. The 

Welland Canal was considered a major gap, especially since it has been identified as a major 

dispersal pathway for aquatic invasives between Lake Erie and Lake Ontario (Kim & Mandrak, 

2016). As well, the Lake Erie shoreline should be prioritized for invasive work because within 

the Niagara Region, this is the largest waterbody shared by U.S. and Canadian waters, so it can 

act as a major vector for aquatic invasives. This is demonstrated with 67 confirmed established 

aquatic invasives, and a potential 54 aquatic invasives that have been collected or have an 

unknown status in the Lake Erie drainage basin, according to the GLANSIS database (2018).  

4.4 Control Efficacy 

 Twelve control efficacy ratings obtained in this study agree with those found in the 

Invasive Plant Control Database (MIPN, 2018) and the literature (Brady Van Benschoten, & 

Jensen, 1996; Lawlor & Raynal, 2002; Rajagopal et al., 2003; Soehn et al., 2005; Derr, 2008; 

Pucherelli & Claudi, 2017), while three did not (Appendix I). Eight of the 12 control efficacy 

ratings that corroborated with the literature had high ratings, indicating that the control being 

used in the Region was highly effective for controlling common buckthorn, dog-strangling vine, 

purple loosestrife, quagga mussel, zebra mussel, and specifically glyphosate and mowing was 

effective for phragmites. The remaining control efficacy ratings may not have corroborated with 

the literature due to differences in control timing, location, or the invasive population size. For 

example, NPC rated triclopyr use for Tartarian honeysuckle as 25-50% effective at eliminating 

the invasive plant, but the Invasive Plant Control Database (MIPN, 2018) rated this control as 

eliminating more than 90% of the invasive plant the year triclopyr was used. When triclopyr was 

used in the Niagara Region, there may have been reduced efficacy for Tartarian honeysuckle if 

the herbicide was applied during sap-flow in the spring (Smith & Smith, 2010). A limitation of 

the control efficacy ratings is that they recorded individuals’ perceptions, which can vary 
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depending on expertise and objectives (Cottet et al., 2013). For example, one organization whose 

objective was to remove buckthorn for a short time period could rate a chemical that got rid of all 

the common buckthorn in an area for one month as highly effective versus another organization 

whose objective covered a longer time could rate this same control with a low efficacy rating.  

 No relationship between control efficacy and collaboration efforts was detected due to the 

small number of control efficacy ratings and organizations assessing this in the Region. 

However, some emphasized the importance of partnerships and collaboration in effectively 

managing invasives (C. Burant, personal communication, October 31, 2018; M. Steeves, 

personal communication, November 21, 2018). 

4.5 Objective 3 – Database and ArcGIS Map 

The third objective was to develop a database integrated with a GIS mapping component 

to improve the Region’s invasive species management by facilitating collaboration. GIS has been 

proposed to improve collaboration for environmental policy decisions (Tim & Mallavaram, 

2003). Shiffer (1992) discusses how technology, which could include GIS, can support 

collaboration by encouraging group participation in collaborative activities like planning. GIS 

also can improve collaboration through increased information sharing (Joyce, 2009). The current 

database is a knowledge-sharing platform that can act as a collaboration tool; organizations can 

use this database to see who else is working on the same invasive species, how effective that is, 

and from there contact them to start connecting and possibly collaborating.    

In terms of database construction, the challenge of data accuracy is addressed because 

metadata are included on the GIS map site and users can read the metadata to verify that the data 

source is credible, and from this knowledge, users can assess the accuracy of the data (Holcombe 

& Stohlgren, 2010). The database is open-access. It offers a complementary GIS map that is easy 

to use, so this platform can increase potential audience size. As well, instructions for how to use 

the GIS map are posted online to help address technology training issues. Inconsistent 

terminology was avoided by ensuring that a section on definitions is posted on the website. 

Finally, users can find out more information by checking out the resource list that will be posted 

on the UNESCO website.  

https://www.dropbox.com/s/t9y0yy3dczlfech/Brock_Brown_Lyn_2019_Resource_List_For_Website.pdf?dl=0
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This database can contribute to the global information network on invasives (Ricciardi et 

al., 2000). As of 2004, there were more than 150 invasive species databases (Sellers, 2004), 

operating at different spatial scales. Some databases act at the global spatial scale like GISD, 

GRIIS, the Global Invasive Species Information Network (GISIN), the North American Invasive 

Species Network (NAISN), and the National Institute of Invasive Species Science (NIIS). GISD 

is a database created by the IUCN ISSG (2018) and has 891 invasive species profiles containing 

information on ecology, distribution, impact, management, bibliography, and contact that links to 

experts on a specific invasive species (Pagad et al., 2015; ISSG, 2018). These profiles are created 

and reviewed by invasive species experts belonging to the ISSG to ensure data accuracy (ISSG, 

2018). In comparison, databases operating at a regional level include IPANE and GLANSIS, 

which both focus on mapping distribution rather than control sites, and respectively deal with 

invasive plants in New England and aquatic invasives in the Great Lakes (Simpson et al., 2009; 

NOAA, 2018). This study adds to the knowledge of Great Lakes aquatic invasives, by providing 

Niagara Region-specific information. In Ontario, the 2012 OIPC Compendium contributed 

information on what 89 organizations were doing to control invasive plants, and provided 

information on contacts, barriers, and costs. However, no organizations specific to the Niagara 

Region are in the compendium, so this study can complement the OIPC compendium.  

Ultimately, a global cyberinfrastructure for invasive species would be supported by an 

integrated network of multiple local, regional and global databases (Ricciardi et al., 2000; 

Graham et al., 2008; Simpson et al., 2009). Invasive databases at these various scales are 

necessary because local databases are highly salient for their area because they have rich site-

specific information, while regional and global databases provide a broader context for invasive 

species management efforts and allow comparisons to be made. This database acts at the local 

level to fill the niche of what aquatic/riparian invasive species work is being done in the Niagara 

Region. This Niagara-specific information can be scaled up to regional and global databases like 

GLANSIS and GISD to provide organizations with the most complete and accurate information, 

so that they may make informed management decisions.  

4.6 Costs of Managing Niagara Aquatic and Riparian Invasives 

Based on the current study, in 2017/2018, organizations in the Niagara Region spent 

$1,216,718 in direct expenses and 4,570 man-hours controlling aquatic and riparian invasives in 
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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 invasives in the Niagara Region. To provide context for the 

amount spent in the Niagara Region, the 2012 OIPC compendium found that on average, 

organizations in Ontario spend up to $5,000/year and up to 20 staff days on invasive plant 

management. Multiplying this by the 89 organizations who participated in the compendium 

means that provincially in 2012, $445,000 and 14,240 man-hours were spent on invasive plant 

management. At a federal level, the Canadian federal government granted DFO-SL an annual 

budget of more than $8 million from 2013-2017, with an increase to more than $10 million 

annually in the near future (Department of Fisheries and Oceans Central and Arctic Region, 

2018). The 2017-2018 federal budget allocated $43.8 million over the next five years to combat 

aquatic invasives across Canada (McGuire, 2018). In comparison, in 2017, the U.S. spent $2.996 

billion on invasive species activities (National Invasive Species Council Secretariat, 2018), and 

Australia spent $3.77 billion on invasive species management from 2011 to 2012 (Hoffmann & 

Broadhurst, 2016). To provide perspective for the man-hours spent on invasive species 

management, 48,703 man-hours went towards managing invasive species in Minnesota in 2009 

(Minnesota Department of Natural Resources, 2010). At the Great Smoky National Park in 

Tennessee/North Carolina, 17,000 man-hours were spent controlling woody exotic plants from 

1994-2005 (Webster, Jenkins, & Jose, 2006). Fighting invasives is not a cheap endeavor. It takes 

a long commitment of resources, once they are established. However, there is a vast difference 

between the current funding versus need. The Okanagan Basin Water in British Columbia 

illustrates that because they calculated that in the Okanagan Region alone, quagga and zebra 

mussels cost them $42 million annually (McGuire, 2018). This is the same as the five-year 

federal budget for all aquatic invasives across Canada! 

According to Leung et al. (2002, p. 2407), “one ounce of prevention is worth a pound of 

cure.” Proactive management uses early detection to warn organizations of new invaders, and let 

organizations activate their rapid response plans (Holcombe & Stohlgren, 2010). Response plans 

facilitate quick action by delegating what actions need to be taken, and who needs to perform 

those actions. The Asian Carp Program is the first Canadian federal proactive invasive species 

program (personal communication, B. Cudmore, November 15, 2018). This has been highly 

effective at preventing the spread of Asian carp into Canada. For example, a lone Asian carp was 

detected above the Chicago Sanitary and Shipping Canal with eDNA, and this led to surveys, 
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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 invasives. 

4.7 Barriers to Invasive Species Management 

 Lack of funding and man-power were the two most common barriers named that 

prevented organizations from managing invasives. These were the same barriers Martin and 

Blossey (2013) found that prevented phragmites management for 285 land managers in the U.S. 

However, five organizations said there were no barriers. This contrasted with a 2017 invasive 

species workshop (Appendix A) where a number of barriers were mentioned. During the 

workshop, organizations named broad institutional barriers like politics, education, and a lack of 

collaboration versus in this study organizations focused on resource barriers like a lack of 

financial and human resources. Four reasons for this discrepancy could be speculated. 1) 

Organizations might not have been as candid during this study because they were talking to 

someone they were unfamiliar with in an interview setting. In comparison, participants in the 

workshop might have felt more comfortable and open in a room full of their peers. 2) In this 

study, organizations might not have wanted to name institutional barriers in fear of it potentially 

reflecting poorly on their organization and leading to a personal disservice to themselves. 3) 

Participants in this study were aware of these institutional barriers, but they were not personally 

affected by them, so they did not name them. 4) The workshop and its participants had a 

different agenda and goals than this study, so this might have produced different responses.  

In this study, there seemed to be some barriers to knowledge sharing and collaboration. 

Politics, distrust, and a lack of commitment of resources have been barriers to collaboration for 

the U.S. Forest Service (Carr, Selin, & Schuett, 1998; Schuett, Selin, & Carr, 2001), and they 

may have been barriers to collaboration here. According to Lysyk (2018), the Auditor General of 

Ontario, the NPCA needs to restore community trust. Now, the Niagara Region seems to be 

moving forward as Jim Bradley, the new head of Niagara’s Regional Council, states that the 

Region will focus on beginning the process of rebuilding trust (LaFleche, 2018).  
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4.8 Prioritizing Invasives 

In interviews, Niagara organizations reported that their priority invasives were the ones 

they currently controlled in some way (e.g., Asian carp, phragmites, purple loosestrife, dog-

strangling vine, sea lamprey, zebra mussel, common buckthorn, and garlic mustard). According 

to the organizations interviewed in this study, Niagara Region’s prioritized invasives were not 

necessarily aligned with legislation/leading authorities (Table 10). The Canadian 

legislation/leading authorities list serves as a comparison for Niagara Region, and may introduce 

some new priority invasives that Niagara could pursue. Note that the priority invasives of 

legislation/leading authorities do not have to match with the Region’s and may not be expected 

to because invasives can have different distributions, abundances, and impacts in different areas. 

