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INTRODUCTION 

Coastal habitats in Florida include mangroves, salt marshes, salt barrens, and coastal uplands. 
These habitats provide valuable ecosystem services such as nutrient removal, carbon 
sequestration, and prevention of coastal erosion in addition to serving as critical habitat for many 
of Florida’s economically important and protected species. The Critical Coastal Habitat 
Assessment (CCHA) was developed as a long-term monitoring effort to examine the ecological 
status and trends of these coastal habitats in the face of climate change, sea-level rise, and other 
anthropologic impacts (Price et al. 2017). This monitoring program is designed to be an early 
warning system that will enable improved adaptive management and restoration of coastal 
habitats. Systematic observation and quantification of changes seen in coastal habitats will 
facilitate the prioritization of specific habitats for conservation or restoration, including the 
protection of adjacent upland areas to allow for upslope habitat migration in response to sea-level 
rise.  

While originally designed for sites in Tampa Bay, these methods are broadly applicable to an 
array of coastal habitats and geographic locations. This manual and the accompanying 
instructional videos are designed to guide further implementation of these long-term monitoring 
methods in coastal habitats of the Southeastern United States. These methods include monitoring 
for changes in elevation, sediment accretion, sediment characteristics, diversity of flora and 
fauna, porewater salinity, and upslope migration of vegetation and habitats. The protocol consists 
of both transect and stratified random sampling components, and is designed to enable 
identification of key transitional areas that may undergo changes in spatial extent over time. 
Monitoring sites are intended to be revisited every 3 – 5 years in perpetuity.  

 

SITE SELECTION 

Select the location of long-term monitoring sites based on the following criteria:  

• Sites should be located on protected public or private land that has been designated for 
conservation to ensure feasibility of long-term sampling (i.e. the location should remain 
in natural condition for several decades in the future).  

• Sites need to be accessible by land or water to surveyors and scientists. 
• Transects should begin at the water’s edge and extend perpendicular from the shoreline 

into upland habitat. Sites should have a moderate slope that transitions through several (3 
– 7) zones of emergent tidal vegetation to upland vegetation over a distance of 100 – 175 
m (330 – 575 ft). Zone boundaries and elevation changes should be roughly 
perpendicular to the main axis of the transect. 

• Aerial imagery should be examined and preliminary scouting of potential monitoring 
locations should be conducted in situ prior to the initiation of monitoring to ensure that 
selected sites meet the criteria listed above.  
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ELEVATION SURVEYS 

 
Conduct elevation surveys using a Real-
Time Kinematic Global Positioning System 
(RTK GPS; USGS 2012; Fig. 1) or 
traditional direct-leveling land survey 
methods (FDEP 2014). Clearing of survey 
paths and destruction of vegetation should 
be kept to a minimum since vegetative cover 
will be subsequently surveyed along the 
transect. Because the substrate is often soft 
in wetlands, use a wide-diameter base on 
survey equipment to prevent it from sinking 
in the sediment. Survey points should be 
spaced at a minimum of every 1.5 m (5 ft) 
along the transect (Fig. 2). Also survey the 
elevation at each feldspar marker horizon 
(one randomized plot location per zone, see 
Page 9 below). 
 
Establish semi-permanent elevation 
benchmarks at the beginning (open water) 
and end (upland) of each transect. 
Benchmarks can be constructed from rebar, 
which is driven to the depth 
of refusal. However, if this is 
not practical in deep 
sediments, hammer a 1.2-m 
(4-ft) length of rebar into 
dense sediments (e.g. sand) or 
a 3-m (10-ft) length of rebar 
into soft sediments (e.g. peat). 
Cap or cover each benchmark 
with a polyvinylchloride 
(PVC) pipe or survey marker 
cap, as available. Measure the 
distance from the soil surface 
to the top of the benchmark 
with a measuring tape; also 
survey the elevation at the top 
and bottom of the benchmark 
using the RTK GPS. 
Compare the measured height to the surveyed elevation difference to assess the precision of 
elevation surveys. Surveyed elevation measurement errors should be no more than ±10 mm in 
the vertical direction.    

 

Figure 2. Example of a vertical elevation profile based on RTK 
GPS surveys along a transect through five habitat zones in 
Cockroach Bay Aquatic Preserve, Ruskin, FL.  

