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i Department of Bioresource Engineering, McGill University, Macdonald Stewart Building, 21,111 Lakeshore Road, Ste-Anne-de-Bellevue, Quebec H9 X 3V9, Canada
j Department of Geography, McGill University, Burnside Hall Building, 805 Sherbrooke Street West, Montreal, Quebec H3A 0B9, Canada
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A B S T R A C T

Floodplains are unique environments that provide a dynamic link between terrestrial and aquatic systems. 
Intensification of human activity – particularly agriculture and urbanisation – has resulted in the degradation of 
floodplains worldwide. Restoration and sustainable management of floodplains requires holistic assessment and 
compromise between stakeholders to successfully balance environmental, economic, and social benefits. Yet, 
understanding these complex systems sufficiently to provide evidence-based recommendations is a challenge. We 
present the lessons learned from establishing an interdisciplinary research-based framework on the agricultural 
floodplain of Lake Saint Pierre, Québec, Canada, whose mandate was to a) understand and define key envi
ronmental, agricultural, and socioeconomic attributes of the landscape, b) quantify the trade-offs and synergies 
between these attributes across different agricultural practices, regions, and land uses, and c) explore novel agri- 
environmental management practices to assess their role in sustainable floodplain management. Within this 
manuscript, we explore the benefits that such an approach offers in evaluating sustainable floodplain land use. 
We found that an interdisciplinary research-based approach demonstrated important benefits such as knowledge 
transfer, more efficient use of resources (e.g., personnel, funding), and a flexible yet robust research framework. 
A framework of individual research projects connected to broader interdisciplinary themes allowed a more 
holistic synthesis of the floodplain systems and assessment of agri-environmental practices. By implicitly 
considering spatial and social scales, we conceptualised not just how redistribution of the land use types can meet 
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sustainable management objectives, but also explored how compromises within existing uses can optimise socio- 
economic, agricultural and environmental dimensions and move towards a sustainable multifunctional 
landscape.

Introduction

Land use conflicts resulting from a growing population, land scarcity, 
and opposing interests are increasing. This tension can be viewed 
through the lens of conflicting ecosystem services that humans receive 
from the environment (Costanza et al., 1997). These ecosystem services 
are often classified as provisioning services that include food, timber and 
consumables; regulating services that regulate climate, natural hazards 
and water quality; supporting services that underpin larger natural 
processes (e.g. nutrient cycling, soil formation); and cultural services 
that influence spiritual, aesthetic and recreational values (Millennium 
Ecosystem Assessment, 2005). In the context of ecosystem services and 
land use change, the land sparing-land sharing debate attempts to pro
vide an optimal approach to agricultural land use across a landscape. 
The classic example of land sparing assigns intensive agricultural pro
duction as the primary use across a limited area (thus prioritising pro
visioning services) while securing natural areas for conservation 
elsewhere, rather than sharing land uses in a matrix throughout the 
landscape (Fischer et al., 2008; Green, Cornell, Scharlemann, & Balm
ford, 2005). However, these two approaches favour different partition
ing of ecosystem services, suggesting a need to balance land sharing with 
land sparing (Grass et al., 2019). An attempt to transcend this dichotomy 
(Fischer et al., 2014) provided four key principles to guide land use: 1) 
focus on land scarcity rather than specifically on food production, 2) 
recognise the limits of its real-world application, 3) consider issues of 
scale, and 4) explore alternative, more holistic frameworks. These 
principles invite the practical examination of multifunctional land
scapes, rather than a purely quantitative exploration of the land 
sparing-land sharing debate for a few variables at unique locations.

Other researchers have gone further, arguing that a true multifunc
tional landscape is needed to optimise the benefits to both producers and 
the environment (Kremen, 2020). These perspectives support the 
diversification of conventional agricultural landscapes through ecolog
ical intensification (i.e. deliberately promoting ecological benefits) as 
being essential for sustainable land management and for profitable 
farming enterprises. By also highlighting the social element required for 
ecological intensification, Erős and collaborators identify the need to 
integrate aquatic ecosystem components into floodplain management 
and restoration (Erős & Bányai, 2020; Erős, Hermoso, & Langhans, 
2023). Yet, a globally-accepted solution to this challenge remains 
elusive, with the optimal approach for a given circumstance being 
dependant on multiple factors including the characteristics of sur
rounding ecosystems, the intensity and type of land use change (often 
agriculture), the identity of affected taxa, and the impact on biodiversity 
(Gilroy, Edwards, Medina Uribe, Haugaasen, & Edwards, 2014).

Floodplains are unique environments where episodic flood pulses 
provide a dynamic link between terrestrial and aquatic ecosystems 
(Thoms, 2003). This spatio-temporal dynamic results in periodic 
nutrient mobilisation and retention, supporting enormous biodiversity 
(Geilen et al., 2004; Ward, Tockner, & Schiemer, 1999) and providing 
fertile land for food production (Erős & Bányai, 2020). Floodplain 
agriculture has benefited human development for millennia, with 
cropping generally conducted at higher elevations, and pasture pro
duction in lower, wetter areas (Verhoeven & Setter, 2010). Yet, inherent 
characteristics make floodplains vulnerable to human activities and land 
use change, with terrestrial activities impacting the aquatic environment 
and vice versa. Although current knowledge now recognises the need to 
restore and manage these sensitive environments, developing 
region-wide solutions requires considering new approaches that incor
porate evidence-based and interdisciplinary research.

In the last decades, the degradation of floodplains worldwide has 
received much attention (Opperman, Moyle, Larsen, Florsheim, & 
Manfree, 2017). Reasons for floodplain degradation include broadscale 
terrestrialisation (Verhoeven & Setter, 2010), drainage and loss of hy
drological connectivity (Benton, Vickery, & Wilson, 2003), modification 
through dikes and dams (Nilsson, Reidy, Dynesius, & Revenga, 2005), 
and other human alterations (Hein et al., 2016). Agricultural intensifi
cation has also contributed to floodplain degradation, through the 
conversion of perennial crops and pastures to annual crops, the 
increased use of pesticides and fertilisers, and the simplification of crop 
rotations (Matson, Parton, Power, & Swift, 1997; Tscharntke, Klein, 
Kruess, Steffan-Dewenter, & Thies, 2005). These alterations lead to 
terrestrial habitat fragmentation and biodiversity loss (Boschi & Baur, 
2008; Emmerson et al., 2016; Jaeger, 2000) and, given the inherent 
terrestrial-aquatic linkages, often produce wide-ranging impacts on 
aquatic ecosystems, such as increased sedimentation (Sun, Zeng, Shi, 
Pan, & Huang, 2015), nutrient loading (Kaluli, Madramootoo, Zhou, 
MacKenzie, & Smith, 1999), and pesticide contamination (Giroux, 
2004).

