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Abstract Food forestry is a burgeoning practice in
North America, representing a strong multifunctional
approach that combines agriculture, forestry, and eco-
logical restoration. The Galiano Conservancy Associa-
tion (GCA), a community conservation, restoration, and
educational organization on Galiano Island, British Co-
lumbia in Canada, recently has created two food forests
on their protected forested lands: one with primarily
non-native species and the other comprising native spe-
cies. These projects, aimed at food production, educa-
tion, and promotion of local food security and sustain-
ability, are also intended to contribute to the overall
ecological integrity of the landscape. Monitoring is es-
sential for assessing how effectively a project is meeting
its goal and thus informing its adaptive management.
Yet, presently, there are no comprehensive monitoring
frameworks for food forestry available. To fill this need,
this study developed a generic Criteria and Indicators
(C&I) monitoring framework for food forestry, embed-
ded in ecological restoration principles, by employing
qualitative content analysis of 61 literature resources
and semi-structured interviews with 16 experts in the
fields of food forestry and ecological restoration. The
generic C&I framework comprises 14 criteria, 39

indicators, and 109 measures and is intended to guide
a comprehensive and systematic assessment for food
forest projects. The GCA adapted the generic C&I
framework to develop a customized monitoring frame-
work. The Galiano C&I monitoring framework has
comprehensive suite of monitoring parameters, which
are collectively address multiple values and goals.
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Introduction

Agriculture is a key driver of global deforestation; as a
result, promoting positive interactions between agricul-
ture and forestry has drawn attention to sustainable
agroforestry practices (FAO 2016). In tropical regions,
agroforestry systems have been examined for their po-
tential for restoring or managing forested landscapes
while sustaining livelihoods and local economy
(Dawson et al. 2013; Jose 2012; Lander and Boshier
2014; McNeely and Schroth 2006; Montagnini et al.
2011; Vieira et al. 2009). One of the oldest agroforestry
systems, homegarden, is typically found in tropical,
rural regions of Mesoamerica, Asia, Pacific Islands,
Caribbean Islands, and West and North Africa. Tropical
homegardens are generally planted with high diversity
of trees, shrubs, and herbaceous species around home-
steads, including root crops and/or vines, in a way that
maximizes favorable plant interactions for direct uses
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(e.g., food, medicine, fodders, building, art), as well as
for ecological benefits (e.g., improved soil organic C,
litter decomposition, pollination, low soil erosion and
nutrient leaching, soil water holding capacity) (Hills
1988; Kumar and Nair 2006). Due to high native and
non-native plant diversity of homegardens and high
intraspecific variability and genetic diversity, Kumar
and Nair (2006) suggest the use of homegardens as in
situ conservation.

Originating in tropical homegardens, food forests
(also referred as forest gardens) are emerging in
temperate-to-cold regions of Canada, the USA, and the
UK, where they have not traditionally been practiced as
a major means of food production (Crawford 2010; Park
et al. 2017). Emerging food forestry practiced by both
households and communities is promoted for its
multifunctionality in providing locally produced diverse
food and oppor tun i t i e s fo r educa t ion and
microenterprises, reconnecting people with nature, cre-
ating habitat for wildlife species, and enhancing regu-
lating ecosystem services such as carbon sequestration
(Clark and Nicholas 2013; Jacke and Toensmeier 2005;
McLain et al. 2012). A growing body of scientific
literature discusses the potential of food forests in
assisting biodiversity conservation and eco-cultural res-
toration (Park et al. 2017; Rohwer and Marris 2016).
Food forests are a type of Bdesigned^ ecosystem, which
has a particular relationship with ecological restoration
(Higgs 2017). Recently, the Galiano Conservancy As-
sociation (GCA), a community conservation organiza-
tion on Galiano Island, British Columbia, Canada, has
planted two food forests on one of their protected for-
ested lands: one with primarily non-native plant species
and the other with native species. The two projects are
aimed at food production, education, and promotion of
local food security and sustainability while contributing
to the overall ecological integrity of the protected forest
landscape.

Yet, few studies have assessed the ecological,
social, and economic contributions of these emerg-
ing food forests in temperate regions. Reliable sys-
tematic monitoring is critical for assessing the effec-
tiveness of projects over time and allowing the com-
parison of projects. At this early stage of develop-
ment of temperate food forestry, monitoring proto-
cols have the potential to strengthen the evidence-
based case for additional implementation (Park et al.
2017). Only few individual food forestry practi-
tioners have measured yields, soil organic carbon,

or wildlife species such as birds and amphibians,
depending on their personal or academic interests
(e.g., Toensmeier 2013). At the International Perma-
culture Conference 2015 in London, the UK, food
forestry practitioners and researchers reiterated the
need for concerted efforts to develop monitoring
frameworks that encompass multiple aspects of a
food forest system. The GCA expressed the impor-
tance of assessing how effectively the projects are
achieving their multiple goals in order to inform
their adaptive management of the projects, and
asked us to help to develop monitoring indicators
(Erickson, Galiano Conservancy Association, per-
sonal communication, 2015). For broader applica-
tion of food forests, long-term monitoring is essen-
tial to assess what benefits and risks are involved in
integrating food forestry to restoring and managing a
landscape.

In contributing to the international and local interests
in understanding food forests in temperate regions, this
study advances a Criteria and Indicators (C&I) monitor-
ing framework that is primarily intended to guide a
comprehensive and systematic assessment of food forest
projects. We present the specific implementation of the
framework by the GCA in the context of adaptive man-
agement of agroforestry projects in protected lands. The
C&I framework was adapted by the GCA in order to
develop their own tailored monitoring program
(Erickson, Galiano Conservancy Association, personal
communication, 2016). Yet, the generic C&I framework
should be further tested, adapted, and improved by other
researchers, practitioners, and environmental groups for
their own specific purposes and interests.

Background

Galiano Island

Galiano Island is located on the west side of the
Strait of Georgia between Vancouver Island and the
west coast mainland of Canada (Ewonus et al. 2011;
Fig. 1). The Island is situated within the Coastal
Douglas-fir biogeoclimatic zone (CDF), which is
one of the rarest ecosystem types listed in BC; its
primary plant association is of global and provincial
conservation concern (Austin et al. 2008; Forest
Practices Board 2010). In 2012, the GCA purchased
a 76-hectare (ha) parcel on the central west coast of
Galiano Island and established it as the Millard
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Learning Centre. The acquisition protected approxi-
mately 20 ha of old growth and mature forest along
2 km of shoreline, two small stream systems with
accompanying wetland and riparian habitats. This
coastal Douglas-fir (Pseudotsuga menziesii)-forested
property is part of the Mid-Galiano Island Protection
Network for conservation, which protects the
Island’s ecological diversity and functions as a crit-
ical ecological corridor for island plants and animals
under the integrated conservation planning program
(Galiano Conservancy Association (GCA) 2013). In
the heart of the coastal Douglas-fir forested land-
scape of the Centre lies approximately 13.06 ha of
Agricultural Land Reserve (ALR), where forestry
and agricultural activities had taken place in the
past. The two food forest projects are housed in
the ALR but managed under the same conservation
planning and monitored by same indicators.

Galiano Community Food Forest

The Galiano Community Food Forest (GCFF) aims to
be a sustainable, resilient food production system that
feeds participants in educational programs at the Centre,
to provide educational opportunities, and to sell and
donate food to the local community. Different from a
community forest which is collectively managed by a
community, the GCFF is managed by the GCA and
adopts a social enterprise approach, attempting to gen-
erate base revenue for project operation while
supporting further conservation and restoration on
GCA’s property. The GCFF was planted in a primary
agriculture zoning area (1.64 ha) within the ALR, which
is designated for food production and horticulture
(Fig. 2). It is largely an open, dry graminoid-
dominated land with little regeneration occurring due
to series of clear-cut and grazing until the time the GCA
purchased the land. Within this area, a demonstration
site of 750 m2 in size was planted with over 50 plant
species on woody debris mounds (Fig. 3), including the
following: 5 tree species (e.g., Castanea mollissima,
Diospyros kaki); 8 shrub species (e.g., Ribes nigrum,
Elaeagnus multiflora); 28 herbaceous perennials (e.g.,
Helianthus tuberosus, Perovskia atriplicifolia); 4 vines
(e.g., Vitis spp., Actinidia arguta); 11 self-sowing an-
nuals (e.g., Amaranthus cruentus, Raphanus sativus);
and different varieties of Allium sativum as a cash crop
to help with initial operational costs. If the project is

ecologically and socioeconomically successful, the
demonstration site will be expanded in the future.

Restoration Forage Forest

The Restoration Forage Forest (RFF) was planted with
native plant species in a parcel of approximately 1 ha in
size in the integrated management zoning area within
the ALR (Fig. 4). In this zoning area, more emphasis is
placed on restoration of ecological processes and con-
servation of native species than the agricultural zoning
area that houses the GCFF (Galiano Learning Centre
Management Committee 2013). The goals of the RFF
are similar to those of the GCFF but emphasize revital-
ization of traditional culture and plant uses. The area
was originally planned for the GCFF, but there was
heated debate at a public design workshop over the
importance of a single residual old-growth western red
cedar (Thuja plicata; the Bgrandmother tree^). The Con-
servancy had to decide whether to remove the tree
(including some of the native plants surrounding it) for
maximum food productivity, or to compromise produc-
tivity by keeping them and honoring the ecological and
cultural legacy of the site. In the end, the GCA changed
the location of the GCFF to its current location, which is
a primary agricultural zoning area, and decided to create
the RFF surrounding the grandmother tree. This debate
illuminates the tension which may arise when food
forestry is practiced on lands intended for biodiversity
conservation.

