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ABSTRACT

Tree rings preserve important records of past ﬂooding. We present the
results of an examination of inter-annual tree-ring anatomical variability and vessel width in overcup oak (Quercus lyrata) and river ﬂooding at a bottomland hardwood forest site near the conﬂuence of the
White and Mississippi Rivers. We developed two ﬂood chronologies
based on (1) visual identiﬁcation of “ﬂood-ring” anatomical anomalies
and (2) a simple method for quantitative measurements of earlywood
vessel width (VW). Using visual ﬂood rings, we have developed
a response index (RI) chronology of ﬂoods from 1780–2013 and,
using the VW measurements, we have developed a quantitative reconstruction of spring river levels from 1800–2013. Both the RI and VW
chronologies are strongly related to spring river ﬂooding and indicate
that major ﬂoods such as those in 1805, 1826, 1844, 1852, 1858,
occurred in the period prior to the systematic collection of stage
data, and that the frequency of extreme events has greatly varied
over the past two centuries. These chronologies provide important
new information about Lower Mississippi River ﬂooding in past centuries, and our simple method of measuring VW is a potentially useful
new approach to the development of tree-ring records of ﬂooding.
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Introduction
River ﬂooding routinely aﬀects millions of people worldwide, (Jonkman, 2005). In the
United States, ﬂooding represents one of the most deadly weather related hazards and
annually causes tens of millions of dollars in economic losses (Ashley & Ashley, 2008;
Downton, Miller, & Pielke, 2005). These threats to life and property make ﬂoods an
important topic in hydrological and atmospheric research (Changnon & Kunkel, 1995;
Knox, 2000; Munoz & Dee, 2017; Pinter, Jemberie, Remo, Heine, & Ickes, 2008).
Statistical models used to predict the magnitude and frequency of future ﬂoods primarily
rely on instrumental and historical measurements of ﬂood stage and discharge (Baker,
1987; England et al., 2017; Stedinger & Griﬃs, 2008); however, instrumental records prior
to the late 19th century are rare, and lack adequate temporal and spatial resolution,
hindering quantiﬁcation of the potential range of severity and temporal pattern of ﬂoods
(Benito et al., 2004; Brázdil, Kundzewicz, & Benito, 2006; Costa, 1987; Klemeš, 1989).
Studies of paleoﬂoods – those ﬂoods that occurred before the instrumental record – can
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augment temporal and spatial coverage of current ﬂood records and shed light on the
frequency and magnitude of extreme events (Knox, 2000). In fact, new draft U.S. federal
guidelines for determining ﬂood frequency include using conﬁdence interval formulas
that account for paleoﬂood information (England et al., 2017). Indirect evidence of ﬂoods
that occurred before the systematic hydrologic record includes sediment deposits, landforms, and vegetation (Costa, 1987).
Tree-ring width data have been widely used throughout the western U.S. to reconstruct
streamﬂow (Coulthard, Smith, & Meko, 2016; Ho, Lall, & Cook, 2016; Meko, Therrell,
Baisan, & Hughes, 2001; Woodhouse & Lukas, 2006), but tree-ring streamﬂow reconstructions are less common in the eastern U.S. (Cleaveland, 2000; Devineni, Lall, Pederson, &
Cook, 2013; Ho, Lall, Sun, & Cook, 2017; Maxwell et al., 2017). In addition, despite
providing valuable information on past drought and pluvial episodes at annual or seasonal
timescales, such records are not well suited to examining seasonal ﬂooding. This is because
short-duration ﬂood peaks are often not reﬂected in the response of radial tree growth to
hydroclimate (Ballesteros-Cánovas, Stoﬀel, St George, & Hirschboeck, 2015). Tree-ring
records from riparian settings can be suitable for the study of paleoﬂood hydrology because
these trees often record evidence of past short-term streamﬂow variability (i.e. ﬂooding),
and that evidence can be accurately located in time using dendrochronological dating
methods. For example, when trees are struck by ﬂood-borne debris, the formation of scar
tissue after local cambial death can allow the dating of past ﬂoods with annual to subannual precision and the height of scarring along the tree stem can serve as a minimum
estimate of past ﬂood stage (Ballesteros-Cánovas et al., 2015; Harrison & Reid, 1967;
McCord, 1996; Sigafoos, 1964). In addition, defoliation of the crown or prolonged inundation of roots and stem can interfere with physiological processes controlling xylem formation. This can result in distinct ﬂood-related anatomical anomalies within the annual
