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Preface

This document was developed to provide information on the methods used to
estimate carbon located in Kapapapuhi Point park, as well as a rough budget.
This information is intended to educate users about the impacts mangrove
removal will have on the amount of carbon released into the surrounding areas.

Carbon dioxide is one of the main parameters contributing to global warming,
highlighting the importance of understanding how much carbon will be released
into the atmosphere when cutting down Mangroves. Therefore, it is important
to measure the stored carbon in the sediment at Kapapapuhi Point park to get a
carbon baseline at this study site in order to make more effective management
and restoration plans.

Included in this document:

® Background information of mangroves in Hawaii
e Methods
o Extracting sediment cores
0 Measuring DBH
o Drying out sediment cores
o Calculating carbon
e Budgets
® Printable Datasheets
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Background Information

Mangrove (Rhizophora mangle) was introduced to Molokai in 1902 to reduce
sedimentation and invaded all the main Hawaiian islands (Allen 1998). Invasive
species, such as mangroves, negatively alter ecosystems by competing with
native species for space and resources. Mangrove in Hawai‘i reduces ecosystem
function by occupying habitat for four endangered endemic Hawaiian birds:
‘ae‘o (Hawaiian stilt; Himantopus mexicanus knudseni), ‘alae ‘ula (Hawaiian
gallinule or moorhen; Gallinula galeata sandvicensis), ‘alae ke‘oke‘o (Hawaiian
coot; Fulica alai) and koloa (Hawaiian duck; Anas wyvilliana; (Allen 1998).
Further, mangrove degrades culturally important sites such as loko i‘a, or
fishponds (Ewel & Bigelow 1996, Allen 1998).

In other parts of the world where mangrove is native, they are considered
essential habitats that trap sediment and store carbon (Soper et al. 2019).
Mangroves are known to sequester and store large amounts of carbon from the
atmosphere in live trees and detrital biomass (Soper et al. 2019). Large amounts
of carbon in mangrove ecosystems are also stored in the sediment and soil
through daily deposition of organic carbon from rivers and oceanic floods (Soper
et al. 2019).

Carbon release associated with mangrove removal is a crucial aspect that needs
to be considered. Carbon dioxide is one of the main greenhouse gases
contributing to global warming, highlighting the importance of understanding
how much carbon will be released into the atmosphere when cutting down
mangroves. Therefore, it is important to measure the stored carbon at
Kapapapuhi Point park to get a carbon baseline at this study site. The methods
used to measure carbon in the ecosystem include measuring the tree diameter
at 4.5 feet above the ground (DBH) and measuring the carbon in the soil. The
effects of mangrove removal on carbon release and sedimentation have not
been well-documented in Hawai‘i or quantified at Kapapuhi Point park.
Therefore, we conducted a carbon estimation experiment at Kapapapuhi Point
park to help create a baseline for future restoration plans.



Carbon Estimation Experiment

Scientific Foundation:

We conducted a carbon emission experiment for Malama Pu‘uloa at Kapapapuhi
Point park. The information from our carbon estimation experiment can help the
organization understand carbon sequestration at this site, and the pros and cons
associated with mangrove removal. This estimation can help build knowledge of
how mangrove removal at this site will affect carbon in the atmosphere.
Understanding these carbon exchange processes can help Malama Pu‘uloa
understand the effects of removal on climate change, ultimately helping
understand how mangrove removal will affect the surrounding ecosystem and
native species.

Benefit to the Community:

The carbon sequestration results have implications on restoration and
management to ensure it is done with all potential pros and cons considered.
Restoration is culturally important because mangroves have invaded Hawaiian
cultural essential sites, such as loko i‘a (traditional Hawaiian fish ponds). The
restoration of loko i‘a can help bring back Native Hawaiian recreational activities
and increase education to help preserve important cultural activities. Other
culturally significant sites that have been overgrown with mangroves will also be
restored, further supporting the continuity of Native Hawaiian culture. Lastly,
removal of mangroves can aid with the revival of Native Hawaiian agricultural
techniques at Kapapapuhi Point park. For example, at this site there are ancient
oyster beds overgrown with mangroves. Finally, this project can help set the
foundation for understanding carbon release from mangrove removal and thus
could also apply to other sites in Hawai‘i that have invasive mangroves with
similar age and structure.