 

Figure 1. Surveying elevation using an RTK GPS. 
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HABITAT ZONES 

Extend an open-reel fiberglass measuring tape (or multiple tapes as necessary) along the 
surveyed transect and identify locations of habitat transition. Habitat transitions may be 
identified by shifts in plant species or locations with significant elevation changes (Figs. 2 and 
3). Note that not all shifts in vegetation may be accompanied by a pronounced change in 
elevation, but should still be considered separate zones for monitoring. Install a physical marker 
(wooden stake, flagging tape, etc.) at each transition and record the distance from open water 
(i.e., transect start), latitude, and longitude. These marked locations will also provide a visual aid 
while extending the transect tape if multiple days are needed to complete monitoring. Assign 
each habitat zone along the transect a letter code (A, B, C, etc.) and a unique, identifying name 
(Figs. 2 and 3) and record the length of each zone. Continue the transect into the upland zone, so 
that it includes at least 10 m of upland habitat at the end of the transect, as this region may shift 
to high marsh vegetation in future years.  

 

Figure 3. Example of a transect (orange line) crossing through five habitat zones in Cockroach Bay in 
Tampa Bay, FL. The green line depicts the boundaries of a 20-m wide belt transect and white lines 
depict transitional boundaries between habitat zones. 
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ESTABLISHMENT OF RANDOMIZED PLOTS 

A stratified random sampling design is used to gain additional information on vegetative 
community structure within each habitat zone. Randomly select three plots per zone within 10 m 
of the transect (i.e. three locations will be selected per zone within a 20-m wide belt transect, see 
Fig. 4). This can be accomplished in the field, using a random number generator such as that 
found on many calculators, mobile phone applications, or websites to generate a random distance 
along the transect (e.g. if a zone is 25 m wide, generate three random numbers between 0 and 
25), followed by a random perpendicular distance from the transect line (generate three random 
numbers between 0 and 20; a value of 10 will bisect directly on the transect line). Alternatively, 
after identifying zonation in the field, create a 20-m wide grid along the length of the transect in 
a GIS mapping software. Use the software program to generate three random points in the grid 
within each zone. The following should be considered while determining locations for 
randomized plots: 

1) Zone boundaries are 
often not perpendicular to 
the transect. If a 
randomized plot is 
intended for zone A, yet 
actually falls within 
vegetation characteristic 
of zone B, create another 
randomized location so 
the randomized plot falls 
within the vegetation of 
interest. 

2) Each transition zone 
should include a 
randomized plot (Fig. 5). 
These locations are more 
likely to capture 
vegetation shifts over 
longer timescales with 
subsequent monitoring   

In the field, mark the 
center of randomized 
plots by hammering a 
short PVC pipe marked 
with flagging tape into 
the ground, and record 
the latitude and longitude with a hand-held GPS. Leave randomized plot markers on site so that 
randomized plots can be reoccupied in the future.
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Figure 5. Summary of the Critical Coastal Habitat Assessment sampling design. 
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TRANSECT VEGETATION 
 
Record plant species (blank data sheet in appendices) along the transect in 0.5-m increments to 
document gradual shifts in vegetation (for every 100 m of the transect there will be 200 quadrats 
sampled and recorded). Starting at the water’s edge, place a 0.5 x 0.5-m (0.25-m2) quadrat with 
one edge along the transect (NB: This is a smaller quadrat than used for the random plots). 
Record which side of the transect is being monitored for future reference, and avoid trampling 
areas surveyed for vegetation. A cube design (Fig. 6) minimizes the need to bend over while 
moving the quadrat, and removing one side of the cube allows the structure to be placed around 
trees. Record the basal percent cover for each plant species within each quadrat. Note that basal 
cover is usually significantly lower than canopy cover and requires close examination of the base 
of vegetation within the plot. When multiple people are completing basal percent cover, work 
together as a group with a visual guide to establish calibration of visual estimates to reduce 
observer bias to the greatest possible extent. Identify each plant to lowest practical taxonomic 
level (species, if possible). In addition to vegetation, also record basal percent cover by 
pneumatophores (include both black and white mangrove pneumatophores in the same category), 
woody debris, and macroalgae. The prop roots of red mangroves, along with tree trunks, are 
included in basal percent cover estimates. All remaining area within the plot is assumed to be 
bare/detritus; this category includes both bare soil and leaf litter. With the PVC quadrat in place, 
take a photo of the vegetation every 5 plots (2.5 m) and record the photo file number (Fig. 6).  