growth increment, termed “ﬂood rings,” that mark the year and possibly the season of
ﬂood occurrence (Astrade and Bégin, 1997; Copini et al., 2016; Kames, Tardif, & Bergeron,
2016; St. George & Nielsen, 2000; Tardif, Kames, & Bergeron, 2010; Therrell & Bialecki,
2015; Yanosky, 1983).
Under normal growing conditions, ring-porous trees such as Quercus spp. form distinct
earlywood (EW) tissue characterized by single or multiple ranks of large conductive vessels
formed during leaf expansion and twig elongation in spring; latewood (LW) tissue exhibits
much smaller vessels and is characterized by dense ﬁber and ﬂame parenchyma cells
(St. George, 2010; Yanosky & Jarrett, 2002). Inundation of roots and stem of ring-porous
tree species can lead to a variety of abnormalities in annual ring tissues. Yanosky (1983,
1984)) found that Fraxinus spp. that experienced defoliation during summer ﬂoods developed LW tissues that exhibited some characteristics of EW, such as enlarged vessels and
abnormally thin ﬁber-cell walls. Astrade and Bégin (1997) found that Q. robur trees
developed abnormally small and disorganized EW vessels in response to root inundation
during spring ﬂooding. St. George and Nielsen (2003) used Q. macrocarpa ﬂood rings
exhibiting similar anatomical anomalies to construct a proxy record of extreme ﬂoods in
the lower Red River, Manitoba.
At present, most paleoﬂood chronologies developed from anatomical anomalies within
tree rings of ring-porous species primarily rely on visual identiﬁcation of ﬂood rings, resulting
in categorical presence/absence data (St. George & Nielsen, 2003; Therrell & Bialecki, 2015;
Wertz, St. George, & Zeleznik, 2013). However, such measurements (e.g. mean vessel area)
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can contain environmental information not present in the signal of other tree-ring metrics
such as ring width (Fonti & García-González, 2004). For example, Woodcock (1989) developed a reconstruction of October-June precipitation using Q. macrocarpa latewood vessel
diameter. García-González and Eckstein (2003) determined that vessel lumen areas of
Q. robur reﬂected March and April temperature and precipitation. García-González and
Fonti (2006) found that chronologies of Castanea sativa vessel area incorporating diﬀerent
size classes of vessels contained diﬀerent signals, and that vessel area chronologies incorporating all sizes of vessels yielded weaker climate-growth relationships. Fonti, Solomonoﬀ, and
García-González (2007) found C. sativa mean vessel area chronologies contained both
a negative February-March temperature signal, and a positive April temperature signal.
Fonti and García-González (2008) found that mean vessel area had a diﬀerent and stronger
response to climate compared to that of ring-width variables, especially at mesic sites, where
mean vessel area correlated strongly with spring precipitation.
These types of measurements may also contain information about magnitude and
duration of ﬂood events that occurred during cell formation. For example, Astrade and
Bégin (1997) determined that a marked reduction in mean and standard deviation of EW
vessel lumen area in Q. robur trees growing in ﬂoodplain forests of the Saone River, France,
was caused by severe late spring ﬂooding on the Saone. St. George, Nielsen, Conciatori, and
Tardif (2002) found that Q. macrocarpa rings with EW vessel areas roughly two standard
deviations below the mean coincided with major ﬂoods, but these measurements did not
produce information that was not already evident through visual inspection under the
microscope. Nonetheless, that study concluded that vessel area series were useful for the
reconstruction of extreme ﬂood frequency. López, Del Valle, and Giraldo (2014) reconstructed water levels of the Atrato River in the Darien Gap in Panama from a chronology
based upon the number of vessels in the annual growth ring of the tropical ﬂoodplain-forest
tree Prioria copaifera. More recently, Kames et al. (2016) developed continuous earlywood
vessel chronologies responsive to streamﬂow and ﬂooding in Quebec.
In this study we present two records of ﬂooding near the conﬂuence of the White and
Mississippi Rivers based on a conventional visual record of “ﬂood rings” as well as EW
vessel width. To assess the applicability of these records as ﬂood indicators, we compare
them to climate and river stage data and discuss the strengths and weaknesses of our new
records with respect to potential contribution to the paleoﬂood record in the region.

