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ABSTRACT

Forests of small stream bottoms in the central 
Coastal Plain of Virginia were plotted on a Bray and Curtis 
vegetational ordination. Soil samples collected from each 
stand were tested for texture, field capacity, permanent 
wilting point, water availability, pH and levels of calcium, 
magnesium, nitrogen, potassium, phosphorus and soluble 
salts. Observations of soil moisture and frequency and 
depth of flooding were made over a period of one year.

Vegetational composition was found to be strongly cor­
related with soil moisture levels and occurrence of flooding. 
Stands which are moist all year are dominated by Fraxinus 
penns.vlvanica, Acer rubrum, and Ulmus americana. Taxodium 
distichum is important in certain of these stands which are 
frequently flooded. Drier swamps have high importance 
values for several different species, particularly Carpinus 
caroliniana and Liquidambar styraciflua. Stands with-low 
soil moisture in the dry season but frequent flooding in the 
wet season are dominated by Quercus phellos.

Vegetational composition was also correlated with 
levels of calcium, magnesium and nitrogen and with pH in the 
soil. Fraxinus pennsylvanica, Acer rubrum, Ulmus americana, 
Taxodium distichum, and N.yssa sylvatica had high importance 
values in stands with high concentrations of calcium, mag­
nesium and nitrogen and with high pH. Carpinus caroliniana, 
Liquidambar styraciflua, Quercus phellos, Quercus nigra, 
Betula nigra, and Ilex opaca were important in stands with 
low pH and low levels of calcium, magnesium and nitrogen.
High species diversity may be .related to higher levels of 
phosphorus and to less frequent"occurrence of flooding.
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INTRODUCTION

Virginia's central Coastal Plain is rich in small 
streams winding through flat moist bottomlands which support 
hardwood swamps. An earlier study by Glascock (1976) dealt 
with the vegetational composition of such swamps, based on 
17 stands in the Peninsula of Virginia. However, Glascock 
left many questions unanswered about the effects of environ­
mental factors on tree species, particularly concerning 
flooding. Geographically, the nearest studies looking at 
Coastal Plain swamp forests and environmental factors have 
been in New Jersey (Bernard, 1963)* Florida (Monk and Brown, 
1965 and Monk, 1966), and Alabama (Gemborys and Hodgkins, 
1971)* This study was conducted to determine what, if any, 
relation exists between soil nutrients, pH, soil texture, 
and moisture levels and the presence and abundance of tree 
species in bottomland stands of the central Coastal Plain 
of Virginia.



THE STUDY AREA

This study was conducted on the Peninsula of Virginia 
lying between the James and York Rivers in the central 
Coastal Plain region (Table I and Figure 1)* The area is 
underlaid by alternating beds of sand, clay and shell 
deposited during the times when the Atlantic Ocean covered 
the Coastal Plain in the Cretaceous and again in the 
Tertiary and Quaternary (Giles, et al., 197*0 • The study 
involved several of the many small streams in the area which 
pass through the peninsula draining into the James and York 
Rivers.

Table II shows precipitation levels recorded Z miles 
north of Williamsburg during the period of this study. This 
period overlaps the " Great Virginia Drought" which occurred 
between November 1, 1976 and August 31» 1977»*

Virginia Climate Advisory, prepared by the Office of the 
State Climatologist. Department of Environmental Sciences, 
University of Virginia, Charlottesville, Virginia.



TABLE I
LOCATIONS OF STANDS AND MEANINGS OF STAND ABBREVIATIONS

CC....College Creek* along College Drive just above Lake
Matoaka.

CH.....Courthouse Creek* at intersection of Routes 5 and 
155.

CP.....Cranston Pond* along Route 632 just opposite Cranston 
Pond on Ship Yard Creek.

CS.•••.Chickahominy Swamp* where the Chickahominy River 
crosses Route 155*

ER....East Run* where East Run crosses Route 609 2.5 miles
north of intersection with Route 5*

GR....»Gunns Run* where Gunns Run goes under Route 5 1.0 
mile west of intersection with Route 155*

JP.....Jolly Pond* on Nettles Creek along Route 633 just 
opposite Jolly Pond.

LE.,...Lower Edwards Swamp* along Route 603 0.4 mile south 
of railroad crossing.

LH.....Long Hill Swamp* along Route 612 1.2 miles east of 
intersection with Route 6l4.

PS.«0o.Powhatan Swamp* along Route 5 0*3 mile west of 
intersection with Route 615.

PT Powhatan Tributary* on tributary creek to Powhatan
Swamp along Route 613 1-5 miles west of intersection 
with Route 6l5.

TS.•...Tallysville Swamp* along Route 249 0.6 mile west of 
intersection with Route 609.

WR,....West Run* along Route 607 0.7 mile from intersection 
with Route 609.

WS.....Woodshire Swamp* behind Woodshire Apartments on a 
tributary to Queen Creek.



FIGURE 1

Map of the study area showing the 14 bottomland stands used 
in this study.



*co
CL

LlU)

o
z XLU

—  O i



Monthly precipitation
TABLE II 

in the vicinity of Williamsburg, Va.
for 1977-1978 and the normal for 1941-•1970 given in inches.*

1977-1978 normal
April 3.87 2.85
May 4.40 3.86
June 0,68
July 4.11 5.26
August 4.95 3.63
September 1.71 3.63
October 6.02 2.7?
November 5.23 2.89
December 3.95 3.21
January 6.40 3.25
February 1.01 3.^1
March 6.74 3.65
April

t
• • i • 2.85

May • • • • 3.86

Adapted from Virginia, 01imatological Data (monthly 
summaries), Environmesjit^l Data Service, National Oceanic 
and Atmospheric Adminaj&lration, U.S. Dept, of Commerce.



