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Abstract 
Understanding how humans and ecosystems interact across landscapes is an important 
challenge for the development of sustainable societies.  Human dominated landscapes are 
frequently heterogeneous in their distribution of ecosystems and the associated goods and 
services. It can be difficult to create management strategies that cater to diverse demands 
from different resource managers, while at the same time promoting healthy functioning 
of ecosystems held in common.  I use a social network perspective to analyze how 
municipal management units connect to each other with regards to a water resource in 
two watersheds in Québec, Canada. I test the importance of collaborative network ties for 
municipalities’ engagement in water quality management activities.  I assess if 
municipalities with different ecosystems, namely agriculture and tourism, engage 
differently in water quality management activities and if they have different social 
networks.  I assess the role of third party actor groups such as Government Ministries and 
Non-Governmental Organizations that connect municipalities across the diverse 
landscape.   Third party actor groups are instrumental in connecting municipalities across 
a diverse landscape. Municipalities with ecosystems facilitating tourism have more 
collaborative ties in the water quality management network and are more engaged in 
water quality management activities than municipalities managing for agricultural 
production.  An asymmetry in collaborations and activity engagement for water quality 
management has implications for the capacity of the region to encourage basin scale 
water management.   
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Introduction 
In this master’s research project, I use social network analysis as a tool to investigate how 

local resource managers (government municipalities) interact with each other regarding a 

water resource that moves across the landscape.  The empirical site, two watersheds in 

the Montérégie Québec, Canada, is particularly interesting because the landscape is 

heterogeneous in its distribution of ecosystems and the associated goods and services.  

Local municipalities are an appropriate unit for this analysis because they are both a) 

important administrative units in the management of water quality and b) they have 

distinct spatial boundaries allowing for visualization of their networks across the 

landscape. I use the landscape diversity as a starting point to group local actors into two 

categories based on their orientation towards tourism or agriculture.  I investigate how the 

social network for water management changes between the two groups and if they also 

differ in their engagement in water quality management activities. I pay particular 

attention to the role of non-municipal actor groups who play a part in water quality 

management and the corresponding social network. 

 

In this introduction, I set the stage for the research project by introducing the key 

concepts and relevant literature that guide this study.  I explain two types of social-

ecological mismatch that are problematic in water management. I describe social 

networks and social network analysis as it is used in natural resource management. I 

explain why a social network perspective is particularly useful for studying 

heterogeneous landscapes and how it is used in the context of this study.  I introduce my 

research aim and the specific research questions employed in response to this aim.  

 

1.1 The Problem of Fit in Water Management 
Water is one resource that experiences social-ecological mismatch in resource 

management, where the scale at which decisions are made for water management, does 

not match the scale at which water functions (Cash et al. 2006; Cumming, Cumming, and 

Redman 2006; Folke et al. 2007).  Scale is a term used to describe the spatial, temporal or 

organizational “level” at which some being exists, or process occurs (Cash et al. 2006).  
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Water sits at the local scale in the form of lakes and ponds, but remains connected to an 

overall functioning at the watershed scale, by moving in the form of rivers and streams. 

Rivers and streams carry pollution across the landscape and management efforts made by 

one user to improve water quality, can be outweighed by continued pollution from an 

upstream user. Effective water quality management must scale up, connecting local 

efforts to the basin scale (Pahl-Wostl 2002; Falkenmark and Folke 2002), whereby all 

resource users follow complimentary management strategies so that efforts by some are 

not offset by continued pollution from others.  

 

In my research, I examine the management system for water quality in two watersheds in 

Québec, Canada.  Two types of coordination between actor groups are important for 

water management in this region. First, between municipalities (local government units) 

who are connected across the landscape by water in the form of rivers and streams, and 

second, between municipalities on the local scale and other actor groups, engaged in 

water quality management, operating on higher organizational levels, such as regional 

and provincial government bodies, and specialized organizations such as Non-

Governmental Organizations (Dietz, Ostrom, and Stern 2003; Berkes 2007; Berkes, 

Colding, and Folke 2003; Falkenmark and Folke 2002).  

1.2 Social Networks 

I use social network analysis as a tool to investigate how resource managers with 

different ecosystem service priorities interact when it comes to a water resource.  The 

network perspective helps me identify if municipalities are interacting with each other 

across the landscape and with other actor groups to maintain a management structure that 

matches the functioning of water across the landscape and from the local to the watershed 

scale.  

1.2.1 What is Network Analysis? 

A network is a set of relational data made up of nodes and links. Nodes in a network can 

represent people, organizations, animals, or fragments of a landscape.  Links in a network 

represent relations between nodes, such as communication patterns, predation or the flow 
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of resources. A network is therefore the system resulting from these interacting nodes 

(Scott 2000; Wasserman and Faust 1994).   

 

Analysis of networks is based on graph theory and statistics (Janssen et al. 2006; Scott 

2000). Network analysis focuses on relational data and the resulting structure of systems 

(Wasserman and Faust 1994).  Network analysis can both identify particular attributes of 

nodes, such as how central one actor is to an organization, and provide insights about the 

functioning of the network structure as a whole, for example if all interactions in the 

network are channeled through one central actor (Scott 2000; Wasserman and Faust 

1994).  

1.2.2 Networks in Natural Resource Management 

Social network analysis has roots in sociological research (Granovetter 1973) and has 

grown to be applicable in a diverse set of disciplines, such as marketing, health and 

organizational research(Anderson, Håkansson, and Johanson 1994; Berkman and Syme 

1979; Freeman 2004; Degenne and Forsé 1999; Borgatti and Foster 2003).  Network 

analysis has proved particularly helpful in researching natural resource management 

systems. It has been used in natural resource management to study connectivity of 

fragmented landscapes (Bodin et al. 2006), knowledge and advice exchange for fisheries 

and forestry management (Crona and Bodin 2006; Isaac et al. 2007) and the influence of 

network structure on the management of resources (Bodin and Norberg 2007). Many 

studies in natural resource management have revealed the importance of informal social 

networks for successful ecosystem management initiatives (Olsson, Folke, and Berkes 

2004; Bodin, Crona, and Ernstson 2006; Berkes 2007). Studying how specialized 

organizations play a role in communication patterns has helped to promote successful 

bottom up resource management systems (Berkes 2007; Olsson et al. 2007).  

1.2.3 Social Networks applied to Water Management  

In this research project, I use network analysis to analyze the interactions between 

municipal management units with regard to water quality management. When working at 

large ecological scales, such as a watershed, it is appropriate to navigate the interactions 

between actor groups operating at the organizational scale, such as municipal governing 
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bodies and Non Governmental Organizations (NGOs). Social networks occurring 

between individuals would become cumbersome when aggregated to the watershed scale. 

Schneider et al. (2003) and Ernstson et al. (2006) are two studies within natural resource 

management that use social network analysis of actor groups operating at an 

organizational level.  To the best of my understanding no studies have used 

organizational bodies with distinct spatial-political boundaries, such as municipal 

administrative governing bodies, as a unit of analysis.   