Protection of floodplains through conservation areas has been a 
common approach to minimise human disturbance and ongoing 
degradation (Aber, Pavri, & Aber, 2012; Gupta, Khan, Upadhyay, & 
Singh, 2020). Such an approach is politically difficult to apply and 
harder to achieve when lands are privately owned. In these cases, 
alternative options need to be explored to maintain floodplain health, 
which may include regulations or incentives to landholders (Kousky & 
Walls, 2014; Nelson, 1986; Spidalieri, 2020; Stubbs, 2014). Where 
agriculture remains viable, agri-environmental practices are often pro
posed to continue production while minimising negative environmental 
impacts. Examples of agri-environmental practice can include no-till 
systems, intercropping, cover cropping, and protection of riparian 
vegetation (Dosskey et al., 2010; Farooq & Siddique, 2015; Gene et al., 
2019; Jobe, Kalra, & Ibendahl, 2018; Steven & Lowrance, 2011). These 
options can offer gains to the producer, such as nutrient retention, 
erosion control, weed control, and alternative income sources 
(Blackshaw, Harker, O’Donovan, Beckie, & Smith, 2008; Snapp et al., 
2005; Vanasse, Charles, & Tremblay, 2017), while simultaneously of
fering environmental gains such as reducing contamination to water 
bodies and diversifying habitats across the landscape (Blanco-Canqui 
et al., 2015; Pimentel et al., 1995). In the context of ecosystem services, 
this can be viewed as increasing supporting and regulating services, 
arguably at the expense of provisioning and cultural services.

Although a large variety of agri-environmental practices have been 
promoted, mandated, or incentivised across the world (Baylis, Peplow, 
Rausser, & Simon, 2008, 2022; Batáry, Dicks, Kleijn, & Sutherland, 
2015), uptake of voluntary agri-environmental programs has been 
generally low, with expectation of unreasonable burden and initial costs 
being cited as contributing factors (Mack, Ferjani, Möhring, von Ow, & 
Mann, 2020; Ocean & Howley 2021; Maas, Fabian, Kross, & Richter, 
2021). Much research has been conducted on what drives participation 
in these programs (Lastra-Bravo, Hubbard, Garrod, & Tolón-Becerra, 
2015), which is increasingly relevant as rising competition for land use 
is driving the need for multifunctional landscapes (Villamayor-Tomas, 
Sagebiel, & Olschewski, 2019). Thus, agricultural floodplain manage
ment, like many other environmental management strategies, must 
foster interdisciplinary partnerships and have a sound knowledge of the 
scientific foundations within these systems (Heikkila & Gerlak 2005).

If we acknowledge that floodplains are complex and dynamic eco
systems, then the challenges in evaluating land use strategies demand a 
thorough understanding of the various natural and human systems. 
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Other large-scale approaches towards floodplain restoration (e.g. the 
Danube River floodplain; Stammel et al., 2012) have suggested an 
approach involving several inter-related scientific disciplines is neces
sary to meet the variety of restoration needs. As such, and in the context 
of the Lake Saint Pierre floodplain, we ask the questions:

- What advantage does an interdisciplinary research-based approach 
provide in evaluating sustainable floodplain land use?

- What interdisciplinary spatial and social scales are appropriate to 
inform regional land-use strategies?

Within this manuscript we test these questions using an interdisci
plinary research framework that comprises environmental, agricultural 
and socio-economic disciplines. We detail the design of the research 
framework as comprised of individual but connected research projects, 
to assess agri-environmental practices and inform land management at a 
large scale. Acknowledging that the nomenclature in integrated research 
studies can be varied and imprecise (Stock & Burton 2011; von Wehrden 
et al., 2019), we use the term ‘interdisciplinary’ within this manuscript 
(versus ‘transdisciplinary’ or ‘multidisciplinary’). As viewed by Stock 
and Burton (2011), interdisciplinary research emphasises both integra
tion and cooperation, leading to interpretations that would have 
otherwise not been achievable. The objective of this paper is thus not to 
present detailed results of individual projects – as these will be published 
individually in the coming years – nor to provide a detailed synthesis of 
the research program as a whole (as provided in Campeau et al., 2023), 
but rather to identify benefits and shortfalls of how such an approach 
can be used to holistically conceptualise the challenges of floodplain 
land use management. This paper presents the backbone on which the 
individual projects are attached as well as the foundation for upcoming 
interdisciplinary synthesis work.

Materials and methods

Study site

Lake Saint Pierre is a 50,000 ha fluvial enlargement of the Saint 
Lawrence River, located between the towns of Sorel-Tracy and Trois- 
Rivières, Québec, Canada (46.202805, −72.82804). These waterways 
are part of the Great Lakes-Saint Lawrence drainage basin, the largest 
body of freshwater in the world (Bartolai et al., 2015), and represent 
important areas of historical colonial development in Canada, in what 
remains unceded First Nations territory. Lake Saint Pierre lies within a 
cool-temperate climate region with a mean annual temperature of 5 ◦C 
and mean annual precipitation of 930 mm. It contains a spectrum of 
wetland ecosystems that support a high diversity of aquatic and terres
trial species; as such, it is a UNESCO biosphere reserve and is recognised 
under the Ramsar Convention to support breeding and migratory wa
terbirds (MDDEFP 2013).This unique environment is driven by an 
annual spring flooding event following snowmelt. Over a period of 5–9 
weeks, the rising waters inundate agricultural lands and natural eco
systems surrounding the lake. Although the extent of floodwater 
coverage varies depending on annual snowpack and spring precipita
tion, the floodplain is herein defined as land located below the 2-year 
flood recurrence level, standardised at a 6.79 m reference water level 
at the Sorel-Tracy hydrometric station (Environment Canada Station 
022OJ022). When floodwaters reach this level, they extend over 
approximately 28,000 ha of land (TCRLSP 2017), and our study area 
becomes the largest wetland in the Saint Lawrence River system (Hudon, 
Jean, & Létourneau, 2018). The timing, duration, and extent of this 
annual pulse are naturally highly variable, even though the hydrological 
regime is partially controlled by upstream dams in the Great Lakes-St 
Lawrence system (Marty, Twiss, Ridal, de Lafontaine, & Farrell, 2010).