Methods and materials

To develop the monitoring framework for the food
forest projects of the GCA, we first defined the hierar-
chical structure and conceptual foundations of the mon-
itoring framework based on best available practices in
the literature. Second, we conducted qualitative content
analysis (Hsieh and Shannon 2005) of monitoring pa-
rameters collected from a total of 61 literature sources
and developed an inventory of monitoring parameters.
With this inventory, we interviewed 16 experts in eco-
logical restoration and food forestry and distilled ones
that are relevant for food forestry and GCA’s food forest
projects. Finally, we discussed candidate parameters
derived from the interviews with the GCA stakeholders,
and the GCA selected monitoring parameters for their
own monitoring program.
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Fig. 1 Galiano Island map (produced by Daniel Brendle-Moczuk)
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Hierarchical structure of a Criteria and Indicators (C&I)
framework

A C&I framework is a Bhierarchical framework to help
to design sets of indicators for sustainability monitoring
programs^ and is used as an organizational tool for

identifying parameters of sustainability and assessing
progress (Wright et al. 2002). We adapted the hierarchi-
cal structure of the Forest Service Local Unit Criteria
and Indicators Development (LUCID) C&I, which was
developed by six interdisciplinary forest teams in order
to systematically monitor social, economic and

Fig. 2 Galiano food forest sites

Fig. 3 A GCFF demonstration site of 750 m2 in size was planted with over 50 plant species on woody debris mounds
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ecological aspects of local forest management in the
USA (Wright et al. 2002). The LUCID C&I lays out
the ontology of sustainable forest management and
transparent relationships among hierarchical parame-
ters. For the purposes of the present research, we sim-
plified an original six-level hierarchical structure to a
four-level hierarchy: principle, criterion, indicator, and
measure (Table 1) as the other two subsequent levels—
data element (i.e., specific method) and reference val-
ue—require more time for the organization to assess and
determine those. Our aim was to provide a tool for
diverse organizations that may lack significant capacity
for planning, design, implementation, and monitoring.
Thus, where possible, we emphasized simplicity in the
development of the framework.

Conceptual foundation of a C&I framework

Prabhu et al. (1996) emphasized that assessment sys-
tems be conceptualized from the Btop-down^ principles
and criteria so as to ensure that assessment parameters
selected are Bconceptually and scientifically^ integrated
with the principles. In order to develop the monitoring
framework for GCA’s food forests situated in a protected
landscape, the monitoring framework was built upon
comprehensive restoration principles that embrace the
diverse and distinctive characteristics of social-
ecological systems and that are applicable for the two
projects of the GCA. Suding et al. (2015) developed
guiding principles for ecological restoration to address

Fig. 4 The Restoration Forage
Forest (RFF) was planted with
native plant species in a parcel of
approximately 1 ha in size in the
integrated management zoning
area within the ALR

Table 1 Components, definitions, and examples of the LUCID
C&I framework (adapted from Wright et al. 2002)

Component Definition Example

Principle A fundamental law or
rule serving as a basis
for reasoning and
action. An explicit
element of the
sustainability goal

Ecological integrity is
maintained

Criterion A component of the
structure or function of
the ecological, social,
or economic systems,
which should be in
place as result of
adherence to a
principle. Criteria
form the conceptual
architecture of the
systems under
investigation

Landscape
structure/composition

Indicator A quantitative or
qualitative parameter
that can be assessed in
relation to a criterion

Landscape patterns

Measure The methodology and
source of information
for the indicator. The
form, scale, timing,
and units of data that
are gathered are
specified

Density and distribution
of human developed
features by use class
(e.g., number of road
crossings)
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the Becological, cultural, and socio-economic values of
complex natural-human systems^ in pursuit of creating
sustainable and resilient systems (Table 2). These prin-
ciples are extended from existing ecological restoration
guidelines, including those issued by the World Com-
mission on Protected Areas (Keenleyside et al. 2012)
and provided in the Society for Ecological Restoration
Primer (2004). Key attributes for each principle identi-
fied by Suding et al. (2015) were used as Btop-down^
criteria, which was subsequently complemented by
Bbottom-up^ criteria resulted from an extensive litera-
ture review (Prabhu et al. 1996).

Preliminary C&I monitoring framework
through extensive literature review

There are no systematic monitoring frameworks for
food forestry in temperate regions, which led us to
collect a total of 988 monitoring parameters from 61
literature resources on standards, principles, and assess-
ment and monitoring drawn from five relevant fields:
ecological restoration, agriculture/agroecology, agrofor-
estry, sustainable forest management, and permaculture
(Table 3) until no new parameters emerged. Using qual-
itative content analysis (Hsieh and Shannon 2005) and

Atlas.ti (qualitative data analysis software), we induc-
tively coded the 988 parameters and categorized them to
criterion, indicator, and measure according to the guide-
lines of LUCID C&I (Wright et al. 2002). Monitoring
criteria that were found across three different fields or
more were selected as bottom-up criteria, which
complemented the top-down criteria drawn from Suding
et al. (2015). Using the analyzed monitoring parameters,
we generated a preliminary C&I monitoring framework,
which was employed as a response instrument for sub-
sequent semi-structured interviews with restoration and
food forestry experts.

Generic C&I framework for food forestry
through semi-structured interviews

We conducted semi-structured interviews with 16 ex-
perts from the fields of food forestry (FF; n = 8) and
ecological restoration (ER; n = 8) to identify monitoring
parameters used in practice and to select candidates that
may be valuable for food forest projects like ones of the
GCA. The participants were practitioners, researchers or
both recruited through a purposive, snowball sampling
method (Cohen and Arieli 2011). The participants had
professional experience in their field ranging between 6
and over 40 years (averaging 27.5 years in restoration
and 24.5 years in food forestry) in Canada, the USA,
and the UK; among them, seven had experiences in both
fields. The interviews took place in the period from
September 2015 to June 2016 via phone, online video
chat, or in person; they were audio-recorded and fully
transcribed. The interview process followed the Ethics
Protocol (15-233) approved by the University of Victo-
ria (consistent with Canada’s Tri-Council Policy State-
ment on Ethical Conduct for Research Involving
Humans). Using the preliminary C&I framework as a
response instrument, the participants discussed monitor-
ing parameters in three ways:

a) What they monitor.
b) What they wish to monitor if given more resources.
c) What they think might be useful for the GCA.

We coded inductively the interview transcripts in
Atlas.ti after reading them four times each, and com-
pared coded monitoring suggestions against the moni-
toring parameters of the preliminary C&I framework.
The monitoring parameters of the preliminary frame-
work that were recommended by the experts were kept,

Table 2 Principles and key attributes for guiding comprehensive
ecological restoration (adapted from Suding et al. 2015)

Principles Description and attributes

P1 Restoration increases
ecological integrity

Recovery of biological assemblages
including species composition,
functional groups, and ecological
processes to sustain the these
biota and ecosystem function

P2 Restoration is informed
by the past and future

Consideration of both historical
knowledge and likely
ecosystem/landscape trajectories,
especially under conditions of
rapid change

P3 Restoration benefits and
engages society

Enhancement of ecosystem services;
quality of human life and
communities; participation; and
understanding of ecosystems and
their benefits

P4 Restoration is
sustainable in the
long-term

Establishment of self-sustaining and
resilient system with minimum
human intervention over time
with the consideration of
landscape contexts
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and new parameters that were recommended were
added to a generic C&I framework for food forestry.
In addition to the monitoring parameter suggestions, we
coded challenges of monitoring food forests in protected
lands that emerged from the interviews.

Galiano C&I framework through a workshop

A key for developing a local C&I framework is to
undertake active stakeholder consultation and to focus
on a small number of principal indicators relevant to
management and monitoring goals of a project (Hickey
and Innes 2008). We conducted a 3-hour workshop with
five staff and one board member of the GCA on Galiano
Island in February 2016. Our aim was to refine the C&I
such that it would be suitable for long-term use by a small
(< 10 staff), community-based organization with limited
resources and no laboratory facilities. We first discussed
the generic C&I framework drawn from the previous

interview analysis. Then, the GCA stakeholders qualita-
tively examined the indicators and measures, based on
the following: (1) importance/relevance to their food
forest project goals, (2) resources available (e.g., staff
hours), and (3) ease of the use (e.g., level of expertise
needed). Based on the discussion and our notes from the
workshop, we refined the generic C&I framework by
identifying the parameters that were considered impor-
tant by the workshop participants and by categorizing the
monitoring parameters to three groups: Beasy to
measure^ group, Bdifficult to measure^ group, and Blab
required^ group. The GCA staff reviewed the refined
generic framework and finalized monitoring parameters
for their use (referred as Galiano C&I framework in this
paper). In addition to the workshop, one of us (HP)
participated in initial site assessments, design workshop,
vegetation survey, and planting of the GCFF from April
2015 to August 2016. Such first-hand participation and
engagement with stakeholders gave a good

Table 3 A total of 61 literature resources include peer review articles, books, proceedings, and international/national reports

Nature of literature resources

Field (# of literature
resources)