Despite the following invasives appearing as priorities by Canadian legislation/leading 

authorities and are extremely likely to be in the Niagara Region (Appendix B), the following are 

not currently controlled in the Region: northern snakehead and zander, round goby, killer shrimp, 

water chestnut, hydrilla, and water soldier (Table 10). This could be due to the DFO having 

responsibility to manage aquatic invasives, but currently their funding is restricted to address sea 

lamprey and Asian carp (personal communication, B. Cudmore, December 10, 2018). This study 

may highlight these gaps in invasive control, and encourage organizations in the Niagara Region 

to move towards controlling them.  

The literature’s method of prioritizing invasives is based on their invasion potential, 

impacts, and risk assessments. Ricciardi and Rasmussen (1998) have used invasion potential to 

prioritize which species are most likely to invade the Great Lakes and have a watchlist based on 

a species natural range, potential introduction pathway, biological suitability and invasion 

history. Kolar and Lodge (2002) have prioritized which invasives are likely to invade the Great 

Lakes, based on their negative overall impact and their invasion potential. Invasion potential is 

defined as a combination of invasion speed and establishment potential (likelihood that an 

invasive species can form a population that can survive and reproduce on its own). The ISSG 

Top 100 World’s Worst Invasive Alien Species List is also impact and invasion potential-based. 

Invasives were selected for the list because of their impact and illustration of important 

biological invasion issues (Lowe et al., 2004).  
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The DFO runs ecological-social risk assessments to prioritize aquatic invasives. Asian 

carp is a high priority for the DFO because when they ran their risk assessment, bighead and 

silver carp (Hypophthalmichthys molitrix) impacts cost $8.5 billion in 2018, and were projected 

to cost $179 billion in 2038 and $390 billion in 2068. The cost-valuation included losses in 

native and sport fish to the commercial and recreational fishing industry, tourism losses in 

wildlife viewing, beach and lakefront use, and recreational boating (Cudmore et al., 2017).  

Table 10 

Niagara’s Priority Riparian and Aquatic Invasives and Riparian and Aquatic Invasives that May 

be in the Region and their Reference in Canadian Legislation and Leading Authorities on 

Invasive Species 

Invasive Niagara’s 

Priority 

# Orgs 

Controlling 

World's 

Top 

100 

Fisheries 

Act 
Invasive 

Species 

Act 

OIPC 

BMPs 
ON 

Invading 

Species 

Awareness 

ISC 

Aquatic Invasives         
Fish         
Asian Carp  

(Ctenopharyngo-don 

idella) 

Y 0 — Part 2 Prohibited — ✓ ✓ 

Brown Trout (Salmo 

trutta) 
N 0 ✓ — — — — — 

Common Carp (Cyprinus 

carpio) 
N 0 ✓ — — — — — 

Goldfish (Carassius 

auratus) 
N 0 — — — — ✓ — 

Largemouth Bass 

(Micropterus salmoides) 
N 0 ✓ Part 3 — — — — 

Northern Snakehead 

(Channa argus) 
N 0 — Part 2 Prohibited — ✓ ✓ 

Rainbow Smelt (Osmerus 

mordax) 
N 0 — — — — ✓ — 

Rainbow Trout 

(Oncorhynchus mykiss) 
N 0 ✓ — — — — — 

Round Goby (Neogobius 

melanostomus) 
N 0 — Part 2 — — ✓ ✓ 

Rudd (Scardinius 

erythrophthalmus) 
N 0 — — — — ✓ — 

Sea Lamprey (Petromyzon 

marinus) 
Y 0 — Part 2 — — ✓ ✓ 

Smallmouth Bass 

(Micropterus dolomieu)  
N 0 — Part 3 — — — — 

Stone Moroko 

(Pseudorasbora parva) 
N 0 — — Prohibited — ✓ — 

Tench (Tinca tinca) N 0 — — — — ✓ — 
Tubenose Goby 

(Proterorhinus semilunaris) 
N 0 — Part 2 — — ✓ — 

Wels Catfish (Silurus 

glanis) 
N 0 — — Prohibited — ✓ — 

Western Mosquitofish 

(Gambusia affinis) 
N 0 ✓ — — — — — 

Zander (Sander lucioperca) N 0 ✓ Part 3 Prohibited — ✓ — 
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Invertebrates         
Asian Clam (Corbicula 

fluminea) 
N 0 — — — — ✓ — 

Banded Mystery Snail 

(Viviparus georgianus) 
N 0 — — — — ✓ — 

Bloody Red Shrimp 

(Hemimysis anomala) 
N 0 — Restricted — — ✓ — 

Channeled Apple Snail 

(Pomacea canaliculate) 
N 0 ✓ — — — ✓ — 

Chinese Mystery Snail 

(Cipangopaludina chinensis) 
N 0 — — — — ✓ — 

Common Yabby (Cherax 

destructor) 
N 0 — — Prohibited — ✓ — 

Fishhook Waterflea 

(Cercopagis pengoi) 
N 0 ✓ — — — ✓ — 

Golden Mussel 

(Limnoperna fortunei) 
N 0 — — Prohibited — ✓ — 

Killer Shrimp 

(Dikerogammarus villosus) 
N 0 — — Prohibited — ✓ ✓ 

New Zealand Mud Snail 

(Potamopyrgus antipodarum) 
N 0 — — — — ✓ — 

Quagga Mussel (Dreissena 

rostriformis bugensis) 
Y 1 — Part 2* — — ✓ ✓ 

Rusty Crayfish 

(Orconectes rusticus) 
N 0 — — — — ✓ ✓ 

Spiny Waterflea 

(Bythotrephes longimanus) 
N 0 — — — — ✓ — 

Zebra Mussel (Dreissena 

polymorpha) 
Y 1 ✓ Part 2* — — ✓ ✓ 

Plants         
Brazilian Elodea (Egeria 

densa) 
N 0 — — Prohibited — ✓ — 

European Frogbit 

(Hydrocharis morsus-ranae) 
N 0 — — — — ✓ ✓ 

Eurasian Water Milfoil 

(Myriophyllum spicatum) 
N 0 — — — — ✓ ✓ 

Fanwort (Cabomba 

caroliniana) 
N 0 — — — — ✓ ✓ 

Hydrilla (Hydrilla 

verticillata) 
N 0 — — Prohibited — ✓ ✓ 

Parrot Feather 

(Myriophyllum aquaticum) 
N 0 — — Prohibited — ✓ — 

Water Chestnut (Trapa 

natans) 
N 0 — — Prohibited — ✓ ✓ 

Water Hyacinth 

(Eichhornia crassipes) 
N 0 ✓ — — — ✓ — 

Water Lettuce (Pistia 

stratiotes) 
N 0 — — — — ✓ — 

Water Soldier (Stratiotes 

aloides) 
N 0 — — Prohibited — ✓ ✓ 

Reptiles         
Red-eared Slider 

(Trachemys scripta elegans) 
N 0 ✓ — — — — — 

Riparian Invasives         
Insects         
Emerald Ash Borer 

(Agrilus planipennis) 
Y 1 — — — — ✓ ✓ 

Hemlock Wooly Adelgid 

(Adelges tsugae) 
Y 2 — — — — — — 

Plants         
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Black Dog-strangling 

Vine (Cynanchum 

louiseae) 

N 0 — — Restricted — ✓ — 

Common Buckthorn 

(Rhamnus cathartica) 
Y 3 — — — ✓ ✓ ✓ 

Dog-strangling Vine 

(Cynanchum rossicum) 
Y 1 — — Restricted ✓ ✓ ✓ 

European Black Alder 

(Alnus glutinosa) 
N 0 — — — ✓ — — 

Garlic Mustard (Alliaria 

petiolata) 
Y 1 — — — ✓ ✓ ✓ 

Giant Hogweed 

(Heracleum 

mantegazzianum) 

N 0 — — — ✓ ✓ — 

Goutweed (Aegopodium 

podagraria) 
N 0 — — — — ✓ — 

Oriental Bittersweet 

(Celastrus orbiculatus) 
Y 1 — — — — — — 

Periwinkle (Littorina 

littorea) 
N 0 — — — — ✓ — 

Phragmites (Phragmites 

australis subsp. australis) 
Y 3 — — Restricted ✓ ✓ ✓ 

Purple Loosestrife 

(Lythrum salicaria) 
Y 2 ✓ — — ✓ ✓ ✓ 

Reed Canary Grass 

(Phalaris arundinacea) 
N 0 — — — ✓ — — 

Tartarian Honeysuckle 

(Lonicera tatarica) 
Y 2 — — — ✓ ✓ — 

Tree of Heaven (Ailanthus 

altissima) 
Y 2 — — — — — — 

Yellow Floating Heart 

(Nymphoides peltate) 
N 0 — — — — ✓ — 

Yellow Iris (Iris 

pseudacorus) 
N 0 — — — — ✓ — 

Note. ✓ means that the invasive is listed in that resource. — means that the invasive is not listed 

in that resource. Niagara’s Priority = whether at least one organization in the Niagara Region 

prioritized the invasive species in 2017/2018, where Y means yes and N means no. # Orgs 

Controlling = the number of organizations who controlled each of the listed invasive species in 

the Niagara Region in 2017/2018. Top 100 = the invasive is listed on the “Top 100 of the 

World’s Worst Invasive Alien Species List” (Lowe et al., 2004). For the Fisheries Act (2015), 

Part 2 means that the invasive is prohibited from being imported, possessed, released, or 

transported, and they are subject to controls. Part 2 * means that part 2 rules apply except for in 

the Great Lakes, or the USA-Canada transboundary waters downstream of the Pigeon River 

bridge crossing (this includes the Niagara Region transboundary waters like the Niagara River). 

Part 3 means that the species is subject to controls only in areas where they are not indigenous. 

For Ontario’s Invasive Species Act (2015), a prohibited invasive means that it is illegal to 

import, possess, deposit, release, transport, breed/grow, buy, sell, lease, or trade. A restricted 

invasive means that it is illegal to possess in provincial parks and conservation reserves, and is 

illegal to deposit or release anywhere in the province. OIPC BMPs = the Ontario Invasive Plant 

Council has made a best management practice guide for the invasive because resources for the 

invasive are commonly requested (personal communication, V. Simkovic, OIPC coordinator, 

November 2, 2018). ON Invading Species Awareness = the invasive is listed as one of the 

invaders on the Ontario Federation of Angler and Hunter’s Invading Species Awareness website: 

www.invadingspecies.com. ISC = the invasive is highlighted as one of the invasives to learn 

about on the Invasive Species Centre website: www.invasivespeciescentre.ca.  

http://www.invadingspecies.com/
http://www.invasivespeciescentre.ca/


72 

 

 

4.9 Sustainability Science and Collaboration  

This study promotes sustainability science and contributes to collaboration in invasive 

species management in Niagara by providing a database and map that act as a collaboration tool 

through knowledge sharing. Organizations can use the database to see who else is working on the 

same invasive species, and how effective their control efforts are. They can contact one another 

to form new partnerships and pursue potential resource and knowledge sharing opportunities. 

