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Direct, in-situ measurements, 
observations, & samples

Description

This approach includes water sampling where water samples are taken to a 
laboratory for analysis, the measurement of water quality parameters in the field 
with an instrument or testing kit, collection of data through the use of a passive 
sampler, or the deployment of a data logger to collect data continuously over a 
set period of time.  

When & why to use

This approach is quite versatile and widely used, and there many situations where 
this approach is recommended as a way to assess pollution:

Personnel requirements   
& skills needed

Trained personnel are required to 
undertake sampling and experimental 
design and data collection, 
management, analysis, evaluation, and 
communication. In addition, specialized 
trained staff may be required to 
perform laboratory analyses. Personnel 
should also have ongoing access to 
training to keep up with latest methods 
and technologies. 

• To identify the sources of pollution.

• To detect and/or measure concentrations of 
specific pollutants.

• To determine pollution loads entering aquatic 
environments (surface, ground, coastal and 
marine waters).

• To determine the spatial extent and patterns 
of pollution in aquatic environments.

• To determine whether water bodies comply 
with water quality criteria and/or standards.

• To determine if an area is safe for contact and/or non-
contact recreational activities including swimming. 

• To determine if an area is safe for fishing or, aquaculture

• To assess the impact of flood plumes (event sampling).

• To track changes in water quality due to changes in policy, 
legislation, regulations,  management interventions,   
or land-use.

© Zoom Fiji

Equipment needed 

• Water sampling equipment, including: sample 
containers, preservatives, reagents,  niskin 
bottles or buckets for water collection, sampling 
pole (if needed), filters and syringes, personal 
protective equipment,  a cooler, and ice.

• Specialized equipment and instruments, such 
as: automatic pump samplers (auto-samplers), 
passive samplers, multi-parameter water quality 
instruments and sensors, Secchi disk, water 
testing kits, data loggers, GPS, and boats, fuel, 
and driver if sampling offshore.

• A laboratory to analyze samples.

Budget requirements

Costs derived from sampling can vary widely 
depending on several factors, including: 

• Size of the area of interest.

• Pollutants of interest.

• Number and distribution of sampling sites.

• Sampling frequency.

• Reagents or preservatives required.

• Transport for sampling and sample retrieval to a 
laboratory for further analysis.

• The equipment, instruments, sensors, and 
methods required to detect selected parameters.

• Permits required.

• Costs associated with field work, including land 
and marine transportation and equipment. 

© Zoom Fiji
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Pros

• Provides accurate and precise information 
about specific pollutants in the water column 
at the particular point and time when the direct 
measurement is taken (Cooper et al., 2009; Ritchie et 
al., 2003; Yang et al., 2022).

• Can measure a wide range of pollutants and water 
quality parameters.

• Can be incorporated into citizen and community 
science programs.

Cons

• Can be time-consuming and laborious.

• Subject to fluctuations as tides, winds, currents, 
temperature, and rainfall patterns vary, making 
investment into repeated sampling and long-term 
monitoring critical. 

• May require specialized equipment and instruments.

• Expensive for large-scale or frequent discrete 
sampling.

• Often requires auxiliary information to be collected 
about the water, such as temperature or salinity, 
which may require an additional piece of equipment.

• Access to sites for data collection may be restricted.

• Collection and preservation of lab samples require 
standardized protocols and conditions, such as 
keeping the sample cold during transport, limited 
holding times for samples to be analyzed, and access 
to a certified laboratory in a relatively short distance.

• Challenging to find laboratories to analyze less 
routinely monitored parameters. 

• Certain analyses, such as any involving genetics, 
can be very expensive.

• Data collected through direct measurements 
can be extensive and complex, so proper data 
management will be key.

• Does not adequately predict or reflect the 
condition of the ecosystem (Gibson et al., 2000; 
Goonan et al., 2012).

Spatial scale of information

In general, costs will scale linearly with the size of the 
area of interest  and the level of effort (i.e., number 
of samples, number of sampling sites, and sampling 
frequency). Due to budget constraints, monitoring is 
usually conducted on a small spatial scale.

External resources with more information

• DENR, 2008

• DES, 2018

• Núñez-Vallecillo et al., 2023

Example questions that can be answered 
with this approach

• Are water quality standards being exceeded?
• Are there banned substances present?
• Is the source of fecal contamination animal   

or human?
• Is the water safe for recreational activities?

• The ASEAN Secretariat, 2008

• US National Office for Harmful Algal 
Blooms, 2019

Ecological monitoring of 
bioindicators

Description

Monitoring of pollution-specific bioindicators can be used to 
assess the impact of pollution, as they reflect the overall health 
of ecosystems (Gibson et al., 2000; Zaghloul et al., 2020). They are 
defined as biological responses that are a) specific towards a driver of 
change or stressor, b) reflective of the magnitude of any changes, c) 
consistent across different scales, d) cost-effective, and e) ecologically 
relevant (Cooper et al., 2009). 

© Tom Vierus
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Pollutant 
Type

Common Parameters for 
Ecological Monitoring of 
Coral Reef Bioindicators

What it Can Tell Us About 
Pollution

References

Sediments  o Coral tissue necrosis

 o Coral mucus sloughing

 o Sediment laden turf 
algae cover

 o Turf algae length

Sediment can settle on coral, 
causing the coral polyps to generate 
mucus to try and remove it, which 
compromises their health from extra 
energy use. Eventually, if there is too 
much sediment, the polyps can die, 
creating dead patches on colonies 
that are often covered in sediment.

Sediment can settle in turf algae, 
which suppresses herbivory, causing 
turf algae to grow. The sediment 
gets trapped in the algae, and is 
less likely to be resuspended and 
cleared from the system. Sediment-
laden turf algae can create positive 
feedback loops that lock coral reefs 
into a degraded state. 

