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INTRODUCTION
The Ecological Monitoring Guidelines provides guidance on data collection, entry, analysis, and
interpretation to detect ecological changes in managed access with reserves (MA+R) networks.
Ecological monitoring is not only critical for evaluating trends in ecosystem health and coastal
fisheries, but also for providing high quality data for decision-making that result in effective and
adaptive management.

1. MONITORING PLAN
The carefully designed monitoring plan will ensure that data can be analyzed with enough
statistical power, and that the results can inform management actions. Each MA+R network
should have a monitoring plan that includes information on where, when and how ecological
surveys are performed. This plan should include the type of marine habitat to survey, number of
sites per management zone (managed access or reserve), control sites, location of the sites,
frequency of sampling (e.g., 5-10 years), and time of year to survey (e.g., month, season).
Monitoring plans will be reviewed by the Fish Forever global team to ensure consistency with
the global guidance. Seek guidance from the Arlington Monitoring and Evaluation (M&E) team
on sampling design, if necessary.

1.1. MONITORING OBJECTIVE AND MANAGEMENT QUESTION
The monitoring objective for this protocol is to evaluate the effectiveness of MA+R networks in
increasing fish populations and improving ecosystem health. To evaluate the impact of MA+Rs,
it is necessary to survey similar habitat types in several sites of each management zone as well
as control sites outside the MA+R. Appropriate identification of controls sites are needed to
support causal inference (Osenberg et al. 2011) and avoid confounding factors due to biases in
the non-random placement of MA+R areas (Rosenbaum 2010). Special sites for management
(e.g., spawning aggregation sites) should also be included in the MA+R sampling plan where
appropriate.

1.2. SAMPLING DESIGN
1.2.1. REEF HABITAT TYPE SELECTION
To effectively detect differences between reserves (no fishing zones), managed access areas
(restricted fishing zones), and unprotected areas (fishing zones), it is important to select the
same reef habitat type (e.g., forereef, patch reef, crest reef) with similar slope (e.g., wall, slope),
and environmental conditions (e.g., wave exposure, depth) because different reef habitats
support different benthic and fish communities, and this could create differences that are not
associated with management.
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⮚ Map habitat types are common in your MA-R. To make an informed decision about which
habitat types to use, gather as much preliminary data about the habitat in your MA-Reserve as
you can such as:
▪ exposure (exposed, semi-exposed, sheltered)
▪ reef type (i.e. atoll, fringing, barrier)
▪ reef slope (i.e. wall, slope)
▪ non-reef habitats (i.e. seagrass beds, mangroves, sandy patches, etc.).
⮚ Within each reef habitat type and management zone, select 1 -2 reef habitat types that have
similar characteristics and where there is adequate reef to enable you to replicate transects and
sites.
⮚ Ensure that the site is safe to dive on and will not pose a safety risk for divers (e.g. strong
currents making it challenging to lay down transect tapes)

Information on reef habitats can be collected by analyzing satellite imaginary (e.g., Google
Earth) or maps that show reef development; commonly studied reef types found in reports and
publications; or consultations with local users (e.g., dive operators, fishers, scientists) familiar
with the area. Each potential reef habitat type should be assessed through snorkeling or a rapid
manta tow to verify the habitat selected will work for surveys. Selection of reef habitat type
should be done during the monitoring trip; thus, no dedicated trip is needed for reef habitat
verification.

1.2.2. NUMBER AND LOCATION OF SITES
Natural variation among sites is particularly high in fish populations. Thus, sampling size and
survey efforts should be sufficient in each area to detect ecological differences in response to
management rather than natural variation. The number and location of survey sites in the
MA+R will depend on three main factors: 1) the number of reef habitat types selected; 2) the
size of the MA+R area; and 3) available time and resources required for surveys.
● Teams should monitor the same sampling sites over time.
● To minimize variability as a results of observer error, it is recommended to use the same
observers over time
● If only one reef habitat type is dominant and thus selected in a MA+R area, then it is
recommended to survey a minimum of 2 to 5 representative sites in each management
zone (e.g., reserve, managed access area, fishing zone).
● If two or more habitat types are selected (e.g., forereef and back reefs), then a minimum
of 1 to 3 sites in each reef habitat type is recommended for monitoring each MA+R area.
● Sites must have adequate reef coverage to allow replication of the minimum number of
transects needed for benthic (n=3) and fish (n=5) surveys.
● Adding more sites will always increase the ability to statistically detect differences
between management zones.
● Since fish surveys require the largest area, monitoring sites need at least 700 m of
similar reef habitat (see below for methodology).
● When possible, sites should be separated from each other by at least 500 m to reduce
spatial autocorrelation.
● Avoid surveying sites at the reserve edge where fishing may occur.
5

