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Abstract

In the face of rapid environmental and cultural change, long-term ecological research (LTER)
and social-ecological research (LTSER) are more important than ever. LTER contributes
disproportionately to ecology and policy, evidenced by the greater proportion of LTER in
higher impact journals and the disproportionate representation of LTER in reports informing
policymaking. Historical evidence has played a significant role in restoration projects and it
will continue to guide restoration into the future, but its use is often hampered by lack of
information, leading to considerable uncertainties. By facilitating the storage and retrieval

of historical information, LTSER will prove valuable for future restoration.
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Conceptual Implications

e Rapid changes such as climate change and human population growth render long-term
social-ecological research (LTSER) more important than ever to guide future restoration
efforts.

e Historical knowledge in various forms (history as information and reference, history as
revealing the future and history as enriching cultural connections) has played a
significant role in restoration and will continue to be important for future restoration.
This implies that LTSER will be important for restoration into the future through
encoding and storing social-ecological memory.

e LTSER will inform effective integration of restoration as a management tool, which will
need to be employed routinely in all aspects of human engagements to counterbalance

inevitable extractive/destructive activities in a more intensely human-dominated future.

Introduction

The benefits of long-term ecological research (LTER) are widely acknowledged (Lindenmayer
et al. 2012; Miiller et al. 2010) and LTER contributes disproportionately to ecology and
policy (Hughes et al. 2017). Monitoring the impacts of key environmental variables requires
long-term studies partly because many variables change slowly, but also because spatial and
temporal variability pose challenges distinguishing ‘signal’ from ‘noise’ (Singh et al. 2013) —

particularly in dynamic environments such as drylands (Stringer et al. 2017). Moreover,



long-term studies allow processes at multiple timescales to be captured, while
complementing and providing more robust results than shorter-duration monitoring
(Hughes et al. 2017). In 2003, recognition of the importance of integrating ecological and
social dimensions led to the development of long-term social-ecological research (LTSER)
(Singh et al. 2013; Dick et al. 2018). Here, we explore how LTSER will benefit future
restoration following the historical knowledge typology outlined by Higgs et al. (2014): 1)
history as information and reference, 2) history as revealing the future, and 3) history as

enriching cultural connections.

History as information and reference

History has played in important role in restoration ecology and its significance is unlikely to
diminish (Higgs et al. 2014). The role of history as information and reference includes history
as range of variability (of system variables), legacy (signatures of influences of the past) and
reference (information concerning past ecosystem states and trajectories). Regarding
history as reference, long-term perspectives help to determine what is ‘natural’ and to
disentangle natural variability from other, potentially significant trends; examples include
animal population dynamics, biological invasions, climate variability, fire regimes and
ecosystem health evaluations (Willis and Birks 2006). In each case, short duration studies
are incapable of capturing longer-term trends and cycles that provide valuable information
to guide restoration actions. LTSER also reduces susceptibility to ‘shifting baselines’ (Corlett
2016) and provides key information where contemporary reference ecosystems are lacking
or where all ecosystems have changed. Long-term monitoring enables the characterisation
of ecosystem dynamics and the definition of process-based and multifaceted reference

models (e.g. Balaguer et al. 2014). LTSER will also help to elucidate legacy effects — the



influence of the past on the structure and function of a social-ecological systems (SES) —,
thus informing the prescription of restoration treatments that account for the constraints or
challenges on future states or trajectories imposed by these legacies.

Unlike history as reference and legacy, historical range of variability (HRV) is expected to
become less important to restoration due to rapid cultural and environmental changes
(Higgs et al. 2014). However, HRV may continue to be valuable for future restoration i) in
other locations that shift into a similar range of environmental conditions as a study site, or
ii) where environmental variables return within a similar range in the same location. For
history as information more generally, long-term monitoring will be critical for detecting
small but significant changes and recording responses to infrequent, unexpected and
potentially critical events (Mirtl et al. 2018; Hughes et al. 2017). For example, long-term
studies revealed that short-term monitoring of plant community composition incorrectly
predicted the success of restoration treatments that ultimately failed and vice versa (Herrick
et al. 2006). Moreover, LTSER can play a significant role in assessing susceptibility to
degradation and thus inform restoration planning, particularly in highly variable
environments (Miehe et al. 2010). Similarly, LTSER also enables assessments of population
declines and extirpation risk, which are crucial for targeting restoration efforts. Long-term
monitoring is also required for tracking progress towards national commitments such as
Sustainable Development Goal target 15.3 on land degradation neutrality (Cowie et al.