Bessell-Browne et al., 2017;

Goatley et al., 2016 Pollock   
et al., 2014; 

Tebbett and Bellwood, 2019;  

Nutrients 
and organic 
matter

 o Macrobioeroding 
organisms

 o Coral disease

 o Turf algae cover

 o Macroalgae cover

 o Benthic cover of 
cyanobacterial mats

 o Zoanthid cover

 o Percentage of epiphyte 
cover on seagrass

 o Percentage of dead 
leaves in seagrass 
meadows

Nutrient enrichment and increases 
in organic matter can result in 
the proliferation of turf algae, 
macroalgae, macrobioeroding 
organisms, epiphytes, and zoanthids. 
Increases in nutrients can also create 
conditions that are more favorable 
for microorganisms to proliferate, 
causing coral disease. 

Increases in nutrients as well as 
changing ratios of nitrogen and 
phosphorus can cause benthic 
cyanobacterial mats to proliferate. 

Changes in reef benthic composition 
and increases in epiphytes on 
seagrass can create positive 
feedback loops that lock the 
ecosystems into degraded states. 

Bruno et al., 2003; 

Cooper et al., 2008; 

Fabricius et al., 2012; 

Ford et al., 2017, 2018; 

Le Grand and Fabricius, 2011; 

Lamb et al., 2016; 

Larsen et al., 2023; 

McClanahan et al., 2007; 

Vaughan et al., 2021
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Spatial scale of information

In general, costs will scale with the number of days 
of fieldwork required and whether monitoring is 
conducted from a liveaboard vessel or from daily trips 
from shore. There, the total budget and monitoring 
logistics will dictate the spatial scale at which data can 
be collected.

Equipment needed

The equipment needed will depend on the 
ecosystem being sampled, but will generally involve 
transportation to reach the field site, GPS, a transect 
tape or quadrats, a notebook or slate to record 
data, snorkel or SCUBA equipment if relevant, and a 
computer to store and analyze data. 

Budget requirements

• Trained staff, plus training activities if needed. Most 
field sampling will require multiple staff to meet 
workplace safety regulations.

• Costs associated with field work, including 
transportation and equipment.

• Equipment requirements as detailed above.  

When & why to use

Monitoring of bioindicators should be conducted 
when trying to assess the impact of pollution on 
ecosystems or to track changes in ecosystem health 
in response to management of pollution. They are 
more sensitive to pollution than other metrics of 
ecosystem state, and therefore are a better early 
warning indicator of a problem or an early indication 
that pollution levels are reducing in response to 
management (Table 1).

Example questions that could be  
answered with this approach

• Are there detectable adverse impacts of pollution 
on ecosystem condition?

• Have management interventions resulted in 
changes to the ecosystem state?

Personnel requirements & skills needed

The level of taxonomic specialization and level of 
expertise required will depend on the methods 
used. When genus or species-level identification is 
necessary, compared to higher taxonomic levels, 
a well-trained taxonomist would be required 
(Gibson et al., 2000). Otherwise, someone trained 
in monitoring and evaluation of the ecosystem of 
interest should be able to conduct bioindicator 
monitoring with the appropriate training. In 
addition, trained personnel will be required to 
analyze data to detect patterns over space   
and/or time.

Table 1: Examples of common coastal ecosystem pollution bioindicators. Note that this list is not exhaustive 
nor will all of these bioindicators be appropriate in all places, due to natural variability. We strongly 
suggest undertaking pilot studies to identify which bioindicators are present in your location. For all of the 
bioindicators listed below, the higher the prevalence of each one, the more degraded the water quality is
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Collection  
Type

Type of 
Assessment

What it Can Tell us About Pollution
Additional 

Information & 
Resources

Organism 
tissue

Bioaccumulation 
of pollutants

Concentration of pollutants within the tissue 
of marine species can identify if they have 
accumulated to unsafe levels for human 
consumption or population viability.

Fabbri and 
Franzellitti, 2016;

Madikizela and 
Ncube, 2022; 

Nalley et al., 2023

Organism 
tissue or 
skeleton; coral 
core

Stable isotope 
analysis

15N:14N stable isotope analysis can help 
differentiate if the source of nitrogen pollution 
is agricultural runoff or domestic wastewater. 
Stable isotope analysis along the length of a 
coral core can indicate how sources of nitrogen 
pollution have changed through time.

DES, 2018; 

Duprey et al., 2019;

Risk et al., 2009

F A C T S H E E T S  -  A P P R O A C H E S  T O  A S S E S S I N G 
&  M O N I T O R I N G  W AT E R  P O L L U T I O N

Biotic & abiotic sampling for   
further assessments

Description

The collection of organisms, organism components, or sediments to assess 
1) the bioaccumulation of a pollutant within the tissue or skeletal material of 
an organism; 2) physiological and anatomical abnormalities or deformities; 
3) changes in a system through time; and 4) sources of pollutants. Unlike the 
ecological monitoring  of bioindicators, this sampling approach requires 
samples to be collected and further analyzed in a laboratory with specialized equipment. 

When & why to use

The collection of organisms can be used to detect pollution exposure or impacts on biota at cellular, biochemical, 
or biological scale (Shahid et al., 2022). The collection of sediments or the preserved remains of organisms 
can provide a long-term record of pollution input (Duprey et al., 2019). This approach can provide an array of 
information on how pollution has changed over time and/or space and is influencing a system, which may not be 
otherwise apparent through routine ecological monitoring (Table 2). 

Table 2:  An example of different assessments that can be conducted on collected organisms or sediments 
that can help to understand water pollution impacts. Note that this list is not exhaustive

External resources with more information

• Coleman & Cook, 2007

• Gibson et al., 2000

• U.S. EPA, 2008

Pros

• Provides information on biological and 
ecological responses to pollution.

• A more stable indicator of pollution than 
discrete water samples.

• Reflects the cumulative effects of disturbances 
and is useful to assess the severity of impacts.

• Complements water quality data, by reflecting 
the cumulative impacts of human activities 
and disturbances in the biota of a waterbody.

Cons

• Pollution bioindicators vary with locations 
meaning that not all bioindicators will be 
relevant in different contexts. Pilot   
studies may be required to identify   
the most appropriate bioindicators.

• Not all species in the community will have the 
same type or severity of response to pollutants 
(Zaghloul et al., 2020). 