The user-friendliness of the GIS platform is expected to make this information accessible for 

more people. Increasing technology accessibility increases the effectiveness of applying 

sustainability science because fewer technology barriers may lead to more knowledge sharing 

and collaboration.  

In the Niagara Region, invasive species management, collaboration efforts, and 

information sharing were minimal in 2017/18. Only 10 organizations mentioned collaborative 

activities, with only six specific collaborative projects occurring, and no reference of sharing 

information regarding planning or decision-making  

One reason why collaboration is suitable here is because the authorities and 

responsibilities for aquatic and riparian invasives in the Niagara Region are dispersed, involving 

five levels of government, specialized boards, and authorities: bi-national government 

(International Joint Commission, GLFC), federal government (DFO, Transport Canada, Canada 

Border Services Agency), provincial government (ONMNRF), regional government, 

municipalities, NPC, NPCA, and OPG. The actors of most significance seem to be: DFO, 

ONMNRF, NPC, and NPCA. In the Niagara Region, a mere two organizations (the NPC and 

OPG) have been doing the bulk of riparian and aquatic invasive control work in the past year. 

However, the organizations listed above may need to seek out broader help from others. As well, 

the groups who have the decision-making power seem to require other groups’ help to implement 

the solution. For example, a common barrier preventing invasive species management has been 

lack of staff and time. However, Niagara College mentioned they have ample man-power 

(personal communication, A. Schmucker, Niagara College Sustainability Engagement Officer, 

October 19, 2018). As well, another common barrier was lack of funding. The DFO mentioned 

they received a large government grant recently, although that money seems to be mostly locked 



73 

 

up for work on Asian carp and sea lamprey (personal communication, J. Colm, DFO Aquatic 

Invasive Species Program, Aquatic Biologist, November 6, 2018; personal communication M. 

Steeves, DFO Section Head at the Sea Lamprey Control Centre, November 21, 2018). Possibly, 

if the DFO could expand their aquatic invasive work to other invasives, they could allocate some 

funds to Niagara. Some future funding partners to collaborate with may be the Great Lakes 

Aquatic Habitat Network and Fund and the Great Lakes Sustainability Fund (CWS, 2002). Some 

local organizations like the Friends of the Glen have expressed a willingness to help and 

volunteer to do field work. However, because of unions, they are precluded from doing such 

work (personal communication with A. Schoot Uiterkamp, member of Friends of the Glen, 

September 3, 2018). The dissonance between those who are willing and able to solve the 

problem versus those who have the jurisdictional power to do so, outlines a perfect instance for 

collaboration.  

Most importantly, collaboration would be appropriate here because there is support for it. 

During the 2017 Niagara Invasive Species Management Strategy Workshop, many individuals 

from local environmental organizations and government, said they were willing to support a 

collaborative invasive species management strategy, and how they could contribute. Further 

willingness to support collaboration may come from the change in political leadership in the 

recent election (Benner, 2018). These political changes hopefully indicate a change towards 

increased support for environmental management of issues like invasive species. This database 

represents a step in this direction by providing a collaboration tool for invasive management. 

Organizations in the Niagara Region must take the next step towards collaborating in order to 

better control and eradicate aquatic and riparian invasives from the Region.   

4.10 Contributions  

This is the first attempt to develop an aquatic/riparian invasive database specifically for 

the Niagara Region of Ontario, Canada. Practically, this forms a foundation for the current state 

of aquatic and riparian invasive species management initiatives in the Niagara Region. The 

database is expected to be used as an information tool for organizations, the public, and 

researchers, then a practical working and planning tool for invasive species management. For 

organizations, the database is expected to be a user-friendly resource that provides valuable 

knowledge that could facilitate collaboration and resource pooling. As a planning tool, this 
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database could help prioritize invasive species management efforts, identify management 

efficacy, areas of improvement, and future resource needs for management.  

Collaboration will be required at the local level to achieve a global sustainable vision as 

outlined by the UN 2030 SDGs and CBD Aichi Biodiversity targets. This study can contribute to 

the UN goals by combining data from diverse stakeholders in the Niagara Region, and sharing 

their information on the current study’s database. This knowledge sharing can encourage 

opportunities for collaboration among these organizations. Ultimately, this could be a factor in 

helping the Niagara Region and Brock University progress towards achieving a more sustainable 

future as outlined by the CBD’s Aichi Biodiversity Target 9 and the UN’s SDG Target 15.8. 

4.11 Future Directions  

The current database could be expanded in geographic scope. One interesting question 

would be to look at the bi-national coordination of aquatic and riparian invasive species work 

along the Niagara River and the Great Lakes. Future studies could increase the population of 

interest to include private groups like landowners, agriculture and businesses. This may shed 

light on policies that should be drafted between private, government, and volunteer organizations 

to improve invasive species management and coordination. As well, the current project could be 

maintained by future students who conduct yearly interviews with participating organizations in 

the Region. This could be used to map the changes in invasive species work over time.  

4.12 Recommendations  

This research provides information that might be useful for Niagara’s aquatic and riparian 

invasive species management, based on the literature and case studies, particularly Ecosystem 

Approach Principles and adaptive management. This research identified where there might be 

some practical needs. For example, the number of organizations that directly work on controlling 

invasives remains low in the Niagara Region. Recommendation 1 is more organizations could 

participate in helping control these invasives, especially the ONMNRF, NPCA, and 

municipalities. Recommendation 2 is an emphasis should be placed on aquatic invasives because 

there was limited work addressing them. Recommendation 3 is areas where more effort should 

be allocated to managing these invasives should be the Welland Canal because it serves as a 

major vector (Kim & Mandrak, 2016), and the Lake Erie shoreline because it is a large harbour 
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for aquatic invasives (GLANSIS, 2018). To accomplish this additional invasive work, it will 

need to be adequately funded, and some possible funding sources may be the Great Lakes 

Aquatic Habitat Network and Fund or the Great Lakes Sustainability Fund (CWS, 2002). 

 Recommendation 4 is the Niagara Region should do a region-wide ecological-social risk 

assessment similar to those done for Asian carp by Cudmore et al. (2017) to prioritize which 

invasives to control. The Region can also compare the invasives present here to their 

prioritization in legislation and leading authorities, to better choose invasives to control.  

Recommendation 5 is the Region could detect invasives earlier by using newer detection 

techniques like invasive detection dogs, DNA barcoding, and remote sensing. Recommendation 

6 is the Niagara Region may want to transition towards multiple control methods rather than 

single control methods to increase control efficacy. This kind of control would not only include 

chemical and physical control, but also biological, genetic, and gastronomic control.  

Recommendation 7 is to improve collaboration among those involved in invasive 

management. This could be accomplished by making use of the OIPC compendium, other 

existing databases like the equipment database or Asian carp genetic database that the DFO use 

(personal communication, B. Cudmore and J. Colm, November 15, 2018), as well as this study’s 

database. As well, the Region could hold more workshops similar to the 2017 Niagara Invasive 

Plant Management Strategy Workshop that outline clear action steps to follow, so the workshops 

are not just one-time events, but form part of an ongoing effort to fight invasives. 

Recommendation 8 is more information regarding planning and decision-making needs to be 

shared among organizations including with educational establishments and researchers, and this 

study’s database can facilitate that.  

 Recommendation 9 is for the NPCA to put together an invasive strategy similar to the 

CVC. Currently, there does not seem to be an invasive species strategy in place at the NPCA. An 

invasive species strategy is not specifically mandated under the Conservation Authorities Act 

(1990) but forming one may be a first step for the NPCA toward increasing work addressing 

invasives. This invasive species strategy could also draw on the Ecosystem Approach Principles 

to account for important issues in making invasive management decisions like scale, 

management style, collaboration, etc. The CVC Invasive Species Strategy is a thorough, 

transparent document where they outline the criteria and method used throughout to define their 
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responsibilities, goals, priorities, work, partners, and accountability. These are the very things 

that participants in the Niagara Invasive Species Workshop called for (Appendix A), and they 

could greatly improve invasive management in Niagara.  

 Recommendation 10 is the Niagara Region could explore into making a regional invasive 

species plan modelled after St. Thomas’ Phrag Free City (Collins, 2017) with inspiration from 

the Ecosystem Approach Principles. According to Collins (2017), the chief of the St. Thomas 

Phragmites Committee, in 2013 the city of St. Thomas created a goal to be “phrag free” by 2020 

and directed $13,000 annually towards this. St. Thomas mapped the phragmites infestation and 

identified priority areas of concern. Chemical treatment with glyphosate eradicated 90% of the 

phragmites at the initial lake of concern. St. Thomas is now focused on collaborating with 

neighbouring cities to eradicate phragmites from their city borders (Collins, 2017). The Niagara 

Region should start managing invasives regionally by taking up St. Thomas’ challenge of going 

“phrag free”, and then expand this regional coordination to other aquatic and riparian invasives.  

4.13 Conclusions 

 In 2017/2018, the main organizations mainly managing aquatic and riparian invasives in 

the Region were NPC, OPG, DFO, OFAH, FOMEP, and HNC. Other organizations in the 

Region assumed the NPCA and ONMNRF were addressing invasives, but in fact, ONMNRF did 

not do any control work in the Niagara Region in 2017/2018, and the NPCA only did one six-

hour control project. In terms of management activities, 35 aquatic/riparian invasive control 

efforts were reported in 2017/2018. Forty aquatic/riparian invasives were detected mainly with 

visual surveys, and 12 of these invasives were controlled chemically and/or physically. 

Prioritized invasives were controlled. Most of the control efforts occurred along the edge of the 

Niagara River, with none along the Welland Canal or shorelines of Lake Erie/Lake Ontario. The 

average control efficacy for all control efforts in the Niagara Region was 61-86%, and 12 of 16 

control efficacy ratings agreed with those found in the literature. 

 In total, organizations in the Niagara Region spent $1,216,718 and 4,570 man-hours 

controlling aquatic/riparian invasives in 2017/2018. Lack of funding and man-power were the 

main barriers named in this study that prevented invasive management. Thirty-nine organizations 

made up a network of organizations collaborating on invasive species in the Region, although 
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their efforts were minimal, where collaboration only occurred for six invasive management 

projects. All organizations reported that they shared information, but there was no specific 

mention of sharing information for planning or decision-making for management activities. 

Based on the 2017 Niagara Invasive Plant Management Strategy Workshop and comments from 

the community, politics and distrust may have played a role in the limited knowledge sharing and 

collaboration in Niagara Region’s environmental management.  