Agriculture is the dominant economy in the region, occupying 
approximately 22.8% (5,022 ha) of the floodplain Jobin and Brodeur 
(2023). The floodplain is farmed by 151 agricultural enterprises, many 

of which are small, family-owned businesses. The majority of these have 
less than 20% of their total cultivated areas located in the floodplain 
zone itself, with the remainder in higher elevations (TCRLSP 2017). In 
1950, perennial crops and pastures represented 80% of floodplain 
agriculture (5,331 ha), compared to only 20% of annual crops (1,360 ha; 
Dauphin & Jobin 2016). In recent decades, this proportion has shifted 
heavily towards annual crop production: in 2016, perennial crops only 
accounted for 10% of floodplain agriculture (493 ha), while annual 
crops contributed 90% (4,324 ha; Jobin & Brodeur 2023). Annual crops 
are predominantly corn, soybean, and small-grain cereals, generally 
grown using conventional practices which rely on chemical fertilisers, 
pesticides, and annual soil tillage. Crop fields are long and narrow 
(approximately 50 m wide) and bounded by ditches to facilitate 
drainage. Overall, soils have poorly developed profiles and lie on sandy 
sedimentary parent material, overlain by alluvial-deposited loam with 
high organic matter.

Administratively, the Lake Saint Pierre floodplain includes 21 mu
nicipalities, an Abenaki First Nations reserve, several agricultural and 
environmental government agencies (provincial and federal), National 
Defence of Canada lands, and many NGOs and community groups rep
resenting conservation, agricultural, and cultural interests such as 
hunting and fishing (TCRLSP 2017). This administrative complexity and 
the variety of competing interests pose substantial challenges to the 
governance of Lake Saint Pierre. Over the past several decades, a variety 
of anthropogenic pressures, including increased agricultural intensifi
cation, land use change, and water flow modifications, have had major 
ecological impacts on the lake and floodplain. Multiple stressors have 
led to environmental degradation in the form of reduced water quality 
and increased turbidity, nutrient and pesticide concentrations, and 
Escherichia coli levels (Simoneau, 2017), as well as the loss of wetland 
habitats (Dauphin & Jobin 2016). Environmental degradation is often 
exemplified by the population collapse of yellow perch (Perca fla
vescens), a flagship species subject to a fishery moratorium in place since 
2012 and one of the primary drivers of the subject research program. 
However, while many species are in decline (e.g. brown bullhead, 
grassland, and wetland birds), others have seen substantial increases in 
their populations, especially generalists and some invasive species 
(Jobin, DesGranges, & Boutin, 1996; NABCIC 2012; Ouellet-Cauchon, 
Mingelbier, Lecomte, & Bernatchez, 2014). These important species 
shifts are dramatically altering trophic interactions and ecological pro
cesses, which may threaten the sustainability of key species and pop
ulations under stress (Newbold, 2018; Fisher & Burton 2018).

The lake saint pierre strategic research cluster

To promote sustainable management of the Lake Saint Pierre 
floodplain ecosystem, recommendations were delivered by a reference 
group representing 53 stakeholder organisations (TCRLSP 2017). Three 
Québec Ministries (Agriculture, Fisheries and Food; Forests, Fauna and 
Parks; and Environment and Fight against Climate Change) coopera
tively launched a strategic research cluster (in original French: le pôle 
d’expertise multidisciplinaire en gestion durable du littoral du Lac Saint-
Pierre). The stated mandates of this research cluster were to: (1) develop 
crops and agricultural practices adapted to the specific context of the 
cultivated floodplain of Lake Saint Pierre that would enhance ecological 
integrity; (2) evaluate the performance and impacts of agricultural ac
tivities and restoration projects socially, economically, environmentally, 
and on wildlife; and (3) propose to the government a management 
strategy based on the research results to promote sustainable agriculture 
on the Lake Saint Pierre floodplain. The research cluster was initially 
funded across three years; later expanded to five years (2018 −2023).

To address the interdisciplinary nature of the issues, three research 
themes were developed within the research cluster: agriculture, envi
ronment, and socio-economics. The research cluster was established with 
30 researchers from a consortium of three universities (Université Laval, 
Université du Québec à Trois-Rivières, and McGill University), and five 
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partner research institutions (Université du Québec à Rimouski, Uni
versité du Québec ̀a Chicoutimi, the Research and Development Institute 
for the Agri-environment, the National Institute of Scientific Research, 
and Natural Resources Canada). Researchers involved in the research 
cluster had expertise across ecology and environmental sciences, agri
cultural sciences, economy, human geography and socio-political 
sciences.

To answer our stated research questions (i.e. what are the benefits 
offered from an interdisciplinary approach, and what spatial and social 
scales are appropriate for this approach), it was necessary to design a 
research framework that extended the collaborative nature of the 
research cluster beyond simply multidisciplinary (Stock & Burton 2011), 
or ‘studies that co-exist in a context’ (Petts, Owens, & Bulkeley, 2008). 
To achieve this, we held workshops with stakeholders including re
searchers, government advisors, community groups and producers to 
canvas goals and priorities of the research cluster. With these in mind, 
the research cluster workshopped research methods and identified 
complementary outcomes to design research locations, themes and 
questions that would maximise the interdisciplinary nature of the 

integrated research.

