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Abstract: Baldcypress saplings were subjected to two flooding regimes of continuous and periodic inundation
for three years to allow comparison of ann.ual ring characteristics. Basal stem discs were examined for the
number and nature of intra-annual response features, such as false rings. The formation of latewood was
also compared for trees from each flooding regime. Radial growth was significantly greater in saplings from
the continuously flooded treatments for years 2 and 3. No significant difference was found between treatments
for the total number of response features present; however, periodically flooded saplings developed a significantly higher number of major false rings. Trees from this regime also consistently produced a greater
number of thick-walled, latewood-type cells associated with false rings and annual rings.
Key Words: annual rings, baldcypress, false rings, flooding, growth response.

INTRODUCTION

in creating long, climatically sensitive chronologies
(Stahle et. al 1985a,b, 1988).
Studies concerning the formation of discontinuous
or locally absent rings in trees have been conducted
(Larson 1956); however, little work has been done to
determine the specific causes of false rings. Defoliation,
insect infestation, and drought have been cited as elements that decrease growth of baldcypress (Larson
1963, Zahner et al. 1964, Fritts 1966, Goyer and Lenhard 1988, Goyer et al. 1990), but a direct cause-effect
relationship in the formation of false rings has not been
established (Stahle et al. 1985a). If the factors that
cause response features such as false tings could be
determined, the presence of these features might allow
the identification of past intraseasonal events responsible for such variations in growth.
We examined the intra-annual characteristics of the
growth rings of two- and three-year-old baldcypress
saplings subjected to two flooding regimes and compared the effect of flood regime on the formation of
response features and annual ring formation.

Tree rings have long been used to determine the ages
of trees and to reconstruct climatic histories (Stokes
and Smiley 1968, Fritts 1976). Tree species used in
climate history studies were often chosen because they
were long-lived and had well-defined latewood margins, few false or missing tings, and were climatically
sensitive (Stokes and Smiley 1968, Fritts 1976). Although baldcypress, Taxodium distichum (L.) Rich., is
the longest living species in the southeastern United
States with trees greater than 1700 years old (Stahle et
ai. 1985a, 1988), dendrochronologists historically believed baldcypress to be unsuited for use in climatic
studies. This belief was due to its propensity to form
false rings, to have locally absent or merging rings (Fritts
1976, Bowers 1981, Stable 1985a, Duever and McCollom 1987), and also because it was thought to be
climatically insensitive due to its wetland habitat. Although response features such as false rings or locally
absent tings can present problems in dendrochronological analysis, especially when ring counting (I_arson
1956, Beaufait and Nelson 1957, Fritts 1976, Bowers
1981, Duever and McCollom 1987), recent studies in
Arkansas, North Carolina, and Florida have shown the
feasibility of using baldcypress in ecological studies and

METHODS
Baldcypress seeds were germinated in early 1986.
Twenty-five seedlings were transplanted into each of
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Figure 1. Cross-section of a continuously flooded, two-yearold sapling stem showing a minor response feature (125 x ).
two mesocosm units in the outdoor rhizotron facility
at the Savannah River Ecology Laboratory', Aiken~
South Carolina. Each unit measures 2.8m x 2.8m ×
1.5m in depth. These large mesocosms permitted relatively free root expansion and allowed for the control
of flooding as well as ensuring that the treatments were
influenced by the same environmental factors.
One mesocosm was continuously flooded to a level
10cm above the soil surface. The second was periodically flooded according to a schedule designed to approximate natural cycles (Megonigal and Day 1992):
Jan.-Feb., 10cm above the soil surface; March-May,
20cm below the soil surface; June--Sept., 50cm below
the soil surface; Oct.-Dec., 20era below the soil surface.
Saplings from each treatment were harvested in late
October according to the following schedule: periodically flooded--9 in 1986, 8 in 1987 and 8 in 1988;
continuously flooded--8 in 1986, 9 in 1987 and 8 in
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Figure 2. Cross-section of a periodically flooded, two-yearold sapling stem showing a moderate response feature (a)
accompanied by resinous cells (b), (I 25 x).

1988 (Megonigal and Day 1992). Only those trees harvested in 1987 and 1988 were used tor growth ring
analysis. The saplings were cut and a lcm wide disc
was removed from each stem at a point approximately
20cm above ground level. Discs were sanded with progressively finer grades of sandpaper, beginning with
320 and ending with 600. Discs were then buffed using
lambswool.
Lines indicating the cardinal directions were lightly
drawn with pencil on the surfaces of the discs. Orientation of the lines was determined from a reference
mark that had been made on each stem prior to harvest. The entire surface of each disc was scanned using
a Hensen University Model Incremental Measuring
Machine with attached stereo dissecting microscope.
The position, distance from the cambium, and compass direction of each response feature was recorded.
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Figure 3. Cross-section of a periodically flooded, two-yearold sapling showing a major false ring (125 x).

