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Chapter 1

Overview of Seagrass Mapping

Information on seagrass distribution is a necessary prerequisite to managing
seagrass resources. To make informed management decisions, coastal managers need
maps containing information on the characteristice of seagrass resources such as
where species of seagrasses occur and in what proportions and quantities, how
secagrasses respond to human induced changes, and whether damaged meadows can
be repaired or rehabilitated. Additionally, coastal managers may also need to know
where seagrasses might have occurred for the purposes of recovery, restoration and
to allow for natural spatial dynamics.

Knowledge of the extent of natural changes in eeagrass meadows is also important so
that human impacts can be separated from normal background variation (Lee Long et
al. 1996). Changes can occur in the location, areal extent, shape or depth of a
meadow, but changes in biomass, species composition, growth and productivity, flora
and fauna associated with the meadow, may also occur with, or without a
distributional change (Lee Long et al. 19906).

Seagrass resources can be mapped using a range of approaches from in situ
observation to remote sensing. The choice of technique is scale and site dependent,
and may include a range of approaches. Earlier standards for seagrass mapping, e.g.,
Phillips and McRoy (1990) and Walker 1989, are being superseded as improvements in
havigation and remote sensing technology and sampling design lead to more efficient
and precise methods for mapping. Recent published descriptions of methods for
mapping coastal seagrasses include English et al. (1994), Coles et al. (1995), Dobson
et al. (1995), Kirkman (1996), Lee Long et al. (1996c), Short and Burdick (1996).

The need to map and monitor the meadows of seagrass over a range of spatial and
temporal scales, is therefore of prime importance in assessing the status of coastal
systems. The first step is to provide baseline maps that document the current extent,
diversity and condition of the seagrasses. The next step is to establish monitoring
programs designed to detect disturbance at an early stage, and to distinguish such
disturbance from natural variation in the meadows (Kirkman 1996; Lee Long et al.
1996; Kendrick et al. 2000).
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Chapter 2.

Pre-mapping considerations

The most important information that is required for management of seagrass
resources is their distribution, i.e. a map. The following section provides a guide of how
to plan and then map the seagrass resources in a region or locality.

When planning a mapping task, there are several issues that need to be considered.

Scale

The selection of an appropriate scale is critical for mapping. Mapping requires different
approaches depending on whether survey area is relative to a region (tens of
kilometres), locality (tens of metres to kilometres) or to a specific site (metres to
tens of metres).

The next consideration is that scale includes aspects both of extent and resolution. In
both broad and large scale approaches, the intensity of sampling will be low (low
resolution), with a statistical eampling design that allows the results to be
extrapolated from a few observations to the extent of the study area. For finer scale
examinations of seagrass meadows, the sampling intensity required can be high with
greater precision (high resolution).

Scale also influences what is possible with a limited set of financial and human
resources. The financial, technical, and human resources available to conduct the
study is also a consideration.

Accuracy

Determining the level of detail required when mapping an area also depends on the level
of accuracy required for the final map product. Errors that can occur in the field
directly influence the quality of the data. It is important to document these. GFS is
a quick method for position fixing during mapping and reduces point errors to <2m in
most cases. It is important for the observer to be as close as possible to the GFS
aerial receiver to minimise position fix error.

Choosing a Survey/Mapping strategy

The selection of a mapping ecale represents a compromise between two componente.
One is the maximum amount of detail required to capture the necessary information
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about a resource. The other is the logistical resource available to capture that level of
detail over a given area.

To map the extent of seagrass meadows requires methods that are used on
terrestrial vegetation with allowances for the difficulties of working through water.
Some of these difficulties are:

® At adepth greater than 2-3 m mainly blue light penetrates.

o Alllight is attenuated to different degrees through water.

e Light is refracted through water.

e Forground truthing, there are difficulties in working underwater, and

e Sun reflection and angle must be taken into account

The mapping of seagrass areas generally involves at some stage the interpretation of
remotely sensed data, whether from an aircraft or satellite, and then interpreting the
images onto hardcopy or computer, coupled with field (proximal/in situ) assesement to
provide "ground truth”,

The remote sensing of seagrasses and their related environments is based on the
principle that a remote sensor can “see” the substrate and the vegatation growing on
or in that substrate. A remote sensing instrument measures light from the sun after
it has passed through the atmosphere, interacted with the target, and has been
reflected back through the atmosphere to where it is measures by a sensor mounted
on an aircraft or a satellite. Whether a benthic feature such as seagrass can actually
be discriminated depends on the spectral optical depth of the water column, on the
brightness and density of the seagrass and the spectral contrast between it and the
substrate, as well as on the spectral, spatial and radiometric sensitivity of the remote
sensing instrument. As the remote sensing image usually covers a much larger area
than the fieldwork, extrapolation is performed using a variety of either subjective or
statistically developed techniques. Unfortunately, there is no guarantee that
extrapolations are valid.

The most traditional remote sensing technique is aerial photographs. Visual
interpretation of air photographs can be time consuming and require specialist
knowledge of the species, their habitat preferences and the area being mapped. Often,
aerial photographs are used as only as basemaps onto which seagrass meadows can
be mapped to provide a more superior visualisation of the area as apposed to simple
line/contour maps.