• Cannot be used to differentiate between 
sources of pollution.

• Not all pollutant types have a clear 
bioindicator, limiting this approach to a subset 
of pollutant types.

• Complex and can be time-consuming   
and costly.

• Bioindicators are affected by other factors not 
related to pollutants, such as temperature, 
disease, parasitism, competition, or predation, 
which can confound interpretation of results.

© Tom Vierus
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Collection  
Type

Type of 
Assessment

What it Can Tell us About Pollution
Additional 

Information and 
Resources

Whole 
organism

Histological 
assessment

Quantify the incidence of pathological tissue changes in 
the main organs. Assessment of gills or liver can tell us 
about biological impacts occurring within organisms that 
may not be detectable with ecological monitoring.

Corbett et al., 2014;

Schlacher et al., 
2007; 

Shahid et al., 2022

Whole 
organism 
or 
sediment 
core

Accumulation of 
microplastics

Accumulation of microplastics within organisms or 
sediment cores can provide information on microplastic 
hotspots and the risk to humans of microplastic ingestion 
from particular fisheries species.

Haave et al., 2021;

Hennicke et al., 2021; 

Littman et al., 2020

Whole 
organism 
or tissue

Genetic 
analysis of 
microorganisms

Genetic analyses can be used to identify the presence and 
prevalence of microorganisms within an organism, which 
can be used to indicate exposure to different pollution 
sources, identify drivers of disease, or determine the 
risk to humans from consumption of contaminated  
fisheries species.  

Razafimahefa et al., 
2019; 

Sutherland et al., 
2010; 

WHO, 2010

Coral 
skeleton

Linear extension 
rates and density 
measurements

Linear extension and density measurements of annual 
growth bands in coral skeletons provide estimates of 
whether colony growth rate differs in polluted water 
compared to unpolluted water. 

Browne et al., 2015; 

Thompson, 2021

Whole 
organism 
or tissue

Biomarkers Biomarkers are the biological responses  elicited from 
exposure to pollutants. They can be used to detect 
molecular and cellular changes in organisms prior to 
noticeable responses at the individual or population 
level. They are especially useful in detecting impacts from 
persistent organic pollutants, which cannot be reliably 
assessed through ecological monitoring of bioindicators.

Kadim and Risjani, 
2022; 

Sarkar et al., 2006

Sediment 
samples 
or cores

Foraminifera 
assemblage 
assessment 
(FoRAM Index)

Foraminifera have short life spans and respond quickly 
to environmental change. In reef environments, nutrient 
enrichment and increases in organic matter can change the 
assemblages in consistent and predictable ways, making 
them an important bioindicator for both recent and historic 
changes in water quality.

Narayan et al., 2022;

Prazeres et al., 2020

F A C T S H E E T S  -  A P P R O A C H E S  T O  A S S E S S I N G 
&  M O N I T O R I N G  W AT E R  P O L L U T I O N

Personnel requirements & skills needed 

• Trained technicians to collect, preserve, and 
transport samples. 

• Specialized trained staff to perform   
laboratory analyses. 

• Trained personnel to analyze and interpret data.

Equipment needed

Sampling equipment; preservatives and reagents; 
sample containers; coring device (push core for 
sediment core or pneumatic drill outfitted with 
core barrel and powered by air compressor for coral 
core); snorkeling or SCUBA equipment; access to 
laboratories that can conduct stable isotope, genetic, 
or tissue analyses; x-ray machines for detecting coral 
annual growth bands from coral cores; computer and 
software for analyzing coral annual growth bands or 
bioinformatics following genetic analyses.

Budget requirements

Specialized trained staff; snorkel or scuba diving 
training; equipment for sample or organism 
collection; costs associated with field work, including 
transportation and equipment; collection permits, fees 
for sample analyses; costs for laboratory analyses.

© Hans Engbers

Spatial scale of information

Due to budget constraints, it usually is conducted on a 
small spatial scalect.

Example questions

• Are there detectable adverse impacts of pollution 
on ecosystem condition?

• Have management interventions resulted in 
changes to the ecosystem state?:

• Are there detectable adverse biological/
physiological impacts on species?

• Is the nitrogen source predominantly from sewage 
or agriculture? (in-situ collection of biological or 
geological samples for stable isotope analysis)

• Are pollutants accumulating to unsafe levels in 
biota consumed by people?

• Have adverse impacts from pollution changed over 
time? (in-situ collection of biological / geological 
samples - sediment or coral cores)

• How are changes in coastal water quality related to 
land use and land cover change?
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Quantitative modeling

Description

Quantitative models such as pollutant transport models, hydrodynamic 
models, statistical models, or mechanistic models provide a transparent and 
repeatable way to investigate connections and relationships within systems 
and to inform decision-making management and development. They can be 
used to assess the extent and magnitude of a pollution problem; to provide 
insights into the dynamics of complex connections between the sources of 
pollution and the impacts on ecosystems; and to evaluate the efficacy of 
proposed management interventions or proposed development. 

When & why to use

Models can be used to quantify the amount of a 
pollutant that is likely to reach the coast and its 
main sources; map the dispersal of pollutants within 
coastal and marine environments; understand the 
relationship between pollutants and ecosystems; 
and make predictions about how changes in land-
use or management will influence these factors. 

Personnel requirements    
& skills needed

A person with a high degree of expertise in spatial 
analysis, environmental science, and coding 
is required to develop and perform   
quantitative modeling. 

Equipment needed

A computer capable of efficient data processing and 
datasets to create and parameterize models. 

Budget requirements

Specialized trained staff; high spec computers; data 
acquisition; field visits for model calibration.

Pros

• Allows for forecasting and hindcasting of changes.

• Very useful to inform decision-making on management 
or development.

• Can provide information on pollutant transport, fate, 
and behavior.

• Can simulate ecosystems’ responses to stressors and 
hydrodynamic behavior of flows. 

• Can be used for much larger spatial scales, so is very cost 
effective compared to other approaches listed above. 

• Can be used in data-limited environments.

• Can establish a relationship between pollution   
and ecosystems. 

