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SUMMARY: 34 
This work explains the most appropriate techniques and methods for conducting a fire history 35 
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ABSTRACT: 38 
Annual tree-ring patterns are a source of ecological and environmental information including the 39 
history of fires in forested areas. Tree-ring based fire histories include three fundamental phases: 40 
field collection, laboratory methods (preparation and dating), and data analysis. Here we provide 41 
step-by-step instructions and issues to consider, including the process for selecting the study 42 
area, sampling sites, plus how and which fire-scarred trees to sample. In addition, we describe 43 
fire-scar sample preparation and dating which are done in the laboratory. Finally, we describe 44 
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basic analysis and relevant results, including examples from studies that have reconstructed fire 45 
history patterns. These studies allow us to understand the historical fire frequency, changes in 46 
those frequencies related to anthropogenic factors, and analyzes of how climate influences fire 47 
occurrence over time. The description of these methods and techniques should provide a greater 48 
understanding of fire history studies that will benefit researchers, educators, technicians, and 49 
students interested in this field. These detailed methods will allow new researchers to this field, 50 
a resource to start their own work and achieve greater success. This resource will provide a 51 
greater integration of tree-ring aspects within other studies and lead to a greater understanding 52 
of natural processes with forested ecosystems. 53 
 54 
INTRODUCTION: 55 
Forest fires, ignited by natural or anthropogenic causes, are considered one of the most common 56 
ecological disturbance factors that influence terrestrial ecosystems1. For example, fire and more 57 
specifically fire regimes, influence plant species composition and structure2. Fire is also a 58 
fundamental process linking biogeochemical cycles and climatic variability3,4. 59 
 60 
In some areas, fire contributes to degradation and deforestation, while in other areas, fire is 61 
fundamental for regeneration and sustaining open forest structures5,6. As a result, understanding 62 
the ecological role of forest fires is essential to management and conservation programs. 63 
 64 
Fire regimes are defined as the pattern of fire events over time characterized by the frequency 65 
and its variability in type, extent, intensity, seasonality and severity7,8. Forest fire regimes can be 66 
studied through direct observation, reports, satellite images, oral history, age structure and 67 
species composition, and through the use of dendrochronological methods9. 68 
 69 
Dendrochronology uses tree-rings, dated with annual precision, to study climatic and ecological 70 
events10. One of the branches of Dendrochronology is fire history reconstruction or 71 
Dendropyrochronology which uses tree-rings to determine the spatial and temporal patterns of 72 
past and contemporary fires thereby reconstructing the fire regime within a study area11,12. 73 
 74 
Dendrochronological methods, provide precision and resolution advantages compared to other 75 
dating methods, because they allow dating of ecological events, with annual to intra-annual (i.e., 76 
seasonal) precision, at long temporal scales, sometimes up to several thousand years13,14. 77 
 78 
Fire history reconstructions are also critical in understanding how general climate circulation 79 
patterns at regional scales have influenced fire spread. These analyses of the climate-fire 80 
relationship are novel because they provide insight into how climate influences fire frequencies 81 
over long periods of time, which is not possible with the modern instrumental climate records4. 82 
 83 
In order to facilitate the methodological process the reconstructing fire histories, we provide a 84 
field and laboratory protocol that describes dendrochronological methods and techniques that 85 
will allow researchers, teachers, technicians, and students interested in this field of study to 86 
initiate their own projects and studies. 87 
 88 



 

In this protocol, we provide the tools to develop a greater understanding and answers to different 89 
ecological questions in the field of forest ecology such as: 1) What is the fire regime? 2) Have fire 90 
regimes changed in recent decades or have fire frequencies continued without significant 91 
change? or 3) Have there been changes attributed to anthropogenic influence? 4) How are fire 92 
frequency patterns related to climate variability? 93 
 94 
PROTOCOL: 95 
 96 
1. Sampling strategy 97 
 98 
1.1. Determining the study area 99 
 100 
1.1.1. Generally, forest areas are extensive (hundreds or thousands of hectares), therefore, 101 
select a study area that will meet the objectives, which in this case, is to determine the fire history 102 
and its variability over time (Figure 1). Limit the study area only to the areas that contain fire-103 
scarred trees which will be the sampling unit. Reconnaissance of the study area can often be 104 
facilitated by the use of drone and video technologies, which provide views of the larger 105 
landscape, saving both time and money. 106 
 107 
1.1.2. Within a study area, identify potential sampling sites that are ideally similar in size, in 108 
order to facilitate comparisons. Sampling sites can vary in size ranging from large areas (>50 ha), 109 
to smaller sites (5–50 ha) or plots (<5 ha) depending on the study area, availability of fire-scarred 110 
trees, and study objectives. The number of sites will of course depend on the variability, but in 111 
general, more than one site is suggested. The topography and forest type within each site should 112 
be representative of a larger ecosystem to allow extrapolation of results9. 113 
 114 
1.2. Sampling strategy (site selection within a study area) 115 
 116 
1.2.1. Within the study area, use different methods to select sampling sites including random, 117 
systematic, and selective sampling among others15. This will depend on the study objectives, 118 
availability of personnel and financial resources. 119 
 120 
1.2.2. Typically to reconstruct fire history, use selective sampling. That is, within the study area, 121 
select sites that are known to contain fire-scarred trees. 122 
 123 
1.2.3. Using this sampling strategy, select sites where there is evidence that fires have occurred 124 
and were recorded as fire scars. Areas that show signs of recent fires, such as scorched or recently 125 
fire killed trees, but have no evidence of previous fire scars are not suitable for reconstruction of 126 
fire regimes but are often confused with suitable sites (Figure 2A). 127 
 128 
NOTE: If the objective was to measure damage done by fire to the regeneration, its effect on 129 
growth rates, or to evaluate the recovery of these forests after the fire, these types of areas 130 
would undoubtedly be ideal. However, since the objective is to determine the fire history and its 131 
variability over time, it requires sites where trees show signs (scars) of previous fire damage but 132 



 

have begun healing (Figure 2B). 133 
 134 
[Place Figure 2 here] 135 
 136 
1.2.4. Scout the study area and locate a site with numerous (>10) long-lived trees and evidence 137 
of fire scars (Figure 2C). Record the location (GPS coordinates) of all fire-scarred trees using those 138 
of points to delineate the limit of the study site. 139 
 140 
1.2.5. Map the spatially surface of the site in a Geographic Information System or other mapping 141 
software to ensure sites are of similar size. 142 
 143 
1.2.6. In particular, within each site, locate the longest-lived fire-scarred trees to allow for 144 
reconstructive the fire history of the site as far back in time as possible (one or several centuries 145 
in the past), and greater understanding of fire frequency variability over that time period. 146 
 147 
1.3. General considerations for sampling (selecting tree samples within sites) 148 
 149 
NOTE: The collection of fire-scarred trees is one of the most important steps in this type of study. 150 
 151 
1.3.1. Once the study area and site boundaries have been determined, start scouting the 152 
selected site from a known point, progress gradually until covering the entire site. The objective 153 
of the scouting is to take as complete of an inventory as possible of all fire-scarred trees noting 154 
their condition (live tree, snag, or log), the number of fire scars, locations and accessibility 155 
(difficulty in extracting the fire-scar sample from the tree). (Figures 3A,B). 156 
 157 
1.3.2. Based on this information, determine which trees would best contribute to reconstructing 158 
the longest and most complete fire history for that site. Collect as least 10 fire-scarred trees from 159 
each site, giving the highest priority to trees with the most number and best-preserved fire scars9 160 
(Figures 3B,D). Note that not all fire-scarred trees within a site need to be sampled. In most cases, 161 
the number of recorded fires increases with increasing sample size (number of trees); however, 162 
this relationship typically asymptotes past 10–15 trees16. 163 
 164 
1.3.3. In order to have the greatest sample depth possible over time, make efforts to collect 165 
fire-scarred logs and snags, which are more likely to contain the oldest fire-scars, as well as live 166 
trees which will have scars from more recent fires. 167 
 168 
1.3.4. Avoid collecting loose or highly deteriorated fire-scar samples that, when cut, could be 169 
lost and nearly impossible to re-assemble. 170 
 171 
1.3.5. When the selected trees have the same number of scars and sturdiness, consider 172 
sampling the species with the clearest growth rings, which will facilitate the dating of the scars9. 173 
 174 
1.3.6. Before collecting any sample, develop a field data sheet that allows gathering the most 175 
relevant information from each sample and site including the following information17. 176 



