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7 Annexes

Here the knowledge assessment reports of the 3 case studies are reported
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Annex A.1 - Expert evaluation of the status and trends 
of the European kelp forests 

 

(cf. Chapter 4.3.1) 

 

 
Abstract: 

This study combines the results of an expert opinion survey about the kelp forests status and 

trends in Europe and the collation of information provided by experts about kelp species in 

their study area. The knowledge on the status and trends of kelp forests in Europe is 

fragmented and not globally characterized in the scientific literature, despite the importance 

of kelp species for the functioning of coastal ecosystems. An expert opinion survey was 

conducted to gather information from European experts about the status and trends of kelp 

forests in Europe. A questionnaire was distributed among 69 experts identified by 6 

knowledge hubs, a workshop was conducted to discuss the results of the questionnaire and 

agree on the next steps of the study and a mapping exercise was done with the involvement 

of 20 experts. The results of this study highlighted the lack of quantitative information about 

kelp forests for the majority of the geographical areas in Europe. The qualitative and 

quantitative knowledge available showed that trends vary according to kelp species identity, 

geographical region, distribution depth and, in some cases, expert identity. Additionally this 

exercise showed the difficulties of obtaining reliable information from large geographical 

areas on this topic and to engage part of the experts to participate in this kind of exercise. 

 

 

Questionnaire design and distribution among experts 

Questionnaires are frequently used as a mean to collect data in ecology (White et al. 2005).  

To identify a list of relevant experts on kelp forests at the European level, 47 knowledge 

hubs were identified (appendix 1) and contacted via e-mail (appendix 2). 6 knowledge hubs 

replied to the call (Euromarine, UNEP- World conservation monitoring center, GEO BON, 
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International Association for Ecology, IUCN Invasive Species Specialist Group and Diversitas) 

(13% response rate). Response of knowledge hubs was very low which can be related to the 

nature of the question under study, that might be more relevant to the scientific community 

than to the management and political agenda. 

Knowledge hubs identified 69 experts, scattered among 10 countries (Norway, Sweden, 

Ireland, England, Scotland, France, Spain, Germany, Portugal, Italy) (Table 1).  

A questionnaire was designed comprising 8 questions covering different aspects of the 

status, trends, drivers and ecosystem impacts of current trends in kelp forests in Europe 

(appendix 3, appendix 4). The questionnaires were available on-line and experts were given 

3 weeks to fill them on-line or return them via e-mail. Reminders were sent one time to 

experts who did not reply the first time. 52 experts answered the questionnaire (75% 

response rate) (Table 1). 

 

 

Table 1: Affiliation of the selected experts that received notification to participate in the 

expert opinion survey about the kelp status and trends in Europe and information about the 

number of experts who answered to the questionnaire. 

 
Institution/Company/Organization N experts notified N answers 

Station Biologique de Roscoff, France 8 7 
University of Azores, Portugal 2 1 
Norwegian Institute for Water Research (NIVA), 
Norway 

9 5 

Runde Environmental Centre, Norway 2 1 
University of Malaga, Spain 1 1 
University of Cantabria, Spain 3 3 
University of Algarve, Portugal 6 3 
University of Bologna, Italy 2 2 
Alfred Wegener Institute, Germany 3 2 
Queen’s University Belfast, Ireland 2 2 
University of Oviedo, Spain 3 2 
Superior Institute of Applied Psychology, 
Portugal 

1 1 

Regional Government of Asturias, Spain 1 0 
Interdisciplinary Centre of Marine and 
Environmental Research, Portugal 

2 1 

University of Lille, France 1 1 
University of Oslo, Norway 1 1 
Institute of Marine Research 
Havforskningsinstituttet, Norway 

2 2 

University of Rostock, Germany 1 0 
University of Corunha, Spain 1 1 
University of Cadiz, Spain 4 3 
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University of Bergen, Norway 1 1 
University of Gothenborg, Sweden 1 0 
Hortimare, Netherlands 1 1 
University of Bremen, Germany 1 0 
University of Brest, France 1 1 
Irish National Platform for Biodiversity 
Research, Ireland 

1 1 

IFREMER, France 1 0 
The Scotish Association for Marine Sciences, UK 1 1 
Marine Biological Association of UK, UK 1 1 
University of Salento, Italy 1 1 
Agency of Marine Protected Areas, France 1 0 
OCEANA, Spain 1 1 
Norwegian Institute for Nature Research 
(NINA), Norway 

1 0 

National Museum of Natural History, France 1 1 
 

Research and academic institutions were over-represented when compared with NGOs, 

companies or management and political institutions (Table 1). This may be a consequence of 

the dominance of research related knowledge hubs answering to the call for nomination of 

experts. 

Results of the questionnaire 

Question 1 

In the first question experts were asked to identify the trends in kelp forests in their study 

area, both in extension and density. Experts identify a dominant decreasing trend, both in 

extension and density, in southern European areas (Portugal, Gulf of Biscay and 

Mediterranean and Adriatic sea), with exception of the Southern  Iberian Peninsula where 

no increasing or decreasing trends were identified (Figures 1 and 2). For the other 

geographical regions, different trends were identified depending on the species considered. 

For UK and Ireland a high degree of uncertainty regarding to kelp trends was reported by 

experts (Figures 1 and 2). 
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Figure 1: Answers provided by experts to question 1.1.: “What are the current trends of kelp 

forests in your study area? Extension” 
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Figure 2: Answers provided by experts to question 1.2.: “What are the current trends of kelp 

forests in your study area? Density” 
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Question 2 

In the second question experts were asked to identify the type of evidence in which they 

based their answer about the trends of kelp forests in their geographical study area. 

Scientific papers reporting qualitative data were the main source of information identified by 

experts (Figure 3). 

 

 
Figure 3: Answers provided by experts to question 2: “What type of evidence is the basis for 
the previous answer?” 
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Question 3 

In the third question experts were asked to identify the most important stressors acting on 

kelp forests in their geographical area of study. Multiple stressors were identified, varying 

with the geographical area considered. Global warming was the dominant stressor identified 

by experts as affecting kelp forests. However other factors were identified also as very 

relevant in some geographical regions like pollution and fishing pressure in the Southern 

Iberian Peninsula, herbivory, pollution and harvesting in Norway and harvesting in the north 

of France (Figure 4). 

 

 
 

Figure 4: Answers provided by experts to question 3: “What do you think are the most 

important stressors potentially affecting kelp forests in your study area?” 
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Question 4 

In the forth question experts were asked to relate the effects of the observed trends of kelp 

forests with fisheries. The answer of experts to this question indicated a major gap of 

knowledge at the European level about this subject, with a high dominance of experts 

answering “Don’t know” (Figure 5). The remaining answers were approximately equally 

scattered among the other options available: “Increasing”, “Decreasing” and “No effects”.  

 
Figure 5: Answers provided by experts to question 4: “What are the effects of the observed 

kelp forest trends on fisheries?” 
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Question 5 

In the fifth question experts were asked to identify other ecosystem characteristics or 

services affected by the observed trends in kelp forests in their study area. Biodiversity was 

the most important ecosystem characteristic identified as being affected by the current 

trends in kelp forests (Figure 6).  Although much less frequently, interest of divers, water 

quality, carrying capacity and commercial interest were also referred as being affected by 

kelp trends. 

 
Figure 6: Answers provided by experts to question 5: “Are the observed trends in kelp 
forests affecting other ecosystem characteristics or services?” 
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Question 6 

In the 6th question experts were asked to provide information about conservation 

efforts/management programs being developed in their geographical study area. Most of 

the experts identified conservation programs for kelp forests in their study area with 

exception of experts from Portugal, Mediterranean and Adriatic Sea and Germany (Figure 7). 

In France these conservation programs included the creation of a Marine Protected Area in 

the  Ushant sea  “Mer d’Iroise”, the management of harvesters’ efforts and processors of 

kelp and the development of monitoring programs. In the Azores and Southern Iberian 

Peninsula the creation of protected areas was identified as the main conservation effort. For 

the UK, experts referred the existence of controlling measures on kelp´s mechanical 

harvesting and the creation of marine protected areas in Scotland. For Norway efforts on 

kelp conservation were mainly related with the creation of restoration programs for kelp 

forests, running of monitoring programs and management plans for kelp harvesting. For the 

Bay of Biscay experts referred the creation of a joint assesment program  between the 

regional government and the University of Oviedo. 