Assessements from aerial techniques are performed by experienced seagrass experts,
where as sophisticated digital multi- or hyperspectral remote sensing requires a
combination of mathematical, software, hardware, physics and biogeochemistry skills.
Such resources can be beyond the means of most western Pacific agencies.

Mapping seagrass resources using remote techniques however is beyond scope of this
guide. If you are interested in remote sensing techniques, for a more thorough

page &

O



Guidelines for rapid assessment of seagrass

discussion of mapping from satellite and airborne scanners and an explanation of the
various uses for mapping at different scales, it is recommended you consult
publications by Kirkman (1996) and McKenzie et al (2001)

It is recommend that aerial photos be used as one of a number of tools available to
assist the mapping process. Other tools should include proximal/in situ observation
(ground truthing, diver/video observations) and GIS to determine the location and
extent and coverage pattern of seagrass meadows. McKenzie et al (2001) provided a
decision tree to facilitate the formulation of a survey/mapping strategy.

Table 2.1. A decision tree. The data capture methods used to map the distribution of

seagrass meadows vary according to the information required and the spatial extent.
From McKenzie et al. 2001.

What is the size of the region or locality to be mapped?
Less than 1 hectare 1
Thectare to 1 km* 2
Tkm?to 100 km? 3
greater than 100 km? 4

1. Fine/Micro-scale (Scale 1:100 1em = 1m)
Intertidal aerial photos, in situ observer
Shallow subtidal (<10m) in situ diver, benthic grab
Deepwater (>10m) SCUBA, real time towed video camera

2. Meso-scale (Scale 110,000 1cm = 100m)

Intertidal aerial photos, insitu observer, digital multispectral
video

Shallow subtidal (<10m) in situ diver, benthic grab

Deepwater (>10m) SCUBA, real time towed video camera

3. Macro-scale (Scale 1:250,000 1em = 250 m)

Intertidal aerial photos, satellite
Shallow subtidal (<10m) satellite & real time towed video camera
Deepwater (>10m) real time towed video camera

4. Broad-scale (Scale 1:1,000,000 1cm =10 km)

Intertidal satellite, aerial photography

Shallow subtidal (<10m) satellite, aerial photography & real time towed video
camera

Deepwater (>10m) real time towed video camera

Generally, an area can be mapped from a field survey using a grid pattern or a
combination of transects and spots. When mapping a region of relatively homogenous
coastline between 10 and 100 km long, it is recommended that transects should be no
further than 500-1000 m apart. For regions between 1 and 10 km, it is recommended
to use transects 100-500 m apart and for localities less than 1km, 50-100 m apart
is recommended. This however may change depending on the complexity of the regional
coastline, i.e., more complex, then more transects required.

To assist with choosing a mapping strategy, it is a good idea to conduct a
reconnaissance survey. An initial visual (reconnaissance) survey of the region/area will
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give you an idea as to the amount of variation or patchiness there is within the
seagrass meadow. This will influence how to space your ground truthing pointe.

Reconnaissance surveys can be done in the field (using a boat or aircraft) or simply
using aerial photographs and marine charts. This pre-mapping activity will help give
more accurate information regarding the location and general extent of seagrass
meadows to be mapped.

When mapping, ground truthing observations need to be taken at regular intervals
(usually 50 to 100m apart). The location of each observation is referred to a point,
and the intervals they are taken at may vary depending on the topography.

When ground truthing a point, there are a variety of techniques that can be used
depending on resources available and water depth (free dives, grabs, remote video,
etc). First the position of a point must be recorded, preferably using a GFS. A point
can vary in size depending on the extent of the region being mapped. In most cases a
point can be defined as an area encompassing a 5m radius. Although only one
observation (sample) is necessary at a ground truth point, replicate samples epread
within the point (possible 3 observations) to ensure the point is well represented is
recommended.

Obeervations recorded at a point should ideally include some measure of abundance
and epecies composition. Also record the depth of each point and other
characteristics such as a description of the sediment type, or distance from other
habitats (reefs or mangroves).
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Chapter 3.

Field survey of seagrass meadows

Introduction

The objective of the field survey is to determine the edges/boundaries of any seagrass
meadow and record information on species present, % cover, sediment type, and depth
(if subtidal). Field surveys are also essential if using remote methods like aerial
photographs to evaluate image signatures observed, or examine areas where the
imagery does not provide information (e.g., such as in areas of heavy turbidity), and
produce reference information for later accuracy assessment.

There are a number of methods for ground truthing, including underwater towing,
bounce free-dives, benthic grabs and bathyscopes (Kirkman 1990). The type of
method is also dependent on the type of environment.

Regardless of method, the first and most important parameter to measure is
position. This can be done relatively easily today by using a GFS.

Determining geographic position

3.2.1.

% Geographic position is determined usingusing a GPS or compass. If using a hand-

held compass to determine the position, use at least 5 permanent landmarks or
markers as reference points. Record the compass bearings and mark the reference
markers on the map. Roughly mark the point on the chart and assign it a code.