METHODS

Sampling*
Fourteen swamp forest stands in James City, Charles 

City and New Kent Counties were used in this study. All of 
these stands have been logged in the past and some show 
signs of cultivation at their higher edges. However, the l b  

stands used in this study were judged to be free of recent 
disturbance. Numerous other stands which were not homoge­
neous, which were flooded over most of the year, or which 
were too small to provide adequate sampling space were not 
included.

A survey of tree species was made in each stand. All 
nomenclature follows Radford, et al. (1968) unless authorities 
are given. Basal area was measured by the Bitterlich method 
using a Spiegel Relaskop and relative basal area was calcu­
lated for each species. Density was measured in circular 
plots (10 m radius) and relative^ density calculated for each 
species. Relative basal area and relative density were 
averaged together to give the importance value (I.V.) for 
each species in each stand (Glascock, 1976). Thirteen of 
the stands were also included in the Glascock study. Three 
of her stands were no longer accessible, and one stand used 
in this study was not studied by Glascock.

7.



Vegetational Ordination*
Data from all stands were used to construct a Bray and 

Curtis type vegetational ordination as in Poole (197*0 • The 
coefficient of similarity (C) was calculated for each pair 
of stands hy the equation, C=2w/a+b, where w is the sum of 
the lower of the two importance values for all species occur­
ring in both of the stands being compared, a is the sum of 
all the importance values for all the species of one stand, 
and b is the sum of all importance values for the other 
stand. A coefficient of dissimilarity was calculated by 
subtracting the coefficient of similarity from unity (Appen­
dix Table I).

The two stands of greatest dissimilarity were selected 
to be the reference stands of the X axis. The first refer­
ence stand was assigned a value of x=0; the second was 
assigned the value equal to its coefficient of dissimilarity 
or x=.97^» All other stands were assigned positions on the
X axis between these two according to their x values calcu- 

? 2 2lated as x=L +Da -D^ /2L, where x is the distance down the 
X axis from the first reference stand, L is the dissim­
ilarity between the two reference stands, Da is the coeffic­
ient of dissimilarity of this stand with the first reference 
stand, and is the dissimilarity with the second reference 
stand (Appendix Table II).

To determine which stand should be the first reference
stand of the Y axis, another value, e , was calculated for

2 2 2each stand as e -Da -x (Appendix Table II). The stand



with the highest e^ value became the first reference stand 
of the Y axis and was assigned a y-value of 0. The stand 
which had the highest coefficient of dissimilarity to this 
reference stand while still located near it on the X axis 
became the second reference stand of the Y axis and was 
assigned a y-value of 0.759# its coefficient of dissimilarity 
with the first reference stand of the Y axis. Other stands 
were located on the Y axis in the same manner as with the 
X axis (Appendix Table II). Attempts to construct a third 
axis showed that this axis would duplicate the X axis, 
providing no further useful information.

After the position of each stand was found on the ordi­
nation, importance values of all major species and data on 
environmental factors were plotted on the ordination in these 
positions.

Species Diversity*
Species diversity (H) was calculated for each stand 

using the Shannon-Wiener formula, H=-(p^ln p^, where p^ is 
the relative density of each species, rather than importance 
value.

Measurements of Soil Moisture and Flooding*
A site was selected within each stand which seemed to 

be at the elevation typical of most of the bottomland area.
In swamps with a higher degree of topographical relief two 
sites were selected with one high and one low in elevation.
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A post marked off at 5 cm intervals with fluorescent paint, 
was driven into the ground at each site and a Bouyoucos 
gypsum block buried at its base at a depth of about 30 cm.

Once every two weeks each stand was visited to read 
percent available soil moisture from the blocks with a 
Bouyoucos moisture meter. Whenever readings of over lOOfo 

were recorded, a hole was dug to determine whether the water 
table was within 16 cm of the surface. If water ran into 
the hole, the distance of its surface below the surrounding 
soil was taken as the depth of the water table. Observa­
tions were recorded of any signs of recent flooding (such 
as leaves piled up against tree trunks or formerly leaf- 
covered areas swept bare) or of nearby standing water. When 
the sample sites themselves were flooded, water level v/as 
read directly from the markings on the posts.

Measurements of Soil Characteristics*
In each of the stands several soil samples were 

collected, blended well, and a portion of each was forwarded 
to the Virginia Polytechnic Institute and State University 
Soil Testing Laboratory for testing to determine the concen­
trations of calcium, magnesium, phosphorus, potassium, 
nitrogen, soluble salts, and pH.

Field capacity was measured by allowing parafilm- 
covered cups of water-saturated soil to drain from the 
bottom for two days, at which time it was considered to be 
at field capacity. The soil was then weighed, dried in an
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oven at 103°C for 48 hours and weighed again (method adapted 
from Meyer, Anderson and Swanson, 1955)* The difference in 
weight was taken to be the amount of water present at field 
capacity, and this weight, expressed as percent of soil dry 
weight, was used to represent water holding capacity.