Cons

• Longer time frames required to develop and 
parameterize models.

• Can be difficult to find local datasets for models.

• There are trade-offs between the spatial-scale at which 
models can be run and the availability and comparability 
of datasets available. 

• Requires up to date and reliable data to be very accurate.

• Lack of validation with in-situ data can impact the 
reliability of the results.

• There can be a high uncertainty in results due to 
assumptions about relationships and system responses 
required during model development.

External resources with more information

• Dardeau et al., 2004

• NOAA, 2023

• Reichelt-Brushett et al., 2023

© CM Turkmen

Pros

• Detailed information on biological and 
chemical interactions.

• Coring can allow for reconstructions of 
long-term patterns of pollution in the 
absence of monitoring efforts, from decadal 
to millennial time-scales.

• Provides information on the direct and 
indirect effects on organism physiology 
and biology, which may not be apparent 
through ecological monitoring. 

• Can act as an indicator of an organism’s 
population health in the ecosystem.

• Can provide important  information on the 
safety of fisheries species for consumption.

• Can be an early warning indicator of 
impacts from pollution. 

Cons

• Higher-level of expertise required for 
sample collection, preservation,   
and analysis than for routine   
ecological monitoring.

• Requires specialized equipment  
 for analyses.

• Analyses are expensive.

• Time-consuming and laborious analyses.

• Limited spatial and temporal information 
(with the exception of coring for temporal 
scale of information).

• Expensive for large-scale assessment.

• Complex data analysis and interpretation.
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Spatial scale of information

• Models can be developed for local to global spatial scales, but the desired spatial scale will have implications 
for processing times and data availability.

Example questions

• What are the current pollution loads in the area?

• What are the main sources of pollution in  
the watershed?

• Are there erosion hotspots?

• Which areas are most polluted?

• Have management interventions changed 
pollution loads?

External resources with more information

• Stanford University, n.d.

• SWAT, n.d.

• How will pollution loads change in the future based on 
current trends?

• How far can pollution spread in the    
marine environment?

• Will climate change effects influence rates of  
pollution in the watershed?

• Have management interventions changed  
pollution dispersal?

© Simon Albert

Personnel requirements & skills needed

There is a range of expertise required, depending on how remote sensing will be used. First pass analyses can be 
done by most with adequate training, while a well-trained analyst is needed to process satellite imagery using 
advanced analyses.

Equipment needed

• Computer equipment with high-processing and 
storage capacities. 

• GIS software or cloud/online storage and 
processing services.

• Alternatively, some datasets like Landsat or 
Sentinel-2 are freely accessible and can be 
processed online in Google Earth Engine for free.

When & why to use

• To investigate sources of erosion.

• To look for algal blooms.

• To track turbidity or poor water clarity in the 
nearshore waters.

Budget requirements

• Highly qualified analyst. 

• Computer equipment with high-processing 
and storage capacities. 

Remote sensing with  
satellite data

Description

Satellite data can be used to track and quantify turbidity and 
algal blooms in watersheds and coastal environments on a fine 
spatial scale. This can be as simple as utilizing images from Google 
Earth or using a drone, and it can be more complicated by either 
downloading or paying for satellite data from government agencies 
or paid providers.  Advanced analyses can help to determine the 
scale of the impact. Satellite images can be used following storms 
to determine the extent of pollution plumes. Often historical 
satellite data is available so that a comparison can be made.

• To track changes in land-use, for instance vegetation 
changes, impacts from fire, or new development.

• To detect and track large-scale pollution events and 
impacts such as sewage plumes, oil spills, and harmful 
algal blooms (Callejas, 2022).

• GIS software or cloud/online storage and 
processing services.

• Potential costs associated with acquiring high-
resolution or specialized satellite data.

https://earth.google.com/web/
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Pros

• There can be high temporal frequency in new data (i.e., 
a new satellite image every week), depending on the 
product used.

• Data available in digital form, therefore is easily readable 
for computer processing.

• High spatial and temporal coverage.

• Cost effective for large scale data gathering.

• Effective for areas with limited in-situ data available.

• Lots of available resources.

• Useful for areas with limited access.

• Potential for correlations between water column 
reflection and optical active components, such 
as transparency, chlorophyll-a concentration 
(phytoplankton), organic matter, and   
suspended sediments.

• Suitable for optical parameters in surface waters.

Cons

• Hard to analyze imagery when there is a cloudy system, 
which is also when water quality may be impaired.

• Very high-resolution satellite imagery is less   
freely available.

• If partnerships are not in place, access to imagery can be 
very expensive.

• There are only a few depths where the technique is 
optimal - too shallow or too deep and the information   
is limited.

• Difficulty to compare outcomes due to lack of a 
standardization system, and lack of validation data can 
impact on the reliability of the results. 

• Some studies have reported inaccurate results due to 
the interference caused by the presence of suspended 
material in turbid water bodies, especially close to coasts 
where there are shallow ecosystems. 

• Most pollutants do not change the spectral or thermal 
characteristics of surface water, making it difficult to  
use remote sensing to directly measure them (Ritchie  
et al., 2003). 

© Tom Vierus

Spatial scale of information

Remote sensing and spatial analysis can be conducted 
at local to global spatial scales, but the desired spatial 
scale will have implications for processing times and 
data availability. Additionally, resolution can vary, 
affecting the level of detail that can be discerned.

External resources with more information

• Devlin et al., 2023

• Earth Lab, 2017

• Gholizadeh et al., 2016

• NOAA, n.d.

• Yang et al., 2022

© Tom Vierus

Example questions that could be answered 
with this approach

• What are the main sources of pollution in   
the watershed?

• What is the spatial extent of pollution?

• Which areas are most polluted?

• What is the natural variability of water pollution in 
time and space?

• Has land-use changed over time?
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Indigenous & local knowledge 

Description

Dynamic bodies of integrated, holistic, social and ecological 
knowledge, practices, and beliefs pertaining to the relationship of 
living beings, including people, with one another and with their 
environments. Indigenous and local knowledge is grounded in place, 
is highly diverse, and is continuously evolving through the interaction 
of experiences, innovations and various types of knowledge (written, 
oral, visual, tacit, gendered, practical and scientific). Such knowledge 
can provide information, methods, theory and practice for sustainable 
ecosystem management (Burgos-Ayala et al., 2020; IPBES, 2017)).