Figure 4. Cross-section of a continuously flooded, two-yearold sapling showing the boundary of an annual ring (125 x).

These features were defined and grouped into three
categories:

feature continued for the circumference of the disc or
was present for only a segment of the circumference.
In addition, the distinctness of'the annual ring boundary was recorded. Boundaries were considered distinct
if the latewood cells comprising the terminal rows were
similar in appearance and were tbllowed by clearly
distinguishable, large lumened earlywood cells.
A t-test was used for comparisons between flooding
regimes for the type of features as well as the total
number of features. The relation between flooding regimes and the number of terminal latewood cells was
evaluated by a 2 × 3 Chi Square test.

1) minor--not a false ring--any variance in the cells
not generally visible to the unaided eye such as cell
size, and cell wall thickness, and also resinous areas
and compression wood (Figure 1)~
2) moderate--double or false rings characterized by
more distinct variances in cell size and cell wall
thickness but not having a distinct terminal edge
(Figure 2a); and
3) major--false rings that at some point along their
length had characteristics typical of annual rings-a gradual decrease in cell size and increase in cell
wall thickness with a distinct margin defining the
terminal boundary of the feature followed by thinwalled cells with large lumens (Figure 3, 4).
These categories were further divided into continuous and discontinuous, depending on whether the

RESULTS AND DISCUSSION
Response Features
No significant differences in the total number of response features existed between flooding regimes (Ta-
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Fable I. Differences in the number of growth features in
continuous flooding versus periodic flooding treatments.
Minor
1986

IVloderatc Major

ns

1987
1988
1986-87

ns

ns
ns

**

ns
*

**
**

1986-87-88

nounced and common to the majority of trees in the
study. The most obvious of these were: 1) a response
feature attributed to transplant shock, 2) an area of
compression wood in the northeast quadrant of the
1986 annual growth, 3) a series of five response features, or false rings, in the 1987 annual growth, and 4)
a 4-6ram band of earlywood in 1987 terminated by
what appeared to be a false ring in gross examination.
Under magnification, however, this feature appeared
to be only a minor decrease in the size of the large
lumened, thin-walled cells that made up this 4-6ram
band. This band ofearlywood is most likely related to
the decrease in density following the 1986 fall harvest.
Although the total number of response features is
similar for saplings from both treatments, indicating
that trees from both treatments did respond in some
way to the same environmental factors, the degree of
the anatomical response was affected by the flooding
regime. The effects of environmental factors responsible for the formation of response features appear to
have been mitigated by the continuous flooding, Trees
from the periodically flooded regime had more pronounced and a greater range of anatomical responses
to environmental factors than did trees from the continuously flooded regime.

Total
ns

ns
ns
ns
ns

ns = no significance.
* = significant (p < 0.05).
** = highly significant (p < 0.01 ),

ble 1); however, significant differences (p<0.01) were
noted when only the number of major false rings was
considered (Table 1). Saplings from the continuously
flooded treatment did not develop major false rings,
whereas saplings from the periodically flooded treatment developed an average of 1.76 major false rings
per tree for the three years of growth (Figure 3, Table
2).
There was no pattern in the incidence of continuous
response features or false rings, as the majority of response features in all categories were discontinuous.
Continuous response features, however, appeared to
be more likely within specific individuals than within
treatments or feature categories.
Significant differences (p<0.05) occurred between
flooding regimes in the number of thick-walled, latewood-type cells associated with response features.
Thick-wailed cells comprising false rings in trees from
the periodically flooded regime appeared in greater
number, displayed a gradual but marked decrease in
size, and had thicker cell walls than those from the
continuously flooded regime.
Despite different flooding regimes, most response
features were accompanied by resinous cells (Figure
2b), and there were some features that were pro-

Annual Radial Growth and Latewood Formation
Saplings from the periodically flooded treatment had
a significantly greater (p<0.05) number of cells with
thicker cell walls constituting the latewood than saplings from the continuously flooded treatment. The
1986 and 1987 annual rings of saplings from the periodically' flooded regimes were distinct and easily
identified, and the 1988 annual tings were complete at
the time of harvest (Table 3). In contrast, many saplings from the continuously flooded treatment had an-

"lable 2. Mean number o1 response features in baldcypress saplings under continuous and periodic flooding treatments.
1986

1987

CF

PF

Response Mean
feature (STD)

N

Minor

5.75
(1.08)

17

1.21

17

0.00
(0.00)

17

Moderate
Major

( ~. i 3)

Mean
{STD)

CF
N

5.34
(0.68)

16

1.48

16

O 60
(0.20)

16

{0.2g)

( - ' V - ('onlinuous flooding,
PF = Periodic flooding.
N = number of trees in sample/year,

1988

Mean
(STD)

PF
N

6.03
t0.94)

17

2.01

17

O.00
(0.00)

17

{0.38)