 
Figure 7: Answers provided by experts to question 6: “Are there any conservation 

efforts/management programs for kelp forests currently running in your study area?” 
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Question 7 

In the seventh question experts were asked to identify the global trends of kelp forest. The 

majority of the experts answered that kelp forests were decreasing in some regions and 

increasing in others. Some experts however stated that kelp forests were globally decreasing 

while a minority identified stable trends (Figure 8). 

 
Figure 8: Answers provided by experts to question 7: “Based on your knowledge, what do 

you think are the trends of kelp forests globally?” 

 

Globally the results of the questionnaire showed some degree of variation in the identified 

trends ok kelp forests according to the geographical area of the study, the target species 

and, in some situations, expert identity. The answers to the questionnaire also highlighted 

that available knowledge is mainly based in studies reporting qualitative data. This might 

explain the degree of uncertainty and heterogeneity revealed by expert’s answers to some 

of the questions. Qualitative data, that should be the most reliable base to identify trends, 

are not available for many geographical areas and for long temporal datasets.  

The question about the factors acting as stressors on kelp forests revealed the importance of 

multiple stressors, many of them acting at the local level for one region and not for the 

others.  A major gap of knowledge at the European level was identified in relating the effects 

of current trends in kelp forests with fisheries. These result might be related with the lack of 
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published literature on this subject but also with the fact that experts participating in this 

study were mainly kelp specialists and not fisheries scientists.  

 

Workshop 

A 2-days workshop was organized in Brussels between the 23th and the 24th of May to 

discuss with experts the next steps of the expert consultation and the systematic review 

exercises (Appendix 5). 55 experts were invited to participate in the workshop. From these, 8 

positively answered to the invitation (15% of acceptance rate) (Table 2). 

 

Table 2: Affiliation of experts invited and who attended to the workshop.  

 
Institution/Company/Organization N experts invited N participants 

Station Biologique de Roscoff, France 8 1 
University of Azores, Portugal 1 0 
Norwegian Institute for Water Research (NIVA), 
Norway 

8 1 

Runde Environmental Centre, Norway 2 0 
University of Malaga, Spain 1 0 
University of Algarve, Portugal 1 1 
University of Bologna, Italy 2 2 
Alfred Wegener Institute, Germany 3 1 
Queen’s University Belfast, Ireland 2 0 
University of Oviedo, Spain 2 1 
Superior Institute of Applied Psychology, 
Portugal 

1 0 

Regional Government of Asturias, Spain 1 0 
University of Lille, France 1 0 
University of Oslo, Norway 1 0 
Institute of Marine Research 
Havforskningsinstituttet, Norway 

2 0 

University of Rostock, Germany 1 0 
University of Corunha, Spain 1 0 
University of Bergen, Norway 1 0 
University of Gothenborg, Sweden 1 0 
Hortimare, Netherlands 1 0 
University of Bremen, Germany 1 0 
University of Brest, France 1 0 
Irish National Platform for Biodiversity 
Research, Ireland 

1 0 

IFREMER, France 1 0 
The Scotish Association for Marine Sciences, UK 1 0 
Marine Biological Association of UK, UK 1 0 
University of Salento, Italy 1 0 
Agency of Marine Protected Areas, France 1 0 
OCEANA, Spain 1 1 
Norwegian Institute for Nature Research 
(NINA), Norway 

1 0 

National Museum of Natural History, France 1 0 
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Results of the questionnaire were presented and discussed in the workshop with the 

participation of 8 experts from 6 different countries (Table 2). It was discussed with the 

experts the following steps to take in the expert consultation exercise.  

During the workshop it was decided that: 

-)  the status and trends of kelp forests in Europe would be illustrated by inviting selected 

representative experts for each geographical region to provide data about the knowledge on 

kelp forest status and trends in their geographical area. By expert suggestion, 3 additional 

experts were added to the list of experts to be contacted, either because they belonged to 

countries not yet covered but with kelp forests or because they were considered relevant to 

the consultation exercise due to their expertise in the field.  

-)  a map covering the entire range of kelp forest distribution in Europe with a grid resolution 

of 10x10km would be produced and circulated among experts together with a table 

containing different cells to be filled with information regarding each quadrat of the grid. 

After the workshop an e-mail was sent to all the experts who answered the questionnaire to 

inform them about the outcomes of the workshop and send the results of the questionnaire 

(Appendix 6).  

To the experts that were considered relevant to the following step of the expert 

consultation, an e-mail was sent explaining the next steps of this exercise (Appendix 7). 20 

experts confirmed their interest to participate in the mapping exercise. To this experts it was 

sent a general map for Europe (Appendix8), a specific map for their geographical region of 

study (Appendix 9) and an excel table with relevant information to be filled with respect to 

each grid (Appendix 10). 

 

Mapping exercise 

Experts returned by e-mail the filled table with the information about kelp forests in their 

geographical area of study. GIS maps were produced representing all the information sent 

by experts. 

The results of the mapping exercise show that the majority of data made available by 

experts about kelp forests in Europe are presence/absence data. Data on trends exist for 

some regions of Europe but, with exception of Norway (from where most of data were 

obtained by modeling), they correspond to small stretches of coast (Appendix 11). 
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Considering species individually, data obtained from experts show that some species are far 

better studied than others and that trends are variable according to the geographical region 

of study.  

For Saccharina latissima, data on presence/absence are available for its entire southern 

distribution area (Iberian Peninsula) with some data on trends provided for its central area 

of distribution and a high abundance of data on trends near the northern distribution limit. 

In some of these regions the abundance of S. latissima is decreasing while in others is 

increasing or stable (Appendix 12). For Norway, near the coast a decreasing trend was 

identified while in more deep waters the kelp forests are stable. 

For Laminaria hyperborea, data on trends are almost exclusively available for Norway, 

showing a trend of decrease in a stretch of the coast while in other parts kelp forests of L. 

hyperborea are increasing and/or stable (Appendix 13). 

Data on Sacchorhiza polyschides are mainly available for southern regions of Europe, 

showing trends of increase, decrease and stability depending on the area of coast studied 

(Appendix 14). 

For Laminaria ochroleuca data are also available mainly for the south of Europe, with the 

few data on trends showing a decrease in some areas of the coast while in others kelp 

forests are stable or increase in abundance (Appendix 15). 

Data on Undaria pinnatifida, an introduced species in European waters, are few and mainly 

refer to presence/absence data. However, there is a record of an increase in abundance, a 

record of decrease and a record indicating stability (Appendix 16).   

Data for Laminaria digitata are available only for the center of Europe and show different 

trends (increase/decrease/stable) according to the stretch of coast considered (Appendix 

17). 

Few data were sent by experts about Alaria esculenta, with data concentrated in the center 

of Europe and reporting increasing, decreasing and stable trends, depending on the stretch 

of the coast considered (Appendix 18). There is however a record for the northern area of 

distribution of the species, but only reporting presence data. 

Data on Laminaria rodriguezii refer exclusively to the Mediterranean sea and no data on 

trends is available (Appendix 19).  

The results of the mapping exercise show that available data on Europe about kelp forests 

are mainly presence/absence data for the majority of the regions, within their geographical 
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area of distribution. Data on trends, when available, usually refer to scattered stretches of 

the coast and were only given for part of the kelp species distributed in European waters. An 

exception to this is the case of some kelp species present in the Norwegian coast from 

where data obtained by modeling are available. These results are related with the lack of 

large temporal datasets with high spatial coverage for most of the regions where kelp 

species are distributed in Europe. 

Data obtained from the experts cover, for some of the kelp species such as Sachharina 

latissima or Laminaria hyperborea, a big part of their distribution range. For less scientifically 

studied species such as Alaria esculenta or Laminaria digitata, data were unavailable for 

large areas where the species is distributed.  

The lack of involvement of experts from some geographical regions like the UK, Northern 

Ireland, Denmark, Greenland, Iceland and Sweden compromised the global coverage of the 

mapping exercise. Experts from all these countries were contacted to participate in the 

expert consultation. Some did not reply while others had a positive answer but did not find 

the time and/or motivation to participate. 

Data on trends confirmed the results of the questionnaire indicating that global trends for 

kelp forests are difficult to identify. Some species are increasing in some of their 

geographical  

distribution areas while decreasing in others. For some species contrasting trends were 

identified according to their distribution depth for the same region. Also, some of the kelps 

studied showed different trends for the same region according to local small-scale 

variations.  

Globally this exercise showed the difficulties of obtaining a global picture about this specific  

topic (trends of kelp forests) at the European level when the abundance of experts from 

each country is low and they are not personally motivated for such a kind of exercise. It also 

showed that some of the expert knowledge that exists is not based in hard data, making it 

more difficult to use other methodologies to gather information.  
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Appendices: 

Appendix 1: List of knowledge hubs contacted to provide information about relevant 

experts on kelp forests at the European level. 