Guidelines
Standards
Review of practices (20)

Monitoring and assessment (39)

Ecological restoration
(25)

Burton 2014; DeLuca et al. 2010; Díaz et al. 2007;
Hallett et al. 2013; Keenleyside et al. 2012;
Ordóñez and Duinker 2012; SER 2004;
Shackelford et al. 2013; Suding et al. 2015;
Woodley 2010

Egan and Estrada 2013; Environment Canada 2003;
Faber-Landgenden et al. 2006; Feld et al. 2009;
Garry Oak Ecosystems Recovery Team 2011;
Gomontean et al. 2008; Herrick et al. 2006; LaPaix
et al. 2009; Lee and Rudd 2003; Mason et al. 2005;
Noss 1990; Parks Quebec Network 2014; Ruiz-Jaen
and Aide 2005; Spellerberg 2005; Tierney et al.
2009

Agriculture/Agroecology
(13)

Cassman andWood 2005; CGSB 2008; OECD 2001a;
Webster 1999

Bockstaller et al. 1997; Hayati et al. 2010; McRae et al.
2000; OECD 2001b; Rigby et al. 2001; Sands and
Podmore 2000; Tellarini and Caporali 2000; Van
Cauwenbergh et al. 2007; Zhen and Routray 2003

Agroforestry (9) Araujo et al. 2012; Atangana et al. 2014; Hart 1996;
Hills 1988; Jose 2012; Montagnini et al. 2011;
Szymanski and Colletti 1998

Casanova et al. 2012; CIFOR 2013

Sustainable forest
management (10)

Balana et al. 2010; CCFM 2003; Kirby et al. 2005;
MCPFE 2003; Montréal Process Working Group
2009; Mrosek et al. 2006; Pei et al. 2009; Prabhu
et al. 1996; Williamson and Edwards 2014; Wright
et al. 2002

Permaculture (4) Jacke and Toensmeier 2005 Louvain 2015; Remiarz 2014; Warburton-brown and
Kemeny 2015
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Table 4 Generic C&I monitoring framework for food forestry (excluding measures)

Principle 1 Ecological integrity

Criterion (6) Indicator (18)

Integrity of the biotic community Plant diversity (species and structure)
Trophic structure (food web/chain) from decomposer, invertebrates to birds

Regeneration and reproduction

Habitat quality Habitat structural diversity

Landscape connectivity

Ecological processes Productivity

Carbon sequestration

Succession

Nutrient cycling

Soil Physical characteristics

Biological characteristics

Chemical characteristics

Soil erosion

Hydrology Water storage and flow

Water quality

Disturbance Diseases and pests

Environmental factors including fire, windstorms

Herbivory

Principle 2 Informed by past and future

Criterion (2) Indicator (3)

Historical knowledge Historical biological community or processes

Traditional and/or local knowledge of the forest

Climate change Weather patterns

Principle 3 Social benefits and engagement

Criterion (3) Indicator (10)

Cultural values and social equity Food security (high-quality, reliable, affordable food for a community)

Local community access to forest-related livelihood opportunities

Cultural identity and spiritual values

Life quality of a farmer and a family

Economic benefits Yield

Employment

Local business

Contribution to the community

Outreach, education, and training Acquisition of knowledge and skills
Research and science

Principle 4 Long-term sustainability

Criterion (3) Indicator (8)

Resilience and stability Prepared and resilient to extreme weather

Self-regulating (in the absence of maintenance)

Functional diversity

Economic self-sufficiency True yield (output–input)
Product energy/input energy ratio (EROI)

Governance Collaborative participation

Continuity in management

Stewardship
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understanding of the local ecological, social, and cultural
settings of the two projects on Galiano Island.

Results

The preliminary C&I framework, resulted from the lit-
erature review, consists of 4 principles, 13 criteria, 46
indicators, and 161 measures. It was then refined by the
food forestry and restoration experts and distilled to the
generic C&I framework of 4 principles, 14 criteria, 39
indicators, and 109 measures (Table 4; details in the
Online Resource 1). As few monitoring indicators are
available for food forest projects in temperate regions,
particularly ones that are run by conservation organiza-
tions in protected landscapes, the semi-structured inter-
views with the experts in ecological restoration and food
forestry provided first-hand knowledge that has been
little explored in scientific literature. This contributed
significantly to making operational the socio-economic
aspects of long-term sustainability and resilience at a
project level. Hence, the broader C&I framework is
generally applicable, but is also readily customized to
meet needs of specific organizations.

Ecological integrity

The concept of ecological integrity encompasses a suite
of ecosystem attributes from ecosystem health, biodi-
versity, ecological processes, native species, stressors,
and resilience, to self-maintenance. These attributes are
weighted differently for different restoration projects.
Some monitoring systems (e.g., Tierney et al. 2009;
Wright et al. 2002) further divide the concept of ecolog-
ical integrity into composition, structure, and function.
As a result, interpretation of ecological integrity varies
across social, ecological, and environmental contexts
(Andreasen et al. 2001; Ordóñez and Duinker 2012;
Suding et al. 2015).

Biodiversity, soil, ecological process (or function),
and disturbance were identified as key ecological
criteria across all five fields of the literature resources
reviewed, and landscape and hydrology across the four
fields. Among these criteria, the expert interviews
highlighted plant diversity, complex trophic structure,
soil, and ecological process as essential ecological as-
pects for monitoring. For plant diversity, ER-6 sug-
gested measuring richness and abundance of all plant
species or ones of dominant species of each forest

structural layer. The food foresters observed birds, am-
phibians, invertebrates and/or fungi as a proxy for a
trophic structure. FF-1 had recorded 21 bird species
nesting in his food forest and 25 bird species visiting
(occasionally and frequently) over the last 5 years, in
addition to over a total of 100 pollinator, spider, snail,
beetle, and earthworm species (available from
http://grahambell.org). Yet, mobile species such as
birds should be carefully chosen for a small-scale food
forest project like the GCFF, as monitoring results can
be significantly influenced by co-variables of surround-
ing landscapes and forests (ER-6). Alternately, less mo-
bile species could be used (ER-7); for example, forest-
dependent indicator species (e.g., Scarabaeinae com-
munities) were used for comparing biodiversity among
monoculture, agroforestry, and primary forest systems
(Jose 2012; McNeely and Schroth 2006).

For monitoring ecological processes, the experts
highlighted productivity, succession, carbon seques-
tration, and nutrient cycling. For example, productiv-
ity can be measured by DBH (ER-6) or the amount of
yield (FF-1). Successional changes may indicate a
habitat quality (ER-3) and/or can be qualitatively
monitored through repeat photography and video-
recording (FF-1). Both expert groups underscored
the importance of monitoring of soil quality, in par-
ticular soil microbiology and soil organic matter, for
its association with productivity, nutrient cycling,
water conservation, and resilience to extreme weather
events such as drought or extended rainy season. In
collaboration with a graduate student (West 2006),
FF-2 compared the composition of soil microbiology
in his food forest against its neighboring woodland in
England. ER-7 suggested mushrooms as an indicator
for soil health, decomposition, and symbiosis of
plant-fungus species as well as indicator plant species
(e.g., Lysichiton americanus) for soil moisture and
nutrient. Having no bare soil was proposed as a proxy
for soil erosion prevention (ER-7), which helps to
moderate changes in soil temperature that influences
soil microbial activity (FF-1). Restoration experts
(ER-1; ER-3) cautioned that a food forest should
not leach nutrients into other systems or cause
undesirable changes in hydrology of a landscape.

Informed by past and future

Historical knowledge in any form can indicate how
systems have functioned in the past (Suding et al.
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2015; Boivin et al. 2016). Ecosystem and landscape
legacies may help to understand historic conditions
and to discuss desired trajectories of the systems (ER-
4). For example, pollen cores provide information on
long-term plant community dynamics (Wright et al.
2002); but such measurement can be costly (ER-7).
Alternatively, traditional ecological knowledge, which
is associated with local plants and environments and
accumulates throughout generations, may be more ac-
cessible and practical to use in order to understand the
site history. In addition, the process of incorporating
traditional ecological knowledge may engage a local
community and indicate the degree of community par-
ticipation and the level of cultural identity integrated in a
practice (Pei et al. 2009). Meanwhile, a distinction was
made between traditional ecological knowledge and
local knowledge depending on a local history of human
settlement and immigration (ER-7; FF-1). In conjunc-
tion with historical knowledge, information on weather
patterns and climate variables, such as length of a grow-
ing season (Williamson and Edwards 2014) and bloom-
ing times over time, can be used to guide adaptive
management in the wake of climate change (Hallett
et al. 2013).

Social benefits and engagement

All food forestry experts highlighted the educational
value of food forests in various forms (e.g., workshop,
tour, research), and most recorded the numbers of edu-
cational events, of readers of their publication and/or of
site visitors as well as feedbacks from visitors (FF-3; FF-
6). Further, how and what people contribute to a com-
munity after acquiring knowledge and skills from a food
forest project could serve as a measure of the education-
al impacts of the project on a community (ER-5). Stew-
ardship reflects the level of community engagement in
the project, which is critical for building sustainability
and achieving long-term success of local conservation
projects that often lack adequate human and financial
resources and ongoing public or community support
(ER-6).