 

  

 

Figure 6. Recording continuous basal vegetative cover in a 0.5 x 0.5-m quadrat along the transect. 
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RANDOMIZED PLOT SAMPLING 

Survey all randomized 1 x 1-m plots for both flora and fauna (NB: This is a larger quadrat than 
used for the transect). Ensure there is at least a 0.25-m2 space adjacent to the randomized plot 
(and at the same elevation) that is not compacted by foot traffic for placement of the feldspar 
clay horizon (described below). Place a 1 x 1-m PVC quadrat centered on the PVC plot marker 
(Fig. 7) and record the following data (blank data sheets in appendices): 

• Following the same procedure as for the transect (see Page 6 above), record species and 
basal percent cover of vegetation within the quadrat. Percent cover should also include 
pneumatophores, woody debris, and macroalgae. With the 1 x 1-m PVC quadrat in place, 
take a photo of each quadrat (Fig. 7) and record the photo file number.  

• Record canopy cover directly over the PVC marker using a canopy densitometer and/or 
spherical densiometer (Fig. 7). 

 

• Record the number of crab (e.g. Uca spp.) burrows in each 1 x 1-m quadrat (Fig. 8). 
Photograph and identify species present in the zone (including area outside the plot, as 
crabs will likely flee upon approach).  

• Record the number and species of snails (e.g. Littorina spp.) in each quadrat. 
• In mangrove habitats, record the number and species of tree crabs (Fig. 8) observed 

within each quadrat. Photograph and identify crab species present in the zone, including 
those observed in the area outside the plot.  

   

Figure 7. The placement of the 1 x 1-m quadrat and measurement of canopy cover should 
be centered on the PVC marker for each randomized plot (left). Example of a spherical 
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Figure 9. In point-centered quarter 
sampling, the distance to the closest tree 
(blue line) is measured within each of four 
quarters (boundaries marked by dashed 
lines). In CCHA sampling, quarters are 
aligned parallel to the main transect (gray 
line). Trees may be inside or outside the 1 
x 1-m random plot (red square). 

 

POINT-CENTERED QUARTER SAMPLING 

Point-centered quarter (PCQ) sampling is a plotless 
method designed to capture information on tree size 
and density (Cottam and Curtis 1956). Collect PCQ 
data at all randomized 1 x 1-m quadrat locations 
(blank data sheet in appendices). Divide the region 
around the PVC pipe marking the center of the 
quadrat into four imaginary “quarters” (Fig. 9). Align 
the quarters to be square (parallel and perpendicular) 
to the direction of the main transect (Fig. 9). Within 
each quarter, identify the tree (≥1.3 m in height) that 
is located nearest to the PVC marker (Fig. 9). Trees 
may be located inside or outside the 1 x 1-m quadrat. 
Record the distance from the PVC marker to the 
center of the base of the tree, tree species, diameter at 
breast height (DBH; measured at 1.3 m height), and 
crown height for each of the four trees. Tree diameter 
may be measured using tree calipers or a diameter 
tape (Fig. 10), while tree height may be measured 
using a surveying rod or clinometer. DBH should be 
recorded in a location that avoids the thicker part of 
the trunk near a branch, prop root, or directly on a fork (Dahouh-Guebas and Koedam 2006). If a 
tree trunk forks into multiple trunks at a height less than 1.3 m, measure the diameter below the 
fork. If a tree grows at an angle from the ground, measure the DBH at a distance 1.3 m from the 
base of the trunk rather than 1.3 m in vertical height above the ground (Dahouh-Guebas and 
Koedam 2006).  

 

Figure 8. Identifying fiddler crabs (Uca spp., left) and mangrove tree crabs (right). 
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Figure 10. Measuring the distance from the center of the plot to the nearest tree (left) and the 
diameter of the tree (right) for point-centered quarter sampling. 

PCQ measurements in a given quarter may be omitted if the nearest tree of sufficient height is 
beyond the habitat zone where the PCQ plot is located. PCQ sampling is not necessary in salt 
marsh zones that lack trees, but may become necessary on subsequent site visits as mangrove 
trees invade salt marsh zones over time. If a tree is the closest option for two different 
randomized PCQ plots, omit the second measurement rather than measuring the same tree twice, 
as mathematical corrections are available for quarters missing tree data. An explanation of the 
density calculations that can be completed following PCQ sampling is provided in the Data 
Analysis section of this manual (Page 15 below).  