When & why to use

This rich source of information can provide important insights into changes in the environment and resources over 
long time frames, as well as observed patterns, drivers, pathways, and impacts of pollution. It is an important source 
of long-term historical perspectives and temporal understanding of change and impacts. Indigenous Peoples have 
long-standing relationships with their surrounding environment, and their expertise and place-based stewardship 
practices should be elevated as critical components of any sustainable management plan.

Personnel requirements &  
skills needed

• Flexibility, versatility and adaptability to 
listen to and understand people’s ideas, 
perspectives, beliefs, and cosmovision 
(Alexander et al., 2019).

• Training in participatory and cross-cultural 
approaches (Alexander et al., 2019).

• Fluency in the local language   
where relevant.

• Ability to manage tensions and 
disagreements during communication and 
data collection (Alexander et al., 2019).

Inputs

• Time investment to build positive and trusting 
relationships between communities and external staff 
collecting data (Alexander et al., 2019), and engagement 
of local community members as project staff.

• Be prepared with a range of communication and data 
collection methods to use depending on knowledge 
needs and people preferences to communicate  
(Alexander et al., 2019).

Budget requirements

Staff trained in community and Indigenous engagement; 
interpreters; travel costs.

Equipment needed

Voice recorder, video camera, GPS, and 
other specific equipment depending  
on the knowledge needs, paper,   
and markers.

Pros

• Significant intimate and specialized 
knowledge with the environment (Pearson & 
Gorman, 2023). 

• Historical knowledge can provide information 
on decadal changes.

• Plays an important role in evidence-based 
decision making and environmental 
management (Alexander et al., 2019).

• Can significantly facilitate the inclusion of 
local actors and decision-makers in both the 
monitoring process and the interpretation  
of results, thereby fostering a more 
collaborative and inclusive approach to 
environmental management.

Cons

• Language barriers.

• Limited time of local people to participate 
due to community commitments/obligations 
(Thompson et al., 2020)

• Research fatigue of communities due to their 
participation in other projects (Thompson et 
al., 2020)

• Building trust can be difficult due to the 
perception that monitoring data can be 
used against Indigenous Peoples and 
local communities, given historical and 
contemporary power imbalances and 
breaches of trust (Thompson et al., 2020).

• Difficulties in keeping people engaged over 
long-periods of time, if needed (Thompson  
et al., 2020)

• Difficulties in maintaining funding for data 
collection in the long-term (Thompson  
et al., 2020).

• Some data is sensitive and cannot be shared 
with large audiences (Thompson et al., 2020).

© Srikanth Mannepuri
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Important considerations

• Free, prior, and informed consent must be given prior to 
participation in a project and any data collection.

• Results of projects must be communicated back to participants 
and communities in an accessible manner (Thompson   
et al., 2020). 

• Project results must be reviewed with communities prior to 
broader dissemination. 

• Define from the beginning data ownership and intellectual 
property rights (Thompson et al., 2020).

Spatial scale of information

Limited to people’s area of knowledge and interaction.

Example questions that could be answered with  
this approach

• What were the historical water quality conditions prior to 
intensive land change, agriculture, etc?

• Are there erosion hotspots?

• Which areas are most polluted?

• How far can pollution spread?

• Is the water safe for aquaculture, fishing, or   
recreational activities?

• What is the natural variability of water pollution in time   
and space? 

• Are there detectable adverse impacts on ecosystem or species 
condition, e.g., fish kills, algal blooms?

• What practices have been implemented previously to   
reduce pollution?

• Have management interventions or land-use changed  
pollution loads?

• Have management interventions or land-use changed  
pollution dispersal?

External resources with more information

• Kaiser et al., 2019

• Thompson et al., 2020

• Tsatsaros et al., 2020

© Elodie Van Lierde

Alexander, S. M., Provencher, J. F., Henri, D. A., Taylor, J. J., Lloren, J. I., Nanayakkara, L., Johnson, J. T., & Cooke, S. 
J. (2019). Bridging Indigenous and science-based knowledge in coastal and marine research, monitoring, and 
management in Canada. Environmental Evidence, 8(1), 1–24. https://doi.org/10.1186/s13750-019-0181-3

Bessell-Browne, P., Fisher, R., Duckworth, A., & Jones, R. (2017). Mucous sheet production in Porites: an effective 
bioindicator of sediment related pressures. Ecological Indicators, 77, 276–285. https://doi.org/10.1016/j.
ecolind.2017.02.023

Browne, N. K., Tay, J. K. L., Low, J., Larson, O., & Todd, P. A. (2015). Fluctuations in coral health of four common inshore 
reef corals in response to seasonal and anthropogenic changes in water quality. Marine Environmental Research, 105, 
39–52. https://doi.org/10.1016/j.marenvres.2015.02.002

Bruno, J. F., Petes, L. E., Drew Harvell, C., & Hettinger, A. (2003). Nutrient enrichment can increase the severity of coral 
diseases. Ecology letters, 6(12), 1056-1061. https://doi.org/10.1046/j.1461-0248.2003.00544.x

Burgos-Ayala, A., Jiménez-Aceituno, A., Torres-Torres, A. M., Rozas-Vásquez, D., & Lam, D. P. M. (2020). Indigenous and 
local knowledge in environmental management for human-nature connectedness: a leverage points perspective. 
Ecosystems and People (Abingdon, England), 16(1), 290–303. https://doi.org/10.1080/26395916.2020.1817152

Callejas, I. (2022). Monitoring coastal water quality with satellite data. Nature Reviews. Earth & Environment, 3(9), 
556–556. https://doi.org/10.1038/s43017-022-00337-1

Coleman, P. & Cook, F. (2007). Community Estuarine Monitoring Manual. Environment Protection Authority South 
Australia. https://www.epa.sa.gov.au/files/8539_cemm_a.pdf