 

 177 
1.3.6.1. Use field data sheets that include general information such as: study area name 178 
and code (preferably three letters, for example, Cuenca Río Nazas, CRN), site number, sample 179 
number, condition of the sample (solid, sectioned, rotten), collection date, and collector. 180 
 181 
1.3.6.2. Determine the microsite description: Dry, wet, intermediate, slope, aspect. 182 
 183 
1.3.6.3. Determine tree attributes: Species, diameter, height, condition (live, snag, log, 184 
stump). 185 
 186 
1.3.6.4. Determine the geographical location: Coordinates (UTM and in degrees), 187 
elevation. Determine the sample description: Height and side of the sample on the trunk, number 188 
of samples taken, number of pieces/sample, number of visible scars/sample, exposure of the 189 
scars. 190 
 191 
1.3.6.5. Take field sample photos and/or drawing: This information will document the 192 
shape of the fire scar sample and the number of sections in case parts of the sample are dislodged 193 
and will need to be re-assembled later. This will assist in its restoration (glued and prepared) in 194 
the laboratory. Drawing within the datasheet is often helpful because it allows for annotations. 195 
 196 
1.4. Sampling collection (collecting fire-scarred trees) 197 
 198 
1.4.1. After determining which trees will be sampled, but prior to initiating the extraction of the 199 
fire scar sample, examine the area surrounding the tree. This examination may reveal branches, 200 
loose rocks, or other safety issues that may need to be addresses prior to chainsaw ignition, in 201 
order to provide a safe working environment. 202 
 203 
1.4.2. To extract fire scars from stumps or logs, take full cross-sections (Figure 3C). However, to 204 
extract samples from standing snags and live trees, it may be necessary to cut out partial cross-205 
sections (Figures 3A,D). When possible, emphasize sampling dead trees to minimize damage to 206 
live trees18. The main tool for sampling is a chainsaw, with at least a 20-inches bar (for example: 207 
18 to 24-inch sword) to allow the extraction of samples from both small trees and large trees. It 208 
is also recommended to have extra equipment parts when samplings so that field sampling is not 209 
delayed if mechanical failure occurs. 210 
 211 
1.4.3. When choosing the side and height of the fire scar sample to be extracted, consider the 212 
side and/or height with the most number and best preserved visible fire scars. Often, the number 213 
of fire scar is greater closer to the ground12 (Figures 3A,B). Fire-scars can often be up to several 214 
meters in height and scars that are observed in the upper part may not occur at the base of the 215 
trunk (Figure 3B). In such cases, it will be necessary to collect multiple samples from a single tree, 216 
including samples from both the base and higher up in order to capture as complete a fire history 217 
record as possible, from that tree. However, collecting fire-scars at the base is often more difficult 218 
and dangerous particularly when cutting cross-section using a heavy chainsaw. In addition, 219 
cutting lower on the tree may require kneeling, which may hamper a quick evacuation of the site, 220 



 

if necessary. 221 
 222 
1.4.4. Prior to starting with cutting the tree, be sure to take all the necessary safety precautions 223 
including proper protective equipment such as gloves, helmet, hearing protection, chaps, and 224 
proper shoes. 225 
 226 
1.4.5. Once the fire-scarred tree has been selected along with the height and side where the 227 
sample will be extracted from, have an additional person nearby keeping a close watch on the 228 
tree, ready to alert the sawyer in case the tree begins to fall. Make sure this additional person 229 
and the sawyer have a non-verbal/non-visual way to communicate, such as a tap on the shoulder, 230 
in case of such an emergency. In addition, make sure both persons have a pre-determined 231 
evacuation strategy and safety zone prior to initiating any cutting. 232 
 233 
1.4.6. After selecting the tree and the side with the best record, and necessary safety 234 
precautions, extract the fire scar sample from a living or dead tree standing. 235 
 236 
1.4.6.1. First, cut a partial cross-section from the tree9,19. To do this, make a horizontal cut 237 
along the cross-section on one side of the fire-scarred trunk (Catface) that extends from the bark 238 
to the center of the tree and cuts across all the scars that need to be extracted (Figure 3D). 239 
 240 
1.4.6.2. After making the first horizontal cut, make a second horizontal parallel cut 2 to 3 241 
cm above or below the first cut (Figure 3D). The thinner the cut, the less damage it will do to the 242 
tree; however, the thickness will depend on how solid the tree is. If the tree is highly deteriorated, 243 
the sample should be thicker (>3 cm) to provide greater stability. 244 
 245 
1.4.6.3. After making the two horizontal cuts across the trunk, make two plunge cuts, one 246 
from the back and another from the front of the tree toward the center of the tree in order to 247 
remove the cross-section from the tree. Make the plunge cut using the tip of the saw blade to 248 
enter the tree at the point where the two parallel horizontal cuts end. The plunge cuts should cut 249 
any wood that is holding the cross-section to the tree thereby allowing the cross-section to be 250 
extracted (Figures 3E,F) [Place Figure 3 here]. 251 
 252 
NOTE: Start the plunge cut by placing the chainsaw bar at a 45° angle from the tree trunk (Figure 253 
3E), at the end of the two parallel horizontal cuts. Start the cut with the upper most tip of the 254 
bar, cutting slowly into the tree using an upward motion to avoid the saw from kicking-back. Once 255 
the cut is initiated and the blade has penetrated the tree, the bar can be brought to a horizontal 256 
position (Figure 3F) to penetrate deeper into the tree. Starting at a 45-degree angle allows a safer 257 
start of the cut. If the start of the cut is attempted from a position that is horizontal to the trunk, 258 
the chainsaw blade will bounce away from the tree with great force and could cause injury. 259 
 260 
1.4.6.4. Extract the sample (Figure 3G). 261 
 262 
1.4.6.5. Label the sample using the site code, tree number, and sample number (For 263 
example, the first sample from site CRN would be labeled CRN-01-a. Tree number (1, 2, 3, …) and 264 



 

sample number, the latter is indicated by letters, a, b, c, etc.) (Figure 3H). 265 
 266 
1.4.6.6. Take a photo of the sample in the field; this allows capturing the physical state of 267 
the sample at the time of extraction, including the shape, number of pieces (if it has split into 268 
multiple pieces), condition of the sample, sample label in case it is erased, etc. If the sample splits 269 
into several pieces when extracted, reconstruct the sample as best as possible including all the 270 
pieces and mark each piece with a marker.  271 