Results

Development of the experimental framework and research themes

The focus of the research cluster was assessment of the agricultural, 
environmental and socio-economic dimensions of the proposed agri- 
environmental practices. These practices included: a) alternative 
floodplain crops (14 crops, including flax, American elderberry, hon
eysuckle, milkweed and sunflower); b) planting of floodplain pastures; 
c) intercropping of annual crops with annual ryegrass (Lolium multi
florum), winter wheat (Triticum aestivum) and legumes (Lotus corniculatis, 
Trifolium repens, Vicia villosa and Melilotus officinalis); d) sowing Phalaris 
arundinacea perennial buffer strips on field margins; and e) cover 
cropping on bare soils (e.g. where high flood years did not permit an 
annual crop) using a mix of species. Researchers within the agriculture 
theme conducted field-based studies that examined crop survivorship, 
yield, nutritional content and other production-based values. 

Fig. 1. Conceptual representation of nested spatial scales within the experimental framework: The top panel shows the location of the study area, with (A) 
Floodplain, showing Lake Saint Pierre (blue) and the 2-year recurrence area (light blue); (B) Study regions within the floodplain and associated land cover. Labels 
identify the four study areas: BDF (Baie-du-Febvre), PIER (Pierreville), BART (Saint-Barthélemey), and DUPA (̂Ile Dupas); (C) Land use type within regions: land 
use represented by annual crops (red), hayfields (yellow), and natural areas (green) with numbers indicating 1) conventional cropping, 2) agri-environmental 
cropping, 3) recently sown forage cropping, 4) old forage cropping, 5) wet meadows, and 6) silver maple swamps; (D) Elevation zones within land-use type, 
comparing low elevation zones of fields, where flooding occurs near-annually, with high elevation zones between 6.2 and 6.79 m elevation (0 −2 year 
flood recurrence).
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Researchers within the environment theme used field-based and remote 
sensing studies across a range of land use types to evaluate variables 
such as water quality, terrestrial and aquatic biodiversity, soil chemis
try, toxicology, and aquatic primary productivity. Researchers within 
the socio-economic theme accessed primary data to assess economic 
outcomes and obtained views on agricultural practices and agri- 
environmental alternatives from interviews with producers.

The research cluster integrated 25 individual projects within the 
three research themes (agriculture, environment, and socio-economics) 
to develop a regional-scale experimental framework that aimed to 
maximise the usefulness of the results to decision-makers and stake
holders. Each project was designed by researchers within each theme 
and had specific hypotheses and objectives pertinent to each re
searcher’s expertise. In addition, the research cluster as a collective 
developed the following interdisciplinary research questions that 
addressed the agriculturally-focused mandate while intrinsically incor
porating environmental and socio-economic dimensions:

1. What are the multifunctional outcomes (socio-economic, environ
mental and agricultural) of implementing improved agri- 
environmental practices?

2. What are the cost-benefit and socio-technical challenges in applying 
agri-environmental practices and alternatives to crop production?

3. How do flood dynamics impact agricultural production and 
producers?

4. How do flood dynamics influence the transport, mobilisation, and 
retention of nutrients and contaminants?

5. How do regional land-use scenarios affect environmental benefits, 
with or without agriculture?

6. What year-to-year and regional variability is present, and how does it 
impact strategies to improve agricultural sustainability?

The experimental framework was designed such that each individual 
research project would contribute to one or more of the interdisciplinary 
research questions, as well as producing independent practical or aca
demic results. A project was deemed appropriate if it i) addressed one or 
more of the above questions, and ii) targeted one or several of the 

Table 1 
Examples of research projects and variables collected at nested spatial extents. Note that some projects (*) were designed to act as a link between multiple experimental 
scales.

Experimental Scales Research Project Variables Ecosystem Services

Floodplain Flooding duration and extent Water depth, residence and drainage time Supporting, 
Regulating

Water quality Water turbidity, conductivity and suspended solids Supporting, 
Regulating

Land-use and land-cover characteristics NDVI: pasture, fodder and crop areas; forested and protected areas; road 
and hydrology networks

Provisioning, 
Cultural

Cost-benefit of agri-environmental practices Economic status of agricultural land-use scenarios Provisioning, 
Cultural

Governance and ecosystem services Management trade-offs and synergies Provisioning, 
Cultural

Socio-technical attributes of agri- 
environmental practices

Factors that motivate or limit adhesion to new practices or regulations Provisioning, 
Cultural

Regions Within the Floodplain Forage crop production* Implantation success of managed grasslands Provisioning, 
Cultural

Agri-environmental cropping practices* Implantation success of cover crops, enlarged buffer strips and modified 
production schedules

Provisioning, 
Cultural

Aquatic biodiversity Fish and zooplankton communities; environmental DNA Supporting, 
Regulating

Water quality* Dissolved oxygen, pH, nutrients, dissolved organic carbon, pesticides Supporting, 
Regulating

Terrestrial biodiversity Breeding bird, pollinator and singing insect communities Supporting, 
Regulating

Socio-technical challenges and 
opportunities

Interviews and focus groups with stakeholders Provisioning, 
Cultural

Land-use Type Within Region Crop production* Grain yield, plant biomass, plant height, ground cover, establishment 
success, weed populations

Provisioning, 
Cultural

Phytoprotection* Pest insect density, presence of diseases Supporting, 
Regulating

Soil quality Ammonium, nitrate, available phosphorus, carbon, water capacity Supporting, 
Regulating

Aquatic biodiversity Fish growth, condition and abundance; fish larvae and eggs; zooplankton 
abundance

Supporting, 
Regulating

Sediment quality Zooplankton egg bank; plant seed bank; pesticide ecotoxicity Supporting, 
Regulating

Ecosystem processes Primary productivity, bacterial metabolism, CO2/CH4 fluxes Supporting, 
Regulating

Socio-technical analysis of agri- 
environmental practices

Farm profitability Provisioning, 
Cultural

Elevation Zones Within Land- 
use Types

Alternative crops* Crop yield, winter survival, revenue Provisioning, 
Cultural

Conventional crop production* Crop yield, revenue, biomass, plant height, establishment success Provisioning, 
Cultural

Cover crops * Plant biomass, plant height, ground cover, botanical composition, 
establishment success, weed pressure

Provisioning, 
Cultural

Drainage ditch management Sediment load, excavation cost, buffer strip width, plant growth and 
survivorship

Supporting, 
Regulating
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agricultural, environmental or social scales of the Lake Saint Pierre 
floodplain (see below). No further constraints were imposed on the 
conceptual or methodological approaches for conducting research, 
therefore providing independence to the individual projects.