Economic benefits of social enterprise projects like
the GCFF may be measured in two ways: economic
returns to the project itself and a broader spin-off to
local businesses and community (ER-6). One could
record the total (potential) sales income from all crops,
the weight of each food crops, and/or total weight of all
crops. Additionally, incomes from other activities such

as nursery, workshops, and tours can be added up to
measure economic benefits (FF-1). For the broader eco-
nomic spin-off to the community, recommended mea-
sures include the following: the number of bed nights of
people staying in local accommodations because of the
food forest project (FF-1) and number of local busi-
nesses created due to a food forest (ER-5). Local food
security can be measured by the amount of or the
monetary value of yields donated to the community, or
local consumption/purchase of the products (ER-7).

Long-term sustainability

Ecological resilience is a key criterion for long-term
sustainability of ecological restoration (Suding et al.
2015). Resilience indicators include genetic diversity,
species interaction, functional redundancy, and response
diversity (Keenleyside et al. 2012). Yet, these are com-
plex and often hard to measure, and it is yet difficult to
understand to what degree resilience of terrestrial sys-
tems is affected by these factors (Bestelmeyer et al.
2011). In food forestry, practitioners observed signs of
pests and disease, mortality and survival rate of plants,
and crop productivity, in particular after extreme weath-
er events or the absence of or decrease in maintenance as
a proxy of system resilience (FF-2; FF-7).

Sustainability results from the concerted outcomes of
social and economical management (e.g., Montréal
Process Working Group 2009; Wright et al. 2002). The
generic C&I framework includes economic self-
sufficiency and systematic governance as sustainability
criteria. Economic self-sufficiency emphasizes that a
project be financially viable and/or able to operate with-
out relying on external funds over time (ER-6). All costs
for maintaining a food forest (e.g., irrigation, labor, and
electricity) and all incomes from the project (e.g., prod-
uct sales and workshop fees) may be considered (FF-4).
In terms of systematic governance, a project should have
the capacity to sustain or adapt in the midst of changes in
management. Does a project rely on one champion, a
few people who dedicate their whole time, or a larger
pool of dependable volunteers? Can a project be
sustained in the absence of a champion? (ER-6; ER-7).
Therefore, the experts stressed collaborative participa-
tion, continuity in management, and stewardship as
critical attributes of a project that is socially resilient
and sustainable (ER-4; ER-6; ER-7; FF-4). In addition,
as a food forest evolves the goals and objectives of the
project may change over time and influence appropriate
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monitoring indicators. Therefore, a monitoring program
for food forestry should not be static; rather it can be
refined, complemented or reorganized to reflect changes
over time (FF-4).

Galiano C&I framework

From the generic C&I framework, the GCA selected a
total of 13 criteria, 31 indicators, 19 core measures, and
28 optional measures based on the relevance to the
projects and on their capacity to employ the measures
(e.g., expertise, finance, time) (Table 5). Similar to the
interview results, the GCA stakeholders were interested
in monitoring plant diversity, trophic structure, ecolog-
ical processes (e.g., carbon sequestration, succession,
and nutrient cycling), soil organic matter, and soil bio-
logical conditions. Overall, social indicators manifested
the goals of the GCA’s projects: local food security and
economy, cultural revitalization, education, and active
research collaboration. All long-term sustainability
criteria—resilience and stability, economic self-suffi-
ciency, and governance—were all adopted, and one or
more core measures were chosen from each criterion.

Monitoring food forests in protected landscapes

At the heart of the discussion on monitoring food forests
in protected landscapes, a critical question was raised by
the experts and the GCA: How can the concept of
ecological integrity be interpreted in a food forest sys-
tem, in particular one that has a different plant commu-
nity from plant communities of its landscape or a native
plant community? In addition, the importance of facili-
tating the movement of species and genetic interchange
and/or linking various habitats may differ depending on
the size of a food forest project and the condition of its
surrounding landscape such as fragmentation, distur-
bance, and scale (ER-5). Only few mature food forests
were studied in temperate climates, and it is unknown
how similar or different a temperate food forest would
be to a natural forest in the same area or in the same
climatic zone over time (FF-7). The restoration experts
hypothesized that the GCFF may exhibit different func-
tions and habitat quality given different composition and
structure of the neighboring forests (ER-1; ER-6). At the
management level, one has to decide how essential it is
for the project to have a food forest that is similar to late-
successional forests, and how much of difference to
natural mature systems is acceptable, given that the food

forest is providing valuable benefits that other systems
do not provide (ER-6).

In restoration, reference ecosystems are essential for
setting goals and assessing the success of a project
(Ruiz-Jaen and Aide 2005). These reference ecosystems
are often historical and/or similar ecosystems Bin the
same life zone, close so the project^ that are Bexposed
to similar natural disturbances^ (Society for Ecological
Restoration (International Science and Policy Working
Group 2004). On the other hand, a cultural ecosystem
often guides management and monitoring as a reference
when a goal is to bring back a cultural landscape. Often,
selecting multiple reference sites for monitoring is en-
couraged to include variations in the desired ecosystem
attributes and outcomes (Ruiz-Jaen and Aide 2005). The
GCA intends to monitor a similarly aged regenerating
forest where no management is taking place as a control
site and an unmanaged mature forest ecosystem as a
reference or target Bnatural^ system against which to
compare the food forest sites.

Discussion

The study does not quantitatively validate or evaluate
individual monitoring parameters. Instead, it qualitative-
ly analyzes key thematic monitoring criteria for each
restoration principle and collects a wide range of mon-
itoring parameters from the fields of restoration, agro-
forestry, agriculture/agroecology, sustainable forest
management, and permaculture as only a few monitor-
ing indicators are developed for food forestry, particu-
larly in the context of conservation and ecological res-
toration. The incorporation of quantitative methods in
this study such as scoring, ranking, pair-wise compari-
son, or multi-criteria analysis may increase transparency
of the process of selection of monitoring parameters
during the workshop and the interviews (Balana et al.
2010; Convertino et al. 2013). Further, future evaluation
of the GCA’s experiencewith the monitoring framework
and monitoring parameters after using the C&I frame-
work may be valuable for improving the validity of the
parameters (Prabhu et al. 1996).

The results of the study underline the salience of
managing and monitoring both social and ecological
resilience of food forests to future changes for achieving
sustainability of proejcts. The four principles for resto-
ration, in which the generic and Galiano C&I frame-
works are embedded, allow consideration of
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environmental and ecological attributes (e.g., genetic
diversity, tolerance to ecological communities to ex-
treme events, landscape connectivity) and societal attri-
butes (e.g., social learning, experimental learning, col-
lective capacity, governance) of resilience (Davidson
et al. 2016; Keenleyside et al. 2012). The interview
results shed light on how resilience is translated by food
forestry practitioners and the community-based conser-
vation group that experiment food forestry. The generic
C&I framework indi rec t ly addresses some
agroecosystem resilience indicators such as biological
and cultural memory and incorporation of traditional
cultivation techniques (Cabell and Oelofse 2012). How-
ever, a growing body of scientific literature attempts to
operationalize resilience thinking to practical levels and
assess the resilience of complex socio-ecological sys-
tems. The C&I frameworks may be improved by incor-
porating a growing body of resilience principles and
monitoring parameters for social-ecological systems
(e.g., Cabell and Oelofse 2012; Davidson et al. 2016;
Fischer et al. 2009; Turner et al. 2003).

The applicability of four restoration principles may
vary depending on goals and scales of food forest pro-
jects. The presence of a native plant community and
habitat quality for wildlife species are important for
monitoring changes in ecological integrity of a food
forest system in the context of ecological restoration.
Yet, this approach may not be directly applicable for
other food forest projects in different landscape contexts
from ones of the GCA. The principle of being informed
by the past deemed less relevant to the GCFF than the
RFF because of its different plant composition in com-
parison with their neighboring forests. The principle of
social benefits and engagement is more relevant to
community and public food forest projects than to
household gardens that are managed to benefit family
members or a small number of people. The four princi-
ples of ecological restoration should be further tested in
other case projects, and individual C&I frameworks
may be modified by incorporating goals of community
forestry and agroforestry projects that are developed
through bottom-up approaches (Gomontean et al. 2008).

Apart from goals, scales, and landscape contexts of a
project, resources available and required for monitoring
significantly influence the selection for monitoring
parameters as monitoring involves a range of skills,
knowledge, equipment and time, and each monitoring
measure has distinct requirements (Niemeijer and de
Groot 2008). For example, monitoring wildlife indicator

species and Scarabaeinae communities might require
high levels of identification skills or may need a special-
ist. Evaluating resources needed for employing a specif-
ic measure and the current capacity of an organization to
employ measures helps to determine most efficient and
effective measures (Niemeijer and de Groot 2008).
Learning from the GCA’ case, we recommend that se-
lection of optional measures, which can be employed in
the future or through research collaboration as time and
opportunities permit, in addition to core measures that
are viable under the current capacity. What we heard
clearly from discussions with the GCA is that it is better
to have fewer measures that contribute to realistic long-
term monitoring than to have a long shopping list of
measures for which there is little future practicality. A
general C&I framework allows food forest practitioners
to have overlapping measures that support comparison.

