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Ecosystem-based management (EBM) principles and explanations as adapted from Grumbine (1994) and Christensen et al. (1996).

	EBM Principle
	Explanation 

	Adaptive management
	Adaptive management takes the approach of management as a natural experiment and accepts uncertainty as a component of natural resource management decisions.

	Data collection
	Data should be collected across multiple scales (e.g., lake-wide, stream-specific) and sectors (e.g., fisheries, water quality, habitat) to assess patterns and processes occurring across a region.

	Dynamic ecosystems
	Ecosystems may have multiple states and large temporal fluctuations, and should not be forced into one state, nor should managers assume an ecological state is stable.

	Ecological boundaries
	Ecological boundaries can be defined structurally (e.g., geomorphic boundaries) or functionally (e.g., species interactions). Connectivity (e.g., species dispersal) should be assessed to understand the temporal and spatial scales of management (Post et al. 2007). 

	Ecological integrity
	Desired species should be viewed as a component of ecological patterns (e.g., habitat characteristics, species distributions) and processes (e.g., species restoration, natural reproduction, and disturbance) that are necessary components of sustainable ecosystems. 

	Hierarchical context
	A hierarchical context incorporates a systems view that accounts for the relationships across levels (e.g., habitats, stocks, populations, communities) in ecosystems.

	Human values
	Human values influence the priorities and goals of management and actions of resource users.

	Humans embedded in nature
	Humans are components of the ecosystem and their actions affect biotic and abiotic ecological relationships.

	Interagency cooperation
	Collaboration should occur across jurisdictional boundaries to reflect ecological boundaries, and among sectors (e.g., limnology, fisheries) and institutions (e.g., state legislature, non-governmental organizations) involved in the region. Organizations should be aware of the broader political environment. 

	Management evaluation
	Management decisions about resource conservation and use should be monitored and linked to the effect of these changes in the management region.

	Organizational change
	Natural resource management organizations should have their structure and operations reflect and adapt to current and emerging values and partnerships.

	Sustainability
	Management decisions and goals incorporate a long term focus that supports resource use for future years.


Appendix 2: Models
Repeated Measures Analysis of Variance Model (RM-ANOVA)
The RM-ANOVA is described by the following equation:

where, yi is the proportion that each principle was stated per year, i.; μ is the grand mean of the proportion that the principles were stated; τi is the effect of time in years, i; ɛ is the random unexplained error. A Bonferroni correction was used to adjust the p-value to 0.01, as 5 models (one for each lake) were developed to assess the effect of time.

Ecosystem-based Management Network Model
The network model is described by the following equation:










where, EBMo,E,m1975 is the mean frequency that organization, o, stated EBM principle, E, during lake committee meetings in 1975; EBM Beliefo,E,m1970-71 is the mean frequency that organization, o, stated EBM principle, E, during lake committee meetings between 1970 and 1971; Attendanceo,m1972-74 is the mean weighted attendance of organization, o, at lake committee meetings from 1972-74, averaged per lake; EBME,m1972-74 is the mean frequency that EBM principle, E, was discussed at lake committee meetings between 1972-74, averaged per lake; Attendanceo,scol is the weighted attendance of organization, o, at the SCOL workshop; EBME,scol is the frequency that EBM principle, E, was spoken at the SCOL workshop, SCOL; and Canadian and American are variables denoting an organization’s nationality. 

Appendix 3: Network visualizations
Network visualizations (sociograms) of the Great Lakes basin fishery governance for A) 1970 and B) 1975. As this network is a bipartite (2-mode) network, organizations are represented by circles; lake committee meetings are represented by squares and are labeled for each lake. Lines between the agencies and meetings represent “ties” and indicate which organizations attended which meetings. The closer the circles and squares are in space, the more similar their ties. No cliques were detected in 1970 and 1975 and no cliques were statistically significant for years 1971, 1972, 1973, 1974, and all years combined (1970-75), based on cluster optimization analysis with Kliquefinder (Frank 1995). [image: ]
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