 Some recommendations that came out of this study were to 1) increase the number of 

organizations controlling aquatic and riparian invasives in the Niagara Region; 2) increase 

aquatic invasive species control activities; 3) target control efforts towards the Welland Canal 

and shoreline of Lake Erie; 4) conduct a region-wide ecological-social risk assessment to 

prioritize invasives for management efforts; 5) focus on early detection of invasives using 

invasive detection dogs, DNA barcoding, and remote sensing; 6) use a variety of control methods 

including biological, chemical, gastronomic, genetic, and physical control; 7) increase 

collaboration of invasives species management in the Niagara Region by hosting more 

workshops with follow-up procedures, and use databases like this one to overcome collaborative 

barriers; 8) share information regarding planning and decision-making among invasive 

management groups and researchers; 9) have the NPCA employ the Ecosystem Approach 

Principles to make an invasive species strategy; and, 10) develop a regional invasive species 

strategic plan inspired by the Ecosystem Approach Principles.  

The database developed during this research provides a knowledge-sharing platform and 

collaboration tool for the Niagara Region’s aquatic and riparian invasive management. It is up to 

organizations to take the next step towards collaborating and improving invasive management. 

Invasives are a shared problem that require a shared responsibility and collaboration to eradicate 

or control them to ensure sustainability of our social-ecological system in the Niagara Region 

and beyond. 
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Appendix A: Niagara Invasive Plant Management Strategy Workshop 

Niagara Invasive Plant Management Strategy Workshop 

[Original document reproduced, including typographical errors] 

 

Date:         March 28, 2017 

Time:         9:00am - 3:00pm 

Location:  Ball’s Falls Conservation Area, Center for Conservation, Jordan, Ontario   

Organizer: Ontario Invasive Plant Council 

Hosted by: Niagara Peninsula Conservation Authority 

Workshop objectives: 

1. Raise profile of the issue of invasive species and their management at the local level 

2. Determine level of interest in developing a Niagara Management Strategy for Invasive 

Species 

3. Identify who the stakeholders are? Who will lead? 

4. Assess resources /funding available for such a strategy 

PEN TO PAPER SESSION 

What are your agencies/organizations/municipalities already doing to prepare/control 

invasive species?  

• Smaller municipalities are doing individual complaints with a contractor  

• Active control programs on selected sites that we have partners with (schools/CA’s) 

• Active monitoring and spraying of hogweed (Hazardous Plants) 

• Inventory/survey annually; seeking agents that affect forests (Halton Region); control 

dog-strangling vine  

• Some removal (NRC) 

• Planting in disturbed sites  

• ID- having tearing/pulling parties (HNC) 

• Projects for planting pollinator friendly plants  

• Privately owned lands – grants for inventory – part of an event to control otherwise; 

native plantings (H.F) 

• Getting grants for these efforts to spray and cut and remap (H.F) 

• Act on customer complaints and problems (town of Grimsby) 

• Absence of strategies, inventories, directives in Niagara Region (Reactive) 

• Niagara Region has no Environmental Department  

• Active Woodlot Association (Awareness/Education) in Niagara Region  

• Roads department is reactive in Niagara Region  

• NGO’s doing the bulk of the work  

• Some lower tier municipalities are doing much more  

• Conservation Authorities have Education and Children’s Events  

• MTO – Inventories and treatment program cutting/pesticide application  

• NFNC- Inventories N.A.I 

• Nature Clubs – Speakers/presentations open to public  

• Problems- hitting walls- running into red tape  

• Recognize in need of a plan  

• Education  
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• Beginning restoration projects  

• Planting dogwood to prevent invasives  

• Planting clear patches and creating naturalized areas before allowing invasives to creep in  

• Political stands/protests  

• Physical spraying  

• Documenting and follow up  

• Hamilton Conservation Club protecting sanctuary  

• Phragmites control (roadside, storm ponds and parks) 

• Buckthorn control 

• Hogweed control  

• Public education  

• Promoting in-house training and certifications  

• Control: Requests from public (eg Giant Hogweed, call then take request)  

• Post sign (no charge to homeowner, only on city property) 

• Policy: city of Welland does not go on private property, does have a weed bylaw/weed 

inspector  

• St. Catharines: do have lic (?) agents to conduct work and could implement a program  

• Responding on a complaint by complaint basis  

What are your issues/concerns regarding invasive species in your jurisdiction/area and 

what do you want to see happen?  

• Municipal and council recognition: acknowledge future costs  

• Outreach to public (awareness of invasive species impacts, every tax bill sends invasive 

blip  

• Keep updated on new invasives  

• Availability of invasives (Pet/garden supply centers, BAN of sale!)  

• Council priorities  

• Stormwater pond takeover  

• Ditches, irrigation blockages  

• Public outreach and cooperation to gather data  

• I want to see aquatic herbicides approved in Ontario  

• Complete natural areas inventory in Niagara Region  

• Empower private landowners to provide training and tools for removal  

• Work co-operatively (upper/lower tiers)  

• Identification (invasive vs non-invasive) and disposal of Phragmites (Assistance) 

• Lack of political foresight and commitment  

• Archaic draining mentality  

• Phrag control, not allowed to spray over water 

• Funding  

• Too many demands at once (competing priorities; ie preserve plants for pollinators, get 

rid of invasive species) 

• As a citizen who do you contact to help, getting the run around 

• Limited resources (qualified sprayers) 

• Want to see walls of phrag gone  

• Better cooperation and collaboration between organizations and governing bodies  
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• Loss of native species/habitat 

• Drainage 

• Wetland loss and drainage and storm ponds 

• Road safety 

• Aquatic limitations reduced to allow better coverage  

• To see a committee similar to St. Thomas with support 

• Species at Risk, Biodiversity of street planting 

• Simcoe: County forest often share borders, have to stop treatment at property line (more 

signage/education) 

• If illegal dumping in a forest try to re-educate, ongoing battle with homeowner- 

sometimes this can be expensive 

• Nothing really being done 

• Need to identify areas and ownership of lands for control  

• Eradicate phragmites in wetland areas 

Are you willing to support a collaborative management strategy for invasive species? How? 

• Yes; sharing in info (sessions like this); cull effect template in place ‘Yes; everyone 

needs to contribute to make effective change  

• Provincial funding/legislation necessary to get moving  

• Yes; I am here for that exact reason  

• The MNRF needs to step up and put some more boots back on the ground  

• Needs to increase its presence in Ontario (MNRF) 

• Make the academics and science more accessible  

• Outright prevention – Hemlock Woolly Adelgid  

• Landowner incentive program (ALUS program – Alternative Land Use) to get rid of stuff 

on their property  

• Demonstration sites 

• Yes; involve the community and surrounding municipalities  

• Get all levels of government involved (federal on down)  

• Workshops such as these  

• Knowledge sharing  

• Definitely; by being part of a working group that shares progress and efforts  

• Providing a student to track invasive species using the EDD Maps 

• Environmentalist groups offering volunteers to physically assist, other educational efforts  

• Need to get council on board and contact other municipalities to implement a regional 

plan of action  

• Niagara Police, MNRF, Town Fort Erie, Region Niagara, Thorold, Niagara on the Lake, 

St. Lawrence Seaway, CN Rail, City of St Catherines, City of NE, Conservation Board 

Who should lead the management of invasive species locally?  

• Geographical area (adjoining counties) specific to the problem  

• Provincial government support as in seminars like today  

• Provincial government involvement if it is a provincial problem (ie guidelines for 

eradication)  

• Provincial direction/legislation 

• Everyone; citizen science, municipal employeers  
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• Upper-tier municipality (municipal action groups) 

• It has to come from the top down (MNRF needs to step up) 

• A working group committee (Grassroots) 

• Multilevel multifunctional committee made up of different agencies (government, interest 

groups etc)  

• Collaboration of:  

➢ Municipalities & Region: parks, water, roads, forestry, conservation authority  

➢ Fire/Police/Health 

➢ Public Industry  

➢ MTO 

➢ Environmentalist Groups  

➢ Educational (elementary, university, public) 

➢ MNRF 

➢ Council 

• Yes create committee, educate council, get funding  

• Representatives from Parks and Rec and Municipal Works  

What are effective actions you or your organization could take that would contribute to 

positive invasive species management?  

• Detection/mapping  

• Education (public education with incentives) 

• Collaborating with geographic partnerships  

• Actually step up and do something and take the Ostrich Head out of the Sand  

• Provide money, education and training  

• Add municipal by-laws (that will handle Japanese knotweed) 

• Provide a by-law template for all to use  

• Evaluate the financial gain of a property by removing invasives  

• Responsibility  

• Mandate clean equipment protocol for jurisdiction  

• Create a certified standard for clean-equipment protocol so that people can hire certified 

contractors  

• Sharing knowledge between departments, levels of government, groups etc  

• Aid in education of the public – non-profit play a role in education and advocacy  

• Keep working at the problem, keep after these invasives  

• Replanting with native species – sales at Malcomson Park  

• Continue to eradicate and share our efforts with neighboring communities  

• Education/outreach – schools/volunteers/students for projects 

• Gather background inventory  

• Education (eg Simcoe county: maintain bike groups, presentations on preventing the 

spread/signage OIPC prevention tools, online education)  

• Start a program and consult with neighboring municipalities  
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Appendix B: List of Potential Aquatic/Riparian Invasives in the Niagara Region According 

to GLANSIS, CABI, and NAS Databases 

Invasive Other Common Names Scientific Name 
Alewife  Alosa pseudoharengus 

Amphipod  Gammarus tigrinus 

Asian Carp Bighead Carp, Grass Carp, Silver Carp, Black Carp Hypophthalmichthys nobilis, 

Ctenopharyngodon idella, 
Hypophthalmichthys 

molitrix, Mylopharyngodon 

piceus 

Asian Clam Asiatic Clam, Golden Clam, Good Luck Clam Corbicula fluminea 

Asian Longhorned 

Beetle 

Asian Longhorn Beetle, Asian Long-Horn Beetle, Basicosta White-Spotted 

Longicorn Beetle, Smooth Shoulder-Star Longicorn, Starry Sky Beetle 

Anoplophora glabripennis 

Bacterial Kidney 
Disease 

 Renibacterium 
(Corynebacterium) 

salmoninarum 

Banded Mystery 
Snail 

 Viviparus georgianus 

Barnyard Grass Cockspur Grass Echinochloa crus-galli 

Bigmouth Buffalo Gourd Head, Redmouth Buffalo, Buffalo Fish, Bernard Buffalo, Roundhead, 

Brown Buffalo 

Ictiobus cyprinellus 

Bitter Nightshade Bittersweet, Bittersweet Nightshade, Blue Bindweed, Amara Dulcis, Climbing 
Nightshade, Fellenwort, Felonwood, Poisonberry, Poisonflower, Scarlet 

Berry, Snakeberry, Trailing Bittersweet, Trailing Nightshade, Violet Bloom, 

Woody Nightshade 

Solanum dulcamara 

Black Alder Common Alder, Alder, European Alder Alnus glutinosa 

Bloody Red Shrimp Bloody-Red Mysid Hemimysis anomala 

Blueback Herring Blueback Shad Alosa aestivalis 

Bluespotted Sunfish  Enneacanthus gloriosus 

Bluntleaf Dock Bitter Dock, Broad-Leaved Dock, Bluntleaf Dock, Dock Leaf, Butter Dock Rumex obtusifolius 