 

ASEAN center for Biodiversity 

Biodiversity Heritage Library 

Collaboration for Environmental Evidence 

Conservation Commons 

Conservation International Census of marine life 

Convention for Biological Diversity  

Critical Ecosystem Partnership Fund 

Diversitas 

Earthwatch Institute 

Ecosystem Services Partnership 

Euromarine 

GEO BON 

Global Biodiversity Information Facility 

Global forum on oceans, coasts and islands 

Global Invasive Species Programme 

GOBI 

International Association for Ecology 

International Center for Trade and Sustainable Development 

International Institute for Sustainable Development 

International Long Term Ecological Research Sites Network 

International Press Centre on Biodiversity Research 

International Society for Ecological Economics 

International Union of Biological Science – IUBS 

IUCN Global marine program 

IUCN Invasive Species Specialist Group 

IUCN specialist groups 

Millenium Ecosystem Assesment 

National Biological Information Infrastructure  
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Natural Capital Project 

NatureServe  

Ramsar Convention on Wetlands 

Regional seas organization 

Smithsonian Institute 

Society for Conservation Biology  

Stockholm Environment Institute 

Stockholm Resilience Centre 

SCOPE 

TEEB Initiative 

The Nature Conservancy 

UNEP-ROE 

UNEP – World conservation monitoring center 

UNESCO – Intergovernmental oceanographic comission 

Union of Concerned Scientists 

World Resources Institute 

Worldwatch Institute 

World Wildlife Fund 

 

 

Appendix 2: Text sent to knowledge hubs to identify the names of relevant experts on 

kelps at the European level. A) General text sent to knowledge hubs, B) Text sent by 

EUROMARINE consortium. 

 

A) Dear sirs.,

In the framework of the European project KNEU-Developing a Knowledge Network for 

European expertise on biodiversity and ecosystem services to inform policy making economic 

sectors, we are conducting different policy-relevant case studies to test knowledge assessment 

approaches for a prototype Network of Knowledge. The case studies aim at specifically 

providing an assessment of available knowledge about the specific questions of each test case, 

by applying different procedures and methodologies. For the case study of the marine 
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biodiversity, the general question chosen is the status and trends of kelp forests in Europe and 

the impact of their decrease on the provision of ecosystem services. An expert consultation 

will be the methodology chosen to assess the status and trends of kelp forests in Europe. In 

this context we are launching a call for experts in this topic. The collaboration of …. by 

indicating scientists, managers or policy makers that might be able to give relevant 

contribution to the expert consultation on this topic will be very

valuable.

Thank you very much for your collaboration.

Isabel Sousa Pinto

Responsible for the Marine Case-study

B) Dear Colleague 

As part of its mission to work across the 3 former marine NoEs, EuroMarine is coordinating 

the identification of experts for an assessment of the status and trends of kelp forests in 

Europe. We are therefore asking the EuroMarine community to help identify experts with 

relevant knowledge in this field. They could be researchers, managers, policy makers, local 

authorities or members of NGOS.

· This assessment is being done in the framework of the European project "KNEU -

Developing a Knowledge Network for European expertise on biodiversity and ecosystem 

services to inform policy making economic sectors" (www.biodiversityknowledge.eu) . 

· This project aims at building and testing a prototype Network of Knowledge on 

Biodiversity by conducting different policy-relevant case studies to test knowledge 

assessment approaches and intends to contribute for the discussion on assessments that will be 

done by IPBES (Intergovernmental Science Policy Platform for Biodiversity and Ecosystem 

Services). 

· The case study regarding marine biodiversity will be "Status and trends of kelp forests 

in Europe and impact of their change on the provision of ecosystem services". Different 
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methodological approaches will be integrated to address specific sub-questions within this 

general question.

· As part of the Expert Assessment method a short questionnaire will be sent to experts 

to collect information on the trends of kelp forests around Europe. 

We should be very grateful if you would send us the name and contacts of the relevant 

people from your institution or others that you know to have relevant expertise for this study, 

preferably before the 26 of March. The contact for sending replies or for any questions you 

may have is the leader of the study; Isabel Sousa Pinto - ispinto@ciimar.up.pt.

Thank you very much for your collaboration.

Best wishes, Mike Thorndyke,

Chair of the EuroMarine Coordinating Team

 

 

Appendix 3: Text of the email sent to experts to present the questionnaire and provide the 

link where it could be filled. 

 

Dear Expert,

We are contacting you because you were indicated as a person with relevant knowledge on 
kelp forests by a partner of the Euromarine network (www.euromarineconsortium.eu). 

In the framework of the European project “KNEU – Developing a Knowledge Network for 
European expertise on biodiversity and ecosystem services to inform policy making economic 
sectors”, we are conducting different policy-relevant case studies to test knowledge 
assessment approaches for a prototype Network of Knowledge. The case studies aim at 
providing an assessment of available knowledge on the specific questions of each test case 
and assess different methodologies and procedures.  For the case study of the marine 
biodiversity, the general question under study will be the status and trends of kelp forests in 
Europe and the impact of the identified trends on the provision of ecosystem services. 
Different methodological approaches will be integrated to address specific sub-questions 
within this general question: expert assessment, systematic review and adaptive management. 
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The questionnaire we are sending to you is part of the expert assessment approach that has as 
main objective the description of the trends of kelp forests around Europe. Your expert 
contribution to this part of the project will be very valuable. 

You will find the questionnaire available at 

https://docs.google.com/spreadsheet/viewform?formkey=dFlKdjVLQlBTU2owVVc5Yn
RtMzFFNVE6MQ>
https://docs.google.com/spreadsheet/viewform?formkey=dFlKdjVLQlBTU2owVVc5YnR
tMzFFNVE6MQ.

Alternatively, you can fill the questionnaire in word format (please see attached file) and 
return it to this e-mail address.

We would be grateful if you could fill the questionnaire until the 30th of April.

Thank you very much for your collaboration.

Isabel Sousa Pinto

Responsible for the Assessement

 

 

Appendix 4: Questionnaire sent to experts. 

 

Name:

Institutional contacts: 

Geographical area of work:

Thank you very much for taking some of your time to respond to this questionnaire, that is 
part of an Expert Assessment done in the framework of the project KNEU: Developing a 
Knowledge Network for EUropean expertise on biodiversity and ecosystem services to inform policy 
making and economic sectors. Please answer the following questions taking into consideration 
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the geographical area where you develop your work (questions 1-7) and your knowledge 
about kelp forest in other places (question 8). 

1) What are the current trends of kelp forests in your study area?
a) 1.1 - Extension
a) Increasing

b) Stable

c) Decreasing

d) Don’t know

1.2 – Density

a) Increasing

b) Stable

c) Decreasing

d) Don’t know

2) What type of evidence is the basis for the previous answer?

a) Scientific papers/reports

b) My own/team qualitative observations

c) My own/team quantitative observations

d) Information obtained from locals, fisherman’s, harvesters, divers...

e) Others (please indicate): ____________________

3) What do you think are the most important stressors potentially affecting kelp forests 
in your study area?

a) Pollution

b) Fishing pressure/gear

c) Kelp harvesting

d) Biological invasions

e) Sea urchins/herbivores

f) Global warming

g) Others (please indicate): ____________________

4) What are the effects of the observed kelp forest trends on fisheries?
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a) Increase

b) No effects

c) Decrease

d) Don’t know

5) Are the observed trends in kelp forests affecting other ecosystem characteristics or 
services?

a) Biodiversity

b) Interest for divers (tourism)

c) Water quality

d) Others (specify if you have know examples)

6) Are there any conservation efforts/management programs for kelp forests currently 
running in your study area?

a) Yes

Please provide a succinct description: ___________________________________

b) No

c) Don’t know

Can you provide references, links, responsible people and contacts?

8) Based on your knowledge, what do you think are the trends of kelp forests globally?

a) Increasing

b) Stable

c) Decreasing

d) Increasing in some regions and decreasing in others

d) Don’t know

Thank you very much for your help.

If you would like to know the results of this survey and/or be contacted in the future for 
further input, please let us know (erase what you don’t want):

b) I would like to know the results of this survey – yes / no
c) I would be happy to give further input to the assessment you are preparing – yes / no
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Appendix 5: Agenda of the workshop held in Brussels to discuss with experts the 

systematic review and expert consultation exercises. 