Mean
(STD)

CF
N

4.77
(0.56)

16

2.52

16

0.94
(0.32)

16

{0.28)

Mean
(STD)

PF
N

3.16
(0.62)

8

0, t3

8

0.00
(0.O0)

8

{0.13)

Mean
(STD)

N

3.72
(0.74)

8

0.53

8

0.22
{0.13)

8

{0.25)
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Table 3. Number of baldcypress saplings tiom continuous
and periodic flooding treatments showing distinct, indistinct
annual rings.
Growth
Icature**

1986
CF
PF

1987
CF
PF

1988
CF

Indistinct
[5
2
I2
2
8
Distinct
2
14
5
14
0
** = feature exists al some poinl along the circumfbence.
CF = Continuous flooding.
PF = Periodic flooding.

icm=O,O'Tmm
Figure 5. Cross-section of a continuously flooded, two-yearold sapling showing the boundary of an annual ring which
has latewood cells with a minimal increase in cell wall thickness and inconsistent or minimal decrease in cell size ( 125 x ).
nual rings for 1986 and 1987 that had areas where no
latewood cells existed, as well as areas where the terminal latewood cells decreased only slightly in size and
had a minimal increase in cell wall thickness (Figure
5). These types o f areas resulted in rings that were
indistinct (Table 3). These patterns are consistent with
those noted by Bowers (1981 }, who found that a change
in the hydrology o f an area from permanently flooded
to seasonally or periodically flooded, increased the
density o f latewood and resulted in more abrupt ring
boundaries in baldcypress. In addition, terminal latewood formation o f the 1988 annual rings for trees from
this treatment was apparently incomplete at the time
o f harvest (Table 3). The lack o f a well-defined latewood zone and the incomplete 1988 annual ring for
saplings from the continuously flooded regime may
indicate a longer growth interval, as well as a more

PF
1
7

gradual cessation o f the growth phase. Differences in
the length of the growth phase were noted by B. D.
Keeland, U.S. Fish and Wildlife Service (pers. com.),
who found that baldcypress in shallow, continuously
flooded areas grew for a longer period during the season
than trees in other hydrologic regimes.
Individuals from the continuously flooded treatment
had substantially greater annual growth than those from
the periodically flooded treatment, averaging a difference in annual radial increase o f 45% for 1987 and
103% for 1988 and an increase in basal area of 51%
for 1987 and 168% for 1988. This resulted in a difference in cumulative area increase o f 107% (Table 4).
These results are consistent with those o f Eggler and
Moore (1961 ), Dickson et al. (1965), Broadfoot (1967),
and Broadfoot and Williston (1973), who reported radial growth increases as great as 50-100% for trees in
areas o f shallow water impoundment. Stahle et al.
(1992) and Young (unpublished data) found a surge in
radial growth in baldcypress trees for the years immediately following an impoundment. This is in contrast, however, to the findings o f Duever and McCollom (1987), who found inundation of baldcypress
to result in decreased growth.
A positive correlation (p < 0.05) existed between annual growth and response feature formation for 1986
and 1987, with the saplings that grew the most having
the greatest n u m b e r o f response features. This trend,
however, did not continue for the 1988 growth. By the
third year of growth, the maturing saplings had developed extensive root systems that were adapted to
each flooding treatment (Megonigal and Day 1992) and
most likely became less sensitive to minor environmental changes. Other studies have shown similar
physiological adaptations to flooding (Hosner and
Boyce 1962, H o o k el al. 1970).
CONCLUSIONS
Even though specific factors that cause the formation
o f false rings in baldcypress remain unclear, the hydrology of the site will determine the degree to which
a reaction will be expressed in saplings. If this can be
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Table 4. Annual growth in baldcypress saplings under continuous flooding and periodic flooding.
1986
Ring width*
Basal area**

1987

1988

Cumulative

CF

PF

CF

PF

CF

PF

CF

PF

0.68
1.44

0.86
2.33

1.44
12.67

0.99
8.38

1.87
35.76

0.92
13.34

3.99
49.87

2.77
24.05

(T
Continuous flooding.
PF = Periodic flooding.
* Ring width (cm) is the mean of four radii.
** Areas (cm ~) were calculated on the basis of mean ring width.

shown in mature trees, then knowledge of the inherent
growth characteristics associated with different hydrologic regimes can be used. Trees found in continuously
flooded areas would be expected to produce few major
false rings, possibly due to the moderating effects of
the water, and although ring boundaries may not always bc distinct, the possibility of misinterpreting a
false ring would be minimized. Individuals from periodically flooded sites would be expected to produce
moderate-to-major false rings, indicating a greater sensitivity to intraseasonal events. If erossdating of these
trees with those from a shallow, continuously flooded
area nearby could be successfully accomplished, the
presence of false rings or response features could provide a chronology that would contain reliable information on both annual and past intraseasonal events.
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