Relevant agricultural and environmental spatial scales

Designing an experimental framework at an appropriate spatial scale 
is essential to assess cost-benefits in the context of land sparing/land 
sharing and landscape multifunctionality (Fischer et al., 2014). Across 
an administratively complex region such as Lake Saint Pierre, it is 
challenging to apply results from a traditional experimental plot scale to 
the entire floodplain. Likewise, it is impractical to replicate small-scale 
experiments sufficiently to cover the full range of spatio-temporal 
variability across the region. To address this challenge, we created a 
network of common field sites at nested spatial scales (Fig. 1). Through 
workshops conducted with researchers and other stakeholders, our 25 
intersecting research projects were conducted in four regions around 
Lake Saint Pierre. Regions and field sites were selected primarily to 
standardise the average flooding duration, and further by accessibility 
during key sampling periods, landholder permission, and the willingness 
of landholders to trial agri-environmental practices. Common field sites 
were shared as much as possible between research projects to increase 
the spatial overlap of data from different projects and reduce the 
experimental variability when comparing results between sites. Some 
research projects were designed to be applied across multiple spatial 
scales; for example, alternative crops were trialled at both the regional 
scale and across an elevation gradient to assess whether results 
regarding production at different parts of the floodplain were consistent 
across regions.

Floodplain scale
The floodplain scale included research questions that aimed to 

characterise broadscale descriptors across the entire floodplain. This 
scale was mostly investigated by the environment theme, and primarily 
used remote sensing and aquatic sensors to characterise hydrology, 
water quality, and interannual changes in flood regimes.

Regional scale
Four regional study areas were established to obtain a representation 

of the floodplain diverse landscape. These areas were selected based on 
regional differences (e.g., soil characteristics, hydrology, agricultural 
productivity, stakeholder involvement) that could potentially impact 
proposed sustainability strategies. These regional study areas were 
jointly selected by the research team, based on the diversity of land use 
types in the floodplain area delimited by the 2-year flood recurrence 
boundary and the availability of suitable experimental farmland. The 
four regional study areas were located in the municipalities of Baie-du- 
Febvre, La-Visitation-de-l’̂Ile Dupas, Pierreville, and Saint-Barthélemy 
(Fig. 1B).

Land use gradient
Within each of the four regional study areas, we compared six types 

of land use that represented a gradient of anthropogenic intensity: a) 
conventional cropping (annual crops of corn and soybean), b) agri- 
environmental cropping (annual crops of corn and soybean with inter
cropping, cover crops, and/or perennial buffer strips), c) recently sown 
forage cropping, d) old forage cropping, e) wet meadows (not used for 
agriculture), and f) silver maple swamps. In particular, the comparison 
between conventional and agri-environmental cropping was designed to 
quantify the agricultural and environmental costs and benefits of tran
sitioning to agri-environmental practices. The full land use gradient was 
used to investigate the environmental and socio-economic contributions 
to regional land-use strategies. Environmental variables across the land 
use gradient were sampled at the same elevation (6.2 m) to standardise 
for intra-annual flooding duration. The 6.2 m reference elevation is well 

within the Lake Saint Pierre’s floodplain, which is legally defined as land 
below an elevation of 6.79 m.

Elevation gradient
For certain research projects (see Table 1), an elevation gradient was 

established within land use categories to test the effects of flood duration 
on experimental variables, particularly those relating to success of 
alternative crops, crop productivity, and aquatic ecology. This approach 
was required to evaluate the agricultural and economic potential of 
establishing alternative crops and cover crops in areas with different 
flood regimes. Trials in low-elevation zones were established below the 
6.2 m reference level where flooding is expected to occur on average 
almost every year. Trials in high-elevation zones were established be
tween 6.2 m and 6.79 m elevation where flooding is expected to have a 
recurrence period of about once every two years on average. When 
flooding reached the 6.2 m level, the mean flood duration at this 
elevation was 21 days (1960–2018; unpublished data).

Ex-situ experiments
Certain research projects, such as those related to toxicology, 

required controlled experimental conditions. To this end, samples were 
taken from specific field locations across land use gradients and eleva
tion zones and analysed in the laboratory. Laboratory analyses exam
ined in-vitro toxicology with model organisms, and soils collected from 
the experimental plots.

Relevant socio-economic scales

Spatial scales are similarly relevant to socio-economic research 
projects, albeit at a different granularity to those in the agriculture and 
environment themes. Three unique spatial scales were defined that best 
represented scales at which different operational, economic and policy 
drivers apply.

Local scale
At the local scale, individual producers and farming businesses play a 

crucial role in shaping landowners’ practices and operations. At this 
scale, we delved into the economic implementation costs of agri- 
environmental practices. We were able to explore the impact of these 
implementations on farm profitability, socio-technical challenges that 
arise from changing practices as well as factors that influence adoption 
rates amongst producers.

Regional scale
At the regional scale, we addressed inquiries that encompass both 

private and collective economic costs and benefits associated with 
changes in land use scenarios. Additionally, we collected qualitative 
data to understand the incentives and challenges faced by agricultural 
advisors (e.g., agronomists and other agricultural professionals) when 
attempting to encourage changes amongst producers. This scale also 
facilitates discussion of the socio-political dynamics surrounding col
lective floodplain management.

Provincial scale
At the provincial scale, we encountered policy and environmental 

programs that involve a wide array of stakeholders and governmental 
representatives. At this level, we explored the value attributed to agri
cultural practices that enhance environmental factors such as ecological 
services. We interviewed producers regarding the design and framing of 
government incentive programs, and the legislation aimed at promoting 
changes in agricultural practices.

By examining these three scales, we gained a comprehensive un
derstanding of the intricacies involved in fostering sustainable agri- 
environmental practices. Although each scale brings its own set of lim
itations and spatial resolution, they collectively allow for a holistic 
approach toward achieving effective and impactful change in the 
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agricultural sector.

Management and context of individual research projects

Research activities were conducted at different times of the year, 
depending on the project, variables, and objectives. For example, sam
pling for aquatic floodplain invertebrates was conducted during spring 
flood conditions, whereas crop yields were taken at the end of the 
growing season. Certain variables were collected to link environmental 
and agricultural projects at the land-use gradient scale, including 
vegetation height and biomass during flood periods which allows inte
gration of both perch habitat and crop/pasture variables. Most socio- 
economic projects were conducted year-round but qualitative input 
from the producers and other stakeholders (e.g. interviews) was 
collected during winter months.