 272 
1.4.6.7. To facilitate reconstructing the sample, mark where the pieces join by drawing 273 
perpendicular lines through adjacent pieces. Each of these pieces should be individually labeled 274 
with the site and tree ID plus a unique number for each individual piece. Therefore, if the pieces 275 
from the sample are mixed, this information will complement the photo and facilitate 276 
determining how each piece within the sample is arranged17. A drawing in the field at the time 277 
of extraction can also facilitate this reconstruction. The advantage of a drawing is that it allows 278 
for annotation and thus labeling individual pieces within the drawing. 279 
 280 
1.4.6.8. Finally, use electrical tape or plastic wrap to secure the fire scar sample and all the 281 
individual pieces as close as possible to the original arrangement. This is particularly important 282 
for fire-scar sample with a certain degree of deterioration or rot. Firmly wrapping the sample will 283 
also protect the sample while it is transported to the laboratory17 (Figure 3I). 284 
 285 
1.4.6.9. Although most fire reconstruction studies use partial or complete cross-sections, 286 
it is important to mention that another alternative, although not widely used, is to use increment 287 
cores. This type of sampling is possible only in liging or solid dead trees and taking into account 288 
the extraction considerations indicated in Figure 4. 289 
 290 
2. Sample preparation in the laboratory 291 
 292 
2.1. Once the fire-scar samples arrive at the lab, carefully unpack them, separating one-piece 293 
cross-sections from those that consist of multiple pieces. 294 
 295 
2.2. Restore samples with multiple pieces. This procedure consists of identifying all the pieces 296 
that are part of the sample, and gluing the different pieces together (using white glue for wood). 297 
If needed, use the photographs taken in the field to determine the arrangement of each 298 
individual piece. 299 
 300 
2.3. In samples that are highly deteriorated due to rot, the application of glue may not be 301 
enough to create the required sturdiness that will be needed in the sanding/polishing and dating 302 
processes. To create the stability needed, mount these samples. That is, after assembling all the 303 
parts of these samples, mount all the individual pieces of the sample onto a wooden surface (for 304 
example, plywood), adhere all the sample pieces using a mechanical stapler during the gluing 305 
process, if needed17. 306 
 307 
2.4. After the preparation process is complete, dry the samples outdoors in the shade for 3–5 308 



 

days. Do not dry the samples directly in the sun, as the sudden loss of moisture can cause the 309 
sample to split and break. 310 
 311 
2.5. Once the samples have dried, cut thicker samples (>3 cm) to a thickness of 2 to 3 cm to 312 
facilitate handling under the microscope and measurement system. 313 
 314 
2.6. Sand/polish all the samples using different sandpaper grains, from 40 to 1,200 grit. Start 315 
with the smallest number (coarsest) grain to remove the roughest cut parts and continue sanding 316 
with progressively higher number grits (finer) until a uniform surface is achieved and the tree-317 
ring cell structures are clearly visible under a microscope. This will allow for identification of fire 318 
scar position within the annual ring (Figure 5). 319 

 320 
[Place Figure 5 here] 321 
 322 
3. Tree-ring dating 323 
 324 
3.1. Count the growth rings on each sample to determine the age, starting from the center 325 
toward the bark. Mark every 10-year period with one dot, 50 years with two dots, and three dots 326 
to indicate every 100 years20. 327 
 328 
3.2. Determine the exact year of formation of each of the annual rings by comparing growth 329 
patterns20. 330 
 331 
3.3. In samples from young live trees, the date of the outermost ring (adjacent to the bark) is 332 
known because it is the year in which the sample was collected. In this case, date directly on the 333 
sample by counting the rings from the outside (bark) toward the center of the sample. For 334 
example, if the sample was collected in the last months of 2011, that year's growth will already 335 
be almost entirely complete, therefore, the date of this last outer ring will be 2011. Start counting 336 
down from this ring and mark the date of the subsequent rings down to the innermost ring 337 
(Figure 5). As mentioned before, mark the start of every decade using one dot, two dots for the 338 
fiftieth year and three dots for every century. 339 
 340 
3.4. For longest-lived live trees, develop a growth graph or Skeleton Plots for each sample and 341 
compare the growth patterns between trees. For more details on how to create a skeleton plot, 342 
please see Stokes and Smiley20. Synchrony (of thin and wide rings) between different trees is an 343 
indication that there are no growth problems (false or missing rings). Therefore, it is feasible to 344 
assign dates (calendar years) to the rings in the same way as was done with the living trees. 345 
 346 
3.5. Some fire scar samples may not show synchronous growth patterns with other trees, this 347 
is due to growth suppressions (very small rings) that can lead to missing rings (i.e., calendar years 348 
when the tree did not add wood to that portion of the tree) in specific years and which were not 349 
considered in the count. Conversely, it is possible to have “false rings”. A false ring is a tree-ring 350 
that appears as two-rings but is really associated with a single calendar year. This is caused when 351 
the tree is stressed due to season drought and begins laying down latewood in preparation for 352 



 

shutting down growth only to re-start regular growth after receiving sufficient moisture. 353 
Determine which of these two issues is preventing the lack of synchrony by comparing each 354 
individual ring between the non-synchronized sample and a sample that did not register growth 355 
problems. 356 
 357 
3.6. Once the problem has been identified, correct the tree-ring count in the non-358 
synchronized sample and its growth graph. Repeat this procedure for all samples that are non-359 
synchronized. 360 
 361 
3.7. To date all live trees, develop an average graph commonly called the “Master 362 
chronology,” which is the average of all individual skeleton plots and indicates the growth pattern 363 
of the site. For more details on how to create a Master chronology, please see Stokes and 364 
Smiley20. 365 
 366 
3.8. After the live trees with a known outermost tree-ring have been dated, start dating dead 367 
trees, where the outermost ring is unknown. To do this, start by creating a skeleton plot for each 368 
dead-tree sample, compare the skeleton plot from each dead tree to the master chronology 369 
derived from live trees (cross-dated)20. The key to matching the tree-ring growth patterns 370 
between the dead trees and the master chronology is matching the pattern of years with 371 
suppressed growth (small tree-rings). By definition, small tree-rings are due to a climate pattern 372 
resulting in a lack of moisture. Because droughts are experienced and recorded by all trees, this 373 
communal pattern will be reflected in the tree-ring patterns of all trees in the study area. 374 
 375 
3.9. When the growth pattern of the dead tree is matched perfectly with the master 376 
chronology graph, determine the calendar year when the tree died. That is, the outermost ring 377 
of the sample will correspond to the years when the tree died but only if the bark is still present. 378 
Without the bark, it is impossible to know the year when the tree died although it is still possible 379 
to date the rest of the tree-rings in the sample. 380 
 381 
3.10. In cases where the dead trees are not perfectly synchronized with the master chronology, 382 
identify the problem (identify missing and/or false rings) and make appropriate adjustments, 383 
following the same procedure used for live trees. 384 
 385 
3.11. Once each fire scar sample has been pre-dated (preliminary dated), measure the width of 386 
each individual tree-ring along a perpendicular line across the cross-section using a measurement 387 
system (for example, Velmex with a precision of 0.001 mm)21. Those who do not have a Velmex, 388 
can use a high-resolution scanner. That is, tree-ring-measurements and dating can also be done 389 
using scanned images of the cross-sections and a software such as CDendro/CooRecorder. 390 
Measurements of the tree-ring widths will be used to verify the quality of dating statistically with 391 
the COFECHA program22. This is recommended to validate the quality of the dating. 392 
 393 
3.12. If there is a previous chronology developed in the study region based on the annual tree-394 
rings which has been statistically verified, then use that chronology or master series to support 395 
the dating of fire scar samples. 396 



 

 397 
4. Fire scar dating 398 
 399 
4.1. After the tree-ring dating has been completed within each sample, identify all fire scars 400 
within the sample and determine the year in which the fire occurred (Figure 6A) [Place Figure 6 401 
here]. 402 
 403 
5. Determining fire scar seasonality 404 
 405 
5.1. Use the position of the fire scar within the annual tree-ring to determine the season in 406 
which the fire occurred. In general, assign the location of each fire scar into one of the following 407 
categories (Figure 6B) within the tree-ring: EE (early part of the early wood), ME (middle part of 408 
the early wood), LM (end part of the early wood), L (late wood), and D (dormancy or ring 409 
boundary)23,18. 410 
 411 
5.2. Assign fire-scars that occur during the dormancy period (between ring boundaries), to the 412 
beginning of the next year's early wood (spring fires) unless other samples have fire scars in the 413 
latewood section of the tree-ring24,25,26. The seasonality categories can also be grouped into 414 
spring (D + EE) and summer seasons (ME + LE + L)11.  415 