Cooper, T. F., Gilmour, J. P., & Fabricius, K. E. (2009). Bioindicators of changes in water quality on coral reefs: review 
and recommendations for monitoring programmes. Coral Reefs, 28(3), 589–606. https://doi.org/10.1007/s00338-009-
0512-x

Corbett, P. A., King, C. K., Stark, J. S., & Mondon, J. A. (2014). Direct evidence of histopathological impacts of wastewater 
discharge on resident Antarctic fish (Trematomus bernacchii) at Davis Station, East Antarctica. Marine Pollution 
Bulletin, 87(1-2), 48–56. https://doi.org/10.1016/j.marpolbul.2014.08.012

Dardeau, M. R., Aronson, R. B., Precht, W. F., & Macintyre, I. G. (2004). Use of a hand-operated, open-barrel corer to 
sample uncemented Holocene coral reefs. In Hallock, P. & French, L.  (Eds.), Diving for Science in the 21st Century 2000, 
Proceedings of the American Academy of Underwater Sciences. https://www.researchgate.net/profile/Michael-Dardeau/
publication/243972728_Use_of_a_hand-operated_open-barrel_corer_to_sample_uncemented_Holocene_coral_
reefs/links/00b7d51d4d6c54b466000000/Use-of-a-hand-operated-open-barrel-corer-to-sample-uncemented-
Holocene-coral-reefs.pdf

Department of Environment and Natural Resources (DENR). (2008). Water Quality Monitoring Manual. Volume I - 
Manual on Ambient Water Quality Monitoring. https://water.emb.gov.ph/wp-content/uploads/2017/09/Water-Quality-
Monitoring-Manual-Vol.-1-ambient_14aug08.pdf

References



24 25

F A C T S H E E T S  -  A P P R O A C H E S  T O  A S S E S S I N G 
&  M O N I T O R I N G  W AT E R  P O L L U T I O N

Department of Environment and Science (DES). (2018). Monitoring and Sampling Manual: Environmental Protection 
(Water) Policy 2009. https://environment.des.qld.gov.au/__data/assets/pdf_file/0031/89914/monitoring-sampling-
manual-2018.pdf

Devlin, M. J., Petus, C., & Oubelkheir, K. (2023). Special Issue Overview: Advances in Remote Sensing and Mapping for 
Integrated Studies of Reef Ecosystems in Oceania (Great Barrier Reef and Beyond). Remote Sensing (Basel, Switzerland), 
15(10), 2505. https://doi.org/10.3390/rs15102505

Duprey, N. N., Wang, T. X., Kim, T., Cybulski, J. D., Vonhof, H. B., Crutzen, P. J., Haug, G. H., Sigman, D. M., Martínez‐García, 
A., & Baker, D. M. (2019). Megacity development and the demise of coastal coral communities: Evidence from coral 
skeleton δ15N records in the Pearl River estuary. Global Change Biology, 26(3), 1338–1353. https://doi.org/10.1111/
gcb.14923

Earth Lab. (2017). Earth Analytics Course: Learn Data Science. https://www.earthdatascience.org/courses/earth-
analytics/

Fabbri, E., & Franzellitti, S. (2016). Human pharmaceuticals in the marine environment: Focus on exposure and 
biological effects in animal species. Environmental Toxicology and Chemistry, 35(4), 799–812. https://doi.org/10.1002/
etc.3131

Fabricius, K. E., Cooper, T. F., Humphrey, C., Uthicke, S., De’ath, G., Davidson, J., LeGrand, H., Thompson, A., & Schaffelke, 
B. (2012). A bioindicator system for water quality on inshore coral reefs of the Great Barrier Reef. Marine Pollution Bulletin, 
65(4-9), 320–332. https://doi.org/10.1016/j.marpolbul.2011.09.004

Ford, A. K., Bejarano, S., Nugues, M. M., Visser, P. M., Albert, S., & Ferse, S. C. (2018). Reefs under siege—the rise, putative 
drivers, and consequences of benthic cyanobacterial mats. Frontiers in Marine Science, 5, 18. https://doi.org/10.3389/
fmars.2018.00018

Ford, A. K., Van Hoytema, N., Moore, B. R., Pandihau, L., Wild, C., & Ferse, S. C. A. (2017). High sedimentary oxygen 
consumption indicates that sewage input from small islands drives benthic community shifts on overfished reefs. 
Environmental Conservation, 44(4), 405–411. https://doi.org/10.1017/S0376892917000054

Gholizadeh, M. H., Melesse, A. M., & Reddi, L. (2016). A Comprehensive Review on Water Quality Parameters Estimation 
Using Remote Sensing Techniques. Sensors, 16(8). https://doi.org/10.3390/s16081298

Gibson, G.R., Bowman, M.L., Gerritsen, J., Snyder, B.D. (2000). Estuarine and Coastal Marine Waters: Bioassessment and 
Biocriteria Technical Guidance. United States Environmental Protection Agency. https://www.epa.gov/sites/default/
files/2019-03/documents/estuarine-coastal-waters-tech-guidance-2000.pdf

Goatley, C. H. R., Bonaldo, R. M., Fox, R. J., & Bellwood, D. R. (2016). Sediments and herbivory as sensitive indicators of 
coral reef degradation. Ecology and Society, 21(1), 29–29. https://doi.org/10.5751/ES-08334-210129

Goonan, P., Gaylard, S., Jenkins, C., Thomas, S., Nelson, M., Corbin, T., Kleinig, T., Hill, R., Noble, W., and Solomon, A. 
(2012). The South Australian monitoring, evaluation and reporting program (MERP) for aquatic ecosystems: context  
and overview. Environment Protection Authority South Australia.        
https://www.epa.sa.gov.au/files/477486_aquatic_merp.pdf

Haave, M., Gomiero, A., Schönheit, J., Nilsen, H., & Olsen, A. B. (2021). Documentation of Microplastics in Tissues of Wild 
Coastal Animals. Frontiers in Environmental Science, 9. https://doi.org/10.3389/fenvs.2021.575058

