Supplemental Material

Suggested Workflow using CharTool

Field Sampling

Conducted using standard protocols appropriate to
context, research questions, or project needs. May
include field descriptions of sediments, such as color,
texture, and other observable traits.

Y CharTool Sediment Properties Modules
Laboratory Processing If being used, the Sediment color assessment module
and/or the Expedient sediment grain size estimation
module should be completed prior to any sieving or
chemical/physical charcoal extraction

Sample subdivision, sieving,
chemical or physical charcoal extraction

Y

[ CharTool Charcoal Quantification

Charcoal fragments are identified by the analyst,
selected, and then quantified using the Charcoal
Quantification Module.

\_A_/

Y

Visualize and Interpret Results

CharTool results are processed and visualized using a
scripted analysis in R. Data are formatted for further
analyses or interpretation based on the
research questions/objectives.

Y

Data are Curated for Sharing and Re-use

Data are formatted and uploaded into a digital repository
(e.g. the Global PaleoFire Database) to facilitate data
sharing and re-use.

| S I
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Step-by-step Guide

The following is a step-by-step guide to using the CharTool modules and is intended to be
used after both ImageJ and CharTool have been downloaded and installed. See the CharTool
README.txt file for more information regarding installation. Each step is followed by a

figure illustrating that step.

Charcoal fragment quantification and morphotype recording module

1. Open ImagelJ and click the “Launch CharTool” option from the “More Tools” menu,
which is access by clicking the double arrows on the righthand side of the ImageJ toolbar.

This will make the CharTool icon appear on the ImageJ toolbar.

mage.

OO C O~ 4%\ A K| @[] Q|oey 4 > Startup M
"More Tools" menu (switch toolsets or add tools) Magic Montage
Scale Bar Tools for Microscopes

Arrow Labelling Tools

Built-in Tools
Stack Tools

Arrow

Brush

Command Finder
Developer Menu
Flood Filler

LUT Menu
Overlay Brush
Pencil

Pixel Inspector
Selection Rotator
Smooth Wand
Spray Can
Stacks Menu

Bezier Curve Tool

Fixed Length Line Tool
Line Profile Tool

Lookup Tables Action Tool
Window Level Tool

Restore Startup Tools
Remove Custom Tools
Help...

2. Click the CharTool icon to initiate the program’s start window. The user may choose
which module to work in from this window. For the charcoal fragment quantification and

morphotype recording module, select “Charcoal Fragment Quantification” and click [OK].
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Welcome to CharTool: A Suite of Charcoal Quantification Tools for Image).

Please choose a procedure to perform from the options below:

Charcoal Fragment Quantification [T

Cancel

. Click [OK] to connect to a video microscope. From the dropdown in the next window,
select the desired video microscope and click [OK]. Finally, follow the last prompt
window to click [OK] when the microscope is connected. It is important to wait until the
microscope is connected and the live video display appears before advancing to the next

steps.

0O o/c|o|~4|+/xN|Ala|@| Qloy 4| 8| #| a|#|>

Launch CharTool Tool

Camera name Dino-Lite Premier #2 0x14200000a1680871

Show FPS in status bar
Grab and return
Custom size
Width 0 pixels
Height 0 pixels

Calibration
Unit pm
Pixel size 11.22957706 units/px

Timelapse
Do timelapse
Press Shift to start
Interval 1 msecs
Frames 1
Live FFT instead of image
Process Live Image

run('8-bit Color', 'number=4");
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4. The user may now select the option to use the module with the morphotype input option or

without it.

~Ja=|®|0 afe

c|o|~4

48| 7| al#]>

= e}

29.8 fps

“

“ir)

7186.93x5390.20 pm (640x480); RGB; 1.2MB

[ JON ) CharTool

Please select the Charcoal Fragment Quantification type below:

v Without Morphotype Input Option ’

With Morphotype Input Option [

Cancel oK

5. CharTool will then prompt the user to install the remainder of the macros needed to run
this module. The user may also at this point set the calibration measurements to quantify
charcoal during the current session. This is an optional step an only needs to be performed

once if the magnification settings are not going to change between sessions.