Brazilian Elodea Brazilian Waterweed Egeria densa 

Brittle Waternymph Brittle Naiad Najas minor 

Brook Silverside  Labidesthes sicculus 

Brook Trout Eastern Brook Trout, Speckled Trout, Brook Charr, Squaretail, Mud Trout Salvelinus fontinalis 

Brown Trout  Salmo trutta 

Buffalo Pebble Snail  Gillia altilis 

Burdock  Arctium minus 

Calanoid Copepod  Skistodiaptomus pallidus, 

Eurytemora affinis 

Canada Thistle Creeping Thistle, Canadian Thistle, Lettuce from Hell Thistle, California Thistle, 
Corn Thistle, Cursed Thistle, Field Thistle, Green Thistle, Hard Thistle, Perennial 

Thistle, Prickly Thistle, Small-Flowered Thistle, Way Thistle, Stinger-Needles 

Cirsium arvense 

Chain Pickerel  Esox niger 

Channeled Apple 
Snail 

Golden Apple Snail Pomacea canaliculata 

Chinese Mitten Crab Shanghai Hairy Crab Eriocheir sinensis 

Chinese Mystery 

Snail 

Black Snail, Trapdoor Snail Cipangopaludina chinensis, 

Cipangopaludina chinensis 
malleata, Bellamya chinensis 

Chinook Salmon  Oncorhynchus tshawytscha 

Cladoceran  Diaphanosoma fluviatile, 

Eubosmina maritima 

Cleavers Clivers, Bort, Bedstraw, Goosegrass, Catchweed, Harrif, Stickyweed, Stickybud, 
Robin-Run-The-Hedge, Sticky Willy, Sticky Willow, Stickyjack, Stickeljack, Grip 

Grass 

Galium aparine 

Coho Salmon Silver Salmon Oncorhynchus kisutch 

Common Buckthorn European Buckthorn Rhamnus cathartica 

Common Carp European Carp Cyprinus carpio 

Common Knapweed Black Knapweed, Lesser Knapweed Centaurea nigra 

Common Mullein Aaron's-Rod, Big Taper, Blanketweed, Cowboy Toilet Paper, Flannel Mullein, 

Flannel Plant, Flannelleaf, Great Mullein, Grey Mullein, Hag Taper, Mullein, 
Torches, Velvet Dock, Velvet Plant, Wild Tobacco, Wooley Mullein, Woolly 

Mullein 

Verbascum thapsus, 

Leiosandra cuspidata Raf., 
Thapsus linnaei Opiz., 

Thapsus schraderi Opiz., 

Verbascum lanatum Gilib., 
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Verbascum simplex 
Hoffmanns. & Link 

Common Periwinkle Edible Periwinkle, Winkle, Wrinkle Littorina littorea  

Common Teasel Fuller's Teasel, Wild Teasel Dipsacus fullonum L. 

Common Toadflax Butter-And-Eggs Toadflax, Yellow Toadflax Linaria vulgaris 

Common Yabby Blue Yabby, Cyan Yabby Cherax destructor 

Copepod  Mesocyclops pehpeiensis 

Crack Willow  Salix x fragilis [alba x 

euxina] 

Creeping Buttercup Crowfoot Ranunculus repens 

Creeping Jenny Moneywort, Herb Twopence, Twopenny Grass, Wandering Jenny, Running Jenny, 
Wandering Sailor, Creeping Joan 

Lysimachia nummularia 

Crown Vetch Axseed, Trailing Crownvetch, Trailing Crown-Vetch, Vetch (Crown) Securigera varia (L.) Lassen 

Curled Dock Curly Dock, Yellow Dock Rumex crispus 

Curly Leaf Pondweed Curled Pondweed Potamogeton crispus 

Cylindro  Cylindrospermopsis 
raciborskii 

Diatom  Actinocyclus normanii f. 

subsalsa, Contricribra 

guillardii, Cyclotella atomus, 
Cyclotella cryptica, 

Discostella pseudostelligera, 

Skeletonema potamos, 
Skeletonema subsalsum, 

Stephanodiscus binderanus, 
Stephanodiscus subtilis, 

Thalassiosira 

balticaThalassiosira baltica 
Stephanodiscus subtilis 

Stephanodiscus binderanus, 

Thalassiosira baltica, 
Thalassiosira lacustris, 

Thalassiosira pseudonana, 

Thalassiosira weissflogii 

Digenian Fluke  Ichthyocotylurus pileatus 

Dog Strangling Vine Black Swallowwort, Pale Swallowwort, European Swallowwort Cynanchum rossicum, 

Vincetoxicum rossicum 

Dooryard Dock Northern Dock Rumex longifolius 

Duckweed Water Lens Tanysphyrus lemnae 

Emerald Ash Borer  Agrilus planipennis 

Eurasian Manna 

Grass 

 Glyceria maxima, or 

Glyceria declinata 

Eurasian Water 

Milfoil 

Spiked Water-Milfoil Myriophyllum spicatum 

European Aquatic 

Moth 

Watermilfoil Moth, Water Veneer Acentria ephemerella 

European Ear Snail  Lymnaea Auricularia Radix auricularia 

European Fingernail 
Clam 

 Sphaerium corneum 

European Frogbit Common Frogbit Hydrocharis morsus-ranae 

European Green Crab Green Crab, Shore Crab, Green Shore Crab, European Shore Crab Carcinus maenas 

European Meadow 
Rush 

Blue Rush, Blue Arrows Rush, Hard Rush Juncus inflexus 

European Speedwell Brooklime Veronica beccabunga 

European Stream 

Valvata 

European Valve Snail Valvata piscinalis 

European Water 
Clover 

Four-Leaf Clover, Pepperwort, Water Shamrock Marsilea quadrifolia 

Fanwort Carolina Fanwort, Carolina Water-Shield, Fish Grass, Green Cabomba, Washington 

Grass, Washington-Plant 

Cabomba caroliniana 

Faucet Snail Mud Bithynia Bithynia tentaculata 

Fishhook Waterflea  Cercopagis pengoi 

Flathead Catfish Mudcat, Shovelhead Cat, Yellow Cat, Johnnie Cat, Goujon, Appaluchion, 

Ospelousas, Pied Cat, Mississippi Cat, Flatbelly Catfish 

Pylodictis olivaris 

Flowering Rush Grass Rush Butomus umbellatus 

Forget Me Not Scorpion Grass Myosotis scorpioides 

Freshwater Bryozoan  Lophopodella carteri 

Freshwater Hydroid  Cordylophora caspia 
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Freshwater Jellyfish Hydromedusae Craspedacusta sowerbyi 

Freshwater Shrimp  Gammarus fasciatus 

Garden Loosestrife Yellow Loosestrife Lysimachia vulgaris 

Garlic Mustard Jack-By-The-Hedge, Garlic Root, Hedge Garlic, Sauce-Alone, Jack-In-The-Bush, 

Penny Hedge, Poor Man's Mustard, Garlicwort 

Alliaria petiolata 

Ghost Shiner  Notropis buchanani 

Giant Chickweed Water Chickweed Myosoton aquaticum 

Ginger Mint Red Mint, Scotch Mint, Scotch Spearmint Mentha x gracilis [arvensis x 

spicata] 

Glossy Buckthorn Alder Buckthorn, Breaking Buckthorn, Fen Buckthorn Rhamnus frangula 

Goats Beard Bride's Feathers, Tragopogon, Salsify Aruncus dioicus 

Golden Mussel  Limnoperna fortunei 

Golden Willow White Willow Salix alba 

Goldfish  Carassius auratus 

Goutweed Ground Elder, Herb Gerard, Bishop's Weed, Gout Wort, Snow-In-The-Mountain, 

English Masterwort, Wild Masterwort 

Aegopodium podagraria 

Greater European 
Peaclam 

Greater European Peaclam River Pea Shell Pisidium amnicum 

Green Alga  Ulva (Enteromorpha) 

intestinalis 

Green Floater  Lasmigona subviridis 

Gypsy Moth European Gypsy Moth, North American Gypsy Moth Lymantria dispar dispar 

Gypsywort Gipsywort, Bugleweed, European Bugleweed, Water Horehound Lycopus europaeus 

Hairy Willow Herb Great Willowherb, Great Hairy Willowherb  Epilobium hirsutum 

Harpacticoid 
Copepod 

 Nitokra hibernica 

Hemlock Wooly 

Adelgid 

 Adelges tsugae  

Henslow Peaclam  Pisidium henslowanum 

High Bush Cranberry Highbush Cranberry, Cranberrybush Viburnum, American Cranberrybush Viburnum trilobum 

Humpbacked 

Peaclam 

 Pisidium supinum 

Hybrid Cattail  Typha x glauca 

Hydrilla Waterthyme Hydrilla verticillata 

Japanese Mystery 
Snail 

Oriental Mystery Snail, Japanese Black Snail, Japanese Trapdoor Snail, C. 
Japonicus, C. Chinensis Japonica, C. Chinensis Japonicus, Bellamya Japonica, B. 

Chinensis Japonica, Viviparus Japonica, V. Japonicus, V. Chinensis Japonica 

Cipangopaludina japonica  

Keek Creeping Yellowcress, Yellow Fieldcress Rorippa sylvestris 

Killer Shrimp  Dikerogammarus villosus 

Koi  Cyprinus Carpio 

Largemouth Bass  Micropterus salmoides 

Largemouth Bass 

Virus 

Lmbv Ranavirus 

Manitoba Maple Box Elder, Elf Maple, Ash-Leaved Maple, Boxelder Maple, Maple Ash, Ashleaf 
Maple 

Acer negundo 

Margined Madtom  Noturus insignis 

Marsh Fleabane Saltmarsh Fleabane, Shrubby Camphorweed Pluchea odorata 

Marsh Thistle European Swamp Thistle Cirsium palustre 

Microsporidian 
Parasite 

 Heterosporis sutherlandae, 
Glugea hertwigi 

Mute Swan  Cygnus olor 

Narrow Leafed 
Cattail 

Narrowleaf Cattail, Lesser Bulrush, Lesser Redmace Typha angustifolia 

New Zealand Mud 

Snail 

 Potamopyrgus antipodarum 

Northern Snakehead  Channa argus 

Oak Wilt Wilt of Oak; Wilt: Oak Ceratocystis fagacearum 

Oakleaf Goosefoot  Chenopodium glaucum 

Oarsman  Schizopera borutzkyi 

Orangespotted 

Sunfish 

 Lepomis humilis 

Oriental Bittersweet Chinese Bittersweet, Asian Bittersweet, Round-Leaved Bittersweet, Asiatic 
Bittersweet 

