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The five field sites for this study were cho-
sen by the Coastal Roots (CR) program for 
tree plantings (Fig. 1 in main manuscript). 
These were chosen for various reasons (e.g., 
proximity to the school, availability of plant-
ing area, cooperation of land managers), 
but they were all forested sites containing 
mature trees usable for tree-ring analyses. 
Three of these sites were local municipal 
parks: Doyle’s Bayou Park (30.68°N, 91.11°W; 
upland oak forest), Blackwater Conserva-
tion Area (30.53°N, 91.09°W; bottomland 
hardwood forest), and Fontainebleau State 
Park (30.34°N, 90.04°W; tidally flooded 
cypress swamp). The other two sites were lo-
cated on private land: Avery Island (29.89°N, 
91.09°W; planted pine–oak plantation) 
and Maple Bayou Hunting Club (29.67°N, 
91.29°W; bottomland hardwood forest).

The Dendro Kit
Tree-ring science requires a short list of necessary items for field work. The following items 
offered opportunities to teach field science to students, and they were included in three 
“Dendro Kits” for each school field trip (Fig. ES1). Explicit instructions were also included in 
each Dendro Kit for the use of each item.

Data sheets. Data sheets were included so all information would be recorded properly. 
Table ES1 shows the six categories included in each data sheet for each group of students.

Increment borer and breast plate. Tree rings can be viewed by taking a cross section from 
a tree or by taking multiple pencil-sized tree cores that represent the cross section (Speer 
2010). Each Dendro Kit was equipped with a 35-cm-long, 5-mm-diameter Haglöf increment 
borer to obtain tree cores. A hollow auger is screwed into the tree with the borer handle in a 
direction perpendicular to the tree stem. The hollow auger is designed for an extractor to be 
inserted, which grabs onto the tree core within. After turning the auger out of the tree, the 
user can extract the core and carefully place it into a paper straw for transport back to the 
laboratory. Each straw was labeled with information such as site name, species name, tree 

Fig. ES1. Items included in the Dendro Kit.

Table ES1. Categories on the Dendro Kit data sheets.

Data Purpose

Tree number Trees were numbered according to when they were chosen in the field

Tree species A qualified scientist assisted the students and explained how it was determined (e.g., bark 
and leaf identification); helpful when separating tree-ring data for climate analysis

Tree coordinates Each GPS unit was set before the field trip to provide the user with degrees, minutes, and 
decimal seconds for latitude and longitude

Tree height Three separate students were asked to record heights (m) calculated with the inclinometer 
and those heights were averaged to reduce individual bias

Tree diameter Students recorded DBH (cm) to help infer forest density

Collected tree cores Two cores were collected from each tree (at least three per group of students) to reduce any 
within-tree growth aberrations
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number chosen in the field, and tree diameter so that it could be easily identified for future 
analysis. A breast plate bit starter for easier insertion into the tree was also included in each 
kit, as many students find it difficult to core without this bit starter.

Marking tape. At each study site and with guidance, students were asked to select trees for 
analysis at their field sites. Orange, photodegradable marking tape identified trees easily in 
the field so researchers and students would not repeat data collection.

GPS unit. A global positioning system (GPS) unit allowed the students to locate the precise 
position of the tree. Coordinates are necessary for future climate analyses because researchers 
select climate data located closest to the field study site. Furthermore, coordinates also allow 
for data mapping, making it easier to visualize spatial data and patterns.

Inclinometer and measuring tape. Electric inclinometers measure the height of trees using 
simple trigonometry, and scientists helping in the field explained how tree height could be 
calculated using trigonometry. After measuring the distance from the observer to the tree, 
the inclinometer allows the observer to take angle measurements to the top of the tree. The 
inclinometer calculates the height from those previous measurements. Tree height can be 
used to explain forest conditions (e.g., canopy height) at the time of sampling.