1.2.3. CONTROL SITES
Monitoring sites outside MA+R areas with little or no management (e.g., fishing areas) can be
used as controls to evaluate management actions inside MA+R areas. Ideally, control sites and
managed areas should be monitored before and after conservation interventions (e.g., MA+R
creation) to establish a baseline through which we can evaluate ecological changes in response
to management.
Control sites should be paired with sites within the MA+R areas based on similar characteristics
and environmental conditions (e.g., Before-After-Control-Impact Paired Series) (Osenberg et al.
2011). This impact evaluation approach would answer whether conservation interventions (e.g.,
reserve establishment, fishing regulations, limiting access) causally affect desired outcomes
(e.g., fish biomass, fishery yield, coral cover).
Control sites can also be selected inside the MA+R areas. Managed access areas, where
restricted fishing occurs, can be used as reference sites to evaluate the outcomes of
management interventions within reserves (e.g., no fishing). That is, when selection of control
sites outside MA+R areas is unpractical, the managed access areas could serve as controls to
assess the effectiveness of reserves where no fishing is allowed.
A group of control sites can be used as reference for multiple sites within a MA+R area. As
within managed access areas and reserves, the number of control sites should be adequate to
ensure statistical power.

1.2.4. REDUCING SURVEY EFFORT DUE TO LIMITED RESOURCES
If not all monitored MA+R areas and/or sites from previous years can be surveyed in
subsequent years due to limited resources, survey effort could be reduced. This can be achieved
by grouping MA+R areas and/or sites with similar fish and benthic community composition and
choosing a representative MA+R area or site within the group. A multivariate approach such as
a cluster analysis or an ordination analysis (e.g., non-metric multidimensional scaling) on
biological data could be used to determine the grouping and select at least one MA+R area
and/or site in each identified group. This approach should reduce survey effort without
compromising data quality to detect changes in response to management.

6

1.3. SPECIAL SITES
Unique sites within a MA+R area such as channels, pinnacles, points, and fish spawning
aggregation areas, where fish may aggregate in high densities, may be monitored to assess
specific management interventions such as temporal or permanent protection from fishing.
These sites may have unique environmental conditions such as strong currents and greater
depths, and should be evaluated separately from the standard monitoring sites.
Because reef fish density and biomass may show high natural temporal variation in these sites,
surveying should be done regularly and for longer time periods (e.g., throughout the year, for
several years) to detect changes in response to management. Specific monitoring protocols
should be followed to monitor fish spawning aggregation sites (see here).
Reef sites within a MA+R area that show resilience to coral bleaching or are likely refugia from
thermal stress should also be monitored. For example, sites that experience high temperature
fluctuations (e.g., back reef lagoons) can have resilient coral genotypes to elevated water
temperature. In contrast, reefs that are sheltered from disturbances may be also be important
to monitor. On these sites monitoring protocols should be modified to accommodate specific
reef characteristics.

1.4. TIME AND FREQUENCY OF MONITORING
Coral reef monitoring should be done at the same time of year to minimize temporal variation
as a confounding factor. If possible, monitoring should be performed during around peak sea
water temperatures as forecasted for the area. This would allow to survey reefs during the time
when they are likely to be under higher stress conditions (e.g., bleaching, higher disease
prevalence) and thus monitoring may provide a better indication of reef health.
Baseline monitoring should occur after MA+R boundaries have been selected by the
community. After the MA+R is established, subsequent ecological monitoring should be carried
out 5 and 10 years after baseline monitoring. If possible, increase monitoring frequency if
disturbances have occurred. For example, if mass coral bleaching events have occurred in the
MA+R area, monitoring should be conducted after the disturbance to evaluate recovery
potential of affected reefs and impact on fish communities.

1.5. MONITORING PLAN FOR YOUR MA+R
A brief monitoring plan (2-3 pages long) should be prepared for each MA+R and should include
at least:
● The monitoring objective and survey methods (standard, video)
● A map of the locations and number of surveying sites
● A table with site information (name, habitat type, coordinates, depth, zone)
● Identify sites for the standard and for special monitoring
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●
●
●
●

Describe how methods are modified for special sites
Timing of the monitoring including season, time of year and time of day
Target fish species of interest
Other relevant information that allows survey replication.

1.6. MONITORING TEAM TRAINING
The updated monitoring protocol relies on the use of GoPro cameras to survey benthic
communities, eliminating observer bias in the field and reducing time underwater (see below
for methods). Monitoring teams must be trained in use of GoPro cameras and learn basic
settings to ensure that videos and/or photographs have the highest quality for later analysis.
Training should be done prior to surveys.
For standard monitoring protocols where observer expertise is required, the monitoring team
must be adequately trained in benthic and fish species/genera identification, fish size
estimation, and must be able to follow specific monitoring methods for benthic and fish
surveys.