 

FELDSPAR MARKER HORIZONS 

Feldspar marker horizons provide a method of measuring sediment accretion on top of a 
substrate (Callaway et al. 2014). A 0.5-cm (0.25-in) thick layer of white feldspar clay is applied 
to the surface of the sediment in a marked 0.25-m2 plot (Fig. 11). The marker horizon should 
remain in place even while submerged in water in protected, low-energy environments that have 
minimal wave exposure. Subsequent re-visitation and coring of the marker horizon plot allows 
for the visual examination and measurement of the thickness of sediment deposited on top of this 
layer. Marker horizons cannot be used to measure erosion or subsurface peat expansion; hence, 
continued elevation surveys are important for long-term monitoring of changes in land-surface 
elevation or relative sea-level position. Place feldspar marker horizons at one of the randomized 
1 x 1-m plots located near the center of each vegetative zone, but not within transitional 
boundaries between zones (Fig. 5). The plot containing the marker horizon will also be used for 
soil and water sampling (see Pages 12 and 13 below) and should have been included in the 
elevation surveys (see Page 2 above). At the marker horizon location, place a 0.5 x 0.5-m 
wooden frame in a flat location just outside of the 1 x 1-m plot used to survey vegetation (Fig. 
12). The location should have the same elevation as the center of the randomized plot and also 
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Figure 11. Example of recently established 
feldspar horizon. 

 

Figure 12. Installing feldspar horizons with the use of a 0.5 x 0.5 m wooden square and concrete 
trowel (left) adjacent to randomized plot locations (right). 

receive minimal trampling to avoid non-natural 
compaction of the sediments. Use of a small dust 
mask or disposable industrial respirator is 
recommended while applying the feldspar to 
minimize dust inhalation. Remove any large 
pieces of debris from the plot and sprinkle the 
feldspar in a layer at least 0.5 cm (0.25 in) thick 
(feldspar may be sprinkled on top of and around 
existing vegetation). Use a concrete trowel to 
flatten the feldspar into a layer at the sediment 
surface (Fig. 12). Mark no fewer than two of the 
feldspar plot corners by hammering 1.2 m (4 ft) 
lengths of steel rebar into the ground, then cover 
rebar with a 1.3-cm (0.5-in) diameter PVC sleeve 
(Figs 11 and 12).  

Feldspar plots should be cored every 6 – 12 
months to measure sediment deposition in each habitat zone. Use a coring device with minimal 
compaction, such as a split-barrel peat auger (Fig. 13). Cryogenic coring devices can also be 
used and have minimal compaction; in this method, liquid nitrogen or dry ice is used to freeze 
the sediment before a core is cut and then drawn up out of the ground (Folse et al. 2014). Record 
the amount of soil deposition as the average of four measurements from the surface of soil (top 
of the core) to the top of the feldspar layer (Fig. 14). Record the location within the feldspar plot 
where coring occurred, then replace the sediment core. On repeat visits, avoid coring in the same 
locations and in areas with visible bioturbation within the marker horizon plot.  
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Figure 13. Example of a split-barrel peat auger (left) and sediment 
core removed with minimal compaction (right). 

 

Figure 14. Measuring sediment deposition on top of a 
feldspar horizon. 
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POREWATER SAMPLING 

Porewater is collected to gain information on how salinity and water availability may restrict the 
growth of plants (e.g., high salinities in salt barrens stunt plant growth). To improve 
comparability across locations, porewater sampling should be conducted near low tide for all 
plots and sites. Collect porewater measurements adjacent to the same randomized plots used for 
feldspar marker horizons (but outside both plots, Fig. 5). Dig a hole with a hand-powered auger 
(Edelman auger, or similar; Fig. 15) to a depth where porewater can be reached (<1 m depth is 
usually sufficient). Record the time and date of porewater collection to facilitate comparisons 
with tidal position. Porewater can be sampled using a pipette, hand pump, or similar sampling 
device. Determine salinity using a conductivity meter, specific gravity meter, or salinity 
refractometer. A handheld refractometer (Fig. 15) may be preferable as only a few drops of 
porewater are required for the measurement. Clean the pipette and refractometer with distilled 
water between measurements. 

 

 
 
 
 
 

 

Figure 15. Using an auger to dig a hole for porewater samples (left) and determining 
salinity of porewater using a salinity refractometer (right). 
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SOIL SAMPLING 

Habitats with sandy soil and low organic content, such as uplands or salt barrens, may transition 
to have smaller grain sizes and higher organic content as salt marsh and mangrove vegetation 
encroach into these habitats (Elsey-Quick et al. 2011, Osland et al. 2012). A surface sediment 
sample should be collected at the same locations used for feldspar and porewater sampling 
(adjacent to randomized plots within each habitat zone). These sediments will be analyzed to 
determine grain size and organic matter content (see ‘Soil Analyses’ section immediately below). 
Remove leaf debris at the sediment surface and use a hand trowel to excavate a shallow soil 
sample. Cut the top 5 cm of the soil sample using a knife and transfer that material into a plastic 
or cloth bag labeled with site, habitat zone, and randomized plot number information (Fig. 16). 
While in the field, the soil sample should be stored out of direct sunlight, and preferably on ice, 
and then refrigerated below 40°F (4.4°C) upon return from the field.   

