




COST AND
EFFECTIVENESS
OF ECOLOGICAL
ENGINEERING
TECHNIQUES



99

C
O

ST AN
D

 E
FFE

C
TIVE

N
E

SS O
F E

C
O

LO
G

IC
AL E

N
G

IN
E

E
R

IN
G

 TE
C

H
N

IQU
E

S



In the sections above, data on cost and effectiveness have been linked to each of the ecological en-
gineering techniques developed. The following information is provided for further clarification:

Table 1 Summary of available data for the ecosystems under review

CORAL
REEFS SEAGRASSES MANGROVE

FORESTS

Time scale 1991 - 2017 1975 - 2016 1977 - 2016

Number of available articles projects 79 27 81

Volume data on survival rate 259 68 123

Volume data data inputs on cost 20 10 92

To gauge the effectiveness of a restora-
tion project, the actual rate of re-esta-
blishment following restoration must be 
evaluated. The extent to which this can 
be done depends on the time spent on 
follow-up, and since follow-up time varies 
considerably from one project to another, 
gauging the effectiveness of the mea-
sures taken can be difficult. This is one 
of the problems outlined in an article pu-
blished in 2017 by Hein et al., which states 
that a minimum of five years should ideal-
ly be spent on follow-up in order to mea-
sure the resilience of a given ecosystem.

To calculate the average cost of ecologi-
cal engineering techniques relating to co-
ral reefs and associated ecosystems, we 
adjusted the costs for inflation (consu-
mer price index) against a base year 
(2010) and for the difference in purcha-
sing power between countries (purcha-
sing power parity). This provided us with 
comparable data for multiple countries. 
All costs were expressed in international 
dollars/ha/year based on the base year 
(2010). The results are given in the tables 
below and in the corresponding pages of 
the guide.

EFFECTIVENESS COST
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Data on follow-up time for coral reef restoration projects (figure 15) shows that, whichever ecological en-
gineering technique was used, follow-up time did not generally exceed three years. Follow-up periods of 
three years or more were observed for only 9% of projects (9% for transplanting; 5% for nurseries; 0% for 
electrodeposition). Estimating the actual effectiveness of techniques was thus difficult. The estimated 
rate of effectiveness given in this guide was determined based on the values available for follow-up pe-
riods of three years or more. This average rate of effectiveness should be treated with caution as not 
enough data was available for the values to be considered robust. The estimate that these values sup-
port is intrinsically linked to the implementation conditions of the examples cited (figure 16).

Table 2 Summary of data on the costs (int. dollar/ha/year) associated with each technique for coral reefs. Average 

costs are detailed on pages 25 to 27 of the guide. Note: These data comprise all project-related costs, meaning that 

scientific follow-up costs are also included in the data set.
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Figure 15 Follow-up time for coral reef ecological engineering techniques
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5 years
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Electrodeposition n=10
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40%< 1 year

60%

CORAL REEFS

Figure 16 Average survival rate and data available according to duration of coral reef ecological engineering projects. 

The red area indicates the values used to determine the average rate of effectiveness on pages 25 to 27 of the guide.
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Transplantation Nursery Electrodeposition

Median 39 238,87 615,75 NA

Mean (+- standard 
deviation)

6 618 058 (±28 517 285,9) 6 351 665,96 (±74 315,19) NA

Minimum 298,36 338,95 NA

Maximum 143 000 000 189 936,71 NA

Number of related 
projects

25 8 0
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For seagrasses, feedback was provided for transplantation only. No data was available for the other 
techniques used, namely sowing, passive management and micropropagation. Figure 17 below shows 
that follow-up periods of under two years applied to most (88%) of the projects cited (one to two years 
for 74% of projects and under one year for 14% of projects). Follow-up periods of five years or more 
applied to only 2% of projects. It was thus difficult to determine the average rate of effectiveness of 
seagrass transplantation projects, although averages were taken of calculated survival rates (of three 
years or more) to give a general idea (figure 18). In addition, the limited data did not allow for robust 
statistical values, so caution must be exercised in interpreting the results.