Materials and methods
Study area
The White River drains a 72,520-km2 basin covering much of northern Arkansas and
southern Missouri (Figure 1). It is approximately 1,100 km in length and discharge averages
741 m3s−1 (Schrader, Evans, & Brosset, 2006). Our sampling site lies along Scrubgrass Bayou
within the Dale Bumpers White River National Wildlife Refuge (WRR), just upstream of its
conﬂuence with the Mississippi River in eastern Arkansas (34.102236, −91.061388; Figure 1).
The 65,000 ha WRR includes 62,300 ha of forests (Clark & Eastridge, 2006), which makes it
the largest publicly owned tract of bottomland hardwood forest in the lower Mississippi
alluvial valley (Oli, Jacobson, & Leopold, 1997). Bailey (1995) places the refuge within the
Lower Mississippi Riverine Forest Province, subject to a humid subtropical climate including
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Figure 1. The tree-ring collection site at Scrubgrass Bayou (black circle); the White River gauges at
St. Charles (1) and Clarendon (2), Arkansas; the Mississippi River gauge at Helena, Arkansas (3) and the
Dumas, Arkansas weather station (black triangle). Also shown are the White River basin (dark grey) and
Mississippi River alluvial plain (light grey).

precipitation averaging around 1,400 mm annually with an August minimum; warm winters
with average temperatures 10° to 16°C and hot summers with average temperatures 21° to
27°C. Soils of the Lower Mississippi Riverine Forest Province comprise a mosaic of
Inceptisols formed in alluvium, Alﬁsols formed in loess, and Mollisols formed in areas
dominated by swampy vegetation (Bailey, 1995). Elevation ranges between 41–49 m, with
the lower 75 % of the refuge experiencing prolonged inundation from winter and spring
ﬂooding (Clark & Eastridge, 2006; Oli et al., 1997). Flooding is the dominant environmental
factor in bottomland forests of the lower White River (Bedinger, 1971). Prior to the development of levees along the Mississippi River in the mid-20th century, the trees along
Scrubgrass Bayou would have been frequently inundated by direct overﬂows from both the
White and Mississippi Rivers, but now ﬂooding is normally limited to direct White River
overﬂows and backwater ﬂooding from the Mississippi.
Tree-ring data
We collected one-to-four increment-core samples from 23 living and cross-sections from
20 dead Overcup oak (Q. lyrata Walt.) trees along Scrubgrass Bayou in 2014 (Figure 1).
Increment-core samples were collected using a 5-mm Swedish increment borer, as near to
ground level as practical (~25 cm; St. George et al., 2002). Also included in this study are 24
increment cores from 15 living Q. lyrata trees from the same site previously collected by
Stahle (2002). These trees were not resampled.
The samples were prepared using standard techniques (Speer, 2010) and we assigned exact
annual dates to growth increments using the skeleton-plot method of cross-dating patterns of
relative ring width (Stokes & Smiley, 1968). We then developed a response-index chronology
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(RI) based on the proportion of analyzed trees exhibiting ﬂood-rings compared to all trees
sampled (Schroder, 1978). Only years represented by two or more trees, and those years that
exceeded the boostrapped estimate of the mean frequency of ﬂood-rings as compared to all
sampled rings (10%) were included in the response-index analysis. The criteria used to
identify tree rings with anatomical evidence for ﬂood injury included abnormally small
EW vessels as well as jumbled or additional ranks of EW vessels, extended EW and
disorganized ﬂame parenchyma as well as oﬀset EW ranks (Yanosky, 1983, 1984; Astrade
and Bégin, 1997; St. George & Nielsen, 2000; 2002; Wertz et al., 2013; Therrell & Bialecki,
2015; Figure 2).
We measured total ring width (RW) of each dated growth ring, and we measured the
width of the ﬁrst rank of earlywood vessels to develop the vessel width record (VW; Figure 3).
We used the computer program COFECHA to statistically verify accurate sample dating and
measuring (Holmes, 1983).
We then computed mean-value index chronologies from the RW and VW measurement
series using the package dplR in the R statistical computing environment (Bunn, 2008;
R Development Core Team, 2009). We also computed commonly used chronology statistics
using dplR, including mean correlation within trees (rwt ), mean correlation between trees
(rbt ), eﬀective mean correlation (reff ), expressed population signal (EPS), and ﬁrst-order
autocorrelation (Cook & Kairiukstis, 1990).