Diameter tape. Diameter at breast height (DBH; measured at 1.5 m) can also inform research-
ers about forest conditions such as forest density. DBH tapes allow researchers to quickly 
and easily measure tree diameter in the field. The DBH tape is marked with measurements 
already calculated to represent diameter when the tape is wrapped around a circular object.

Methods
Trees were chosen for their ability to show long-term growth changes (e.g., large size, tradi-
tional dendrochronological species). Tree number, species, height, and DBH were saved into 
electronic spreadsheets for future use. Therefore, this section will describe the techniques 
used to analyze the tree-ring data collected in the field. The methods in this section were all 
completed by qualified tree-ring scientists.

Dendrochronological methods. All data collected for this study were obtained in the winter 
of 2018/19. Tree cores were transported to a laboratory at LSU for analysis. Tree cores were 
secured to prerouted wooden mounts made specifically for tree cores using water-based glue 
and binder clips, and the glue was allowed to dry for 48 h before cores were sanded using a 
succession of finer grit sizes to reveal clear tree-ring boundaries [American National Standards 
Institute (ANSI) 120, 220, 320, and 400 grit; Speer 2010]. Tree cores were visually cross-dated 
using the list method (Yamaguchi 1991), and cores were scanned at 2,400 dpi and measured 
to the nearest 0.01 mm using the CooRecorder and CDendro software (Larsson 2014). To en-
sure visual cross-dating was robust, the computer program COFECHA was used to find any 
discrepancies in cross-dating (Holmes et al. 1986). The computer program ARSTAN was used 
to create the ring-width index with a 67% spline for the length of each individual series to 
remove the growth-related trend (Cook and Peters 1981).

Each study site, with the exception of Avery Island (pine species), produced a chronology 
of tree-ring widths (Fig. ES2). At some sites, students collected tree cores from other species, 
but the species mentioned here are those used in final climate analyses. The Avery Island 
pine tree cores were not measured because they were determined to be largely anthropogenic 
in their planting and growth (B. Patout 2019, personal communication); thus, they were use-
ful for discussing land management purposes rather than climate analyses because planted 
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trees grow in an environment modified be-
yond their capability to correlate to climate 
(Speer 2010).

Climate analyses. Tree-ring widths were 
correlated with different monthly climate 
data variables using the online program 
KNMI Climate Explorer (Trouet and Van 
Oldenborgh 2013). Climate Explorer can be 
a good first tool for exploring climatological 
factors of growth at a site, making it ideal for 
student-citizen scientists. Climate Explorer 
allows the user to input column-format 
data and compare those values to various 
climate indices and parameters (e.g., pre-
cipitation, temperature, drought indices). 
The CRU TS v4.01 (global climate database) 
data span years 1901–2017 at 0.5° resolution 
(Harris et al. 2014), and they are derived from 
monthly observations of weather stations 
that are interpolated through space. Each 
site was tested against monthly average daily 
temperature, maximum average monthly 
temperature, monthly total precipitation, 
drought indices [standardized precipita-
tion evapotranspiration index (SPEI) and 
Palmer drought severity index (PDSI)], and 
soil moisture to assess the impacts of climate 
conditions on the differing tree species.

Overarching themes from tree-ring 
analysis
The purpose of this pilot program was not to 
have students perform various analyses on 
the data; thus, they were not given raw data. 
However, tree-ring width graphics created 
during climate analysis were shown to the 
students after analysis was completed in the 
laboratory. An example of these analyses is 
included in Fig. ES3 in which bald cypress 
tree growth is correlated to soil moisture 
values for the month of April, for years 
1979–2016. Near the site, annual tree growth 
is positively correlated to soil moisture dur-
ing the month of April (strongest spatial 
correlations occurred in April; therefore, we used this month as an example). When shown 
figures like Fig. ES3, students were given the information described above and were asked 
why the correlation might exist. For this graphic, tree growth at Fontainebleau State Park 
relies on spring soil moisture, perhaps because it displaces the nearby saline estuary waters 
similarly to intense coastal rainfall from hurricanes (Blood et al. 1991).

