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1 Introduction 

While mangroves are generally recognized to have equal, if not greater, carbon density than all 

other forest types, there is considerable uncertainty regarding the carbon pool size, variability of 

carbon stocks within particular mangrove ecosystems, mechanisms controlling carbon 

sequestration, the impacts of degradation and deforestation, and effectiveness of restoration 

practices.  These concerns are valid worldwide, but are particularly important in Africa, whose 

mangroves remain the most understudied in the world.  Presently, there’s comparatively less 

basis to know whether African mangroves have properties and conditions that are analogous to 

other regions (e.g., Southeast Asia, South America), nor are consistent regional procedures for 

measuring and monitoring carbon stocks being employed, so that results can be consistently 

reported and compared to areas within the continent. 

The East African Coast Mangrove Carbon Project is intended to address shortcomings in 

available information on carbon pools of coastal wetlands in East Africa that were recognized at 

the recent International Blue Carbon
1
 and West Indian Ocean Mangrove Network (WIOMN) 

Workshops
2
.  The goal of this regional project, designed in collaboration with the USAID Africa 

Bureau Climate Team and with inputs from the relevant USAID bilateral missions, is to support 

the REDD+ readiness of the East Africa region and its institutions through the provision of 

targeted USFS technical assistance in the science underlying the assessment of carbon stocks in 

mangroves.  One of the necessary components for meeting the project objectives is the 

development of a technical field manual specific to East Africa that can be used for in-country 

capacity building. 

As increased attention is being paid to the ecosystem services provided by mangroves, 

particularly carbon sequestration, several key manuals have been developed within the larger 

blue carbon scientific community.  The goal of these manuals has been to present an overview of 

standardized methods for evaluating ecosystem carbon stocks, from study design and 

development to data processing, for mangroves (Kauffman and Donato 2012) and all coastal 

ecosystems (Howard et al. 2014).  These comprehensive manuals are important resources for all 

stakeholders interested in assessing blue carbon ecosystem stocks.   

The aim of this manual is not to serve as a replacement for these comprehensive manuals, but 

rather to be a complementary resource presenting practical step-by-step instructions for field 

activities specific to the inventory of mangrove carbon stocks in the East African context.  All of 

the methods outlined have been used and shown to be effective in in the region: either in the 

Zambezi River Delta, Mozambique, or several locations in Madagascar, including Ambaro-

Ambanja Bays, Mahajamba Bay, Tsiribihina-Manombolo Delta, and Velondriake.  The main 

content of the manual provides instruction on applicable field protocol techniques, while 

Appendices provide information comparing approaches between completed inventories in 

                                                                    
1
 Funded by UNESCO, IUCN and CI 

2 2012, Maputo, funded by USAID and organized by USFS 
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Mozambique (Zambezi River Delta) and Madagascar (Ambaro-Ambanja Bays), allowing the 

reader to see the different ways in which field protocols may be applied to an inventory 

approach.  

Many different inventory designs and approaches exist, often dependent on the goals and 

objective of the work.  There is no one correct way to conduct an inventory.  Potential 

approaches and inventory designs specific to mangroves are presented in the comprehensive 

manuals mentioned above.  The descriptions of all of the techniques in the following section 

assume that a specific sampling framework has been prescribed prior to the commencement of 

field activities.      

2 Field Observation, Measurement and Sampling Techniques 

Carbon is stored in several pools within a mangrove ecosystem, all of which must be inventoried 

to estimate the ecosystem carbon stock (Figure 2.1).  All of the ensuing measurements described 

provide the basis for estimating these different pools (e.g., tree diameter is used to estimate living 

and standing dead biomass) or provide auxiliary data that can help better characterize the 

ecosystem (e.g., water salinity). 

 

Figure 2.1 Mangrove carbon pools (from Howard et al. 2014) 

Much of the actual protocols employed in the field are standard and will be utilized no matter 

what survey design and sampling approach is being applied in your study.  Every inventory 

design utilizes a plot as the primary sampling unit in which all observations and measurements 

are made and samples collected.  Plot size and design, as well as the locations of the 
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measurements and sampling therein, can vary greatly, but should be clearly defined prior to entry 

in the field. 

This section provides basic directions for the most common protocols made in mangrove carbon 

inventory studies.  Each section consists of the following information: 

1. Overview- describes why this observation is made, measurement is taken, or sample 

collected, and the potential ways it could be applied in an inventory. 

2. Procedure- step by step instructions on completing the observation, measurement or 

sample collection in the field. 

3. Equipment- list of necessary equipment/supplies and suggested procurement sources. 

4. Tips- important notes and/or reminders  

2.1 Tree Diameter 

2.1.1 Overview 

Measuring the diameter of trees is an activity associated with most forest inventories.  Diameter 

measurements are an important variable input into allometric equations that allow for estimation 

of individual tree biomass.  This measurement might be made for live trees of any size (i.e., 

overstory and understory), standing dead trees, and tree stumps. 