Conclusion

The Galiano Conservancy Association’s food forests are
ongoing experiments, demonstrating how a local con-
servation organization might use a food forest in tem-
perate regions to maintain or improve the overall eco-
logical integrity of a landscape while achieving social
benefits and sustainability of a project. The generic C&I
monitoring framework is aimed to be comprehensive
and systematic, and at the same time adaptable to the
specific needs and purposes of local environmental or-
ganizations such as the GCA. The four principles of
restoration, on which the framework is, based (Suding
et al. 2015) encompass a wide range of human values
and address tensions between focuses on past and future
and ecological integrity and human benefits. Transpar-
ent linkages among the parameters of the hierarchy
make it easy to select or modify the criteria, indicators,
or measures that are related to the goals and objectives
of a food forest project. We propose that the generic and
Galiano C&I frameworks be carefully and deliberately
tested, adapted, and refined in order to achieve specific
management objectives of a particular food forest pro-
ject. Determining monitoring indicators and measures
requires clear goals, objectives, and scale of the projects
and careful assessment of environmental, ecological,
and social landscape contexts. At the same time, a
monitoring framework should not be static; it should
be refined, complemented, or reorganized to reflect
changes over time as a food forest project evolves.

113 Page 16 of 20 Environ Monit Assess (2018) 190: 113



Acknowledgements We are grateful to interview the partici-
pants, the Galiano Conservancy Association, and Dr. Nancy Turn-
er for their guidance, insight, and support.

Funding information This study received financial support from
the School of Environmental Studies at the University of Victoria,
the Sara Spencer Foundation, and the Social Sciences and Human-
ities Research Council.

Compliance with ethical standards

The interview process followed the Ethics Protocol (15-233) ap-
proved by the University of Victoria (consistent with Canada’s Tri-
Council Policy Statement on Ethical Conduct for Research Involv-
ing Humans).

References

Andreasen, J., O’Neill, R. V., Nossc, R., & Slosserd, N. C. (2001).
Considerations for the development of a terrestrial index of
ecological integrity. Ecological Indicators, 1(1), 21–35.
https://doi.org/10.1016/S1470-160X(01)00007-3

Araujo, A. S. F., Leite, L. F. C., Iwata, B. d. F., Lira Jr., M. d. A.,
Xavier, G. R., & Figueiredo, M. d. V. B. (2012).
Microbiological process in agroforestry systems. A review.
Agronomy for Sustainable Development, 32(1), 215–226.
https://doi.org/10.1007/s13593-011-0026-0

Atangana, A., Khasa, D., Chang, S., & Degrande, A. (2014).
Tropical agroforestry. New York: Springer. https://doi.
org/10.1007/978-94-007-7723-1

Austin,M. A., Buffett, D. A., Nicolson, D. J., Scudder, G. G. E., &
Stevens, V. (Eds.). (2008). Taking nature’s pulse: the status of
biodiversity in British Columbia. Victoria: Biodiversity BC.

Balana, B. B., Mathijs, E., & Muys, B. (2010). Assessing the
sustainability of forest management: an application of multi-
criteria decision analysis to community forests in northern
Ethiopia. Journal of Environmental Management, 91(6),
1294–1304. https://doi.org/10.1016/j.jenvman.2010.02.005

Bestelmeyer, B. T., Goolsby, D. P., & Archer, S. R. (2011). Spatial
perspectives in state-and-transition models: a missing link to
land management? Journal of Applied Ecology, 48(3), 746–
757. https://doi.org/10.1111/j.1365-2664.2011.01982.x

Bockstaller, C., Girardin, P., & van derWerf, H.M. G. (1997). Use
of agro-ecological indicators for the evaluation of farming
systems. European Journal of Agronomy, 7(1), 261–270.
https://doi.org/10.1016/S1161-0301(97)00041-5

Burton, P. J. (2014). Considerations for monitoring and evaluating
forest restoration. Journal of Sustainable Forestry, 33(1),
149–160.

Cabell, J. F., & Oelofse, M. (2012). An indicator framework for
assessing agroecosystem resilience. Ecology and Society,
17(1), 18.

Canadian Council of Forest Minister (CCFM). (2003). Defining
sustainable forest management in Canada: criteria and indi-
cators 2003. Natural Resources Canada, Canadian Forest
Service, Ottawa http://www.ccfm.org/ci/ CI_Booklet_e.pdf.
Accessed 20 June 2015.

Canadian General Standards Board (CGSB). (2008). Organic pro-
duction systems general principles and management stan-
dard. National Standards of Canada. http://www.tpsgc-
pwgsc.gc.ca/ongc-cgsb/programme-program/normes-
standards/internet/bio-org/documents/032-0310-2008-eng.
pdf. Accessed 20 June 2015.

Casanova, M., Salazar, O., Seguel, O., Nájera, F., Villarroel, R., &
Leiva, C. (2012). Long-term monitoring of soil fertility for
agroforestry combined with water harvesting in central Chile.
Archives of Agronomy and Soil Science, 58(sup1), S165–
S169. https://doi.org/10.1080/03650340.2012.696775

Cassman, K. G., & Wood, S. (2005). Cultivated systems. In R.
Hassan, R. Scholes, & N. Ash (Eds.), Ecosystems and human
well-being: current state and trends (Volume 1) (pp. 741–
789). Washington: Island Press.

Center for International Forestry Research (CIFOR). (2013).
Report CRP performance monitoring report 2012 forests,
trees and agroforestry. Centre for International Forestry
Research. http://www.cifor.org/fileadmin/subsites/crp/CRP_
monitoring_report_2012.pdf. Accessed 18 June 2015.

Clark, K. H., & Nicholas, K. A. (2013). Introducing urban food
forestry: a multifunctional approach to increase food security
and provide ecosystem services. Landscape Ecology, 28(9),
1649–1669. https://doi.org/10.1007/s10980-013-9903-z

Cohen, N., & Arieli, T. (2011). Field research in conflict environ-
ments: methodological challenges and snowball sampling.
Journal of Peace Research, 48(4), 423–435. https://doi.
org/10.1177/0022343311405698

Convertino,M., Fan, R., Baker, K.M., Vogel, J. T., Lu, C., Suedel,
B., & Linkov, I. (2013). Multi-criteria decision analysis to
select metrics for design and monitoring of sustainable eco-
system restorations. Ecological Indicators, 26, 76–86.
https://doi.org/10.1016/j.ecolind.2012.10.005

Crawford, M. (2010). Creating a forest garden: working with
nature to grow edible crops. Totnes: Green Books.

Davidson, J. L., Jacobson, C., Lyth, A., Dedekorkut-howes, A.,
Baldwin, C. L., Ellison, J. C., Holbrook, N. J., et al. (2016).
Interrogating resilience: toward a typology to improve its
operationalization. Ecology and Society, 21(2), 27.

Dawson, I. K., Guariguata, M. R., Loo, J., Weber, J. C., Lengkeek,
A., Bush, D., Cornelius, J., Guarino, L., Kindt, R., Orwa, C.,
Russell, J., & Jamnadass, R. (2013). What is the relevance of
smallholdersholders Bush, D., Bush, D., A., Bush, D., son,
J.C., Holbrook, N.J.,orationssling. y and psitum, in situ and
ex situ settings? A review. Biodiversity and Conservation,
22(2), 301–324. https://doi.org/10.1007/s10531-012-0429-5

DeLuca, T. H., Aplet, G. H., Wilmer, B., & Burchfield, J. (2010).
The unknown trajectory of forest restoration: a call for eco-
system monitoring. Journal of Forestry, 108(6), 288.

Díaz, S., Lavorel, S., Bello, F. d., Quétier, F., Grigulis, K., &
Robson, T. M. (2007). Incorporating plant functional diver-
sity effects in ecosystem service assessments. Proceedings of
the National Academy of Sciences of the United States of
America, 104(52), 20684–20689. https://doi.org/10.1073
/pnas.0704716104

Egan, A., & Estrada, V. (2013). Socio-economic indicators for
forest restoration projects. Ecological Restoration, 31(3),
302–316. https://doi.org/10.3368/er.31.3.302

Environment Canada. (2003). EMAN: Monitoring biodiversity in
Canadian forests. Report. http://publications.gc.

Environ Monit Assess (2018) 190: 113 Page 17 of 20 113

https://doi.org/10.1016/S1470-160X(01)00007-3
https://doi.org/10.1007/s13593-011-0026-0
https://doi.org/10.1007/978-94-007-7723-1
https://doi.org/10.1007/978-94-007-7723-1
https://doi.org/10.1016/j.jenvman.2010.02.005
https://doi.org/10.1111/j.1365-2664.2011.01982.x
https://doi.org/10.1016/S1161-0301(97)00041-5
http://www.ccfm.org/ci
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/normes-standards/internet/bio-org/documents/032-0310-2008-eng.pdf
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/normes-standards/internet/bio-org/documents/032-0310-2008-eng.pdf
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/normes-standards/internet/bio-org/documents/032-0310-2008-eng.pdf
http://www.tpsgc-pwgsc.gc.ca/ongc-cgsb/programme-program/normes-standards/internet/bio-org/documents/032-0310-2008-eng.pdf
https://doi.org/10.1080/03650340.2012.696775
http://www.cifor.org/fileadmin/subsites/crp/CRP_monitoring_report_2012.pdf
http://www.cifor.org/fileadmin/subsites/crp/CRP_monitoring_report_2012.pdf
https://doi.org/10.1007/s10980-013-9903-z
https://doi.org/10.1177/0022343311405698
https://doi.org/10.1177/0022343311405698
https://doi.org/10.1016/j.ecolind.2012.10.005
https://doi.org/10.1007/s10531-012-0429-5
https://doi.org/10.1073/pnas.0704716104
https://doi.org/10.1073/pnas.0704716104
https://doi.org/10.3368/er.31.3.302
http://publications.gc.ca/collections/collection_2014/ec/En14-151-2003-eng.pdf


ca/collections/collection_2014/ec/En14-151-2003-eng.pdf.
Accessed 15 March 2015.