 

Olsson et al. (2004), Cash et al. (2006) and Crona et al. (2006), have pointed to ‘brokers’, 

‘bridging organizations’ and ‘middlemen’ as entities in a social network that take on a 

distinct structural and functional role because they link together otherwise disconnected 

actor groups (Crona 2006; Olsson, Folke, and Hahn 2004; Cash et al. 2006). Water 

management is argued to benefit from organizations working at the basin scale who can 

mobilize or coordinate between local actor groups for integrated management (Pahl-

Wostl 2002). In the Montérégie, government ministries and regional or basin scale 

organizations work on larger socio-political scales than the municipality and it is logical 

that these organizations would collaborate with many municipalities across the landscape 

on water quality management. Actor groups in this study who link municipalities are 

referred to as third parties. A network perspective can identify important third parties, 

and with whom they collaborate.  This information is useful for water management and 

policy because it can help establish which third parties, or certain types of third parties 

are particularly successful at collaborating with municipalities and connecting together 

local resource users for the management of a common water resource.  

1.2.4 Applying Social Networks to Heterogeneous Human Dominated 
Landscapes 

In the Montérégie, a heterogeneous distribution of ecosystems across the landscape, 

results in a clustered pattern of tourism and agricultural zones. Agricultural zones are 

identified by crop production while dense forests and recreational sites for boating and 

hiking, reinforce tourism in other zones. Municipalities existing in these zones can be 

classified into agricultural and tourism municipal types.  A heterogeneous patterning of 
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ecosystems across a landscape is common in human dominated landscapes (Forman and 

Godron 1986; Turner 1989)  and demands a different overall management tactic then a 

homogeneous landscape with an equal distribution of ecosystems in each municipality 

(Gimona and van der Horst; Goldman, Thompson, and Daily 2007). I use this 

heterogeneous landscape pattern as an interesting base on which to study the social 

network for water management. Janssen et al. 2006 call for the inclusion of heterogeneity 

in the network perspective and network research (Janssen et al. 2006). My research 

responds to this call by using the social network approach to study the interactions 

between two municipal groups; municipalities who promote tourism and those that 

manage land for agriculture.  

1.3 Research Questions 

Aim 

This study is centered upon interactions between three main variables; a social network 

surrounding water quality management, municipal engagement in water quality 

management activities and a heterogeneous landscape with two municipal types, 

agricultural and tourism (Figure 1). A municipality’s engagement in water quality 

management is identified by the management activities it performs such as planting 

buffer zones around the river. To study interactions I measure patterns of communication 

and collaboration between municipalities and from municipalities to supra-governmental 

bodies (those above the municipality) and specialized organizations, such as local citizen 

groups and NGO’s, all regarding management of surface water quality. Collaboration 

describes a situation where two actor groups join together in the pursuit of a common 

objective and realize this objective in a shared management activity or project. The 

combination of these collaborative ties provides a structural perspective of how the 

management system for water is scaled up (regional and provincial ties) and spread 

across the landscape (municipal to municipal ties). The combination of collaborative ties 

in the study site is referred to as the water quality management network.  

 

The aim of my study is to understand how the management system for surface water 

quality is structured, given a heterogeneous pattern of agricultural and tourism based 
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municipalities across the landscape.  I respond to this aim with six specific research 

questions: 

1. What is the pattern of agricultural and tourism based municipalities, water 

quality management activities and collaborative management ties across the 

landscape? 

2. Do municipalities with more collaborative ties in the water quality 

management network do more water quality management activities?  

3. Do tourism based municipalities perform the same amount of water quality 

management activities, and the same types of activities as agriculturally  based 

municipalities? 

4. Are tourism based and agriculturally based municipalities, connected 

differently in the water quality management network?   

5. Are governmental bodies and specialized organizations important for 

connecting municipalities in the water quality management network?  

6. Are governmental bodies and specialized organizations collaborating equally 

with municipalities oriented toward agriculture and municipalities oriented 

toward tourism?     

 

1.4 Site Description 

The Montérégie is situated northeast from metropolitan Montreal, Québec, Canada 

(population approximately 3.6 million) (Fig 2). The Montérégie has a population of 

1,403,360 (2007 estimates) and  encloses the Richelieu and Yamaska watersheds that 

together cover an area of 7288km2  (Regions 2008) (Figure 1). 

 

A heterogeneous landscape pattern characterizes the landscape of the Montérégie. On a 

trajectory East from Montreal, the ecosystems humans value, and manage for change 

dramatically. Urban growth is increasing in the area close to Montréal, while in the center 

of the region, industrialized farming and large-scale pork production dominates the 

landscape.  Further east still, dense forest cover compliment land use strategies fostering 

nature conservation and tourism. Large rivers, streams, and lakes connect municipalities 
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with completely different ecosystems.  For example the Yamaska River flows between 

municipalities with dense forested hills and municipalities with industrial agriculture 

(Figure 2).  

 

Water quality is an increasingly important issue in the region as the water quality in both 

basins decreases. Pollution from leaking or non-existent septic systems, and agricultural 

run-off put water quality below Health Canada Standards in some parts of this region 

(Canadian Handbook on Health Impact Assessment 1999).  Water quality concerns are 

present in the popular media for both the region and the province of Québec. In this 

region citizens use surface water for drinking, irrigation of crops, recreation and gain 

aesthetical value from its presence (Raudsepp-Hearne 2009).   

 

In the Montérégie the municipality represents a defined spatial area as well as an 

administrative governing unit.  The municipality plays an important role in water quality 

management at the local scale.  Municipalities are responsible for implementation of 

government rules and regulations, such as buffer zones around rivers and streams. The 

two watersheds contain 147 local municipal governing units. A subset of 34 

municipalities was chosen for this study. These 34 municipalities lie on a trajectory 

moving east from Montreal, and were chosen because together they capture the diversity 

of this landscape (see figure 2).   

 

The study site is based around, three Regional Municipal Councils (MRCs); La Vallee de 

la Richelieu, Rouville, La Haute Yamaska, but also includes municipalities from the 

MRCs, Brome-Missisquoi and Les Maskoutains. An MRC is both a) a governmental 

administrative unit that passes rules and expert advice to municipalities and b) a platform 

for decision-making between municipalities enclosed in the administrative bounds 

(between 9 and 13 municipalities). 

Methods 
My research combines qualitative and quantitative methods in an empirical case study. I 

used available ecological data on ecosystem attributes at the municipal scale (Raudsepp-
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Hearne 2009).  I used a cluster analysis to separate municipalities into two groups; 

agricultural and tourism. Data on social interactions between municipalities was gathered 

by structured interviews with representatives from each of the 34 municipalities in the 

study area.  Participants were asked about management ties with other municipalities, 

supra-governmental bodies and specialized organizations.  This information is used in a 

network analysis (Wasserman and Faust 1994; Scott 2000) of social ties relating to water 

quality management. Data on water quality management activities was obtained from 

structured interviews.  I describe these methods in detail below. 

2.1 Data Collection 

2.1.1 Ecosystem Services 

Ecosystem services are the goods and services offered by nature and valued by humans 

(MA 2005). Data collection and spatial analysis of ecosystem services in this region, such 

as crop production and tourist attractions was performed by Raudsepp-Herene et al. 2009 

and made available to me for this research.  