 

SOIL ANALYSES 

Analysis of soil organic matter  

Organic matter and carbon content in soils can be determined through loss on ignition (LOI) 
procedures, wherein the amount of organic matter is determined from weight loss due to 
combustion, and the amount of carbon is calculated from this quantity of organic matter (Ball 
1964, Davies 1974, Craft et al. 1991, Pribyl 2010). In the laboratory, homogenize the entire soil 
sample by mixing it thoroughly within the plastic bag. Place a small aliquot (1 – 2 g) of each of 

 

Figure 16. Removing a surface soil sample (left) to save the top 5 cm (right) for organic matter and 
grain size analysis. 
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the surface sediment samples in combusted, pre-weighted crucibles and set aside the remainder 
of the soil sample for grain-size analysis (see ‘grain size analysis’ below). Dry the samples at 
105 °C for 24 hours and record the dry weight. Combust the same samples in a furnace at 550 °C 
for three hours (furnace ramp and cooling times will vary by manufacturer) and weigh the 
samples again to determine the weight of organic matter lost during the combustion process. 
Calculate the percent of mass lost on ignition (%LOI) using the dry mass (mdry, g) and the mass 
after combustion at 550 °C (m550, g) following Equation 1. 
 
(1)    %𝐿𝐿𝐿𝐿𝐿𝐿 = ((𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑 − 𝑚𝑚550)/𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑) ∗ 100 

Calculate the percent organic carbon (%Corg) from %LOI using a constant transformation (Allen 
1974, Chmura et al. 2003). The most common transformation used for mangrove soils is shown 
in Equation 2, although the appropriate transformation varies among soil types (Pribyl 2010). 

(2)  

%𝐶𝐶𝑜𝑜𝑑𝑑𝑜𝑜 =
%𝐿𝐿𝐿𝐿𝐿𝐿
1.724

 

 

Determine the proportion of inorganic carbon in the sediment by combusting the same sediment 
aliquot at 950 °C for one hour. Calculate the percent calcium carbonate in the soil (%CaCO3) in 
Equation 3 using the mass of the sediment after combustion at 950 °C (m950, g) and the ratio of 
CO2 in CaCO3 (Dean 1974). 

(3)  

%𝐶𝐶𝐶𝐶𝐶𝐶𝐿𝐿3 =
((𝑚𝑚550 − 𝑚𝑚950)/𝑚𝑚𝑑𝑑𝑑𝑑𝑑𝑑)

0.44
∗ 100 

 

While the LOI methodology is a widely accessible and cost-efficient method for determining 
organic content in soils, LOI is often considered to be semi-quantitative as it only indirectly 
measures organic content (Schumacher 2002). Correlations between LOI and organic matter 
content are less accurate in soils with low carbon content or high clay content, as clay minerals 
can retain structural water when dried at moderate temperatures (Mook and Hoskin 1982, 
Barillé-Boyer et al. 2003, Santisteban et al. 2004). This structural water is then lost at 
combustion temperatures, resulting a large weight loss and the overestimation of organic matter 
(Schumacher 2002). LOI has also come under scrutiny due to variable results among laboratories 
as a result of differing combustion temperatures and times, variable equipment and furnaces, and 
even variation in rates of combustion as a result of crucible placement within the furnace (Heiri 
et al. 2001). Alternatives to LOI methodology include direct quantification of carbon content 
through elemental analysis. In this method, soil samples are acidified to remove inorganic 
carbon, then a small aliquot is combusted in an elemental analyzer and the resulting CO2 is 
quantified to determine carbon content (Schumacher 2002). 
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Grain size analysis 

Grain size may be determined though several advanced methods such as laser diffraction, x-ray 
attenuation, or scanning electron microscopy; or with traditional methods such as the use of 
settling tubes or grain-size sieves (Loring and Rantala 1992, Poppe et al. 2000, Blott and Pye 
2001). To determine grain size using sieves, place the surface sediment sample in a weigh boat 
and dry the sediment in a drying oven at 105 °C for 1 – 4 days. Record the weight of the 
sediment throughout the drying process. The sample is dry when it remains a constant weight 
and is therefore no longer losing water to evaporation.  