 

Creating a Network of Knowledge for 
biodiversity and ecosystem services

www.biodiversityknowledge.eu

KNEU –WP3 workshop: marine case 

May 23rd (14:00 – 18:00h) & May 24th (9:00 – 13:00h) 2012
BELSPO offices

Av. Louise 231, Brussels

Goal: Discuss with experts the assessment on kelp forests in Europe that Kneu is preparing: a) present 
and discuss the results of the questionnaire sent to experts b) discuss the draft protocol for 
the systematic review and c) set a working group.

Wednesday, May 23rd, 2012, Start 14:00h
14:00 – 15:45 Welcome & Introduction (Plenary) :

Part A: Biodiversity.Knowledge - testing the Nok-Prototype via demonstration cases.
-

14:00 – 14:30 Introduction into KNEU and the NoK-"prototype" (Carsten & Barbara)
14:30 – 14:45 brief Introduction into the general aspects of the demonstration cases (Stefan)
14:45 – 15:15 o Conservation case (Thomas & Stefan)

o Agricultural case (Barbara & Cecile)
o Marine (Isabel & Rita)

15:15 – 15:45 Part B: Introduction into Systematic Review methodology and other basic 
methodological issues (Barbara & Luis & Carsten)

15:45 – 16:05 coffee & tea break

Marine case study: Assessment on kelp forests
16:05 – 18:00 present the results of the questionnaire sent to experts and discuss the 

outcomes of the expert consultation:
16:05 – 16:30 Short tour the table with experts present themselves, their kind of work concerning the 

topic and their area of study
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16:30 – 17:30 presentation and discussion of the results of the questionnaire that was circulated 
among experts identified by knowledge hubs

17:30 – 18:00 Discussion about other issues to be considered, such as:  the setting of the question, 
knowledge gaps, conflicting knowledge, scale issues and organization of joint report about the 
knowledge available
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Thursday, May 24rd, 2012, Start 9:15h

09:15 – 09:30 Summary from the last day and program for today (Isabel)
10:00 – 11:00 Implications for the setting of our systematic review. Discussion on the draft protocol for 
the systematic review.

11:00 – 11:15 coffee & tea break

11:15 – 12:15 decisions regarding the most important open points of the SR
12:15 – 13:00 set up of the working group (who wants to participate actively in the following steps) 

13:00 – 14:00 lunch

Please check the following documents for your preparation of the meeting: 
Ad A) draft protocol for the systematic review (will be sent soon)
Ad B) prototype of the “Network of Knowledge”

See also. www.biodiversityknowledge.eu
 

 

 

Appendix 6: Text of the e-mail that was sent to all the experts who answered the 

questionnaire with information about the outcomes of the workshop and the results of 

the questionnaire.  

 

Dear …, 

We are writing to let you know about the results of the workshop of the previous 23th 

and 24th of May in Brussels. 8 experts participated in the workshop (Beth Strain, Laura 

Airoldi, Jorge Assis, Ricardo Aguillar, Laurent Leveque, Inka Bartsch, José Manuel Rico 

and Trine Bekkby). We discussed the aspects related with the use of different 

methodological approaches to address different sub-questions of the following general 

question: “What are the current trends in kelp forests in Europe and what is the 

evidence that these trends will affect the ecosystems characteristics and the provision of 

ecosystem services?”. 
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It was decided that the trends in kelp forests in Europe would be addresses through an 

expert consultation We will circulate a more detailed questionnaire about the status and 

trends of kelp forests in Europe and organize the information by geographical area. 

The effects of kelp forests in the provision of ecosystem services will be addressed 

through a systematic review focused on the effects on fisheries. We are still discussing 

the protocol for the systematic review. 

As attached file you will find the results of the questionnaire.  

Best regards 

 

Rita and Isabel 

 

 

Appendix 7: Text of the e-mail explaining the following steps of the expert consultation 

exercise. 

 

Dear …,

Following the discussions we had during the workshop of the 23th and 24th of May in 

Brussels, we will now circulate the grid to be used for the mapping and the linked excel file to 

fill the available information about kelp trends around Europe.  We will then compile and 

organize this information in order to write a publication about the status and trends of kelp 

forests around Europe.  For this paper on trends we will, of course, not be able to include the 

60 experts initially contacted as authors. We would like to ask you to think who would be the 

relevant experts (1-2 within the group that answered the questionnaire, see attached file) in 

your working group and geographical area (…) to include in this publication.

Best regards.

Rita and Isabel
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Appendix 8: Global map of Europe with a grid resolution of 10x10km that was sent to 

experts. 

 
Appendix 9: Partial map of Europe (example of a part of UK coastline) with a grid 

resolution of 10x10km to be used as the base reference for the information about kelp 

forests. 
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Appendix 10: Excel table with relevant information to be filled with respect to each grid 

number. 

Table 3: Table with information to be filled by experts about their geographical area of 
study (example of information provided by one of the experts 
 
Quadrat grid 
no. 
 

Location 
 

Mode of 
data 
(modell/o
bs) 
 

Species 
 

Date of record 
 

Comparison with 
(give date of 
comparison) 
 

Area biomass kg m-2 

1685 
 

Kiel Bight 
 

observatio
n 
 

Saccharina 
latissima 
 

2004 
 

Hoffmann 1952 
 

  

1645 
 

Walkyrie
grund 
 

observatio
n 
 

Saccharina 
latissima 

2003/2004 
 

Breuer 1989 
 

  

1730 
 

Fehmarn 
 

observatio
n 
 

Saccharina 
latissima 

2003/2004 Breuer 1989 
 

  

1735 
 

Tromper 
Wieck 
 

observatio
n 
 

Saccharina 
latissima 

2003/2004 Feuerpfeil & 
Schubert 2003 
(field data from 
1997) 
 

  

1648 
 

Meschen
dorf 
 

observatio
n 
 

Saccharina 
latissima 

2003/2004 Feuerpfeil & 
Schubert 2003 
(field data from 
1997) 
 

  

1730 
 

Fehmarn 
 

observatio
n 
 

Laminaria 
digitata 
 

2003/2004 Breuer 1989 
 

  

        
. 
. 
. 
. 
. 
. 
 

       

depth distrib presence 
 

any other 
change 
 

reference 
(publication 
/grey 
literature 
/pers. Obs.) 
 

aditional 
information 
related with 
kelp 
biodiversity 
 

Contact 
institution 

Contact person remarks 

lower limit 
uoward shift 
by about 2m, 
upper limit by 
about 0,5 m 
 

  Schubert & 
Schories 2008 
 

 

UR 
Hendrik 
Schubert 

changes probably 
caused by biotic 
interactions - Mytilus 
and endophytes 
 

no changes 

  
Schories et al. 
2005 

 

UR 
Hendrik 
Schubert 

probably lack of 
suitable substrate in 
deeper regions 

no changes 

  
Schories et al. 
2005 

 

UR 
Hendrik 
Schubert 

probably lack of 
suitable substrate in 
deeper regions 

no changes 
  Schories et al. 

2005 
 

UR 
Hendrik 
Schubert 

 

no changes 
  Schories et al. 

2005 
 

UR 
Hendrik 
Schubert 

 

no changes 

  
Schories et al. 
2005 

 

UR 
Hendrik 
Schubert 

probably lack of 
suitable substrate in 
deeper regions 
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Appendix 11: Map showing the results of the mapping exercise with respect to the type of 

data provided by experts for each geographical region. Blue: presence data. Red: data 

representing a trend (decreasing, increasing or stable). 

 
Appendix 12: Map showing the results of the mapping exercise for Saccharina latissima. 

Red: decreasing; Dark green: increasing; Light green: stable: Blue: Presence.  
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Appendix 13: Map showing the results of the mapping exercise for Laminaria hyperborea. 

Red: decreasing; Dark green: increasing; Light green: stable: Blue: Presence.  

 
Appendix 14: Map showing the results of the mapping exercise for Sacchorhiza 

polyschides. Red: decreasing; Dark green: increasing; Light green: stable: Blue: Presence. 
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Appendix 15: Map showing the results of the mapping exercise for Laminaria ochroleuca. 

Red: decreasing; Dark green: increasing; Light green: stable: Blue: Presence. 

 
Appendix 16: Map showing the results of the mapping exercise for Undaria pinnatifida. 

Red: decreasing; Dark green: increasing; Light green: stable: Blue: Presence. 
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Appendix 17: Map showing the results of the mapping exercise for Laminaria digitata. 

Red: decreasing; Dark green: increasing; Light green: stable: Blue: Presence.  