2.1.2 Procedure 

The most common diameter measured is called diameter at breast height (DBH).  The DBH 

measurement is made around the trunk at 1.3 m above the ground surface (Figure 2.2).  A 

diameter tape is wrapped around the girth of the tree and the diameter measurement read to the 

nearest 0.1 cm. 

 

Figure 2.2 A field technician measures tree DBH. 

While this is a straightforward measurement, tree morphology, especially some mangrove 

species, can make it difficult to determine where on the tree trunk to measure the DBH.  Figure 

2.2 illustrates the proper place to make your measurement for the typical tree structures you are 
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likely to encounter.  Particularly unique to some mangrove species is the presence of aerial or 

prop roots (Figure 2.3f).  In this case, the DBH should be measured 0.3-0.5 m above the highest 

prop root.  In some instances, this can mean climbing and balancing on the prop roots to take the 

measurement.  Caution should always be taken when making these kinds of elevated readings; 

no data point is worth compromising your personal safety.  

 

Figure 2.3  Proper DBH measurement positioning. 

2.1.3 Equipment 

 Diameter Tape (http://www.forestry-suppliers.com  Forestry Suppliers Item #59525) 

o Diameter tapes come in both metric and imperial units. When possible, opt for 

metric units when ordering equipment. Regardless, always pay attention to which 

units the tape is in. 

o Diameter tapes can be made of either nylon or metal. When possible, opt for 

nylon, as the wetness and salinity of mangrove ecosystems result in metal tapes 

becoming rusty and brittle.  

http://www.forestry-suppliers.com/
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2.1.4 Tips      

 Ensure that the correct side of the diameter tape is being employed. Some tapes are two 

sided, with one side providing diameter measurements and the other providing standard 

length measurements. 

 Mark each tree with the tree number using marking chalk/crayon after you’ve measured it 

to denote its completion. 

 Because this is a critical measurement, QA/QC procedures are very important.  Consider 

using a marking crayon to denote where on the trunk you make your measurement so that 

it can be double-checked by another crew member. 

 The mud and salt air can be punishing on field equipment, even diameter tapes.  Be sure 

to properly rinse your diameter tape with fresh water and dry thoroughly. 

2.2 Tree Height 

2.2.1 Overview 

Tree height can be an important metric in forest inventories.  Height is sometimes used in 

allometric equations to estimate tree biomass and is also useful for characterizing the forest 

stand.  If height is not specifically needed, it can be omitted from field activities.  This 

measurement can be made for live trees of any size (i.e., overstory and understory) as well as 

standing dead trees. 

2.2.2 Procedure 

Tree height measurements are most commonly made with a hypsometer and a transponder.  A 

hypsometer is a hand-held device that sends an ultrasonic signal to a receiver, called a 

transponder, to measure distances.  The distance between the hypsometer and the transponder, 

placed 1.3 m high in front of the tree trunk, is first measured by the instrument.  The hypsometer 

then measures the angle between the transponder and the top of the tree canopy and internally 

completes the trigonometric calculations to determine the height of the tree.  Step-by-step 

instructions depend on the make and model of the instrument being used.  The instructions below 

are written for a Haglof Vertex, a commonly-used model. 

1. Hypsometer activation and synchronization with the transponder  

a. Press the “on” button on the hypsometer once 

b. After you see information displayed in the window, hold the speakers of the site 

finder and yellow transponder together.  The speaker on each is a raised round 

area on the front and top, respectively 

c. While speakers are aligned, hold the “on” button down until you hear a rapid 

series of 4 beeps 

d. As soon as your hear the beeps, release the “on” button- the hypsometer and 

transponder are now communicating  

2. Calibration 
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a. Make sure site finder is turned on and communicating with the yellow 

transponder 

b. Attach the transponder to the blue rod, set at 1.3 m height 

c. Lay a meter tape on the ground, pulling out to the 10 m mark 

d. Have someone hold transponder and rod at the end of the tape and stand with the 

site finder at the 10 m mark 

e. Use arrows on top of hypsometer until the bottom of  the display to read 

“Calibrate” 

f. Point the end of the hypsometer toward the transponder   

g. Press and hold the “on” button until the site finder beeps.  As it is beeping, the 

screen should now read 10.0 m 

3. Determining Tree Height 

a. The display should say “Height” at the bottom of the screen automatically.  If it 

doesn’t say “Height” for some reason, press one of the arrow keys to scroll 

through the options until you reach it 

b. Have your teammate place the transponder (attached to the blue rod extended to 

1.3 m) at the base of the tree, or attach the transponder directly to the tree trunk at 

the proper height.  Note that this is different from the diameter measurements, 

where you might change your measurement point based on the tree morphology.  