Ewonus, P. A., Cannon, A., & Yang, D. Y. (2011). Addressing
seasonal site use through ancient DNA species identification
of pacific salmon at Dionisio Point, Galiano Island, British
Columbia. Journal of Archaeological Science, 38(10), 2536–
2546. https://doi.org/10.1016/j.jas.2011.04.005

Faber-Landgenden, D., Rocchio, J., Schafale, M., Norman, C., Pyne,
M., Teague, J., Forti, T., &Comer, P. (2006). Ecological integrity
assessment and performance measures for wetland mitigation.
Final report, NatureServe, Arlington,VA. http://www.cnhp.
colostate.edu/download/documents/2005/ecological_
integrity/EIA_Wetlands_Mar15EPAFinalReport.pdf. Accessed
15 March 2015.

FAO. (2016). Guidelines on urban and peri-urban forestry, by F.
Salbitano, S. Borelli, M. Conigliaro and Y. Chen. FAO
Forestry Paper. No. 178. Rome, Food and Agriculture
Organization of the United Nations.

Feld, C. K., Martins da Silva, P., Sousa, J. P., Bello, F. d., Bugter,
R., Grandin, U., et al. (2009). Indicators of biodiversity and
ecosystem services: a synthesis across ecosystems and spatial
scales. Oikos, 118(12), 1862–1871. https://doi.org/10.1111
/j.1600-0706.2009.17860.x

Fischer, J., Peterson, G. D., Gardner, T. A., Gordon, L. J., Fazey, I.,
Elmqvist, T., Felton, A., Folke, C., & Dovers, S. (2009).
Integrating resilience thinking and optimisation for conser-
vation. Trends in Ecology & Evolution, 24(10), 549–554.
https://doi.org/10.1016/j.tree.2009.03.020

Forest Practices Board. (2010). Conservation of imperilled coastal
Douglas-fir ecosystem. Victoria, B.C.: Forest Practices Board.
http://www.llbc.leg.bc.ca/public/pubdocs/bcdocs2010_2
/466017/conservation_imperiled_coastal_ecosystem.pdf.
Accessed 28 February 2015.

Galiano Conservancy Association (GCA). (2013). Collaborative
conservation planning (resource guide). Galiano
Conservancy Association. http://galianoconservancy.
ca/publications. Accessed 27 February 2015.

Galiano Learning Centre Management Committee. (2013).
Galiano learning centre management plan. Galiano
Conservancy Association. http://galianoconservancy.
ca/publications. Accessed 27 February 2015.

Garry Oak Ecosystems Recovery Team. (2011). Restoring British
Columbia’s Garry Oak ecosystems: principles and practices.
http://www.goert.ca/documents/restorationbooklet/GOERT-
restoration-booklet-all.pdf. Accessed 26 February 2015.

Gomontean, B., Gajaseni, J., Edwards-Jones, G., & Gajaseni, N.
(2008). The development of appropriate ecological criteria
and indicators for community forest conservation using par-
ticipatory methods: a case study in northeastern Thailand.
Ecological Indicators, 8(5), 614–624. https://doi.
org/10.1016/j.ecolind.2007.08.006

Hallett, L. M., Diver, S., Eitzel, M. V., Olson, J. J., Ramage, B. S.,
Sardinas, H., Statman-Weil, Z., & Suding, K. N. (2013). Do
we practice what we preach? Goal setting for ecological
restoration. Restoration Ecology, 21(3), 312–319.
https://doi.org/10.1111/rec.12007

Hart, R. A. (1996). Forest gardening: cultivating an edible land-
scape. InWhite River Junction. Vermont: Chelsea Green Pub.

Hayati, D., Ranjbar, Z., & Karami, E. (2010). Measuring agricul-
tural sustainability. In E. Lichtfouse (Ed.), Biodiversity,

biofuels, agroforestry and conservation agriculture (pp. 73–
100). Dordrecht: Springer Science+Business Media B.V..

Herrick, J. E., Schuman, G. E., & Rango, A. (2006). Monitoring
ecological processes for restoration projects. Journal for
Nature Conservation, 14(3), 161–171. https://doi.
org/10.1016/j.jnc.2006.05.001

Hickey, G. M., & Innes, J. L. (2008). Indicators for demonstrating
sustainable forest management in British Columbia, Canada:
an international review. Ecological Indicators, 8(2), 131–
140. https://doi.org/10.1016/j.ecolind.2006.11.005

Higgs, E. S. (2017). Designed and novel ecosystems. Restoration
Ecology, 25(1), 8–13. https://doi.org/10.1111/rec.12410

Hills, T. L. (1988). The Caribbean food forest, ecological artistry
or random chaos. In J. S. Brierley & H. Rubenstein (Eds.),
Small farming and peasant resources in the Caribbean (pp.
1–29). Winnipeg: Department of Geography, University of
Manitoba.

Hsieh, H., & Shannon, S. E. (2005). Three approaches to qualita-
tive content analysis. Qualitative Health Research, 15(9),
1277–1288. https://doi.org/10.1177/1049732305276687

Jacke, D., & Toensmeier, E. (2005). Edible forest gardens. White
River Junction: Chelsea Green Pub. Co..

Jose, S. (2012). Agroforestry for conserving and enhancing biodi-
versity. Agroforestry Systems, 85(1), 1–8. https://doi.
org/10.1007/s10457-012-9517-5

Keenleyside, K., Dudley, N., Cairns, S., Hall, C., & Stolton, S.
(2012). Ecological restoration for protected areas: princi-
ples, guidelines and best practices. Gland Switzerland:
IUCN https://portals.iucn.org/library/efiles/documents/PAG-
018.pdf. Accessed 14 March 2015

Kirby, K. J., Smart, S.M., Black H. I. J, Bunce R. G. H, Courney P.
M., Smithers R. J. (2005). Measuring long term ecological
change in British woodlands (1971–2001): a re-survey and
analysis of change based on the 103 sites in the ITE/NCC
‘Bunce 1971’ woodland survey. English Nature Research
Reports. http://eidc.ceh.ac.uk/metadata/ddff0f17-c95d-4415-
80cb-aa9487edcb06/measuring-long-term-ecological-
change-in-british-woodlands-1971-2001-a-re-survey-and-
analysis-of-change-based-on-the-103-sites-in-the-ite-ncc-
bunce-1971-woodland-survey. Accessed 30 January 2015.

Kumar, B. M., & Nair, P. K. R. (2006). Tropical homegardens: a
time-tested example of sustainable agroforestry. Dordrecht:
Springer. https://doi.org/10.1007/978-1-4020-4948-4

Lander, T., & Boshier, D. (2014). Fragmentation, landscape func-
tionalities and connectivity. In M. Bozzano, R. Jalonen, E.
Thomas, et al. (Eds.), Genetic considerations in ecosystem
restoration using native tree species. State of the world’s
forest genetic resources thematic study. Rome: FAO and
Biodiversity International. http://www.fao.org/3/a-i3938e.
pdf. Accessed 30 January 2015.

LaPaix, R., Freedman, B., & Patriquin, D. (2009). Ground vege-
tation as an indicator of ecological integrity. Environmental
Reviews, 17(NA), 249–265. https://doi.org/10.1139/A09-012

Lee, N., & Rudd, H. (2003). Conserving biodiversity in greater
Vancouver: indicator species and habitat quality Volume 1.
Biodiversity conservation strategy for the Greater Vancouver
Region. Douglas College Institute of Urban Ecology.
h t t p : / / c i t e s e e r x . i s t . p s u .
edu/viewdoc/download?doi=10.1.1.122.3418&rep=rep1
&type=pdf. Accessed 30 January 2015.