(a)

(b)

1913

1844
(c)

(d)

1927

1945

Figure 2. Microphotographs of Quercus lyrata annual rings (highlighted) showing various anatomical
anomalies during four well documented ﬂood years. Each example shows the diminished earlywood
(EW) vessels relative to normal rings during ﬂood years. Disorganized parenchyma are evident in (a), (c),
and (d), misshapen vessels can be seen in (b) and (d) and jumbled and extended EW can be seen in (d).
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Figure 3. Measurement of Quercus lyrata earlywood growth increment. We used the earlywood/
latewood measurement conﬁguration of MeasureJ2X to record measurement series of the radial width
of the ﬁrst rank of earlywood vessels (VW) and total wing width (RW).

Climate and stage height data
To examine the sensitivity of the RI values to ﬂood magnitude and timing, we computed
Spearman’s rank correlation values for the RI chronology and ranked ﬂood stage recorded at
the White River gauges at Clarendon, AR and St. Charles, AR. We also compared RI values to
data from the relatively long Mississippi River gauge at Helena, AR; data for each of these
three gages are available from the USACE hydrologic database (U.S. Army (USACE), 2017;
Figure 1).
To determine the environmental variables to which tree growth might be responsive, we
computed Pearson correlation coeﬃcients between our RW and VW chronologies with
precipitation, temperature, and river-stage height (discharge not available) for each month
of the water year, from October of the year preceding growth through September of the year
contemporaneous with growth. Monthly mean temperature and monthly precipitation
totals are available for 64 years from 1948–2011 at the nearby weather station at Dumas, AR
(Figure 1; Menne et al., 2012).
We computed monthly average river stage height from daily data measured at the most
proximate river gauge at St. Charles, AR. Temporal coverage of the St. Charles gauge data
is intermittent, with complete daily coverage for only 53 of the 82 calendar years in the
observational period 1932–2013. Additionally, only 38 years include all annual values and
also follow a year with complete annual values. We used these 38 years for the correlation
analysis of St. Charles gauge mean stage heights for months October-September of the
water year. Because the St. Charles hydrograph (like the Lower Mississippi River (LMR))
peaks in March through May (MAM) and most high magnitude ﬂooding also takes place
in the months of March–May, we also computed correlation coeﬃcients for relationships
of VW with mean monthly stage height for March, April and May individually and
seasonalized those data into a MAM stage height mean, using all 67 available years that
include complete daily coverage during those three months.
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Following our comparison of VW and stage height, we reconstructed spring (MAM)
mean daily White River stage heights for the period 1800–2013 using a simple linear
regression of the VW chronology. We used the split-sample method of model validation to
evaluate the reconstruction (e.g. Snee, 1977). The available data and predictions for our
reconstruction include 67 years of MAM mean daily stage heights, computed from
St. Charles gauge data for years with complete daily MAM coverage within the 1932–2013
instrumental period. For the split-sample validation we used two 33-year subsets of the 67
available years of MAM mean-stage data, one from 1932–1969, and the other from
1970–2012. We computed Pearson’s r correlation coeﬃcients, and reduction of error (RE)
statistics for validation of each split-sample model (e.g. Cook & Kairiukstis, 1990).

Results
Visual identiﬁcation of ﬂood rings and response index
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The RI chronology of ﬂood-ring formation covers the period 1779–2013. During this
time, 62 visual ﬂood ring years were recorded by more than 10% (the theoretical background frequency) of the sampled trees (Figure 4). Rank correlations of RI values and
historic crests were (rs = 0.56, n = 9) at St. Charles (rs = 0.48, n = 12) at Clarendon and
(rs = 0.37, n = 30) at Helena. Additionally, six of ten of the highest stage ﬂoods at
St. Charles and seven of the ten largest events at Clarendon were recorded by over 30% of
the sampled trees (Table 1).
During the period of overlap (1874–2013), 30 of the RI events correspond to historical
stage crests at Helena, Arkansas. All but two of these ﬂoods (1957, 1973) are among the
50 highest water surface elevations (stages) out of the 190 years (137 continuous) for
ﬂoods in the Helena record, with 1957 and 1973 ranked as the 18th and 5th highest crests,
respectively, at St. Charles.