 
Appendix 18: Map showing the results of the mapping exercise for Alaria esculenta. Red: 

decreasing; Dark green: increasing; Light green: stable: Blue: Presence. 
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Appendix 19: Map showing the results of the mapping exercise for Laminaria rodriguezii. 

Red: decreasing; Dark green: increasing; Light green: stable: Blue: Presence. 
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Annex A.2 - Systematic review protocol on the effects 
of kelp changes on fisheries 

 

(cf. Chapter 4.3.2) 
 
 
 
 
WHAT IS THE IMPACT OF KELP FOREST DENSITY AND/OR AREA ON FISHERIES? 
Systematic review protocol 
 
ARAUJO, R. 1*, BARTSCH, I.2, BEKKBY, T.3, ERZINI, K.4, SOUSA-PINTO, I.5, 6 

Rita Araujo1* 
Corresponding author 
E-Mail: ritaraujo@ciimar.up.pt 
 
Inka Bartsch2 

E-Mail: inka.bartsch@awi.de 
 
Trine Bekkby3 

E-Mail: trine.bekkby@niva.no 
 
Karim Erzini 4 
E-Mail: kerzini@ualg.pt 
 
Isabel Sousa-Pinto6, 7 

E-Mail: ispinto@ciimar.up.pt 
 
1, 6 Centre of Marine and Environmental Research, University of Porto (CIMAR-Porto), Rua dos Bragas, 289, 
4050-123 Porto 
2 Alfred Wegener Institute for Polar and Marine Research, Am Handelshafen 12, 27570 Bremerhaven, German 
3 Norwegian Institute of Water Research, Gaustadalleen 21, N-0349 Oslo, Norway 
4 University of Algarve, Center of Marine Sciences, CCMAR, P8005139 Faro, Portugal 
5 Department of Biology, Faculty of Sciences, University of Porto, Rua do Campo Alegre, s/n, 4050 Porto, 
Portugal 
 

Keywords (3-10): kelp forests, ecosystem conservation, ecosystem services, fisheries.  
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Abstract 

Background: Kelp forests are highly productive ecosystem engineers of rocky cold-water 

marine coastlines, providing shelter, habitat and food for a variety of associated organisms. 

Several factors have been related with an observed trend of kelp deforestation in some 

regions of the globe. The effect of this trend on fisheries has been poorly studied. The 

European directives addressing the conservation of marine habitats highlight the need to 

increase the knowledge about the relationship between kelp forests and fisheries, which will 

also be very valuable for the definition of fisheries management measures. 

Methods/Design: This protocol describes the methods that will be used to conduct a 

systematic review to answer the following question: What is the impact of changes in kelp 

forest density and/or area on the abundance and diversity of fisheries? 

 

Background 

Conservation and ecosystem-based management should take account of the 

contribution of coastal habitats to the functioning of marine ecosystems (Crowder and Norse 

2008). Kelp forests are key components of coastal Atlantic ecosystems and contribute greatly 

to species richness, and function as a reserve of biodiversity. These are highly productive 

ecosystem engineers of rocky cold-water marine coastlines, hosting an enormous diversity of 

species, including fish, mammals, invertebrates, other seaweeds and epibiota (Steneck et al. 

2002; Lorentsen et al. 2010). Many of these organisms are linked to the presence of kelp 

species (large brown algae) through a variety of trophic and habitat associations (Graham 

2004). This is the case for numerous species of fishes that use the kelp forests as feeding and 

nursery areas, and as a shelter from large predators (Norderhaug et al. 2005; Reisewitz et al. 

2006).  Thus, it is expected that changes in the abundance of kelp forest will affect fish 

abundance. Overfishing, harvesting practices, diseases and several natural and climate-related 

factors are often pointed out as drivers of kelp forests trends and kelp deforestation is 

widespread in some regions of the globe (Steneck et al. 2002). The impact of fishing in kelp 

forests systems, by removing top-predators and enhancing the abundance of herbivores is 

well documented (Fujita 1998). However, less knowledge is available about the impact of kelp 

forests density and//or area on fisheries. 
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This information is very valuable in the context of fisheries policies and in the context of 

several European directives that take into consideration the conservation of marine habitats. 

Among these, is the Water Framework Directive that establishes a legal framework to protect 

and restore clean water across Europe and ensure its long–term and sustainable use. This 

directive links with the Marine Strategy Framework Directive with the objective of ensuring 

the “good environmental status” of all of Europe´s marine regions and sub-regions. The 

Habitats Directive has as a main objective the maintenance or restoration of protected 

habitats and species listed in the Annexes at a favourable conservation status. In this context, 

this directive identifies as natural habitats with community interest the coastal and halophytic 

habitats that include reefs. Application of the Habitats Directive to the marine environment 

through the Natura 2000 network represents a key challenge for the EU biodiversity policy. 

Marine sites of the Natura 2000 network will provide protection, among others, to the 

habitats listed in Annex I of the Habitats directive including open seas and tidal areas (which 

include reefs), species listed in Annex II and marine species listed in Annexes IV and V. 

However, none of the marine species listed belongs to the benthic communities inhabiting 

reefs. These include primary producers, like kelp species, which condition might importantly 

affect other marine species listed in the habitats directive like fish species.  

This systematic review will provide policy makers with a compilation of knowledge, based 

on the best available evidence, about the relationship between kelp forests status (area 

and/or density) and fisheries. This information will be of undeniable importance for the 

definition of the management and conservation policies in coastal ecosystems. 

 

Objective of the review 

The main objective of this review is to provide policy makers with the available evidence 

about the impact of changes in kelp forest density and/or area on fisheries.  

Population – Defined marine areas (NB ‘Population’ is statistical not biological) 
Exposure – Changes in Kelp forest density/area 
Comparator – Different densities/areas of kelp forest 
Outcome(s) – Indicators of change in health (abundance and diversity) of fisheries  
 

Methods 

Searches 
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This search aims to integrate the most relevant sources of information to the studied subject 

including published literature, grey literature and reports. Different sources of information 

will be searched in order to maximize the coverage of the search. 

Databases search: the following databases will be considered: 

. ISI Web of Knowledge (searched by topic) 

. Electronic Databases available through the Virtual Library of the University of O´Porto 

(Springer, Elsevier, Science Direct) 

. Directory of Open Access Journals 

Only English, French, Spanish and Portuguese written documents will be considered. 

Internet search:  the following sites will be considered 

. Google scholar 

. Scirus 

Only the first English, French, Spanish or Portuguese written 50 records will be considered. 

Additional sources of information: 

Other sources of information will include unpublished reports and published works not 

assessed through the available sources of information that will be asked directly to the 

authors or organizations responsible for its publishing. These will include works in norwegian 

since this is the region in Europe where more works have been developed on kelp forests. 

Experts on the subject of the review will be also contacted for provision of unpublished data 

and for further recommendations.  

Search terms will be organized in two groups: 

1 – Kelp, Alaria esculenta, Laminaria cucullata, Laminaria digitata, Laminaria 

flexicaulis,Laminaria hyperborea, Laminaria intermédia, Laminaria ochroleuca, Laminaria 

rodriguezii, Laminaria saccharina, Laminaria solidungula,  Saccorhiza dermatodea, 

Saccorhiza polyschides Saccharina latíssima, Undaria pinnatifida. 

2 – Foodweb, Fisheries, Fish, Functioning, Canopy removal, Community, Ecology, Nursery, 

Food, Habitat engineering, Habitat complexity, Harvesting, Removal, Seafood, Shrimps, 

Shellfish 

All the possible searches containing the combinations between the search terms of the two 

groups linked with the Boolean operator “AND” will be conducted. 

Study inclusion criteria 
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Different inclusion criteria will be followed depending on the type of source of information 

considered: 

Databases information: studies selected by this search will be subjected to a two stage 

selection to identify the most relevant studies for the review question. If the number of 

findings is higher than 300 the evaluation of the studies will be based on the title relevance. 

After this step, the studies will be subjected to a second selection procedure, based on the 

reading of the abstract. If the number of findings is lower than 300 the titles and abstracts 

will be read and selected based on the presence of the identified subject and outcome.  

Internet information: the first 50 hits of each internet site searched will be selected based on 

the presence of the identified subject and outcome. 

Relevant population: kelp forests including infralitoral and subtidal species 

Exposure: changes in Kelp forest density/area. 

Outcome: changes in abundance and diversity of associated species of fishes. 