2018) and for restoration funding schemes based on payments for ecosystem services, such

as Regen Network (www.regen.network). Furthermore, continuous monitoring will facilitate

the prioritization process for targeting restoration investments (Dallimer & Stringer 2018),
adjustment of restoration objectives, adaptation of management strategies and evaluation

of restoration success (Herrick et al. 2006).


http://www.regen.network/

History as revealing the future

Long-term monitoring also augments the benefits of history as revealing the future, which
includes history as scenario (past scenarios and actual events) and experiment (natural
experiments). LTSER would improve scenario planning and prediction of SES dynamics under
future conditions. Here we expand on two examples i) human population growth and land
use change and ii) climate change.

Human population growth, increasing purchasing power and rising per capita
consumption and land use change have negatively impacted biodiversity and ecosystem
services (IPBES 2019). Although human population continues to rise, it is generally agreed
that intensifying production on existing arable land is sufficient to meet humanity’s future
food demands (Cherlet et al. 2018). In fact, the global agricultural land share has been
declining since 2000, while per capita food supply has maintained a positive trend (FAO
2017; Fig. 1). This indicates that increased efficiencies in food supply have allowed more
people to be fed on less land, suggesting an increase in abandoned agricultural land, which
creates opportunities for restoration if unexploited for other land uses (e.g. urban
development) (Queiroz et al. 2014). More space-efficient intensive agricultural practices
often have detrimental ecological impacts, which themselves necessitate the integration of
restorative processes (e.g. to enhance biodiversity and ecosystem services). Changes in the
share of agricultural land vary by country; parts of Europe and Oceania experienced the
largest declines from 1996-2016 (Fig. 2a). The number of people living in rural areas is also
projected to decline from 2020-2100 (UN-DESA 2018), which may create restoration
opportunities in rural areas in which population densities are declining. These projections

are also heterogeneous internationally (Fig. 2b); the rising rural populations expected in



many African countries will likely pose challenges for restoration. In regions experiencing
agricultural land expansion and rising rural populations (e.g. Tanzania, Niger), restorative
agriculture, agroforestry and sustainable agricultural intensification is likely to take
precedence over restoration in the coming decades. LTSER will help us identify restoration
opportunities by increasing our understanding of how SESs are responding to these and
other anthropogenic trends, such as technological development, female empowerment and
climate change, as they unfold.

Similarly, LTSER will allow us to monitor the nature and rate of biodiversity change in
response to climate change, thus guiding restoration planning. A well-designed network of
long-term monitoring sites could act as a warning system for future climate impacts (Prach
& Walker 2011). Unfortunately, the spatio-temporal resolution of current global climate
projections is low, rendering site-level planning informed by climate projections difficult for
restoration practitioners. Long-term records of climatic variables will be valuable for
restoration planning by enabling global climate projections to be downscaled (Ekstrom et al.
2015). This is particularly pertinent in developing countries with low densities of climate
stations and regions for which climate models show high uncertainty, or where contrasting
climate trends are experienced at finer scales (e.g. Schmocker et al. 2015).

Regarding history as experiment, we extend its definition beyond natural experiments to
include planned experiments and monitoring. Of course, natural experiments will continue
to be valuable, particularly when documented through long-term observation, but rigorous
long-term experiments will have several advantages including planned comparisons,
replication and improved inference. A third aspect of history as revealing the future is
history as virtue (the quality of being historical). If historicity indeed becomes ‘restoration’s

virtue of the future’ (Higgs et al. 2014), LTSER will be an effective means of facilitating the



development of this virtue by storing social-ecological memory for future restoration
ecologists and practitioners to access. This social-ecological memory will be valuable in

guiding future restoration decisions.

History as enriching cultural connections

Generating social-ecological memory will also benefit history as enriching cultural
connections, which includes history as place (reinforcing sense of place), governor
(exercising caution in interventions and limiting exuberant actions) and redress (reinstating
disturbance regimes). Of these, the last may be the most well recognised as it relates to the
reestablishment of historical cultural practices and associated disturbance regimes. In this
and other aspects of history as enriching culture, LTSER will be particularly important as it
emphasises the integration of human dimensions into LTER by encouraging collaboration
across multiple disciplines and knowledges (e.g. ‘scientific’ and ‘local’). Unfortunately,
history as enriching cultural connections has received little attention in restoration ecology
thus far, but its prominence is likely to grow (Higgs et al. 2014). Another major gap is the
diversity of LTER and LTSER sites, the majority of which are in the United States of America

and Europe while very few are in developing nations (Singh et al. 2013).

