
Global analysis of 
seagrass restoration
the importance of a large scale

Roma 11 April 2018
Marieke M van Katwijk

Department of Environmental Science 

Radboud University Nijmegen



Contents

• Global seagrass restoration, database

• Analysis

• Results

• Large scale

• Positive feedback • Positive feedback 

• Environmental variability

• Visualisation, take home message



Global analysis of seagrass 
restoration projects

17 nations
1786 trials

van Katwijk et al. J.Appl.Ecol. 2016



Global analysis of seagrass 
restoration projects

17 nations
1786 trials

van Katwijk et al. J.Appl.Ecol. 2016







 





Global analysis: 1786 trials

Species used in the trials
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1. Positive feedback 
requiring critical mass

2. Environmental variability
requiring spreading of risksrequiring spreading of risks
(to find a window of opportunity)

Or: extinction risk increases when population 
size is low (Allee-effects) and environmental 
variability is high (basic population dynamics 
theory)
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Complex systems 
usually show non-

linear dynamics
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to positive 
feedbacks



When the positive 
feedbacks are very 

strong, bistability
may occur
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Seagrass example

state 1: seagrass present and clear water
state 2: seagrass absent and turbid water
under the same external circumstances

seagrass attenuates waves & currents 

suspended sediments settle 

water is more clear

Ecosystems 2007

wave energy (max. orbital velocity m s-1)
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Also Carr et al. 2010, 2012



The feedback can be positive for seagrass
(=self-facilitation, or self-sustaining, or self-amplifying)

The feedback can be negative for seagrassThe feedback can be negative for seagrass
(=self-inhibiting, self-dampening)

Or both, depending on the conditions

Maxwell et al. 2017
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Dynamics

Large variability of results Zostera noltii
transplantation in dynamic environment

Oosterschelde, The Netherlands, transplantations 2007-2012, monitoring ongoing

Foto’s: Wim Giesen Projectbureau Zeeweringen, Rijkswaterstaat, Radboud University Nijmegen, NIOZ-Yerseke



6 tidal flats

10 km

Suykerbuyk, Govers, Bouma, van Katwijk et al. J.Appl.Ecol. 2016

12-24 plots per tidal flat

5-9 patches per plot



10 km
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10 km
2017: 1 location big success,

1 location intermediate
4 locations failure

Aug08 – June09
(winter)

June09 – Aug09
(next summer)

Suykerbuyk, Govers, Bouma, van Katwijk et al. J.Appl.Ecol. 2016



In this case, key variables to the success were: 
sediment dynamics (lower depth) and 

desiccation (upper depth)

Submitted: Living in the intertidal; desiccation and shading reduce 
seagrass growth, but high salinity or population of origin have no 
additional effect
Wouter Suykerbuyk1,2, Laura L. Govers 1,3,4, W. G. van Oven1, Kris 
Giesen1,2, Wim B.J.T. Giesen1,5, Dick J. de Jong6, Tjeerd J. 
Bouma2, Marieke M. van Katwijk1,2



In this case, key variables to the success were: 
sediment dynamics (lower depth) and 

desiccation (upper depth)

Sediment dynamics and desiccation are partly 
unpredictable (stochastics of the wheather). These 
natural dynamics also make seagrass restoration 
success unpredictable to a certain extent… 
This likely applies to many seagrass restorations This likely applies to many seagrass restorations 
worldwide!
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visualisation



Tipping points

Conservation: don’t cross
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Reduce environmental stress

preferredseagrass

Restore: cross tipping point

Encounter a window of 
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preferredseagrass

Restore: cross tipping point

Reintroduce seagrass

Reach critical threshold to 
initiate self-sustaining 
processes

Environmental stress
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Larger scale increases the 
likelyhood to:
1. Encounter a window of 

opportunity in space or time 
(spread risks)

2. Reach critical threshold to

preferredseagrass

Restore: scale is important

2. Reach critical threshold to
initiate self-sustaining
processes Environmental stress

Non-preferred

Environmental stress

no seagrass

van Katwijk et al. 2009

var mean



Take home message 1 (2):

Use large scale and take time, BUT:
• Causes of loss prior to restoration should be

(largely) recovered
• Chances should be maximized (e.g., additional

For restoration

• Chances should be maximized (e.g., additional
temporal or local stress reduction)

…because if a large scale restoration 
fails, you lose more donor material, 
finances and goodwill



Non-linear dynamics:
if a complex 

ecosystem collapses, 
it may be very 
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Take home message 2 (2):

it may be very 
difficult to restore it!
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Recovery of feedback
i.e. planting density > density required to restore 

self-sustaining feedbacks

Vulnerable to 
localized stochastic 

disturbance

Best chance of 
recovery

Restore: scale is important

preferredseagrass

Spread of risk
i.e. spatial extent of planting > spatial 

extent of environmental variability

disturbance

Vulnerable to 
absence of positive 

feedbacks

Unlikely to succeed

Environmental stress

Non-preferred

Environmental stress

no seagrass

var mean





Density-related
expansion
(Z. marina)

Orth et al. 2012



Variation in feedback processes across 
environmental gradients

A. nutrients

B. hydrodynamics

C. depth



Maxwell et al. 2016 Biol Review

When nutrient limited, seagrass meadows quickly sequester any nutrients from the 
water column, lowering their availability to seagrass competitors. When the system is 
eutrophied, more nutrients are available for algal growth. Excess algal growth is 
controlled by algal grazers, which in turn have a positive effect on seagrass growth.



Maxwell et al. 2016 Biol Review

Changes to the hydrodynamics of the meadow can affect sediment 
toxicity and stability, which in turn affects seagrass persistence. + (Green) 
symbols indicate an increase and − (red) symbols indicate a decrease in 
levels.



Maxwell et al. 2016 Biol Review

The ability of seagrass meadows to trap particles and 
improve light varies along the depth gradient.



Interacting trophic cascades and non-
trophic interactions causing two 
intertwined feedbacks. 

In the first feedback, seagrass is facilitated by mesograzers 
through grazing of macroalgae and/or epiphytes growing on 
the seagrass leaves, while seagrass facilitates mesograzers 
by providing shelter. A second positive feedback occurs when 
large predatory fish indirectly facilitate seagrasses through 
mesopredator control, while seagrass facilitates large 
predatory fish by providing shelter (e.g. nursery habitat). In 
the trophic cascade, smaller predatory fish are predated by 

Maxwell et al. 2016 Biol Review

the trophic cascade, smaller predatory fish are predated by 
the larger fish, alleviating predation pressure on 
mesograzers, indirectly facilitating seagrasses through 
enhanced grazing on macroalgae and epiphytes.



Maxwell et al. 2016 Biol Review



Maxwell et al. 2016 Biol Review



Feedback Lucinidae clams
three-stage symbiosis 

Science 2012

Hidden workers. Tiny clams living in 
the roots of seagrass help keep the 

sediment a healthy environment.
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Nutrients



Tropical Atlantic
North Pacific

Tropical

Mediterranean

(North
Pacific)
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Initial planting scales employed

Tropical
Indo-Pacific

Southern Australia 
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This may help to explain low 
success rates of seagrass 

restoration