Potential effect modifiers and reasons for heterogeneity 

It is expected that there are only few comparable studies with respect to controlled 

variables, investigated fisheries species, locality, structure of kelp beds etc. Diverse 

contributors for heterogeneity are listed below. Thus the outcome and final presentation of 

results cannot be foreseen at the stage of the systematic review planning. It is expected that 

there will be much qualitative or semi-quantitative data and reports that can be used to 

point out new areas of research and also give first hints on the interrelationship of kelp beds 

and fisheries along European coastlines. All data should finally be presented in a global 

context as well although global data will not be used in the Systematic Review Search. 

 

differential species life cycle stage of target species (e.g. larvae vs adult shrimp/fish 

etc.) 

scale of study (one site vs. several sites; spatial extent of investigated sites, short vs 

long transects) 

habitat structure : species diversity, substrate type, kelp bed structure 

investigated depth gradient of kelp bed  extent of depth distribution of kelp beds is 

dependent on water clarity of locality which may vary considerably between 

coastlines; this may influence distribution of associated fisheries as well 
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nutrient conditions of sites low vs high nutrient conditions may alter the whole 

food chain 

temperature climate of site (northern vs southern shores) annual temperature 

climate at investigation sites may strongly influence condition of kelp bed and 

associated fauna anf thereby exert an influence on associated fisheries 

Comparability of sites between studies will often not be given (exposed vs sheltered, 

northern /southern shores, species inventory of site (algae and invertebrates), 

temperature conditions, nutrients etc. 

Prey population status (declining, stable, increasing), 

      migratory/non-migratory target species for fisheries 

Study quality assessment 

Material found during the search will be categorized according to Table 1.  

 

Studies from categories I will be selected and classified based on the quality of the research 

conducted. Evidence falling in categories II-III will be considered. Evidence falling in category 

IV will be excluded unless there is some evidence that is considered relevant to the study. A 

list of excluded studies and reasons of exclusion will be provided. 

Data extraction strategy 

Relevant studies, based on the inclusion criteria, will be summarized in a table and the 

following information (if available) will be extracted: author, year, country and study area, 

studied organisms, methods and main results. 

Data synthesis and presentation 

If enough quantitative high quality data is found, a meta-analysis will be conducted. If the 

quality of data is not high enough to conduct a meta-analysis the outcomes of the studies 

will be summarized in tables. 
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Table 1: description of the categories of quality of evidence, organized after adaptation and 

modification of the guidelines and the hierarchy of evidence quality by Pullin & Knight 

(2001), Pullin & Knight (2003) and Pullin & Stewart (2006): 

Category Quality of evidence 
I Evidence obtained from quantitative, random and/or replicated studies. This include quantitative data 

obtained by estimates of abundance (biomass and/or percentage cover for seaweeds and abundance for 
fishes), along randomly chosen and appropriately replicated transects, sampling points and/or quadrats. 

II Evidence obtained from quantitative not properly designed studies (failing randomization, replication and 
control when applicable) 

III Evidence obtained from qualitative field evidence, descriptive studies or reports of expert committees 

IV Evidence inadequate owing to problems of methodology e.g. sample size, length or comprehensiveness of 
monitoring or conflicts of evidence 
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Annex A.3 - Systematic review on the effects of kelp 
changes on fisheries 

 

(cf. Chapter 4.3.3) 
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Summary 

1. Background 

Kelp forests are highly productive ecosystem engineers of rocky cold-water marine 

coastlines, providing shelter, habitat and food for a variety of associated organisms. Several 

factors have been related with an observed trend of kelp deforestation in some regions of 

the globe. The effect of this trend on fisheries has been poorly studied. The European 

directives addressing the conservation of marine habitats highlight the need to increase the 
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knowledge about the relationship between kelp forests and fisheries, which will also be very 

valuable for the definition of fisheries management measures. 

 

2. Objectives 

To assess if the changes in kelp forest density and/or area have an impact on fisheries. 

 

3. Methods 

Multiple surveys were conducted using electronic databases and the internet using a variety 

of keywords. 

Selection criteria 

. Subjects: fisheries; all species with commercial value were included 

. Intervention: differences in densities/areas ok kelp forest 

. Outcome: indicators of change in health (abundance and diversity) of fisheries 

. Types of study: any study providing qualitative or quantitative evidence about the 

importance of changes in the densities and/or area of kelp forests in the fisheries quality. 

Data collection and analysis 

Data were extracted from the original studies and summarized in previously designed 

spreadsheets to minimize bias. A description of the selected studies and their main 

conclusions was done. 

 

4. Main results 

Total number of studies found from databases was 3886 records. 78 studies remained after 

selection based on title and abstract. From these, 44 articles were included in the review, 

from which a total of 9 studies were removed. From the studies retained as meeting the 

selection criteria 54,3% report positive relationships between kelp/algae abundance and 

changes in the associated assemblages of fishes, 31,4% report positive relationships 

between kelp/algae abundance and only part of the fish species or life phase of organisms 

studied and 8,6% report negative relationships between kelp/algae abundance and changes 

in the associated assemblages of fishes.  

 

5. Conclusions 
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Our results suggest that relationships between fisheries and changes in kelp forests are 

highly dependent on the species (kelps and fishes) considered. The majority of the studies 

used in the systematic review refer to the USA and thus there is not strong evidence 

available for the European species. As such this area needs further investigation. 

 

Main text 

1. Background 

Conservation and ecosystem-based management should take account of the 

contribution of coastal habitats to the functioning of marine ecosystems (Crowder and Norse 

2008). Kelp forests are key components of coastal Atlantic ecosystems and contribute greatly 

to species richness, and function as a reserve of biodiversity. These are highly productive 

ecosystem engineers of rocky cold-water marine coastlines, hosting an enormous diversity of 

species, including fish, mammals, invertebrates, other seaweeds and epibiota (Steneck et al. 

2002; Lorentsen et al. 2010). Many of these organisms are linked to the presence of kelp 

species (large brown algae) through a variety of trophic and habitat associations (Graham 

2004). This is the case for numerous species of fishes that use the kelp forests as feeding and 

nursery areas, and as a shelter from large predators (Norderhaug et al. 2005; Reisewitz et al. 

2006).  Thus, it is expected that changes in the abundance of kelp forest will affect fish 

abundance. Overfishing, harvesting practices, diseases and several natural and climate-related 

factors are often pointed out as drivers of kelp forests trends and kelp deforestation is 

widespread in some regions of the globe (Steneck et al. 2002). The impact of fishing in kelp 

forests systems, by removing top-predators and enhancing the abundance of herbivores is 

well documented (Fujita 1998). However, less knowledge is available about the impact of kelp 

forests density and//or area on fisheries. 

This information is very valuable in the context of fisheries policies and in the context of 

several European directives that take into consideration the conservation of marine habitats. 

Among these, is the Water Framework Directive that establishes a legal framework to protect 

and restore clean water across Europe and ensure its long–term and sustainable use. This 

directive links with the Marine Strategy Framework Directive with the objective of ensuring 

the “good environmental status” of all of Europe´s marine regions and sub-regions. The 

Habitats Directive has as a main objective the maintenance or restoration of protected 
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habitats and species listed in the Annexes at a favourable conservation status. In this context, 

this directive identifies as natural habitats with community interest the coastal and halophytic 

habitats that include reefs. Application of the Habitats Directive to the marine environment 

through the Natura 2000 network represents a key challenge for the EU biodiversity policy. 

Marine sites of the Natura 2000 network will provide protection, among others, to the 

habitats listed in Annex I of the Habitats directive including open seas and tidal areas (which 

include reefs), species listed in Annex II and marine species listed in Annexes IV and V. 

However, none of the marine species listed belongs to the benthic communities inhabiting 

reefs. These include primary producers, like kelp species, which condition might importantly 

affect other marine species listed in the habitats directive like fish species.  

This systematic review will provide policy makers with a compilation of knowledge, based 

on the best available evidence, about the relationship between kelp forests status (area 

and/or density) and fisheries. This information will be of undeniable importance for the 

definition of the management and conservation policies in coastal ecosystems. 

 

2. Objective of the review 

The main objective of this review is to provide policy makers with the available evidence 

about the impact of changes in kelp forest density and/or area on fisheries.  

Subject Intervention Outcomes Comparators Designs 

Fisheries  Changes in kelp forests 

densities and/or areas 

Indicators of change 

in health 

(abundance and 

diversity) of 

fisheries 

Different 

densities/areas of 

kelp forest 

Any study relating 

changes in abundance 

and diversity of 

fisheries with changes 

in kelp forests 

 

3. Methods 

3.1. Question formulation 

The question of the relationship between changes in kelp forests density and/or area and 

changes in abundance and diversity of fisheries, was identified as relevant by the scientific 

community and was considered of interested by the consulted stakeholders (DG 

Environment and DG Mare). A workshop involving 8 experts in kelp forests was held in 
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Brussels and the question addressed by the systematic review exercise was discussed and 

refined. 