Table 3 Summary of data on the costs (int. dollars/ha/year) associated with each technique for seagrass restoration. 

Average costs are detailed on pages 61 to 64 of the guide. Note: These data comprise all project-related costs, meaning 

that scientific follow-up costs are also included in the data set.

Figure 17 Duration of follow-up pe-

riods for seagrass transplantation (n=58)
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Transplantation Sowing

Median 107 101 N/A

Mean (+- standard deviation) 327 289 (±429 460) N/A

Minimum 33 962 N/A

Maximum 1 306 804 N/A

Number of related projects 10 0

Figure 18 Average survival rate and volume of data avai-

lable according to duration of seagrass transplantation 

projects. The red area shows the values used to determine 

the average rate of effectiveness set out on page 61 of the 

guide.
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Table 4 Data summary of the costs (int. dollars/ha/year) associated with each technique for mangroves. The average 

costs are detailed on pages 77 to 80 of the guide. Note: These data comprise all project-related costs, meaning that scien-

tific follow-up costs are also included in the data set.

The same observation can be made for mangroves as was made above for the other ecosystems: few 
projects had a follow-up period of more than three years (figure 19). The findings were more nuanced 
in the case of mangrove nurseries and natural self-regeneration, although few projects were studied 
in these areas. The values used to determine the average rate of effectiveness of each ecological en-
gineering technique for mangroves are  highlighted in red in figure 20.
Caution should be exercised in interpreting these averages, however.

MANGROVES
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20%

Natural self-regeneration n=5

1 to 2 years
0%

< 1 year
20%

Figure 19 Duration of follow-up for mangrove ecological engineering technique

Figure 20 Average survival rate and volume of data available according to duration of mangrove ecological engineering 

projects. The red areas signify the values taken to determine the average rate of effectiveness detailed on pages 77 to 80 

of the guide.
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Transplantation Sowing Nursery Natural
self-regeneration

Median 248 4 117 61 3 877

Mean (+- standard 
deviation)

62 197 (±147 704,82) 11 767 (±14 324) 61 (±0) 48 430 (±73 244,25)

Minimum 1 6 61 16

Maximum 705 613 40 963 61 247 520

Number of related 
projects

51 25 1 15
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This paper is intended to encourage contracting authorities and develo-
pers to learn more about and evaluate ecological engineering techniques 
and their effectiveness. It is a tool to aid decision-making on ecological 
engineering matters based on feedback from around the world. In this 
respect, the information on survival rates and costs associated with the 
various techniques is geared towards improving the effectiveness of hu-
manity’s response to marine and coastal ecosystems.

It would appear that the effectiveness of the techniques illustrated in 
this guide is similar in each case. To improve the effectiveness of eco-
logical restoration in a given environment, Abelson (2006) recommends 
employing multiple ecological engineering techniques at the same time, 
although this hybrid approach is not well covered here (accounting for 
around 1% of projects).

It is worth remembering that the cost of implementing ecological en-
gineering techniques in marine environments, at $110,000/ha, is high 
compared with continental terrestrial or aquatic ecosystems (Jacob, 
2017; Bayraktarov, 2016).

Of course, there are many different techniques, some of which are given 
limited or no coverage here. The purpose of this guide is to establish an 
inventory of the most commonly used techniques for the ecosystems in 
question and to provide feedback on the projects discussed.

Note that passive management of coral reefs as an ecological resto-
ration technique is not discussed here. French public policy currently 
considers that this type of restoration is a matter for voluntary citizens’ 
associations in the areas of environmental education and participato-
ry science. Grants are sometimes awarded to associations for passive 
management, but   this is considered as maintenance of natural spaces 
rather than restoration. 
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ARM sequence

Conservation

Ecological engineering

Ecological equivalence

Ecological restoration

Ecosystem creation

Ecosystem resilience

Ecosystem service

Environmental mitigation

Avoid, reduce, mitigate – a sequence aimed at avoiding and redu-
cing residual impacts as much as possible, and then mitigating 
them, with a view to alleviating the environmental damage caused 
by a development project as much as possible.