1.6.1. ESTIMATING REEF FISH LENGTHS
For standard underwater visual counts, accurate estimation of fish size is critical to estimate
biomass. It is important that all fish observers are adequately trained to accurately estimate fish
length underwater. Total length (TL) of each fish in the survey transect is visually estimated from
the tip of the snout to the end of the tail. Fish observers should be able to estimate fish length
within 5 cm accuracy. Prior field monitoring, fish observers should be trained above and below
water to estimate fish size using fish models of all size ranges.

1.7. MONITORING EXPEDITION PREPARATION
The survey team should prepare for the monitoring expedition using the guidelines below
and be aware of any activity or conditions that may hinder a successful survey.
●
●
●
●
●
●
●
●

Prepare video equipment for benthic surveys
Recharge batteries
Ready transect tapes
Ensure GPS units are operational
Ensure data storage devices have enough capacity for store new data
Ensure extra equipment is available in case of accidental loses.
Ensure logistics for the trip (e.g., dive tanks, fuel, permits) are sorted out.
Emergency plans (including information about the closest decompression chamber) and
emergency equipment (e.g., oxygen kits, first aid kits, radio communication devices)
should be readily available.
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● Monitoring team should be trained on first aid, CPR, and oxygen administration.

2.

FIELD SURVEY METHOD

2.1. DATA ENTRY AND STORAGE
Underwater data sheets from standard reef fish and benthic monitoring should be
photographed and cataloged (i.e., linked to data sheet) immediately after surveys to establish a
permanent digital record. Data and notes should be entered through FastField forms mobile app
(also available via a web browser) by the observers soon after the surveys to ensure accuracy
and minimize mistakes (see Appendix A). Data will be automatically linked to data.world
through FastFields forms.
For benthic video monitoring, video files should be clearly labeled using a standardized name
code. Each file name should include the video type (e.g., benthic) country code, site name/code,
habitat type, survey year, and transect number following this format: “B_
INDO_Takabon_Fringing_2017_01”; where B is for benthic videos, INDO is Indonesia, Takabon
is the site name, Fringing is fringing reef, 2017 is year of survey, and 01 is transect # 1. All video
files should be organized by folders for each site and survey year and backed up in an external
hard drive or in a secured online repository.

2.2. REEF FISH COMMUNITY ASSESSMENT
Underwater visual census (UVC) is the most commonly used method for monitoring reef fishes
and used in previous Fish Forever monitoring efforts. This method is effective, reliable and
replicable, and provides a high degree of precision for most important fish species (e.g., target
species, herbivores). However, this method requires considerable time in the field, requires high
degree or training, and may suffer from observer bias.
To increase monitoring effectiveness, we are in the process of developing a software that can
identify, count, measure, and estimate fish biomass from stereo videos using GoPro cameras.
This new method will be semi-automated and thus substantially faster underwater, will not
require extensive training, and will eliminate observer bias (Koenig & Stallings 2015; Wilson et
al. 2018). The software is expected to be ready for use in two years.
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2.2.1. BELT TRANSECTS FOR FISH
Reef fishes will be surveyed using five 50 m belt transects per site. At each site, two fish
observers will survey reef fishes swimming along the transect placed parallel to the reef
formation (crest, slope, or spur-and-groove). Each observer will count and estimate individual
fish size (TL in cm) of the target fish species (see Appendix 2) by using different transect widths
to record different fish size groups as follows:
1. Observer 1 will identify, count and estimate the size of small-medium body fish (10-35
cm TL) of the target species using a belt transect of 50 m long and 5 m width for a total
of a 250 m2 surveyed area. Fish size should be estimated to the nearest 5 cm.
2. Observer 2 will swim behind and above Observer 1 and will identify, count and estimate
the size of large body fish (>35 cm TL) using a belt transect of 50 m long and 20 m width
for a total of a 1000 m2 surveyed area. Fish size should be estimated to the nearest 5 cm.
3. Observers should accurately estimate the width of each transect. Fish outside each
width range should not be counted. While monitoring, it is important to minimize
disturbance to fish communities that alter their natural behavior. If observers encounter
a large fish school during surveys, the number of individuals and average size should be
estimated. Observer 1 could count fish while rolling down the transect. Alternatively, a
third diver should roll out and pick the transects up after benthic surveys are done.
4. Fish should be identified to species level when possible. Data will be recorded on
underwater datasheets and transferred to FastField forms. For each Fish Forever
region/country, a recommended list of fish species to monitor that includes locally
common species, important fisheries species, ecologically important species, and
herbivores are included in Appendix 2.
For more detail of the belt transect method please see standard monitoring protocol to assess
marine protected areas (Ahmadia et al. 2013, section 5.2.1).