 

3.2 Search strategy 

Relevant published studies were identified through computerized searches of the following 

electronic databases:  

. ISI Web of Knowledge (searched by topic) 

. Electronic Databases available through the Virtual Library of the University of O´Porto: 

*Springer 

*Elsevier 

*Science Direct) 

. Directory of Open Access Journals 

Only English, French, Spanish and Portuguese written documents were considered. 

Searches were carried out using every possible combinations of the following two groups of 

search terms, linked with the Boolean operator “AND”. 

 

GROUP 1  GROUP 2 

Kelp  

 

 

 

 

 

“AND” 

Foodweb 

Alaria esculenta Fisheries 

Laminaria cucullata Fish 

Laminaria digitata Functioning 

Laminaria flexicaulis Canopy removal 

Laminaria hyperborea Community 

Laminaria intermédia Ecology 

Laminaria ochroleuca Nursery 

Laminaria rodriguezii Food 

Laminaria saccharina Habitat engineering 

Laminaria solidungula Habitat complexity 

Saccorhiza dermatodea Harvesting 

Saccorhiza polyschides Removal 

Saccharina latíssima Seafood 

Undaria pinnatifida Shrimps 

 Shellfish 

The following internet searches were also conducted: 
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. Google scholar 

. Scirus 

Only the first English, French, Spanish or Portuguese written 50 records (word and/or pdf 

documents) were considered. 

All references retrieved from the computerized databases were exported to a bibliographic 

sotware package (Endnote X4) prior to assessment of relevance using inclusion criteria. 

 

3.3. Study inclusion criteria 

Articles were filtered by title and abstract to assess their relevance to the systematic review 

question.  

Articles were read and selected based on the presence of the identified subject and 

outcome.  

Relevant population: kelp forests including infralitoral and subtidal species 

Exposure: changes in Kelp forest density/area. 

Outcome: changes in abundance and diversity of associated species of fishes. 

 

3.4. Data extraction 

To extract information from selected studies, a compilation of quantitative and qualitative 

data from each of the studies was done. The following information was extracted: 

. Information about the study: authors, publication year and journal 

. Information about the study area: study area, country, latitude, longitude, tidal level, 

depth, extension of the area studied, total extent and extent per site. 

. Information about the study design: study years, periodicity, nature of data, study design, 

organisms studied and number of sites. 

. Information about the intervention: exposure, comparator and outcome. 

. Information about the variables measured: measurement units, measurement units size, 

variable measured and diversity/abundance. 

. Information about the analyses: statistical test, statistic, treatment effect, value (statistic), 

p-value, df, source and SR. 

. Information about comments and quality assessment: Methods/study design/repetitions 

and result presentation/reliability/missing values.  

. Information about the summary of the study: fit with purpose, notes and summary. 
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3.5. Data synthesis 

After compiling relevant information from each study and eliminate those which did not fit 

the purpose of the systematic review, the reviewers completed a qualitative assessment of 

each study. 

 

4. Results 

4.1. Review statistics 

Our search strategy returned a list of 3886 records. After selection based on title and 

abstract, 78 articles met the inclusion criteria and were selected for review as full text. This 

accounts for a search effectiveness of 2.0%.  

From these, 69 articles were downloaded (9 articles were not accessible with the search 

engines available). 44 of these articles were read as full text and a data extraction database 

was used to determine if the studies were appropriate for the qualitative or quantitative 

analysis. After filling the data extraction database, a total of 9 studies were removed as they 

did not fit the purpose of the systematic review (Table 1). 

 

Table 1: Number of papers included at each stage of the systematic review 

Systematic review stage N of articles 

Studies retained using search terms in electronic 

databases (excluding duplicates) 

3886 

References remaining after inclusion criteria 

assessment 

78 

Studies accessible through available search engines 69 

Articles read as full text 44 

Relevant studies remaining meeting the purpose of 

the systematic review 

35 

 

4.2. Description of the studies 

From the studies selected as meeting the purpose of the systematic review, 80% refer to 

scientific papers published after 2000. The huge majority of the studies to field experimental 

works with only one work describing a laboratory based experiment. 
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Studies selected as relevant for this systematic review were mainly performed in the USA, 

although some studies done in Europe, Australia, South America, New Zeland and Korea 

were also retained (Figure 1).  

The majority of the data included in these studies quantitative for fisheries species while for 

algae the number of quantitative and qualitative studies is balanced (Figure 2). 

Organisms studied were mainly fish species with only one study reporting on the effects of 

kelp forests in lobsters. Individual kelp species were more frequent in the articles used in the 

systematic review than kelp beds or several canopy species (Figure 3). 

Most of the studies related changes in fisheries with changes in algal abundance while a 

minority used changes in habitat type as the variable driving changes in fishery resources 

(Figure 4). 

The majority of the studies reviewed reported changes in fish abundance as the response 

variable studied to access the effects of changes in kelp forests in fisheries (Figure 5). Other 

variables include changes in habitat preference, mortality, recruitment and behavior Figure 

5). 
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Figure 1: Countries from where the studies selected for the systematic review were 

developed 
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Figure 2: Type of data (quantitative/qualitative) and organism (algae/fishes) reported in the 

studies selected for the systematic review. 
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Figure 3: Type of target organism studied in the articles retained for the systematic review. 

 
Figure 4: Driver studied as causing changes in fisheries 
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Figure 5: Response variable studied to access the effects of changes in kelp forests in 

fisheries. 

 

From the studies selected as meeting the purpose of the systematic review, 54,3% of the 

studies report positive relationships between kelp/algae abundance and changes in the 

associated assemblages of fishes. From these, 8 studies relate kelp/algae abundance with 

the abundance of fishes, 4 with the presence of fishes, 4 with the diversity of fishes, 1 with 

the mortality of fishes, 1 with the recruitment of fishes and 1 with the feeding behavior of 

fishes (Table 2). From the total number of studies, 31,4% report positive relationships 

between kelp/algae abundance and only part of the fish species or life phase of organisms 

studied. From these, 6 refer to effects in the abundance while 3 report to effects in the 

presence of fish species and 2 refer positive effects on the abundance of fish juveniles but 

not in adults.   
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Studies reporting negative relationships between kelp/algae abundance and changes in the 

associated assemblages of fishes account for 8.6% of the total number of studies. From 

these 2 studies relate kelp abundance with the presence and 1 with the abundance of fishes. 

2.9 % of the studies did not found relationships between kelp/algae abundance and changes 

in the associated assemblages of fishes. 

Positive relationship between kelp/algae abundance and the abundance of lobsters were 

reported in 2.9 % of the studies. 

 

Table 2: Main conclusions of the studies reviewed 

Result of the study Authors and Year 

Positive relationship between kelp/algae 

abundance/presence and the abundance of juveniles but no 

effects on adults 

Guideti P & Boero F (2004), Lorentsen et al 

(2010) 

Positive relationship between kelp/algae 

abundance/presence and the abundance of fishes 
Anderson TW (1994), Levin PS & Hay ME (1996), 

Nelson PA (2001), Willis TJ & Anderson MJ 

(2003), Sanchez-Camara J et al (2006), Vanella 

FA et al (2007), Johnson SW et al (2010)  
Positive relationship between kelp/algae 

abundance/presence and the presence of fishes 
Palma AT & Ojeda FP (2002), Lowe CG et al. 
(2003), Hamilton J & Konar B (2007), Lazzari MA 
(2008) 
 

Positive relationship between kelp/algae 

abundance/presence and the mortality of fishes 
Anderson TW (2001) 

Positive relationship between kelp/algae 

abundance/presence and the recruitment of fishes 
White JW & Caselle JE (2008) 

Positive relationship between kelp/algae 

abundance/presence and the diversity of fishes 
Levin PS & Hay ME (1996), Bracken et al. (2007), 

Williams GJ et al (2008), Johnson SW et al 

(2010) 

Positive relationship between kelp/algae 

abundance/presence and the feeding of fishes 

Norderhaug KM et al (2005) 

Positive effects of kelp/algae abundance in the 

abundance/presence of only part of the fish species studied 
DeMartini EE & Roberts DA (1990), Anderson 

MJ & Millar RB (2004), Edgar et al (2004), 

Graham MH (2004), Salter ZT et al (2010), 

O'Connor KC & Anderson TW (2010)  
Positive effects of kelp/algae abundance/presence in the 

presence of only part of the fish species studied 
Dean TA et al. (2000), Lazzari, MA & Stone BZ 

(2006), Kingsford MJ & Carlson IJ (2010) 

Negative relationship between kelp/algae Wehkamp S & Fischer P (2012), DeMartini EE et 
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abundance/presence and the presence of fishes al (1989) 

Negative relationship between kelp/algae 

abundance/presence and the abundance of fishes 

Schmitt RJ & Hoibrook SJ (1990) 

No effects of kelp/algae abundance and the 

abundance/presence of fishes 

Angel A & Ojeda FP (2001) 

Positive relationship between kelp/algae 

abundance/presence and the abundance of lobsters 

Bologna PAX & Steneck RS (1993) 

 

5. Discussion 

Although this review was designed to cover all the geographical area of distribution of kelp 

species, much less evidence was found outside of the United States than in all the other 

regions. However, the majority of the studies included on this review report on recent data 

collected after 2000 and are based on qualitative works for fisheries. For algae, qualitative 

data are used in approximately half of the studies mainly because some of them relate 

abundance of fishes with habitat type and not with algae abundance. 