The trigonometric calculations that the hypsometer completes are dependent on 

the transponder always being 1.3 m above the ground surface. 

c. For this measurement, you need to start using the hypsometer by looking through 

the sight and aligning the cross hairs with the transponder. 

d. Once you are in alignment, hold the on button down until you hear a beep and the 

red crosshairs disappear in your view   

e. Use the sight to find the highest live point on the tree’s canopy and press and hold 

the on button again until you hear another beep and the red crosshairs disappear.  

It is critical that the operator’s head remain stationary and that the hypsometer is 

what is tilted up, not the head.  If the operator’s head moves, the resulting height 

measurement will be greatly impacted. 

f. The height of the tree is the last number in the display (labeled as H1) 

g. Important Note: You can be standing any distance from the tree you are 

measuring as long as you are farther away than the height of the tree (sight 

distance>tree height).  If you need to be closer to the tree to get a good canopy 

sight, your reading is only accurate if your distance from the tree is greater than 

the tree height minus 5 m. 

i. Example of a good reading- Distance=12m, Height of Tree≤17m (the 2 

measurements are within 5 meters) 

ii. Example of a bad reading- Distance=12m, Height of Tree=20m (for a tree 

this tall, your distance would need to be 15 m or more away from the tree. 
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h. After each height measurement, turn off the hypsometer by pushing both arrow 

buttons simultaneously.  This is necessary to “reset” the instrument. 

 

 

Figure 2.4  Members of a field crew determine tree heights.  The photo on the left 

shows a crew member sighting using the hypsometer.  The photo on the right 

shows the placement of the transponder at the base of a tree. 

2.2.3 Equipment 

 Haglof Vertex Hypsometer and Transponder (www.haglofofsweden.com) 

o It is a good idea to purchase at least one extra transponder as a backup, as they 

can break or be lost in the field. 

 Meter tape (for calibration) 

2.2.4 Tips 

 Ensure that you turn off the hypsometer and transponder between plots and at the end of 

the day; ensure that the batteries for both are charged regularly. 

 Calibration needs to be done at the start of every day.  Complete this step at your base 

camp before traveling to your plots. 

 Sometimes it can be difficult to identify individual trees within the canopy.  The team 

member holding the transponder can push on the trunk of the tree being measured to 

cause movements in the canopy and help identify the correct tree top.  Uncertainty in the 

location of the tree top will result in increased uncertainty in your measurements. 

 Be sure to bring extra batteries for the hyposometer into the field with you each day. 

 

  

http://www.haglofofsweden.com/
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2.3 Downed Woody Debris 

2.3.1 Overview 

Downed woody debris is dead wood laying on the soil surface; it is measured using the planar 

intersect technique, which involves counting the number of intersections of debris pieces along a 

transect (Brown 1971, Van Wagner 1968).  Generally, four transects, 12 m in length, are 

established for intersection counting.  Downed, dead, wood material is classified into four size 

classes; fine, small, medium, and large (Table 1).  Pieces within the large size class are further 

classified as being either rotten or sound.       

Table 2.1.  Wood debris size classes and associated diameter range (Brown 1971).  The 

measurement approach column describes how, and for which portion of the transect, each 

class is measured. 

Class 

Diameter 

Range 

(cm) 

Measurement Approach 

Fine 0-0.6 Tallied from 10 m to 12 m along transect 

Small 0.6-2.5 Tallied from 7 m to 10 m along transect 

Medium 2.5-7.6 Tallied  from 2 m to 7 m along transect 

Large >7.6 Diameters measured individually along entire transect length 

 

2.3.2 Procedure 

A wildland fire fuel sizing gauge (go/no-go gauge) is typically used to classify each piece of 

wood encountered along the transects into size classes (Table 2.1, Figure 2.5).   

 

Figure 2.5.  Aluminum go/no-go gauge used for sizing 

wood debris.  Picture credit: Forestry Suppliers. 
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In each of the three smaller size classes, the number of transect intersections is tallied along a 

designated length of the transect (Table 2.1).  Representative debris from each diameter class 

should be collected and the diameter measured in order to obtain a geometric mean diameter for 

each category.  The individual diameter is measured and recorded for each large wood piece (> 

7.6 cm) along the full transect length.  The status of each large wood piece also needs to be 

identified as solid or rotten. 

 

Figure 2.6.  A crew member walks along a 

transect, counting the number of intersections of 

downed woody debris. 

2.3.3 Equipment 

 Wildland Fire Fuel Sizing Gauge (go/no-go gauge)  (http://www.forestry-suppliers.com  

Forestry Suppliers Item #89012) *If not commercially available, or if lost during the field 

mission, this could be easily made or improvised with materials on hand, like the 

diameter tape used for making DBH measurements. 

 Meter tape 

2.3.4 Tips 

Remember that you are counting the number of intersections, not the number of debris pieces.  

So, a single piece may be counted multiple times if the tape intersects it more than once (e.g. a 

curved piece, or at both the branch and the stem of a fallen tree).    

