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Fig. 2- Map of Andalusia (southern Spain) showing the 14
study olive farms (green dots). Dark shaded area shows the
occurrence of olive orchards in Andalusia.

Fig. 3- Main ecological restoration measures implemented in the olive groves: At farm level,
change from high-intensity herb cover management (a) to low-intensity herb cover
management (b). At patch level, c) sowing of herbaceous patches; d) installing bee hotels; e)
planting boundaries with woody plants.

Fig. 4- Scatterplots showing the position of each study olive farm (with its corresponding degree of
agricultural intensification indicated with a different symbol) according to landscape composition and
configurational heterogeneity (a, b and c), and to olive tree density and olive field herb cover (d). Farms at
the top right corners are candidate reference systems and they were validated if they achieved the highest
values of bee abundance (left panel) and species richness (right panels). Colour scales depict total bee
abundance (left panels) and estimated richness (right panel) of each farm.
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Fig. 5- Bar-plots showing mean and standard errors of per year RD (%) of all bee community descriptors employed. In (a) the
RD for the two periods evaluated (i.e., 2018-2020 and 2020-2022) is shown. In b) the RD is shown for each herb cover
management and for each type of pesticide use over the whole study. Asterisks show significant differences between periods
while dots represent marginally significant differences.

Fig. 6- Heatmap showing the degree of correlation between the per year RD of bee
community descriptors and the landscape simplification descriptors, the predictors
associated to the original management intensification of the farm and the magnitude of
change triggered by restoration interventions. Asterisks show significant correlations.
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Introduction

Recovery debt (RD) measures the interim
reduction of biodiversity and function during the
recovery process (Fig. 1). Here, we extended RD
to ecological restoration, illustrating this
approach for short-term biodiversity recovery in
olive groves of southern Spain (Fig. 2) mainly by
adopting less intensive herb cover management
(Fig. 3), as part of the interventions of the LIFE
project OLIVARES VIVOS (www.olivaresvivos.com)

Material and Methods

We focused on bees and their pollination function as a study case, considering
14 olive groves starting from different levels of olive farming intensification and
situated along a gradient of landscape complexity.

Three and five years after restoration, we assessed different levels of
community complexity (bee abundance, diversity and interaction network
properties)

Olive groves in complex landscapes with low-intensity herb cover management
and organic farming practices were selected as candidate reference systems,
and subsequently validated (Fig. 4).

Results

Per year RD for bee abundance decreased from 71% to 55% (Fig. 5a). 

We found no significant effects of pre-intervention herb cover 
management or pesticide use on RD (Fig. 5b). 

High-quality semi-natural areas and restoration actions at farm and floral 
patch levels reduced the RD of bee abundance, richness, and flower 
visitation rates (Fig. 6). 

No significant effects on RD were observed for interaction network 
descriptors (Fig. 5b and Fig. 6).

Conclusions

Active ecological restoration through changes in herb cover management in olive farms can effectively restore pollinator communities in the short term. 
This restoration process largely depends on the landscape context and the ecological contrast triggered by restoration measures.
Longer periods are necessary for the recovery of plant-pollinator interaction network properties.
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Fig. 1- The RD estimated as the area under the curve of the exponential recovery
from disturbance ends until a defined time te considering a reference state value
before disturbance started. Moreno-Mateos et al. 2017. Nature Communications.
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