The results of this review show that the effects of kelp/algae abundance on fisheries are 

highly dependent on species identity both for the fish and for the algae species considered. 

In some of the studies including different fish species and/or algae species, positive effects 

of algae presence/abundance were found for some fish species but not for others. Also some 

studies demonstrated effects of changes in algae abundance/presence in some phases of the 

life cycle (mainly juveniles) but not in others (mainly adults). 

However, the majority of the studies included in this review demonstrated evidence of 

positive relationships between kelp/algae abundance/presence and fisheries health 

measured either as abundance, presence, mortality, diversity, recruitment and/or increased 

feeding of fisheries species. 

Finally this review demonstrated that effects of changes in kelp forest abundance/area on 

fisheries are far better studied for fishes than for other fisheries species.  
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Annex A.4 - Adaptive Management of European Kelp 
Forests 

 

(cf. Chapter 4.3.4) 
Coordinated by Luis Santamaría and Isabel Sousa Pinto

Abstract:
The Adaptive Management of kelp forests was discussed in a workshop that aimed at bringing 
together a representation of different stakeholders (such as scientists, practitioners, policy 
makers, fishermen and conservation NGOs). The workshop was preceded by a preparatory 
phase in which participants were interviewed using a semi-structured questionnaire. Several 
techniques of participatory modelling were used to identify the main drivers, knowledge gaps 
and uncertainties involved in the aim sustainable use of kelp forests, an subsequently used to 
identify recommendations for the adaptive management strategy. First, the adaptive 
management session was prepared by a session in which the results of the expert assessment 
and systematic review work were presented, as well as two keynote presentations by the main 
data and knowledge holders from Europe (Norway and UK). This preparatory session was 
used to derive a first set of recommendations, which was reviewed during the second part of 
the workshop. Second, a keynote presentation on adaptive management and a card-sorting 
exercise on uncertainties was used to set the framework for the collaborative modelling 
exercise that took place on the second day. Third, we used techniques of collaborative 
modelling to build a joint conceptual model focused on establishing the key steps  necessary 
to achieve a commonly set goal and their inter-relationships. The model was used to identify 
key constrains, knowledge gaps and uncertainties affecting the achievement of such goal. 
Finally, based on the joined experience accumulated by the group and the materials produced 
(initial recommendations, conceptual model, key knowledge gaps and uncertainties), the 
group derived the final set of recommendations.
Given the recent finalization of the workshop, we only provide a succinct enumeration of the 
main results. 
 
 
 
Preparatory phase 
During this phase, we contacted xx stakeholders, of which 16 aggreed to be be interviewed 
and 13 agreed to participate in the workshop (although two last-minute canecllations 
reduced this number to 11 workshop participants). The 16 interviewees worked at 7 
different European countries, showed a balanced gender ratio (8:8) and were dominated by 
academic experts that monitored or researched kelp forests (14, as compared to 2 that 
managed kelp forests). They defined the geographic scale of their expertise as primarily local 
and national, although some declared to have regional expertise (and only a few considered 
that they had global expertise). Most of them (13 out of 16) participated in previous phases 
of the case study, primarily on the expert assessment but four of them also on the 
systematic review. Almost two thirds of them (10 out of 16) were familiar with the 
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methodologies of “adaptive management” or “collaborative adaptive management”, 
although none had used them before. 
 

  

  
Figure 1: Characteristics of the participants of the preparatory phase. 
 
Participants considered European kelpbeds to be predominantly in moderate or poor status, 
with a trend towards identifying more favourable conservation status at smaller geographic 
scales. They also considered that European kelp forests showed predominantly a negative 
trend (“worsening”) at all geographic scales.  
 

  
Figure 2: Assessment of the status (left) and trends (right) of European kelp forests, at 
different geographic scales. 
 
Only half of the participants (7 out of 16) identified existing agencies involved with the 
management of kelp forests at their region or country of expertise. These were all public 
agencies working at local or national level. Participants considered that they were doing a 
moderately good job (3 good, 2 moderate, 2 poor) in terms of ensuring kelp forest ecological 
status. Five out of 16 participants also identified agencies indirectly related to kelp forest 
management, most (all but one) operating at national level and doing a moderately good job 
(1 good, 3 moderate, 1 not evaluated). 
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One third of participants (5 out of 16) identified institutions (defined as “rules of the game”, 
including formal and informal regulations, norms and codes of conduct) directly involved 
with the management of kelp beds, defined at local to national scale. 
 
Participants considered also that there was a reasonably good availability of scientific 
knowledge, comparable at all geographic scales, to support the management of European 
kelp forests – although 40-50% of them qualified such availability as “poor”. The assessment 
was more negative for the availability of practical know-how, which was rarely considered as 
“good” or “very good” and, in one third of cases, was qualified as “bad”. Participants also 
identified 35 knowledge-gaps and made 19 know-how gaps for kelp forest management, 
which must be analyzed in detail.  
 

  
Figure 3: Assessment of the availability of scientific knowledge (left) and practical know-how 
(right) for the management of European kelp forests, at different geographic scales. 
 
One quarter of participants considered that there are adequate channels/mechanisms to 
generate (4 out of 15 answers) and incorporate (3 out of 13 answers) scientific knowledge 
relevant to the management of kelp forests. Participants made 17 and 15 suggestions for 
improvement in these two areas, which must be analyzed in detail. 
 

 
Figure 4: Assessment of degree of certainty with which participants felt that they could 
make predictions about the effects of anthropogenic drivers and/or management actions on 
European kelp forest ecosystems. 
 
Despite these knowledge gaps and the predominant view about the absence of adequate 
mechanisms to overcome them, participants felt that they could make predictions about the 
effects of anthropogenic drivers and/or management actions on kelp forest ecosystems with 
a moderately high level of certainty – particularly at larger spatial scales (European and 
national). They identified 32 sources of uncertainty that must be analyzed in detail.  
 
Most participants (8 out of 10 answers) felt that there is a alck of adequate tools or 
mechanisms to account for the effects of these when making decisions about the management 
of kelpbeds. They made 15 suggestions for improvement, which must be analyzed in detail.
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Adaptive managment workshop 
 
Eleven of the 16 participants joined the Adaptive Management workshop, which had the 
following elements: 

First day: 

An introductory session in which, followingtwo keynote presentations on current 
population trends in the UK and harvest-regulation options in Norway, the results of the 
expert assessment and systematic review work were presented. This preparatory session 
was used to derive a first set of recommendations, which was reviewed during the 
second part of the workshop.  

A keynote presentation on adaptive management, followed by discussion. 

A card-sorting exercise on uncertainties, used to set the framework for the collaborative 
modelling exercise that took place on the second day.  

Second day: 

Based on techniques of collaborative modelling, participants built a joint conceptual 
model focused on establishing the key steps necessary to achieve a commonly-set goal 
(“kelp ecosystems are managed in a way that ensures their sustainability, defined as 
their capacity to provide goods and services whilst maintaining their structure and 
functions”) and their inter-relationships. The model was used to identify key constrains, 
knowledge gaps and uncertainties affecting the achievement of such goal.  

Based on the joined experience accumulated by the group and the materials produced 
(initial recommendations, conceptual model, key knowledge gaps and uncertainties), the 
group derived the final set of recommendations.  

These recommendations, together with an introductory paragraph, were used to 
produce a policy brief, which is currently undergoing a consultation/validation procedure 
amongst all participants. 
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