Looking ahead

To summarise, the importance of the various facets of historical knowledge to restoration
implies that LTSER will be a significant asset for future restoration, complementing other
long-term approaches (e.g. paleoecology). Large-scale, long-term studies are of particular
importance (Fischer et al. 2010) — these are becoming more common in invasion ecology

and community ecology and are sorely needed for restoration ecology to graduate from a



site- and situation-specific discipline to a more globally applicable science (Montoya et al.
2012). Restoration commands a growing share of peer-reviewed publications and the
proportion of articles and reviews concerning restoration within leading conservation
journals is also rising (Fig. 3). Restoration may yet come to dominate the field of
conservation, as envisaged by Young (2000). Taking a long-term perspective, maintenance
of diverse, productive and functional ecosystems requires that restoration is integrated into
SES management as a continuous process rather than as a means to an end (i.e. a self-
sustaining system requiring little/no intervention). For example, employing restoration to
mitigate climate change may mark the start of the routine use of restoration as a tool for
geo-climatic engineering into the future. Similarly, implementing restoration in areas
experiencing high human population densities today will equip us with the techniques
required to incorporate restorative activities ubiquitously in the more intensely human-
dominated landscapes of the future; counterbalancing inevitable extractive/destructive
activities. Finally, we will benefit from incorporating restoration principles into all aspects of

human activities including product design, industry, architecture and urban planning.

Acknowledgements

The authors were supported by the University of Leeds Doctoral Scholarship and Climate
Research Bursary Fund. Further support was also received through the World Agroforestry
Centre (ICRAF) from the International Fund for Agricultural Development (grant number:
2000000520), the European Commission (grant number: 2000000976) and the Consultative
Group for International Agricultural Research (CGIAR) Research Programme on Drylands and

the CGIAR Research Programme on Forestry, Trees and Agroforestry.



LITERATURE CITED
Balaguer L, Escudero A, Martin-Duque JF, Mola I, Aronson J (2014) The historical reference
in restoration ecology: re-defining a cornerstone concept. Biological Conservation 176:12—

20

Cherlet M, Hutchinson C, Reynolds J, Hill J, Sommer S, von Maltitz G (eds) (2018) Word Atlas

of Desertification, Publication Office of the European Union, Luxembourg

Corlett RT (2016) Restoration, reintroduction, and rewilding in a changing world. Trends in

Ecology & Evolution 31(6):453—-462

Cowie AL, Orr BJ, Castillo Sanchez VM, Chasek P, Crossman ND, Erlewein A, Louwagie G,
Maron M, Metternicht, Minelli AE, Walter S, Welton S (2018) Land in balance: the scientific
conceptual framework for land degradation neutrality. Environmental Science & Policy

79:25-35

Dallimer M, Stringer LC (2018). Informing investments in land degradation neutrality efforts:

a triage approach to decision making. Environmental Science & Policy 89:198-205

Dick J, Orenstein DE, Holzer JM, Wohner C, Achard A-L, Andrews C, Avriel-Avni N, Beja P,
Blond N, Cabello J, Chen C, Diaz-Delgado R, Giannakis GV, Gingrich S, Izakovicova Z, Krauze
K, Lamouroux N, Leca S, Melecis V, Miklés K, Mimikou M, Niedrist G, Piscart C, Postolache C,

Psomas A, Santos-Reis M, Tappeiner U, Vanderbilt K, Van Ryckegem G (2018) What is socio-



ecological research delivering? A literature survey across 25 international LTSER platforms.

Science of The Total Environment 622-623:1225-1240

Ekstrom M, Grose MR, Whetton PH (2015) An appraisal of downscaling methods used in

climate change research. WIREs Climate Change 6(3):301-319

FAO (Food and Agricultural Organisation of the United Nations) (2017) The future of food

and agriculture — trends and challenges. Rome.

Fischer M, Bossdorf O, Gockel S, Hansel F, Hemp A, Hessenmoller D, Korte G, Nieschulze J,
Pfeiffer S, Prati D, Renner S, Schoning |, Schumacher U, Wells K, Buscot F, Kalko EKV, Eduard
Linsenmair K, Schulze E-D, Weisser WW (2010) Implementing large-scale and long-term
functional biodiversity research: the biodiversity exploratories. Basic and Applied Ecology

11(6):473-485

Herrick JE, Schuman GE, Rango A (2006) Monitoring ecological processes for restoration

projects. Journal for Nature Conservation 14:161-171

Higgs E, Falk DA, Guerrini A, Hall M, Harris J, Hobbs RJ, Jackson ST, Rhemtulla JM, Throop, W
(2014) The changing role of history in restoration ecology. Frontiers in Ecology and the

Environment 12(9):499-506

Hughes BB, Beas-Luna R, Barner AK, Brewitt K, Brumbaugh DR, Cerny-Chipman EB, Close SL,

Coblentz KE, De Nesnera KL, Drobnitch ST, Figurski JD, Focht B, Friedman M, Freiwald J,

10



Heady KK, Heady WN, Hettinger A, Johnson A, Karr KA, Mahoney B, Moritsch MM,
Osterback A-MK, Reimer J, Robinson J, Rohrer T, Rose JM, Sabal M, Segui LM, Shen C,
Sullivan J, Zuercher R, Raimondi PT, Menge BA, Grorud-Colvert K, Novak M, Carr MH (2017)
Long-term studies contribute disproportionately to ecology and policy. BioScience

67(3):271-281

IPBES (Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services)
(2019) Summary for policymakers of the global assessment on biodiversity and ecosystem
services of the intergovernmental science-policy platform on biodiversity and ecosystem

services.