2.1.2 Water Quality Management Network 

The water quality management network represents collaborative ties between 34 

municipalities and from these municipalities to government bodies and specialized 

organizations such as NGO’s. Municipal Mayors or Director Generals, who oversee all 

municipal management, were asked to identify with whom their municipality connects 

with regards to water quality management.  These representatives were chosen because 

they oversee all projects and activities done in the municipality and are also those 

representing the municipality on boards and committees and would therefore have an 

understanding of how the municipality interacts with other organizations. They were first 

asked openly, then given a list of supra-government bodies and specialized organizations 

with which they ranked the strength of interaction they have with other groups between, 

sharing information, exchanging advice, being part of the same projects and collaborating 

on projects.  If a project or collaborative tie was identified they were then asked to give 

an example. After initial analysis of the network data, a second round of interviews was 

performed to clarify non-reciprocated ties (for an example survey see appendix 1). 
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Individual representatives described contacts between the municipality they represent and 

other organizations This exercises the respondents ability and understanding of 

organizational affiliations (Schneider et al. 2003).  Asking individuals to speak on behalf 

of inter-organizational ties rather than personal contacts may result in loss of network 

precision. Data relies on the response of only one elite representative from each 

municipality.  By focusing the analysis only on described collaborative ties, with clear 

examples, I reduce potential error. 

2.1.3 Water Management Activities 

Water quality management activities refer to actions performed by the municipality, that 

relate to water quality.  Interviewees were first asked generally what they did with 

regards to water quality management.  They were then asked about 30 specific water 

quality management activities, if they performed each, as well as with whom (appendix 

2). The list of activities is made of government rules and regulations, projects and 

activities described by municipalities, and projects outlined on the web pages of 

specialized organizations operating in the region. Governmental obligations for water 

quality management were found in government documents and from preliminary 

interviews with MRCs. Examples of government rules and regulations are maintaining 

buffer zones around rivers and streams. The creation of a municipal environmental action 

plan with a water quality component is an example of project-based initiative.  

2.2 Analysis 

2.2.0 Network Organization and Data Visualization 

Municipal groups 

K-means cluster analysis takes the values for a set of variables and uses them to 

distinguish between groups. This method allows the user to request the desired number of 

groups. With the small sample set in this study (n= 34) it made sense to make two groups. 

I used K-means cluster analysis in the statistical program R to separate municipalities 

into two groups based on data for 6 ecosystem services; crop production (% municipal 

land used for crop production), pork production (number of pigs produced per km2) forest 
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recreation (% of municipal land covered by forest), nature appreciation (number of 

reported sightings of rare species per km2), summer cottages (tax value of cottages per 

km2) and tourist attractions (number of tourist attractions per km2)(Raudsepp-Hearne 

2009). 

Socio-matrices and Network Analysis 

The total number of actor groups in the water quality management network is 83; this 

includes municipalities, supra-governmental bodies and specialized organizations, such 

as NGO’s and local water management groups.  Four 83 by 83-actor group socio-

matrices (Wasserman and Faust 1994) were made to identify reciprocal collaborative ties.  

The four socio-matrices are based on the four strengths of interaction and all relate to 

surface water quality management; sharing information, exchanging advice, working on 

the same projects, collaborating on projects. Inter-municipal networks of the four 

strengths were visualized using the sna package in R (version 2.8.1). 

 

The remainder of the analysis focuses on collaboration as the strongest level of 

interaction. Collaborations are the most robust type of interaction for water quality 

management in practice, because they are based on projects and activities, and therefore 

require, more resources and effort to maintain than the other three strengths of 

interaction. The network based on collaborative ties was visualized with and without 

supra-governmental bodies and specialized organizations to understand their structural 

role in the overall network. 

 

Degree centrality and betweenness were used to identify specific network attributes for 

individual actor groups. Degree Centrality is a measure of how many links each actor has 

to other actors in the network (Wasserman and Faust 1994)(sna Package degree(x)).  

Betweenness is a measure of how central each actor group is for linking other actor 

groups in the network(Wasserman and Faust 1994) (sna Package betweenness(x)) 

Janssen et al. 2006, argue that, while basic, these two network attributes can capture 

important components of the network structure and implications to its functioning 

(Janssen et al. 2006).  Each actor group was ranked based on its degree centrality and 
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betweenness scores. MRCs are excluded from the ranking, because only 3 of the 5 MRCs 

had complete municipal representation in the study site. 

Water quality management activities 

Water quality management activities were organized in a database and categorized based 

on types of activity, such as implementing government rules and regulations or project 

based activities, for instance, management plans for protected areas and lake experiments 

(see appendix 2). 

2.2.1 The Pattern of Agricultural and Tourism Municipalities, 
Activities and Collaborative ties across the Landscape 

To answer this question I created a dataset containing all municipalities and information 

for each of the calculated variables; a) municipal group, b) activities performed by 

municipalities and, c) the number of collaborations each municipality has with other 

municipalities, government bodies and specialized organizations. I imported this 

information into Geographic Information Systems software Arc Map (version 9.2, 2006).  

Each municipality has a defined spatial co-ordinate as map layer (Raudsepp-Hearne 

2009). Information about activities, municipal groups and collaborative ties can be joined 

to each municipality’s spatial co-ordinate and visualized in space as corresponding layers 

on the map. 

2.2.2 Collaborative ties and Water Quality Management Activities 

I employed correlation analysis (cor.test) in the statistical software R (version 2.8.1) to 

test if there is a) a correlation between total number of collaborative ties and total number 

of water quality management activities and b) a correlation between total number of 

collaborative ties and project based activities. I then performed a multiple regression to 

test the influence of other municipal attributes on the number of activities.  The multiple 

regression analysis identifies if there exists a true ‘network effect’, or if other municipal 

attributes, such as average family income, population density, percentage of municipality 

with university degree, proportion of municipality in crop production, or some 

combination of variables provides a more robust indication of the changes in 
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management activities. The regression was taken in parts, due to the small sample set 

(Crawley 2005). 

 

2.2.3 Agricultural and Tourism Municiaplities and Activities 

I used a Welch’s Two Sample t.test in R to test if agricultural and tourism, as municipal 

groupings engaged differently in water quality management activities.  A t.test can 

establish if one municipal group does significantly more activities on average then the 

other. Welch’s t.test was employed as a variation of the student’s t.test, where the sets of 

data may have unequal variance. 

2.2.4 Municipal groups and Network Connections 

I used both total collaborations and collaborations with central third parties to understand 

how the networks of tourism municipalities and agricultural municipalities differ. Using 

the total number of collaborations for each municipality, I performed a Welch’s Two 

Sample t.test to evaluate if the mean number of collaborations differed significantly 

between the two municipal groups.  I used the decree centrality rankings for third parties 

to identify the seven most central actor groups in the water quality management network, 

then counted how many municipalities of each group are not collaborating with any of 

these central actors. 