Hennicke, A., Macrina, L., Malcolm-Mckay, A., & Miliou, A. (2021). Assessment of microplastic accumulation in wild 
Paracentrotus lividus, a commercially important sea urchin species, in the Eastern Aegean Sea, Greece. Regional 
Studies in Marine Science, 45, 101855. https://doi.org/10.1016/j.rsma.2021.101855

Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES). (2017). Report of the 
Plenary of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services on the work of its fifth 
session. https://files.ipbes.net/ipbes-web-prod-public-files/inline/files/ipbes_ilkapproach_ipbes-5-15.pdf

Kadim, M. K., & Risjani, Y. (2022). Biomarker for monitoring heavy metal pollution in aquatic environment: An overview 
toward molecular perspectives. Emerging Contaminants, 8, 195–205. https://doi.org/10.1016/j.emcon.2022.02.003

Kaiser, B. A., Hoeberechts, M., Maxwell, K. H., Eerkes-Medrano, L., Hilmi, N., Safa, A., Horbel, C., Juniper, S. K., Roughan, 
M., Lowen, N. T., Short, K., & Paruru, D. (2019). The importance of connected ocean monitoring knowledge systems and 
communities. Frontiers in Marine Science, 6. https://doi.org/10.3389/fmars.2019.00309

Lamb, J. B., Wenger, A. S., Devlin, M. J., Ceccarelli, D. M., Williamson, D. H., & Willis, B. L. (2016). Reserves as tools for 
alleviating impacts of marine disease. Philosophical Transactions of the Royal Society of London. Series B. Biological 
Sciences, 371(1689), 20150210. https://doi.org/10.1098/rstb.2015.0210

Larsen, J., Maar, M., Rasmussen, M. L., Hansen, L. B., Hamad, I. Y., & Stæhr, P. A. U. (2023). High-resolution hydrodynamics 
of coral reefs and tracing of pollutants from hotel areas along the west coast of Unguja Island, Zanzibar. Marine 
Pollution Bulletin, 191, 114968–114968. https://doi.org/10.1016/j.marpolbul.2023.114968

Le Grand, H. M., & Fabricius, K. E. (2011). Relationship of internal macrobioeroder densities in living massive Porites 
to turbidity and chlorophyll on the Australian Great Barrier Reef. Coral Reefs, 30(1), 97–107. https://doi.org/10.1007/
s00338-010-0670-x

Littman, R. A., Fiorenza, E. A., Wenger, A. S., Berry, K. L. E., van de Water, J. A. J. M., Nguyen, L., Aung, S. T., Parker, D. M., 
Rader, D. N., Harvell, C. D., & Lamb, J. B. (2020). Coastal urbanization influences human pathogens and microdebris 
contamination in seafood. The Science of the Total Environment, 736, 139081–139081. https://doi.org/10.1016/j.
scitotenv.2020.139081

Madikizela, L. M., & Ncube, S. (2022). Health effects and risks associated with the occurrence of pharmaceuticals and 
their metabolites in marine organisms and seafood. The Science of the Total Environment, 837, 155780–155780. https://
doi.org/10.1016/j.scitotenv.2022.155780

McClanahan, T. R., Carreiro-Silva, M., & DiLorenzo, M. (2007). Effect of nitrogen, phosphorous, and their interaction 
on coral reef algal succession in Glover’s Reef, Belize. Marine Pollution Bulletin, 54(12), 1947–1957. https://doi.
org/10.1016/j.marpolbul.2007.09.023

Nalley, E. M., Tuttle, L. J., Conklin, E. E., Barkman, A. L., Wulstein, D. M., Schmidbauer, M. C., & Donahue, M. J. (2023). A 
systematic review and meta-analysis of the direct effects of nutrients on corals. The Science of the Total Environment, 
856, 159093–159093. https://doi.org/10.1016/j.scitotenv.2022.159093



26 27

F A C T S H E E T S  -  A P P R O A C H E S  T O  A S S E S S I N G 
&  M O N I T O R I N G  W AT E R  P O L L U T I O N

Narayan, G. R., Herrán, N., Reymond, C. E., Shaghude, Y. W., & Westphal, H. (2022). Local Persistence of Large Benthic 
Foraminifera (LBF) under Increasing Urban Development: A Case Study from Zanzibar (Unguja), East Africa. Journal of 
Earth Science (Wuhan, China), 33(6), 1434–1450. https://doi.org/10.1007/s12583-022-1702-5

Núñez-Vallecillo, M., Zúniga, Z. L., Brady, G., Rosado, S.  Rivera, A. (2023). Protocol Handbook For Monitoring Marine 
Water Quality in the Mesoamerican Reef System. Coral Reef Alliance. https://coral.org/wp-content/uploads/2023/03/
Protocol-Handbook-for-Monitoring-Marine-Water-Quality-in-the-MAR-FINAL.pdf

National Oceanic and Atmospheric Administration (NOAA). (n.d.). CoastWatch Satellite Course. https://coastwatch.
gitbook.io/satellite-course/lectures/ocean-color

National Oceanic and Atmospheric Administration (NOAA). (2023). Coral Cores: Ocean Timelines. Flower Garden Banks 
National Marine Sanctuary. https://flowergarden.noaa.gov/science/coralcores.html

Pearson, D., & Gorman, J. (2023). Acknowledging Landscape Connection: Using Sense of Place and Cultural and 
Customary Landscape Management to Enhance Landscape Ecological Theoretical Frameworks. Land, 12(4), 729.