Permanent wilting point percentage was calculated by 
the Briggs and Shantz method as described by Meyer, Anderson 
and Swanson (1955)* Sunflowers were grown in cups of soil 
from each sample until each plant had four or five pairs of 
leaves, at which time the cups were sealed off with parafilm 
and no more water was added. A plant was considered to have 
reached the permanent wilting point if it did not recover 
from wilting when left overnight in a humidity chamber at 
25°Cc Water remaining in the soil at this point is measured 
and expressed as percent dry weight. The difference between 
water holding capacity and permanent wilting point percentage 
is a measure of the water availability of that soil. Water 
availability is an indirect measure of soil texture.

Soil texture was also measured directly by timed sedi­
mentation as employed by Bowers (1976). For each soil sample

sone half cup of soil and five tablespoons of Q% Calgon solu­
tion were placed in a quart jar. The jar was filled with 
water, shaken vigorously for 5 win and allowed to stand 
undisturbed for 24 hrs. The height of the soil settled in 
the bottom of the jar was then measured. This was taken to 
be a measure of the total volume of soil in the jar. The 
jar was again shaken for 5 min and soil height measured



12.

after sitting for 40 sec and a third time after 30 min.
Soil height at 40 sec represented the sand content of the 
soil; the difference between the 40 sec reading and the 30 
min reading was a measure of the silt fraction; the clay 
portion was measured as the difference in measurements at 30 
min and 24 hrs. All measurements were expressed as percent 
of total soil present in each jar.



RESULTS

Qrdination:
Vegetational data on which the ordination is based are 

presented in Table III. The first reference stand of the X 
axis, ER (see Figure 2), is dominated by Quercus phellost 
and it plus Liquidambar styraciflua, Quercus michauxii, and 
Quercus alba account for 79*6$ of all trees present there.
In sharp contrast, at CC, the second reference stand of the 
X axis, 92.3$ of the trees present are of three different 
species: Fraxinus Pennsylvaniaa, Acer rubrum. and Ulmus
americana. In the first reference stand of the Y axis, CH, 
four species accounted for two thirds of the trees
present: Garpinus caroliniana. Ilex opaca, Ulmus americana,
and Betula nigra. JP, the second reference stand of the Y 
axis, also had four different species making up two thirds 
( 69* 6 f o) of the trees present: Taxodium distichum, Acer
rubrum, Fraxinus penns.ylvanica, and Nyssa sylvatica.

Distributions of major species across the ordination 
are depicted in Appendix Figures 1-8. Distributions are 
summarized in Figure 3» It is clear from Figure 3 and 
Appendix Figure 1 that the 14 stands can be split into two 
major groups based on their vegetation (Figure 2). Group I 
consists of the eight stands found in the upper right-hand

13.
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FIGURE 2

Vegetational ordination of 1^ bottomland stands.
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FIGURE 3

Summary of the distribution of the major species across the 
ordination. Lines enclose all stands in which a species 
attains high importance value.

Ar = Acer rubrum 
Gc = Carpinus caroliniana 
Fp = Fraxinus pennsylvanica 
Ls = Liquidambar styraciflua 
Qp = Quercus phellos
Ua = Ulmus americana
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corner of the ordination* CC, WS, CP, TS, LH, GR, PT and JP, 
The six stands scattered through the lower left-hand corner 
of the ordination make up Group II* ER, WR, CS, PS, LE and 
CH.

Generally, the stands in Group I are very similar in 
vegetation. The predominant tree species are Fraxinus 
Pennsylvaniaa with importance values of 7.7 to 49.4, Acer 
rubrum with importance values of 14.4 to 52.8, and Ulmus 
americana with importance values of 7.2 to 17.0. Values for 
these three species were generally low in Group II stands.
JP is somewhat isolated from the other Group I stands due 
to its high abundance of Taxodium distichum. It also had 
the highest importance value for Pinus taeda (I.V.=9.3)
Group I.

Group II stands are more variable. Three stands, PS,
LE and CH, are characterized by high amounts of Carpinus 
caroliniana (I.V.=18.0, 22.6 and 26.9 respectively), though 
this species is also fairly high in the two transitional 
Group I stands, PT and GR. Appendix Figure 1 shows that its 
importance is considerably higher in Group II than in Group 
I. Liquidambar styraciflua is particularly abundant in four 
of the Group II swamps, ER, WR, CS and LE (I.V. 11.3 to 17*5)» 
though this species is present in lower concentrations in all 
swamps studied except CP and CC. Finally, ER and WR, which 
are off to the left of the other Group II stands, are 
dominated by Quercus phellos (I.V. 43.5 and 64.2 respec­
tively). £. phellos is low or absent in all other stands.
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Other species reaching their peaks in Group II are* Quercus 
nigra (I.V,=23*4 in CS), Quercus michauxii (I.V.=20.9 in 
FS), Ilex opaca (I.V.=20.3 in CH), Betula nigra (I.V.=20.2 
in LE), Liriodendron tulipifera (I.V.=17.9 in FS), Liquid- 
ambar styraciflua (I.V.=17.5 in CS), Pinus taeda (I.V.=17.4 
in CS), and Fagus grandifolia (I.V.=11.4 in CS).