2.2.5 Supra-governmental bodies and Specialized Organizations  

I used a Welch’s t.test to investigate if having collaboration with supra-governmental 

bodies or specialized organizations influences the extent to which a municipality engages 

in water quality management activities.  This test establishes if there is a difference in the 

amount of activities performed by municipalities when they have collaborations with a 

supra-governmental body or a specialized organization respectively. 
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2.2.6 Supra-governmental bodies and Specialized Organization’s 
Collaborations with Municipal groups    

I evaluate how collaborations change depending on the municipal groups in three ways.  

First, I used the socio-matrix of collaborative ties between the 83 actor groups to count 

organizations and government bodies’ collaborative ties and performed a Welch’s two 

Sample t.test to evaluate if government bodies and specialized organizations collaborate 

equally with both agricultural and tourism municipalities. Secondly, I counted the amount 

of collaboration each of the seven most central third parties have in each of the respective 

municipal groups. Finally, because municipalities exist as entities with distinct spatial 

boundaries I could use ArcGIS to identify where in the landscape third parties with high 

betweenness and degree centrality scores are working.  I used the dataset of central third 

parties and the municipalities they collaborate with and joined this information to each 

municipalities spatial coordinates as a layer in ArcMap.  

Results 

3.2.0 Network Organization and Data Visualization 

Municipal Groups 

Municipalities are clustered into two groups, one with high values of ecosystem services 

relating to agriculture, such as crop and pig production, and a second group with high 

values on ecosystem services relating to tourism such as dense forest cover and 

recreation. By separating municipalities into these groups, I account for 67% of the 

variation between  municipality’s ecosystem services (Figure 3). 

 

Water Quality Management Networks 

Inter-municipal networks are denser for weak types of interaction than strong. The socio-

matrices in Figure 4 represent four different types of interaction occurring between 

municipalities. There are more network ties based on sharing information then any other 

type of interactions, but there are municipalities that do not share information about water 

quality management with other municipalities. There are small clusters of municipalities 

who exchange advice and two dense groups of municipalities working on a project. 
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Collaborative ties are the focus of this research and there are virtually no inter-municipal 

collaborative ties in the water quality management network.  

 

Figure 5 includes supra-governmental bodies and specialized organizations in the 

network of collaborations. Third parties account for close to all the connectivity in the 

water quality management network.  This makes the degree centrality and betweenness 

scores for municipalities insignificant, because most municipal connections are 

dependent on third party actors. The distribution of collaborative ties between 

municipalities and supra-governmental bodies is not symmetric neither is the distribution 

of collaobrions between municipalities and specialized organizations (figure 5b, c).  

3.2.1 The pattern of Agricultural and Tourism Municipalities, 
Activities and Collaborative ties across the Landscape 

The spatial distribution pattern of municipal groups; the number of water management 

activities performed by each municipality; and each municipalities number of 

collaborative ties are displayed in Figure 6. Activities performed range from 3 to 24 

(mean of 13.88). The red color gradient, in figure 6c, shows the number of activities 

performed by each municipality. There is a comparable pattern with the municipal 

groupings, where in general, municipalities in the red tourism grouping are doing more 

activities. The number of collaborations per municipality range from 0 to 8.  The change 

in number of collaborations across the landscape is displayed in figure 6b. The pattern of 

collaborative ties follows a similar arrangement; darker shades of red correspond with 

more collaborative ties and are more often with municipalities in the tourism group.  

3.2.2 Collaborative ties and Water Quality Management Activities 

Collaborations are correlated with water quality management activities and are the 

strongest indicator for variation in the number of activities performed when compared 

with other municipal variables. Collaborative ties are highly correlated with number of 

management activities (R2 =0.376, cc= 0.628) as well as number of project based 

management activities (R2 = 0.377 and cc= 0.629) (Figure 7).  There was no significant 

correlation with the alternative municipal variables; Average family income R2= 0.2005, 
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proportion of municipality with university degree R2=0.1763, population density R2= -

0.0149 and the proportion of the municipality in crop production R2=0.01655. A multiple 

regression distinguishes collaborative ties as the only significant contributing variable for 

the variance in water quality management activities (increase in R2 by maximum 0.04). 

3.2.3 Agricultural and Tourism Municiaplites and Activities 

Tourism municipalities do more project-based water quality management activities on 

average than agricultural municipalities. There is not a significant difference between 

total numbers of activities performed by the two municipal groupings (P=0.103, mean of 

agricultural group =12.52941, mean of tourism group= 15.23529 ). When only project-

based activities were used for the analysis the tourism group performs almost two times 

the number of activities on average by the agricultural group (P= 0.033, mean of 

agricultural group= 2.235294, mean of tourism group= 4.117647). There is a large range 

in activities performed by tourism municipalities. Some do not perform any project-based 

activities, but those municipalities that are active with more then five project-based 

activities are in the tourism group. 

3.2.4 Municipal groups and Network Connections 

Tourism municipalities have, on average, more collaborative ties in the water quality 

management network. A student’s t.test reveals that municipalities of the tourism 

grouping have on average 4.118 collaborations while agricultural municipalities have on 

average only 2.235 (P= 0.013). These collaborative ties are almost exclusively with 

specialized organizations and supra-governmental bodies. There are only two 

collaborative ties between municipalities; both these are between municipalities in the 

tourism group. The seven most central third party actor groups together collaborate with 

26 of 34 or 76% of municipalities interviewed. Of the 8 municipalities without 

collaborative contact with a central third party only two are in the tourism group. 

3.2.5 Supra-governmental bodies and Specialized Organizations  

Collaborative ties with specialized organizations are particularly important for a 

municipalities engagement in project-based activities, where without a collaboration to a 

specialized organization a municipality performs on average 2.10 project-based activities 
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and with a collaborative tie to an organization a municipality performs on average 4.42 

project-based activities (P=0.002). Collaborations with specialized organizations are 

more important for project-based activities than collaborations with government.  A t.test 

indicates that when a municipality has collaboration with a supra-governmental body 

activities change very little, from 1.41 to 2.00(P=0.575). Collaborations with Municipal 

Regional Councils change the average number of these activities a municipality performs 

from 3.00 to 4.25(P= 0.091). 

3.2.6 Supra-governmental bodies and Specialized Organization’s 
Collaborations with Municipal groups  

A student’s t.test indicates that there is no significant difference between the number of 

collaborative ties supra-governmental bodies have with agricultural municipalities 

(average = 1.40) and tourism municipalities (average=2.00, P=0.221). Specialized 

organizations collaborate more than 2times as much with tourism municipalities (average 

with agricultural municipalities= 0.82, average with tourism municipalities= 1.88, P= 

0.006).  

 

Figure 8 exhibits the seven most central third parties and their number of collaborations 

with municipalities of the tourism and agricultural groupings.  All but one of these third 

parties has more collaboration with tourism municipalities than agricultural 

municipalities. Figure 9 displays where central third parties are collaborating in the study 

site. Not all municipalities have collaborations with central third parties and 

collaborations are both fragmented and clustered across the landscape.  