 416 
NOTE: The grouping of these categories may vary according to the geographic region and forest 417 
type. 418 
 419 
6. Data analysis 420 
 421 
6.1. To analyze fire-scar data, first build a fire history database using a spreadsheet, where 422 
each sample is a row and each column is a variable associated to that sample. Consider including 423 
the following fields for each sample. 424 
 425 
6.1.1. Include the species: Species name 426 
 427 
6.1.2. Include the sample number: The number designated to the sample during field collection, 428 
for example, CRN01a (Cuenca Río Nazas, tree 01, sample a). 429 
 430 
6.1.3. Include the year: This section includes two dates, year of the innermost (or center) ring 431 
and outermost (closest to the bark) ring. It is important to indicate when the first ring 432 
corresponds to pith and whether the outermost ring is adjacent to the bark, which indicates the 433 
date on which the sample died or stopped recording. This information is required by most 434 
programs used for the fire history analysis. 435 
 436 
6.1.4. Include the inner most ring date. 437 
 438 
6.1.5. Include the outer most ring date. 439 
 440 



 

6.1.6. Include the pith (Yes or No). 441 
 442 
6.1.7. List of all fire-scar years and seasons. For example: 1902EE, would indicate a fire was 443 
recorded in the early part of the earlywood within the year 1902 (Figure 6C). 444 
 445 
6.2. Upload the fire history file into the Fire History Analysis and Exploration System (FHAES) 446 
Version 2.0.0-SNAPSHOT27. If the program is not available, download it using this link: 447 
https://www.frames.gov/partner-sites/fhaes/fhaes-home/. 448 
 449 
6.2.1. Open the program. There will be three options: Create a New FHX File, Load Existing FHX 450 
File(s) and Run Superposed Epoch Analysis. 451 
 452 
6.2.2. Select the first option: Create a New FHX File. A new window called Fire History Recorder 453 
will open, and will provide the following options: Data, Metadata, Summary, and Graphs. 454 
 455 
6.2.3. Select Data, to select the samples currently loaded, and click on the green cross sign to 456 
add a new sample to this data set. 457 
 458 
6.2.4. A new window will open asking for: Sample name, First year (does the inner most ring 459 
correspond to the pith or not?), Last year (does the year correspond to the bark or not?). Once 460 
this general information has been provided, click on OK to continue. 461 
 462 
6.2.5. The window with the general information that was added is now activated and includes 463 
three fields: Event Type, Event Season, and Event Year. Start adding the specific information, 464 
including each fire event, to the first sample. Click on Add Event to add information for each of 465 
the three fields. 466 
 467 
6.2.6. The information required for each of the fields is: In Event Type select Fire Scar, in Event 468 
Season select the position of the fire scar within the tree-ring, and in the Event Year include the 469 
calendar year in which the fire occurred. Start from the oldest to the most recent record. 470 
 471 
6.2.7. Within Add Event, add the next fire event until the last fire within that simple has been 472 
added. 473 
 474 
6.2.8. After finishing the sample, save the file according to the site name and the FHX extension 475 
(for example: CRN.FHX), preferably in the same folder as the FHAES program, when given the 476 
option to save. You will then be notified that the file was successfully saved unless there was a 477 
problem with the file in which case that message will not appear. In that case, the problem will 478 
need to be corrected before continuing. 479 
 480 
6.2.9. To add the information for the new sample click on Add a New Sample to This Data Set 481 
and provide the information for the new sample. 482 
 483 
6.2.10. Click on OK. 484 

https://www.frames.gov/partner-sites/fhaes/fhaes-home/


 

 485 
6.2.11. This activates a new window to add information regarding each fire within the sample. 486 
Follow the same procedure to add all fire scar samples to the file. Save the information each time 487 
a new sample is added and verify that it was saved correctly by noting the message that the FHX 488 
file was successfully saved. 489 
 490 
6.2.12. If unable to add all the information within one session, continue working on the database 491 
later. To do this, open the FHAES program, and click on Load Existing FHX File(s). Select the file 492 
to continue working on. Click on Open, and a new window should open with the data for the 493 
sample. Select Edit File located in the menu above, which should open a new window Fire History 494 
Recorder-CRN.FHX with the file; from here, continue entering the information that is still needed. 495 
 496 
6.2.13. To finalize the file, add the information that may be important as part of the Metadata. 497 
This information could include Summary and Graphs, which were generated with that file. 498 
Another option for fire history analysis and graphics is the new software "burnr in R"28. 499 
 500 
6.3. Generating a fire history graph. Open the FHAES program and open the file created using 501 
the database described above (CRN.FHX). Select the Chart option and the history of the fire can 502 
be seen graphically . 503 
 504 
6.4. Generate fire history descriptive statistics based on the year and season in which the 505 
fires occurred. Similar to the processes used to create the graphs, open the file in FHAES and 506 
select Analysis > Run Analysis > Apply. On the right side of the program screen, a new window 507 
will open (FHAES analysis result) displaying both the Interval Analysis Summary and the 508 
Seasonality Summary. The most important descriptive statistics are: mean fire interval (MFI), 509 
minimum and maximum intervals, mean fire interval per sample and the Weibull median 510 
probability interval (WMPI) or fire recurrence. The latter is a measure of central distribution used 511 
to model the asymmetric distribution of fire intervals and to express recurrence intervals in 512 
probabilistic terms29,30. 513 
 514 
6.5. For each statistic, consider three filters: 1) all scars, 2) 10% or more of the scars recorded 515 
in all samples, and 3) 25% or more of the scars recorded in all samples. The last filter allows in 516 
determining the intervals of the most extensive fires30. 517 
 518 
6.6. Regarding the seasonality of the fire, different parameters are displayed, the most 519 
important being the number and percentage of scars recorded for each intra-ring category. 520 
Likewise, the number and percentage of fires recorded in the spring and summer seasons is 521 
provided11. 522 
 523 
7. Climate-fire analysis 524 
 525 
7.1. Open the FHAES program and select Run Superposed Epoch Analysis (SEA). 526 
 527 
7.2. For this analysis, use two files: 1) Continuous time series file and 2) Event list file. The first 528 



 

file refers to the climatic data ordered in column (for example: Precipitation, Temperature, PDSI, 529 
ENSO, etc.) and the second file lists the reconstructed fires ordered within a column, both files 530 
must be in text format (.txt). 531 
 532 
7.3. Load each of these files in their appropriate formats. 533 
 534 
7.4. When running the SEA analysis, it is possible to modify the number of years prior to and 535 
after the fire years in the Simulation and statistics window. However, it is highly recommended 536 
to keep the default parameters. 537 
 538 
7.5. At the bottom click on Run to execute the analysis. 539 
 540 
7.6. This generates the summary information; from there click on Chart to create the results 541 
that are automatically displayed as bar graphs. 542 
 543 
7.7. Interpret these graphs: on the X-axis “0” represents the fire year, negative and positive 544 
values indicate years before the fires and after the fire. Confidence intervals at 95, 99 and 99.9% 545 
are shown in the form of lines above and below the average axis, expressing the significance of 546 
the analysis. 547 
 548 
7.8. Save the output in either PNG or PDF format. 549 
 550 
7.9. Based on this analysis, it is possible to assess the influence of climate variability on fire 551 
occurrence over time, including climate conditions during the years before, during, and after the 552 
fires included in the analysis. For further support in the execution and interpretation of results 553 
with FHAES, consult the user manual31. 554 
 555 
REPRESENTATIVE RESULTS: 556 
When a surface fire burns in a forest, the tree trunks of some trees are often damaged, causing 557 
injury that subsequently heals (Figure 7A). These scars form when the fire is intense enough or 558 
has a long enough residence time to penetrate the bark and kill part of the cambium. Historically, 559 
such fires occurred often enough to prevent the accumulation of fuels; therefore, most of these 560 
fires would not be able to reach the tree canopies. As a result, most mature trees survived and 561 
continued growing, allowing the damaged portion to partially heal before the next fire (Figure 562 
7B). This recurring process resulted in the recording of a fire-scar within the tree-rings (Figure 563 
7C). The open wound facilitates scarring by future fires and thus the history of past fire events 564 
can be reconstructed by selecting the best individuals and making an appropriate collection of 565 
the samples, as suggested in section 1 [Place Figure 7 here]. 566 
 567 
Using these same methods here, we provide an example of a fire history study conducted within 568 
a watershed. The forests in the upper part of the watershed were divided into lower part (LP) 569 
and upper part (UP). A total of 68 fire-scar samples were collected from the following species: 570 
Pinus arizonica Engel., Pinus strobiformis Engelm., Pinus theocote Schlecht. & Cham., and 571 
Pseudotsuga menziesii (Mirb.) Franco. Of the 68 fire scar trees, 46 were collected in LP and 22 in 572 