2.4 Litter and Ground Vegetation 

2.4.1 Overview 

Litter and ground vegetation are generally small carbon pools within the mangrove ecosystem 

(Janzen 1985), and are frequently not sampled (Kauffman and Donato 2012).  However, they 

may be included in an inventory approach depending on the level of detail desired.  The litter 

layer is defined as the recently-fallen non-woody, dead, organic material on the soil surface 

(Kauffman and Donato 2012).  Ground vegetation includes any sort of seedling, propagule, 

pneumatophore, or small herbaceous plant encountered. 

http://www.forestry-suppliers.com/
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2.4.2 Procedure 

Microplots measuring 50 cm x 50 cm are established for collection of both litter and ground 

vegetation down to the mineral soil surface.  Separate microplots should be used for each type of 

sample collection.  The number and location of the microplots is dependent upon the inventory 

design being used.  Within each microplot, collect all litter or harvest all ground vegetation (less 

than 1.37 m in height) down to the mineral soil surface.  The samples from each of your 

microplots should be composited for each site (plot or subplot, depending on inventory design) 

and then weighed in the field to the nearest gram.  A subsample of this composite, approximately 

50 g, should be reserved and stored in a sealable plastic storage bag so that it can be transported 

back to the lab for drying to determine moisture and carbon content. 

It is possible that you may encounter ground vegetation for which the typical procedure does not 

seem feasible.  An example of this is the mangrove fern, Acrostichum aureum L., which can 

occur in dense patches or clumps (Figure 2.7). 

 

Figure 2.7.  A cluster of mangrove fern, Acrostichum aureum 

L., encountered in the Zambezi River Delta. 

Should a species like this be encountered, estimate the area of plant coverage within the plot by 

sketching it on a site schematic (Appendix B).  The site schematic should include a grid, with 

each square in the grid representing a defined area.  Estimate the total area of ferns within the 

plot by counting the number of “squares within the delineated area.”  Randomly select sample 

points for each 10 m
2
 of fern area; a minimum of two points should be sampled.  At each 

selected sampling point, mark a 1 m
2
 quadrat and clip all the vegetation, down to the mineral soil 

surface, within the quadrat.  Weigh the clipped vegetation and record the field weight for each 

quadrat.  Retain approximately 100 gm of vegetation from each quadrat in a plastic storage bag, 

for return to the lab for determination of moisture content.  
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2.4.3 Equipment 

 Meter tape/meter stick for marking microplot boundaries 

 Electronic balance capable of weighing to 1.0 gm. 

 Sealable plastic storage bags 

 Knife/machete for cutting mangrove fern or other dense herbaceous vegetation 

2.5 Canopy Cover 

2.5.1 Overview 

Canopy cover can be used as a way to characterize forest structure, and can be an important for 

linking field efforts to remote-sensing datasets.  Accurate canopy-cover assessments can help 

refine and define mangrove strata. This measurement is most commonly taken using a 

densiometer.  Depending on the specific survey protocols, densiometer readings may be taken at 

a variety of locations in your study site.     

2.5.2 Procedure 

Open the lid of the densiometer and hold it over your sampling point at about elbow height and 

30-40 cm in front of you.  Ensure that your head is not visible in the mirror.  Level the 

instrument by adjusting until the leveling bubble is in the center of the circle located in the lower 

left hand corner of the densiometer (Figure 2.8).   

 

Figure 2.8.  Spherical densiometer (convex) used to determine canopy cover. 
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In each square of the grid, imagine four dots, one in each quarter of the square (Figure 2.9).  

Count the number of these dots NOT occupied by canopy (i.e., the number of dots in which you 

can see the sky).  Record this number (out of a potential 96 dots) on your datasheet.  This process 

should be completed 4 times at each sampling point, facing each of the 4 cardinal directions (N, 

S, E,W) 

 

 

 

Figure 2.9.  Placement of the four 

imaginary dots in each square on the 

face of the densiometer mirror. 

2.5.3 Equipment 

 Spherical Densiometer (www.benmeadows.com Item # 102165 or 102167) 

 Compass 

2.5.4 Tips 

Be sure to keep an eye on the leveling window the entire time you are making your 

measurement to ensure the best possible estimation. 

2.6 Soils 

2.6.1 Overview 

Soils are typically the largest carbon pool that contributes to a mangrove ecosystem’s carbon 

stock.  As such, attention to detail and proper procedure are critical during the sampling process.   

Soil samples are utilized to determine the bulk density and the carbon content of the soil.  The 

procedure below outlines the basic steps of obtaining a core and collecting a soil sample.  The 

sampling intervals should be prescribed as part of the project protocols. 

2.6.2 Procedure 

Most soil cores in a mangrove environment will be obtained using an open-faced cylindrical 

gouge auger.  However, if peat is present, another tool may be more appropriate (e.g., Macauley 

http://www.benmeadows.com/
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Peat Auger).  As mineral soils are the predominant substrate in the East African region, the steps 

outlined here are for the use of a gouge auger. 