Pollock, F. J., Lamb, J. B., Field, S. N., Heron, S. F., Schaffelke, B., Shedrawi, G., Bourne, D. G., & Willis, B. L. (2016). Sediment 
and Turbidity Associated with Offshore Dredging Increase Coral Disease Prevalence on Nearby Reefs (vol 9, e102498, 
2014). PloS One, 11(11). https://doi.org/10.1371/journal.pone.0165541

Prazeres, M., Martínez-Colón, M., & Hallock, P. (2020). Foraminifera as bioindicators of water quality: The FoRAM Index 
revisited. Environmental Pollution, 257, 113612. https://doi.org/10.1016/j.envpol.2019.113612

Razafimahefa, R. M., Ludwig‐Begall, L. F., & Thiry, E. (2019). Cockles and mussels, alive, alive, oh—The role of bivalve 
molluscs as transmission vehicles for human norovirus infections. Transboundary and Emerging Diseases, 67(2), 9–25. 
https://doi.org/10.1111/tbed.13165

Reichelt-Brushett, A., Howe, P.L., Chariton, A.A., Warne, M.S.J. (2023). Assessing Organism and Community Responses. 
In Reichelt-Brushett, A. (Eds.), Marine Pollution – Monitoring, Management and Mitigation (pp. 53-74). Springer 
Textbooks in Earth Sciences, Geography and Environment (STEGE). https://doi.org/10.1007/978-3-031-10127-4_3

Risk, M. J., Lapointe, B. E., Sherwood, O. A., & Bedford, B. J. (2009). The use of δ15N in assessing sewage stress on coral 
reefs. Marine Pollution Bulletin, 58(6), 793–802. https://doi.org/10.1016/j.marpolbul.2009.02.008

Ritchie, J. C., Zimba, P. V., & Everitt, J. H. (2003). Remote Sensing Techniques to Assess Water Quality. Photogrammetric 
Engineering and Remote Sensing, 69(6), 695–704. https://doi.org/10.14358/PERS.69.6.695

Sarkar, A., Ray, D., Shrivastava, A. N., & Sarker, S. (2006). Molecular Biomarkers: Their significance and application in 
marine pollution monitoring. Ecotoxicology (London), 15(4), 333–340. https://doi.org/10.1007/s10646-006-0069-1

Schlacher, T. A., Mondon, J. A., & Connolly, R. M. (2007). Estuarine fish health assessment: Evidence of wastewater 
impacts based on nitrogen isotopes and histopathology. Marine Pollution Bulletin, 54(11), 1762–1776. https://doi.
org/10.1016/j.marpolbul.2007.07.014

Shahid, S., Sultana, T., Sultana, S., Hussain, B., Al-Ghanim, K. A., Al-Bashir, F., Riaz, M. N., & Mahboob, S. (2022). Detecting 
Aquatic Pollution Using Histological Investigations of the Gills, Liver, Kidney, and Muscles of Oreochromis niloticus. 
Toxics (Basel), 10(10), 564. https://doi.org/10.3390/toxics10100564

Soil & Water Assessment Tool (SWAT). (n.d.). The Soil & Water Assessment Tool. https://swat.tamu.edu/

Stanford University. (n.d.). InVEST. Natural Capital Project. https://naturalcapitalproject.stanford.edu/software/invest

Sutherland, K. P., Porter, J. W., Turner, J. W., Thomas, B. J., Looney, E. E., Luna, T. P., Meyers, M. K., Futch, J. C., & Lipp, E. 
K. (2010). Human sewage identified as likely source of white pox disease of the threatened Caribbean elkhorn coral, 
Acropora palmata. Environmental Microbiology, 12(5), 1122–1131. https://doi.org/10.1111/j.1462-2920.2010.02152.x

Tebbett, S. B., & Bellwood, D. R. (2019). Algal turf sediments on coral reefs; what's known and what's next. Marine 
Pollution Bulletin, 149, 110542–110542. https://doi.org/10.1016/j.marpolbul.2019.110542

The ASEAN Secretariat. (2008). ASEAN Marine Water Quality. Management Guidelines and Monitoring Manual. https://
www.h2i.sg/wp-content/uploads/ASEAN-MarineWaterQualityManagementGuidelinesandMonitoringManual.pdf

Thompson, D. M. (2021). Environmental records from coral skeletons; a decade of novel insights and innovation. Wiley 
Interdisciplinary Reviews. Climate Change, 13(1), e745–n/a. https://doi.org/10.1002/wcc.745

Thompson, K.-L., Lantz, T. C., & Ban, N. C. (2020). A review of indigenous knowledge and participation in environmental 
monitoring. Ecology and Society, 25(2), 1–27. https://doi.org/10.5751/ES-11503-250210

Tsatsaros, J. H., Bohnet, I. C., Brodie, J. E., & Valentine, P. (2020). Improving water quality in the wet tropics, Australia: A 
conceptual framework and case study. Water (Basel), 12(11), 1–36. https://doi.org/10.3390/w12113148

United States Environmental Protection Agency (U.S. EPA). (2008). Indicator Development for Estuaries. https://www.
epa.gov/sites/default/files/2015-09/documents/indicators_manual.pdf

United States National Office for Harmful Algal Blooms. (2019). Community Science Programs. Harmful Algae. https://
hab.whoi.edu/regions-resources/citizen-science-programs/

Vaughan, E. J., Wynn, P. M., Wilson, S. K., Williams, G. J., Barker, P. A., & Graham, N. A. J. (2021). Precision and cost-
effectiveness of bioindicators to estimate nutrient regimes on coral reefs. Marine Pollution Bulletin, 170, 112606–
112606. https://doi.org/10.1016/j.marpolbul.2021.112606

Wang, X., & Yang, W. (2019). Water quality monitoring and evaluation using remote sensing techniques in China: a 
systematic review. Ecosystem Health and Sustainability, 5(1), 47–56. https://doi.org/10.1080/20964129.2019.1571443

World Health Organization (WHO). (2010). Safe Management of Shellfish and Harvest Waters. IWA Publishing. https://
www.who.int/publications/i/item/9789241563826

Yang, H., Kong, J., Hu, H., Du, Y., Gao, M., & Chen, F. (2022). A Review of Remote Sensing for Water Quality Retrieval: 
Progress and Challenges. Remote Sensing (Basel, Switzerland), 14(8), 1770. https://doi.org/10.3390/rs14081770

Zaghloul, A., Saber, M., Gadow, S., & Awad, F. (2020). Biological indicators for pollution detection in terrestrial and 
aquatic ecosystems. Bulletin of the National Research Centre, 44(1), 1–11. https://doi.org/10.1186/s42269-020-00385-x