113 Page 18 of 20 Environ Monit Assess (2018) 190: 113

http://publications.gc.ca/collections/collection_2014/ec/En14-151-2003-eng.pdf
https://doi.org/10.1016/j.jas.2011.04.005
http://www.cnhp.colostate.edu/download/documents/2005/ecological_integrity/EIA_Wetlands_Mar15EPAFinalReport.pdf
http://www.cnhp.colostate.edu/download/documents/2005/ecological_integrity/EIA_Wetlands_Mar15EPAFinalReport.pdf
http://www.cnhp.colostate.edu/download/documents/2005/ecological_integrity/EIA_Wetlands_Mar15EPAFinalReport.pdf
https://doi.org/10.1111/j.1600-0706.2009.17860.x
https://doi.org/10.1111/j.1600-0706.2009.17860.x
https://doi.org/10.1016/j.tree.2009.03.020
http://www.llbc.leg.bc.ca/public/pubdocs/bcdocs2010_2/466017/conservation_imperiled_coastal_ecosystem.pdf
http://www.llbc.leg.bc.ca/public/pubdocs/bcdocs2010_2/466017/conservation_imperiled_coastal_ecosystem.pdf
http://galianoconservancy.ca/publi
http://galianoconservancy.ca/publi
http://galianoconservancy.ca/publica
http://galianoconservancy.ca/publica
http://www.goert.ca/documents/restorationbookl
http://www.goert.ca/documents/restorationbookl
https://doi.org/10.1016/j.ecolind.2007.08.006
https://doi.org/10.1016/j.ecolind.2007.08.006
https://doi.org/10.1111/rec.12007
https://doi.org/10.1016/j.jnc.2006.05.001
https://doi.org/10.1016/j.jnc.2006.05.001
https://doi.org/10.1016/j.ecolind.2006.11.005
https://doi.org/10.1111/rec.12410
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1007/s10457-012-9517-5
https://doi.org/10.1007/s10457-012-9517-5
https://portals.iucn.org/library/efiles/documents/PAG-018.pdf
https://portals.iucn.org/library/efiles/documents/PAG-018.pdf
http://eidc.ceh.ac.uk/metadata/ddff0f17-c95d-4415-80cb-aa9487edcb06/measuring-long-term-ecological-change-in-british-woodlands-1971-2001-a-re-survey-and-analysis-of-change-based-on-the-103-sites-in-the-ite-ncc-bunce-1971-woodland-survey
http://eidc.ceh.ac.uk/metadata/ddff0f17-c95d-4415-80cb-aa9487edcb06/measuring-long-term-ecological-change-in-british-woodlands-1971-2001-a-re-survey-and-analysis-of-change-based-on-the-103-sites-in-the-ite-ncc-bunce-1971-woodland-survey
http://eidc.ceh.ac.uk/metadata/ddff0f17-c95d-4415-80cb-aa9487edcb06/measuring-long-term-ecological-change-in-british-woodlands-1971-2001-a-re-survey-and-analysis-of-change-based-on-the-103-sites-in-the-ite-ncc-bunce-1971-woodland-survey
http://eidc.ceh.ac.uk/metadata/ddff0f17-c95d-4415-80cb-aa9487edcb06/measuring-long-term-ecological-change-in-british-woodlands-1971-2001-a-re-survey-and-analysis-of-change-based-on-the-103-sites-in-the-ite-ncc-bunce-1971-woodland-survey
http://eidc.ceh.ac.uk/metadata/ddff0f17-c95d-4415-80cb-aa9487edcb06/measuring-long-term-ecological-change-in-british-woodlands-1971-2001-a-re-survey-and-analysis-of-change-based-on-the-103-sites-in-the-ite-ncc-bunce-1971-woodland-survey
https://doi.org/10.1007/978-1-4020-4948-4
http://www.fao.org/3/a-i3938e.pdf
http://www.fao.org/3/a-i3938e.pdf
https://doi.org/10.1139/A09-012
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.122.3418&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.122.3418&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.122.3418&rep=rep1&type=pdf


Louvain, B. (2015). Permaculture research: biodiversity analysis
handbook. Leeds: The Permaculture Association, Hollybush
Conservation Centre https://www.permaculture.org.
uk/research/soil-yield-and-biodiversity-tests-project.
Accessed 30 January 2015

Mason, N.W. H.,Mouillot, D., Lee,W. G., &Wilson, J. B. (2005).
Functional richness, functional and functional evenness di-
vergence: the primary of functional components diversity.
Oikos, 111(1), 112–118. https://doi.org/10.1111/j.0030-
1299.2005.13886.x

McLain, R., Poe, M., Hurley, P. T., Lecompte-Mastenbrook, J., &
Emery, M. R. (2012). Producing edible landscapes in
Seattle’s urban forest. Urban Forestry & Urban Greening,
11(2), 187–194. https://doi.org/10.1016/j.ufug.2011.12.002

McNeely, J. A., & Schroth, G. (2006). Agroforestry and biodiver-
sity conservation—traditional practices, present dynamics,
and lessons for the future. Biodiversity and Conservation,
15(2), 549–554. https://doi.org/10.1007/s10531-005-2087-3

McRae, T., Smith, C. A. S., & Gregorich, L. J. (2000).
Environmental sustainability of Canadian agriculture: report
of the agri-environmental indicator project. A Summary.
Agriculture and Agri-Food Canada, Ottawa, Ontario.
http://www5.agr.gc.ca/resources/prod/doc/policy/environ
ment/pdfs/aei/summary.pdf. Accessed 30 January 2015.

Ministerial Conference on the Protection of Forests in Europe
(MCPFE) (2003). State of Europe’s forests 2003: the MCPFE
report on sustainable Forest Management in Europe. United
Nations Economic Commission for Europe, Vienna, Austria.
http://www.foresteurope.org/documentos/forests_2003.pdf.
Accessed 13 March 2013.

Montagnini, F., Francesconi, W., & Rossi, E. (2011). Agroforestry
as a tool for landscape restoration. New York: Nova Science
Publishers.

Montréal Process Working Group. (2009). Criteria and indicators
for the conservation and sustainable management of temper-
ate and boreal forests: The Montréal Process. http://www.
rinya.maff.go.jp/j/kaigai/pdf/2009p_4.pdf. Accessed 15
February 2015.

Mrosek, T., Balsillie, D., & Schleifenbaum, P. (2006). Field testing
of a criteria and indicators system for sustainable forest
management at the local level. Case study results concerning
the sustainability of the private forest Haliburton forest and
wild life reserve in Ontario, Canada. Forest Policy and
Economics, 8(6), 593–609. https://doi.org/10.1016/j.
forpol.2004.11.002

Niemeijer, D., & de Groot, R. S. (2008). A conceptual framework
for selecting environmental indicator sets. Ecological
Indicators, 8(1), 14–25. https://doi.org/10.1016/j.
ecolind.2006.11.012

Noss, R. F. (1990). Indicators for monitoring biodiversity: a hier-
archical approach. Conservation Biology, 4(4), 355–364.
https://doi.org/10.1111/j.1523-1739.1990.tb00309.x

OECD. (2001a). Agriculture and biodiversity: developing indica-
tors for policy analysis. Proceedings from and OECD Expert
Meeting. Zurich, Switzerland. http:/ /www.oecd.
org/tad/sustainable-agriculture/40339227.pdf. Accessed 25
February 2015.

OECD. (2001b). Environmental indicators for agriculture: volume
3 Me t h o d s a n d Re s u l t s . h t t p s : / / www. o e c d .
org/tad/sustainable-agriculture/40680869.pdf. Accessed 25
February 2015.

Ordóñez, C., & Duinker, P. N. (2012). Ecological integrity in
urban forests. Urban Ecosystems, 15(4), 863–877.
https://doi.org/10.1007/s11252-012-0235-6

Park, H., Turner, N., &Higgs, E. (2017). Exploring the potential of
food forestry to assist in ecological restoration in North
America and beyond. Restoration Ecology, 53, 1169–1110.

Parks Quebec Network. (2014). EIMP—ecological integrity mon-
itoring program 2003–2012 report: Summary. S.l.: Parcs
Québec. https://www.sepaq.com/dotAsset/6ea4e70c-0210-
4231-819f-0934a3b4f1d4.pdf. Accessed 20 February 2015.

Pei, S., Zhang, G., & Huai, H. (2009). Application of traditional
knowledge in forest management: ethnobotanical indicators
of sustainable forest use. Forest Ecology and Management,
257 (10) , 2017–2021. ht tps: / /doi .org/10.1016/ j .
foreco.2009.01.003

Prabhu, R., Colfer, C., Venkateswarlu, P., Tan, L. C., Soekmadi,
R., & Wollenberg, E. (1996). Testing criteria and indicators
for the sustainable management of forests: phase 1 final
report. Bogor: Centre for International Forestry Research.
http://www.cifor.org/. Accessed 26 February 2015.

Remiarz, T. (2014). Ten-year Forest Garden Trial Permaculture
Association Year 3 Report. Permaculture Association.
https://www.permaculture.org.uk/research/forest-garden-
research. Accessed 15 May 2015.

Rigby, D., Woodhouse, P., Young, T., & Burton, M. (2001).
Constructing a farm level indicator of sustainable agricultural
practice. Ecological Economics, 39(3), 463–478. https://doi.
org/10.1016/S0921-8009(01)00245-2

Rohwer, Y., & Marris, E. (2016). Renaming restoration: concep-
tualizing and justifying the activity as a restoration of lost
moral value rather than a return to a previous state.
Restoration Ecology, 24(5), 674–679. https://doi.
org/10.1111/rec.12398

Ruiz-Jaen, M. C., & Aide, M. T. (2005). Restoration success: how
is it being measured? Restoration Ecology, 13(3), 569–577.
https://doi.org/10.1111/j.1526-100X.2005.00072.x.

Sands, G. R., & Podmore, T. H. (2000). A generalized environ-
mental sustainability index for agricultural systems.
Agriculture, Ecosystems and Environment, 79(1), 29–41.
https://doi.org/10.1016/S0167-8809(99)00147-4

Shackelford, N., Hobbs, R. J., Burgar, J. M., Erickson, T. E.,
Fontaine, J. B., Laliberté, E., Ramalho, C. E., Perring, M.
P., & Standish, R. J. (2013). Primed for change: Developing
ecological restoration for the 21st century. Restoration
Ecology, 21(3), 297–304.