4|+ 7| >

NAla|o|O) afefs]s] 7| a

7186.93x5390.20 um (640x480); RGB; 1.2MB
CharTool
Please select from the options below in order to initiate the macro:

¥ Install Macros and Set Scale

Install Macros Only

Cancel
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a. If measurements need to be set, select this option and click [OK]. CharTool will
prompt the user to draw a line of a known length on the current video feed. Once the
line is draw, click [OK], then enter in the known distance of the line in microns (um )
as indicated by the scale in the live video microscope feed. Click [OK]. CharTool is
now calibrated. It is recommended that a microscope calibration slide or a ruler with at

least 0.5 mm increments be used for this process.

gojc|off «[+/NAla|o|0] ley 4] ]| al#]»> /o) c|offf 4| +/N Al 2|00 Qfe 4] 8] | al#|>
x=4076.34 (363), y=2998.30 (267), angle=0.00, length=1010.66 7.8 fps

ece
7186.93x5390.20 pm (640x480); RGB; 1.2MB

7186.93x5390.20 pm (640x480); RGB; 1.2MB

Use Draw Line tool to select a known length
Click OK when finished

OK

(] [ ] Set Scale

Distance in pixels:
Known distance:
Pixel aspect ratio: 1.
Unit of length:
Click to Remove Scale
Global
Scale: 0.09 pixels/pm

Help Cancel

b. An additional dialogue will ask if a visible scalebar should also be added to the live
video microscope feed. This scale bar will reflect the scale set by the user in the

previous step or the scale present from the last session.

Clola|ofB /+/N|Ala|oT) alods]s]7] al#]»

® @ CharTool

Add visible scalebar to images?
ves B

Cancel
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6. A final dialogue window will outline the keyboard shortcuts used in this module for

selecting charcoal fragments in the video feed. They are as follows:

[C]

[X]

[D]

[Z]

[N]

[H]

[M]

Selects the magic wand tool, which will use the edge-detecting procedure

to isolate dark-valued charcoal fragments and create a selection around all
connecting pixels that meet the set threshold criteria.

Selects the freehand selection tool. This tool can be used to trace charcoal
particles that cannot be isolated using the magic wand tool due to lighting
conditions or other factors obscuring the fragment.

Deletes the last measurements made.

Activates the edge-detecting measure tool options, which displays a
threshold tolerance slider that can be used to make on-the-fly corrections to
the threshold value selected by the magic wand tool.

If no charcoal is found within the petri dish, this shortcut will populate a single
row of measurements with zeros which can then be saved as a comma
separated values file (.csv) or a Microsoft Excel file (.xlsx). All users might
not find this function useful, but for those wishing to keep track of all samples
analyzed, this provides a record that no charcoal was found in that particular
sample.

Displays these keyboard shortcuts again for reference.

Once a charcoal fragment has been isolated via the magic wand tool or by
freehand selection, right-clicking or pressing [M] will measure and record the
fragment. If the charcoal morphotype input option was selected during setup,
an additional window will appear to classify the selected charcoal fragment
according to Enache and Cumming 2006. For reference, a conceptual flow

chart of morphotypes is included as a .png file in the CharTool file folder.
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ImageJ

Ojo|c|ofF 4 |+/x|Ala|e|0 aley 4|8 ~| al#|>
28.2 fps

7111.11x5333.33 pm (640x480); RGB; 1.2MB

CharTool

Press [C] for magic wand tool

Press [X] for freehand trace tool

Press [D] to delete last measurement

Press [Z] to measure selected charcoal fragment
Press [N] if no charcoal is found

Press [H] to see these instructions again.

Right click or press [M] to measure a charcoal fragment

Cancel OK
L

7. To quantify charcoal fragments, select them using the magic wand tool [C] or by freehand
selection [X]. The color value threshold can be adjusted on-the-fly by pressing [Z]. Once a
fragment is selected, right-click and select “Measure Fragment...” or press [M] to measure

and record the charcoal fragment’s metrics.

4| +J8 Al o0 Qo 4]s]7 8

4 | >

7111.11x5333.33 ym (640x480); RGB; 1.2MB _ 7111.11x5333.33 pm (640x480); RGB; 1.2MB

Tolerance:

L
Mode:  8-connected

Smooth if thresholded

Cancel
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8. After select “Measure Fragment...” or pressing [M] for the first time in this module, a
dialogue window will appear with fields for the analyst to enter metadata associated with

the sample. These include:

o

. Sample Number

o

. Depth Range (cm)
c. Date
d. Analyst (name, initials, or another identifier)

. Other Pertinent Information

[¢]

Ooja|o| 4| +[N Ala|a|0] aleys]s] 7| al#

28.6 fps

7111.11x5333.33 pm (640x480); RGB; 1.2MB__

®  ® CharTool - Enter Metadata

Sample Number: Enter Sample Number
Depth Range (cm): Enter Depth Range
Date: Date of Analysis
Analyst: Analyst Name or Initials

Other Info: Other Pertinent Informatic

Cancel oK

9. Once all of the charcoal fragments in a sample have been quantified, the user closes the
window containing a record of all the measurements. This will prompt a dialogue window
asking the user to save the measurements and their associated metadata. The

measurements can be saved as a comma separated values file (.csv) or a Microsoft Excel

file (.xlsx).