 

Figure 2.10.  Members of field crews work to collect soil cores with the open-

faced cylindrical gouge auger. 

The gouge auger is pushed into the ground to the appropriate depth, generally 1m at a time, and 

then twisted, allowing the sharp edges of the auger to cut a cylindrical sample.  The top of the 

auger corer has a slope, and the auger should be inserted in the ground only to the point where 

the sloped section begins.  Twist the auger approximately 5 turns clockwise, and continue to 

twist as you are removing from the ground. Once the auger is pulled out of the soil, a knife 

should be used to evenly slice off the top of the core so that the sample remaining within the 

metal shaft is even with the top edges of the auger. 

 

Figure 2.11.  A knife is used to remove the 

top portion of the core. 

At each sampling interval of interest, a section of the core (typically 5 cm) is cut and extracted.  

A ruler should be used to measure and mark each core section for removal (Figure 2.12).  The 

length of the sample should be measured to the nearest mm and the sample placed in a pre-
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labeled container (Figure 2.12).  Either a plastic storage bag or a drying tin are appropriate 

choices.  It is critical that you remove and retain the entire sample from the designated interval.  

The sample interval should be adjusted if the designated sampling zone is disturbed (e.g., roots 

or water).  If the interval must be moved, make sure you record the new depth of the sampled 

section and the reason for moving.  After each core, be sure to rinse and clean the auger 

thoroughly. 

 

Figure 2.12.  Left: Members of the field crew carefully measure and mark the sections of the core where 

the samples will be removed.  Right: A section of the core is removed and placed in a container for 

storage. 

2.6.3 Equipment 

 Gouge auger, such as that manufactured by AMS, Inc.: http://www.ams-

samplers.com/itemgroup.cfm?CNum=9 

 Knife 

 Painter’s chisel/flexible knife/metal or rubber spatula 

 Sponge (coarse-sided) (for cleaning) 

 Meter stick 

 Sample container: either plastic storage bag or a drying tin (Suggestion: Ben Meadows 

Item # 221754 www.benmeadows.com) 

 Adjustable wrenches (at least two- for assembling the auger) 

2.6.4 Tips 

 Keep foot traffic around the coring site to a minimum, as many people walking in the 

area can compact the soil. 

 If you cannot insert the auger to the full depth required, do not force it, as you might 

cause damage to the auger.  In this instance, you have most likely hit a large root that 

cannot be penetrated.  Simply remove the auger and try a different spot.  Depending on 

the substrate, sometimes a second person may be needed to exert force on the auger. 

http://www.ams-samplers.com/itemgroup.cfm?CNum=9
http://www.ams-samplers.com/itemgroup.cfm?CNum=9
http://www.benmeadows.com/
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 Using a flexible knife or a metal or rubber spatula will help remove all of the soil 

material from the inside of the gouge auger. 

 Using a drying tin, rather than a plastic storage bag, is helpful for post-fieldwork lab 

activities because it allows you to dry the soil sample directly in the container without 

having to transfer. 

 Pre-labeling your containers with a set numbering scheme saves time in the field.  Just be 

sure to record the container number on your field datasheet. 

 While the sampling interval should be moved if there is a disturbance at that depth, such 

as water or roots, it should not be moved if the sample interval contains sand or any other 

type of soil than what has been typically noted during the field excursion.  These 

variances need to be captured and it is important that they be sampled like any other soil. 

 The auger and other equipment used need to be thoroughly rinsed with fresh water after 

each use, and especially at the end of the work day, to prevent rust formation. 

2.7 Water Salinity 

2.7.1 Overview 

Salinity can be an important metric for site characterization.  There are a number of different 

electronic instruments that can be used to obtain this measurement.  However, a simple, hand-

held refractometer (Figure 2.13) is quick, easy, and straightforward to use.  No batteries and no 

electronic instrumentation make this a nice option for remote field work. 

 

Figure 2.13 Hand-held refractometer for measuring water salinity.  

Photo credit: www.benmeadows.com 

2.7.2 Procedure 

Lift the plastic lid at the front of the refractometer and place a few drops of water directly on the 

glass surface.  Close the plastic lid so that the water droplets disperse over the entire glass 

surface.  Looking through the eye piece, hold the end of the refractometer up toward the light.  A 

portion of the sight should become shaded in a light blue color.  The salinity values should be 

visible at the edges of the sight.  Record the salinity value that is equivalent to the top of the 

shaded area.  After each reading, rinse the glass surface with fresh water (preferably deionized), 

and wipe dry with a soft cloth (one is normally provided with your refractometer) 
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2.7.3 Equipment 

 Hand-held refractometer (www.benmeadows.com Item # 127479) 

 Fresh water (Deionized water if possible) 

 Soft cloth 

 Fine rope/twine and bottle cap (for extracting water from hole)  

2.7.4 Tips 

 While the refractometer is a simple instrument, it does require calibration.  Refer to the 

instructions provided with your specific model.  Calibration does not need to be 

completed every day, but try to do it every few days, depending on the length of your 

field mission. 