Methods - Extracting Sediment Cores

1. Select an area where mangroves were recently removed and an area where mangroves are
still growing
2. Generate a 3.5m radius circular plot in each area making sure the plots are within
approximately the same tidal zones.
3. Randomly select 3 locations within each circular plot
a. This was done by facing our backs to the plot and throwing a labeled stick into the
circular plot three times. The area where the stick landed was the area where the
sediment core sample was taken. See diagram for example

* = randomly generated
location for sediment core
sample

4. Probe the area first to see if there are any hidden obstacles that will prevent you from
taking a core (ex: giant rock or root)
a. Ifitis clear, then extract your sediment core making sure to go straight down and pull
it straight back up (we only went 50 cm deep)
b. Ifitis not clear, then try to probe around the area until you find a clear spot
5. Once the core is extracted, take a picture of it next to a measuring tape for your records.
a. To extract cores, we used a Russian Corer that was 50cm long
6. Looking at the core, decide how you want to divide it up into three sections based on the
sediment profile.
a. Forthe site where mangroves were recently removed (MF = Mudflats), we divided it
up by 0-15 cm, 15-30 cm, and 30-50 cm increments.

0-15cm 15-30 cm 30-50 cm

b. For the site where mangroves were still growing (IM = Invaded Mangrove), we
divided it up based on what the sediment profile told us. Generally, the top layer
contained the most organic matter, the middle layer transitioned from organic matter
to clay, and the bottom layer was mainly clay. The measured increments for each
core varied as their layers had different lengths. See next page for an example.



Methods - Extracting Sediment Cores
MF M

Dividing Increments

The picture on the right shows a sediment core that was removed from the IM
plot and the picture on the left shows a sediment core that was removed from the
MF plot. Notice the differences in sediment composition. Since the sediment
cores from the MF plot mostly resembled the picture on the left, we could make
the same increments for all 3 of our cores from the MF plot. However, the cores
from the IM plot varied and increments were chosen based on the soil profile. The
red lines in the picture is an example of how this sediment core would have been
divided. Notice how the top layer consists of a lot of organic matter and twigs, the
middle layer is starting to become more compact soil, and the bottom layer is a
darker colored clay.



Methods - Extracting Sediment Cores

7. Once you have your increments decided, cut the core at those increments.
8. Label a gallon ziploc bag. Our labels included the name of the plot, the core number, and
the increment. This will be referred to as the “core ID”
a. Forexample: MF_01_0-15 represents the first core from the mudflat area and it’s the
0-15 cm increment
9. In total, there should be 3 sediment core samples per plot (3 in the MF plot and 3 in the
IM plot) making it a total of 6 sediment core samples. Each sediment core sample has a
total of 3 subsamples, making 9 subsamples per plot, and a total of 18 subsamples for
this experiment.
10. Store all Ziploc bags with sediment cores in a fridge until ready to weigh and dry

Extracting Sediment Cores Estimated Budget

ltem Price (based off Amazon)

Flagging tape (surround your plot | $2-$10
and to tag your random throwing
stick)

Measuring Tape $7-513

Gallon Ziploc Bags (4 packs of 26) | $23

Straight icing spatula $5-57

Sharpie super permanent $13
markers, fine point (12 ct.)

Total S50-S66

Budget does not include the price of the instrument used to remove the sediment
cores as this varies on the type of corer you will have at hand. This experiment
used a Russian corer (~51,750) but other corers such as an open-faced auger
(~S275) could also be used.



Methods - Measuring DBH

1. Within your IM plot, take the Diameter at Breast Height (DBH) for all the
mangrove trees using a diameter tape that can wrap around the tree trunk
a. This will be taken in centimeters
2. For each tree that you take the DBH of, identify if it the tree is alive or
dead. The dead trees are placed into three category (defined below)

Category 1 Represents a dead tree with its primary and
secondary branches intact

Category 2 Represents a dead tree with some primary
branches still attached to the main trunk

Category 3 Represents dead trees with only the main trunk
remaining

3. See printable data sheet on next page

DBH Estimated Budget

ltem Price (based off Amazon)

Diameter tape $12-52

Flagging tape (to identify your [ $2-S10
plot)