Protection of an ecosystem based on legislation (conservation co-
venants, nature reserves, etc.) and/or physical measures (restric-
tion of physical access to protected areas).

All techniques and processes for solving socioeconomic and/or en-
vironmental problems in the short term through the use of living 
organisms or other materials of biological or non-biological origin.

An essential step in implementing mitigation measures is to deter-
mine their scale. Mitigation outcomes should be ecologically equi-
valent. Thus, to ensure "no net loss" in biodiversity, it is important 
to gauge whether the mitigation gains are equivalent to the biodi-
versity losses caused.

The Society for Ecological Restoration defines ecological restora-
tion as “the process of assisting the recovery of an ecosystem that 
has been degraded, damaged or destroyed”. This definition implies 
the need for human intervention to initiate and/or promote the na-
tural restoration of a damaged ecosystem. Ecological restoration 
thus follows on from anthropogenic impacts (pollution, grounding 
of vessels, development work, etc.) and natural impacts (cyclones, 
typhoons, tsunamis, etc.). The aim is to return the ecosystem to 
its historical evolutionary trajectory rather than to its ideal state. 
Thus, an ecosystem is considered to have been restored where it 
can continue its development without human assistance. Howe-
ver, ecological restoration is difficult to implement in marine en-
vironments, as knowledge of how aquatic ecosystems work is still 
limited (Pioch et al., 2019).

Establishment of an ecosystem for a useful purpose, or intentio-
nal replacement of an ecosystem with another type of ecosystem 
presumed to be of greater value on the site in question (Clewell and 
Aronson, 2010, p.295).

Ability of an ecosystem to return to normal functioning, develop-
ment and dynamic equilibrium after a natural or anthropogenic dis-
turbance.

Service provided by ecosystems to human beings.

Environmental mitigation consists of implementing actions to 
create an equivalent environmental gain for an instance of environ-
mental damage observed elsewhere, generally in line with a stated 
objective of ecological neutrality (“no net loss”). Equivalences can 
be evaluated in terms of plant or animal populations, habitats, re-
sources, ecological functions or ecosystem services. Environmen-
tal mitigation can be based on legislation (the “avoid, reduce, miti-
gate” sequence) or on voluntary procedures. The ultimate aim is to 
maintain biodiversity and ecosystems at the scale of a particular 
territory.
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S Place where a plant or animal population or biological community 

lives. Includes different environments used at different stages of 
development and activity of those plant and animal populations.

See “environmental mitigation”.

Process of re-establishing the roles and functions of a damaged 
ecosystem, giving less regard to the indigenous species in the ba-
seline model than restoration projects would, with the overarching 
aim of restoring productivity or, more generally, enabling the provi-
sion of ecosystem services (Clewell and Aronson, 2010, p.300).

Ability of an ecosystem to tolerate disturbances and re-establish 
itself autonomously through natural regeneration, without going 
through another stage controlled by other processes. In other 
words, the ability of an ecosystem to recover from a disturbance 
without human intervention. In social or socio-ecological systems, 
resilience enables people to anticipate and plan for the future 
(Clewell and Aronson, 2010, p.300).

An intimate and lasting association between two different species 
that ensures the survival of both.

avoid, reduce, mitigate

French Coral Reef Initiative

Method to Avoid, Reduce and Mitigate Impacts in Coral Areas

not applicable

Society for Ecological Restoration

United Nations Environment Programme World Conservation Mo-
nitoring Centre

Habitat

Mitigation measure

Rehabilitation

Resilience

Symbiosis

ARM

IFRECOR

MERCI-Cor
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SER

UNEP-WCMC
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