Three stands, GR, FT and LE, each contain considerable 
amounts of both Group I and Group II species and are transit­
ional between the two groups. Though LE contains more 
Fraxinus pennsyIvanica, Acer rubrum, and Ulmus americana 
than the other Group II stands, it has far less of these 
than the Group I stands, and is dominated by Carpinus 
caroliniana and Betula nigra, which are Group II species, so 
LE belongs in Group II. Likewise, while PT and/or GR 
contain higher values for such Group II species as Carpinus 
caroliniana, Quercus michauxii. Liriodendron tulipifera. 
Betula nigra, and Ilex opaca than other Group I stands, the 
dominance of Fraxinus pe nn s yIvani c a and Acer rubrum clearly 
allies these with Group I.

Soil Moisture and Flooding*
When plotted on the vegetational ordination (Figure 4), 

the Bouyoucos moisture meter readings (Table IV) show a 
definite pattern pointing to a correlation between vegetation 
type and moisture levels. All but one of the stands in 
Group I were always at 1 0 0 $ or more of available soil 
moisture between June 17, 1977 and May 29, 1978. The one



FIGURE 4

Bouyoucos Moisture Meter Reading

Over 100$ 2 times-------------•
Over 100$ 11-16 times------- x
Over 100$ 22-23 times----—  ®





2 0 .

co
nt
in
ue
d 

ne
xt
 

pa
ge



+ +O o O
o o o

rH rH

+ +C/5 o o5 o o
rH H
+ +Pi o o

o o o
rH H
+ +C/5 o oEh o o
rH rH

+ +W o c►H o oH rH

+ +Ph o o*-a o o
rH rH

+ +PS o oo o o
rH rH

+ +Eh o oo« o oH rH

+ +
o O
o o
rH rH

CM« CM 1o CO
CMCO \o 1PH CO

+ +CO o Oo o o
rH H
+ +PS o oo oH rH

CM + +TJ PS o O
CD W o O
P rH rH
C•H rH + +•P PS o oc W o o
o rH rH
o
> rH rHM o\ -3"
fvl rH rH

• •PQ c o
cd 0)•"5 Ph

c, 1 •

+ + + + + + + + +
o O o o O o O o oo O o o o o o o o <1)
r H r — h r H r H r H r H r H r H r H

+ + + + + + + + + T Jo o o o o o o o o r Ho o o o o o o o o •  2
r H r H w r H r H r H r H r H r H C M  Oo

+ + + + + + + + •
o O o o O o o o o , 0 ^
o o o o o o o o o C D  O
r H r H r H r H r H r H r H r H r H P h  O

r H
+ +■ + + + + + + + c
o o o o o o o o o O  k
o o o o o o o o o C D
r H r H r H r H r H r H r H r H r H 5 >o o+ + + + + ■f + + c
o o o o o o o o o m «h
c o o o o o o o o o
H r H r H r H r H r H r H r H r H

r Q  tO
+ + + + + + + + + • P
o o o o o o o o o
o o o o o o o o o CS C D
r H r H T—I r H r H r H r H r H r H c d  B

0 )
+ + + + + + + + + ^  U
O o o o o o o o o P
O o o o o o o o o • m
r H r H r H r H r H r H r H r H r H C  c d

Ci C D
+ - h + + + + + B
o O o o o o o C O
o O o o o o o C O C~\ C  > 5
r H T- 1 r H y H r H r H r H O  r H

c
+ + + + + + C Q  Oo o O v O o o o -rj o C D
o o o O v o o o O v C O u
? H ^— 1 r H r H • H r H p  •

C M + + C d  r H
1 o o C O O v v n O v v r \ ^  I

o o 0 0 0 0 O v 0 0 V O r H C D  •
T”H r H

B  C D
C M + C M + C D  P H

1 o 1 V O O v o O r H • P
o O N o v O v o 0 v C
r H r H W) or-*

+ + + 4 * + + +
V h

• H  C
O o O O  , o o O O v c v t d  Q )
o o o o o o O O v O v C D
r H H r H r H r H r H r H C D  O

fa fa
+ + + + + + < H  &
o o o o o o o r H O v
o o o o o o o 0 0 C M >i to
r H r H r H r H r H r H r H c d

+ + + + + X)
o o o C O J V o o r v . 0 0 C D
o o o 0 0 O v o o C v - r H ^  C D
T “H r H r H r H r H O  P

O  C D
+ + + + + + + r H  B
o o o o o o o r H . &o o o o o o o C ^ - to
r H r H r H r H r H r H r H to o

t c O  o
C M C

n j - 0 0 O V , • H  o
C O t H - 3 " r H Q )  r H Q) > > T d  > >
C M I V O v W r H w  u cd P

s: * H r H C M r H C M c d  O j  w c d  n o  0 3 C D  O
• o • r H * H Jh  ^ U X P S  P P

& u fa u > > > > 0 )  U  < D C D  U  O r H  C M
C D cd a C d Ctf > O  Q ) >oo>
p H S < s t HM r-t « < < h  ? < * ;  c h  ? ve

ri
fi
ed
 

be
tw
ee
n 

th
is
 

day
 

and
 

Ap
ri
l 

18,
 
whe

n 
a 

new
 

Bo
uy
ou
co
s 

me
te
r 

was
 

ob
ta

in
ed

.
T̂he

 
"dr

y 
we
ek
s"
 

we
re
 
me
as
ur
ed
 

on 
Jul

y 
1, 

Au
gu
st
 

10,
 
Se
pt
em
be
r 

29,
 
and

 
Oc

to
be

r 
11 

of 
19
??
.