Figure 4. Flood-ring response index chronology. Vertical bars indicate the proportion of trees
exhibiting anomalous anatomy in a given year. Black bars indicate years in which at least 30% of
trees are aﬀected. Sample depth (thin grey line) indicates the number of trees analyzed for year t.
Years of notable ﬂoods in the instrumental and historical period are indicated.
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Table 1. Dates of the 10 highest ﬂood stage at the St. Charles, and Clarendon, gauges and
corresponding tree-ring RI values. At St. Charles, the winter ﬂoods of 1937 and 1949 were not
recorded in the RI nor was the June event in 1943. At the Clarendon gauge, 1937, 1950, and 1982
are not recorded. Again, these are winter events and 1982 is not an important ﬂood at St. Charles.
St. Charles

1
2
3
4
5
6
7
8
9
10
a

Year
1927a
1937
2011
1945
1973
1943
1935
2008
1933
1949

Date
01-Apr
13-Feb
15-May
26-Apr
07-May
03-Jun
03-Apr
20-Apr
03-Jun
08-Feb

Stage Height
(m)
13.6
12.2
12.2
11.6
11.1
10.8
10.8
10.5
10.4
10.3

Clarendon
RI (%)
58
0
32
30
55
0
14
39
62
0

Year
1927
1945
1916
2011
1937
1973
2008
1975
1982
1950

Date
23-Apr
24-Apr
07-Feb
10-May
28-Jan
03-May
19-Apr
5-Apr
15-Dec
21-Jan

Stage Height
(m)
13.2
11.9
11.7
11.4
10.9
10.7
10.30
10.01
10.00
9.94

RI (%)
58
30
66
32
0
55
39
54
0
06

Years lacking daily stage measurements.

Chronology development and correlation analysis
There are 111 standardized index series of RW and VW (from 58 trees) included in the
mean-value chronologies from 1764–2013 (Figure 5). Signal estimate statistics for both RW
and VW chronologies are similar, and both RW and VW chronologies yield a good EPS, and
strong (rbt ), (Table 2). The RW chronology shows signiﬁcant ﬁrst-order autocorrelation
(r = 0.39, p < 0.05), but the VW chronology does not. Correlation analysis of the RW and
VW chronologies with monthly climate (n = 64 years) and stage height (n = 38 years)
revealed a signiﬁcant positive relationship between RW and January precipitation (r = 0.28,
p < 0.05). VW shows a signiﬁcant negative relationship with current-year August precipitation (r = −0.36, p < 0.01), as well as mean temperature of the previous October (r = −0.25,
p < 0.05; Figure 6). The VW chronology is also signiﬁcantly correlated with mean river-stage
height during the December preceding growth (r = −0.33, p < 0.05) as well as March, April,
May, June, July, August and September (current year) mean river-stage heights (r = −0.50,
−0.71, −0.51, −0.43, −0.51, −0.42, −0.49; p < 0.01). Correlation coeﬃcients between VW and
mean daily stage for the months March, April, and May increase in signiﬁcance when
computed for all available years with complete coverage (n = 67) of those months (r = −0.43,
p < 0.01, March; r = −0.62, p < 0.01, April; r = −0.47, p < 0.01, May). Correlation of VW with
seasonalized MAM stage heights is also signiﬁcant (r = −0.62, p < 0.01; Figure 6).