Overall, more than 180 environmental, agronomic, and socio- 
economic variables were quantified throughout the program, 
including crop yields, soil properties, monetary cost-benefits, vegetation 
biomass, and water quality indicators. We classified these variables 
through the lens of competing ecosystem services, as defined by the 
Millennium Ecosystem Assessment (Millennium Ecosystem Assessment 
2005): provisioning (e.g. providing food, fibre, energy), cultural (e.g. 
aesthetic, accessibility, education), regulating (e.g. biocontrol, carbon 
sequestration, soil retention), and supporting (e.g. nutrient cycling, 
primary production). Table 1 provides examples of research projects 
conducted at the various experimental scales.

Adaptability of experimental framework

Given the dynamic nature of the floodplain ecosystem and often- 
unpredictable effects on the agricultural landscape, the experimental 
framework needed to be flexible and adaptable. From an administrative 
perspective, it was essential to include contingency funds in the research 
cluster’s budget to allow for the addition or modification of unplanned 
components. From a research perspective, regular coordination between 
researchers allowed for rapid exchange of new information. For 
example, early observations from research activities revealed unex
pected floodplain-scale heterogeneity, which led research teams to alter 
their original experimental designs and render them more robust. In 
particular, remote sensing data obtained from satellite and drone im
agery in 2019 highlighted unexpected patterns in water turbidity and 
floodplain vegetation growth that challenged early assumptions of 
regional hydrodynamics (Box 1). Throughout the length of the project, 
spatial coverage and span of field activities allowed the research team to 
detect and communicate a host of unexpected issues, including diffi
culties with drainage, turbidity, and crop implantation.

The variability in flooding events in 2019 (very long), 2020 
(average) and 2021 (very short) were significant, both for landholders 
and for researchers. The prolonged flood and resulting short growing 
season of 2019 prevented the sowing of corn, which changed experi
mental treatments and farming activities alike. Corn was replaced by a 
cover crop of annual ryegrass or winter wheat but soybean was sown 
under conventional management or with agri-environmental practices. 
In 2020, a dry spring provided conditions that were difficult for the 
establishment of pastures, whereas late-summer extreme rainfall floo
ded many fields and destroyed experimental plots in low-elevation 
zones. These atypical events also hindered the evaluation of the 
impact of agricultural practices on aquatic organisms. For example, 
yellow perch larvae and some zooplankton species were able to access 
the floodplain and begin their development during the longer flood of 
2019, but not during the shorter floods of 2020. This meant that the 
impact of agronomic treatments on these variables could not be 
consistently measured across the years. Researchers had to adapt year- 
to-year to incorporate this variability.

Despite the abovementioned interannual variability and other un
expected disruptions including the Covid-19 pandemic, the 

experimental framework provided a flexible basis for adapting the 
research activities while maintaining the integrity of the overall exper
imental design.

Discussion

Practical benefits

A coordinated interdisciplinary approach facilitated the elaboration 
of transversal research questions. In turn, this allowed for a more 
complete assessment of floodplain issues based on robust and current 
science. Using a collaborative approach optimised the use of resources 
and knowledge, avoided duplication of efforts, encouraged financial 
leverage with funding organisations and led to other research avenues 
and collaborations. For example, when considering the use of perennial 
buffer strips, researchers from the three research themes coordinated 
efforts to collect agricultural (plant biomass, establishment success), 
environmental (flood levels, use of the buffer strips by fish), and socio- 
economic data (costs of implementation, farmers’ perception) in the 
same experimental plots to understand the efficacy of this agri- 
environmental practice under different perspectives.

Conceptualising management trade-offs

Engagement with researchers, producers and a variety of actors 
allowed us to conceptualise a holistic model of how compromises be
tween floodplain stakeholders can move towards a sustainable, multi
functional landscape for Lake Saint Pierre. Ongoing results from 
individual research projects will refine this model and allow the 
recommendation of management options that have a high likelihood of 
creating successful change.

The core of the land use conflict in the Lake Saint Pierre floodplain is 
between those provisioning and cultural services that directly benefit 
the local community and economy, and the supporting and regulating 
services that have an indirect benefit to society, but a direct benefit to 
terrestrial and aquatic ecosystems. If we represent these ecosystem 
service groups as a gradient on one axis, and a gradient of land use types 
on another axis, we can conceptualise a matrix of land use scenarios that 
support the full range of ecosystem services (Fig. 3). At one endpoint of 
this matrix are scenarios such as farming, that prioritise provisioning 
and cultural services over supporting and regulating services. 
Conversely, at the other endpoint are scenarios such as nature reserves, 
which prioritise support and regulating services over provisioning and 
cultural services. The traditional ‘land sparing’ approach to balancing 
these services has been to partition different land uses that support 
different ecosystem services across the landscape. However, by using a 
land use/ecosystem service matrix, we can conceptualise trade-offs and 
synergies within land uses, and hence lead to a more equitable balance 
of ecosystem services at the landscape scale. In our example in Fig. 3, 
pathway 1 (top right quadrant) identifies a hypothetical but realistic 
compromise whereby natural areas traditionally dedicated to support 
and regulatory services could incorporate innovative commercial stra
tegies (e.g. maple syrup collection, ecotourism) to move towards pro
visioning and cultural services, which could promote regional economic 
diversity. Likewise, pathway 2 (bottom left quadrant) offers a compro
mise where conventional annual cropping incorporates agri- 
environmental practices (e.g. perennial buffer strips) to move towards 
support and regulatory services, such as improved biodiversity.

The land use/ecosystem matrix also highlights combinations of non- 
viable or impractical scenarios (grey quadrants; Fig. 3). The top left 
quadrant conceptualises that conventional agricultural practices do not 
reconcile easily with the dynamism and heterogeneity that are needed to 
maintain supporting and regulating services in a floodplain, such as 
biodiversity, soil and water quality. Likewise, the bottom right quadrant 
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highlights that natural areas with high conservation priority are not 
compatible with provisioning and cultural services such as recreational 
activities or farming. Thus, the compromise in the centre of this matrix 
represents a strong attractor. The benefits of integrating different 
ecosystem services into agricultural systems has been frequently iden
tified (Falkenmark et al., 2007), but remains difficult to implement in 
practice.