 

UP, using section 1 (steps 1.4.6.1–1.4.6.7). Most samples (74%) were taken from dead trees 573 
(snags or logs) and the rest (26%) from live trees (Table 1). Following sections 2 and 3, it was 574 
possible to date 50 samples (74%) and using section 4, it was possible to identify 596 scars. It was 575 
not possible to date 18 samples (26%) due to deterioration or insufficient number of rings to 576 
allow reliable dating [Place Table 1 here]. 577 
 578 
Of the 596 scars dated, it was possible to determine the fire-scar position (seasonality) within the 579 
tree-ring on 560 scars (94%), based on sections 5 and 6 (steps 6.4 and 6.5). The most common 580 
intra-ring position was EE (91.0% and 97.8%), followed by ME (8.7% and 1.8%) and less than 1% 581 
(0.3% and 0.4%) in LE for the LP site (Figure 8B) and UP (Figure 8A), respectively. No scars were 582 
found in D and L portions of the tree-rings. Of all the fire scars, 91% and 97.8% were determined 583 
to have occurred in the spring, 9% and 2.2% in summer, for LP and UP, respectively [Place Figure 584 
8 here]. 585 
 586 
A fire history record was reconstructed following section 6 (steps 6.1 to 6.3), from 1700s to the 587 
early 1950s, when fires occurred frequently at both sites (Figure 9). The pattern of frequent fires 588 
was interruption in the mid-20th century. The UP site shows a change in fire frequency starting 589 
in the early 20th century. In general, fire frequencies have been altered at both sites in recent 590 
decades [Place Figure 9 here]. 591 
 592 
The mean frequency intervals (MFI) were generated following section 6 (steps 6.1, 6.2, and 6.4). 593 
The results show that, during the last centuries, fires occurred at intervals of every 3-years for 594 
both sites (LP and UP) considering all scar filters and at intervals of 9 and 6 years for the most 595 
extensive fires (10% filter) in LP and UP, respectively. However, this frequency changed 596 
dramatically after 1951, with current extensive fire-free intervals for LP and UP, of 27 and 48 597 
years, respectively (Table 2). Fire return intervals were described using three filters: 1) all scars, 598 
which included every fire year that was recorded in at least one sample, 2) ≥10% scars, which 599 
included only fire years recorded by at least 10% of the recording samples, and 3) ≥ 25% scars, 600 
which included only fire years recorded by ≥25% of the recording samples. The ≥25% filter is 601 
widely used in the literature as an estimate of fire frequency for large fires [Place Table 2 here]. 602 
Results of the influence of climate fire occurrence was obtained following section 7. The 603 
Superposed Epoch Analysis (SEA) shows that years in which fires occurred were dry and preceded 604 
by wet years (Figure 10). In the last 300 years, there has been a significant relationship (P < 0.01) 605 
between the fire occurrences and lower than normal rainfall (Figure 10A). The SEA also showed 606 
that fire years occurred when El Niño Southern Oscillation (ENSO) NIÑO 3 indices were negative. 607 
This suggesting tropical climate patterns indicated by the NIÑO 3 indices has had a significant 608 
effect (P < 0.05) on the fire occurrences within this study area (Figure 10B). In addition, both 609 
indices (precipitation and NIÑO 3) were significantly (P < 0.01) greater than normal 1 year prior 610 
to the fire year [Place Figure 10 here], suggesting wetter than normal conditions on years prior 611 
to the fire events. 612 
 613 
The relationship between climate and fire frequency over time is possible to be analyzed 614 
graphically. Comparing the climate variability of the study region (employing a tree-rings 615 
chronology, reconstructed precipitation, ENSO index, PDSI index, among others) and the fire 616 



 

reconstruction (Figure 11). However, it will always be very important to know the statistical 617 
relationship between both variables [Place Figure 11 here]. 618 
 619 
FIGURE AND TABLE LEGENDS:  620 
 621 
Figure 1: Pinus hartwegii forests. (A) Topographic variability of the site in terms of slope, forest 622 
cover, orographic barriers, fuel, among others. (B) Broader landscape perspective on the terrain 623 
and forest conditions, variables that influence fire behavior, and the selection of study sites. 624 
 625 
Figure 2: Study sites with and without potential for fire history reconstruction. (A) Pine forest 626 
that has been affected (scorched) by a recent fire, but trees show no evidence of scarring; such 627 
sites are not useful for this type of study because they lack fire-scarred trees. (B) Pine forest with 628 
evidence of past fires, the trees have visible charred section at the base of the trunk in the shape 629 
of a triangle, known as “cat face”, formed as the tree heals after repeated fire events. Such sites 630 
are considered to have potential for fire history reconstruction. (C) Close-up view of the base of 631 
a fire-scarred tree that appears to have recorded numerous fires. Each of the different layers 632 
represent a fire scar. In this case, 11 fire scars are visible. 633 
 634 
Figure 3: Fire scar sampling process. (A) A tree with a fire scars is selected and (B) a close-up view 635 
of the cat face (areas with exposed fire scars at the base of the tree) shows numerous fire-scars 636 
and would be an example of a tree that could be selected for sampling. (C) Extraction of a fire-637 
scarred sample from a log. In the case of logs, extraction of partial or complete section is easier 638 
because cutting can be done vertically. In the case of live trees and snag, the process is more 639 
difficult and includes the following steps: (D) to extract fire scars from live trees, the first step is 640 
to select the face with the clearest records, and make two horizontal cuts at the base of the tree 641 
trunk. (E,F) To extract the sample, perform an plunge cut, where the tip of the chainsaw is pushed 642 
vertically along the back end of the two horizontal cuts, from the bark toward the center of the 643 
tree to break off the sample, (G) the sample is then extracted and (H) labeled (study area, site 644 
and tree number, sample number, coordinates), and finally (I) the sample is wrapped in plastic 645 
to avoid damage while it is transported to the laboratory. 646 
 647 
Figure 4: Sampling fire-scarred trees by extracting growth cores (increment cores) with a 648 
Pressler drill. To successfully execute this sampling technique, it is important to consider the 649 
angle of the extraction in relation to the scar. 1) The sample core that crosses the fire scar will be 650 
incomplete because all the rings after the scar will be missing, 2) in the second core the first rings 651 
after the scar will may also be missing, but 3) ideally a third core will have all the growth rings 652 
and will allow the identification and dating of the fire scar to the exact year and 4) a fourth core 653 
far from the fire scar, therefore, with all the growth rings will be obtained, but it will not serve to 654 
identify and date of the fire. However, the latter can serve as a reference chronology for the tree. 655 
 656 
Figure 5: Fire-scarred Pinus hartwegii sample after preparation or sanding. The initial tree-ring 657 
count marked in by blue dots indicates the age of the sample (121 years). The dated annual rings 658 
are shown in black (1891–2011). Direct dating is possible in samples collected from live trees 659 