Using a compass

e Hold the compass in front of you at chest height and level to allow the needle to
travel freely.

e Turn to the direction for which you want to take a bearing.
e Allow the needle to stabilise.

e Move the bezel (wheel) on the compass until the bezel arrow is
over the needle and pointing to zero degrees, indicating north.

e Your bearing is the intersection of the bezel and the red arrow on the base plate.

e Record the bearing on your data sheet, e.g., 50°.

page 11



Seagrass-Watch

3.2.2. Using a GPS

Trouble shooting & hints
e When position fixing it s
important to give the GFS

Turn GPS unit on

A4 antenna a clear signal of the sky.
Give GPS time to track A GFS needs to receive signals
sufficient satellites from a number of satellites

(usually more the 4) to take an
accurate fix. Be aware that when
using a GFS amongst high

Check GPS settings terrain, signals from some the
e Units satellites may be blocked or
unclear.
* Datum e It is important to give the GFS sufficient

time to position fix. If you are moving when

the position is fixed, it may add error. The

To record a position either mark less movement, the greater the accuracy.

waypoint or if boundary mapping Give the GFS at least 5-10 seconds to
set waypoint mark to Stream/Poll position fix.

l e (GPSs that are more accurate when

toving, are those which have the ability to

Either record positions directly “stream” or “poll”. These can be useful

onto data-sheet or download to when boundary mapping. If the GFS does

computer via cable. not “stream” then the operator will need to

take a waypoint every few metres.

e Ensure the GFS units are known to the user, as it is often common to miss read
decimal minutes as minutes and seconds (e.g., 14° 2644’ is not the same as 14° 36’
447).

e When using a GFS for the first time or in a new region (world zone), ensure the
almanac is set correctly. Most GFPSs today will detect that they are in a new region,
and will automatically download the new almanac which may take approximately 15
minutes.

e When position fixing a subtidal ground truth point with a GFS, it is important for the
observer to be as close as possible to the GFS antenna to minimise position fix error.
This can be difficult in small boats under conditions of strong wind and current.

e Clobal Fositioning Systems (GFS’s) have the ability to record your location on the
earths surface using different datums (different fixed starting points). Datums that
record positions in longitudes/latitudes coordinates you could be familiar with include
WGS (World Geodetic System) or AGD (Australian Geodetic Datum). You can
choose which datum (AGD or WGS) your GPS screen shows. Both are equally correct
to use. However, if you are trying to find coordinates from a map which are written
down as AGD, and your GFS is following WGS — there could be up to 160m
discrepancy. Check out and know your GPS - CONSISTENCY IS THE KEY.
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Mapping an intertidal meadow

3.3.1.

3.3.2.

Necessary material and equipment

You will need:
Q  Hand held compass or portable Geographic Fositioning System (GFS) unit

Q  Standard 50 centimetre x 50 centimetre quadrat (preferably bmm diameter
stainless steel).

Seagrass identification and percent cover sheets (see Appendix)
Clipboard with pre-printed data sheets and pencils.

Suitable field clothing & footware (e.q., hat, dive booties, etc)
Aerial photographs or marine charts (if available) of the locality

Plastic bags - for seagrass samples with waterproof labels

OO0 0 D0 O

Weatherproof camera (optional)

General field procedure

First, define the extent of the study area. Check the tides to help you plan when is the
easiest time to do the mapping, e.g., spring low is best for intertidal meadows. If
mapping can be conducted at low tide when the seagrass meadow is exposed, the
boundaries of meadows can be mapped by walking around the perimeter of each
meadow with single position fixes recorded every 10-20metres depending on size of the
area and time available. An important element of the mapping process is to find the
inner (near to the beach) and outer (towards the open sea) edges of the seagrass
meadow. To survey an area quickly, it is possible to work from a hovercraft or
helicopter.

Alternatively, an area can be mapped using a grid pattern or a combination of
transects and spots. When mapping a region of relatively homogenous coastline
between 10 and 100 km long, it is recommend that transects should be no further
than 500-1000 m apart. For regions between 1 and 10 km, it is recommend transects
100-500 m apart and for localities less than 1km, it is recommend 50-100 m apart.
This however may change depending on the complexity of the regional coastline, ie.,
more complex, then more transects required. Transects do not have to be accurately
measured using a tape.

Observations heed to be taken at regular intervals (usually 50 to 100m) along
transects. The location of each observation is referred to a point, and the intervals
they are taken at may vary depending on the topography. Estimate distances
between points, rather than using a tape measure. As the distribution of seagrass is
depth dependent (depth limits vary between regions and localities due to water
clarity), it is advise that representative points be sampled within each depth category
(e.9., 0.5m to 10m intervals depending on topography). In some cases the sampling
may need to be stratified (the number of points greater in some depth categories
than others) when the probability of finding seagrass varies between strata.
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3.3.3.

Step 1.

Step 2.

Field survey point measures

Geographic position

When arriving at a point, the first thing that should be recorded is the position of a
point, preferably using a GFS. If a GFS is not available, use a handheld compass to
determine the bearing, with reference to at least & permanent landmarks or marker
established as reference pointe.

A point can vary in size depending on the extent of the region being mapped. In most
cases a point can be defined as are area encompassing a 5m radius.

When ground truthing a point, there are a variety characteristics beside the
geographic position that should be recorded.