Lindenmayer DB, Likens GE, Andersen A, Bowman D, Bull CM, Burns E, Dickman CR,
Hoffmann AA, Keith DA, Liddell MJ, Lowe AJ, Metcalfe DJ, Phinn SR, Russell-Smith J,
Thurgate N, Wardle GM (2012) Value of long-term ecological studies. Austral Ecology

37(7):745-757

Miehe S, Kluge J, Von Wehrden H, Retzer V (2010) Long-term degradation of Sahelian
rangeland detected by 27 years of field study in Senegal. Journal of Applied Ecology

47(3):692-700

Mirtl M, Borer ET, Djukic |, Forsius M, Haubold H, Hugo W, Jourdan J, Lindenmayer D,

McDowell WH, Muraoka H, Orenstein DE, Pauw JC, Peterseil J, Shibata H, Wohner C, Yu X,

Haase P (2018) Genesis, goals and achievements of long-term ecological research at the

11



global scale: a critical review of ILTER and future directions. Science of The Total

Environment 626:1439-1462

Montoya D, Rogers L, Memmott J (2012) Emerging perspectives in the restoration of

biodiversity-based ecosystem services. Trends in Ecology & Evolution 27(12):666—-672

Miller F, Gnauck A, Wenkel K-O, Schubert H, Bredemeier M (2010) Theoretical demands for
long-term ecological research and the management of long-term data sets. Pages 11-25 In:
Miiller F, Baessler C, Schubert H, Klotz S (eds) Long-term ecological research. Springer,

Dordrecht.

Prach K, Walker LR (2011) Four opportunities for studies of ecological succession. Trends in

Ecology & Evolution 26(3):119-123

Queiroz C, Beilin R, Folke C, Lindborg R (2014) Farmland abandonment: threat or
opportunity for biodiversity conservation? A global review. Frontiers in Ecology and the

Environment 12(5):288-296

Schmocker J, Liniger HP, Ngeru JN, Brugnara Y, Auchmann R, Bronnimann S (2016) Trends in

mean and extreme precipitation in the Mount Kenya region from observations and

reanalyses. International Journal of Climatology 36(3):1500-1514

12



Singh SJ, Haberl H, Chertow MR, Mirtl M, Schmid M (eds) (2013) Long term socio-ecological
research: studies in society-nature interactions across spatial and temporal scales. Springer,

Dordrecht.

Stringer LC, Reed MS, Fleskens L, Thomas RJ, Le QB, Lala-Pritchard T (2017) A new dryland

development paradigm grounded in empirical analysis of dryland systems science. Land

Degradation & Development 28(7):1952-1961

UN-DESA (United Nations Department of Economic and Social Affairs, Population Division)

(2018) World urbanization prospects: the 2018 revision|https://population.un.org/wup/

(accessed 10 June 2019)

Willis KJ, Birks HJB (2006) What is natural? The need for a long-term perspective in

biodiversity conservation. Science 314(5803):1261-1265

Young TP (2000) Restoration ecology and conservation biology. Biological Conservation

92:73-83

13


https://population.un.org/wup/

FIGURES

1980 1990 2000 2010

1970

©

1960

0 N~ © L0
(4p) ™ ™ ™
(9%) pue| [eanynalIbe Jo aseys

34

14



2800+ b

26001
2400+

2200+

Food supply per capita (kcal/person/day)

1960 1970 1980 1990 2000 2010

Figure 1. Global trends in the share of agricultural land (a) and per capita food supply (b)

between 1961 and 2013. Data from FAO (www.fao.org/faostat/en/#data) accessed June

2019.
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Figure 2. Maps of (a) change in share of agricultural land as a percentage of total land area
between 1996 and 2016 (data from FAO (www.fao.org/faostat/en/#data) accessed June
2019), and (b) projected change in rural population from 2020 to 2050 (data from UN-DESA

(2018) accessed June 2019).
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Figure 3. Increased interest in restoration from 1990-2018. The share of articles and reviews
in Biological Conservation, Conservation Biology (a) and Restoration Ecology (b) in Web of
Science using both ‘restor*’ and ‘ecolog*’ as search terms. Values are expressed as a
percentage of total articles and reviews in each journal (a) or all journals (b). Thicker lines

show loess regression trend lines.
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