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Monitoring is at the core of applied ecological
research, providing invaluable insights on 
patterns and processes underlying the 
dynamics of ecosystems. Monitoring is also
essential for environmental policy, since
systematic collections of data are necessary
to inform the adaptive management of 
environmental issues, whether concerning the 
assessment and mitigation of human impacts, 
the effectiveness of conservation strategies, the 
success of restoration actions or the 
surveillance of the ecological quality status of 
ecosystems.

The concept of monitoring intrinsically implies
performing replicated observations through
time, since single assessments cannot provide
a comprehensive characterization of systems
being investigated. This because communities
and ecosystems are not static entities, which
are subject to a complex interplay of processes
acting at a range of spatial, but also, temporal
scales, and historical data are often a 
prerequisite for a deeper understanding of 
mechanisms driving ecological changes

The importance of monitoring



A number of monitoring
strategies exists depending on 
the aspect of conservation
under study.
Monitoring is not only related to 
bio-physical effects, but also to 
socio-economic consequences
of protection and governance
effectiveness

Monitoring what and how



Estimating the 
effect of MPAs
could be 
confounded by 
erroneus selection
of appropriate 
control sites or 
due to intrinsic
features of the 
MPA/controls

Potential confounding effects

Smallhorn-west et al. 2019



Potential confounding effects



Appropriateness of MPA studies

Guidetti & Claudet 2010



1) The social factors are seldom explicitly considered or quantitatively evaluated. When
protection was not enforced and fishing continued to occur within the MPA, an MPA is just a 
paper park and no protection effects should be expected. Actual enforcement and 
compliance, and not the formal MPA establishment, must be considered as the true starting
point of protection.

Guidelines for improving biological monitoring

2) The choice of the indicators should be clearly linked to the MPA goal(s), the hypothesis
tested and the pre-existing knowledge. For example, species richness, which seldom
responds to protection, should be used only when the specific MPA goal is to enhance
biodiversity. On the other hand, indicators that perform well in responding to cessation of 
fishing (e.g. density and size of commercial fish) should only be used when the specific
MPA goal is the recovery of target populations.
3) Habitat structure (both heterogeneity and complexity) affects indicators of the response
to protection. Since MPAs are often established in complex and heterogeneous habitats, we
need to distill the effects of protection from those attributable to habitat features.

4) MPA size and age may exert a strong influence on the response to protection of fish, 
invertebrates and the whole marine community

5) Quantifying the actual fishing pressure occurring outside a MPA, the potential spillover
across MPA boundaries, as well as human behaviour in control areas (e.g. displacement
effects) is essential for an appropriate assessment of MPA effectiveness

Guidetti & Claudet 2010



Work flow for monitoring plan
MPA objectives

Appropriate 
indicators for MPA 

objectives

Ranking indicators
for priorities

All indicators can 
be assessed

Identifying
relationships

among indicators

Using priorities to 
select the subset of 

indicators

Estimating
resource needs for 

monitoring

Available
resources are 

sufficient

Assessment: who
and when

There is a 
plan to gain 

funds

Planning for 
obtaining resources

Implementation of 
funding plan

Yes

No

No

Yes

No

Yes

Implementation of monitoring
programmes 

Data collection (sampling, sample 
analysis, data handling)

Data analysis and data checking



Work flow for monitoring plan
Data analysis and data checking

Data are 
reliable

Yes

No

Identifying causes of error
and modifying monitoring

plans accordingly

Implementation of 
monitoring programmes 

Data collection (sampling, sample 
analysis, data handling)

Independent assessment
of results

Sharing results with 
recipients

MPA 
objectives
are fully
achieved

Yes No

Retain current
management strategies

Use results to 
adapt/correct

management strategies

Repeat the process



MPA biophysical scopes

Abundance of focal species

Population structure of focal species

Habitat complexity and distribution

Community structure

Recruitment rates

Integrity of trophic web

Fishing practices, fishing pressure, 
and income

Water quality

Recovery

Human impacts

INDICATORS



An example

1. Conservation
of marine 
resources

1A. Populations or target species
are maintained

1B. Biodiversity loss or disruption
of structural and functional
components of ecosystems is
prevented

1C. The exploitation of target 
species is avoided in critical
areas or periods

1D. Recruitment of fish stock 
increase or is maintained within
the MPA

I1. Abundance of focal species
I2. Population structure of focal species
I5. Fishing pressure and incomes

I3. Habitat distribution and complexity
I4. Community structure
I6. Water quality

I1. Abundance of focal species
I7. Human impacts are reduced or absent
I2. Population structure of focal species
I4. Community structure
I5. Fishing pressure and incomes

2. Conservation
of marine 

biodiversity

2A. Human threats are reduced
or prevented within and 
outside the MPAs

I4. Community structure
I6. Water quality
I7. Human impacts are reduced or absent

Recrutiment rates
Integrity of trophic web
Recovery

Aims Objectives Indicators

I1. Abundance of focal species
I2. Population structure of focal species
I5. Fishing pressure and incomes



Indicators used
I1. Abundance of focal species

I.2 Population structure of focal species

I3. Habitat complexity and distribution

I4. Community structure

I5. Fishing practices, fishing pressure, and income

I6. Water quality

I7. Human impacts

Diplodus sargus – Diplodus vulgaris – Paracentrotus lividus – Arbacia lixula –
Posidonia oceanica – Cystoseira spp. – other inverterbrates

Size classes in populations of focal species

Habitat mapping and comparison with previous assessment

Species composition and relative abundances in fish and benthic assemblages

Analysis of fish catches and economic value of landed catches

Monitoring of water quality (pollutants, organic, etc.)

Analysis of human impacts in the area, cumulative pressure mapping



Focal species
Cystoseira spp.: habitat former, SPAMI protocol

Caulerpa cylindracea: invasive species

Posidonia oceanica: ecological importance, Habitat Directive, SPAMI protocol

Axinella spp.: protected SPAMI protocol

Cladocora caespitosa: endemic, SPA-BD protocol

Eunicella spp.: ecological relevance

Diplodus sargus, D. vulgaris, Sparus aurata, Dentex dentex, Dicentrarchus
labrax: ecological relevance as predators, commercial species

Epinephelus marginatus, Sciaena umbra: species of natural interest, 
commercial target, regulated SPAMI protocol

Paracentrotus lividus, Arbacia lixula: ecological role as herbivores, potential 
cascading effects, exploitation regulated SPAMI protocol



Socio-economic objectives



Socio-economic indicators
Use of local marine resources

Local belief on marine resources

Awareness of human impact on resources

Perception of availability of fish resources

Perception on the exploitation of local resources

Perception of non-use value

Life style

Quality of public health

Distribution and sources of income

Employement types

Infrastructures and public activities

Market 

Knowledge of natural history

Position of leadership of stakeholders

Changes in conditions of historical or natural
monument/features



Governance objectives



Indicators for governance
Conflicts on marine resource uses

Existence of a magement body and decision making

Existence of a management plan

Existence of MPA regulation

Local understading of MPA regulation

Availability of administrative resources

Scientific research and guidance

Existence and activity of other bodies

Environmental education initiatives for 
stakeholders

Participation and compliance of stakeholders to 
MPA regulation and management actions

Involvement of stakeholders in surveillance of MPA 
regulations

Clarity of regulations

Interaction among the MPA and stakeholders

Position of leadership of stakeholders

Sensitiveness of stakeholders to sustainability

Enforcement

Level of information to increase compliance and 
participation