General information

When at a mapping point, the minimum information required on the mapping datasheet
includes:

e Record the observer, location (e.g., name of bay), date and time.

e Record the water depth if the point is subtidal (this can be later converted to
depth below mean sea level).

Step 3. Describe sediment composition
% Next, note the type of sediment
% To assess the sediment, dig your fingers into the top centimetre of the substrate
and feel the texture. Remember that you are assessing the surface sediment so
don’t dig too deepl!
& Describe the sediment, by noting the grain size in order of dominance (e.g., Sand,
Fine sand, Fine sand/Mud).
e mud - has a smooth and sticky texture. Grain size is less than 63 um
e fine sand - fairly smooth texture with some roughness just detectable. Not
sticky in nature. Grain size greater than 63 um and less than 0.25mm
® sand - rough grainy texture, particles clearly distinguishable. Grain size greater
than 0.25mm and less than 0.5mm
e coarse sand - coarse texture, particles loose. Grain size greater than 0.5mm
and less than Tmm
e gravel - very coarse texture, with some small stones. Grain size is greater than
Tmm.
& If you find that there are also small shells mixed in with the substrate — you can
make a note of this.
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Step 4. Seagrass characteristics

Obeervations recorded at a point should ideally include some measure of scagrass
abundance (at least % cover or a visual estimate of biomass) and species composition.
Percentage seagrass cover is the easiest measure of abundance and observers should
use a set of standard measures to ensure consistency.

An alternative measure of abundance is a visual estimate of biomass (Mellors 1991).
In this method observers record an estimated rank of seagrass biomass and species
composition in replicates of a 0.25 m? quadrat per point. Observers ranks are then
regressed against a set of harvested ranks for which the above-ground dry biomass (g
DW m?®) is measured. The regression curve representing the calibration of each
observer's ranks is then used to calculate above-ground biomass from all estimated
ranks during the survey. For a detailed worked example, see Appendix V.

Although only one observation (sample) is necessary at a ground truth point, it is
recommend to take replicate samples spread within the point (possible 3
observations) to ensure the variation of point characteristics are well represented.

& At the mapping point, haphazardly toss a quadrat within an area of an
approximate 5 metre radius around you.

% Within the quadrat complete the following:

Estimate seagrass percent cover

% Estimate the total cover of seagrass within the quadrat — use the percent cover
photo standards as a guide (Appendix II)

Estimate seagrass species composition

% ldentify the species of seagrass within the quadrat and determine the percent
contribution of each species to the cover.

% Use seagrass species identification keys provided (Appendix Ill).

Replicate quadrats

% Haphazardly toss the quadrat another two times within the point area, recording
the data for each of the quadrate.

Step 5. Estimate algae percent cover

% Estimate the percentage cover of algae in the quadrats. Algae are seaweeds that
may cover or overlie the seagrass blades. Algal cover is recorded using the same
visual technique used for seagrass cover.
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Step 6. Describe other features and I1D/count of macrofauna

& Also note any other features which may be of interest (e.g., dugong feeding trails,
number of shellfish, sea cucumbers, sea urchins, evidence of turtle feeding). The
detail of identifications and comments is at the discretion of the observer.

Step 7. Take a photograph

Photographs provide a permanent record and can ensure consistency between
observers.

% Photographing every quadrat would be expensive, so instead it is recommend that
you photograph a quadrat from every 10th mapping point (ie. 10% of the mapping
points will have a quadrat that has been photographed) or if the meadow changes
or if there is something unusual. It is best to photograph a quadrat from two
angles:

e from directly above and
o from 45-60 degrees (navel height?)

& Make sure the photo details are noted on the data sheet so the photo can be
matched with the quadrat details.

& Another option is to video the quadrats and analyse back at home or in the
laboratory.

Step 8. Collect a voucher specimen

% Collect a voucher specimen of each seagrass species you encounter for the day
(only 1 or 2 shoots which have the leaves, rhizomes and roots intact). Label each
specimen clearly and put into a plastic bag.

3.3.4. Continue mapping

% Move on to the next mapping point and repeat the process. The number of mapping
points you survey will be entirely up to you. If you need to accurately map an area,
then intensive surveying (sample lots of mapping points) is recommend. It is also
beneficial to try to get a good spread of mapping points over the area, as some of
the changes in the seagrass meadow will hot hecessarily be obvious.

3.3.5. At completion of field mapping

Step 1. Clean & pack gear

& When you return from the field even though you will be tired it is worth checking
through the information you have gathered to make sure there are no data gaps.
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Guidelines for rapid assessment of seagrass

Before returning the sampling kit, ensure it is clean, batteries removed from GFS,
equipment rinsed with fresh water and let dry before long term storage,

Press any voucher seagrass specimens if collected

The voucher specimen should be pressed as soon as possible after collection. If it
i going to be more than 2 hours before you press the sample then you should
refrigerate to prevent any decomposition. Do not refrigerate longer than 2 days,
press the sample as soon as possible.

Wash seagrass sample in clean water and carefully remove any debris, epiphytes or
sediment particles. Divide the sample into two complete specimens.

Layout specimen on a clean sheet of white paper, spreading leaves and roots to
make each part of the specimen distinct.

Fill out epecimen labels (2) with point information (including: location & point code,
lat/long, depth, %cover, substrate, other species present, collector, comments) and
place the label on lower right hand corner of paper.