Snitker 2020, page 8



A4|+N A|x|@|0 Qley | 8| #| 8% >

7186.93x5390.20 um (640x480); RGB; 1.2MB [Area [Min [Max_[Perim. |B_X I?y Width
255555.556 141 2646.757 3722.222 1488.889 977.778
166049.383 79 1980.091 1811.111 1766.667 722.222
1321815.850 115 7249.485 0.000 2683.869 2594.032
68600.250 1170.407 1617.059 1572.141 359.346
125851.194 1884.586 2324.522 505.331 651.315
165699.869 3405.504 1617.059 561.479 628.856
239974.772 3001.900 4233.551 0.000 707.463
293442614 2521616 6591.762 437.954 595.168
33543.505 888.402 6120.120 3964.041 291.969
23203.026 769.528 5985.365 5277.901 325.658
795712.461 7915.166 2515.425 3076.904 2021.324
206809.578 4717.711 1572.141 2088.701 1078.039
74779.317 1827.640 3672.072 1706.896 280.739
132660.778 1904.320 5345.279 808.530 370.576
57124.841 1085.553 2841.083 1224.024 235.821
1502774.230 13969.915 5704.625 1796.732 1482.304
78940.729 1646.370 2987.067 617.627 561.479
38839.848 1155.655 3436.251 179.673 235.821
73013.869 1554.937 2144.849 2549.114 280.739
41740.226 1003.890 1751.814 2549.114 213.362
10592.686 748.665 2189.768 2594.032 168.444
953972.229 12319.658 2706.328 1594.600 1504.763
134552.329 1909.769 1560.911 954.514  482.872
6683.480 347.786  4121.255 3222.889 134.755

Save 25 measurements?

CONOUV A WN -

Don't Save Cancel

IHOOHOOOOOOOOOOOOO0O0O0O0OOR

Sediment color assessment module

1. Open ImageJ and click the “Launch CharTool” icon to initiate the start window. The user
may choose which module to work in from this window. For the sediment color

assessment module, select “Sediment Color Assessment.”

8 ola|o| 4|+ A8 0|0 lo 4] 6] 7| a|3]>

Launch CharTool Tool

® 0 CharTool

Welcome to CharTool: A Suite of Charcoal Quantification Tools for Image).

Please choose a procedure to perform from the options below:

Sample Color Assessment

2. Click [OK] to connect to a video microscope. From the dropdown in the next window,
select the desired video microscope and click [OK]. Finally, follow the last prompt

window to click [OK] when the microscope is connected. It is important to wait until the
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microscope is connected and the live video display appears before advancing to the next

steps.

B olc|o|~4]+/xala|oll) aley 4| 2] ~| a]#>

Launch CharTool Tool

Camera name  Dino-Lite Premier #2 0x14200000a1680871

Show FPS in status bar
Grab and return
Custom size
Width 0 pixels
Height 0 pixels

Calibration
Unit ym

Pixel size 11.22957706 units/px

Timelapse
Do timelapse
Press Shift to start
Interval 1 msecs
Frames 1
Live FFT instead of image
Process Live Image

run('8-bit Color', 'number=4");

Cancel

3. A final dialogue window will outline the keyboard shortcuts used in this module for

selecting charcoal fragments in the video feed. They are as follows:

[R]

[D]

[H]

Creates a dialog where the current sample number can be entered by the
user. Once sample is entered, the module will measure the mean RBG values
for any selected area within the live video microscope feed. The sample
number and the mean RGB values are copied over to the results table.
Deletes the last measurements made.

Displays these keyboard shortcuts again for reference.
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Im

B o)c|o| <[ +]5]Ala|o|T] Qo

4|+,

48] 7| al#]>

7186.93x5390.20 um (640x480); RGB; 1.2MB

[ JoN CharTool

Press [R] to enter sample number and measure mean RBG values
Press [D] to delete last measurement

Press [H] to see these instructions again.