Discussion 
The structure of the water quality management network changes dramatically with the 

inclusion of supra-governmental bodies and specialized organization’s collaborations to 

those existing between municipalities.  This is interesting because municipalities often 

share the water resource, but have virtually no collaboration among themselves for the 

management of this resource.  Instead, third parties create the connectivity in the water 

quality management network but have more collaboration with tourism municipalities 
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than agricultural municipalities. This is important because collaborations provide 

municipalities with resources and expertise for problem solving and engagement in water 

quality management activities. More activities and collaborations with tourism 

municipalities may not be a fruitful management strategy to improve the water quality of 

the basin. If agricultural municipalities, sharing the watershed, are not involved in the 

social network and management activities to promote a solution, pollution from 

agricultural areas will continue to flow into areas dominated by tourism. It is interesting 

to consider the pattern of municipal groups, water quality management activities and 

collaborations across the landscape, because water moves across the landscape 

connecting agricultural and tourism municipalities. 

 

In this discussion, I elaborate on the implications of the social network structure 

surrounding water quality management in the Montérégie. I then discuss the patterns of 

the municipal groups, water quality management activities and collaborative ties as they 

change across the study site.  I reflect on some of the major differences between the two 

municipal groups regarding activity engagement and network collaborations.  I elaborate 

on the role of third parties and implications of their structural position and function across 

the landscape. Finally, I present future research ideas that could build upon this work. 

 

4.1 Social Networks 
A lack of information sharing and advice exchange between municipalities makes it 

difficult for municipalities to learn from each other’s successes and mistakes regarding 

water quality management. There is one small, dense group of municipalities, in the 

MRC la Haute Yamaska, who are working on a common project to create an 

environmental center, implemented by an external government agency. Working on a 

common project has the potential to increase trust and capacity for continued interaction 

between participants if resources are delegated for maintaining social ties between parties 

(Adger 2003; Pretty 2003). The lack of direct collaboration between municipalities is 

counter- intuitive because often municipalities share the water resource but do not 

collaborate for its management.  
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The social network perspective of this study identifies the ‘in use’ interactions 

surrounding water quality management. The network patterns exhibited by Figure 8 are 

striking in two ways; first, how much the connectivity changes when third parties are 

added to the network. Secondly that there is no symmetric pattern in how the third parties 

collaborate with municipalities (figure 8). A hierarchical structure exists for rule 

exchange and implementation of government policies. However, as became clear from 

my research, the imposed structure of government bodies for water management is a) not 

the only type of collaboration municipalities have regarding surface water management, 

municipalities also collaborate with specialized organization and  b) not implemented the 

same way or to the same degree in different municipalities.  A network perspective as 

offered by my research analyses interactions that are actually taking place from the 

municipal perspective and with all potential collaborators working in the region, this 

includes but is not limited to government bodies.   

4.2 The pattern of Municipal groups, Activities and Collaborative 
ties across the Landscape 
There is a similar patterning of municipal groups, water quality management activities 

and collaborative ties across the landscape.  This section describes the pattern of each 

variable in turn. 

 

Tourism and agricultural municipalities are clustered across the landscape.  As shown in 

figure 6a, tourism municipalities, highlighted in red, are found mostly to the peripheral 

eastern and western areas of the study site, while agricultural municipalities are in the 

center of the landscape. It makes sense that the municipal groups align with the land 

cover gradient of increasing forest cover moving eastward, because dense forest is 

conducive to tourism and recreational activities.  This spatial clustering of municipal 

groups is likely to be reinforced by mutual exclusivity of land use.  Tourism attractions 

are not likely to be established where odors permeate from industrial farming, likewise, 

expansive agriculture is difficult to initiate by clear cutting trees in popular recreational 

areas. 
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The range in the number of activities performed by municipalities is unexpected because 

they are government operating units, and as such, they are all obligated to follow the 

same rules and regulations given from regional and provincial governments, and should 

have similar resources at their disposal. As shown in Figure 6b, there are more activities 

performed on the landscape in the areas that correspond with where the tourism 

municipalities are located.  Tourism municipalities may have more incentive to engage in 

water quality management because tourism benefits from good water quality for 

recreational activities, such as swimming and fishing. 

 

Tourism municipalities have more collaborative ties on average than agricultural 

municipalities and therefore the collaborations are concentrated in certain parts of the 

landscape.  Figure 6c, exhibits a pattern of more collaborative ties in the parts of the 

landscape where there are tourism municipalities. It makes sense that specialized 

organizations with an environmental mandate would find it natural to collaborate in these 

areas, because there are particular forests and lakes for them to focus on and the citizens 

in these areas may be more likely to cooperate because they value recreation and receive 

income from tourism in these areas. 

4.3 Activities and Collaborations 

Collaborative ties are a key determinant for a municipality’s engagement in water quality 

management activities.  The trend of more collaborations corresponding with more 

activities is consistent between total activities and project based activities.  This supports 

the argument that indeed collaborations are driving this relationship and not a particular 

type of activity that requires collaboration. While collaborations cannot explain all the 

variation in the management activity data, it is the best indicator compared to the others 

tested.  This suggests that there is a distinguishable ‘network effect’ where the number of 

collaborative ties a municipality has gives a reasonable indication of its engagement in 

water quality management activities. 
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4.4 Supra-governmental bodies and Specialized Organizations  

Having the water quality network dependant on third parties to establish connectedness 

may undermine the ability of municipalities to manage a shared resource over the long 

term. Third parties bridging municipalities in the network may be an efficient means to 

connect resource managers because having direct collaborations, between all 

municipalities, is both time and resource intensive. However, Pretty and others argue that 

having direct collaborations between local resource users helps to empower local actors 

and create social norms and trust about how to manage a shared resource (Pretty 2003; 

Schneider et al. 2003; Ostrom 1991).  In the Montérégie, there are municipalities that are 

completely disconnected from the network. Building trust with them will be more 

difficult because they are not yet collaborating with the others and therefore have not 

already established trust and forms of reciprocity (Schneider et al. 2003).  Supra-

governmental organizations and specialized organizations have an ability to bridge this 

gap when they act as third parties between a municipality and other actors in the water 

quality management network.  

4.4.1 Third Party Niches 

Different actor groups have different roles in the water quality management network. 

Supra-governmental bodies, such as MRCs, have a function based on distributing and 

implementing rules and regulations. On the other hand specialized organizations such as 

NGOs and local environmental groups often create collaborations with Municipalities 

based on projects and management activities. Schneider et al. (2003) argue that links in a 

social network to a variety of actor group types, such as universities, NGOs and 

government, encourage ‘thick’ networks where the actor with ties to these different 

groups benefit from different types of support and expertise which in turn,  increases their 

overall ability to manage a natural resource (Schneider et al. 2003). From the municipal 

perspective in the Montérégie, agricultural municipalities who have less collaboration 

with specialized organizations have fewer functional roles filled by third parties or less 

‘thick’ networks for water quality management.  
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4.4.2 Third Parties across the Landscape 

There are distinct spatial trends in where collaborations are occurring across the 

landscape with respect to water quality management. Building thick social networks in 

specific areas it makes it even more difficult for municipalities with a geographical 

distance to integrate into the network; first because they may not be aware of activities or 

invited to join collaborations occurring several kilometers away and secondly because 

joining networks for collaborations and activities farther from a municipalities 

jurisdiction is time and resource consuming. Schneider et al. (2003), found that estuaries 

already having many social ties with organizations and government were the areas that 

also benefited by being selected for the National Estuary Program (Schneider et al. 2003).  