Place the sediment sample in a stack of pre-weighed sieves that are ordered by mesh size. After 
shaking the sieves for three minutes, manually or with an electric sieve shaker, remove one of the 
center sieves and record the weight of the sieve and sediment. Replace the sieve in the stack and 
continue shaking for an additional minute. Weigh the same sieve again, and repeat this process 
until the weight remains stable and the sample has completed separation. Determine the weight 
of each size fraction by measuring the final weight of each of the pre-weighed sieves. 
Alternatively, if you are using a sensitive scale place each sediment sample in a pre-weighed 
weigh boat, being careful to remove all sediment from the mesh of each sieve. 

 

DATA ANALYSIS 

GPS data should be compiled and uploaded into geographic information system (GIS) software. 
Create a map of the transect, and use a digital measuring tool within the GIS software to identify 
the lengths of each of the vegetation zones. Predictions of sea-level rise can be compared to 
elevation graphs to obtain a visual estimation of where mean sea level will fall along the transect 
(however this method does not take account for vertical changes of the land surface due to 
accretion or erosion).  

 

Converting elevation survey data 

If elevation survey data need to be converted to a different horizontal or vertical reference datum 
(e.g. State Plane Coordinates, North American Vertical Datum 1988, World Geodetic System 
1984, Universal Transverse Mercator, or U.S. National Grid), the National Oceanic Atmospheric 
Administration (NOAA) offers free, online single- and multi-point coordinate conversion tools 
at https://beta.ngs.noaa.gov/gtkweb/. NOAA also provides an orthometric height conversion tool 
at https://www.ngs.noaa.gov/cgi-bin/VERTCON/vert_con.prl. 

  

Calculating average basal % cover of vegetation 

Use statistical software to calculate average basal percent cover within each zone, and calculate 
basal area of trees from PCQ data. Calculate the average basal percent cover within each zone by 
dividing the sum of the basal percent cover values from the transect by the number of plots per 

https://beta.ngs.noaa.gov/gtkweb/
https://www.ngs.noaa.gov/cgi-bin/VERTCON/vert_con.prl
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zone (Equation 4). The total number of plots per zone will be twice the zone length in meters, as 
quadrats are spaced every 0.5 m. Do not simply average the basal percent cover values, as 
percent cover was only recorded when a species was present. 

 

(4)    𝐶𝐶𝑎𝑎𝑎𝑎 % 𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐 𝑝𝑝𝑐𝑐𝑐𝑐 𝑧𝑧𝑐𝑐𝑧𝑧𝑐𝑐𝑡𝑡𝑑𝑑𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = (% cover in plot 1)+ (% cover in plot 2)….+(% cover in plot x)
total number of plots in zone

 

 

Similarly, calculate the average basal percent cover in each zone by dividing the sum of the basal 
percent cover from each randomized plot by three (Equation 5). 

 

(5)    𝐶𝐶𝑎𝑎𝑎𝑎 % 𝑐𝑐𝑐𝑐𝑎𝑎𝑐𝑐𝑐𝑐 𝑝𝑝𝑐𝑐𝑐𝑐 𝑧𝑧𝑐𝑐𝑧𝑧𝑐𝑐𝑑𝑑𝑡𝑡𝑡𝑡𝑑𝑑𝑜𝑜𝑛𝑛 𝑝𝑝𝑝𝑝𝑜𝑜𝑡𝑡 = (% cover in plot 1) + (% cover in plot 2)+(% cover in plot 3)
3

  

Calculating tree height 
Calculate tree height using the visual angle to the top of the tree (measured with a clinometer), 
eye height of the person taking the measurement, and distance to the base of the tree (Fig. 17, 
Equation 6). 
 
(6)     𝐻𝐻𝑐𝑐𝐻𝐻𝑎𝑎ℎ𝑡𝑡𝑡𝑡𝑑𝑑𝑡𝑡𝑡𝑡 = 𝐻𝐻𝑐𝑐𝐻𝐻𝑎𝑎ℎ𝑡𝑡𝑡𝑡𝑑𝑑𝑡𝑡 + 𝐷𝐷𝐻𝐻𝐷𝐷𝑡𝑡𝐶𝐶𝑧𝑧𝑐𝑐𝑐𝑐 ∗ tan(𝐶𝐶𝑧𝑧𝑎𝑎𝑎𝑎𝑐𝑐)  

Note that for PCQ and tree height measurements, the distance to the tree should be measured to 
the center of the trunk, rather than its outer edge.  