2.2.2. SPECIAL SITES FOR FISH SURVEYS
See Ahmadia et al. (2013), section 5.2.3 for monitoring protocol on special sites such as points,
pinnacles, channels, and fish spawning aggregation sites.
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2.3. REEF BENTHIC COMMUNITY ASSESSMENT
The Point-Intercept Transect (PIT) and video transect methods are commonly used to measure
coverage of different taxa in reef benthic communities. The PIT method is relatively fast,
efficient, and provides accurate estimates of benthic cover categories if enough replicates are
used, however, it requires extensive training and time underwater (Hill & Wilkinson 2004). The
video transect method is faster, more efficient, provides more accurate estimates of benthic
cover categories, does not require extensive training, provides a visually permanent record of
the survey, and requires less field time. The video transect and PIT methods are generally
comparable, with video transects providing a less biased representation of benthic coverage
(Lam et al. 2006).

2.3.1. BENTHIC VIDEO TRANSECTS
Fish Forever monitoring teams will use video transects to survey benthic communities when
feasible. This methodology will improve monitoring efficiency of benthic surveys, speed the
process of data analysis, and will provide a permanent record of benthic communities. Below is
the protocol for benthic video transect and a brief description of the point-intercept transect
method.
1. Benthic observers will use a GoPro (HERO 4 or higher) camera mounted on a floating
hand grip to take video transects of benthic communities (Fig. 1). An orange filter should
be used if surveys are done below 10 m depth. The GoPro camera should have a guide
(I.e., 2.5-feet long metal rod/wire connected to the mount) running perpendicular to the
lens with small scale in the end that will be used to maintain the same distance to the
substrate while taking a video. It is crucial to maintain the same distance from the
camera to the substrate in all videos as this will affect the scale of the analysis.
2. To ensure enough storage capacity to survey an entire site, the memory card in the
camera should have at least 32 GB of capacity. The camera should be set on video mode
using the maximum resolution possible (at least 1080p60). Make sure the standard
underwater housing is rated to go at least 30 m deep.
3. Using the fish transect as a guide, take a video keeping the camera parallel to the
substrate and ensuring the same distance is maintained with assistance of the wire
guide. Observers will take benthic videos along three 50 m transects (a video per
transect). Ensure each video starts with a frame with information about country, site
name, survey date, and transect number.
4. Reef benthic videos for each site will be analyzed using the freely available open-source
web-based software platform CoralNET. For each benthic video transect about 100
non-overlapping still images (frames) will be extracted and a random point count
11

approach (10 to 20 points) will be used to annotate benthic categories. CoralNet is a
repository for benthic image analysis that implements computer vision algorithms to
allow fully and semi-automated annotation of benthic categories. The software can also
serve as a collaboration platform. A detailed guide of how to use CoralNET for benthic
videos processing can be found here.
5. Corals should be identified to the lowest taxonomic level possible (genera or species) as
well as general life form (e.g., plate), coral colony size and disease prevalence (only for
colonies >10 cm). Finally, record commercially and ecologically important invertebrates
species (e.g., sea cucumber, clams, lobster, trochus shells, black sea urchin) within the
frames. Outputs from CoralNet will be transferred to FastField forms.

Figure 1. GoPro Hero 4 Camera, floating hand
grip, and orange filter used for benthic video
monitoring. Add a sturdy metal wire guide (2.5
m long) perpendicular to camera field of view.
The wire guide should have a 1-inch scale at
the end for reference. The wire guide can be
mounted between the camera base and the
holder. Mounted properly, this guide will
ensure that the same distance from the
substrate is maintained while the benthic video
is recorded.

2.3.2. POINT-INTERCEPT TRANSECT METHOD
When benthic communities cannot be surveyed by video, the standard point-intersect transect
method will be used.
1. Survey benthic communities along three 50 m transects deployed by the fish team.
Benthic categories will be recorded immediately below the tape at 0.5 m intervals along
the transect starting at the 0.5 m mark and finishing at 50 m (100 points per transect x 3
transects = total 300 points per site).
2. Corals should be accurately identified to the lowest taxonomy level possible (genera or
species) as well as general life form (e.g., plate).
3. When possible in each transect, record coral genera/life form, coral colony size and
disease prevalence (only for colonies >10 cm within 1 x 20 m wide belt). Finally, record
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commercially and ecologically important invertebrates species (e.g., sea cucumber,
clams, lobster, trochus shells, black sea urchin) in a 1 m wide belt along transects.
4. Data will be recorded on underwater datasheets and transferred to FastField forms.

For more details about the PIT method see Ahmadia et al. (2013) section 5.2.

2.4. SEAGRASS ECOSYSTEM ASSESSMENT
Seagrass beds adjacent to coral reef areas within MA+R networks should be monitored when
possible. Seagrass ecosystems provide refuge, forage, nursery, and important spawning habitat
for a wide diversity of fishes and crustaceans that also inhabit coral reefs. For seagrass
assessment we will be using the quadrat method.