2 2 .

exception, FT, which reached 100$ 16 of 23 times, has vege­
tation transitional toward the vegetation of Group II. In 
contrast, the six Group II swamps reached over 100$ available 
soil moisture no more than 13 times during that time period, 
and the two stands lowest on the Y axis of the ordination,
CH and PS, reached over 100$ only twice.

Figure 5 shows the results of averaging soil moisture 
measurements taken between June 17, 1977 and May 2 9, 1978. 
Again all stands in Group I were over 100$ the entire time 
except for PT which averaged 88$. The two driest stands in 
the ordination were at the first reference points of both 
the X and Y axes. These averaged 72$ at ER and 64$ at CH.
At WR soil moisture was also fairly low averaging 81$ for 
this time period while LE and PS were moderately moist. CS 
is incongruent for Group II since it is very wet, averaging 
99$ for the period.

Figure 6 shows the average Bouyoucos moisture meter 
readings for the four driest weeks recorded: July 1,
August 10, September 29, and October 11 of 1977. Results 
are very similar to those shown in Figure 5. Notice that 
moisture readings at PT got very low, averaging 35$> while 
CS remained very moist, 97$.

Figure ? portrays the number of times standing water or 
high water table was recorded during the period June 17,
1977 to May 29, 1978, while over-all water table level 
records are presented in Appendix Table III. In all of the 
Group I stands except WS, LH and CP, the water table is



FIGURE 5

Bouyoucos Moisture Meter Readings (average percent availabl 
soil moisture) for the period June 17, 1977 to May 29, 1978
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FIGURE 6

Average percent available soil moisture for k driest weeks 
recorded (July 1, August 10, September 29, and October 11 o 
1977).
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FIGURE 7

Number of times standing water or high water table (within 
16 cm of surface) recorded at sites during the period June 
17, 1977 to May 29, 1978.





recorded to have risen to within 16 cm of the surface at 
some time during this period. Actually, CP was frequently 
flooded in lower areas, hut we were unable to measure this 
due to constant removal of our posts by delinquent worm- 
diggers and/or boy scouts from a nearby scout ranch.

The water table also rose to near the surface in LE, a 
Group II stand which is vegetationally similar to Group I 
stands. In two of the Group II stands, CHand PS, the water 
table was never found to be near the surface. Standing
water was observed in four stands at the sites where the
Bouyoucos blocks were buried; three of these, ER, WR and CS, 
are located in the extreme left of the vegetation ordination 
the fourth stand, JP, is located at the very top of the 
ordination.

Often flooding occurred which was not recorded either 
because it did not reach the site of the posts, or because
flooding occurred between visits and had dried up before the
readings were taken. Figure 8 and Appendix Table IV show 
observations of flooding which were not recorded in Appendix 
Table III. Seven stands, PS, CH, LE, PT, GR, LH and TS, 
flooded three or fewer times. All seven of these stands axe 
located centrally in the ordination. Five stands were 
flooded seven times or more* ER, WR, CS, JP and CP. Three 
of these are located on the left-hand side of the ordination 
and the last two of these, at the top of the ordination.
The two stands located furthest to the right in the ordina­
tion, CC and WS, were each flooded five times.



FIGURE 8

Number of times flooding or signs of flooding observed 
between June 17» 1977 and May 29# 1978.





Species Diversity*
Values for species diversity show an unexpected pattern 

when plotted on the vegetational ordination (Figure 9)- 
Stands at the extremes of the X axis have unusually low 
diversities* The lowest species diversities were H=1.087 at 
CC, one of the two reference stands of the X axis, and 
H=1.1?0 at WR. Four stands had diversities greater than 
2.0* Three of these, PS (H=2.119), CS (H=2.087), and LE 
(H=2.06l), are located near the center of the ordination.
The fourth stand, JP (H=2,03l), is located at the highest 
extreme of the Y axis.

Soil Characteristics*
Two methods were used to measure soil texture: a 

direct method and an indirect method, that of measuring 
water availability. The water availability measurement is 
probably the more significant of the two since it reflects 
the effect that soil texture has on the plants themselves.
In this case, it may also be more reliable since the direct 
measure of soil texture gave results showing the sand 
content of the soil samples to be considerably higher than 
what was expected. However, these values are very similar 
to those found in swamps of the Piedmont of North Carolina 
by Wolfe and Pittillo (1977)* Also note in Appendix Tables 
V and VI there is a fairly good correlation between percent 
sand and available waterj stands with a low sand content 
usually have a higher water availability and vice versa.
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FIGURE 9

Species diversity (H) plotted on the vegetational ordination.
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Neither soil texture nor available water seem to be 

correlated with vegetation type. It appears that, in general, 
Group I stands have higher field capacity and higher avail­
able water than Group II (Appendix Figures 9 and 10). Two 
stands, CS and PT, are surprisingly high for both of these 
measurements, probably due to the high silt content of their 
soils.

Soil chemical analyses of the 14 stands studied are 
presented in Table V. As illustrated in Figure 10, nitrogen 
levels are higher in Group I stands than in Group II with 
the exception of GR, which is vegetationally similar to the
Group II stands. It is interesting to note that the three
stands with the highest nitrogen levels, CC, WS and CS, are 
clustered at the opposite end.