Total S$14-S62




Measuring DBH Data Sheet

Observer(s): Date:
Tree # DBH (cm) Category # Tree # DBH (cm) Category #
1 19
2 20
3 21
4 22
5 23
6 24
7 25
8 26
9 27
10 28
11 29
12 30
13 31
14 32
15 33
16 34
17 35
18 36




Methods - Drying Out Sediment Cores
(Whole Weight)

1. Obtain 1 loaf tin for every subsample collected
a. Inour experiment, we used 18
2. Label each loaf tin with its corresponding core ID using labeling tape and a
sharpie
a. The subsample ID is the plot, core #, and increment
b. Ex: MF_01_0-15
3. Record the weight of each of the tins with the labeling tape attached
a. See next page for data sheet
4. Empty out the corresponding core subsamples into the loaf tins
a. Tryto put as much sediment from the ziploc bags into the loaf tins as
possible
b. It helps to turn the ziploc bag inside out and use deionized (DI) water to
rinse the sediment into the loaf tin
c. Using a straight spatula, chop up the subsamples into smaller pieces to
help it dry easier

5. Place tins into an oven to dry them out or let them air dry if an oven is not
available.
a. Inour experiment, we put the very wet sediment samples in the oven for
a day and then removed them (temperature of oven unknown)
b. After 1 day in the oven, all 18 samples were left to air dry for over 1 week
6. You can then calculate the Air Dry Whole Weight by subtracting the Weight of

the Tin by the “Weight of Tin + Air Dry Whole Weight (g)”
10



Date:

Drying Out Sediment Cores (Whole Weight)

Core ID

Weight of Tin (g)

Weight of Tin + Air
Dry Whole Weight

(g)

Air Dry Whole
Weight (g)




Estimated Budget - Drying Out Sediment Cores

(Whole Weight)
ltem Price (based off Amazon)
Aluminum bread loaf tins (50 $11-S16
pack) 8” x 4”
Sharpie super permanent $13
markers, fine point (12 ct.)
Lab labeling tape of colored §7-510
masking tape
Straight icing spatula $5-57
Deionized Water (DI) 1 gallon $15-32

Total

$51-578
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Methods - Drying Out Sub-Samples

After the Whole Weight of the sediment cores are
dried, the sediment cores will need to be grinded
with a mortar and pestle to homogenize the
sample
Obtain small circular tins and weigh them
After the sediment cores are grounded to the best
of your ability, the samples will be divided into
fourths and only one will be placed in the small
circular tin, then weighed. This will be your
“Weight of Small Circular Tin + Air Dry (g)”. The
three remaining sub-samples are placed back to
the loaf tins as spare sub-samples if any problems
are encountered with the selected ones
All the small circular tins with the sub-samples will
then be placed into an oven at 105 degrees Celsius
to further dry out

a. Inour experiment, these sub-samples were

left in this oven for 1 week

Once dried, record the new weight. This will be
your “Weight of Small Circular Tin + Oven Dry (g)”
You can then calculate the weight of your oven
dried sample by subtracting the weight of the tin
from the “Weight of Small Circular Tin + Oven Dry

(8)”
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Date:

Drying Out Sediment Sub-Samples

Core ID

Weight of Small
Circular Tin (g)

Weight of
Small Circular
Tin + Air Dry

(g)

Weight of
Small Circular
Tin + Oven Dry

(g)

Weight of
Oven Dried
Sub-Sample

(g)




Estimated Budget - Drying Out Sub-Samples

ltem Price (based off Amazon)
5inch Aluminum Foil Tart Pan | $12

(50 pack) - Could be used as

your small circular tins

Sharpie super permanent $13
markers, fine point (12 ct.)

Lab labeling tape of colored §7-510
masking tape

Straight icing spatula $5-57
Mortar & Pestle $22-533
5 mL Plastic Sample Bottles Vial | $7-512

Storage

Total

$66-587

15



Methods - Preparation for Organic Carbon Analysis

Note: reporting organic carbon as the inorganic carbon was removed by acid fumigation before elemental analysis)

1. Once sub-samples are dried, they will need
to be ground even further and sifted
through a sieve to ensure the particle size
is small enough to run a %Carbon content
analysis to accurately measure the
percentage of carbon in each sub-sample

a. Use a mortar and pestle to grind
sub-samples

b. If there are particles that can’t be
ground small enough to go through

the sieve (ex: wood or cement), use
your best judgement as to include
this in your sub-sample or to toss it
c. If the amount of particles that can’t
go through the sieve is a very small
portion of the sub-sample, tossing it
will not affect the data significantly
2. After the entire sample is small enough to
go through the sieve, place the sample in
plastic vials to ensure no moisture enters.
Your sample is now ready to be analyzed
for carbon
a. Theinstrument usedin our
experiment was the “Carlo Erba NC
2500 Elemental Combustion
System/Pneumatic Autosampler”
b. The result of this carbon analysis will

be a %C value for each subsample.