2.4.1. QUADRAT METHOD FOR SEAGRASS ASSESSMENT
1. Identify areas with considerable seagrass development with a minimum area of
approximately 1000 m2 (50 m x 20 m) per site. Position at least 3 transects (30 - 50 m long)
perpendicular to the shoreline at or close to the edge of the seagrass meadows. Transects
should be separated by at least 10-20 meters.
2. Transects will be used as a guide for quadrats. On each transect, place at least 10 quadrats in
3 to 5 m intervals depending on the extension of the seagrass meadows. For example, if the
seagrass meadow extents for <50 m long, use a 30 m transect placing at least 10 quadrats at
3 m interval. The first quadrat should be positioned at the 0 m mark on the transect.
3. On each quadrat, identify and record all seagrass species and estimate the relative
percentage cover. In addition, identify, record and estimate percent cover for benthic
organisms other than seagrass (e.g., macroalgae, sea urchins, sea stars).
Please ensure consistency in the estimation of percent cover with the aid of the quadrat grid.
Each observer should be trained in estimating percent cover with at least a 10 % of accuracy
within each quadrant.

2.4.2. PHOTO QUADRAT METHOD FOR SEAGRASS ASSESSMENT
To assess seagrass beds using photo quadrats follow the same standard method for seagrass
assessment. Using the GoPro camera in photo mode (with the highest resolution), take a photo
of each quadrat along the transect line keeping the camera lens paralleled to the substrate.
Ensure the entire quadrat fits tight within the entire field of view of the camera. Take at least 10
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photo quadrats per transect. Position quadrants accordingly. That is, 10 photo quadrats in a 50
m long transect should be separated by 5 m.
Ensure photo quadrats are easily identifiable within each transect. This can be done by taking a
photo of the slate with information about the survey site and transect number (e.g., site name,
date, surveyor, transect number). Follow the guide on data entry and storage to label each
photo file for later analysis.

2.5. MANGROVE ASSESSMENT
Mangrove forest within or adjacent MA+R networks should also be assessed when possible.
Similar to seagrass beds, mangrove ecosystems provide refuge, forage, and important nursery
habitat for a wide variety of fishes and invertebrates, playing an important role in fishery
production and community livelihood.
For initial mangrove assessment we will be using transects and quadrats to identify mangrove
species, and estimate percentage of crown cover, average tree height, number of regeneration
per square meter (seedling and sapling density), and general ecosystem health (live and dead
mangroves).

2.5.1. METHOD FOR MANGROVE ASSESSMENT
Mangrove assessments require longer transects and larger quadrats. Transect lines may run
from 50 to 100 meters depending on the extension of the mangrove habitat (Deguit et al. 2004).
Quadrats for mangroves should cover a 100 m2, so each quadrat will be 10 m x 10 m.

1. Position at least three 50 m long transects perpendicular to the shoreline separated by at
least by 10-20 m among each other.
2. Along each transect establish five quadrats (10 m x 10 m) next to each. In mangrove
assessment there is no interval between quadrats.
3. In each 10 m x 10 m quadrat, establish 3 smaller 1x1 m quadrats as regeneration plots
equally distributed and perpendicular to the transect.
4. Identify, count, and record all mature mangrove tree species and estimate the height and the
crown diameter of mature trees per species in the 10 m x 10 m quadrat. A pre-calibrated
stick can be prepared to estimate the height.
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5. Identify, count, and record all seedlings and saplings per mangrove species in the 1 m x 1 m
smaller quadrats (Deguit et al. 2004) (See Table 1 for classification of mangrove tree sizes)
6. Measure the girth of tree stems at 1.3 m above ground (Girth at Breast Hight).
7. Finally, identify and describe any natural or human-related disturbance
Note that as the first mangrove transect is positioned, quadrats should be established and
surveys should follow.

Table 1. Classification of mangrove trees size based on English et al. (1997).
Classification
Trees
Sapling
Seedling

Circumference (cm)
>12.5
<12.5
-

Diameter (cm)
>4
<4
-

Height (cm)
>1
<1

15

3.

DATA ANALYSES, INTERPRETATION, AND COMMUNICATION

Fish Forever's data storage platform, Data.World, and associated data dashboards allow for
automated and real-time data visualizations that can be used to communicate results to
stakeholders. Standard data analyses aimed to detect differences and trends among
management zones will be done automatically through a user-friendly dashboard. Country
teams will not be required to conduct analyses for global reports. However, the basic data
analysis and interpretation guidance presented below can be used by country teams to explore,
summarize and present data.

3.1. VARIABLES OF INTEREST FOR ANALYSES
There are two main variables of interest for data analyses: explanatory variables (e.g.,
management regimes) and response variables (e.g., fish biomass, benthic cover).