Figures 11, 12 and 13 show that pH and concentrations 
of calcium and magnesium are almost without exception higher 
in Group I than in Group II. The highest levels of magne­
sium and calcium and the highest pH of all Group II swamps 
were found in LE, a stand which is vegetationally more 
similar to the Group I stands than most Group II stands are.
A Group I stand, GR, which is located near the Group II
stands on the ordination, had by far the lowest calcium 
content of any Group I stand, lower even than LE in Group 
II, but its average soil moisture content was higher than LE.

Phosphorus, potassium and soluble salts show no rela­
tion to species composition (Figures l k ,  15 and 16).
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FIGURE 10

Nitrogen content of soil (ppm) plotted on vegetational ord 
nation.
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FIGURE 11

Vegetation ordination showing pH of soil samples
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FIGURE 12

Calcium content of soil (pounds per acre) plotted on vege-
tational ordination.
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FIGURE 13

Magnesium content of soil (pounds per acre) plotted on 
vegetational ordination.
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FIGURE

Phosphorus content of soil (pounds per acre) plotted on
vegetational ordination.
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FIGURE 15

Potassium content of soil (pounds per acre) plotted on 
vegetational ordination.
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FIGURE 16

Soluble salt content of soil (ppm) plotted on vegetational
ordination.
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DISCUSSION

A basic assumption in this study is that a correlation 
between environmental factors and the tree species presently 
growing in these stands means that environmental factors 
have controlled which species are present. It is impossible 
to rule out the possibility that the environment is changed 
by the species growing there. Obviously vegetation cannot 
control the height of the water table, but it may affect 
soil factors by adding breakdown products of leaf litter, 
for example. A second and related assumption is that envi­
ronmental conditions in these swamps have remained unchanged 
since before the present trees began growing. It is possible 
that physical factors have raised or lowered the water table 
within the lifespan of the present trees. However, in the 
absence of evidence to the contrary, it will be assumed 
hereafter that environmental parameters seen today have not 
been changed by vegetation or othej. factors but are the same 
as those several decades ago.

As shown by plotting the environmental factors on the 
vegetational ordination, Group I stands have higher soil 
moisture levels, higher pH and higher levels of calcium, 
magnesium and nitrogen than Group II stands. These five 
factors seem to be responsible for the vegetation pattern

39.
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seen on the ordination.

Probably the most important factors in relation to 
swamp vegetation are soil moisture levels and occurrence of 
flooding, (Frequency and depth of flooding did not correlate 
with vegetation.) Combining Figures 5 and 8, it can be seen 
that the two reference stands of the Y axis are at opposite 
extremes of the moisture gradient. The driest of all the 
stands studied, CH, was flooded only once during the time 
period studied. On the other hand, soil moisture readings 
always read over 100$ at JP which was frequently flooded.
The first reference stand of the X axis, ER, was the second 
driest stand in the ordination during the dry season, but 
was often flooded during the winter. At the other extreme 
of the X axis, CC always read 100$, but signs of flooding 
were observed there only five times.

These four stands outline the two moisture gradients 
seen on the ordination* percent available soil moisture and 
occurrence of flooding. The percent available soil moisture 
gradient runs diagonally from its driest point at the lower 
left-hand corner of the ordination to its wettest point at 
the upper right-hand corner. The gradient of flooding runs' 
from most frequent at the upper left to least frequent at 
the lower right. These two gradients produce four sets of 
possible moisture conditions* dry all year, dry in the 
summer with flooding in the winter, wet all year with no 
flooding, and wet with flooding. Four stands, CH, PT, PS 
and LE, were relatively dry all year with little or no



flooding. These stands are characterized by Carpinus Caro­
linian a , Liquidambar st.yraciflua, Liriodendron tulipifera, 
and Fagus grandifolia. Two stands, ER and WR, were also dry 
but flooded frequently during the winter months} the domi­
nant species in these two stands is Qusrcus phellos. At the 
wet end of the gradient, all of the Group I stands except 
for PT were above 100$ soil moisture all year. Their domi­
nant species are Fraxinus pennsy1vanica, Acer rubrum, and 
Ulmus americana. Two of these swamps, CP and JP, flood 
frequently and contain high amounts of Taxodium distichum.

One stand, CS, does not fit into this pattern.
Although CS was always very moist in the dry season and 
flooded frequently during the wet season, two species 
usually abundant in wet stands (Fraxinus pennsylvanica and 
Acer rubrum) are of very low importance in CS. Further, 
Quercus pagodaefolia (Ell.)Ashe and Fagus grand ifolia which 
are usually associated with drier stands, are found there. 
Possibly CS does not fit the pattern typical of small stream 
bottoms because it borders on a river rather than a small 
stream. It may be that the water table was at a lower level 
when the present forest began growing and has risen since 
then. Finally, it is possible that some other environmental 
factor is acting at CS overriding the effects of moisture 
levels. The wet stands characterized by Fraxinus pennsyl­
vanica and Acer rubrum all have high levels of calcium, 
magnesium and nitrogen in the soil and a high pH. CS has 
the lowest levels of calcium and nitrogen, the lowest pH,
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and the second lowest level of magnesium recorded. Perhaps 
these low nutrient levels may block the presence of certain 
hydrophytic species.