 

where the year of the outermost ring is known (2011 in this case), the rings are clear, and there 660 
are no growth problems (missing and false rings) or such problems can be easily distinguished. 661 
 662 
Figure 6: Fire scar position and seasonality within the tree-ring and corresponding calendar 663 
year. Panel A is an example of a fire-scarred cross-section with individual fire scars indicated by 664 
the red arrow and preceded by the year in which each fire occurred between 1902 and 2003. 665 
Panels B, C and D show magnified examples of fire scars in the dormant (D), early-earlywood (EE) 666 
and middle-earlywood (ME) within the annual tree-ring, respectively. 667 
 668 
Figure 7: Fire scar formation within a tree. (A) As a fire burns at the base of a tree, it damages 669 
the bark and part of the cambium on the upslope of the tree, where there is greater fuel 670 
accumulation and the fire is protected from the wind. The longer residence time allows the heat 671 
to penetrate the bark and damage the cambium (Photo taken by Dante A. Rodríguez-Trejo), (B) 672 
As a result of the heat, that portion of the tree is no longer functional, creating a scar, (C) In time 673 
the scar is incrementally covered by growth for areas adjacent to the scar. However, recurring 674 
fires create new scars at the base of the tree stem. The correct extraction of the sample, the 675 
dating of the annual growth tree-rings and fire scars (indicated by the arrows in red), allow the 676 
reconstruction of the historical fire frequency in forested areas. 677 
 678 
Figure 8: Fire seasonality (number and percent) based on the position of the fire scar within 679 
the tree-ring between 1575 and 2008. (A) Seasonality for the UP and (B) LP sites. Most fire-scars 680 
were identified early within the growing season. More than 90% of the scars occurred during the 681 
spring season. 682 
 683 
Figure 9: Fire history chart for low and high elevation sites (LP and UP) along the elevation 684 
gradient within the watershed for the period 1575–2008. Each horizontal line represents the 685 
lifespan of a sample, vertical black lines represent fire-scars, and the gray shaded lines highlight 686 
widespread fires affecting both sites (years when fires were recorded at both sites within the 687 
same year). The pink shaded area indicates a long period (50 years) with an absence of large fires 688 
(lack of synchrony among fire scars between trees), and the blue shaded area is a period when 689 
fire frequencies began to be altered, one hundred years ago at the higher elevation site. This 690 
figure has been modified from Cerano-Paredes et al., 201932. 691 
 692 
Figure 10: Superposed Epoch Analysis (SEA) showing the relationship between climatic 693 
variability [reconstructed precipitation33, ENSO indices (NIÑO 3)34 and reconstructed fire 694 
frequency, for both the LP and UP sites. The year when the fire occurred is indicated as year 0 695 
(gray bar), while years prior to the fire year are indicated as negative and years following the fire 696 
as positive numbers along the X-axis. In this example, average weather conditions 5 years prior 697 
and 2 years after the fire are shown. Climate conditions are indicated along the Y-axis, where 698 
values below zero are below average and values above zero represent conditions above average. 699 
The upper and lower horizontal lines on each graph indicate the confidence intervals (dotted, P 700 
< 0.05; dashed, P < 0.01; and solid, P < 0.001). This figure has been modified from Cerano-Paredes 701 
et al., 201932. 702 
 703 



 

Figure 11: Relationship between the climate variability and the fire history. (A) Represents 704 
winter-spring precipitation reconstructed, the bottom blue line represents the annual variability; 705 
the flexible blue curve is a smoothing spline at 10-year intervals (spline) to detect dry and wet 706 
events; and the dotted horizontal line indicates average precipitation and (B) represents the fire 707 
history reconstruction. The yellow vertical line allows analyzing the relationship between fire 708 
frequencies and decreasing precipitation below average (droughts). This figure has been 709 
modified from Cerano-Paredes et al., 201539. 710 
 711 
Table 1: Characteristics of sampled trees. This table has been modified from Cerano-Paredes et 712 
al., 201930. 713 
 714 
Table 2: Fire interval statistics. This table has been modified from Cerano-Paredes et al., 201930. 715 
 716 
DISCUSSION: 717 
In forested ecosystems, fire is a key ecological process; therefore, reconstructing historical fire 718 
regimes is important toward understanding the frequency, seasonality, and variability of fires 719 
overtime. Changes to the historical fire regime can potentially lead to unintended consequences 720 
in the forest structure and health; therefore, such information is critical in forest management. 721 
This methodological approach focuses on the importance of selecting the study area and sites, 722 
collecting the best fire-scarred trees, as well as the laboratory sample preparation and dating. 723 
Likewise, we describe step-by-step analytical procedures to successfully reconstruct the fire 724 
history in a forested study area. Such detail procedures are generally summarized and not as 725 
well-described in typical fire history study publications. This protocol can be implemented in 726 
different ecosystems where trees form annual rings and fires play an important role in forest 727 
dynamics. 728 
 729 
Forest fire regimes, specifically fire return intervals, frequency, extent, and seasonality, vary over 730 
space and time; therefore, it is important to understand these patterns in regions and forests of 731 
interest. In some pine forests, fire frequencies have been altered by fire suppression efforts since 732 
the beginning of the 19th century25,35. While in other regions, fire regime changes occurred later 733 
in the mid-20th century36,37,24,38,32, whereas in some sites fire frequencies have remained 734 
unchanged39,40,41,42. Conversely, anthropogenic factors have increased fire frequency at other 735 
areas43. In most instances, changes to the natural fire regimes have brought about major 736 
alteration to the forest and fuel structure, culminating its un-natural fire behavior and stand 737 
replacing fires in forests that are not adapted to such events. 738 
 739 
In the case study presented here, fires were very frequent prior to 1951 (Figure 9). Moreover, 740 
the fact that these fires scarred trees but did not kill them suggests that these were low severity 741 
surface fires. That is, the high fire frequencies maintained low fuel loads and tree densities, 742 
preventing high-severity fires. However, the process of fuel reduction by frequent fires ceased 743 
with fire suppression after 1951. As a result, fuel loads have increased and become more 744 
homogeneous within the study area. In the future, this could potentially lead to stand-replacing 745 
fires, particularly during extreme climatic conditions (drought), increasing the risk of 746 
deforestation, loss of wildlife habitat and affecting the services these forest provide44,45. Fire 747 



 

suppression in forests with a frequent surface fire regime is not a recommended management 748 
strategy, given that it can lead to changes in forest stand density, fuel accumulation, forest health 749 
issues, and an increased risk of high severity stand-replacing fires5,46,47,48. Whenever possible, fire 750 
should be used to restore the regime of frequent surface fires and reduce the risk of severe stand-751 
replacing fires49,38. 752 
 753 
Dendro-based fire history reconstructions do have a number of limitations that are worth 754 
mentioning. First, of course is that such studies can only be applied in ecosystems with annual 755 
tree-rings. Moreover, tree-rings also need to be cross-datable. In dry forests, for example, trees 756 
can often have annual tree-rings but may not be cross-datable due to missing or double tree-757 
rings as mentioned previously. To ensure tree-rings within a site cross-date, we suggest collecting 758 
and cross-dating core samples prior to sampling fire-scarred trees in a study area. Another 759 
potential limitation could be the lack of fire scars within a study area. Although this can suggest 760 
that fire is not common in such systems, fire-scars can also be healed over or “buried” within a 761 
tree particularly in fast growing trees and/or when fire intervals are long, thereby allowing the 762 
trees to heal or cover the wounded area. In such cases, trees with buried fire-scars may have 763 
non-uniform or depression along the trunk. Using these abnormalities as cues, it may be worth 764 
cutting into such trees in search of buried fire-scars. 765 
 766 
Another limitation of dendro-based fire history studies is that they only provide a limited record 767 
of the fire histories because most trees live, die, and decompose within a few centuries, at best. 768 
Therefore, the fire history records are short compared to charcoal-based fire histories, for 769 
example. However, the main advantage of tree-ring based studies is the annual to sub-annual 770 
temporal resolution. One of the advantages of the annual resolution is that forest fire dynamics 771 
can then be related to annual climate variability50,51,24,38,50. In general, large fires occur during dry 772 
years caused by general circulation climatic phenomena such as El Niño Southern Oscillation 773 
(ENSO)24,38,50,39,47,32. Understanding historical climate-fire relationships allows us to use 774 
contemporary weather information from buoys and satellites in the tropical Pacific to monitor 775 
and predict the evolution of the ENSO and other climate patterns. These forecasts, paired with 776 
region-specific information on historical fire regimes, could allow us to improve management 777 
strategies in order to mitigate the impact of shifting trends on fire behavior at multiple scales32. 778 
 779 
The results generated by this protocol and associated fire history reports and studies offer the 780 
forest managers´ greater understanding of the role of fire within a specific study area and/or 781 
region. This information can then be used to design fire management and prevention plans that 782 
allow for maintaining or restoring historical fire regimes into the future with the goal of forest 783 
sustainability and increasing the quality of ecosystem services. 784 
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Belt Sander