Stage height reconstruction
A linear-regression reconstruction of mean MAM stage height using the VW index
chronology (Figure 7) reveals some degree of temporal nonstationarity in the linear
relationship between vessel size and spring ﬂooding. Split-sample model 1, calibrated on
data for the 33 available years in the period 1932–1969 and validated against data for the 33
available years in the period 1970–2012, explains a signiﬁcant proportion of the variance of
its calibration data (R2 = 0.22, p < 0.01). However, the ﬁt of split-sample model 2, calibrated
on the 33 available years in the period 1970–2012 and validated against the 33 years in the
period 1932–1969 is better (R2 = 0.53, p < 0.01). Split-sample model 1 is a further
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Figure 5. Ringwidth index chronology (a) and VW chronology (b). Dashed line indicates sample depth,
or number of standardized measurement series contributing to chronology index value in year t.
Table 2. Chronology statistics for RW and VR1W indices1.
RW
VR1W
1

nt
58
58

nt
32.7
32.7

ceff
1.74
1.74

rwt
0.75
0.66

rbt
0.33
0.32

reff
0.37
0.38

EPS
0.95
0.95

r1
0.39
0.07

Total number of trees (nt ), average number of trees contributing to each year of the chronology (nt ), eﬀective number of
cores per tree (ceff ), mean correlation within trees (rwt ), mean correlation between trees (rbt ), eﬀective mean correlation
(reff ), and eﬀective population signal (EPS) of 111 standardized series each of RW and VR1W measurements contributing
to RW and VR1W mean-index chronologies; and ﬁrst-order autocorrelation (r1 ) of RW and VR1W mean-index
chronologies.

improvement (r = 0.74, RE = 0.43) over split-sample model 2 (r = 0.49, RE = 0.08),
indicating that, although the strength of the linear relationship of VW to MAM stage may
be weaker in the early period of the gauge record, the slope of that relationship has a better
ﬁt in the later period. Regression coeﬃcients for the two split-sample models are not
signiﬁcantly diﬀerent (p > 0.05), which indicates that calibrating a ﬁnal model on the full
available data is appropriate. It should be noted that cutoﬀs made in the late 1930s through
early 1940s would likely have lowered ﬂood levels (stages) and caused a period of rapid
channel change along the LMR. Graphical analysis of both split-sample models reveals
frequent over- and under-estimation of above-average MAM stage, as well as consistent
over-estimation of below-average MAM stage (Figure 7). The ﬁnal mean MAM stage
height reconstruction extends back to 1800, as EPS values of the VW chronology indicated
inadequate signal strength before 1800 (Figure 7). The ﬁnal model explains 37% of the
variance of the 67 years of mean MAM stage with which it was calibrated.
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water year (October of year preceding the calendar year of tree-ring growth through September of the
calendar year of tree-ring growth). Gray bars indicate signiﬁcance at the 0.05 level. Black bars indicate
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Observed

Reconstructed

9
8
7
6
5
4

R 2 = 0.37
18
10
18
20
18
30
18
40
18
50
18
60
18
70
18
80
18
90
19
00
19
10
19
20
19
30
19
40
19
50
19
60
19
70
19
80
19
90
20
00
20
10

MAM stage height (m)