Place another clean sheet of paper over the specimen, and place within several
sheets of newspaper.

Place the assemblage of specimen/paper within two sheets of cardboard and then
place into the press, winding down the screws until tight (do not over-tighten).

Allow to dry in a dry/warm/dark place for a minimum of two weeks. For best results,
replace the newspaper after 2-5 days.

Mapping shallow-subtidal (<10m) meadows

3.4.1.

Check the tides to help you plan when is the easiest time to do the mapping, e.g., neap
tides are best for subtidal meadows.

Necessary material and equipment

You will need:
Q  Small boat, with outboard motor and safety equipment
Q  Hand held compass or portable Geographic Fositioning System (GFS) unit

Q  Standard 50 centimetre x 50 centimetre quadrat (preferably bmm diameter
stainless steel).

Q  Seagrass identification and percent cover sheets (see Appendix)
Q  Clipboard with pre-printed data sheets and pencils.
Q  Suitable free-diving (snorkelling) equipment
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3.4.2.

Depth measuring equipment (eg. depth sounder)

Bathyscope (not essential)

Benthic grab (e.g., van Veen)

Aerial photographs or marine charts (if available) of the locality

Flastic bags - for seagrass samples with waterproof labels

OO0 D0 DO

Weatherproof camera (optional)

General field procedure

If water clarity and seagrass abundance is high, then the boundaries of subtidal
meadows can be mapped from a boat driven slowly (1-2 kts) around the perimeter of
each meadow with single position fixes recorded every 20-20m. A bathyscope can be
used to assist in identification of the presence of continuous or sparse meadows and
the determination of deep edge meadows. Abundance or cover estimated can also be
visually assessed.

If the water clarity is low, and/or the seagrass abundance low and highly variable, then
a different strategy is employed. An area can be mapped ideally using a grid pattern or
a combination of transects and epots, in the same manner as when mapping an
intertidal meadow.

The most commonly used and simplest ground-truth method is in situ observation
through free diving or shorkelling. Any direct observation of the bottom is limited by
the amount of time a person can spend snorkelling or their field of view when in the
water. The diver ewims to the bottom, or as deep as is required to recoghise the
seagrass, presence or abserice or species. If nothing is growing on the bottom the diver
can turn back without having to go to the full depth of the bottom. Free-dives are also
useful for obtaining a vegetation or sediment sample.

Where depth or poor visibility prohibits free-diver estimates, a small benthic grab or
dredge is a useful tool for determining the bottom type. This dredge can be used in
boats from small inflatables to ocean going research vessels. Benthic grabs can also
be used to sample the sea floor and samples of sediment can also be obtained. Long
et al. (1994) tested the uselefficacy of a modified “orange-peel” grab in different
sediment and vegetation types, and reported acceptable results.
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Mapping deep-water (>10m) meadows

3.5.1.

3.5.2.

Necessary material and equipment

You will need:

Large boat

Underwater video camera (video recorder) and sled

Geographic Fositioning System (GFS) unit, hand held compass or RADAR
Depth measuring equipment (eg. depth sounder)

Benthic grab (e.g., van Veen)

Clipboard with pre-printed data sheets and pencils.

OO0 0DD0 DO

Plastic bags - for seagrass samples with waterproof labels

General field procedure

A deep-water area can be mapped ideally using a grid pattern or a combination of
transects and spots. The approach is very similar to mapping an intertidal or shallow
subtidal meadows, however the points will be generally further apart and the
replication at a point will be significantly reduced. When ground-truthing a point, there
are a variety of techniques that can be used depending on resources available and
water depth (SCUBA, benthic grab, remote cameralvideo, etc).

Self Contained Underwater Breathing Apparatus (SCUBA) can be used to conduct
in situ assessment of deep-water points. This however, can be restrictive due to the
number of points that can be assessed in a day, and the restrictions imposed by
diving at depth. Safety should be foremost when conducting in situ assessment using
SCUBA, paying particular attention to tidal regimes, turbidity, sea-state, dangerous
marine animals and other human activities and impacts. Local knowledge of the above
factors should always be sought. It is strongly recommend that diving policies be
developed by each organisation and national safety standards be met.

Due to the restrictions of working at depth, virtually all deep-water mapping is
conducted remotely. One remote method uses active acoustic sensors that
characterise the sea-floor by transmitting a pulse of sound energy downward into the
water column and then collecting the return echoes for analysis. This method requires
specialised sensors and technical expertise to interpret, and is considered beyond the
scope of this guide. For more information we recommended Lee Long et al. (1998) and
Urick (1983).

The other common method is Real Time Towed Video Camera. Underwater video is a
widely used tool for seagrasse mapping (Coles et al. 2000, Lee Long et al. 19963,
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Norris et al. 1997). The record provided by underwater video provides information on
seagrass presence and abundance, the species of seagrass and the nature of the
non-vegetated bottom. The system is useful in deepwater environments where SCUBA
diving is restricted and in localities where dangerous marine animals are a significant
threat.
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Chapter 4.

