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Tree rings provide detailed information on the
age, annual wood production and growth
trends of trees over time. Furthermore, by
relating tree ring information to spatially and
temporally specific environmental (e.g., pre-
cipitation, temperature, pollutant input) da-
ta, factors that modulate radial growth over
time can be identified (e.g., Stern et al.
2021; Stern et al. 2022). Despite the great
power of using tree ring measurements to
help understand tree health, productivity and
responses to the environment, this broad util-
ity is limited by the need for expensive spe-
cialized instrumentation, familiarity with so-
phisticated statistical analyses to verify ring
dates, and the overall time-intensive nature
of conducting tree ring measurements. One
way of circumventing the time, expertise and
expense of collecting new tree ring data is to
access previously collected data that is avail-
able from open access databases. For exam-
ple, the well-known International Tree Ring
Data Bank (ITRDB; Grissino-Mayer and Fritts
1997) is a repository for tree-ring data from
hundreds of tree species and more than 4000
sites spanning six continents (Sullivan and
Csank 2016). However comprehensive, the
ITRDB does not collect key ancillary data use-
ful for ecological investigations and manage-
ment such as information on sampling proto-
cols (Sullivan and Csank 2016) or biometric
measurements such as the diameter at breast
height (DBH) of trees - a measurement that is
needed to convert linear ring measurements
into basal area increment (BAI) measurements
that are a staple to land managers and ecol-
ogists assessing forest health and productivi-

ty.

Table 1. Average annual BAI (+ 1 SE) for the most recent ten-year peri-
od (2005-2014) and average maximum annual BAI (z 1 SE) for that peri-
od, for n trees per eight species growing in n sites across Vermont,
USA. Different letters indicate significant differences among species
(Tukey-Kramer HSD, P<0.05).

Ave max
Ave annual annual BAI
Species  nsites  ntrees  BAI (cm?) (cm?)

Eastern white pine 13 250  36.76%2.454 46.95+3.354

Eastern hemlock 15 257 23.27£1.648 28.77+1.663
Northemn red oak 11 214 21.16+2.688C 25.87+2.968¢C
Red maple 12 192 16.04+1.808C 19.70+2.278C
White oak 5 82 15.58+3.198C 18.46+3.498C

Yellow birch 12 172 13.95%1.21¢ 18.53£1.41€

Sugar maple 12 202 13.92+1.53¢ 18.84+2.21€

American beech 9 136 13.64=1.04¢ 17.67%1.24°

ANOVA Prob>F=0.0001 Prob>F=0.0001

In contrast to the ITRDB, there is a relatively new open-source
repository of high quality dendrochronological and associated
ecological data - the DendroEcological Network (DEN) that con-
tains data on 17,729 cores from 8,843 trees representing a time
span as great as 1630 through 2021, for 29 tree species from 32
studies across 543 plots in 10 US states. Importantly, in addition
to providing linear tree ring data and associated statistical out-
put that verifies the designation of the years that rings repre-
sent, the DEN includes DBH data so that annual BAI measure-
ments can be calculated, and it lists crown position and tree
health data. As such the DEN provides a rich resource for ecol-
ogists and managers to compare the heath and productivity of
many species and regions of interest. We downloaded data from
the DEN for eight species in Vermont, USA: eastern white pine
(Pinus strobus), eastern hemlock (Tsuga canadensis), northern
red oak (Quercus rubra), white oak (Quercus alba), red maple
(Acer rubrum), sugar maple (Acer saccharum), yellow birch
(Betula alleghaniensis), and American beech (Fagus grandifolia)
and calculated BAI for 1,505 trees at 89 plots across the state
to compare their growth to each other and to expectations
based on each species’ established silvics. This exercise is pre-
sented to highlight the value of the data in the DEN and is used
to suggest more expansive analyses that utilize DEN data to ad-
dress a range of scientific questions and management issues.