The presence of several species in particular in a 
given stand can be directly related to moisture. Fraxinus 
pennsylvanica, Acer rubrum, and Ulmus americana are numerous 
in the wetter Group I stands and scarce or lacking in the 
four Group II stands which remain fairly dry all summer, ER, 
WRf CH and PS. The exception to this is the relatively high 
importance value of U. americana at CH. Nyssa sylvatica, 
when it occurs in significant amounts, is found in wet 
areas. It is unimportant or completely absent in the five 
driest stands. Two species, Liquidambar styraciflua and, 
surprisingly enough, Pinus taeda, have their highest impor­
tance values in three of the four stands which flood during 
the wetter weeks. Quercus nigra is found only in three of 
the wetter Group II stands, its highest abundance being in 
CS which is moist all year and floods in the wet season.

nigra is also found in LE which is fairly moist all year 
and ER which is dry in the summer, but floods in the wet 
season.

Taxodium distichum is found in large numbers only in JP 
and CP, the two most frequently flooded stands. This agrees 
with Monk (1966) who found T. distichum growing mostly in 
the wettest swamps he studied. The frequent flooding and 
high importance of T. distichum place JP and CP into the 
category that Penfound (1952) refers to as "deep swamp



communities'*. All other stands in this study are "shallow 
swamp communities".

The following species were generally highest in abun­
dance in the stands haveing lower soil moisture (ER, WR, CH, 
PS and FT)* Quercus pagodaefolia (Ell.)Ashe, Quercus 
phellos, and Quercus michauxii. Two species, Ilex opaca and 
Fagus grandifolia reach their highest abundance in the two 
driest stands, in which the water table never neared the 
surface, CH and PS. Monk (19&5) also found Ilex opaca to be 
abundant in drier areas. Carpinus caroliniana was most 
numerous in these two swamps plus a third, LE, which is also 
a relatively dry stand since it never reached 100$ available 
soil moisture during the growing season. Liriodendron 
tulipifera was found in six stands, five of which had little 
or no flooding. The sixth was JP. Gemborys and Hodgkins 
(1971) found that although L. tulipifera can survive 
prolonged periods of very wet soil, it is very sensitive to 
prolonged flooding. Oosting (19^2) also found L. tulipifera 
growing only on flood plains with good drainage. Results in 
the present study support this.

Gemborys (197*0 stated that a high degree of correlation 
exists between calcium, magnesium, soluble salts and pH.
This study found no correlation with soluble salts; however, 
a close look at Table V reveals that a high pH occurs simul­
taneously with higher concentrations of magnesium and 
calcium. This is because cations such as magnesium and 
calcium ions are held in the soil by negatively charged



soil colloids at high pH's; however, at lower pH's these 
cations are replaced on the colloids by hydrogen ions and 
are leached away.

In general, the values for pH, calcium, magnesium and 
nitrogen correspond rather well to the moisture and vege- 
tational gradients; but in some cases there are deviations. 
Sometimes these deviations may correspond closely to the 
distribution of a particular species. Two very wet stands,
CS and GR, have low importance values for Fraxinus pennsyl- 
vanica, which is usually very important in such wet areas. 
Both of these stands, however, had low values for calcium 
when compared with stands having high importance values for 
Fraxinus pennsylvanica. The stand in Group II with the 
highest importance of F. pennsylvanica, LE, also had the 
highest calcium in Group II, Thus, given sufficient moisture, 
it appears that calcium may be a further limiting factor in 
the distribution of F, pennsylvanica,

McClelland and Ungar (1970) found that Betula nigra is 
dominant in areas with lower soil pH (2,^ to However,
the three stands in this study in which B. nigra was impor­
tant did not have particularly low soil pH,

Another possible limiting factor is soil texture.
Wells (19^2) claimed that soil texture was more important 
to plant distribution than water level. Wolfe and Pittillo 
(1977) have suggested that high percentages of silt and clay 
in the soil are necessary for survival of Betula nigra in 
western North Carolina. However, in this study, the stand



with the greatest amount of B. nigra in it, LE, has the 
second highest proportion of sand in its soil, the second 
lowest proportion of silt, and very low clay content.

Concentration of potassium has been suggested as another 
possible soil factor affecting the vegetation, Bray and 
Curtis (1957) found that the distribution of upland stands 
along the third axis of their environmental mosaic was 
closely related to potassium levels. Monk and Brown (1965) 
showed that in cypress heads, potassium was correlated with 
the distribution of such species as Acer rubrum. Nyssa biflora 
and Taxodlum ascendens. However, Monk (1966) found that 
differences in potassium were not significant between the 
two bottomland forest types he worked with, mixed swamps and 
bayheads. In the present study, potassium did not show a 
correlation with distribution of tree species.

Beadle (195*0 "concluded that the floristics and 
structures of the communities are determined either directly 
or indirectly by the phosphate content of the soil." But 
Beadle was working with Eucalyptus-dominated sclerophyllous 
forest of Australia. The only, possible correlation of 
phosphorus and species distribution in this area is with 
Pinus taeda which is most abundant at two stands with high 
phosphorus levels, CS and JP. However, P. taeda is often a 
sign of some recent environmental disturbance. Furthermore, 
Oosting (19*̂ 2) found pine scattered throughout his swamps 
and considered its distribution to be random.

However, the unusual pattern seen when species diver-



sity is plotted on the vegetational ordination makes most 
sense when it is compared to the distribution of phosphorus 
in the soil. Where phosphorus is low, diversity is low, 
and where phosphorus is high, diversity is high. Monk (1965) 
found that "stands with higher levels of potassium and 
phosphorus tend to support a more complex community." In 
the study potassium does not seem to be correlated with 
species diversity. Monk also claims that stands with high 
calcium levels and moderate moisture levels are higher in 
diversity because these are optimum conditions, any devia­
tion from which results in a decrease in species diversity
(Monk, 1965 and 1967; Monk and McGinnis, 1966). No correla­
tion between calcium and diversity was found in this study.