Creating the map

The simplest way to map a seagrass meadow is to draw the boundaries on a paper
marine chart from the GFS positions of the ground truth pointe. The problem with this
type of mapping however is that the final map is in a format that does not allow
manipulation and transformation. A paper map is permanent, which makes it difficult
for future seagrass mapping studies to be compared, queried and analysed. If
resources are available, it is recommend that the data be transferred to a digital
format and a Geographic Information System (GIS) be used.

Geographic Information Systems (GIS)

ClS are software systems of highly accurate digital maps that can be overlaid to
reveal relationships that might not otherwise be detected on traditional paper maps.
Digitally-stored cartographic databases can be altered much quicker than hard copies
and shared data can be standardised. The key element of a GIS is the separation of
differing data sets into thematic layers. GIS software provides the functions and
tools needed to store, analyse, and display geographic information.

Two of the most common GIS packages are Arclnfo® (including Arc\/iew®) and
Maplmco®. Mapping seagrass meadows with a GIS can help to identify emergent
patterns or relationships in geographically referenced data. For further reading on the
application of GIS to aquatic botany, see Lehmann and Lachavanne (1997).

Creating the basemap and importing captured data

A basemap is the spatial framework by which all other information is referenced.
Basemaps are generally boundary files which are fundamental building blocks for any
mapping system. For example, basemaps may be coastlines or property tenure
boundaries. Basemaps are constructed from georeferenced features on plans or
remote images. Sometimes basemaps can be sourced from government planning
agencies or private contractors who specialise in planning.

If no basemaps are available or are difficult to access (e.g., limited funds), an aerial
photo or paper topographic chart can be used. It is also advised to be aware of
copyright restrictions and possible infringements.

The first task is to scan the aerial photographs (or charts) typically using a flat-bed
scanner (a resolution of 300 dpi is usually sufficient) to produce a digital raster
image. Once scanned, aerial photographs can be pasted together in most standard
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imagel/drawing packages to create larger images. Ensure the final image includes some
topographic features spread over the entire image: such as major or minor roads,
coastlines, buildings, jetties or piers. If the ground truthing included determining the
position fixes of such topographic features, then these can be used as ground control
points. Using ground control points, the digital images can now be fixed or rectified in
space. Maximum spread of ground control points over an image will result in a more
accurate rectification. This image now becomes the basemap for the GIS layers.

It is possible to map seagrass meadows directly from raster images using image
analysis programs (e.g., Optimae® and ENVI®) or the user can trace (digitise) the
boundary. Alternatively, the boundary can be determined by importing the ground
truthed points and using contour mapping programs (e.g., Surfer® and S—Plu5®). All
these techniques require a combination of software, hardware, mathematical, physics
and biogeochemistry skills which is beyond the scope of this guide.

An easier alternative is importing the eeagrass position data (ground truthed points)
from the database in which it has been entered and overlaying it on a basemap derived
from a scanned and rectified aerial photograph. Once imported, it can be linked in
overlapping layers to form a mosaic covering the whole region or locality.

Boundary Determination

Boundaries of meadows can be determined based on the positions of survey points
and the presence of seagrase, coupled with depth contours and other information
from aerial photograph interpretation. Errors that to be considered when interpreting
GlS maps include those associated with digitising and rectifying the aerial photograph
onto the basemap and those associated with GFS fixes for survey points.

In certain cases seagrass meadows form very distinct edges that remain consistent
over many growing seasons. However, in other cases the seagrass tends to grade
from dense continuous cover to zero cover over a continuum that includes small
patches and shoots of decreasing density. Boundary edges in patchy beds derived
from aerial imagery or direct observation are vulnerable to interpreter variation.

Sometimes, it can be assumed that light limits the deeper edge of seagrass beds and,
in this case, bathymetric measures can map this boundary. The light limiting depth to
most seagrasees is usually the Secchi diec depth (Dennison and Kirkman, 19906).

Given the uncertainty surrounding the determination of meadow edges it is suggested
that each mapping effort include its own determination as to what it considers
seagrass habitat based on the purpose of the mapping As long as the logic is clearly
described and the results are repeatable, the data should be suitable for baseline
characterisation or change detection. Using the GIS, meadow boundaries can be
assigned a "quality” value based on the type and range of mapping information
available for each area and determined by the distance between survey points and
GFPS position fixing error. These meadow boundary "errors” can be used to estimate
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the likely range of area for each meadow mapped (Lee Long et al. 1996b, McKenzie
et al. 1996, 1996, 2001).

Map accuracy

The expected accuracy of the map product gives some level of confidence in using the
data. Traditional methods can carry an inherently large capacity for mapping error
because of the need for spatial interpolation between the data points. Inaccurate
maps can also result in poor management decisions (Bruce et al. 1997). Mapping
accuracy can be divided into the two general classes of thematic and spatial
accuracy.

Thematic accuracy is a determination of the correctness of the features identified on
the map product. This covers whether a patch of seagrass was correctly labelled as
seagrass in the map or whether it was incorrectly labelled as algae or some other
feature.

Spatial accuracy is a measure of the positional correctness of boundaries and
features in a map product. For eeagrass mapping, high levels of both thematic and
epatial accuracy are critical. With the advent of GFS, epatial accuracy has greatly
improved. However, care must be taken not to enlarge a map beyond its stated scale
and try to make decisions from this artificially enlarged map. The need for rectification
has been emphasised throughout this chapter and estimates of accuracy should be
given with each mapping project. At sea, control points are difficult to find for
rectification purposes so that spatial errors increase in magnitude the further from
controls the point of interest is.