Recent trends towards a dominance of annual crop production have 

inadvertently established the Lake Saint Pierre floodplain as a ‘land 
sparing’ scenario, which comes with potential risks for the spectrum of 
ecosystem services. On one hand, setting aside large areas for conser
vation to offset crop production should benefit support and regulating 
services in this highly dynamic ecosystem. However, land dedicated to 
support and regulating services is vulnerable to the tragedy of the 
commons (i.e., depletion of shared services). For instance, public lands 
may be appropriated by a small group of people for hunting or 

Box 1
Adaptability of experimental framework in response to new information

On the Lake Saint Pierre floodplain, the timing, duration and extent of the spring flood is an important driver of both ecological processes and 
agricultural practices. High interannual variability in flooding is common; in particular, the flood of 2019 represented an extreme event of high 
and long-lasting flood, whereas 2020 and 2021 had earlier and shorter flooding events (Fig. 2A).

An a priori assumption of this system was that local water turbidity was related to local sediment run-off from agricultural fields and would thus 
be an important predictor of aquatic productivity and habitat quality for aquatic fauna. Many of the proposed agri-environmental practices 
trialled in the project (e.g., intercropping and buffer strips) aimed to reduce the impact of exposed agricultural soils to the aquatic environment.

However, early observations from in-situ water quality measurements and Sentinel-2 remote sensing imagery during the 2019 high floods 
revealed that the turbidity in certain regions was heavily influenced by sediment load in tributary rivers and flow patterns on the floodplain. As 
such, local turbidity was not always strongly connected to land use in the floodplain as had been assumed. Some natural areas were fed highly 
turbid water from upstream, whereas some agricultural areas had relatively low turbidity (Fig. 2B).

The interdisciplinary information exchange within the research cluster resulted in improved knowledge of floodplain flow dynamics under 
different flood regimes. This knowledge allowed the research cluster to quickly adjust the experimental framework to adapt to this new 
information.

Fig. 2. Spatial and temporal variability of the Lake Saint Pierre floodplain system: (A) Temporal water level variability between day-of-year 90 (March 31) and 212 
(August 31) as measured at the Sorel hydrometric station. Water levels for 2019, 2020 and 2021 are represented by blue lines, with dashed grey lines representing 
historical (1966–2018) maximum, mean, and minimum levels. The arrow indicates 23–25 April, where Sentinel-2 imagery shows the difference in flood regimes 
between 2019 (upper right) and 2020 (lower right) in the Baie-du-Febvre study region. Blue colours represent inundated land, with darker shades indicating greater 
water depths; (B) Spatial variability in water turbidity, (left) black low turbidity water in agricultural land of the Pierreville study region, related to the low 
sediment load of incoming floodwaters, and (right) brown high turbidity water in the Baie-du-Febvre study region, related to the strong sediment load from upstream 
agricultural tributaries. Images are Sentinel-2 true colour composite images from 6 May 2019.
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recreation. On the other hand, farming these highly fertile lands sup
ports provisioning and cultural services. However, intensive agricultural 
practices in a floodplain imply a constant struggle against the dynamic 
nature of the system, and require continuously dredging ditches and 
watercourses, and maintaining dams and drainage structures to avoid 
losing crop production. Thus, seasonally flooded land dedicated to 
provisioning and cultural services is vulnerable to climatic uncertainties 
and bears heavier environmental costs.

Our experience with the complexity of the Lake Saint Pierre system 
favours the idea that these landscapes should be managed in an adaptive 
manner at different agricultural, environmental and social scales, rather 
than through the lens of the land sharing-land sparing dichotomy. Using 
ecosystem services to represent the spectrum of benefits that can be 
provided, we conceptualise that floodplain sustainability can be 
improved not just by changing the proportions of land use types across a 
gradient, but by working towards compromises within land use types.

Challenges of an interdisciplinary research-based approach

Despite the numerous benefits of an interdisciplinary research-based 
approach, there are challenges when applying such an approach across 
multiple management scales. First, a research cluster as defined here 
needs resources dedicated to project coordination, stakeholder engage
ment and communication, which may only be merited if the scope of the 
project or number of collaborators is sufficiently large. Practically, co
ordination efforts can be disproportionately but necessarily high, 
particularly in dynamic landscapes such as floodplains where variability 
and unpredictability are the norm. Second, challenges in matching 
experimental designs can prevent studies from being conducted at the 
same temporal or spatial scales. For example, we found that the high 
floods in the first year of the program limited access to certain locations 
for studies conducted in the spring, but remained suitable for field access 
and data collection in the fall. Part of this challenge is determining an 
appropriate duration for the project: in the case of Lake Saint Pierre, it 
became evident that longer-term studies were needed to fully encompass 
the temporal and spatial variability of the ecosystem. An initial study 

duration of three years was too short to evaluate the success of experi
ments on agricultural units (e.g., crops, buffer strips); this was expanded 
to five years to accommodate this need but came at an additional cost to 
funding agencies. Finally, the project could have benefited from 
exploring different scopes at the socio-economic theme. Although the 
research examined opinions and perspectives from farmers and agri
cultural advisors, it did not explore management perspectives from 
other stakeholders such as environmental and watershed not-for-profit 
organisations.

Research at multiple spatial and social scales

Conducting coordinated research at multiple experimental scales 
facilitates the identification of key drivers at different spatial, temporal, 
and socio-economic levels. For example, by superimposing detailed in
formation on flooding patterns, fish habitat use, support to biodiversity, 
water and soil quality, and crop productivity at different elevations, the 
research cluster can produce valuable information on which areas 
should be prioritised for agriculture or conservation. Traditional 
assessment of agricultural variables such as yield, productivity and 
nutritional content typically occurs at the field-scale. In the context of 
assessing agri-environmental practices across the Lake Saint Pierre 
floodplain, we examine broader spatial scales than traditionally inves
tigated to assess how changes to floodplain agriculture may impact re
ceptors (farmers, environmental variables) at the field, regional and 
floodplain scales. Again, the use of an interdisciplinary research group is 
essential to collect relevant data at different scales and incorporate these 
into our understanding of the floodplain system as a whole. Alternative 
approaches that do not consider the multiple disciplines within a 
research-based framework run the risk of an incomplete understanding 
of a complex system, and thus a vulnerable basis for decision-making.