 

Calculating tree density 

PCQ data can be used to calculate species-
specific density of trees (trees/ha), average 
basal area of tree trunks (cm2), and 
species-specific absolute cover (basal area 
m2/ha). The foundation of PCQ 
calculations relies on an assumption of a 
random distribution of trees within a forest 
(Cottam and Curtis 1956, Bouldin 2008). 
Because the transects are positioned along 
a transitional habitat gradient, tree 
distributions are inherently nonrandom. 
Therefore nonrandom PCQ calculations 

should be applied to data collected in the protocols described here (Morisita 1957, Jost 1993, 
Mitchell 2015). The general nonrandom equation for calculating the density of trees (D, 
trees/m2) is shown in Equation 7, where n is the number of sample points, i is a particular sample 

 

Figure 17. Measurements needed to calculate the 
height of a tree using a clinometer.  
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point, j is a quarter at a sample point, and Rij is the point-to-tree distance (m) for point i in 
quarter j (Morisita 1957, Mitchell 2015).  

(7)  

𝐷𝐷 =
12
𝜋𝜋𝑧𝑧

�
1

∑ 𝑅𝑅𝑖𝑖𝑖𝑖24
𝑖𝑖=1

𝑡𝑡

𝑖𝑖=1

 

Mitchell (2015) provides a detailed explanation of the derivation of PCQ equations, including 
nonrandom equations developed by Morisita (1957). The density at each randomized plot should 
be calculated individually, following the assumption that although trees may not be distributed 
randomly across each habitat zone, they are distributed randomly around each plot (Bouldin 
2008). Equation 7 can therefore be simplified to calculate the density at each randomized plot 
(Di) following Equation 8.  

If trees are missing from a quarter (or omitted in order to avoid measuring the same tree twice), a 
correction factor (CF) can be used to compensate for the incomplete data set (Warde and 
Petranka 1981, Mitchell 2015). If one tree is missing from a plot, CF = 0.58159; if two trees are 
missing, CF = 0.33930; if three trees are missing, CF = 0.15351. If no trees are missing from the 
plot, CF = 1. If no trees were measured at the plot, Di = 0. 

 (8)  

𝐷𝐷𝑖𝑖 =
12
𝜋𝜋

1
∑ 𝑅𝑅𝑖𝑖𝑖𝑖24
𝑖𝑖=1

∗ 𝐶𝐶𝐶𝐶 

The density of trees at zone x (Dx) can then be calculated as an average of densities at each of the 
randomized plots within zone x. The units of Dx and Di are commonly converted from trees/m2 
trees to trees/ha by multiplying by 10,000 (10,000 m2/ 1 ha) (Mitchell 2015). 

Species-specific density of species k within zone x (Dxk, trees/ha) can be calculated in Equation 9 
using Dx (trees/ha), number of trees of species k in zone x (nkx) and the total number of trees 
measured within zone x (nx).  

(9) 

𝐷𝐷𝑘𝑘𝑘𝑘 =
𝑧𝑧𝑘𝑘𝑘𝑘
𝑧𝑧𝑘𝑘

∗ 𝐷𝐷𝑘𝑘 

The basal area (BA, cm2), or cross-sectional area, of a tree is calculated in Equation 10 as a 
function of the DBH (cm). 

 

(10)               𝐵𝐵𝐵𝐵 = 𝜋𝜋(𝐷𝐷𝐵𝐵𝐻𝐻/2)2 
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The absolute cover of each species k in zone x (ACkx, basal area m2 /ha) can then be calculated in 
Equation 11 using the average basal area of all trees of species k in zone x (avg BAkx, cm2) and 
Dxk (trees/ha). 

 

(11)      

𝐵𝐵𝐶𝐶𝑘𝑘𝑘𝑘 = 𝐶𝐶𝑎𝑎𝑎𝑎 𝐵𝐵𝐵𝐵𝑘𝑘𝑘𝑘 ∗ 𝐷𝐷𝑘𝑘𝑘𝑘 ∗
1 𝑚𝑚2

10,000 𝑐𝑐𝑚𝑚2 

 

Example calculations 

Examples of the above-described calculations can be found in the accompanying excel 
spreadsheet: “CCHA_calculations.xlsx”. 

 

FUTURE SAMPLING 

Return to monitoring sites within one year to core at feldspar locations and determine rates of 
sediment accretion. Repeat vegetation, porewater, and soil sampling every 3-5 years. The 
accretion rates provided by feldspar data can be compared to local rates of sea-level rise to 
evaluate if wetlands may be able to maintain their current positions in the intertidal zone. Coastal 
vegetation at many sites will likely be forced inland. Information on rates of landward migration 
of vegetation enables prioritization of specific habitats for conservation, restoration, or protection 
of adjacent upland areas. 