The accuracy of a map also needs to consider temporal effecte. Rarely are maps
generated at a time close to the date at which field accuracy assessment occurs.
This can make assessing the thematic or spatial accuracy of a map more difficult. It
is particularly noticeable when seagrass beds undergo large seasonal changes.

Data visualisation and output

If the data contains information of greater resolution than presence or absence, it can
be used to in digital elevation modelling programs (such as Surfer® and 6—p|u5®).
Digital elevation models can be created with information such as seagrass abundance,
water depth, etc.

Detailed data capture information can enable maps to be constructed from more
features than simply presence and absence. Maps of different seagrass communities
or habits for example, can be constructed by using information such as seagrass
epecies composition, seagrass abundance, sediment type and other associated flora
and fauna.

page 25



Seagrass-Watch

The final map can be presented on screen and in hard copy. The final maps need a
clear legend describing the features highlighted, a scale, and a source. The maps are
best accompanied by any caveats on data reliability, eg., changes in data quality
during sampling because of physical changes such as sea state. This is important
when data is loaded into a GIS that is used by managers. GIS data also requires a
use-by date. Original (master) copies of final GIS maps are usually stored in two
places: the source laboratory and a regional or central archive. Always attach a
metadata file or script to each map, and include the correct form of citation to be
used for acknowledging the data source.

Metadata

Metadata is information about the data and not to be confused with a summary of
the data. Metadata describes data source, data reliability, conditions of use, limits on
interpretation and use-by date, and usually includes the correct form of citation to be
used for acknowledging the data source. It holds information about the quality of the
data. The project metadata for all spatial data should have some statement about
the accuracy of a map product. The Australian New Zealand Land Information Councll
has a very useful guide for metadata (http://www.anzlic.org.au/).
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SEAGRASS-WATCH MAPPING
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Appenaix I

Seagrass percent cover standards
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Appendix i

Seagrass identification sheets
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SEAGRASS SPECIES CODES

Ea
Enbhalus acoroides Th

very long (>30cm) Thalassia hemprichii

ribbon-like leaves e ribbon-like, curved leaves 10-40cm

with inrolled leaf long

margins e leaf tip rounded, slightly serrated

thick rhizome with e short black tannin cells, 1-2mm long,

long black bristles in leaf blade

and cord-like roots e thick rhizome with scars between
shoots

Cs\!
Cymodocea serrulata\

serrated leaf tip "
wide leaf blade (5-9mm wide) ' !
leaves 6-15cm long \ X
13-17 longitudinal veins
robust/strong rhizome

Cr

Cymodocea rotundata

rounded leaf tip

leaves 7-15 cm long ‘\,
narrow leaf blade (2-4mm wide)
9-15 longitudinal veins
well developed leaf sheath

4 Halophila becearii - Hb

leaves arranged in clusters of 5-10 on vertical stem
leaves elongate, no obvious cross-veins
short vertical stem between clusters

leaf clusters do not lie flat \l ‘\‘

Ruppra maritima
leaves fine and thread-like
pointed tip on leaves, sometimes serrated
inflorescence on a long stalk, sometimes spiralled

rhizome fragile
semi-fresh or estuarine environments

Thalassodendron ciliatum

e erect stem upto 65cm long ‘f%\\ ‘? :
bearing leaf cluster L %

e rhizome tough and woody

e ribbon-like, sickle -shaped
leaves with ligule

e round, serrated leaf tip

e often found attached to rock
or coral substrate
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SEAGRASS SPECIES CO

HO Halophila ovalis

8 or more cross veins
no hairs on leaf surface
leaf margins smooth
leaf 5-20mm long

fern like

leaves arranged in
opposite pairs
erect shoot to 15cm long
found at subtidal depths

]I

\ | .';

Hu

Halodule uninervis

e trident leaf tip

1 central vein

usually pale rhizome, with
clean black leaf scars

A Y,

\J
[ ]

ZC

DES

Hd Halbphila decipiens

small oval leaf, slightly pointed
6-8 cross veins

leaf hairs on both sides

leaf 10-25mm long

found at subtidal depths

@ Halophita minor

less than 8 pairs of cross
veins

small oval leaf blade less
than 5mm wide

leaf margins smooth

no leaf hairs

'Hp

| Halodule pinifolia
| /

rounded leaf tip

1 central vein
usually pale rhizome,
with clean black leaf
scars

Zostera muelleri subsp. capricorni

narrow spaghetti-like leaves

e cylindrical in cross section, 1-2mm
diameter

leaves contain air cavities

leaf tip tapers to a point

leaves 7-30cm long

copyright Seagrass-Watch HQ

leaf with 3-5 parallel-veins
cross-veins form boxes
leaf tip smooth and
rounded, may be dark
point at tip

leaf grows directly from
rhizome ie no stem
rhizome usually brown or
yellow in younger parts



Guidelines for rapid assessment of seagrass

Appendix IV

An alternative method for
estimating seagrass abundance

A detailed worked example:

A group of 3 experienced observers were requested to map the distribution and
abundance of seagrass meadows within a bay. The group had been requested by DFI
to use the seagrass biomass ranking method of Mellors (1991). The survey was
conducted over a 1 week period. At the beginning of the survey, the 3 observers
gathered together to decide on the “standard ranks” for the study. As one of the
observers had been to the area before, they went to a meadow which had both the
greatest and lowest above-ground biomass that they expected to see within the bay.
They placed a quadrat over an area they all agreed was the highest biomass (referred
to as “standard rank 5”) then another quadrat over an area they all considered was
comparatively low biomass (referred to as “standard rank 17). Then using this
approach they found an area they all agreed was mid-way between the 5 and 1
(referred to as “standard rank 3”), and similarly set up standard ranks 2 and 4. The
standard ranks they set up were what they believed to be a “linear” relationship
between the ranks and the above-ground seagrass biomass. They also took photos of
the standard rank quadrats so they could refer back during the week of surveying if
required.

The observers then proceeded to survey the bay. Each observer recorded their own
visual estimate ranks independently of the other observers estimates, and ranks were
each estimated to one decimal place. The observers surveyed 1100 points with 5
biomass estimates at each point (a point was agreed to be an area of © m radius). At
the end of the survey the observers gathered at another meadow which had the
highest and lowest biomasses, similar to those found during the survey. At this
location the observers threw down 10 quadrats, spread over the range of biomasses
observed. Each observer then independently ranked the above-ground biomass in each
quadrat, in the same way as they did during the survey. After each observer had
ranked each quadrat (being careful not to discuss and compare ranks with other
observers), each quadrat was harvested and taken back to the laboratory for sorting.

In the laboratory, the above-ground biomass was separated from the below-ground
biomass for each harvested calibration sample (the entire sample was separated, no
subsampling). The above-ground component was then dried and weighed to 2 decimal
places.
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The observer's ranks of the calibration quadrats were then regressed against the
actual above-ground biomass for the calibration quadrats (g dry wgt m™) (see Table 1).

Table 1. Biomass and respective observer ranks for each calibration quadrat.

Calibration Above ground Biomass  ,cemvert Observer? Observer?
Quadrat (g dry wgt 0.25m™)
1 1.55 1.2 1.1 05
2 1.95 0.2 0.2 0.1
5 &.75 45 4.0 4.8
4 10.93 1) 3.6 4.3
5 718 4.3 42 4.4
© 4.93 2.4 2.20 2.1
7 ©.55 2.5 2.6 24
& 3.95 2.1 24 14
9 0.7 0.6 0.6 0.2
10 1.01 05 0.6 04
r* 0.69 0.94 0.92

A regression is a mathematical equation that allows us to predict values of one
dependent variable (in this case the actual above-ground biomass) from known values
of one or more independent variables (ie. the observers ranks).

From a plot of each observers ranks against actual above-ground biomass (Figure 1), it
appears that quadrat # 4 was an outlier (it was well outside the 95% confidence
limits). This means that all the observers had ranked quadrat # 4 too low - possibly
because many of the shoots may have been covered with sediment, making estimation
difficult, etc). After quadrat # 4 was removed, a regression for each observer was
calculated (Table 2).

Table 2. Regression of observers ranks

Observer Regression
Observerd Biomass = 17906 x Rank + 0.5601
Observer2 Biomass = 17227 x Rank + 0.2520
Observerd Biomass = 1.56565 x Rank + 116256
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12

Observer 1 o

0.1 1.0 1.9 2.8 3.7 4.6

12
Observer 2 L

Biomass (g DW 0.25m-2)

0.2 11 20 29 3.8 4.7

12
Observer 3 -7

0.1 0.9 1.7 25 33 4.1 4.9
Rank (biomass estimate)

Figure 1. Linear regressions to explain the relationship between observer rank and above ground
seagrass biomass. (filled circles signify outlier).

Usihg the regression for each observer, the field ranks estimated by each observer
were converted to above-ground biomass (g dry wgt m-2). All calculations of seagrass
abundance within the bay were then done using the g dry wgt m-2 values.

Further comments:
o Mellors (1991) does not recommend using integers, or categories. An observer can

estimate to 1 decimal place without difficulty (I suppose if you rank on a scale from 0.1 to
5.0 you in fact have 50 categories??)
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e There is no need for observers to agree in the field after the standard ranks have been
established. You do not want a single regression for all observers pooled. This is because
observers will always differ - there is no point observers practicing to get the same rank.
What is important is that each observer has their own regression, and that each observer
rank the same way each time. In fact it is best that observers do not compare ranks at
all when surveying an area, as this causes bias.

e The only values you are concerned with in the end is the above-ground biomass
(g dry wgt m®). The ranks only mean something to the particular observer who estimated
them. Only the converted biomass estimates should be used for analysis.

e Re-calibration should be done for each sampling/survey event (what an observer ranks
this week may differ from what they rank next month) and at different locations.

e There are instances when 2 sets of standard ranks have to be used within the same
survey (1 set for low abundance meadows (eg. Halophila), 2" set for high abundance
meadows (eg. Zostera)) as this allows greater accuracy for biomass estimates.
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