 The hole that remains after the core is removed is a great location to obtain porewater.  A 

plastic container lid, attached with string to a stick could be lowered into the core hole to 

remove some of the water.  If the water depth is easily reached by hand, a plastic dropper 

can be used to extract a small amount.  If porewater is not readily accessible with the 

tools you have with you, recording the salinity of any surface water present is still 

incredibly useful.  Just be sure to denote the water source on your datasheet. 

 Properly cleaning your refractometer between measurements is very important for 

obtaining dependable readings.  Don’t forget this step! 

2.8 Observations & Other Field Data 

2.8.1 Overview 

There is a lot of data about your sampling site that needs to be recorded during an inventory, but 

that are not necessarily measurements.  This includes information about individual trees as well 

as general site characteristics.  It is critical that you provide all of the information requested on 

the field datasheets, as it is vital for proper processing and analysis of inventory data.    

2.8.2 Procedure 

 Location- it is important to ensure that the GPS coordinates for your sampling site have 

been recorded. 

 Site Description/Classification- depending on the inventory protocols, different 

information may be recorded here.  Sample areas may be described by geomorphic 

setting and type (e.g., overwash, basin, fringe) or by geomorphic setting (e.g., lagoon, 

delta, riverine).  Additional information about tidal influences and range may also be 

noted. 

 Photographs- taking photographs at each site can be extremely useful.  Often, 

photographs are taken standing at the center of the site, looking in each cardinal direction.  

If able, it is also helpful to record the GPS location of the point where the picture is taken. 

http://www.benmeadows.com/
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 Tree Species- the correct species must be identified for each tree that is measured in the 

field.  This provides important information about forest community structure and also 

determines the proper allometric equation that should be used to calculate biomass.   

 Standing Dead Tree Decay Class- standing dead trees are categorized by the extent of 

their decay (Figure 2.14).   

 

Figure 2.14.  Decay classes used to categorize standing 

dead trees (Kauffman and Donato 2012). 

 Live Tree Trunk Form- in some inventories, the form of the main tree stem is noted, 

using the categories below 

o Form I- Straight pole 

o Form II- Intermediate pole 

o Form III- Crooked pole 

 Number of Regenerating Trees- the number of regenerating trees at a study site are 

tallied within the following classes: 

o RCI: less than 40 cm height 

o RCII: greater than 40 cm and less than 150 cm height. 

o RCIII: greater than 150 cm in height with less than 2.5 cm DBH 

2.8.3 Equipment 

 Field Datasheets 

 Camera 

 GPS 

 Compass 

 Mangrove species reference guide 

2.8.4 Tips 

 Double check data sheets to ensure that all required information is recorded BEFORE 

you leave the sampling location 

 If you aren’t certain about species identification, always refer to a species guide and ask 

for help from your team leader.  If there are major concerns about species identification, a 

specimen of the tree selected can be collected and returned from the field to ensure that 

proper identification occurs later.  Don’t guess! 
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3 Post-Inventory 

Gathering measurement data in the field is just the beginning to completing a successful 

mangrove carbon inventory.  All of the protocols for sample and data analyses are well-outlined 

in the existing, comprehensive manuals.  Once you have returned from the field, there are many 

critical tasks that must be completed before laboratory personnel can analyze samples and 

calculations can be completed.  Thinking about and preparing for these ensuing tasks while in the 

field can make things go much more smoothly in the lab and office when the field work is 

complete. 

 Sample Inventory- a comprehensive list of all soil, ground vegetation, and any other 

samples returned to the lab is important.  The inventory should link any sample 

numbering schematic used in the field with actual sample information (e.g., plot 

number, soil sampling depth interval). 

 Storage of Soil Samples- The first step that must be taken when processing soils is 

drying each sample to a constant weight.  You can make this easier in the field, and 

upon return to the lab, by leaving containers open to allow for drying in the ambient 

air.  Only do this if the samples are sitting on a stable surface, where you can be sure 

that no sample will be lost from the container.  Always seal containers securely when 

packing samples for transport. 

 Proper Storage of Vegetation Samples- once in the lab, vegetation samples (litter, 

dead woody debris, and ground vegetation) will be dried to determine % moisture.  

Prior to that exercise, the samples need to be stored in a way to retain moisture and 

discourage decomposition and development of mildew or mold.  A sealed plastic bag 

stored out of sunlight (preferably in a cooler in the field) and then transferred to a 

refrigerator in the lab before processing is a good approach. 