Cancel

. The default setting for this module is to select the rectangle selection tool on setup. When
assessing the color of a sediment sample, use the rectangle selection tool (or any other
selection tool available for ImagelJ) to select a region of the sample in the live video

microscope feed. Press [R] to record mean RBG values for the pixels within the selection.

Image

B ol afo|«|+/5|a|a|e|0) Qo s|s] 7| al#]>
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5. Each time the user presses [R] to record RGB values, a dialogue window will appear with

fields for the analyst to enter metadata associated with the sample. These include:

o

. Sample Number

o

. Depth Range (cm)

c. Date

o

. Analyst (name, initials, or another identifier)

. Other Pertinent Information

[¢]

B o|c|o|—|4|+/x Al |o|T] ale 4] 8] 7] a|#|>
29.7 fps

7186.93x5390.20 um (640x480); RGB; 1.2MB

[ BON ) CharTool - Enter Metadata

Sample Number:  Enter Sample Number

Depth Range (cm): Enter Depth Range
Date: Date of Analysis
Analyst: Analyst Name or Initials

Other Info: Other Pertinent Informatic

Cancel OK

6. RGB values for each selection will be copied over to the results table along with the user
supplied metadata for each sample. The results table can be saved as a comma separated
values file (.csv) or a Microsoft Excel file (.xlsx) by closing the window and following the

save prompts.
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B o|c|v|~4|+/5A|a|o|00) Qleo 4|8 7| a|#|>
29.7 fps

7186.93x5390.20 um (640x480); RGB; 1.2MB

Save 1 measurements?

Don't Save Cancel

[Green  [Blue |
146.012 148.779 128.568

Expedient sediment grain size estimation module

1. Open ImageJ and click the “Launch CharTool” icon to initiate the start window. The user
may choose which module to work in from this window. For the expedient sediment grain

size estimation module, select “Grain Size Evaluation.”

EQ‘G‘(\D‘/'A“+v‘\‘A‘O“@‘D‘ O\‘De‘.’/‘@‘/"‘ FAES

Launch CharTool Tool

| NON | CharTool

Welcome to CharTool: A Suite of Charcoal Quantification Tools for Image).

Please choose a procedure to perform from the options below:

| Grain Size Evaluation

2. Click [OK] to connect to a video microscope. From the dropdown in the next window,

select the desired video microscope and click [OK]. Finally, follow the last prompt
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window to click [OK] when the microscope is connected. It is important to wait until the
microscope is connected and the live video display appears before advancing to the next

steps.

B olc|o|~4]+ /8 Ala|a|d alos 4] 8]~ a|#] >

Launch CharTool Tool

Camera name Dino-Lite Premier #2 0x14200000a1680871

Show FPS in status bar
Grab and return
Custom size
Width 0 pixels
Height 0 pixels

Calibration
Unit pm

Pixel size 11.22957706 units/px

Timelapse
Do timelapse
Press Shift to start
Interval 1 msecs

Frames 1

Live FFT instead of image

Process Live Image

run('8-bit Color', 'number=4";

Cancel

3. CharTool will then prompt a window for the user to install the remainder of the macros
needed to run this module. The user may also at this point set the calibration
measurements to quantify charcoal during the current session. This is an optional step an
only needs to be performed once if the magnification settings are not going to change
between sessions.

a. If measurements need to be set, select this option and click [OK]. CharTool will
prompt the user to draw a line of a known length on the current video feed. Once the

line is draw, click [OK], then enter in the known length of the line and the units. Click
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[OK]. CharTool is now calibrated. It is recommended that a microscope calibration

slide or a ruler with at least 0.5 mm increments be used for this process.

/O)c|ofF |+ Al x| 0|00 Qe 4]6].7| a|#| > ) [+IN[Ala]o|0) afed 4] 6].7] al#|>
x=4076.34 (363), y=2998.30 (267), angle=0.00, length=1010.66

00
7186.93x5390.20 ym (640x480); RGB; 1.2MB

7186.93x5390.20 pm (640x480); RGB; 1.2MB
Use Draw Line tool to select a known length
Click OK when finished

OK

[ ] (] Set Scale

Distance in pixels: 90
Known distance: 1000

Pixel aspect ratio: 1.0
Unit of length: pm
Click to Remove Scale
Global
Scale: 0.09 pixels/pm

Help Cancel

b. An additional dialogue will ask if a visible scalebar should also be added to the live
video microscope feed. This scale bar will reflect the scale set by the user in the

previous step or the scale present since the last session.

clojalof 4|4/ Al 0|0 QJods]8] 7| al#]>

7111.11x5333.33 (640x480); RGB; 1.2MB

[ 2K CharTool

Add visible scalebar to images?