However, the occurrence of flooding does seem to affect 
diversity. Comparing Figures 8 and 9» it can be seen that 
six of the seven stands in which flooding almost never
occurs (LH, GR, PT, LE, CH and PS) have higher diversities.
The seventh is TS which has a relatively low diversity.
Only JP and CS among the frequently flooded stands have high 
diversities.

Another factor which might affect species diversity is . 
the level of soluble salts. In this study the three stands 
with the lowest diversities, WS, CC and WR, do indeed have 
the highest concentrations of soluble salts. However, the 
stands with the next two highest levels of soluble salts 
have fairly high diversity; so the correlation may not 
actually exist.



SUMMARY

Forests of 1^ small stream bottoms in the central 
Coastal Plain of Virginia were studied and arranged on a 
Bray and Curtis vegetational ordination according to the 
importance values of the tree species present. Soil samples 
were collected from each stand and soil texture, field 
capacity, permanent wilting point, water availability, pH 
and concentrations of calcium, magnesium, nitrogen, potassium, 
phosphorus and soluble salts were measured. Observations of 
soil moisture, depth to water table, and frequency and depth 
of flooding in each swamp were made on a biweekly basis over 
a period of one year.

Vegetational composition was found to be correlated 
primarily with soil moisture content and occurrence of 
flooding. Stands with high moisture content year-round and 
little or no flooding were dominated by Fraxinus pennsylvan- 
ica, Acer rubrum. and Ulmus americana. Moist stands with 
frequent flooding were similar to these but also contain 
high importance of Taxodium distichum. Stands with low 
moisture levels had high importance values for many species 
including Carpinus caroliniana. Liquidambar styraciflua.
Fagus grandifolia. and Liriodendron tulipifera. Stands with 
low soil moisture in the dry seasons but much flooding in

**7.
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the winter and spring were dominated by Quercus phellos.

Vegetational composition was also correlated with levels 
of calcium, magnesium and nitrogen and with pH. Presence of 
Fraxinus pennsylvanica, in particular, was strongly corre­
lated with high concentrations of calcium in the soil.

Species diversity was found to be related to soil 
levels of phosphorus and to occurrence of flooding.
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APPENDIX TABLE II

2X and y values for each stand, and the e value for each 
stand in reference to the X axis.

x-value y-value 2e
ER 0 .386 0
WR .093 •356 .097
CS .221 .275 .379
PS .327 .132 .400
CH .515 0 .509
LE .498 .233 .319
PT .612 .433 .134
GR .725 .394 .299
JP .673 .759 • .311
LH .757 .555 .085
TS • -̂3 CO .549 ,080
CP .865 .613 .166
WS .912 .586 .073
CC .97^ .589 0
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APPENDIX TABLE V 
Field capacity, wilting point percentage, and water 
availability of soil samples taken from each stand.

Field Wilting point Water
capacity percentage availability

ER 47 19 28
WR 36 11 25
CS 77 20 57
PS 26 3 23
CH 34 7 27
LE 54 12 42
PT 72 15 57
GR 40 6 34
JP 56 14 42
LH 53 12 41
TS 52 14 38
CP 54 7 47
WS 72 27 45
CC 31 7 24
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APPENDIX TABLE VI

Texture of soil samples taken from each stand.

!% Sand $ Silt $ Clay

ER 6l 31 8
WR itO 56 it
CS 52 itit it
PS 68 lit 18
CH 32 52 16
LE 65 23 12
PT 32 50 18
GR it9 it 3 8
JP 38 it2 19
LH 55 35 10
TS 4it 52 it
CP 5it 38 8
WS 50 it2 8
CC 60 30 10
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APPENDIX B 
APPENDIX FIGURE 1

Importance values of Carpinus caroliniana plotted on vege- 
tational ordination. Solid line encloses importance values 
of 18.0 and higher? dashed line encloses values of 12.0 and 
higher.
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APPENDIX FIGURE 2

Importance values of Acer rubrum plotted on vegetational 
ordination. Line encloses importance values of 14.^ and 
higher.
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APPENDIX FIGURE 3

Importance values of Fraxinus oennsylvanica plotted on 
vegetational ordination. Line encloses importance values 
of 14.0 and higher.
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APPENDIX FIGURE 4

Importance values of Ulmus americana plotted on vegetational 
ordination. Line encloses importance values of 11.i and 
higher.
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APPENDIX FIGURE 5

Importance values of Quercus phellos plotted on vegetational 
ordination. Line encloses importance values of ^3*5 and 
higher.



CN

m
co



63.

APPENDIX FIGURE 6

Importance values of Liquidambar styraciflua plotted on 
vegetational ordination. Line encloses importance values 
of 11.3 and higher.
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APPENDIX FIGURE 7

Importance values of Quercus michauxii plotted on vegeta­
tional ordination.
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APPENDIX FIGURE 8

Importance values of Nyssa svlvatica plotted on vegetational 
ordination.
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APPENDIX FIGURE 9

Percent field capacity plotted on the vegetational ordina­
tion.
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APPENDIX FIGURE 10

Water availability {fo) plotted on the vegetational ordina­
tion.
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