10

Year
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1800–2013) MAM stage-height values for the White River gauge at St. Charles, Arkansas.
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Discussion
Visual identiﬁcation of ﬂood-ring anatomical anomalies is a useful tool for exploration and
analysis of tree-ring ﬂood records. Seventy percent of the top ten historic crests in the
systematic gauge record at nearby White River gauges at St. Charles and Clarendon are
recorded by a large percentage (>25%) of sampled trees. Comparison to the longer
Mississippi River gage at Helena Arkansas, shows that 10 of the top 20 historic crests are
recorded by at least 10% of sampled trees and in most cases events that were not-recorded
by trees (e.g. 1937, 1950) took place outside the growing season. Also important is the fact
that all ﬂood rings occurred in years with documented ﬂooding, indicating that false
positive results are unlikely. Prior to the instrumental period the ﬂood ring data indicate
large ﬂoods in years when ﬂooding is documented in historical records, such as the “Great
Flood” of 1844 and the well-documented 1858 ﬂood (e.g. Humphreys & Abbot, 1867).
The RI values reﬂect relative magnitude of ranked historic crests better than the VW
chronology, likely because the VW measurements exclude dimensions of anatomical
variability that may be deemed anomalous by the type of qualitative visual analysis (e.g.
shape and arrangement of vessels, porous-zone proportion of total increment, instances of
interruptive ﬁber bands or double-earlywood “false rings,” or presence of parenchyma
tissue) carried out by previous researchers (e.g. St. George & Nielsen, 2000).
Our VW chronology demonstrates a novel method for eﬃciently quantifying interannual EW vessel width variability of a tree-ring sample collection. This measurement
method can be performed concurrently with ring-width measurement, allowing for
eﬃcient assessment of collections for possible ecophysiological signals contained in
anatomical variables. Compared to other methods for capturing EW vessel measurements, such as image analysis (Fonti, Eilmann, García- González, & von Arx, 2009), our
simple method is highly eﬃcient and our VW chronology has as strong climate signal.
For example, the mean correlation between trees (r bt ) value of 0.32 (Table 2) is comparable to or greater than many other published values (Fonti et al., 2007; García-González
& Eckstein, 2003). The strong signal related to ﬂooding contained in the Scrubgrass
Bayou VW chronology supports the use of ﬂoodplain trees as proxy records of river
ﬂooding, but also highlights the limitations of relying on records produced from complex
physiological processes. Chief among these limitations is the temporal window of
response deﬁned by the growing season of the responding organism.
In the case of the Q. lyrata trees utilized for this study, that response window apparently
excludes the winter months, when important ﬂoods (though infrequent in the modern
record) may occur. This limitation is exempliﬁed by the near total absence of evidence of
the 1937 ﬂood in both the RI and VW chronologies. The VW measurement method further
narrows the temporal window of quantiﬁable response to the period aﬀecting formation of
the ﬁrst rank of EW vessels because the vessels that constitute the VW measurement likely
form concurrently with or before spring bud break, leaf expansion, and twig elongation. This
results in excluding anatomical variability present in the remainder of the annual growth
increment. Nevertheless, the signal of spring ﬂooding preserved in the vessel size record
clearly represents a signiﬁcant source of information on past environmental variability.
Both the RI and VW records indicate that ﬂoods occurred concurrent with high ﬂows on
the White River (e.g. 1927, 1945) as reconstructed by Cleaveland (2000; not shown). This
coherence is perhaps somewhat surprising given that the streamﬂow reconstructions are for
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summer (JJA) and our records indicate spring ﬂoods (MAM). However, the Cleaveland
(2000) reconstruction is based on ring width growth of bald cypress (Taxodium distichum),
which is no doubt inﬂuenced by antecedent ﬂow conditions. Not surprisingly, years in
which reconstructed high ﬂows are known to have occurred during winter (e.g. 1950) are
again not recorded as ﬂoods in this study. Although not undertaken here, it may be possible
to utilize both these tree-ring datasets to develop a more comprehensive ﬂood record for
the White River.

Conclusions
Both the RI and VW records of ﬂood response capture nearly all the major spring ﬂoods
that occurred in the lower White River Basin during the systematic gauging period.
Additionally, in the instrumental period there were no instances of tree-ring indicated
ﬂooding in years without associated ﬂooding. Our new records also provide evidence of
ﬂooding in the region prior to the continuous record, including events such as those in
1805, 1826, 1844, 1852, and 1858. The “Great Flood” of 1844 and the well-known 1858
ﬂood, were documented at other locations in the LMR in the historical record
(Humphreys & Abbot, 1867), as well as by a previously developed tree-ring record of
ﬂooding in southern Missouri (Munoz et al., 2018; Therrell & Bialecki, 2015). Continued
establishment of ﬂood-ring sites and chronologies for the ﬂood-prone bottomland forests
throughout the LMR basin will no doubt reveal more information about the magnitude,
frequency, and spatial extent of past ﬂoods.
Although analysis of anatomical ﬂood response by visual examination remains
important to dendrochronological paleoﬂood studies, VW measurement and chronology development represents a valuable method for extracting information about
tree-ring environmental sensitivity that varies independently of standard tree-ring
variables (e.g. ring width). This method requires negligible additional labor and no
additional infrastructure compared to standard ring-width measurement and can be
used for sites and species (e.g. bottomland hardwood forests, Q. lyrata) with
relatively poor representation in dendrochronological studies of hydroclimate.
Future studies should thoroughly compare the eﬃcacy of this method to similar
approaches, such as using digital image analysis, to further test the usefulness and
reliability of this methodology.
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