Celastrus orbiculatus 

Ornamental 

Jewelweed 

Policeman's Helmet, Bobby Tops, Copper Tops, Gnome's Hatstand, Himalayan 

Balsam, Kiss-Me-On-The-Mountain 

Impatiens glandulifera 

Parasitic Copepod  Neoergasilus japonicus 

Parrot Feather Parrot Feather Watermilfoil Myriophyllum aquaticum 
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Phragmites  Phragmites australis subsp. 
australis 

Piedmont Elimia Virginia River Snail Elimia virginica 

Pink Salmon Humpback Salmon Oncorhynchus gorbuscha 

Poison Hemlock Hemlock Conium maculatum 

Purple Loosestrife Purple Lythrum Lythrum salicaria 

Purple Osier  Salix purpurea 

Quagga Mussel  Dreissena rostriformis 

bugensis 

Rainbow Smelt  Osmerus mordax 

Rainbow Trout  Oncorhynchus mykiss 

Red Alga Rhodophyta Bangia atropurpurea, 
Chroodactylon ornatum 

Red Eared Slider Red Eared Terrapin Trachemys scripta elegans 

Red Swamp Crayfish Red Swamp Crawfish Persicaria maculosa 

Redear Sunfish Shellcracker, Georgia Bream, Cherry Gill, Chinquapin, Improved Bream, Rouge 
Ear Sunfish, Sun Perch 

Lepomis microlophus 

Redshank Spotted Lady's Thumb, Jesus Plant Persicaria maculosa 

Redtop Black Bent Agrostis gigantea 

Reed Canary Grass  Phalaris arundinacea 

Rough Bluegrass  Poa trivialis 

Rough Water 
Horehound 

Rough Bugleweed, Western Water-Horehound Lycopus asper 

Round Goby  Neogobius melanostomus 

Roundfruit Rush Compressed Rush Juncus compressus 

Rudd  Scardinius erythrophthalmus 

Rusty Crayfish  Orconectes rusticus 

Salmonid Whirling 

Disease 

 Myxobolus cerebralis 

Saltmarsh Rush Blackgrass, Black Needle Rush Juncus gerardii 

Satinfish Shiner  Cyprinella analostana 

Scud Amphipod Echinogammarus ischnus 

Sea Lamprey  Petromyzon marinus 

Smallmouth Buffalo  Ictiobus bubalus 

Sockeye Salmon Red Salmon, Kokanee Salmon, Blueback Salmon Oncorhynchus nerka 

Spearmint Garden Mint, Common Mint, Lamb Mint, Mackerel Mint Mentha spicata 

Spiny Waterflea  Bythotrephes longimanus 

Spiny Waternymph Spiny Naiad, Holly-Leaved Naiad  Najas marina 

Spring Viremia of 

Carp 

Swim Bladder Inflammation Rhabdovirus carpio 

Staghorn Sumac Vinegar Plant Rhus typhina 

Starry Stonewort  Nitellopsis obtusa 

Stone Moroko Topmouth Gudgeon Pseudorasbora parva 

Sucitorian Ciliate  Acineta nitocrae 

Suckermouth 

Minnow 

 Phenacobius mirabilis 

Sulfur Cinquefoil Rough-Fruited Cinquefoil Potentilla recta L. 

Tartarian 

Honeysuckle 

 Lonicera tatarica 

Tench Doctor Fish Tinca tinca 

Testate Amoeba Thecamoebians, Testacea, Thecamoeba Psammonobiotus communis, 
Psammonobiotus dziwnowi, 

Psammonobiotus linearis 

Thermocyclops 
Crassus 

 Thermocyclops crassus 

Threespined 

Stickleback 

 Gasterosteus aculeatus 

Tree of Heaven Ailanthus, Stinking Sumac, Chinese Sumac, Varnish Tree, Stink Tree, Copal Tree Ailanthus altissima 

Tubenose Goby Freshwater Tubenose Goby Proterorhinus semilunaris 

Tubificid Worm  Branchiura sowerbyi, 

Gianius aquaedulcis, 

Potamothrix bedoti, 
Potamothrix moldaviensis, 

Potamothrix vejdovskyi 

Ulcer Disease Furunculosis, Erythrodermatitis Aeromonas salmonicida 

Viral Hemorrhagic 
Septicemia Virus 

 Novirhabdovirus sp. 
genotype IV sublineage b 
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Water Chestnut Water Chestnut, Water Caltrop, Buffalo Nut, Bat Nut, Devil Pod, Ling Nut, Lin 

Kok, Ling Kio Nut, Mustache Nut, Singhada 

Trapa natans 

Water Flea Cladocera Bosmina coregoni, Daphnia 

galeata galeata, Daphnia 

lumholtzi 

Water Foxtail Marsh Foxtail Alopecurus geniculatus 

Water Hyacinth  Eichhornia crassipes 

Water Lettuce Water Cabbage, Nile Cabbage, Shellflower Pistia stratiotes 

Water Mint  Mentha aquatica 

Water Soldier  Stratiotes aloides 

Watercress  Nasturtium officinale 

Weeping Alkaligrass Reflexed Saltmarsh-Grass Puccinellia distans 

Wels Catfish Sheatfish Silurus glanis 

Western 

Mosquitofish 

Gambusia, Gambezi, Mosquitofish Gambusia affinis 

White Crappie Goldring, Silver Perch Pomoxis annularis 

White Mulberry Mulberry, Silkworm Mulberry, Russian Mulberry Morus alba L. (Moraceae) 

White Perch  Morone americana 

White Poplar Abele, Silver Poplar, Silverleaf Poplar Populus alba 

Winter Cress Common Winter-Cress, Yellow Rocket, Herb Barbara, Yellow Rocketcress, Winter 

Rocket, Wound Rocket, Garden Yellowrocket 

Barberea vulgaris R. Br. 

Woodwasp European Woodwasp, Horntail, Sirex Wasp, Steel Blue, Wood Wasp, Steel-Blue Sirex noctilio 

Yellow Iris Yellow Flag Iris Iris pseudacorus 

Yellow Floating 

Heart 

 Nymphoides peltata 

Zander Pike-Perch, European Pike-Perch, European Walleye Sander lucioperca 

Zebra Mussel  Dreissena polymorpha 

Note. This table of potential aquatic and riparian invasives was compiled from the current work 

being done in Niagara based on the interviews, as well as a list of potential aquatic and riparian 

invasives from GLANSIS and Nonindigenous Aquatic Species (NAS) databases. For GLANSIS, 

a query for Lake Erie and Ontario and their respective drainages was done. For NAS, a spatial 

query was completed for the Niagara Region using the draw map tool (see 

https://nas.er.usgs.gov/viewer/omap.aspx#) (U.S. Geological Survey, 2018). A list of other 

common and scientific names primarily came from the databases used (GLANSIS and NAS), as 

well as CABI (www.cabi.org) and Wikipedia.  

 

 

 

https://nas.er.usgs.gov/viewer/omap.aspx
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Appendix C: University Research Ethics Board Review 
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Appendix D: Survey Instrument 

# ___Date__________Org________________________________________________________ 

Title____________________________________Name_________________________________ 

Org 

Email________________________________Email_________________________________ 

Org Phone________________________________Phone________________________________  

Please note, to keep phrasing consistent, I will be reading the questions. And, as a reminder, this 

questionnaire focuses on aquatic and riparian invasives only. These invasives could include 

species along watercourses/streams/creeks like phragmites, purple loosestrife, invertebrates, 

amphibians, and fish. 

i. Which invasives does your organization deal with (list)? 

1a. Which invasive species does your organization spend the most resources on? 1b. Why? 

2. What techniques are you using to detect the presence of invasive species? 

For question 3, use Collector for ArcGIS and list from question i. 

3a. What control techniques do you use for the invasive species? [If they use multiple controls 

for an invasive, ask if the controls are all used in the same place] 

3b. Where you are using the control technique? Please place the point in middle of area being 

controlled, and only place one point at a time. 

3c. In the area you applied the control/targeted, how much of the invasives did you get rid of? 

All? ¾? ½? ¼? None? Choose 0-25%, 25-50%, 50-75%, 75-100%, unknown.  

ID Species Control Site Frequency % Eradication 

      

3d. Please confirm this is the organization’s contact information – name, email, and phone. 

3e. Could I use you as a point of contact (name, email, and phone) for the database, so other 

organizations have a contact for resource sharing and questions? Or could you provide another 

individual as a point of contact? 

4a. Does your organization coordinate with other outside groups to address any invasive species?      

Y    /    N  

 4b. If yes, then, who do you coordinate with and how? 

4c. Does your organization share information about invasives with any other groups?    Y    /    N  

4d. If yes, then, who do you share information with and what do you share? 

So, we are nearing the end of the interview now, and I would like to ask you about some costs 

associated with your invasive species management. Please note that cost information will not be 
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shared on the database or online. The cost information will only be used for my thesis discussion, 

and will not be linked to you. 

5. Please provide a ball-park estimate of the following invasive species control costs.  

 5a. Estimate the # of man-hours/year dedicated to controlling the invasive species. 

 5b. Direct expenses controlling the invasive species ($)/year.  

Species 

Man Hours  

Direct expenses ($)/year  

6a. Are there invasive species you want to manage, but there are barriers preventing you from 

managing these?  6b. What are these barriers?  

Inv Barriers 

 

7. Do you see a pattern of invasive species activity increasing, decreasing or staying the same? 
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Appendix E: E-mail Invitation and Letter of Invitation  

E-mail Invitation: 

 

Hello, 

 

I am creating a database for aquatic and riparian invasive species work in Niagara for my 

Master's thesis at Brock University. I wondered if your organization was doing any work to 

detect, monitor, or control aquatic or riparian invasive species in the Niagara Region? If so, I 

would like to include your organization in the database. Below, I have included more 

information about the study. 

____________________________________ 

Title of Study: Analysis of invasive species management in Niagara: Towards the establishment 

of a database to improve knowledge sharing  

 

Principal Investigator: Dr. Liette Vasseur, Professor and UNESCO Chair in Community 

Sustainability from Local to Global, Environmental Sustainability Research Centre, Brock 

University 

 

Student Principal Investigator: Lyn Brown, Master of Sustainability and Society Candidate, 

Environmental Sustainability Research Centre, Brock University 

 

Your organization is being asked to participate in a study that is creating an aquatic and riparian 

invasive species management database for the Niagara Region. The purpose of this research 

project is to create an invasive species management database for the Niagara Region that is as a 

usable tool for management. The objectives are to (1) analyze invasive species management in 

Niagara using principles from the Ecosystem Approach like iterative learning, collaboration, and 

information sharing, and (2) create a database with a GIS (Geographic Information System) 

mapping component that will improve invasive species control in Niagara. 

 

This research should benefit those involved in Niagara’s invasive species management as well as 

researchers by providing access to a new resource for information on Niagara’s invasive species 

management. Invasive species management could use this resource as a working tool to identify 

where management efforts are occurring in Niagara. This could facilitate collaboration among 

those organizations, by identifying resource pooling and resource sharing opportunities. 