 Data Entry- All of the data collected in the field must be entered into a spreadsheet, 

including the entire set of individual tree DBH and height (if applicable) 

measurements.  This can be a lot of work!  Keeping data sheets organized and safe 

while in the field will make this process easier.  Checking to make sure that all entries 

are legible while you have your field crew together as a group can save time having to 

address questions later.  Additionally, if logistically feasible, you could take a laptop 

into the field and enter data each evening after you are finished in the field.    
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5 Appendix A: Example Inventory Approaches 
This section provides a comparison of two illustrative mangrove carbon inventories successfully completed in East Africa: studies in the Zambezi River Delta, 

Mozambique and Ambanja and Ambaro Bays, Madagascar.  The table format in which the information is presented allows for easy, direct comparison between 

the two approaches.   

Inventory Component Madagascar Approach Zambezi River Delta Approach 

Sampling Design 

Stratified systematic sampling based on land-cover types 

determined through classification of Landsat imagery calibrated 

through initial field measurements. 

Stratified random sampling based on height classes determined 

through analysis of available remote sensing data. 

Number and Definition of Strata 

Three land-cover classes defined as follows: 

Class Description 

Closed-Canopy 
tall, mature stands; canopy >60% 

closed 

Open-canopy I 

young, short-medium trees; 
canopy 30%-60% closed; 

influenced by background 
soil/mud 

Open-canopy II 
stunted short trees, very sparse; 
canopy ≥10% closed; dominated 

by background soil/mud 

 

Five height classes defined as follows: 

Class ID Height (m) 

1 2 - 6.9 

2 7 - 9.9 

3 10 - 12.9 

4 13 - 17.9 

5 18 - 29 
 

Mangrove Area of Interest (ha) 45,680 30,267 

Number of Plots Established 155 52 
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Plot Layout 
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Subplot Layout Subplots not used 

 
Overstory Tree Definition and 

Measurement 

Trees with DBH > 5 cm: measured DBH and height in 20 m x 

20 m plot 

Trees with DBH  > 5cm: measured DBH and height in 7 m radius 

subplots 

Large Tree Definition and 

Measurement 

Not distinguished from overstory trees, assume that the overstory 

represent the dominant diameter within the particular area 

Trees with DBH > 50 cm: measured DBH and height in 0.52 ha square 

plot 

Understory Tree Definition and 

Measurement 

Trees with 2.5 cm > DBH < 5 cm: measured DBH and height in 

10 x 10 m nested plot 

Trees with DBH < 5 cm and height > 1.3 m: measured DBH and height 

in 2 m radius nested subplot 

Regenerating Tree Definition and 

Measurement 

Regenerating trees classified into 3 categories 

 RCI: less than 40cm height 

 RCII: more than 40cm and less than 150cm height 

 RCIII: more than 150cm in height with less than 2.5cm 

dbh 

The number of regenerating trees was counted, along with 

species identified in each of 4 nested 1m x 1m corner nested 

plots 

Category not distinguished from understory trees, no additional 

measurements or classifications made 

Standing Dead Trees 

Standing dead tree DBH and height measured in 20 m x 20 m 

and 10 m x 10 m nested plots, depending on classification as 

overstory or understory (as defined above); decay class also 

observed and recorded 

Standing dead tree DBH and height measured in 7 m and 2 m radius 

nested subplots, depending on classification as overstory or understory (as 

defined above); decay class also observed and recorded 

Downed Woody Debris 
Tallied within each debris class within designed intervals along 4 

12 m long transects in plot 

Tallied within each debris class within designed intervals along 4 12 m 

long transects in each subplot 

Canopy Cover 
Densiometer readings made at each corner of the plot (4 

sampling sites total) 
Not considered in this inventory 
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Ground Vegetation 
Not considered in this inventory- rarely encountered in study 

area 

Harvested and weighed in 2 50 cm x 50 cm microplots along each of the 4 

transects established in each subplot (total of 8 microplots per subplot) 

Litter 
Not considered in this inventory- rarely encountered in study 

area 

Collected and weighed in 2 50 cm x 50 cm microplots along each of the 4 

transects established in each subplot (total of 8 microplots per subplot) 

Soil Carbon 

 Soil depth was determined using a graduated pole in 

the four nested 1 m x 1 m corner plots 

 Soil core extracted at plot center 

 Samples obtained at the following intervals: 

Interval 
Sample Depth                                  

(cm from surface) 

1 5-10 

2 20-25 

3 37.5-42.5 

4 72.5-77.5 

5 122.5-127.5 

6 

when core has a depth > 
150 cm, take any 5 cm 

section, noting depth on 
field sheet 

 

 Soil depth not measured 

 Soil core extracted at each subplot center 

 Samples obtained at the following intervals:  

Interval 
Sample Depth (cm 
from surface) 

1 5-10 

2 20-25 

3 35-40 

4 70-75 

5 145-150 

6 190-195 
 

Water Salinity Measured for any water encountered within the plot Not considered in this inventory 

QA Procedures 
No defined QA protocols conducted  

during inventory field mission. 