Chain Saw Boots Forestry Suppliers

Chain Saw Chaps Forestry Suppliers

Chainsaw

Stihl or Husqvarna for 

example

Clinometer Forestry Suppliers

COFECHA Software

Compass Forestry Suppliers
Dendroecological fieldwork 

program 

Diameter tape Forestry Suppliers

Digital camera CANON

Digital camera for microscope OLYMPUS
Electrical tape or Plastic wrap to 

protect samples uline.com

FHAES Software
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Field format

Field notebook

Gloves

Hearing protection Forestry Suppliers

Large backpacks 

Safety Glasses Forestry Suppliers

Sandpaper

Software CDendro/ CooRecorder 

Software Measure J2X 

Stereomicroscope OLYMPUS

Topographic map, land cover map  

Velmex equipment Velmex, Inc.

Wildland Fire Helmet Forestry Suppliers



Catalog Number

Dewalt Dwp352vs-b3 3x21 PuLG

There is no any specific characteristic

PGI 5-Ply Para-Aramid

MS 660

Suunto PM5/360PC with Percent and Degree Scales

Suunto MC2 Navigator Mirror Sighting 

Program where dating skills can be acquired or honed

Model 283D/10M Fabric or Steel.

EOS 90D DSLR

DP27



There is no any specific characteristic

There is no any specific characteristic

There is no any specific characteristic

There is no any specific characteristic

Tree-ring-measurements and dating can also be done using scanned images of the cross-sections

Version 4.2

SZX10

0.001 mm precision

There is no any specific characteristic



Comments/Description

For sanding samples
https://www.forestry-

suppliers.com/Search.php?stext=Chain%20

Saw%20Boots

https://www.forestry-

suppliers.com/Search.php?stext=Chain%20

Saw%20Chaps

Essential equipment for taking samples 

(Example: 18-24 inch bar)  

https://www.forestry-

suppliers.com/Search.php?stext=Clinomet

er  

https://www.ldeo.columbia.edu/tree-ring-

laboratory/resources/software

https://www.forestry-

suppliers.com/Search.php?stext=compass

http://dendrolab.indstate.edu/NADEF.htm 

https://www.forestry-

suppliers.com/Search.php?stext=Diameter

%20tape

To take pictures of the site and the 

samples collected  

(https://www.canon.com.mx/producto

s/fotografia/camaras-eos-reflex) 
https://www.olympus-

ims.com/es/microscope/dp27/

https://www.uline.com/Product/Detail/S-

6140/Mini-Stretch-Wrap-Rolls/

https://www.frames.gov/partner-

sites/fhaes/fhaes-home/ 
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To collect information from each of the 

samples

To take notes on study site information

For field protection
https://www.forestry-

suppliers.com/Search.php?stext=Hearing%

20protection

Strong backpack for transporting 

samples in the field
https://www.forestry-

suppliers.com/Search.php?stext=Safety%2

0Glasses

From 40 to 1200 grit

https://www.cybis.se/forfun/dendro/

http://www.voortech.dreamhosters.com/p

rojectj2x/tringSubscribeV2.html  

https://www.olympus-

ims.com/en/microscope/szx10/

Obtained from a public institution or 

generated in a first phase of research

www.velmex.com 

https://www.forestry-

suppliers.com/Search.php?stext=Wildland

%20Fire%20Helmet
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Editorial comments: 
Changes to be made by the Author(s): 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in 
the submitted revision may be present in the published version. 
Author’s response:  The manuscript has been proofread multiple times and we feel confident, we 
have minimized or eliminated all or most of the spelling and grammar issues.  
 
2. Please revise the title for conciseness: Using tree-rings to reconstruct fire history information 
from forested areas.  
Author’s response:  The title was reviewed and considered the recommendation for change. 
 
3. Please provide an email address for each author.  
Author’s response:  e-mails have been added for all authors. 
 
4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For 
example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from 
using letters, bullets, or dashes. 
Author’s response:  The protocol section has been re-numbered using the systems suggested. 
 
5. Please ensure that all text in the protocol section is written in the imperative tense as if telling 
someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be 
described in the imperative tense in complete sentences wherever possible. Avoid usage of 
phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that 
cannot be written in the imperative tense may be added as a “Note.” However, notes should be 
concise and used sparingly. Please include all safety procedures. 
Author’s response:  The text in the protocol has been modified to use an imperative tense when 
applicable. 
 
6. The Protocol should contain only action items that direct the reader to do something. Please 
move the discussion about the protocol to the Discussion. 
Author’s response:  The discussion has been significantly changes as advices by the reviewers and 
editor.  It now includes all discussion items as requested here. 
 
7. In the JoVE Protocol format, “Notes” should be concise and used sparingly. They should only be 
used to provide extraneous details, optional steps, or recommendations that are not critical to a 
step. Any text that provides details about how to perform a particular step should either be 
included in the step itself or added as a sub-step. Please consider moving some of the notes about 
the protocol to the discussion section. 
Author’s response:  We have made modification to the protocol section to use Notes only 
sparingly.   
 
8. There is a 10 page limit for the Protocol, but there is a 3 page limit for filmable content. Please 
highlight up to 3 pages of the Protocol (including headings and spacing) that identifies the 
essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the 
most cohesive story of the Protocol. Remember that non-highlighted Protocol steps will remain in 
the manuscript, and therefore will still be available to the reader. 
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Author’s response:  We have highlighted the text (up to 3 pages) of the Protocol (including 
headings and spacing) that identified the essential steps of the protocol for the video, as 
requested here.  
 
9. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from one 
highlighted step to the next. Please highlight complete sentences (not parts of sentences). Please 
ensure that the highlighted part of the step includes at least one action that is written in 
imperative tense. 
Author’s response:  This was done considering the recommendation. 
 
10. Please discuss all figures in the Representative Results. However for figures showing the 
experimental set-up, please reference them in the Protocol. 
Author’s response:  All figures are discussed in the results. 
 
11. Unfortunately, there are sections of the manuscript that show overlap with previously 
published work. Please revise the following lines: 626-629 
Author’s response:  This was revised and corrected (see track changes in the new discussion). 
 
12. As we are a methods journal, please revise the Discussion to explicitly cover the following in 
detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
Author’s response:  We have revised the discussion section and incorporated the four main points 
recommended above.  
 
13. Please obtain explicit copyright permission to reuse any figures and/or tables from a previous 
publication. Explicit permission can be expressed in the form of a letter from the editor or a link to 
the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to 
your Editorial Manager account. The Figure must be cited appropriately in Figure Legend, i.e. “This 
figure has been modified from [citation].” 
Author’s response:  We have received the appropriate approvals from the editors to re-print 
figures previously published in other journals.  We have added the e-mail exchange from the 
Journal Fire Ecology and the editorial policy to re-print from BOSQUE. Each of the figures include 
the citation in the figure legend.   
 
Reviewer #1: 
Manuscript Summary: 
Overall manuscript summary seems fine. Though longer than expected but please revise it and try 
to concise it as much as you can. 
Author’s response:  This was done. The manuscript summary is now more concise.  
 
Article Title: Informative and clarity is very good 
Abstract: Its informative, size is good and is coherent with article. 
Introduction: Background information is good, inclusion of objectives and result and citation 
within introduction section is very good 
Protocol : Relevancy/validity/statistical is very good 



Results/ Discussion: Literature and Logical flow is good 
References citation: Very Appropriateness 
Author’s response:  Thanks you for the generous comments.  No changes were taken as a result of 
the above comments from Reviewer #1. 
 