Additionally, this database could be used as a planning tool to provide a baseline of current 

Niagara invasive species management efforts and costs, prioritize invasive species management 

efforts, and identify management efficacy, areas of improvement, and future resource needs. This 

can contribute to Niagara’s progress towards achieving Aichi Biodiversity Target 9, as well as 

contribute to the global information network of invasive species. 

 

You will be sent the link to access this database when it is completed. The data collected will be 

published on an open-access database, so it will not be kept confidential, nor will it be destroyed. 

The exception is that cost information will remain confidential and will only be reported in 

aggregate form without individual identifiers. You have the right to withdraw from this study at 

any point, and data will then be destroyed and not used in the database. All data not on the open-
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access database will be deleted once the study is published (within 2 years of graduation). There 

are no known risks except there may be a minimal social risk regarding reporting of management 

success rates for invasive species control. Information not published in the database may be used 

in non-identifiable form in the thesis discussion. The university Research Ethics Board reviewed 

this project and considered it exempt from Board oversight, however, standard ethical principles 

still apply. 

 

Should you choose to participate, you will be asked to do an in-person interview where you will 

be asked questions of what invasive species your organization prioritizes and why; techniques 

you use to detect and control invasive species; control effectiveness; location of control efforts; 

coordination level with other groups; management costs; barriers preventing your organization 

from addressing certain invasive species; and invasive species activity patterns. The expected 

duration is 20-30 minutes depending on the number of invasives.  

 

If you choose to participate, please email me back, so we can schedule a time to meet. Your 

participation will help create a valuable resource for everyone involved in addressing aquatic or 

riparian invasive species here in the Niagara area.  

 

Thank you, 

 

Lyn Brown 

 

Dr. Liette Vasseur                                             Lyn Brown  

Professor                                                           Master of Sustainability Candidate 

905 688 5550 x4023                                         289-407-8920  

lvasseur@brocku.ca                                          lb17jp@brocku.ca 

 

Letter of Invitation 

Title of Study: Analysis of invasive species management in Niagara: Towards the establishment 

of a database to improve knowledge sharing 

Principal Investigator: Dr. Liette Vasseur, Professor, Environmental Sustainability Research 

Centre, Brock University 

Student Principal Investigator: Lyn Brown, Master of Sustainability and Society Candidate, 

Environmental Sustainability Research Centre, Brock University 

I, Dr. Liette Vasseur, Professor, from the Department of the Environmental Sustainability 

Research Centre, Brock University, invite you to participate in a research project entitled 

Analysis of invasive species management in Niagara: Towards the establishment of a database to 

improve information sharing.  

The purpose of this research project is to create an invasive species management database for the 

Niagara Region that acts as a useable tool for management. The objectives are to (1) Analyze 

invasive species management in Niagara, in the context of the Ecosystem Approach, and (2) 

Create a database with a GIS mapping component that will improve invasive species control in 

mailto:lvasseur@brocku.ca
mailto:lb17jp@brocku.ca
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Niagara. Should you choose to participate, you will be asked to do an in-person interview where 

you will be asked questions of what invasive species your organization prioritizes and why; 

techniques you use to detect and control invasive species; control effectiveness; location of 

control efforts; coordination level with other groups; management costs; barriers preventing your 

organization from addressing certain invasive species; and invasive species activity patterns. The 

expected duration is 20-30 minutes depending on the number of invasives. 

You will be sent the link to access this database when it is completed. The data collected will be 

published on an open-access database, so it will not be kept confidential. The exception is that 

cost information will remain confidential. Data will not be anonymous, as in-person interviews 

are used. There are no known or anticipated risks associated with participation in this study. 

This research should benefit those involved in Niagara’s invasive species management as well as 

researchers by providing access to a new resource for information on Niagara’s invasive species 

management. Invasive species management could use this resource as a working tool to identify 

where management efforts are occurring in Niagara. This could facilitate collaboration among 

those organizations, by identifying resource pooling and resource sharing opportunities. 

Additionally, this database could be used as a planning tool by providing a baseline of current 

Niagara invasive species management efforts and costs. This database could be used as a 

planning tool to prioritize invasive species management efforts, identify management efficacy, 

areas of improvement, future resource needs for management. This can contribute to Niagara’s 

progress towards achieving Aichi Biodiversity Target 9, as well as contribute to the global 

information network of invasive species. 

This research is sponsored by Brock University. This is a single-site project. If you have any 

pertinent questions about your rights as a research participant, please contact the Brock 

University Research Ethics Officer (905 688-5550 ext. 3035, reb@brocku.ca). If you have any 

questions, please feel free to contact me (see below for contact information). 

Thank you, 

Dr. Liette Vasseur      Lyn Brown  

Professor      Master of Sustainability Candidate 

905 688 5550 x4023     289-407-8920  

lvasseur@brocku.ca      lb17jp@brocku.ca 

This study has been reviewed and received ethics clearance through Brock University’s Research 

Ethics Board.  

mailto:reb@brocku.ca
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Appendix F: List of Contacted Organizations that were Not Interviewed 

Brock University Niagara Restoration Council 

Bruce Trail Association Niagara-On-The-Lake Sustainability Network 

Canada Border Services Agency Niagara's Outdoor Adventure Campus 

Canadian Wildlife Service Ontario Apple Growers 

City of Niagara Falls, Landscape Architecture Ontario Invasive Plant Council 

City of Port Colbourne Public Works Ontario Nature 

Coalition of the Niagara Escarpment Ontario Phragmites Working Group 

District School Board of Niagara, Public 

Affairs 

Ontario River's Alliance 

Ducks Unlimited Canada Ontario Soil and Crop Improvement 

Association 

École élémentaire LaMarsh Ontario Tender Fruit Growers 

Environment and Climate Change Canada Ontario Trails Council 

Escarpment Biosphere Conservancy Preservation of Agricultural Lands Society 

Fort Erie Conservation Club Ridley College 

Friends of Fort Erie Creek School of Horticulture and Botanical Gardens 

Friends of Short Hills Park St. Catharines City Hall Transportation and 

Environmental Services 

Friends of the Glen St. Lawrence Seaway Management 

Corporation 

Friends of Walker's Creek Thorold Public Works 

Grape Growers of Ontario Town of Fort Erie  

Great Lakes Fishery Commission Town of Grimsby Public Works 

Harmony Residents Group Town of Lincoln Planning Department 

International Joint Commission, Great Lakes 

Regional Office 

Town of Pelham Public Works 

Invasive Species Centre Township of Wainfleet 

Land Care Niagara Township of West Lincoln Planning 

Department 

Niagara Catholic District School Board 

(Facility Services) 

Trout Unlimited Canada 

Niagara Chapter of the Ontario Woodlot 

Association 

Welland Public Works 

Niagara Escarpment Commission Welland River Keepers 

Niagara Land Trust Wildlife Preservation Canada 

Niagara Remedial Action Plan  
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Appendix G: List of Interviewed Organizations 

Bert Miller Nature Club 

Canadian Food Inspection Agency* 

Department of Fisheries and Oceans Canada, Sea Lamprey Control Centre 

Department of Fisheries and Oceans Canada, Great Lakes Laboratory of Fisheries and Aquatic 

Sciences (Asian Carp) 

Friends of Malcolmson Eco-park* 

Hamilton Naturalists’ Club* 

Nature Conservancy of Canada 

Niagara College Canada* 

Niagara Falls Nature Club 

Niagara Parks Commission* 

Niagara Peninsula Conservation Authority* 

Ontario Ministry of Natural Resources and Forestry 

Ontario Federation of Anglers and Hunters 

Ontario Power Generation* 

Peninsula Field Naturalists 

Town of Niagara-On-The-Lake Irrigation Committee* 

 

* indicates that the organization controls and detects aquatic or riparian invasives in the Niagara 

Region. Those without * only detect aquatic/riparian invasives in Niagara. 
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Appendix H: Current Collaboration Efforts in Niagara  

Org. 

name 

Coordinate Coordinate 

w/who? 

Coordinate how? Info 

share? 

With who? What share? 

CFIA Y NPC For the hemlock wooly adelgid project at the Niagara Glen, CFIA 

coordinates with NPC. CFIA was initially monitoring and noticed 

hemlock wooly adelgid at Niagara Glen. CFIA provides technical 

experts to help deal with hemlock wooly adelgid. NPC helped control 

hemlock wooly adelgid, by cutting down trees and burning them. NPC 

monitors hemlock trees for hemlock wooly adelgid with branch 

sampling NPC surveyors were been trained by CFIA. 

Y Partners Provide surveying protocols for 

invasives. Share their data 

(collection?) template. Share 

survey data from a national 

survey.  

ONMNRF, 

OMAFRA, CFS 

Have representatives for the hemlock wooly adelgid Niagara Glen 

project.  

ISC Have a memorandum of understanding with them. Work on projects 

together to do education, training, and outreach. 

Municipalities and 

Niagara Region 

CFIA offers an annual workshop to the city of Niagara Falls and St. 

Catharines and the Manager of Forestry at Niagara Region to train them 

on the practical aspects of surveying.  

CBSA According to the Government of Canada website 

(http://inspection.gc.ca/food/imports/eng/1323714792490/13237159492

60), CFIA sets out policies/regulations for food and agricultural inputs, 

and the CBSA inspects and can stop goods from entering Canada that 

do not meet CFIA regulations/policies. 

DFO-AC Y ONMNRF Meet every couple of months. Work together directly to respond to 

Asian carp threats. Share objectives. Hold regular meetings about 

invasives including Asian carp. Coordinate response initiatives. 

Compare notes on sampling techniques. 

Y ONMNRF Share their field sampling 

schedules with the fishery 

officers.  

  OFAH & ISC Education and outreach.  OFAH & ISC Share Asian carp material.  

  ROM Send their Asian carp specimens for the Asian carp display as part of 

the ROM's biodiversity display. Help coordinate and provide 

information for the ROM fish identification course. At the ROM, DFO 

regularly does education and outreach e.g. have an Asian carp booth.  

 ROM Share educational-related Asian 

carp material.  

  U.S. State and 

Federal 

Government 

Share lab samples of Asian carp for a database compiling the genetic 

profiles of Asian carp. Share higher level policy and management 

objectives. Help with U.S. grass carp eradication efforts near Lake Erie.  

 U.S. State and 

Federal 

Government 

Share information on Asian 

carp genetics.  
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     Public A yearly field summary report. 

DFO-SL Y GLFC  Coordinate with GLFC to ensure that DFO-SL is practicing the most 

effective detection and treatment of sea lamprey.   

Y GLFC, Public Write an annual report on sea 

lamprey, and this is posted on 

the GLFC website. Present sea 

lamprey info at Lake 

Committee meetings. 

USFWS USFWS have the same program to control sea lamprey as DFO-SL, so 

they work with DFO-SL to come up with the program (goals, 

objectives, how to carry out the sea lamprey management). 

US FWS, 

GLFC, 

USACE, 

ONMNRF, 

NPCA, OFAH, 

State agencies 

in the U.S., 

and First 

Nations 

Groups 

One day each year, they present 

to all of those agencies about 

sea lamprey work in the Great 

Lakes.  
USACE Coordinate in barrier construction. 