Crew supervisors repeated DBH and height measurements on five trees in 

each subplot.  The following guidelines were applied: 

 DBH: If more than 2 trees were off by 0.3 cm or more from the 

original measurement, then all of the overstory trees in the plot 

were re-measured 

 Height: if more than 2 trees were off by 1.0 m or more from the 

original measurement, then all of the overstory trees in the plot 

were re-measured 
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6 Appendix B- Zambezi Field Sheets 
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Above-Ground Vegetation Inventory-  

 
Names       

  
Overstory (>5 cm dbh) 

  
Date       

            
Plot:   

 
Subplot (circle one): 1  2  3  4  5 

              

Tree 
Number 

Species Code 
Diameter (cm) 

Dead Code Height (m) 
    

Live Dead 
    

1           
 

Mangrove Species Codes: 

 
2           

 
1 C. tagal 

 
3           

 
2 B. gymnorrhiza 

 
4           

 
3 X. granatum 

 
5           

 
4 S. alba 

 
6           

 
5 A. mariana 

 
7           

 
6 R. mucronata 

 
8           

 
7 H. littoralis 

 
9           

 
8 L. racemosa 

 
10           

 
9 X. molucensis 

 
11           

    
12           

    
13           

    
14           

 
Dead Tree Codes: 

 
15           

 

 

 
16           

  
17           

  
18           

  
19           

  
20           

    
21           

    
22           

    
23           

    
24           

    
25           

    
26           

    
27           

    
28           

    
29           

    
30           

    
          

Above-Ground Vegetation Inventory-  

 
Names     
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Sapling & Small Tree (<5 cm dbh) 
 

Date     

       
Plot:   

     
       
  Subplot (circle one):  1  2  3  4  5 Subplot (circle one):  1  2  3  4  5 

Tree 
Number 

Species Code 
Diameter 

(cm) 
Height (m) Species Code 

Diameter 
(cm) 

Height (m) 

1             

2             

3             

4             

5             

6             

7             

8             

9             

10             

11             

12             

13             

14             

15             

16             

17             

18             

19             

20             

       Mangrove Species Codes: 1 C. tagal 

  

  
2 B. gymnorrhiza 

  

  
3 X. granatum 

  

  
4 S. alba 

  

  
5 A. mariana 

  

  
6 R. mucronata 

  

  
7 H. littoralis 

  

  
8 L. racemosa 

  

  
9 X. molucensis 
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Woody Debris, Litter, Names         
  

Understory Biomass 1 (g):     
  & Understory 

 
Date         

  
Understory Biomass 2 (g):     

  

           
Litter (g):     

  Plot:   
 

Subplot (circle one):  1  2  3  4  5 
           Transect 1 Transect 2 Transect 3 Transect 4 

Large Med Small Fine Large Med Small Fine Large Med Small Fine Large Med Small Fine 

Solid Rotten Tally 5 marks/block Solid Rotten Tally 5 marks/block Solid Rotten Tally 5 marks/block Solid Rotten Tally 5 marks/block 
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Soil Inventory Data Sheet Names     

Plot:     Date     

      

Subplot Interval 
Sample Interval 

(cm below 
surface) 

Actual Sample 
Interval (cm 

below surface) 

Actual Core 
Length (cm) 

nearest 0.1 cm 
Notes 

1 

1 5-10       

2 20-25       

3 35-40       

4 70-75       

5 145-150       

6 190-195       

2 

1 5-10       

2 20-25       

3 35-40       

4 70-75       

5 145-150       

6 190-195       

3 

1 5-10       

2 20-25       

3 35-40       

4 70-75       

5 145-150       

6 190-195       

4 

1 5-10       

2 20-25       

3 35-40       

4 70-75       

5 145-150       

6 190-195       

5 

1 5-10       

2 20-25       

3 35-40       

4 70-75       

5 145-150       

6 190-195       
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Mangrove Fern - Distribution within the Plot

Plot No.: Date:

Instruction: Delinate distribution of mangrove fern on the plot; identify location of sample quadrats.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

1 1

2 2

3 3

4 4

5 5

6 6

7 7

8 8

9 9

10 10

11 11

12 12

13 13

14 14

15 15

16 16

17 17

18 18 m2

19 19

20 20

21 21

22 22

23 23

24 24

25 25

26 26

27 27

28 28

29 29

30 30

31 31

32 32

33 33

34 34

35 35

36 36

37 37 Quadrat kg

38 38

39 39 1

40 40

41 41 2

42 42

43 43 3

44 44

45 45 4

46 46

47 47 5

48 48

49 49 6

50 50

51 51 7

52 52

53 53 8

54 54

55 55 9

56 56

57 57 10

58 58

59 59

60 60

61 61

62 62

63 63

64 64

65 65

66 66

67 67

68 68

69 69

70 70

71 71

72 72

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

Field Weight

Number of 

quadrats sampled:

Field estimate of 

the total fern area 

within the plot:

N
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7 Appendix C- Madagascar Field Sheets 