Annual xylem increment width (mm) and tree diameter (cm)
measurements for eight tree species growing in Vermont were
downloaded from the DEN. Species included dominant and co-
dominant trees of eastern white pine, eastern hemlock, north-
ern red oak, red maple, white oak, yellow birch, sugar maple
and American beech from five individual studies on the DEN
(Table 1). We calculated average annual basal area increment
(BAI, cm2) from increment widths and tree diameters for each
species for the common time period 1945-2014 (Figure 1). For
the most recent ten years (2005-2014), we determined average
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Figure 1. Average BAI for the common time period among the chronologies of 1945-2014, for eight tree species
growing throughout Vermont, USA.

and maximum BAI and analyses of variance and Tukey-Kramer HSD tests were performed to ascertain differences
among species in 10-year average annual BAl and maximum annual BAI for that same period (Table 1). Differences
were considered significant if P <0.05.

For all species, BAI growth generally increased during the early portion of the common period, which leveled off
somewhat in the 1970s (Figure 1). Growth was particularly superlative for eastern white pine, which was signifi-
cantly greater than all other species for the last 10 years of growth and for maximum annual growth during that
period (Table 1). Eastern hemlock growth was greater than that for species emblematic of the northern hardwood
forest (yellow birch, sugar maple and American beech), but overall, no differences in growth among hardwood spe-
cies were detected (Table 1).

Growth of all species showed two distinct patterns: steady increases as trees developed, followed by a more plat-
eaued growth indicative of a mature forest (Figure 1). This is the expected pattern of growth as trees become larg-
er (Weiner and Thomas 2001), including forests recovering from historic land clearing as was widespread in the
Northeastern US (Foster 1995).

The high growth rates of eastern white pine relative to other species was expected because it has a remarkable
growth potential compared to other coniferous and hardwood species within its range (Burns and Honkala 1990).
That eastern hemlock exhibited greater growth than species most characteristic of the northern hardwood forest
was somewhat unexpected because hemlock has a relatively low growth potential (Burns and Honkala 1990). In
contrast, the modest growth of the northern hardwoods was expected as they tend to divert resources toward
greater wood density rather than expansive radial growth (Woodcock and Shier 2002). Better differentiation of dif-
ferences among species’ growth potential was hindered by the high variation in growth across years and sites.
However, interannual variations in growth may be of great interest to scientists and managers because it often
represents exposure to sub-optimal growing conditions or periodic stress events (e.g., droughts, temperature ex-
tremes, insect and disease infestations, etc.) that can constrain growth (Dobbertin 2005) and alter forest structure
and function (Dale et al. 2000).
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Although we limited our analyses to eight tree species in one state, the data of the DEN would allow for a much
more comprehensive analysis because the DEN currently includes information for 29 species across 10 states, and
the database continues to grow. Importantly, DEN data allows for much more than comparisons among species. For
example, although the magnitude and trajectory of sugar maple we summarized (Figure 1, Table 1) is very similar
to patterns reported elsewhere (e.g., Stern et al. 2022), it is strikingly different from the precipitous declines in
growth that started in the 1980s at the Hubbard Brook Experimental Forest in New Hampshire - a decline that was
associated with even greater growth reductions following ice storm damage to tree crowns (Schaberg et al. submit-
ted). As a general resource, the data of the DEN allows scientists and managers to explore how representative or
potentially unique growth is for their study site relative to other locations. Furthermore, because some species
have a broad geographic representation within the DEN, more explicit spatial analyses to assess possible differ-
ences in growth associated with latitude, longitude, or more explicit environmental gradients (e.g., temperature,
precipitation, pollution inputs, etc.) are possible. Tree ring data in the DEN also includes a broad time scale - from
1630 through 2021. Therefore, temporal analyses are possible to see if growth has changed (e.g., increased, de-
creased, or become more variable) over time. Indeed, the spatial and temporal richness of the data on the DEN
can help practitioners assess if particular events (e.g., droughts, temperature extremes, insect or disease infesta-
tions) align with growth anomalies for specific species, locations and time periods of interest. The DEN actively
seeks to expand the diversity of species and spatial extent of available tree ring data. In addition, while data from
dominant and codominant trees in unmanaged stands mostly encompass the DEN, it is expected that the database
will expand via the inclusion of data from trees in intermediate and suppressed canopy classes and from lands un-
der various management prescriptions. Thus, the DEN can become an even more valuable tool to ecologists, mod-

elers and managers.
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