ONMNRF Coordinate in barrier construction. Also, tell the province what they are 

doing. 

NPCA Tell the NPCA what they are doing in Niagara.  

OFAH Work together to get info from invading species hotline to know where 

sea lamprey is being spotted. 

State agencies in 

the U. S.  

Coordinate sea lamprey control. 

First Nations 

Groups 

Not specified.  

FOMEP Y Niagara College Niagara College completed a study on evaluating the Waterfowl Pond. 

This included detecting/surveying for aquatic and riparian invasives, 

and making recommendations. 

Y Land Care 

Niagara - 

Olivia Groff 

1. List of invasives currently 

have at Malcolmson Eco-park. 

2. Actions to address invasives 

e.g. Giles Restoration work for 

oriental bittersweet and 

common buckthorn. 3. Obtain 

funding information from 

Olivia Groff. 

HNC Y Invasive 

Phragmites 

Control Centre 

Dr. Janice Gilbert (Executive Director of the Invasive Phragmites 

Control Centre and Co-Chair of the Ontario Phragmites Working 

Group) advised HNC on phragmites control. 

Y Public Publish the Wood Duck, a 

monthly journal that includes 

updates like those about their 

phragmites control project.  
NPCA NPCA granted HNC with a permit for spraying pesticides on the 

property. Also, have a Memorandum of Understanding with the NPCA. 

The NPCA hired the private contractor, but HNC paid the invoice for 

the contractor because HNC got the funding to do the phragmites work. 
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NCC Y Niagara College, 

TUC 

Goldfish removal project at Lathrop nature preserve, with work to start 

in two years 

Y CPAWS Location and abundance of all 

invasives on NCC properties in 

Eastern Ontario 
Government, Land 

Trusts, Private 

Landowners, 

Conservation 

Authorities 

Not specified 

Niagara 

College 

Y DUC, TUC, 

General Motors 

Wildlife Habitat 

Council, Seaway 

Coordination varies year to year, and depends on project delivery, 

student interests. Who Niagara College coordinates with is dictated 

based on personal connections.  

 

Y Students Biodiversity inventory 

Audubon Send report every three years to 

Audubon, to maintain Certified 

Audubon Cooperative 

Sanctuary status, including info 

about invasive management.  

Niagara 

Nature 

Clubs  

N NA NA Y Amongst the 

nature clubs 

(PFN, BMNC, 

NFNC) and 

Ontario Nature 

Species sightings list, which 

includes invasives 

NOTL 

Irrigation 

Committee 

Unknown Unknown Unknown Y Unknown Share information with possible 

funders to get money. 

NPC Y CFIA CFIA helps monitor for invasives e.g. a CFIA employee identified the 

hemlock wooly adelgid at Niagara Glen. Coordinate with CFIA to 

identify best management practices for invasives. 

Y CFIA Share information related to 

projects e.g. hemlock wooly 

adelgid at the Niagara Glen. 

ONMNRF Work on shoreline naturalization projects together for Niagara River. ONMNRF Share information related to 

joint projects. 

QRA QRA helps manage garlic mustard at the Queenston Docks e.g. help 

hand-pull garlic mustard. 

Niagara 

Residents 

Three times a year, NPC hosts 

public information centers that 

include information on invasive 

work, with a focus on emerald 

ash borer. 

Niagara College Niagara College helps map invasives e.g. created an invasive 

management priority areas map. Niagara College also creates reports 

and restoration plans with invasives for NPC. 

NPCA NPCA and NPC work together to monitor for invasives. NPCA 

monitors aquatic invasives.  
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Niagara Nature 

Clubs 

Niagara Nature Clubs monitor species in Niagara, including invasives, 

and send a species inventory list each year to NPC. 

NPCA Y Other conservation 

authorities 

Get ideas about how to manage invasives, if they want to start a new 

invasive project. 

Y Public and 

agencies 

2017 hosted Invasive Species 

workshop (Appendix A). 

Brainstormed what barriers 

were in Niagara for confronting 

invasives, how to overcome 

these barriers, and get ideas of 

better management e.g. St. 

Thomas Phrag Free City plan.  

OFAH Y Municipalities Have an open line of communication with municipalities for them to 

upload their data to platforms like EDDMapS 

Y Information 

available on  

request, e.g., to 

students, 

municipalities 

Whatever the requested 

information is about invasives 

ONMNRF Partner with ONMNRF for running the Invading Species Awareness 

Program 

ONMNRF, 

Public 

Most information relating to the 

Invading Species Awareness 

Program – management and 

educational materials 

ISC Deliver workshops together on invasives iNaturalist, 

OFAH, Public 

Cross share information so the 

Invading Species Awareness 

website can become a one-stop-

shop for invasive info. OFAH is 

pulling data from the current 

12,400 iNaturalist invasive 

species observations, and 

uploading/syncing them with 

EDDMapS on ISA website. 

DFO Asian carp management projects 

ONMNRF Y Groups looking for 

funding 

Facilitate finding funding. ONMNRF partnership specialists try to align 

MNRF's interests with the group's interests to address a problem. 

Y Public Produce fact sheets available 

online. Also, a partner in the 

Invading Species Awareness 

website for information online.  

OPG Y NA - Just named 

groups they hire. 

NA Y Researchers International Conference on 

Aquatic Invasive Species. Did 

not specify what they share. 
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Appendix I: This Study’s Control Efficacy Ratings by Organizations in the Niagara Region, Ontario, Canada for Aquatic and 

Riparian Invasive Species Control Efforts Compared to the Literature’s Control Efficacy Ratings 

Invasive Species Control Technique Niagara’s CE Rating 

by Organization 

Literature’s CE Rating Literature Source 

Common Buckthorn 

(Rhamnus cathartica) 

Cut to stump and treat 

with triclopyr 

75-100% - NPC 

75-100% - OPG 

>90% of the population was eliminated the year of treatment and 

the following year 

Invasive Plant 

Control Database 

(MIPN, 2018) 

Dog-strangling Vine 

(Cynanchum rossicum) 

Glyphosate 75-100% - NPC Reduced population to 28% cover versus control (77% cover) Lawlor & Raynal, 

2002 

Garlic Mustard (Alliaria 

petiolata) 

Hand-pull 25-50% - NPC >90% of the population was eliminated the year of treatment 

<50% of the population was eliminated the year after treatment 

Invasive Plant 

Control Database 

(MIPN, 2018) 

Hemlock Wooly Adelgid 

(Adelges tsugae) 

Cut and burnt hemlock 

trees 

75-100% - NPC & 

CFIA 

Not effective at Great Smoky National Park  Soehn et al., 2005 

Phragmites (Phragmites 

australis subsp. australis) 

Glyphosate and mow 75-100% - HNC Glyphosate and mowing is effective at reducing growth Derr, 2008 

Physically remove 0-25% - Niagara 

College 

Hand-pulling is ineffective ONMNRF, 2011 

Outplant with native 

species 

0-25% -Niagara 

College 

Outplanting is used more often for restoration rather than a 

control in itself  

Schultz, 2000 

Mow 0-25% - NOTL 

Irrigation Committee 

Mowing can stimulate growth if used as the only control ONMNRF, 2011 

Purple Loosestrife (Lythrum 

salicaria) 

Hand-pull 75-100% - NPCA 

50-75% - NPC 

50-70% of the population was eliminated the year of treatment 

<50% of the population was eliminated the year after treatment 

Invasive Plant 

Control Database 

(MIPN, 2018) 

Tartarian Honeysuckle 

(Lonicera tatarica) 

Cut to stump and treat 

with triclopyr 

25-50% - NPC >90% of the population was eliminated the year of treatment and 

the following year 

Invasive Plant 

Control Database 

(MIPN, 2018) 

Tree of Heaven (Ailanthus 

altissima) 

Cut to stump and treat 

with triclopyr 

25-50% - NPC >90% of the population was eliminated  

70-90% of the population was eliminated the year after treatment  

Invasive Plant 

Control Database 

(MIPN, 2018) 

Quagga Mussel (Dreissena 

rostriformis bugensis) 

Ultraviolet light 75-100% - OPG UV light reduced settlement of mussels compared to control Pucherelli & Claudi, 

2017 

Continuous chlorine 

treatment 

75-100% - OPG Chlorine increased mortality of mussels Brady Van 

Benschoten, & 

Jensen, 1996 

Zebra Mussel (Dreissena 

polymorpha) 

Ultraviolet light 75-100% - OPG UV light reduced settlement of mussels compared to control Pucherelli & Claudi, 

2017 

Continuous chlorine 

treatment 

75-100% - OPG 100% mortality of mussels after chlorine treatment Rajagopal et al., 

2003 
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APPENDIX J: Links to Database and GIS Map Files  

 

NOTES:  

1.The Database file in Access software format must be clicked and downloaded to be viewed.  

2. All other files may be viewed by simply clicking on them.  

 

DATABASE & GIS MAP  

LINK TO DROPBOX FOLDER CONTAINING ALL DATABASE & MAP FILES, 

INCLUDING “GETTING STARTED” VIDEOS AND RESOURCE LIST FOR UNESCO 

WEBSITE 

CLICK HERE 

 

GIS MAP 

DIRECT LINK TO GIS MAP VIA ARCGIS  

CLICK HERE 

 

Link to Niagara’s Aquatic and Riparian Invasive Species Control Map: http://arcg.is/1LzHHO 

A video for getting started with the map can be found in the separate file called 

“Brock_Brown_Lyn_2019_Getting_Started_GIS_Map”. 

 

DATABASE 

 

DIRECT LINK TO ACCESS FORMAT DATABASE 

CLICK HERE 

 

DIRECT LINK TO EXCEL FORMAT DATABASE 

CLICK HERE 

 

 

https://www.dropbox.com/sh/y1bswwdxbgygd9i/AADhV35eD7ZSQ5X8tN2PodNRa?dl=0
https://www.dropbox.com/sh/y1bswwdxbgygd9i/AADhV35eD7ZSQ5X8tN2PodNRa?dl=0
https://www.dropbox.com/sh/y1bswwdxbgygd9i/AADhV35eD7ZSQ5X8tN2PodNRa?dl=0
https://www.dropbox.com/sh/y1bswwdxbgygd9i/AADhV35eD7ZSQ5X8tN2PodNRa?dl=0
http://arcg.is/1LzHHO
http://arcg.is/1LzHHO
http://arcg.is/1LzHHO
https://www.dropbox.com/s/4k2ra7jot4gcg8o/Brock_Brown_Lyn_2019_Access_Database.accdb?dl=0
https://www.dropbox.com/s/4k2ra7jot4gcg8o/Brock_Brown_Lyn_2019_Access_Database.accdb?dl=0
https://www.dropbox.com/s/buobz2hupmzl6jf/Brock_Brown_Lyn_2019_Excel_Database.xlsx?dl=0
https://www.dropbox.com/s/buobz2hupmzl6jf/Brock_Brown_Lyn_2019_Excel_Database.xlsx?dl=0