Major Concerns: 
As the overall title is, "Tree-rings: Methods to reconstruct fire history information from forested 
areas" but in protocol for sample collection (Sampling Strategy), need to describe the procedure of 
extracting samples from standing snags and live trees with the help of borer as well, as we can also 
reconstruct fire history with the help of core samples from the fire scars trees. 
Author’s response:  We considered this recommendation and the protocol now included a brief 
description of procedures for extracting fire scar samples from standing snags and live trees using 
increment borers. We included a new figure that show it (Figure 4). Likewise, we correct the 
numbering of the figures throughout the manuscript (please see track changes). 
 
Minor Concerns: 
Concise the manuscript as much as you can 
Author’s response:  The manuscript has been edited to be as concise as possible (please see track 
changes). 
 
Reviewer #2: 
Manuscript Summary: 
The manuscript describes dendrochronological methods and procedures to understand forest fire 
regimes and to reconstruct fire history. The protocol addresses the selection of study areas, 
sample collection, laboratory procedures (sample preparation, tree ring dating, fire scar dating), 
data analysis, and climate-fire analysis. The authors also presented a study with fire regime 
analysis and fire history reconstruction, where they applied the protocol and demonstrated the 
efficacy of the methods. 
 
Major Concerns: 
The manuscript has an excellent structure and writing. The introduction is suitable for the 
protocol. The protocol is clear, precise, and easy to follow. Previously published methods were 
appropriately cited. The results demonstrate the method's effectiveness. The discussion highlights 
the findings, which can be obtained by applying the protocol. Figures and tables are relevant, 
illustrating the procedures and the results. There are a few points where copy-editing is necessary. 
Based on the comments above, I recommend the publication of the manuscript in the JoVE 
Journal. 
Author’s response: The manuscript was reviewed by the authors with a focus on copy-editing 
including grammar and spelling. 
 
Reviewer #3: 
Manuscript Summary: 
A how to guide for conducting a fire history study from beginning site selection to final analysis of 
fire-climate relationships.  
Author’s response:  The suggestion was considered, the revised manuscript summary is now more 
concise.  
 
Major Concerns: 



Figure 5B 
This image as shown has the appearance in the photo shown of being a dormant season scar 
rather than an EE scar. Please select a different photo that is shows more clearly the EE scar, or 
scar frin another season. 
For example, this paper shows some clear EE and ME scars where the early wood is visible under 
the scar: 
Johnson, Lane B., and Ellis Q. Margolis. "Surface Fire to Crown Fire: Fire History in the Taos Valley 
Watersheds, New Mexico, USA." Fire 2.1 (2019): 14. 
Author’s response:  The previous Figure 5B is now Figure 6 which has been corrected and 
improved.  
 
Line 464 Representative Results 
This section doesn't seem to give more or different information than would be gained from 
referring the reader to examples of fire history study publications. What does your protocol wish 
to communicate that is not as well-described in typical fire history study publications? One 
suggestion would be to focus on a single plot or site, 10 or fewer trees and follow through with all 
the steps. This is one idea. There are probably other ways to demonstrate the protocol is effective 
without including an entire fire history study. 
Author’s response: This suggestion was considered and as a results this and other information 
such as limitations and significance with respect to existing methods are now addressed in the 
revised Discussion section. 
 
Minor Concerns: 
Line 38 
To use fire history to analyze how climate influences fire severity, you would most likely need to 
add other data sources such the ones mentioned in lines 56, 57 
Author’s response:  The word severity has been deleted from this statement to avoid confusion. 
 
Line 101 
For researchers considering the limitations and validity of this kind of site selection, this paper is 
worth citing: 
Megan L Van Horne and  Peter Z Fulé Comparing methods of reconstructing fire history using fire 
scars in a southwestern United States ponderosa pine forest Canadian Journal of Forest Research, 
2006, 36(4): 855-867 
Author’s response:  The recommended paper was considered and included as a citation the 
references. Likewise, all the numbering of the references have been corrected (please see track 
changes). 
 
Line 328 
May be worth mentioning for those who do not have a Velmex but do have access to a high 
resolution scanner: Tree-ring-measurements and dating can also be done using scanned images of 
the cross-sections and a software such as CDendro/ CooRecorder rather than a microscope and 
Velmex. https://www.cybis.se/forfun/dendro/ 
And for analysis and graphing for R users the package burnr: 
Malevich, Steven B., Christopher H. Guiterman, and Ellis Q. Margolis. "burnr: Fire history analysis 
and graphics in R." Dendrochronologia 49 (2018): 9-15 
Author’s response:  These suggestions and recommendations were considered and included in the 
protocol. The internet program addressee of the software was included in the Tables of Materials 

https://www.cybis.se/forfun/dendro/


and the burnr paper has been added to the references. 
 
Line 582 Discussion 
One useful discussion topic could be limitations to consider, such as, for example, some fires may 
not scar any trees, the stumps from some species do not preserve well over time necessitating 
collection of more live samples , some tree species scar but heal over making scars are no longer 
visible externally, cutting sections from live trees requires considerable chainsaw skill, dating trees 
when no relevant tree-ring chronology exists can be very challenging and may require creating 
your own chronology, etc.  
Author’s response: These suggestion have now been incorporated into the new discussion which 
now includes a whole paragraph on limitation and solutions to issues such as those mentioned by 
the reviewer above. 
 
Also, although possiblly currently travel is impractical for many, it might be worth mentioning the 
existence of various dendroecological fieldwork programs where skills can be gained or honed. 
Such as: 
http://dendrolab.indstate.edu/NADEF.htm 
https://www.wsl.ch/en/about-wsl/events/courses-offered-by-wsl/30th-dendroecological-field-
week.html 
Author’s response:  Internet and in-person programs that can improve a user’s awareness and 
understand of these principals have now been included in the Tables of Materials. 
 
Line 602 
Also, sometimes anthropogenic change can result in increased fire frequency. Just one example: 
Brose, Patrick H., et al. "Fire history reflects human history in the Pine Creek Gorge of north-
central Pennsylvania." Natural Areas Journal 35.2 (2015): 214-223. 
Author’s response:  This recommendation was considered and included in the protocol. The 
citation was included in the references too. 
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Table 1. Characteristics of sampled trees. This table has been modified from Cerano-Paredes et al. 201930 

Site Samples 
collected 

Used in 
the study 

Living Snag 
or log 

Cut 
stump 

Species Average 
diameter 

Lower 46 33 10 16 7 Par, Pst, Pte, Psm 45.9 
Upper 22 17 0 7 10 Par, Pst 46.4 

Note: Tree species are Pinus arizonica (Par), Pinus strobiformis (Pst), Pinus teocote (Pte) and Psedotsuga 
menziesii (Psm). 
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Table 2. Fire interval Sstatistics of fire interval distributions. This table has been modified from Cerano-Paredes 
et al. 201930. 

Site/analysis 
period 

Categor of 
analysis 

No. 
intervals 

 
MFI 

 
Min 

 
Max 

 
WMPI 

 
Lower site 
1739-1982 

All scars 77 3.16 1 16 2.69 
10% scarred 56 4.34 1 20 3.73 
25% scarred 28 8.68 1 31 7.22 

 
 

Upper site 
1739-1954 

 
All scars 

 
76 

 
2.63 

 
1 

 
7 

 
2.45 

10% scarred 60 3.33 1 9 3.14 
25% acarred 32 6.25 1 19 5.44 
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Dear Editor JoVE 
 
We have obtained explicit copyright permission to reuse the figures and/or tables from 
previous publications in Fire Ecology and Bosque Journals.  
The editors' response is listed below for your information and a link from the journal 
Bosque regarding editorial policy that allows reprints: 
 
Robert Keane Editor Fire Ecology 

 
Víctor Gerding Editor Bosque 

 
Please let me know if there is any additional information that would be required. 
 
Best regards 
Julián Cerano Paredes 
Investigador Titular 
CENID-RASPA INIFAP 
Gómez Palacio, Durango, México 
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