Results from ongoing CCHA monitoring in the Tampa Bay estuary are available on the Tampa 
Bay Estuary Program technical website at https://www.tbeptech.org/data/tech-pubs. 
Implementation of these monitoring protocols across a wide geographic area within the 
southeastern United States will allow for comprehensive regional comparisons of coastal wetland 
response to climate change and sea-level rise.   
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APPENDICES 

LIST OF MATERIALS  
Measuring tapes (enough tapes to extend the entire transect, 100–200 m total length) 
Elevation surveying equipment (RTK GPS or sight leveling instruments) 
Flagging tape 
Wooden stakes or other material to mark boundaries between zones 
Rebar (4 ft sections for marking feldspar horizons, 4–10 ft sections for benchmarks) 
PVC (1/2” PVC to mark locations of randomized plots and cover rebar) 
Rubber hammer and/or sledge hammer 
0.5 x 0.5 m PVC cube (can be constructed from 1/2” PVC and 3-way elbows) 
1 x 1 m PVC quadrat (can be constructed from 1/2” PVC and 90° elbows) 
Waterproof camera 
Handheld GPS unit 
Edelman auger, or similar 
Pipette, hand pump, or other way to retrieve porewater sample 
Salinity refractometer (or other device to measure porewater salinity) 
Distilled water 
Clean rag to dry refractometer 
Plastic or cloth bags for soil samples 
Trowel to remove soil samples 
Knife 
Ruler 
Canopy densitometer and/or spherical densiometer 
Diameter tapes and/or tree calipers 
Survey rod and/or clinometer (may be purchased or made from a protractor with a weight on a 

string)  
Plant and animal ID guides 
Feldspar clay (can be purchased in bulk from clay supply stores).  
Disposable dust masks or industrial respirators. 
0.5 x 0.5 m wooden frame  
Concrete trowel  
Split-barrel (“Russian”-type) peat auger, cryogenic coring apparatus, or similar 
Work gloves 
Clip boards 
Data sheets (see below) 
Pencils 
Permanent markers 
Equipment for laboratory analysis of organic matter content and soil grain size (varies by 

methodology) 
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ONLINE REFERENCES 

Keys to Florida wetland plants http://www.dep.state.fl.us/water/wetlands/delineation/keys.htm  

Wetland Assessment Procedure plant identification guide http://bda-inc.com/wordpress/BDA-
Resources/field_identification_guide_2008.pdf  

Fiddler crab identification http://www.fiddlercrab.info/uca_species.html  

Establishment of marker horizons http://www.pwrc.usgs.gov/set/installation/markers.html  

Grain size analysis http://pubs.usgs.gov/of/2000/of00-358/text/chapter1.htm  

Convert northing and easting measurements to latitude and 
longitude http://beta.ngs.noaa.gov/gtkweb/     

Visual guide for estimating percent cover (see 
appendix) http://tidalmarshmonitoring.org/pdf/Carlisle2006_Rapid%20method%20for%20assess
ing%20estuarine%20marshes%20in%20New%20England.pdf  
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Belt Transect datasheet 
   

Page ___ of 
___ 

Location: 
  

Date: Field crew: 

Zone Name Zone 

Meter (0.5 
m 

increments) Vegetation species 

% 
basal 
cover Photo # Notes 
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Random plots vegetation datasheet (including PCQ) 
   

Page ___ of ___ 
  Location: 

   
Date: 

 
Field crew: 

          Basal cover PCQ 

Zone 
name Zone Plot 

Photo 
# Vegetation species 

% basal 
cover 

PCQ 
direction Tree species 

Dist. 
(m) 

DBH 
(cm) 

Tree height 
(m) 
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Random plots soil and fauna datasheet 
      

Page ___ of ___ 
  Location: 

   
Date: 

  
Field crew: 

      

Zone name Zone Plot 

Soil 
sample 
label salinity 

salinity 
date/time 

depth to 
water 
(cm) 

Canopy 
cover 

# 
Littorina 

Littorina 
spp. 

# crab 
burrows 

# tree 
crabs 

nearby 
crab 
spp. notes 
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CCHA site design   
    

Page ___ of ___ 
Location:    Date:  Field crew: 

 
Zone name Zone Start (m) End (m) width 

Random 
plot # Plot location latitude/longitude 
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