3.1.1. EXPLANATORY OR INDEPENDENT VARIABLES
Explanatory variables are independent and may influence the response variables. For example,
management regimes (reserve, managed access, open access), time of management (years of
protection), reef habitat type, depth, wave exposure, and reef rugosity are all explanatory
variables that influence the structure of benthic and fish communities. Some explanatory
variables can change overtime and must be carefully include in analyses (e.g., years of
protection).

3.1.2. RESPONSE OR DEPENDENT VARIABLES
Response or output variables (e.g., fish biomass, coral cover, density of coral recruits) are those
we are interested in measuring and may respond to management. These variables can be
analyzed individually (e.g., coral and fish species) or combined in general logical categories (e.g.,
trophic guild for fish; available substrate for coral recruitment). For example, fish can be
grouped taxonomically (by family), ecologically (piscivore, invertivore, herbivore, etc.), or
functionally (herbivory traits). Significant changes in response variables may indicate changes in
reef structure, reef health, and ecosystem function in response to management interventions
(e.g., fishing reduction) and/or disturbance (e.g., warming events).

3.1.3. ANALYZING VARIABLES
To determine effectiveness of management regimes, response variables should be evaluated
before and after the management zones were established and compared to exploratory
variables. Comparisons of output variables among management regimes (e.g., inside and
outside marine reserves) provide a snapshot of the status of the response variables. Ideally,
sites should have been monitored before the managed access and reserves were established
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and thus these data could be used as baselines to evaluate management regimes and
determine trends in response variables. Often this is not the case and the first surveys are
usually used as reference to evaluate management.

3.2. DATA ANALYSIS
3.2.1. DATA PROCESSING
Data should be quality controlled and organized for processing at the relevant spatial and
temporal scale. Density and biomass by fish species (or family) and percentage cover for benthic
categories should be calculated at the transect level.
Fish density and biomass for standard belt transect monitoring should be calculated at the
sampling unit level (belt transect) for every surveyed site. Density and biomass are generally
expressed per hectare and should be carefully calculated based on the area surveyed, which
vary based on fish size (e.g., 250 m2 for 10-35 cm TL, or 1000 m2 for >35 cm TL). Density per
hectare is calculate as:
(number of individuals per sampling unit ÷ area of the sampling unit in m2) x 10,000 m2
Fish biomass per species should be calculated using known length-weight relationships for each
or related fish species using the formula:
W = a TL b
where W is the weight of fish in grams (g); TL is total length in cm; and the parameters a and b
are species-specific constants (Kulbicki et al. 2005). For many species length-weight
relationships are based on fork length (FL) for species with forked tails, thus TL estimated in the
field should be converted to FL to calculate biomass for these species. Generally FL is 90% of TL
for species with forked tails (Kulbicki et al. 2005). Because size categories are used, the
mid-value should be used to calculate biomass fish lengths for each size category (e.g., 12.5 cm
for 10-15 cm category). As with density, biomass per hectare is calculated as:
(biomass per sampling unit ÷ area of the sampling unit in m2) x 10,000 m2
Benthic data should be represented as percentage cover per category for each transect (from
PIT or video transect). Percentage cover is calculated as:
(number of points in category ÷ total number of points on the transect) x 100
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For each response variable, mean (± standard error) or median (± quartiles) should be
calculated per site using five transects as replicates for fish and three transect/video replicates
for benthic data.

3.2.2. STATISTICAL ANALYSES
To evaluate patterns in the observed data, any significant relationship between explanatory and
response variables and ultimately assess MA+R performance, sound statistical analysis are
necessary.
A key question to answer about MA+R effectiveness is whether fish biomass has changed over
time in response to management interventions. Since output variables may also vary linearly
and nonlinearly in response to environmental conditions, several co-factors must be taken into
account before drawing conclusions about patterns observed in the data.
Contemporary statistical tests such as generalized linear and nonlinear mixed effects models
and Bayesian approaches are more appropriate to analyze these complex ecological datasets
than relatively simpler analysis of variance (Zuur et al. 2009). Freely available and open-source
language and environment for statistical computing and graphics such as “R” provide a wide
variety of statistical and graphical techniques that can be used to effectively analyze and
visualize these data and report the results (R Core Team 2018).
A comprehensive explanation of these approaches is beyond the scope of this protocol and thus
we strongly recommend that the statistical analyst have a basic understanding of R and
knowledge of linear and nonlinear modeling for ecological data. A couple of books provide great
examples and step-by-step coding on how to analyze ecological data using R (Zuur et al. 2009,
2010).