His argument suggests that existing social networks can act like magnets for increased 

collaborations and investments in the future. In the Montérégie this would mean that 

social networks for water quality management would continue to grow around tourism 

areas. 

4.5 Social Capital 
Social Capital is argued to be instrumental for effective management of shared natural 

resources (Pretty 2003; Dietz, Ostrom, and Stern 2003; Ostrom et al. 1999) and emerges 

from “ the embedded resources in social networks”(Lin 2001). The social networks 

available to resource users is, therefore, an important indicator of their social capital 

(Pretty and Ward 2001). In my study site, agricultural and tourism municipalities have 

different social networks. This creates an unequal distribution of social capital available 

to each municipal grouping with regards to water quality management. For example, 

Tourism municipalities have more access to expertise from specialized organizations. 

The difference in social capital available to these two groups, via their social networks, 

has implications for how water is currently managed.  Further it implicates how the two 

municipal groups may become more differentiated in network ties and their resulting 

social capital in the future. These differences could undermine agricultural and tourism 

municipality’s ability to find a common ground to manage a resource such as water or 

adapt to exogenous environmental challenges such as climate change (Adger 2003) . 
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4.6 Future Research 
A natural next step for research is to analyze how the concentration of water quality 

management activities and social networks relate to the movement of water in the 

watershed.  If tourism municipalities are highly engaged in management activities and are 

upstream they will reap more benefits from their efforts. If they are situated downstream 

from municipalities less engaged in water quality management, their efforts will be 

outweighed by continued pollution elsewhere.  An alternative research direction is to 

study how the social network for water quality management in the Montérégie changes 

over time.  Such a project could evaluate if indeed existing ‘thick’ networks in areas of 

the landscape with tourism municipalities act as magnets and breed increasing 

collaboration for water quality management.   

Conclusion 

5.1 Social Ecological Mismatch  

Two types of social ecological mismatch exist in the study site in the Montérégie, 

Québec, Canada. First, local municipal bodies are not co-coordinated with each other for 

the management of a water resource.  Tourism municipalities do more management 

activities than agricultural municipalities and there are no direct collaborations between 

municipalities of these two groups. This creates a mismatch because municipalities are 

connected ecologically by a shared water resource but are not connected for collaborative 

management of the resource.    

 

Secondly, a pattern of collaboration between local municipal bodies and regional, 

provincial and basin level actor groups is not at all consistent across the landscape.  A 

multi-level management system exists only for some municipalities who have 

collaborations with actor groups that function at different scales.  Other municipalities 

have no collaborations with actor groups operating at the basin scale.  This creates a 

mismatch because rules, regulations and management strategies are not being passed 

between the watershed scale and the local scale in a consistent way.  Such a mismatch in 
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the social system for managing water jeopardizes the success of regulations, projects and 

activities aimed at improving water quality of the entire watershed.  

5.2 The Disconnect between Agricultural and Tourism 

Municipalities 

The disconnect between agricultural municipalities and tourism municipalities created by 

their disparate engagement in water quality management activities and their unequal 

collaboration in the social network for water quality management, has potential to be 

reinforced.  First, the two municipal groups are separated in space following a land cover 

gradient of high to low agricultural production corresponding with low to high forest 

cover (Raudsepp-Hearne 2009).  Land uses and ecosystem types can be mutually 

exclusive, whereby tourism is unlikely to flourish close to industrial farm site and odors 

from pig farms.  Likewise, agriculture will not likely emerge in well-protected forested 

areas. This means municipalities of the two groups will remain clustered across the 

landscape. Further, Pretty (2003) argues that actor groups already holding robust 

networks and social capital are more likely to have their network increase (Pretty 2003). 

Schneider describes this trend in an empirical case (Schneider et al. 2003)  In the 

Montérégie such a trend would result in a deeper wedge between how tourism and 

agricultural municipalities collaborate with regards to water quality management, because 

tourism municipalities already have more collaboration. When considered in a spatial 

context the collaborative efforts of the most important third parties are concentrated to 

particular areas of the landscape. This creates a disparity in different municipalities’ 

geographical access to the water quality management network and predisposes the social 

networks to an increased heterogeneity in the future. This structural difference in both the 

distribution of ecosystems and social networks reinforces social ecological mismatch by 

increasing the separation of tourism and agricultural municipalities across the landscape, 

and in turn their capacity to work in congruence for the management of a water resource.  

In other words, a disconnect between agricultural and tourism based municipalities 

constrains the ability of the region as a whole to confront water quality management. 

Efforts by tourism municipalities collaborating in networks with third parties can be 
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countered by lack of participation by agricultural municipalities who contribute to the 

problem but are not linked to the social network for managing a solution. 

5.3 The Network perspective in Natural Resource Management  

Human dominated landscapes are seldom symmetric in their patterning of ecosystems 

and the resulting generation of ecosystem goods and services (Forman and Godron 1986).  

This means that different resource users have different incentives to participate in joint 

management initiatives for shared natural resource such as surface water (Adams et al. 

2003; Dietz, Ostrom, and Stern 2003).  The landscape heterogeneity further challenges 

collective management because increased collaborations and resource management 

interactions are more likely to grow from areas that already have social capital, in the 

form of collaborative ties, for management of these resources (Schneider et al. 2003).  

This research project highlights the potential of a network perspective to identify social-

ecological mismatch by analyzing the structure and functioning of social interactions 

across heterogeneous landscape. 
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Figure 1 A conceptual diagram  
This conceptual diagram describes the relationships between ecosystem services 
municipalities have in their jurisdiction, water quality management activity and the water 
quality management network.  
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Figure 2 Study Site 

a) Montérégie, Yamaska and Richelieu watersheds in Québec, Canada.  b) Montérégie, 
and study site highlighted in purple.  One can see the change in forest cover moving east 
from Montréal, rivers are black and lakes blue with black outline. 
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Figure 3  Agricultural and Tourism Municipalities 
Municipalities are grouped into two groups based on K-means cluster analysis of 6 
ecosystem services. Municipalities oriented toward agricultural production are 
highlighted in yellow.  Municipalities belonging to the tourism municipal ecosystem 
grouping are highlighted in red. 
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Figure 4 Municipal water quality management networks  
a) sharing information b) exchanging advice c) working on the same projects and d) 
collaboration 
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Figure 5 Water quality management network with and without third party actor 
groups.   
a) Inter-municipal collaborative ties b) municipal and government collaborations c) 
municipal and specialized organizations collaborations d) total water quality management 
network. 
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Figure 6 The patterns of Municipal groups, Collaborative ties and activities across 
the landscape 
a) Municipal groupings of Agriculture or Tourism, separated by a cluster analysis of 6 
ecosystem service variables b) a gradient showing the number of collaborative ties each 
municipality has in the water quality management network c) the total number of water 
quality management activities done by each municipality.  A clear pattern emerges that 
municipalities in the Tourism grouping also do more activities and seem to have in 
general more connections (the left of the study site is dark in all pictures). 
 