Society for Ecological Restoration (International Science & Policy
Working Group). (2004). The SER International Primer on
Ecological Restoration. Washington: Society for Ecological
Restoration https://www.ctahr.hawaii.edu/littonc/PDFs/682_
SERPrimer.pdf. Accessed 13 May 2015

Spellerberg, I. F. (2005). Monitoring ecological change.
Cambridge: Cambridge University Press. https://doi.
org/10.1017/CBO9780511614699

Suding, K., Higgs, E., Palmer, M., Callicott, J. B., Anderson, C.
B., Baker, M., Gutrich, J. J., Hondula, K. L., LaFevor, M. C.,
Larson, B. M. H., Randall, A., Ruhl, J. B., & Schwartz, K. Z.
S. (2015). Committing to ecological restoration. Science,
348(6235), 638–640. https://doi.org/10.1126/science.
aaa4216

Szymanski, M., & Colletti, J. (1998). Combining the socio-
economic-cultural implications of community owned

Environ Monit Assess (2018) 190: 113 Page 19 of 20 113

https://www.p
https://www.p
https://doi.org/10.1111/j.0030-1299.2005.13886.x
https://doi.org/10.1111/j.0030-1299.2005.13886.x
https://doi.org/10.1016/j.ufug.2011.12.002
https://doi.org/10.1007/s10531-005-2087-3
https://doi.org/
https://doi.org/
http://www.foresteurope.org/documentos/forests_2003.pdf
http://www.rinya.maff.go.jp/j/kaigai/pdf/2009p_4.pdf
http://www.rinya.maff.go.jp/j/kaigai/pdf/2009p_4.pdf
https://doi.org/10.1016/j.forpol.2004.11.002
https://doi.org/10.1016/j.forpol.2004.11.002
https://doi.org/10.1016/j.ecolind.2006.11.012
https://doi.org/10.1016/j.ecolind.2006.11.012
https://doi.org/10.1111/j.1523-1739.1990.tb00309.x
http://www.oecd.org/tad/sustainable-agriculture/40339227.pdf
http://www.oecd.org/tad/sustainable-agriculture/40339227.pdf
https://www.oecd.org/tad/sustainable-agriculture/40680869.pdf
https://www.oecd.org/tad/sustainable-agriculture/40680869.pdf
https://doi.org/10.1007/s11252-012-0235-6
https://www.sepaq.com/dotAsset/6ea4e70c-0210-4231-819f-0934a3b4f1d4.pdf
https://www.sepaq.com/dotAsset/6ea4e70c-0210-4231-819f-0934a3b4f1d4.pdf
https://doi.org/10.1016/j.foreco.2009.01.003
https://doi.org/10.1016/j.foreco.2009.01.003
http://www.cifor.org/
https://www.permaculture.org.uk/research/forest-garden-research
https://www.permaculture.org.uk/research/forest-garden-research
https://doi.org/10.1016/S0921-8009(01)00245-2
https://doi.org/10.1016/S0921-8009(01)00245-2
https://doi.org/10.1111/rec.12398
https://doi.org/10.1111/rec.12398
https://doi.org/10.1111/j.1526-100X.2005.00072.x
https://doi.org/10.1016/S0167-8809(99)00147-4
https://www.ctahr.hawaii.edu/littonc/PDFs/682_SERPrimer.pdf
https://www.ctahr.hawaii.edu/littonc/PDFs/682_SERPrimer.pdf
https://doi.org/10.1017/CBO9780511614699
https://doi.org/10.1017/CBO9780511614699
https://doi.org/10.1126/science.aaa4216
https://doi.org/10.1126/science.aaa4216


agroforestry: the winnebago tribe of nebraska. Agroforestry
Systems, 44(2), 227–239. https://doi.org/10.1023
/A:1006298627257

Tellarini, V., & Caporali, F. (2000). An input/output methodology
to evaluate farms as sustainable agroecosystems: an applica-
tion of indicators to farms in central Italy. Agriculture,
Ecosystems and Environment, 77(1), 111–123. https://doi.
org/10.1016/S0167-8809(99)00097-3

Tierney, G. L., Faber-Langendoen, D., Mitchell, B. R., Shriver, W.
G., & Gibbs, J. P. (2009). Monitoring and evaluating the
ecological integrity of forest ecosystems. Frontiers in
Ecology and the Environment, 7(6), 308–316. https://doi.
org/10.1890/070176

Toensmeier, E. (2013). Paradise Lot. Vermont: Chelsea Green
Publishing.

Turner, N. J., Davidson-hunt, I. J., & Flaherty, M. O. (2003).
Living on the edge: Ecological and cultural edges as sources
of diversity for social—ecological resilience. Human
Ecology, 31(3), 439–461. https://doi.org/10.1023
/A:1025023906459

Van Cauwenbergh, N., Biala, K., Bielders, C., Brouckaert, V.,
Franchois, L., Garcia Cidad, V., Hermy, M., Mathijs, E.,
Muys, B., Reijnders, J., Sauvenier, X., Valckx, J.,
Vanclooster, M., van der Veken, B., Wauters, E., & Peeters,
A. (2007). SAFE—a hierarchical framework for assessing
the sustainability of agricultural systems. Agriculture,
Ecosystems and Environment, 120(2), 229–242. https://doi.
org/10.1016/j.agee.2006.09.006

Vieira, D. L. M., Holl, K. D., & Peneireiro, F. M. (2009). Agro-
successional restoration as a strategy to facilitate tropical
forest recovery. Restoration Ecology, 17(4), 451–459.
https://doi.org/10.1111/j.1526-100X.2009.00570.x

Warburton-brown, C., & Kemeny, T. (2015). Permaculture re-
search: soil test handbook. The Permaculture Association,
Hollybush Conservation Centre, Leeds. https://www.
permaculture.org.uk/research/soil-yield-and-biodiversity-
tests-project. Accessed 30 January 2015.

Webster, P. (1999). The challenge of sustainability at the farm
level: Presidential address. Journal of Agricultural
Economics, 50(3), 371–387.

West, J. (2006). Homing in wisdom, knowledge, and practice in
temperate forest gardening (MSc thesis). https://www.
agroforestry.co.uk. Accessed 10 September 2015.

Williamson, T. B., & Edwards, J. E. (2014). Adapting sustainable
forest management to climate change: criteria and indicators
in a changing climate. Ottawa: Canadian Council of Forest
Min i s t e r s h t t p : / /www.cc fm .o rg /pd f /Edwa rd s_
PreparingForFuture_FinalEng.pdf. Accessed 15 March 2015

Woodley, S. (2010). Ecological integrity and Canada’s national
parks. The George Wright Forum, 27(2), 151–160.

Wright, P. A., Alward, G., Colby, J. L., Hoekstra, T.W., Tegler, B.,
& Turner, M. (2002). Monitoring for forest management unit
scale sustainability: the local unit criteria and indicators de-
velopment (LUCID) test (management edition). USDA
Forest Service Inventory and Monitoring Report No. 5.
Co l o r a do : Fo r t Co l l i n s . h t t p s : / /www. f s . f e d .
us/emc/rig/documents/lucid/LUCID_Management_Edition.
pdf. Accessed 17 May 2015.

Zhen, L., & Routray, J. K. (2003). Operational indicators for
measuring agricultural sustainability in developing countries.
Environmental Management, 32(1), 34–46. https://doi.
org/10.1007/s00267-003-2881-1

113 Page 20 of 20 Environ Monit Assess (2018) 190: 113

https://doi.org/10.1023/A:1006298627257
https://doi.org/10.1023/A:1006298627257
https://doi.org/10.1016/S0167-8809(99)00097-3
https://doi.org/10.1016/S0167-8809(99)00097-3
https://doi.org/10.1890/070176
https://doi.org/10.1890/070176
https://doi.org/10.1023/A:1025023906459
https://doi.org/10.1023/A:1025023906459
https://doi.org/10.1016/j.agee.2006.09.006
https://doi.org/10.1016/j.agee.2006.09.006
https://doi.org/10.1111/j.1526-100X.2009.00570.x
https://www.permaculture.org.uk/research/soil-yield-and-biodiversity-tests-project
https://www.permaculture.org.uk/research/soil-yield-and-biodiversity-tests-project
https://www.permaculture.org.uk/research/soil-yield-and-biodiversity-tests-project
https://www.agroforestry.co.uk
https://www.agroforestry.co.uk
http://www.ccfm.org/pdf/Edwards
http://www.ccfm.org/pdf/Edwards
https://www.fs.fed.us/emc/rig/documents/lucid/LUCID_Management_Edition.pdf
https://www.fs.fed.us/emc/rig/documents/lucid/LUCID_Management_Edition.pdf
https://www.fs.fed.us/emc/rig/documents/lucid/LUCID_Management_Edition.pdf
https://doi.org/10.1007/s00267-003-2881-1
https://doi.org/10.1007/s00267-003-2881-1

	A criteria and indicators monitoring framework for food forestry embedded in the principles of ecological restoration
	Abstract
	Introduction
	Background
	Galiano Island
	Galiano Community Food Forest
	Restoration Forage Forest


	Methods and materials
	Hierarchical structure of a Criteria and Indicators (C&I) framework
	Conceptual foundation of a C&I framework
	Preliminary C&I monitoring framework through extensive literature review
	Generic C&I framework for food forestry through semi-structured interviews
	Galiano C&I framework through a workshop

	Results
	Ecological integrity
	Informed by past and future
	Social benefits and engagement
	Long-term sustainability
	Galiano C&I framework
	Monitoring food forests in protected landscapes

	Discussion
	Conclusion
	References