While the intent of the experimental framework was to integrate all 
three themes across the same spatial scales, the administrative and 
policy reality made this challenging. Having the same theoretical basis, 
it was relatively straightforward for agricultural and environment pro
jects to share field sites that spanned land use gradients, elevation 

Fig. 3. Conceptualisation of land management trade-offs and synergies at the landscape scale in the context of land use and ecosystem services. The white quadrants 
represent current or potential land management states; grey quadrants represent non-viable or impractical states. Circled numbers indicate pathways from which 
endpoint scenarios (solid circles) can reach a compromise to optimise social, agricultural, economic, and environmental costs and benefits.
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gradients, and were spread over different regions of the floodplain. 
However, we learned that the socio-economic theme was inherently 
different: some projects were reliant on economic data collected from 
defined administrative boundaries that did not necessarily align with the 
field constraints of the agriculture projects. Likewise, perspectives and 
values from farmers could vary at a local level, that did not match other 
parts of the framework. While this misalignment did not prevent the 
research cluster from using the socio-economic results in both concep
tual and practical ways, it highlighted that – much like the dynamics of 
the floodplain –social dynamics can be more variable than predicted.

Challenges and opportunities for floodplain sustainability

The dynamic properties of floodplains, including a strong interan
nual variation, highlight the need for longitudinal studies whereby the 
same plots are monitored over multiple years under varying hydrolog
ical conditions. Although local water levels are monitored constantly at 
hydrological stations, the practical consequences of different flooding 
regimes are best understood through more detailed field-level observa
tions. Data collected across the diverse conditions of 2019–2021 illus
trate how farmers adapt their practices in response to variable 
environmental conditions. This adaptive capacity may be particularly 
important for provisioning services under future climatic conditions. 
Climate projections suggest increased precipitation and extreme events 
across the Great Lakes watershed in coming decades, particularly in 
winter and spring (Xue et al., 2022). These conditions are likely to result 
in earlier and longer flood regimes, and to exacerbate some of the issues 
observed during this project, such as delayed sowing, changing crop, soil 
erosion, and reduced development and production of traditional annual 
crops (e.g., Mendelsohn & Massetti 2017). Alternative management 
practices, such as those trialled in our study, have been identified as an 
approach to mitigate some of these challenges (Smit & Skinner 2002).

The techno-economic challenges of changing agricultural practices 
are associated with divergent interests, legal issues, and misaligned re
sponsibilities of actors (Heikkila & Gerlak 2005). Our research cluster 
operated in a socially, legally, and politically complex context where 
improving the sustainability of the Lake Saint Pierre floodplain is 
conceptually supported by many actors, although land-use conflicts are 
prevalent (TCRLSP 2017). Although the recurrent floods play a major 
role in the agricultural practices of Lake Saint Pierre, producers expe
rience floods in varied and complex ways and have diverging attitudes 
and opinions toward land management. They also express different 
opinions and solutions for the ecological rehabilitation of the floodplain. 
These contrasting opinions and solutions testify to a heterogenous 
agricultural community (Ruiz, Dumont, Maurice, & Campeau, 2021), 
divided between claiming a right to produce and wanting to participate 
in the ecological rehabilitation effort (Lévesque, Dupras, & Bissonnette, 
2020).

As such, current challenges for the ecological rehabilitation of the 
floodplain are not shaped by a singular relationship between producers 
and the floodplain, but by varied ways in which producers envision their 
farming system and how their individual values elicit their responses to 
change. This echoes other studies showing that a better understanding of 
farmers’ sensitivity to environmental issues may be more important to 
changing practices than the biophysical characteristics of the farms 
(Knowler & Bradshaw 2007). Finally, the way in which information is 
presented to farmers and other stakeholders impacts acceptance (Doyon 
& Saulais 2022). One of the ultimate benefits of an interdisciplinary 
research cluster is thus not just determining the types of land use 
management that can lead to improved sustainability, but also incor
porating the social component that is crucial for a better adherence to 
new practices and regulations.

Conclusion

We have detailed an experimental framework employed by an 

interdisciplinary research cluster, that aimed to demonstrate benefits of 
this approach to inform sustainable land use. Demonstrated practical 
advantages included knowledge transfer across disciplines, efficient use 
of resources (e.g. personnel, funding), and synthesis of results to provide 
holistic recommendations. In the context of dynamic floodplain systems, 
this approach allowed researchers to adapt to variable conditions and 
changing assumptions as they were revealed, resulting in a robust 
experimental foundation.

An interdisciplinary research approach provided an improved un
derstanding of how the natural, agricultural, and human elements 
interact in the complex Lake Saint Pierre floodplain system. As well as 
advancing scientific outcomes in the individual themes, this approach 
allowed a synthesis of information that could be communicated to 
decision-makers and allowed for a better understanding of how the 
practicalities of agricultural systems are affected by environmental 
variability. The inclusion of a socio-economic dimension, which is rarely 
incorporated within agri-environmental experimental frameworks, 
proved to be essential for understanding the perspective of producers 
and agronomic advisors, which is crucial for informing regulatory 
changes and predicting acceptability of change. Our use of different 
spatial scales allowed the practical outcomes of agri-environmental 
practices – such as alternative crop yield at different field elevations - 
to be integrated with larger, regional scale processes such as floodplain- 
level hydrological dynamics.

Beyond practical and policy implications for agri-environmental 
practices, our framework proposes not just examining the redistribu
tion of the land use gradient to meet sustainable management objectives, 
but also exploring compromises within existing uses to optimise socio- 
economic, agricultural and environmental dimensions. Quantifying 
this is dependant on a sound scientific understanding of the systems and 
a holistic conceptualisation of land use management, which is under
pinned by cooperative research conducted at relevant spatial and 
experimental scales.
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Guerrero, I., Bommarco, R., Eggers, S., Pärt, T., Tscharntke, T., Weisser, W., 
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