 

6c)  Total Management Activities 
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Figure 7 Correlation between total Activities and Collaborations 
Total activities performed by municipalities and their total number of collaborations in 
the water quality management network.  b) Project activities and total number of 
collaborations in the water quality management network 
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Figure 8 Central third party collaborations with the two municipal groups 
Red indicates collaborations with municipalities in the tourism group; blue indicates 
collaborations with municipalities in the agricultural group. 
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Figure 9 The most central third parties collaborate in particular areas. 
The seven most central third parties collaborate with the municipalities highlighted in 
red. 
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Appendix 1 Interview Survey 
Translated into English with French in italics 

Municipality Municipalité ______________ 
 

Date Date  _____________ 
 

Name :Personne Interviewé(e) __________________ 
 

1. What is your role in the Municipality ?  Quel est votre rôle (votre titre) 
dans votre municipalité ? 

 
 
2. What are, in your opinion, the principal resources or attributes of 

your municipality ?  For example, what would attract someone 
from Montreal to move here ? What keeps your residence here ? 
Quelles sont, selon vous, les principales ressources, ou les avantages de votre 
municipalité ? Par example, qu’est-ce qui attirerait quelqu’un de Montréal et 
lui donnerait le gout de déménager dans votre municipalité ? Qu’est-ce qui 
retient vos résidents dans votre municipalité ? 

 
3. More specifically, are there resources or attributes your 

municipality has that are dependant on the physical 
environment ? Y a-t-il des ressources/ avantages qui soient reliés a 
l’environnement physique ?   

  
4. How do you develop or protect those resources ? Comment 

soutenez-vous le développement ou protegez-vous ces ressources ? 
 

5. What are the principal environmental problems for your 
municipality ? Quels sont les principales problématiques 
environnementales dans votre municipalité ?  

 
6. a) In your municipality the people that work with management 
of water quality, do they integrate with people who work on 
agricultural management? Dans votre municipalité, les personnes qui 
s’occupent de la gestion de la qualité de l’eau interagissent-elles avec celles qui sont 
responsables des gestions agricoles? 
   Y     N  

b) If the response to 1a) is yes : Si la réponse de 1a) est oui: Given 
the categories below, which best describes these interactions? Parmi les 
énoncés suivants, lequel décrit le mieux ces interactions? Par example? 
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We have friendly 
relations, but it is not 
necessary to work 
together On entretient 
des relations amicales, 
mais ce n’est pas 
nécessaire de traviller 
ensemble 

We share 
information and 
experiences On 
partage des 
informations et les 
expériences 

We work together to 
establish rules and to 
develop strategic 
management plans On 
travaille ensemble pour 
établir les règles 
municipales, et pour 
développer les plans de 
gestion stratégique de la 
municipalité 

We collaborate to 
organize joint activities 
and on common 
projects On collabore 
pour organiser des 
activités conjointes, on 
collabore sur des projets 
en commun 

  
       

 
 
7. a) Do you do activities or follow rules related to water quality? 
Est-ce-que vous faitez les activities (ou réagles) qu’ implique de l’environment  la 
quality de l’eau 

b) Do you interate with other municipalities in the region 
concerning water quality? Interagissez-vous avec autres municipalités de la 
région concernant l’environment? (le sujet de la qualité de l’eau? ) 

 
c) With who exactly? avec qui exactement? And how would you 
characterise your relations? et comment vouliez-vous caractérise votre 
interaction? 

 
(Given the descriptions below, chose the one that best characterises 
your interactions with the other municipalities in the last five years and 
on the subject of agricultural management and/ or water quality 
management) (Parmi les énoncés suivants, choisissez celui qui caractérise le 
mieux les interactions que votre municipalité a entretenu avec celles-ci au cours des 
derniers 5 années (spécifiquement au sujet de la gestion agricole ou (et) gestion de 
la qualité de l’eau).  
 

A. 
Municipalities 
Municipalités 

Share 
information 
Partager de 
l’information 

Exchange 
Advice 
Échanges des 
conseils  

Participation a 
des projets 
plus larges  

Collaborate to organize 
joint activites and 
projects Collabore pour 
organiser des activités 
conjointes, collabore sur 
des projets en commun 
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 Facts, events, 
problems faits, 
événements, 
problématiques 

Find solutions to 
problems Trouver 
des solutions, 
soutien technique 

Regional, 
Provincial (régio
nal, provinciaux)   

  

    

 
    

 

    

          

 
    

 
    

          

          

 
Are there any other municipalities that you have not mentioned, that 
you interact or collaborate with? Y-a-t-il d’autres municipalités qui n’ont pas 
été mentionnées avec lesquelles vous interagissez? collaborer? 
 
b) How would you describe your interaction with actor groups at the 
local scale on the subject of agricultural management and water 
quality management? Comment décrivez-vous vous votre contact avec les 
acteurs sur l’échelle locale dans votre municipalité en ce qui a trait le sujet de la 
gestion agricole ou(et) gestion de la qualité de l’eau 
  

B. Actor group 
on the local 
scale acteur 
groupe échelle 
local 

Share information 
Partager de 
l’information 

Exchange advice 
Échanges des 
conseils  

Distribute 
government rules 
and regulations 
Circulation des avis 
gouvernementaux Collaborate Collabore 

  

 Facts, events and 
problems faits, 
événements, 
problématiques 

Find solutions to 
technical 
problems Trouver 
des solutions, 
soutien technique 

 Put in place 
government rules and 
regulations Mis en 
application des règles 
gouvernementales  

 Organize joint 
activities, collaborate on 
common projects 
Organiser des activités 
conjointes, collabore sur 
des projets en commun 
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Agriculturalists 
Fermiers, 
agriculteurs         

Citizens in 
General 
Citoyens         

Agro-
environmental 
clubs Les clubs 
Agro (voici la 
liste)         

 
 
c) Given the following categories, choose the one that best 
characterizes your municipalities interactions with the government on 
the subject of water quality management. Parmi les énoncés suivants, 
choisissez celui qui caractérise le mieux les interactions que votre municipalité 
entretient avec le gouvernement au sujet de la gestion agricole ou(et) gestion de 
la qualité de l’eau 
 
 

C. Government 
Gouvernement Share 

information 
Partager de 
l’information 

Exchange 
advice 
Échanges des 
conseils  

Distribute 
government rules 
and regulations 
Circulation des avis 
gouvernementaux Collaborate Collabore 

MRC   Facts, events and 
problems faits, 
événements, 
problématiques 

Find solutions 
to technical 
problems 
Trouver des 
solutions, 
soutien 
technique 

 Put in place 
government rules 
and regulations Mis 
en application des 
règles 
gouvernementales  

 Organize joint 
activities, collaborate 
on common projects 
Organiser des activités 
conjointes, collabore sur 
des projets en commun 

CPTAQ 
(Commission de 
protection du 
territoire agricole 
Québec)         

CPAQ(Confédération 
of aboriginal people 
of Québec) 
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MAPAQ(Agriculture, 
Pêcheries et 
Alimentation 
Québec) 

        

BAPE (Bureau 
d’audiences 
publiques en 
environnement)         

MRNF (ministre 
ressources 
naturelles et faune 
Québec) 

        
CRRNT Commission 
régionale sur les 
ressources 
naturelles et le 
territoire du centre 
du Québec         

 
 
d) Do you know of environmental organizations that work in this 
region? Are there organizations with whom you have contact when it 
comes to water quality management? Est-ce que vous connaîtez les 
organizations environmental qui s’occuper dans cetter region? Est-ce qu’il y a les 
organisations spécialisées avec les quelles vous avez le contact, en ce qui concern la 
gestion agricole ou(et) gestion de la qualité de l’eau? 
 