This value will be used later to 5

determine the carbon content values.



Methods - Data Analysis

1. Carbon content stored in the mangrove trees and roots
a. Calculate aboveground carbon content (trees)

The aboveground dry biomass is calculated using the previously
measured DBH and the following formula:

In(dry weight) = 2.05 In(DBH) - 0.668

The exponent of the result is applied to obtain a result in kg. For
each dead tree biomass calculated a coefficient is applied
depending on the dead tree category. 97.5% for category 1, 80%
for category 2, and 50% for category 3. No factors are applied for
the live mangrove trees.

Then, the sum of all the aboveground dry biomass is calculated,
and then converted to carbon content by applying a factor of 50%.
The result obtained is the carbon mass (kg) stored in the
aboveground tree biomass.

b. Calculate belowground carbon content (roots)
The belowground dry biomass (kg) is calculated using the
previously measured DBH and the following formula:

- 0.899 2.22
B (kg) = 0.199 * p*5%° *DBH

with p representing the wood density (g/cm?3). For each dead tree
biomass calculated a coefficient is applied depending on the dead
tree category. 97.5% for category 1, 80% for category 2, and 50%
for category 3. Then the sum of all the belowground dry biomass is
calculated, and converted to carbon content by applying a factor of
39%. The result obtained is the carbon mass (kg) stored in the
below ground tree biomass.

c. Finally, sum the carbon mass of the above and below ground tree
biomass to get the total carbon mass stored in the mangrove trees
and roots for the defined area (~38.5m? if your plot has a radius of
3.5m).



Methods - Data Analysis (2)

2.

Carbon content stored in the sediment
Calculate soil bulk density

d.

Estimate the water correction factor

For each core section determine the water correction factor, using

the subsamples oven dry weight (g) and the subsamples air dry
weight (g). Make sure the tin weight is subtracted from both of
these values, before using the following equation:

Water correction = (Weight of air dry Subsample - Weight of Oven Dry Soil Subsamples) /

Soil Bulk Density (g/cm?) =Oven dry weight eq (g) / Volume core section (cm?)

b.

Weight of Oven Dry Soil Subsamples

Estimate oven-dry weight equivalent

The oven-dry weight equivalent corresponds to the weight of the
air dry soil (g) for each core section (not subsample!) times the
water correction factor. Again make sure the tin weight is
subtracted from the mass of the air dry soil (g) before using the
following equation:

Oven dry weight eq (g) = Weight of air dry soil * water correction

Soil bulk density of core section
Then the soil bulk density of each core section can be calculated
using the oven dry weight equivalent (g) and the volume of the

core section:

Calculate carbon content for core section

The carbon content for each core section is estimated from the soil bulk

density (g/cm?3), core section depth (cm), and the percentage carbon
obtained from the instrument used in the carbon analysis.

Soil Carbon (g/cm?) = Bulk Density (g/cm?) * Core Section Depth (cm)*%C
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Methods - Data Analysis (3)

c.  Carbon content per core
For each core, add the carbon content of each section to have the total
amount of carbon content per core (g/cm?).

d. Carbon content for the IM and IF plots
For each location, take the average carbon content of the three cores in
the mudflat location (g/cm?), and the average carbon content of the
three cores in the invaded mangrove location (g/cm?).

3. Total carbon content for the mudflat and mangrove plots
The total carbon content in the mudflat area corresponds to the average
amount of carbon calculated in the sediment (3 cores). However, for the
invaded mangrove area the total carbon content is the sum of the carbon
content calculated in the sediment (average) and in the mangrove trees and
roots (sum). Make sure the units are consistent before adding these two
values (for the mangrove plots), because the carbon content in the sediment
has a unit of g/cm?, whereas the carbon content in the mangrove trees and
roots has a unit of kg/38.5m? (area of the plot if you have a radius of 3.5m).
To simplify the next steps, the units need to be converted to kg/m?, and then
in Mg/ha.

