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1. Case Study

1.1.  Social network - inter-municipal collaboration

To explain what we meant with “inter-municipal collaboration” we included
examples of different types of wetland-related collaborative activities, viz.,
information exchange; co-production of ecological knowledge like reports and
field assessments; policy work and joint planning and management. Our analysis
assumes that the presence of such a collaboration means a greater chance for
sustainable use and protection of a ecological resource that is shared, or two
resources that are ecologically linked, compared to when there is no
communication between actors. The mechanisms in force might be for example
increased awareness, collaborative reflection or practical adaption vis-a-vis
ecological processes. Instances of such joint matching activities in the data
include strategy development, conservation planning, water management,
collection and sharing of field data; communication of planned developments or
conservation actions, and habitat restoration.

In the social network we limit the interactions to reciprocal links, which
mean that collaborations mentioned by only one of the two involved
municipalities are excluded in the analysis. This approach enhances the fidelity
of the collaboration network by reducing the risk of including weak collaborative
ties and limits unintended effects of respondents’ potential misinterpretations of

the survey questions.

1.2.  Ecological network - Organism based justification of connectivity

Our model represents two scales of connectivity; local level movement confined
essentially to the area where the organisms frequently move around to forage
and to adjust to seasonal variations, and rare dispersal events that bring together
local populations into metapopulations (Bergsten et al. 2014; Bergsten 2014).
The former scale is captured by our representation of an ecological node as a
zone for regular amphibian movement, i.e., a continuous area in which an
organism is assumed to be able to reach and utilize a minimum habitat area (an

area that equals or exceeds the minimal requirements for a suitable home range)



(cf. Ray et al. 2002). We evaluate 3, 6 or 12 hectares as a minimum wetland area
requirement for such zones to be perceived hospitable (table 2 and figure 3).
These movement zones consist of one or more wetlands that may be separated
up to 2 km (between large wetlands) and where the total area of these wetlands
sum up to at least 3, 6 or 12 hectares. Genetic studies on frog population
structure have found that the effective sizes of frog populations often encompass
several breeding ponds up to 2 km apart, e.g., for the Common toad Bufo bufo
(Scribner et al. 2001; Ray et al. 2002; Janin et al. 2009). Angelone et al. (2011)
found that European tree frogs Hyla arborea were able to cover distances up to 2
km on a regular basis without reduced gene flow between local populations.
Dispersal studies has demonstrated that many frog species are capable of
moving regularly up to 2 km, including the Common toad (Sinsch 1988), the
European tree frog (Vos et al. 2000; Angelone et al. 2011), the European firebelly
toad Bombina bombina (Edenhamm et al. 1999) and the Common frog Rana
temporaria (Kovar et al. 2009). Furthermore, a review on 90 species suggested
that frogs display average movements up 2.0 km (Smith and Green 2005).

Genetic differentiation between frog populations increases at longer
distances between habitat patches, corresponding to the tail of the dispersal
curve where dispersal events are rare (Manier and Arnold 2006; Knopp and
Merilda 2009). Our analysis evaluates 4, 8 and 13 km as hypothetical threshold
distances for those rare dispersal events that determine metapopulation
connectivity on a scale larger than the movement zones (the ecological nodes in
our model). These distances apply to the European tree frog for example (Vos et
al. 2000; Angelone et al. 2011). Smith and Green (2005) suggested that frog
populations isolated by distances approaching 11-13 km are more likely to
exhibit metapopulation structure than less isolated populations.

To identify potential movement zones (ecological nodes), we adopted the
method outlined by Bergsten et al. (2014) and created a raster map with 25-
meter resolution by calculating the mean wetland density for each raster cell in a
circular unweighted window with 2 km diameter (i.e. our estimated short-term
maximum movement distance). This moving-window algorithm was repeated to
generate a smoother density map that more accurately represented the actual

distribution of the wetlands in the study area.



2. Networks representing the 3 dispersal intervals and 3 home range sizes
The home ranges of 3, 6 and 12 hectares were combined with dispersal
threshold distances of 4, 8 and 13 kilometers to create 9 networks. The basic
metrics of these networks are shown in Table S1. Each network is also plotted in
figure S1 using the ‘Fruchterman Reingold’ algorithm (Fruchterman and
Reingold 1991) for layout configuration. The area corresponds to all
municipalities in the Stockholm County except Norrtalje which we excluded
because previous research has indicated that >99% of the ecological connectivity
(measured as habitat availability) of Norrtalje’'s extensive wetland systems was
attributed to ecological processes within the municipal boundary (Bergsten
2014). Hence wetland management in Norrtélje is principally an internal

governance question.



Table S1 The metrics for the 9 networks used to model the wetland governance

socio-ecological system. For all networks there were 25 Council nodes in

addition to the wetland nodes.

Home Dispersal Average Wetland Edge Component
range distance degree number nodes density number

3ha 4km 3.74 200 82 0.04 1
3ha 8km 5.87 314 82 0.06 1
3ha 13km 9.33 499 82 0.09 1
6ha 4km 4.00 274 112 0.03 2
6ha 8km 6.76 463 112 0.05 1
6ha 13km 11.68 800 112 0.09 1
12ha  4km 4.00 282 116 0.03 3
12ha  8km 7.11 501 116 0.05 2
12ha  13km 12.45 878 116 0.09 1




A
‘wlss\\_b‘%‘.«él W o
L ‘ P T

¥ VS W S

£
e}

Fig. S1 Network plots representing the wetland governance case for home
ranges of 3 ha (top row), 6 ha (middle row) and 12 ha (bottom row) and
dispersal distances of 4km (left column), 8km (center column) and 13km (right
column). Larger orange circles represent Municipal Councils while green circles
represent shared wetlands. Orange links show Council to Council social
interactions, grey links show resource governing connections while green links

show wetland to wetland ecological connections
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Fig. S2 Histograms for each motif in figure 2 for the 1000 random simulations.

Motifs 2a.a and 2a.c are shown in figure 5. The observed number for the

simulation of 3 ha home range and 13km dispersal threshold is shown by the red

bar.
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