D.  Organisations 
spécialisées 

Share 
information 
Partager de 
l’information 

Exchange 
advice Échanges 
des conseils  

Distribute 
government rules 
and regulations 
Circulation des avis 
gouvernementaux 

Collaborate 
Collabore 

Covabar 

        

COGEBY 

        

Nature Action 
Québec 
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Nature 
conservancy of 
Canada 

        

UPA (L'union des 
producteurs 
agricoles)- nom 

        

Le centre de la 
nature du Mont 
Sainte Hilare 

        
Are there any 
other organizations 
that have not been 
mentioned? Y-a-t-il 
d’autres 
organisations qui 
n’ont pas été 
mentionnés?         

          

          
 
 
 
3 a) What are the factors that encourage communication between your 
municipality and other municipalities? Specialized organizations? Quels 
facteurs contribuent à encourager les communications entre votre municipalité et les 
autres municipalités?  Organisations spécialisées? 

Municipalities Municipalités 
 
 
 
Specialized organizations Organisations spécialisées 
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   b) What factors encourage collaboration between your municipality 
and other municipalities? Quels facteurs contribuent à encourager la 
collaboration entre votre municipalité et les autres municipalités?  Organisations 
spécialisées? 

Municipalities Municipalités 
 
Specialized organizations Organisations spécialisées 

 
4.  a) What obstacles are there to communication between your 
municipality and other municipalities? Specialized organizaions? Quels 
obstacles à la communication pouvez-vous identifier dans vos interactions avec les 
autres municipalités? Organisations spécialisées? 

 
Municipalities Municipalités 
 
Specialized organizations Organisations spécialisées 

 
   
    b) What are the obstacles to collaboration between your 
municipality and others? Specialized organizations? Quels obstacles à la 
collaboration pouvez-vous identifier dans vos rapports avec les autres municipalités? 
Organisations spécialisées? 

 
Municipalities Municipalités 

 
 

Specialized organizations Organisations spécialisées 
 

 
 

5. a) Has your municipality established any concrete goals 
concerning water quality management? (and the problem of blue-
green algae?) Est-ce que votre municipalité a définit des objectifs concrets en ce 
qui concerne la qualité de l’eau, et plus précisément en ce qui concerne la qualité de 
l’eau (problématique des algues bleu-vert?) (plan d’urbanisme) 
  Y   N  
 

b) If the response is yes, on a scale of 1 to 5 how would you rate 
your achievement of these goals? 1 indicates not at all attained 5 
indicates completely achieved. Si la réponse de 5a) est oui: Sur une échelle de 
1 à 5, pourriez-vous évaluer dans comment ces objectifs ont été atteints?  
 1 signifie pas du tout atteint, 5 signifie complètement atteint. 

 
Goal Objectif Scale Échelle    
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1 

1   2   3   4   5   

2 

 1   2   3   4   5   

3 

 1   2   3   4   5   
 
 

6. a) On a scale of 1 to five how would you evaluate the importance 
your municipality gives to water quality (at the municipal level)? 1 
indicates no importance 5 indicates lots of importance. Sur une échelle de 
1 à 5, pouvez-vous évaluer l’importance que votre municipalité accorde à la qualité 
de l’eau? (au niveau municipal)  Un signifie aucune importance, 5 signifie beaucoup 
d’importance.  

 
1  2  3  4  5 

(No importance Aucune importance)             (Lots of importance beaucoup d’importance) 
 

b) On a scale of 1 to 5 how would you evaluate the importance 
your municipality gives to the problem of blue-green algae (at the 
municipal level)? Sur une échelle de 1 à 5, pouvez-vous évaluer l’importance que 
votre municipalité accorde à la problématique des algues bleu-vert? (au niveau 
municipal)  Un signifie aucune importance, 5 signifie beaucoup d’importance.  

 
1  2  3  4  5 

 
(No importance Aucune importance)             (Lots of importance beaucoup d’importance) 
 
7. Again on a scale of 1 to 5 how would you evaluate the 
importance your municipality gives to the management of blue-green 
algae at a regional level? Toujours- Sur une échelle de 1 à 5, quelle importance 
votre municipalité accorde-t-elle à la question des algues bleu-vert au niveau 
régional?  
 

1   2  3  4  5 
 

(No importance Aucune importance)             (Lots of importance beaucoup d’importance) 
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Thank you very much for your participation!  
merci beaucoup pour votre engagement!  
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Appendix 2 Water Quality Management Activites 
Project-based Activities are highlighted in Yellow.  

Activity 

Environmental Management Plan

Enforce rules for river buffer zone 

Determine the distance of river buffer zone

Project for protection of riverside

Enforce Government zonage regulations
Incentive program for environmental-agricultural 

practice.

Enforce rules on agricultural land
Ability to reduce the amount of chemical products 

going on land

Implicated in chaning the type of agriculture

Implicated in agricultural practices (eg tillage)

Identify and use designated sites for snow 

Verify septic regulations are in place

Put septic instillations in place

Design plans for septic pipes

Water treatment facility for municipality

Drinking water treatment facility

Take surface water samples 
Recive surface water sample results from the 

government

Ecosystem inventories

Include water quality issues in local journal
Workshops at municipality on water quality 

management 
Workshops with other organizations about water 

quality management

Talk about water quality at municipal meetings
Meet with other groups and talk about water quality 

management

Parcs on the riverside

River or lake clean up projects

Lake experiments

Municipal protected natural areas around water 

Protected areas around water by another actor group

Collection of hazardous wastes
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Appendix 3 List of Actor Group Types with Descriptions 
Supra-Governmental bodies Government agencies that operate at least one level 

above the municipality.  For example, Municipal Regional Councils and Government 

Ministries 

 

Specialized Organizations  Non-Governmental Organizations, local and 

regional citizen groups as well as, organizations that may receive funding from the 

government but are not part of a formal government structure for rule and regulation 

exchange. 

 

Third Party Actor Groups  Actor groups in the network that act as a bridge 

between at least two municipalities who would otherwise be disconnected in the network.  

The third party group has collaborations with both municipalities who do not collaborate 

directly with each other. 

 

Agricultural Municipalities Municipalities that are oriented toward agriculture (based 

on cluster analysis of six ecosystem services).  

 

Tourism Municipalities Municipalities that are oriented toward tourism (based on 

cluster analysis of six ecosystem services) 

 

Below are the full names of central Third Party actor groups for which acronyms are used 

on maps 

 

MDDEP Ministaire de Development Durable et L’Environment  

COGEBY Conseil de la Gestion du Bassin Versant De La Yamaska 

COVABAR Comité de concertation et de valorization de la Rivière 

CREM Comité Regional de l’Environnment de la Montérégie 
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