Fig. ES2. Tree-ring chronologies used in this study: (a) Doyle’s 
Bayou Park oak trees, (b) Blackwater Conservation Area 
pine trees, (c) Fontainebleau State Park cypress trees, and 
(d) Maple Bayou Hunting Club cypress tree. The dark gray 
line represents indexed tree-ring widths for each year (RWI 
= ring width index), and the red line represents a moving 
average whose window size is two-thirds the length of the 
full chronology. The background gray polygon represents 
the whole number of trees used for each year in each chro-
nology as noted in the secondary vertical axis.
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Climate analyses at each site were shown 
to students, and the following results were 
decided by students to be most important 
for each site.

Doyle’s Bayou Park (Fig. ES2a). Oak trees 
show substantial growth declines follow-
ing the three largest hurricanes in the last 
three decades: Hurricanes Andrew (1992), 
Katrina (2005), and Gustav (2008). Oak trees 
commonly experience loss of branches from 
high winds during hurricanes and must 
first repair themselves before trunk growth 
resumes in subsequent years (Gresham 
et al. 1991). These trees are located more 
than 50 mi (~80 km) from any source of salt-
water, so these trees were unlikely to have 
encountered growth decreases associated 
with saline conditions.

Blackwater Conservation Area (Fig. ES2b). 
Pine trees grew healthily in the past three decades. Planting these species (along with other 
local species) is a dendrochronologically supported decision for landscape managers at this 
site.

Fontainebleau State Park (Figs. ES2c, ES3). Cypress trees growing along the shorelines at 
Lake Pontchartrain show an unusual growth pattern: they are susceptible to summer drought 
and rely on ample spring moisture. Studies show cypress trees are often correlated to water 
levels and hurricane occurrences (Doyle et al. 2007; Stahle et al. 2012), but these trees are likely 
stressed enough that we are analyzing only the trees that are alive following these events.

Avery Island. Pine trees were planted in the mid-1900s during a time when homesteading 
was popular on the island. Surrounded by bottomland hardwood forest and coastal marshes, 
inhabitants of Avery Island were selectively planting species that were not common in the 
area for preservation of species and to provide for scenic beauty. The “jungle gardens” on 
Avery Island are now famous for their introduced plant diversity (Kupfer 1986; Graubard 2012).

Maple Bayou Hunting Club (Fig. ES2d). Maple Bayou Hunting Club is home to one of the 
oldest dated trees in Louisiana. We were only able to core ~40 cm into a 2.5-m-diameter bald 
cypress tree and found that the tree had been alive since at least the 1500s, but the tree is 
likely much older than that due to the fact that we were not able to sample the full radius of 
the tree stem. Though more trees are necessary for a reputable chronology, old trees like this 
one are quite valuable for paleoclimate reconstructions.

Assessment of gained knowledge
Students were tested on their gained knowledge through retrospective pretests and posttests 
after viewing the data. Retrospective pretests are conducted to capture how much students 
perceived they had learned, and they are shown to remove prospective bias of the unknown 
(Hoogstraten 1982; Pratt et al. 2000), especially considering that the pilot program introduced 
here was new information for the students. Results of those tests in detail are currently in 

Fig. ES3. Spatial correlation of bald cypress trees at 
Fontainebleau State Park (black asterisk) and soil moisture 
for the month of April for the years 1979–2016. All correla-
tions within this analysis are positive in the study region, 
and more saturated colors indicate higher correlation 
coefficients. This is only a singular example of the tree-ring-
climate analyses that were shown to the students.
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review (Jordan et al. 2020, manuscript submitted to J. Environ. Educ. Res.). Results generally 
suggest citizen science projects act as educational investments that yield dividends through 
increased levels of public understanding of science and participation in scientific activities 
and thus should be continued into the future.
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