\Yés B

Cancel

4. A final dialogue window will outline the keyboard shortcuts used in this module for

selecting charcoal fragments in the video feed. They are as follows:
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[S] Activates the workflow for assessing the diameter of individual grain
sizes within a sediment sample. See details on this process below.

[D]  Deletes the last measurements made.

[H]  Displays these keyboard shortcuts again for reference. For additional
reference, a .png image of the US Geological Survey Wentworth Scale is

included in the CharTool file folder to aid in interpreting grain size results.

B ool 4|+|x|Ala|o|0 Qlee 4|8 #| a|#| >

7186.93x5390.20 um (640x480); RGB; 1.2MB

Press [S] to enter minimum number of samples required and evaluate particle size
Press [D] to delete last measurement

Press [H] to see these instructions again.

5. The default setting for this module is to select the rectangle selection tool on setup. When
assessing particle size in a sediment sample, use the rectangle selection tool (or any other
selection tool available for ImageJ) to select a region of the sample in the live video
microscope feed. Press [S] to begin the particle size evaluation workflow.

a. The first dialogue that appears will ask the user to set the minimum number of
observations needed to adequately represent the current sediment sample and the

minimum area of a particle for it to be measured. The default values for these two
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parameters are 300 (minimum observations) and 4,000 (minimum area in current
units), but they should be adjusted to appropriate values for the needs of the current

user or project. Click [OK] to advance through this dialogue window.

B olalol 4] +|x|Ala |0 aJods|e]s] 8>

7186.93x5390.20 pm (640x480); RGB; 1.2MB

®  ©® Evaluate Particle Size

Please Enter the Minimum
Number of Observations
Desired to Evaluate Grain Size

Number of Obs: 300 T

Cancel OK

b. The module then creates a still frame duplicate of the select area within the video feed.
This still frame duplicate is converted to an 8-bit, black and white image to which a
color value threshold is applied to isolate individual particles. An interactive threshold
dialogue is activated, which allows the user to adjust the cut off value with the goal of
isolating as many particles as possible. The areas of the image obscured by a red mask
are those included within the threshold while those without the mask are excluded.
Unlike the thresholds applied during the charcoal quantification module, these values
will likely be much lower and incorporate a wider range of sediment grains. It is
helpful to place sediment in a petri dish on a white background (such as a sheet of

white paper) to allow the sediment grains to be differentiated from the background.
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c. Once an adequate threshold is reached, click [OK] in the dialogue that asks “Threshold
set?” to measure each individual particle and recording the measurements in the results
table. If fewer measurements are made than the minimum number of observations set
at the beginning of this workflow, the module will ask for another selection to be made
and the process of thresholding and measuring particles will repeat. This workflow will

continue until the minimum number of observations are met.

+/xala 0|0 ofo#]0] 7| a|s]»

Threshold set?

Default Red

Dark background Stack histogram
Don't reset range

Auto Apply Reset Set

6. After pressing [S] to activate the grain size workflow in this module, a dialogue window
will appear with fields for the analyst to enter metadata associated with the sample. These
include:

a. Sample Number
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b. Depth Range (cm)
c. Date
d. Analyst (name, initials, or another identifier)

e. Other Pertinent Information

7. Once the minimum number of particles in a sample have been measured, the user closes
the window containing a record of all the measurements and their associated metadata.
This will prompt a dialogue window asking the user to save the measurements. The
measurements can be saved as a comma separated values file (.csv) or a Microsoft Excel

file (.xIsx).

Scripted R Analysis to compile, display, and prepare CharTool outputs for upload into the
Global Paleofire Database (GPFD)
The R script and RStudio Project file used to compile and display metrics collected by

CharTool can be accessed via GitHub using the following url:

https://github.com/gsnitker/CharTool/Compile_Plot_CharTool

The versions of R, RStudio, and all required packages used in this scripted analysis are

included in the header section of the R script.
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