3.1 Conversion from g/cm? to kg/m?
Multiply your sediment carbon content value in g/cm? by 10 to get a
value in kg/m?.

3.2 Conversion from kg/38.5m? to kg/m?
Divide the carbon content in the mangrove trees and roots value by 38.5
to get a value in kg/m?.

3.3 Conversion from kg/m? to Mg/ha
Multiply the carbon content value in kg/m? by 10 to get a value in
Mg/ha.



Methods - Data Analysis (4)

4. Carbon content difference
After the carbon contents in the mudflat and mangrove area are converted to
Mg/ha, take the difference between the values to obtain the amount of
carbon released per hectare when cutting down mangrove.

5. Carbon dioxide equivalent and airplane illustration

a.

Carbon dioxide equivalent
Multiply the carbon content difference between the mudflat and
mangrove locations by a factor of 3.67 (ratio of the molecular weights
between carbon dioxide and carbon) to get a carbon dioxide equivalent
value in Mg/ha. This value will represent the amount of carbon dioxide
in megagram emitted when one hectare of mangrove is removed. Here
are some conversion examples to if you want to have a result different
than Mg/ha:

- Mg/km? — divide the value by 10,000

- kg/km? — divide the value by 10

- kg/acre — multiply the value by 405
These conversions can be applied if your mangrove removal area is
smaller than one hectare, or if you prefer to use acres instead of
hectares.

Airplane illustration

The amount of carbon dioxide that one person emit by taking a round
trip flight (Boeing 737) from Honolulu to Las Vegas in economy class is
1.5MgCO? (online calculator,
https://co2.myclimate.org/en/flight_calculators/new). For a 737 plane,
the capacity is 143 seats, therefore a full flight (roundtrip) will
correspond to 214.5 MgCO? emitted. By dividing the carbon dioxide
equivalent emitted when cunting mangrove in your specific area by
214.5 MgC0O?, you will obtain the number of flights emitting the same
amount of carbon in the atmosphere. For indication, on average, there
is 510 flights per month, 119 flights per week, and 17 flights per day
from Honolulu to Las Vegas.

20
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Results

Amount of
Carbon Released
Average Sum of Above & Total Invaded ,
Average _ (Difference of
Invaded Below Carbonin [Mangrove Carbon
Mudflat ) Total Invaded
Mangrove Invaded Mangrove with Above &
(Mg/ha) Mangrove and
(Mg/ha) (Mg/ha) Below (Mg/ha) )
Mudflat in
Mg/ha)
29.25 51.7 112.04 163.74 134.49

We found that the mudflats contained 29.25 Megagrams per hectare (Mg/ha), which
is similar to Soper et al. found on Molokai; the amount of carbon held in invaded
mangrove soils was 51.7 Mg/ha and aboveground carbon held in trees was 112.04
Mg/ha. This makes the total above and belowground carbon 163.74 Mg/ha, and the
difference between them, which is the ecosystem Carbon stock or the amount of
carbon released when mangroves are removed, 134.49 Mg/ha.

Soper et al. found that ecosystem carbon stocks of mangrove stands exceeded
mudflats by an average 434 + 33 Mg C/ha. There are a few potential reasons for this
difference. First, the forest on Molokai is older than the forest on O‘ahu, which is also
indicated in their aboveground biomass being slightly higher. Second, they sampled
down to 1 meter in the soil, we only sampled 50 cm down. Soper et al. also sampled
seedlings, leaf litter, and woody debris, which we did not do. They also sampled three
sites in the mudflat and invaded mangrove forest; given the scope of our project we
were only able to sample one site in the mudflat and one site in the invaded
mangrove forest.

If you multiply the difference (134.49 Mg/ha) by 3.67 you get the amount of carbon
dioxide released. This means, 493.59 Mg of carbon dioxide will be released per
hectare of mangrove removed. The carbon dioxide that will be released by cutting 21
acres of mangrove at Kapapapuhi Point Park is 25,612.69 Mg. This is the equivalent of
the amount of carbon dioxide released by one week worth of flights (economy class)
from Honolulu to Las Vegas on full Boeing 737 planes (seats 143 people).
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