3.2.3. DATA VISUALIZATION (GRAPHS, TABLES, AND MAPS)
For main results, graphs are generally preferred over tables as they are easier to interpret.
Tables are effective for presenting statistical results from modeling as well as brief data
summaries. Maps should show MA+R zonation, locations of survey sites, or any layer of
environmental factors (e.g., mangrove distribution, human population density, village locations)
that may be used as explanatory variables.
The data should be clearly presented and include at least a central tendency metric (e.g., mean,
median) and a variation metric (e.g., standard error, confidence intervals, quartiles). Showing
the variability in the data is as important as showing central tendency values. Basic data
visualization should include the status and trends of fish and benthic communities in the
different management zones (managed access, reserve) and open access areas over time.
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Data can be presented in different ways depending on the research question. For example,
using fish biomass or benthic cover averaging across sites for each management zone per year
(e.g., boxplots or trend lines); using site level data to help identifying sites contributing to
general trends; or illustrating relative changes in response variables in relation to baselines.
Below is an example of a recommended figure for reporting using boxplots and trendline plots.
Boxplots show the median and the quartiles of the data and are preferred over bar plots with
standard errors because they provide more information on the distribution of data points.
Mean points can added to boxplots.

Figure 2 Median percent cover for major benthic categories within fished sites, managed access,
and reserves from 2011 to 2014 for a hypothetical MA+R.
The composition of the benthic community on each management zone and year surveyed (Fig.
2). Major benthic categories show slight differences among years and management zones. Over
time we may expect that the live coral cover would increase in reserves.
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Figure 3. Median fish biomass of different trophic groups within fished sites, managed access,
and reserves from 2011 to 2014 for a hypothetical MA+R.
The biomass of fish trophic groups varies among years and management zones, but there is no
clear pattern showing increase in fish biomass due to management for any group (Fig. 3). It is
likely that more time is required to detect significant changes in reserves and managed access
areas due to wide variation in fish biomass. Note that the y axes are in different scales.
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Figure 4. Changes in average percentage coral cover overtime for two management zones and
control areas. a) The average change for different zones is relative to a baseline (first year of
survey). The baseline is normalized to zero for comparisons. Each trend represents a survey area
(managed access, reserve, control). b) Difference between management zones and control sites.
Figure as in Ahmadia et al. (2013).
Another way to evaluate management effectiveness is by assessing the differences (i.e., effect
sizes) of response variables among management zones over time in relation to a baseline (Fig.
4). We can determine the difference between the baseline and the following surveyed years
within a management regime (i.e., changing trends) (Fig. 4a). We can also analyze the difference
in response variables between management zones and control sites (i.e., effect of management)
(Fig. 4b). Ideally, average changes are calculated after modeling and accounting for other
environmental variables that affect response variables and are independent of management
(e.g., depth, habitat type, reef rugosity, etc.).
To calculate the difference in response variables (e.g., fish biomass or benthic cover) between
the baselines (year 0) and subsequent monitoring years and management zones we can use the
following formula (Fig. 4b). Here we used hard coral cover (HC) as an example:
(Ave. HC reserve baseline – Ave. HC reserve year x ) – (Ave. HC control baseline – Ave. HC control year x )
A positive value may indicate that hard coral cover increased due to management in the
reserve, especially when conditions outside the MA+R show negative values. Similarly, managed
access sites can be compared to control sites. When controls sites are not available the
comparison could be done between reserve and managed access sites. However, we cannot
draw definitive conclusions of management effectiveness without control sites.
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3.2.4. DATA ANALYSIS AND INTERPRETATION
To determine whether changes in reef composition (benthic and/or fish) respond to
management interventions, field data should be analyzed and interpreted carefully by
considering several external factors that are independent of management. Natural variations in
reef community structure and species composition over small and large spatial scales (meters to
kilometers) and temporal scales (days, months, seasons, or years) should be considered.
Environmental and human-related variables such as reef complexity, storm impacts, warming
events, coastal development, pollution, and other disturbances should be considered to explain
patterns in the response variables.
Observed changes may be driven by both management interventions, and a complex suit of
natural variations, environmental conditions, and human related impacts. The contribution of
management intervention on changes observed in response variables should be estimated
when possible. It is important to identify any major events between surveys (e.g., storms,
bleaching events, disease outbreaks) that could influence the results. After external factors
other than management are accounted for, there are several patterns in fish and benthic
community composition and structure that should be considered when interpreting the data.
Benthic community changes
Benthic data are usually reported as percent composition covering the reef substrate. Increase
coverage of certain benthic categories may indicate positive and negative changes in reef
condition:
A positive change in benthic communities is associated with an increase in:
● Percent cover of hard coral categories and functional diversity such as coral life forms
that provide structure and refuge for fish
● Presence of vulnerable branching and tabular coral species
● Percent cover of suitable substrate for coral recruitment (CCA, bare rock)
A negative change in benthic communities is associated with an increase in:
● Macroalgae (including cyanobacteria) and sponges may indicate loss of herbivores or
predators of sponges and/or increase in nutrients
● Rubble/mobile substrate may indicate recent coral degradation due to storms, fishing
explosives, crown of thorns starfish
● Sediment on reefs due to disturbances
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Reef fish community changes
The life history and behavior of fish species can affect their response to management
interventions. Fish species occupy a broad spectrum of life history traits and behaviors that can
be generally grouped into two categories:
1) small bodied, fast growing, short lived, short-time to maturity, and small home
range (e.g., many surgeonfish, parrotfish);
2) large bodied, slow growing, long lived, long-time to maturity, and large home
range (e.g., large groupers, jacks, sharks).
Fish species in the first category will respond relatively faster to management (3 to 5 years) than
species in the second category (decades).
Home range directly affects fish recovery in response to management. Fish species with
relatively large home ranges that extent beyond the managed access + reserve boundaries will
be vulnerable to fishing outside these areas and recovery may be slow. In contrast, species with
small home ranges that are less likely to excursion outside the managed zones have a better and
faster recovery potential. Thus, fish species with disparate home ranges will differentially
respond to the size of managed access + reserve areas and time since implementation. This is
important to consider when evaluating MA+R effectiveness.
Behavior and other life history characteristics also influence our ability to detect changes in
response to management. Population data of sedentary and solitary fish species that are
relatively easy to count are generally more accurate and less variable than population data of
more mobile and schooling species. Nocturnal and cryptic species are generally underreported
since monitoring protocols are not designed to accurately surveying them. Changes in rare and
low abundance species are also difficult to detect with this monitoring protocol.
Benthic and fish communities
Finally, benthic and fish communities are closely intertwined and changes in one group may be
related to changes in the other. A clear understanding of the causal mechanisms that drive
positive and negative changes in fish and benthic communities within managed access + reserve
areas can better inform management decisions for coral reefs.

3.3. REPORTING AND COMMUNICATION
The results of field surveys should be communicated clearly to members of the managed-access
+ reserve areas, MA+R managers and stakeholders. This requires tailoring the reporting to
different audiences with different levels of expertise.
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3.3.1. FIELD REPORT
Field teams should prepare a brief field report of the survey for the monitoring and evaluation
team, managers, and key stakeholders. Information about surveyed locations, number of sites,
unusual events (e.g., major bleaching events, crown of thorns outbreaks, diseases, destructive
or illegal fishing) and uncommon sightings (sharks, large groupers) should be included.

3.3.2. TECHNICAL REPORT
Field teams should prepare a technical report summarizing all data collected during the survey
for the monitoring and evaluation team (+ managers and stakeholders) within three months
after the monitoring if finished. This technical report should also include data from previous
surveys to show potential trends over time within management zones and potential differences
among zones. The report should include an executive summary, maps with surveyed sites,
graphs and tables summarizing main results, conclusions and recommendations for future
monitoring. These technical reports should be concise and well-constructed.

3.3.3. REPORTS FOR GOVERNMENTS, MANAGERS, COMMUNITY, STAKEHOLDERS, FUNDERS
Reports for local governments, managers, community members, stakeholders, and project
funders should be visually oriented. These reports should summarize the main results,
conclusions and recommendations and present them through suitable media (e.g.,
presentations, posters, short films, infographics) effectively using photos, maps, and compelling
visualizations. Managed access + reserve networks are spatially managed through zoning where
regulations, enforcement and education are differentially established. Thus, ecological data
should be presented in a way that the target audience can easily visualize and understand the
results and associated management interventions.
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1.

DOWNLOAD & INSTALL

If you haven’t done so already download and
install FastField Forms from the Play Store:

2.

LOGIN

Once you are logged in you will see the
following screen:

Open the app and login using your provided
credentials.
Select the option to Save Login Credentials.

3.

CONFIGURE SETTINGS

Before you begin select Settings and make sure
Auto Sync Forms is turned to Yes:

If your data collection location has no
access to internet select Work Offline,
otherwise leave it unchecked.
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Once you have completed the Site information
select ‘Add Coral Transects’:

5. ENTER TRANSECT DATA

4.

SELECT FORM

Enter the transect data for the transect number
shown (transect numbers are
auto-incrementing starting at transect no. 1):

Select the Coral Survey from the Forms menu:

This will load the ‘Site Data’ form:

Then continue the form adding coral data for
that transect by selecting the family name from
the drop-down menu and entering the total
count seen on the transect.
Select the
button to continue adding
corals until the transect is complete:
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6. REVIEW
When you have completed all transects you can
review all your entries before submission by
selecting the ‘back’ arrow in the top-left of the
transect form:

You will see a list of all transects ordered
numerically:
To start a new transect select the ‘+’ button at
the top-right of the transect form:

The transect number will auto-increment to the
next number and the fields will be
auto-populated based on the previous transect:

Select a transect to edit or press and hold to
delete. If you are happy with all your entries
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select the ‘back’ arrow again to return to the
Site form.

7. SUBMISSION
To submit the entire form, select the check
mark in the top-right of the main Site form:

Confirm submission then start a new form for
the next site.
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